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Third 7n{emaftonal C'onferem:e on Sfabtlxly
of Ships and Ocean Vehicles, Gdarisk, Sept 1986

SHIP MOTION SIMULATION IN A SEAWAY USING -
'DETAILED HYDRODYNAMIC FORCE COEFFICIENTS

H. BSttoher

" ABSTRACT

A model for -imulctlnq larga amplltudu

shtp motlons in a -onnay in & degrees of_

freedom’ is- presented. I1t. takes into

account:

.Frﬁude—Kriloff‘ forces and
‘Using the actual waterline along the
Thull '
"Raditation = and .diffraction forces
'ihciddlhgﬂ'memory'ef$ects'and> viscous
effects especially at bilge keels

Autopilot settings, steering charac-
teristics - and propellerf.action and
.control'” ’ S

- L . o
Forces and moments -due to wind

flutd motion in tanks

- After derivlnq
wquations suitable for . larqe motion ampli-
'_tudes.-,me#hods for. the qetgrmination of
bFroude—Krilofi forcés based on previously
_determined tables are prasented. A unlque

methud is developad for the daturmination_

6f~ hydrodynamic dlffraction “and radiation

.- forces.- lt ia based on hlqhar—order differ-
entfal equat!ons relattng relative motlon"

between the water and the ship sections . to
the !ection forces.»-

Our objectlvn 1: -imulating rdfling

motxons of a ship 1n irrogular seaé wlthﬂf

' suffxcient accuracy to be able to Aassess

the sa#ety agaxnat capsizinq in a natural,
- seauay compared to other ships nithout the

_td " internal

moments,

‘Fprégs'-in& _moments due to  internal

rtgld—body motion

SRR )

need for ‘model” experiments. ~As_ rolling -
motion 1is coupled to some extent ulthA-iII

otﬁlr ship motlbni. we think it necessary

_to use a simulation model for all & dEgrEEB‘
"of freedom of rigid-body motion. This model

must include all af the major forcee acting )

- upon »tha _ship, such as hydro.tltjc and
"hydrodyriamic forces, rudder énd propeller
" forces, forces due to wind, and forces due

fluid motion in  tanks.

" Obviously the calculation of “all _these :
" forces cannot be covered here. Particular
attention will therefore only be given to.

éettiﬁg up the:eduatiqni ‘of mqtidn' and
calculating hydrodynamic forces. -

2 gogag;uglgfgvglggg'

We shall use two cqqrdxnaté"QQstems;
one is fixed to thl,?arth'and points in it
are described by the vector §; the other is -

fixed to the ship, and points are dsécribed

by  the vector x. Conversions'between the
two coordinate systems can be made by the

following equation:

B =Tu+ fo N .

T i- a' transformation matrlx, which
incarporate-' the rotation of - the }rship

. relatlvn to the earth coordinate system,

and %o is the -position of the  ship

 coordinate lystem in the earth ‘coordinate.

system..

" The . folloulnq conv-ntlnnl will ba used in

this pepert - a vcctor will be danoted by an

. underscore} vactors in the. earth coordinate;.'
system have an index §; vectars’ in the ship .
Acoordinate system are nithout 'index| ‘an
" index .6 indicates, that a“"vectur-.is
».xpressod r.lativc to thI :entru of qravlty
-of the. shxp. ’

The momentum R can be wriéten'aés

by ?“*?&9 faiﬁ)-m :-ij_j . "_:f'gzi

" where xo are the coordinates of the ‘centre .

of gravity and. m is the Shlp s fixed mass.

vThe time derivativg of-g!'iszrelated to the’



" foree £ acting upon the ship bye .

yeTe ™

A

A similer - equatfon enists “for the
- angular momentum with regpect to the rnntlc
of graVlty bp’l . )

hot = T-e.a-'T_""-g‘ Y T }
hey = 1—9_'_—' (T-xo) « By - o

Hera g is the moment. and eo in a

matrix containtng tha moments of 1nurtia{“

_fu-la’a vectur, ‘the components of which are
the' three rotational velocitiea.
' Thu ‘squations. ¢ar the momentum and the

angular momnntum (2 and 4), derlvntnd by -

.time, can be combined uith equatlnns 3 and
5 to yields ) : -

«'1‘.,;, +.}Ai'°)-m - T o o '_«_é)A
"*ie?:T;} ;.I-Oo;f;‘lg.; T-0s.T-1. % 

T4 - (Toge) x (¥;&. + fo).m )
f6;§a .equationé';onstituta a qysﬁam of'.bj

‘equations for the accelerations in.'ﬁhé &
degrees of freedam.

" These vequai{ons'éénﬁot‘bé 6019@d AB.

they are, because the forces f and momenta
g contain terms depending on accelerations.'
We have to ﬁpllt up the forces and moments

'L and ¢ inta 2 purts, one  containing.

 accelerations, the other noty.

f_ = F.a’-.i_o + Fz_-(_:_)'-ﬁ- £ ~ o T (8
g'=Di-Fs + De.d + do L @

Fi, Fa, D, and ‘Da are 3x3—matrices. £ and
ds contain all’ forces: and moments which . do
'not depand on acceleratﬁpns.

: ‘The following components of the. forces
: 'andjmumo_nnjrc included in the simulation
models ’
.~ Forces  resulting from the ship’s.
Jllueight' e : ' o

G _F.rnhde;Kruoff forces

. corrected waterline,

s

- Radiation and di#fractibn forces

T - Prapeller force

- Ruddeé forces

- 'FOFCQS‘QUé to wind

->'A-For:es due to internal fluid motions
The furces and moments due to internal

#luld motions in tanks are treated in the

con#erencp paper hy F. Petey._ In' the

_lullnwing 1 will restvict myself to dealing

wi th the_calcula;ion of Froude-Kriloff and
radiation and diffraction forces. The other

‘forces are calculated according to nurma{
_practice. - For the calculation of rudder

forces I rafer to a paper by Sdding’ [1l.

3.1 Froude-Kriloff Forces and Hémﬂnis

: Froude—Krlluff forces are those which,

would act on the ship 14 the water pressure

“ ‘was not disturbed by the ship’s presence.’

Jo tnmpute_them approximately we do not use
the actual pressure distribution.  Instead
@e perform hydrostatic calculations up to a
A approximated by a

atraight 1line in the section planes used

~ for the calculation (Figure 1).

undisturbed '

corrected
“walerline .

Figure 1 .
Ship section, showing actual, '
corrected and approximated waterline

"I During the simulation the position and

inclination of this effective waterline is
_ﬁalquiated_ for a number of sectiens, and
_section ersa and righting moment. are .inter-
) palated from a table, previously calculated
“for different depths of immersion and
angles of 1nclination of the naterllne.-




. cor{d'ition.-

_ -1ﬁte¢rSt!ng the pressure distribution élqnq
- the saction contour.

‘ship and water
:vnrttcal v dxrecttons -and . the
rotation are combined to a vettor .. A

vector f. is used to represent the section

4

3.2 Redtation and otifractiuﬁ_ft—"ar.c'c-

’ Tha radiatian anu dufrm:tlon
'”aru deterained as A function of rcl&tt@u
motion between ship and uater. . mééhod

similar to the strip method is used, uhich,f
'houever. takes ancqunt of nun-){nearltlas. ,

Let . us (irgt luok at iﬁe-‘

dimenstunal $1ow around a partly -submergedf
" ship’s 5ection.

thaory,-

sinks | satisfying the  free

force and moment, which are nﬁteined' by

The following differ—

fmential equatton describes the relaticnship_.

" ‘between the force f» and the motion i« for

R

B the middla part,
. aver ttme.

':.due to differaent )
- calculated -seperately and added to 'yicld

" the total ‘
9': cannot use superposﬂtion,

_motion effects.

'_added mass,;

'tﬁq equation.

" rapid. reduction of
{flow,eepaéhfion, occurs, the middle part of
fh? equation should be used.. - : :

: fra&;uen'cies. If

-ttme—harmunic motionss

fax . = - (H'g?-"‘ N-g-*') cum

—,d—t (M-l + N-wx) (10)

In this equation M is a 3x3-matrix of'

.;The right part of the equatton is equal to

lf M and N are constant
Houovcr. we want ‘to deteraine "
and N .as functions‘oi thu motlnn_ frequency
snd of the actual time dependent. immersion

of . the section.
ohtain good resultg-y;ing ‘the right part of

immersion, entailing

an lrrégqlar. teaway can be thought to

consist of éany regular waves of . different

linear function of axcitqtion the responsc
regular "AVRS. can be

reiponse_ :
thouqh, bccause

we want  to {include nonlinear wave and

»

ioﬁcbs'

L . '
’nl-"‘o (A...g.)n.on o

two-

!n this case ‘the preﬂsurc-f
uistrlbutlun can be datermlned by potpntialE: ‘not on iraquoncy.'
the flow being repreaented by *. af% :
-dlstrtbuflan of time. -pertodic sources . and
“murface
The relative  motions betueen;u
tn  the transverse and "
section‘  bo shown,

liollohihq

S o '
_E_EB--H_N“J"" - m. tHorn = ~mm + —N(o)

Ao + Atiw + Az(16)Z + Az(io)®
.Bo + Biiw + Ba(in)3® + Be(iw)®
and N is a 3x3dampinq-matrtx.;

N A

Comparisons with .experi- -
ments have shown that ane can normally

Only in those cases, where a’

'tha'ihip s response is a.:

(supcrpotttlon).3‘-wq_

It is therefore imperat!v-

to substitute added maas shd damping, ;ﬁlch
, by quantitieas, uhlcﬁ]
To that end.
we use a higher or¢br'di0#ercnt!al'oquhtinn

depend on frequency, -
are independant of freguency.

to de'cribc the re!atlanship betuean motion

. and forces

% . - o h
..‘.7, ‘B--f.-)‘*‘ ©o Ty

A .nd 8- ar- 3x3—motrlcnl dop.ndlno

fon ‘the immersed shape of the section but

The supqrscr!ptp dencte

time derivafiyés."

Fnr tine-haraonic nottnne of arbltrnry

_ frequencv we want to expresa the same.'
‘relationship by equ.tlonl 10 and !l._!t can’

that ‘this iw the cll., i€ (h.:
equatioﬂ is valid ;'ior T a1l

Graquenclen ul

a2y -

To illustrate the meaning of this
fethcr abgtract equation, 1 shall write it

in_énuiher way for L = 31

i
- —M e =
M N

Thus A« and Bi;afebthé cosfficients of
a ratio-of-polynomials approaauagino M  and
and Bx must be determined in such a’
way, that "M and N are approximated ~with .
A while using as few
Figures 2 and 3

sufficient accuracy, -
coefficients aw possible.

3sbow 'an example of added ﬁasl and ddmplnq

for- . heaving aotion compared tn
approxlmottcn with L= 4.«

their.

a3 e



i

e

w60 &

Added Mass in t/m

4

- R .
12 3 4 5
: Frequency in 1/s_
.Flgure 2 :
_Added mass for heaving mution
~- cdalculated by potential - theory

R approximated by h and B for
L= 4

20

Added Damping in tms .

1 2 3 4 5
Frequency m 1/s

Fxgure 3: . .
.. Damping for’ haavlnq mntian
" == talculated by potential theory'
L approximated by A and B for -
L = 4

‘Matrices Ae and Bw. will be calculated

for a numbcr of secttons and for -different

depths of inmarslon and anqlea of incli-

natlan. Durlng the llmulatton the matrices

will ba interpolqted fur the actull immer—

”»sion.

" With the _matrices A and B wa can

calculata the forcas due ‘to the ' two-
dimensional ‘motlon of a section. uhnt we

) want, thaugh, ts to calculate the forces on -
"a ship, 4.a. a threq—dmen-mnal bady.’

Therefora we must take into account the

“$1ow alonq the ship® s lanqth. Th;s is done

in analogy to the. strip method. We treat

"each,,section separately,: but aubstituta.
. partial time darlvattvas by nubstantial
; derivatives:; i C

l-b (“T %)"" (Au-u.) =

[ ]

E <~_ VeI Ba-fa) T - ()

v is the shin’s speed.
By using this equation we finclude the

effect of previous interaction between ship
and . water at ﬁe:tioné_aﬁead of the ecur—~

rently fegarded section.

To sélve this equation it is infeqra—
ted substantially L times. A substantial
integral is aseant to be the,lnverser of a.

fa@bstantjal. derivative (3/3t - v3/3d. It
“in indicated'by.a negative superscript. ‘

| -
B«

= 9 - v-g—)-u‘:..c. (An- H.") = B

t - '
& (% - w}—v*ﬂ- (Bu-fa) (18

The equation can be transformad to

. ,yi@ld an awprens:on for 4-:

fn = B&."’{E(Au u.) ety - z:(a.. ity

-1
ForaL = 2 this can be written aél
| £ =-  BQ;‘((AA-Q.)“" + (Aa-ga) +
.(Az-‘g;p-.) @y - (Bo-fu) <R,
—'(!.s..f....)f-u-; o _ | S '(;b;

" On_the right hand side of the equation
there are a number of 5ubstant1al £ntegraln
oF (An-(1n)  and (Bu-f.)" (tha terms with
'ﬂegative superscripts)..' These are calcu-.
lated by numerical integration: Included in
‘the term (Ae- L) 1 §g the acceleration {ix.
After transfurming e !nto the earth coor-

'dinate systam and lntegrnting £fx aver the

ehips - length expresslons in the farm of

'_éﬁuations' 8 and 9 can be- found for the

radiation . and ‘diffraction forces " and
moments. :hfteriadding all other fnr£ea>and
inserting these valuesrin€QIQQuatidn5 &-and
7 wé_obt@in a set of & simultanecus nrdi—,
riary differential équa(lods, uhtéh cén bé_
solved to y{eld'ﬁhe acéalaratloﬁs in the &

' degrees of freadom, “which, "in turn, are.

integrated numerically to yield the velnci-

ties and positton of the ship.




B EIRST RESATS

Preparing the input data for - our

" simulation program is a rather lengthy and .

. difficult task,; especially calculating the
matrices A and B. At the moment we are
‘dcvclopihq methods to help us prepare ,tha
‘data  in- much less. time than pvevtnuely

heeded. 8Bd far, we have only done

" simulations using a lisited set of data for
one shin.- ulth nnly 5 sections. faor - the
'c.lculation of Froud--Krlloff and radiation

and - diffraction torces and 4 dif!erant,

dapths ‘of lmm-rsion.'~ .
Figures & and 3 show a compariﬁon of

trans#er functions for. heavn and pltch'
,'ca!culated by ‘stmulation with results o!

.ttrip m-thod ‘calculations for a -hip ln
g hoad qaves. Agrcumcnt is fair for: pltch.
" but less sntt-factory £0r heave. We hope to
‘abtain better _reuults uqinq much more
detsilad data. ' '

_.'M'._-.
@
‘I-G: ' /Strip Method
Se e
CEST
" Q| . - Simulation””
BTG 2 I ' '
,_ig b {
53
=
02 04 06 08 1 12
.Fr_eauency.-,in s
Fiqure 4|. 

Transfer functions fnr honvlno motioy
for a ship in head waves, Fn = 0.18.

12

NETEOREY

-
7
I N

i3

" Strip Method
f/‘ . R

‘Transfer Function (Pitch)

8]
i .
~2
[k ¥
0f
=%
—NTTYTTTTTTY ¥ T ™ i *
2 Q4 06 08 1 12
Frequency ln /s
Fiouro %3 : ' a )
Transfer functions ior pttching ]
‘motion for & Ihlp in haad waveas,
-Fn = 0.!6 :
B )
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- FURTHER IM0 ACTIVITIES IN THE DEVELDPMENT o
INTERNATIONAL REQUIREMENTS FOR THE STABILITY OF SHIPS

\l_?. Plasas AcAe I"o_trov.‘ :

ABSTRACT

ln the paper presented at the Second

filnternstionel Conference on Stabiltty of- ships and

:_Ocean Vehicles in Tokyo (STAB '82) a ‘brief -

: description of the work of the International
..Haritime Organizatlon (IMO) in respect of

. development of international requxrements and -

) recommendstions for 1ntact and damsge stsbility of
. various types of ships was given, The paper

N aummarised the wvork of the Organization on the

.- subject for the period 1962 = 1982,  That work

'f'resulted in the formuletlng of such requxrements

for a vide range of shlns wh:ch were included in .

’::IHD conventlons, codes. guxdelines and

:. recommendations.

At present. new investigations and research

.-;progremmes on 1ntact stsbillty employing the best ‘

. available hydrodynamic mathematical and )

W,,computstional techniques have deepened knovledge

v about a number of phenomena sffectlng stability of'

’d ships.' It was, therefore, generslly recognized
‘ that a scientific approach in development of
‘future stabllity criteria should be adopted based

_'on the results of the.study of such phenomena.

: S_Furthermore, some 1nternatlonal requirements

already developed within IMD still hsve aress
"vhere uniform 1nterpretstions of stability
- criterie are still to be developed. ..

- 1n respect of further development of intact snd '
: “damage stability requtrements carried out vithxn
. IM0 by its Sub-Committee on Stsbility and Losd

l"aLines and on- Fishing Vessels szetv since. 1982. o
:?inally the paper will be expanded to outline 1n o

general the current vork of the Sub—Committee on-
"f.the subject. ' :

'L " " PREAMBLE < -

! pith onebof the mein‘objectives to

vfacilitste co-cpération among - governments on -

technical matters sffectxng 1nternstions1 shipping

"::1n order to echieve the highest practxcsl N

This. paper presents a brief account'of'worku

stsndsrds of msritime safety and navigatlon the

. Internstional Hsritime Organlzstion since its
.- inception took the tssk of developing the
,.1nternetionally agreed standards of stabillty snd'
: subdivisxon.

‘ Based on ststisticsl analvses of collated

'stsbility dsts for. capsized ships and for ‘ships -
"vith_satisfsctory_stability, stability criteris Ve
: for passenger snd‘cargo”ships and Eishing=vessels~'

: vere elaborated as a first step. These criteria -

were ‘used as a bssis in further uork on stability e

'_requlrements for other types of ships, .
" modification of whlch weré made to take account of

) specific design and operation festures.' At

present recommendations on 1ntsct stability sre
developed for the follow1ng types of BthB.
- passenger ships
_— cargo ships
- fishing vessels
- dynamically“supported crsft_>.
= .- mobile offshore drilling units"
= . offshore supply vessels s

- "specml purpose shxps

Suhdiv1slon and dsmsge stabilitv

requirements were’ first introduced for passenger o

._ships xn the 1968 SOLAS Convention and . then
‘ readopted by the 1960 SOLAS Convention [l] and the f'

1974 SOLAS Convention 121. “ Extensive work on .

‘ _development of subdivision and damage stability

requirements for other types of ships has been

’.continued until now. - For their development B
,_different philosophxes were accepted to: take

" account’ of specxflc.deatgn features and,conditions

. of operations of ships; .8 in the case of oil ’
liand chemical tankers, and gas csrtiers the main

idea was to provxde the ship with the ability to.
remaxn afloat sfter damage in order to prevent

msssive spill of cargo and avoid pollution of the

. sea etc, At present, _types of ships as indicated ]

above and- some others such as. tankers, chemical

tsnkers and gas carrxers are provxded vith

slevant subidiVisxon and dsmage stability

.requirements which are atated in various:

: conventxons. codes, recommendations snd guidelines.




_ The detatled descrtpt;on of lMO'e nctivity

lu development of stabtllty requlrements until

" 1982 was reflected in the paper presented.to the

. Second Conference on Stability of Ships and Ocean
Vehieles held in Tokyo in 1982' with a‘vieu to
further promotlng the hxghest possible level of

: satetv of ships belng in balance with economic

- interests and design needs, IHO has contxnued the*'

work on the stab111ty through its Sub—Commxttee on ]

'Stebxllty and Load Llnea and on Flshing Veasela

_Safety. The followlng ‘sections reflect the outcome _:,*

. of the work on the eubjec: wtthin thet
mSub—Commlttee.

“ 2. . NEW DEVELOPMENTS RELATING TO INTACT AND .
DAMAGE, STABILITY . s

2.1 Intact and damage stab:lity of specxal
a purpooe shig

The Code of Safety for sDecial Purpose

; thvs 131 1ncludes requirements for ships engaged .

-ln»research; expedltlons and surveys, ships for :
" ‘training ot.merlne personnel, vwhale and fish
';fectoriec not engaged in cetchlne. etc;.end '
- carrying on boerd more:than 12.speciel personnel

»~including passengers; As special personnel are

'expected to be able bodled with a fe1r knowledge )
" - of the layout of a shlp end have recexved some
. training in safety procedures and the handlxng efr{.

. Ethe ahxp '8 safety equxpment the special purpoae

ahlps on which ‘they are cerrxed reed not be )
congidered or treated as passenger ‘ships. “In
developxng the safety 'standards for thxs type of

'_ahip, eccount was taken of the number of epec1al

personnel betng cerrted and the design and size ofA

“.'the ship.

; The'intect'stebility of epeclel purooae’“-'
’ehtpe under 100 metree in length should comply N

’ with the vrovie1ons specif1ed ‘in resolution

.':'t A, 167(38 IV) [bl except that in. respect to .ships R

of deaign end character;ecxcs similar to offehore‘

,supply vesaels alternatxve cr;terra eetabllshed

:for latter ships 1n the Guldelznes for the Deslgn :ﬂ
'_:end COnatruction of offshore 8upply Veasels l5|

:may be used” vhere relaxatxon from requtrements of

: J_nlnxmum angle of heel at vhxch the. maxinun

__r1ght1ng arm occurs is compenaated by 1ncreaeing .

‘the corresponding area under the. curve of rtghting

. levere up ‘to that engle. S
- The- 1ntact stabilxty of epecxal purpoee E
"shxpe of 100 metres in length and over ahould be -

©: to the satisfaction of the adn1n1stratton,

B The‘subdivleion and damage stability of

epecial purpose ships {s'neinly governed by the

number of epeclal personnel In general for

Ashlpa carrylng not. more than 50 sDecla1 Dersonnel

a eingle compartment, except mechxnery spece has
to be assumed damaged and for ships: carrying more
then 50 but ‘not more than 200 special personnel

the»damege_should be assumed to occur anywhere in

Ny ite'lengtn Setween transverse watertight

bulkheads. For aﬁios cerrving more than 200

-special personnel the'subdivision'and demage
»stabilxty requ1rements for passenger ahxps

'catrylng that number of pasaenger should apply.

- 2.2 Intact stability of:pontoons

To provide sufficient eafet&-tor_nontoone.
especialli'thoéé'engeged in'oceen transportation[

there ‘was .an egreement to develop 1nternationelly

':egreed requxremcnts for intact stabtltty of

&_pontoons. " Although eomeredmlnxstrattonsbuse'
‘certain ataoility requirenents et_nreeent there
“was no sufficient knowledge ln'orderfto set a

'single'etendard ) Furthetmore, there mey be a need

for operatxonal experxence including research data

"_ to cover: specxal cargo handling operetlons

especially in case of crane’ pontoons. As it was’

‘felt to be premature to develop a single criterion

to be used for the. dssessment of intact stability-

- of pontoons, Interim Guidelines on Intact

Stability Requirements for Pontoons l6]’wereiset

up: which lnCIudgd a compilation of the national

practices of several countries. -

Theae guxdelxnes were 1ssued fot the

_informatxon of the admlnlstratlona concerned thh'
b,the 1ntact ptabllxty of pontoons. and® prov1de_on1y
-"generel guidance and do not contain all specific .

“‘requirements of those adninistretions whose

crtteria vete. included 1n the. guidelines. The

-_paremetere 1n the varxous criteria are applicable

to DOI’I!OOTIB m unrestrlcted serv:.ce. Less

) _stringent requirements may ‘be considered for
o vontoons in protected weters. .

The guxdelxnes also contain- the provxsione

o _relettng to the ways to present typical stabxllty.
' '1nformatlon and periormence of celculatlons.. '

In general' for the purpose ot'guidelines, a

- pontoon is cons1dered to be non self»propelled
_} normally unmanned carryxng only deck cargo “and
Ahav1ng no hatchweys in the deck except smell

nanholeS‘closed_vith gaeketed coversf3

As to the natlonal stabxlity criteria for

e pontoons specified in the guxdel1nes, the_

":1simlleritiea of ‘national practxce are easily




identified, Differences may be necessary to take

account of severity of service. It was an
intention of the guidelines that the
edminisfration should use a criterion that best
suits the design and modes of operation of the

‘pontoon under consideration.

Further work is envisaged to be undertaken
»tq.establish a single crite:ioh for intact
stability of pontoons based on evaluation of

criteria specified in the guidelines.

2.3

Stability of ships.in breaking waves:

The.danger_of-the,effec; of breaking eaveéi‘
on safety of small ships is generally recognized,
Lin particular for ships operatxng in coastal
waters. - The extension of range of atability,

especially. in the case of ships of less than 45

" metres in length was believed to be a measure to

~'ppevent'capeizihg in breaking waves from the
side. As a result of deliberations within the
Sub-Committee it was recommended that

administrations should consider addressing'thie )

‘effect in their'nafiénal standards vhefe ships are

known to operate in waters subject to breaklng

waves of predtctable frequency.

2.4 - Weather criterion for passgsenger and cargo

ghips

_ The concept of weather criterion which takes
" account of the effect of a severe wind and rolling.
. was introducedAin etability‘requirements for such

btypes of ships as fxshxng vessels, dynamically

‘_ aupported ‘craft, HODU's. In pursuance- of  the task
;to “improve adopted steb111ty criteria for B

I paasenger ‘and cargo ‘ships specxfled in resolutlon

A, 167(Es IV) the studies were’ undertaken with a
view to. developxng a weather criterion for =~
paesenger end cargo ships. -For this putpose &
comparxson of results obte1ned by applylng

crlter1a ‘of resoiution A. 167(Es IV) and the

weather ctxterzon ‘according to vatious national

methode of calculatxons to eeveral ship types was

Acarrled out to produce a method of calculatlng the,'

effect of wind and rolling.

Eventuallf. a draft weather criterion was -

proposed and test calculations were carried out. ..’

. _ln general the calculat1ons showed that the .

: proposed cr1ter1on when used xn con;unetxon w1th

hf Athe requxrements of resolutxon A, 167(38 ).,

1ncreased the stability requtrements for shipe

- with a large wxndage area.

The final recommendation on weather
criterion 17] adopted by the Assemply in November
1985 which takes account of a severe wind and
rolling is proposed for passenger'and cargo ships
Aof 24 wetres in lenéth and over. Tt supplements
the stability requirements of resolution
A. 167(ES 1V) specified for ships of under 100
metres in Iength._ As far as passenger and cargo
shgps of wore than ldo'metres in lenpth are
concerned the weather ep{tetion should ‘apply in
addition to other avpropriate_stability.criterie

to the satisfaction of the administration.

The recommended weather criterion stipulates

-that under the specified weather conditions the

'stebility of ships should be such as to withgtand

the combined efEect‘of beam wind and rolling.

The weather crlterlon as adopted is glven in

. the figure.

area "b"

Lever -

S ANDMN LN

- Angle of heel

o

-lvl « steady wind heeling lever

1'2‘.' gust wind heeling lever

lvz_ = 1,5 lu'

9' = angle of roll

- ‘Figure

) The criterion is eppllcable for each E
etandard condition of. loadxng and takea account of:"
the free surface effect specxfted in- appendix I to
resolution A.167(ES. w). ’

To avotd exceasxve tesultant anglea of. heel

vhen applying the weather ctlterxon attentlon {

_should be paxd to the effect of steady wind.

Although the value of angle of. heel under actxon

" of steady wlnd is proposed to be limited to a (
. certain angle to. the satxsfactxon of the _H
‘admlnxstration. as a gulde a certazn angle te K

'-auggested. : i : ,,'

The ptesen: weather crxterxon, ‘as developed

'for paasenger ships ‘and cargo Bhlps is also
: recommended for applxcat;on to’ fxsh}ng veeseldAef

- 45 metres in length.and bvep in unfeat}ic;ed

service.



2.5- 1lnformation on the effect ofifiobding.

In eccordance w\th regulntxon 11-1/23 of the’

11976 SOLAB Conventron as amended passenger ships
[-sholl be provided with damage control plans and a
booklet containing informntion reiating to the »
'piano and errangements for the correction.of‘lint_
':due to flooding.-znesolhtion A.515(13) adopted by
" the Assembly in 1983>conta{ns inter’alia dreft
't regulation on damage control plans Eor dry cargo
”ships to be included in. the future amendments to
the 1974 SOLAS Convention, During the discusston

' vithin the Sub—Committee opinions. Were expressed

":»that in eddxtlon to damage control plens damage.

;stability informatlon could be uaeful. The

fpurpose of ‘such. 1nformetxon would be to enable the '

"”-maater to 1nvestlgate the eurvtvel capab11ity of -

;: the ah1p in the actual loadlng condltion xn the’

Aicase of. damage. However it was evident that in

A"nlsorder to avoid mxsleeding ‘the master the

-;1nformat10n should not contain ‘any specxfxc

) instructions or recommendatlons.

"In‘pursuence of this, Guidelines for the

':ffPreparat1on of [nformatxon on the Effect of

' Floodxng to be. provxded to Hasters of Dry Pargo
Shlps f8) were developed. These guidelines are

"intended for the use of adminstrations to the
extent they consider neceeaary and. for aaalstance

:Ato the master in exercrsxng his Jndgement in case
‘of éerioue flooding of the ship, to. make him aware

of the capabilities of ‘the ship.

".3..  CURRENT WORK ON INTACT AND DAMAGE STABILITY -

1.1 Improveoent’of-etebility criteria

‘ Pollowing the adoption‘in wid-70 of .the
3~long-term programme on 1mprovement of stablllty
fuuumurwmwmrnmtnusMtMuamﬂ

i;work ‘and analysxe’of'the results of model tests

carried .out by countrles concernlng the capsizing

“"phenomena made. 1t possible to Eormulate an
'A'approach in. respect of the further vork- on

"Ilmprovement of stab111ty crxteria and development_F‘

“‘;of new stab1litv eriteria. It required to
1dent1fy and define a. few of the most dangerous

‘e1tuatxons of -all poserble situations which may

:1. occur during the ‘1ife of a sh1o. The possible

"extnatxona to be concentrated on 1n the work were

B fj'defxned as follows.

Do .1 Shlp 1n beam geas = aevere wlnd end
. rolling 1nc1ud1ng effect of sh1pptng
water on deck :and other poasxble )

Texternal forcee'

2 :.Bhlp in Eollowrng aeas - pure loss of P

- etebxlxty. paremetrxc rollxng and’ .

R TR

" broaching including possible external

forces such as water on deck etc.

For the ahove situations'it is envisaged to'

" develap mathematlcal models and perform systemetrc‘.’

calculations upon which nrobabtllstlc stabxlxtv

" .criteria should.be developed, For this purpose
f_che results of -analysis of casualty records and

. model tests should be taken into consideration.

The drscuasion w1th1n the Sub- Commlttee gave’

evidence that close 1nternstronnl co~opexat10n in

_reeearch efforts wouild be more effective ‘and uould .

" ghorten - the time to achieve the goal.

3.2 ' Stability of ships in_following waves

Heving finalized the development of the

veather criterion'for passenger and cargo ships,

»the-Sdb*Committee gave as a part of a long-term

programme, further’ consideration to theosubject of

" stability of ships in following wavés. The
‘opinion waa expressed of the possibility oF
' comb1n1ng a new criterion for ships in followxng

"waves with the weather criterion.

To conslder the cap9171ng of ships in

. fol&owlng seas three modes leading to capsxzxng

were 1dent1£1ed to be analysed:
a1 pure loss of intact stability due to a
wave crest located amxdshlps;
2270 paremetric rolling:due to a periodic
;. . change in ship'e stability in relation
. to wave frequency and ship's epeed
.3.f->broachxng due - to the loss of
L directional control with the waves

overtaking the ship from the stern. .-

It was agreed to proceed w1th developlng

bﬂimethods of analysls Eor each of theee modes of °
x*-caps1z1ng followed by a detatled analyexs. After
_»each ‘of -the modes of a capatzlng ship have been
'1.nanalysed eiiorts should be made to develop a

i t_single capsxzxng criterion or crxteria.

Presently, “the results of teats carrled out

- by countries Justtfy the recommendatlon that the
;etxll water rlghtlng arm curve is moat suxtable
~ for ‘a compariaon in deelxng thh all types of

. dynamxc phenomena.

©.3.3 -Stability information for the master:

".The International Convention on Safety of

’Llfe at Sea, 1974 and the: Internatlonal COnventxon

on Load Lines, 1966 191 :for paasenger and cargo

" ships and the Torremolinos Internetlonal

f

BN



http://should.be

Conventinn on Safety of:Fisning Vessels, 1977 (101}
for fishing vessels provide provision to the
effect that the master of the ship shall be

supplied with information to enable him by raptd
and simple procesaes to assess with ease and
" certainty the stability of a ship under varylng
_conditions of.servicé. This information shall be
‘kept on ooatd for ready access at all times and be
subject tO’inepectton with d:view to keep it

amended, if necessary. -

furthermore.'the ndministrations were
provided with guidance on the scope of data to be
included in stebility information. This guidance
_is contained in the annex to resolution
A.167 (ES.IV) (for passenger and cargo shipa) and
resolution A.168 (ESfIV)_llll (for fishing
lvesbelé)'dhich was later inclnded in guidance on
stabxllty information contained in recommendation
4 of attachment 3 to the Final Act of the
- Internatlonal Conference on Safety of F1shing
“Vessels, 1977. The applicatxon of these guidances’
:- and qonslderatlons-of national practices on
,ptesentation_of intact stability.infotmation
" proved the'views that.the.infqrmation-ss outlined
in the above documents oroviding the master with
the-mobt_esdential data should be simplified as
. much as oossibfe eo that the master can estimate
] ﬁith.ﬁinigum expendure of time whether the
" stebiIit§:of_e.ship is sufficient. To fulfil the

‘task further work on information for the master on

intact stab;lxty is envisaged to be undertaken by

' the Sub-Commtttee on the following:

.1 the table of contentq of information
desired for intact stability;

- +2 . method ot special quick éppreisal of-

intect stability of a ship suitable S

for 1nc1usxon in the: stab111ty
1nformatxon,
‘.3i -the use of on-board computers for
' ] quick appra1sal of stability by the

Amaster.

3.4 Standards of residual damage atabiiity for -

passenger ships -

- Standards of residual damage stab1l1ty ‘have

‘been defxned for a number of types of ships in
.various .codes and guldellnes (011 and chemical
tsnkera, gas carrlers. offshore eupply vessels,
tetc.) whereas such standards are not establtshed
for paasenger ships. The experience ofvapplyLng
.the provisions of regulation 11-1/8 ot the 1974 -
80LAS Convention as amended revealed the need to
ldevelop a guidance for the administrations on a
ninimnm acceptable standard of residual stability

after damage tor passenger ships.

ce 1

stability standards.

_one-gided lifeboat deploymeut etc.

:_dreft method, are met.

A draft interpretation was developed

specifying the stability criteria appropriate in

.determining the adequacy of the residual stability

after damage. These criteria are given for both
the intermediate and final stages of flooding
after equalization. The discussion within the :

Sub-Commlttee demongtrated a wide range of

_opinions on the factors to be taken into account

in the. development. of appropriate residual

The importance of any
stability standard which may be adopted in
relation to the economic and commercial design of -
passenger ships initiated the studies of the »
effect of various proposed ‘criteria on typical
ships. This would require to take into

consideration. the effect of the application of the

proposed criteria on critical ship design, the

need to relate the basic philosophy of passenger
ship'surﬁiyal with the differing philosophies for
other types of ehips, effect of such factors as
application .of passenger distribution moment and.
’ The results of
investigations of the above are. subject to further

consideration within the Sub-Committee.

3.5 -Damage gtability of dry cargo ships

As it was mentioned the first
internationally agreed damage stability
tequtrements for passenger ships were introduced

in the 1948 SOLAS Conventlon.

Since then the damage stability requirements

_for.most typea of ships have been.developed and

included in various.conventions, codes and

guidelines.

Due to-other committments the Sub-Comméttee
coold only recently concenttate on the development
of subdivieion and damage stability requirements -
for dry cargo ships including ro-rxo ships. “The
ptobabilistic concept of snrvival was taken as a
basls for elabotating such requxrements. Thevvork
to be undertaken by the Sub-Committee is to carry

out sample calculations in accordance with the

tproposed draft probabilistic method ‘for-a range of

ship types and sizes with a view to netermining a
preferred level of survival capability. This -

draft method proposes inter alia that the

o calculatlons should be made with the assumptxon

that. the ship is rtgarded as surviving floodlng

with certazn probabtlxty 1f certain damage

' stability cr1ter1a, which are apeczfted in the

For this purpose the work .

is slso envisaged to be undertaken on factor "s"

_ which evaluates. the effect of freeboard, ptaoility

and heel in the final flooding condition._
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- UTIL1ZATION OF PHOTOGRAMMETRY IN OBTAINING HULL OFFSETS
FOR INTACT STABILITY CALCULATIONS .

R.'-Latox_'re;_ As Suday c. Mugnier

ABSTRACT

The development of computer programs such as

- the Ship Hull Characteristics Program (SHCP) has

automated the calculation of shlo stability.

. Now ‘the most time-consuming task is the develop—
ment of a sultable table of hull offsets. The
present paper describes the results - from using

“a photogrammetry system to obtain the hul "

' offsets of a large ship trawler,

. " Mhen the hutl plans are available it is

'.falrly straightforward. But when the plans.
_are not available direct or indirect neasure-
ments ‘to obtdin the offsets are necessary.

i thls paper’ the use of optical imaging from

: Toverlapplng photographs called '"photo-
grammetry" is used to otaln the offsets of
a large Gulf of Mexico shrlmp trawler huill’

- for the stablllty calculatlons The hydro--

'statlc calculations results are summarlzed
.’along with the results from the lncllnlng
.  experlment .

This system uslng a stereo planlgraph

: allows .the offsets to be easily obtalned for -

the stablllty calculation.

. INTRODUCTION
- The development oficomputer programs such

:-aslthe Shlp Hull Characteristics Program
(SHCP) has automated the calculation .of ship

. stability. Now the most’ time-consuming task

Is the:developmentAof'a suitable table of |
‘offsets.. o s
"~ When plans are available a dlgitlzer table
*can-be used. 'In the case of incomplete or
'mlsslng plans, direct or Indirect hult
: -measurements are necessary.. Even for small
ﬁrjboats direct measurements cén be dlfflcult
) and tlme consuming. The use of optlcal
lmaglng from overlapplng photographs taken
from

lfferent posl lons has been used for

: aécurate topographlc
: l

is\technlque called "Photo-

g nnetry_ has been proposed and” used ln a

L number of marlne appllcatlons /l//2/

Slnce the photographs can 'capture“ -any slze .;

vessel photogrammetry ls an extrenely

et On the' G4lf Coast a large number of
flshlng vessels are outslde the U. S Coast

o F—

'Sgonsor

w13 =

Guard Inspection. in'many. cases they are owner
built and operated so the hull plans are
incomplete. The vessels are oftenllaunched and
operated without routlne stability calculations.
Fortunately the fishermen have gained enough
experience that veseel 'capslze is a rare évent
when the vessels ére operated in the Gulf of
vhexlco '

While these vessels are difficult to
generalize, It nevertheless ls
worthwhile to document a sample vessel and
perform the stability calculations. This ted
to the UNO-Shr imp Trawler.Project outlined in
Table 1. '

TABLE 1. OUTLINE OF 'UNO SHRIMP TRANLER PROJECT
’ - PHASE 1

’

Phase | Characterization of Gulf Coast'Shrlmp
Trawler Hull Form and -Intact Stabitity

1-1> Selection of Shrimp Trawler for Study

k 12 Schedule of Personnel and Field Trip
" 1-3 Field Trip 4/2/85, Crown Point, Louisiana

. 1} Docking of Trawler
- i1) Photograph of Trawler Hull

111) Inclining Experiment of Trawler

jl -4 Analysls

l) Incllnlng Experlment

i1) Photogrammetry Photos

~1-5 Development of Trawler Hull Offsets B

1-6.. SHCP Calculations

’ _'Pro[ect Team

R. Latorre, Project Manager
C. Hugnler, Photogrammetry
A. Suda, SHCP Calculatlons

Students
- SRR RETN

ome, Selectlon of trawler,

fleld trip deta]ls,i\_

lncllnlng experlmnnt

J Gunter lqcllnlng experlment




- "TABLE 2 PARTICULARS OF SHIMP TRAWLER

Length Overaltl

. 72 ft )

"Length on waterline S0 fU

. Beam maximum 2h Fr

“Beam on water!ine 22,18 ft
draft (no trim) 6 ft
Single Screw

'Dlsplacement‘ A o 140 tons
Block coefficient pa' _-f_i“’ - O.Sﬁgﬁ
Waterplane coefflclent pr . 0.84

K& o : 9.74 ft¥

N ) )
Obtained from present analysis

2. Objectlves of the Shr imp Trawler Project L
. Phase I’ ‘ D o
The maln objectlves of the shrlmp trawler:

.‘project were: ’ ’ o
1. Select a Gulf Coast shrlmp trawler for the

: n study . .

2. Obtain its hull offsets by photogrammetry
v3.'.PerForm an inclining’ experlment ‘on the

» trawler. ’

'h;_ Perform the lntact stablllty calculations
. using the SHCP computer program.

These objectives were the basls for the ..

‘formatnon of the project team and the work

summarlzed ln Table 1. The students, in addltlon

L to provldlng manpower, were active in plannlng

" of the fleld trip.
© Mr, Rome, who at the tlme of the project was
a: senlor in the UNO-NAME program, arranged through
_; famlly connectlons the agreement of & local
. fisherman to uae his ]2 ft -‘lho ton shrlmp_

1grawler'for the}project.-

He also coordinated with .

_>the operator of a'shlpyardlto arrange the hoisting )

out of the trawler .and _blocking for the photo-
. graphs, ‘as well as the supplies for the lncllnlng
: experlment and insurance.-
3. Shrlmp Trawler” - - . : )
' Table 2 summarizes the main particulars of
’j fheishrlmp trawler. The fisherman prepared

bulkheadidrawlngs and sketches and bollt the

. vessel: from steel plate several years ago.. The'

o plates were purchased from a local. suppller and

" the. -vessel -was welded in the yard behind his house"

next to the bapou. The bow section plates were,

- formed by heatlng while the remalnder of" the hult’

iwas formed into.a chine hull._ ) R L

) -A trawler this sfze has capaclty for trawllng
~ several weeks.
in the fish
Newer.trawlers havé been designed with

gnets‘sorted on deck,
hold.
' refrigeration but when this vessel was builit it

~iced and stored

‘was not commonplace. Since the trawl nets are

- suspended by cwo booms attached to the forward

house, lt is an easy ma ter to ralse and lower

n‘taf Thls ls'one reqson for the traw c' ‘

[N

The shrimp are taken from the trawl

_trip was scheduled for April

:propelled crane straddling ;he hull.

out and set on the blocks.

" certified In U.5.).

UNO SHRIMP TRAWLER PROJECT

TABLE-3
" " W/2/85 FIELD TRIP

Crown Polnt. Louisiana

" Location:
Schedule: 4/2/8¢
:8:30 Leare New Orleanis
9:4¢ Team arrives at Crown Polnt.
10:30  Trawler arrlves
" 12:00  Trawlér is hauled out and set on
"7 blocks .
Total cost of hauling, blocking and_
- ) _returning boat to nater: .$ 630.00
"13:00  Photogrammetry begins
- 16:60 Photogrammetry flnlshed
. l7:06- Trawler .in water
- 18:00 Trawler docks at owner's pler
18:15 Inclining ‘experiment beglns,'dralr marks
o tankisoundlng recorded, eleven 50’ ‘
L ‘;gallon drums loaded on trawler deck
22:30 - Inclining experiment finished
}h:OQ Team returns-to New Orleans
- safety. When a bad storm -comes up,nthe fisher-

man will lower the trawl nets over the sldes

to stabllize the vessel and rlde out the storm

- b, Field Trip - © '

o Coordlnatlng the fisherman's'achedule,

with the University's spring.recess, the field. -

2,1985.. This

allowed several alternate days. in case of raln.

' Fortunately the weather was clear and the field

trip proceeded along the schedule outlined in
Table 3.
The trawler was. hauled out by a self

Belts were

run’underneath the hull and the boat was lifted

The blocks were
arranged. In the yard to provlde a full field
vision to photograph the hull as shown in

Flg 2.

5. 'Photogrammetry :

'.5.1 Analytical versus analog technique

The majority of literature on photo--,
grammetric application to shipbuilding in the

jUnlted States has been on the extremely precise -

methods of analytical photogrammetry /1//2/.
(Typically, the accuracies obtained in-a .

.regular productive environment range from

1:80,000 to l:iS0.0QO of the ‘object covered
dlstanée.)' The problem with the use of these
pure analytical techniques is that the
personnel required are senlor professlonal
level_photogramme!rists.(less than 500

The. approach used In this
paper was the pure analogical technique using

N U




_TABLE 4 EQUIPHENT USED IN 4/2/85 SHRIMP
' " TRAWLER FIELD TRIP AND ANALYSIS

1. /Photogramme(r§'Equlpment'
1. Camera, Type K-22
2. Lens, 15" focal length

3. Photographlc fllm, Kodak Super Aero-
_ 'graphic . . ) .

4, Negatlve size for analysis, 5 x "

. Analyzer at University of New Orleans:,

Zeiss C-8 stereoplanlgraph Universal
stereoplotter

.-\ﬂ'

O lncllnlng Exper iment

" 1. Piano wire and washer
Plumb

-Oll and bucket

_Eleven clean 50 gallon drums

Vi W N -
. >,

. vMand trolley

,_a.Unluersalfatereoplotter,(kef; Table h);.;ln
* this project the use of an lnetrument of’
"admittedly greater -capital cost, alloued_the'
"personnel of more modest training to obtain the
" hult offsets. ' ‘
’approach is that it.is feasible to use personnel

" The practicality of the analog:

at.a technlclan level who are comparatively easy
'to Iocate and employ. Thus for the trade-of f

wlth a one-time capital inveéstment for the -

B approprlate Instrumentation (analog), the staffing

cdnslderatlons hecome'reéllstICally'feaslble for

- shipyards and other_marlne-enterprlses;‘ .
". 1t _should be rioted that most (if not all).
/.- of ‘the photogrammetric U, S, shipbuilding -

'A'appllcatlons are currently performed by private.

.consultlng photogrammetrlsts of lnternatlonal
HA'reputatlon '

C 5 2 Procedure . : .

Using the camera and other equlpment ln_
; Table b a series’ of 10 overlapplng photos were
" taken along a Vine 70 ft parallel to the trawler

A} keel llne as shown’ ln Fig. 1. Addltlonal

photos of the bow ‘and stern were made at polnts

A and B respectlvely. A samole bow photoAls
shown fn Fig. 2. ~° - EERRE
. '_ These photographs were processed and the :
'-A:negatuves_were.analyzed oh a Zeiss C-8 stereo-
planljraph'UanerEal stereoplotter. )
- " The results of. the analysls are. shown in
" Figs. 3 and b,
Chell Tines. whlle Figih’ shows the perspective

Flg. 3 shows the shrlmp trawler

'I:fvlew of the trawler hull . As these flgures
'lndlcate, the trawler hull has a slmple form

}.developed from welded flat plates.’

6. Inclining Experiment,

] - The U. $. Coast Guard has recommended /3/
that the range of pendulum movement be within
o =3° _
total moment of 30 ft - ton (1 ton = 2240 Ibs)

Initial estlmates_lndlcated that a

.é 15.;u”:.

| of 50- gallon capacity were used.

) shown in Flg 5.

movement 6,

-lhe hutt.
- surface should be accounted for in the GM_.

" various stages of operation, -

"T=6ftnotrimwill be assumed.,

woitld be fequifed. In most boat yards a crane

~and-inclining weights are available for this work.

. Since the trawler inclining experiment was
done at.the owner's'dock on the bayou a simple
solution was’adopted Metal and plastlc drums
Each empty drum
weighs approxlmately l0 Ibs and when filled with
fresh water (8.3 1bs/gal) each drum weights .

425 1bs.

empty'and shifted into boslllon.

The drums are loaded onto the deck

Then they aré "

" filled until topped off to obtain the required

heellng moment. They are dumped and moved empty

_until zhe experiment is finished,-

) Dolng the Inclining experlment at nlght
(after 18:00)'avolded the disturbances from the

'bayou_hoat traffic,so the tests were made in

titerally undisturbed water, Throughout the tests

the trawler booms were uprlght without the nets

"(nets dry and stored).

The results of ‘the lncllnlng experlment are
The data is_ for one station
with a pendulum suspended from the trawler s
rlgglng. In Flg S, wlth the exception of
the moment - tan 9  results fall

onta a étraoght_llne. At. the dock the water

" depth was over 10 ft giving a good 4 ft clearance

between the veséel bottom and mud.

-Fig. 6 shows the location of the tanks. ln
Soundlngs lndlcated that the free
Assuming

tanks 1,2, 3 and 4 are the only

locations of free surface on the vessel the

following corrections were made.

M =

3.72 ft lncllnlng experiment

TK1 . = .0.07 ft correctlon for free surface in
Tank 1 Co . . )
TK2 = 0.315 . correctlon for free surface in
- Tank 2 .
TK 3-4 = 0.25% correction for free surface in
S ~ Tanks 3= . o
M h.355 ft

On'another'occaslon'the,authors-dould llke}to do~’

an lncllnlné'experlment with. the booms and nets

" over ‘the side-to clarlfy the restorlng noment during

trawling.

+7. SHCP Calculatlons

" The trawler hull offsets obtalned from the
analysis of the stereq photographs (Figs. 3 and 4)
were'lnput'lnto the SHCP Computer program and run,

~on the University of New Orleans VAX 8600 cluster.

For the present calculation eleven stations were

- used each with h polnts deflnlng'the<hull section ~

7.1 Hydrostatlc Results’
_ The results of the SHCP hydrostatlc calcula-
tions for no trim condition are plotted in Fig. 7. -

The range of draft < T < 8 was selected for . .

:future studies of the safety of the trawler- during

For ‘the present

.- studies the conditions at the lncllnlng experlment

A: T =6 Fr. ‘the




_ TABLE 5.

COMPARISON OF TAWLER INTACT STABILITY WITH VARIOUS CRITERIA [u)

‘Criteria Notes .’ : Formila Satlsfled
| C1GHL Criterla cMT’=.h.35 fr - ‘
< 1Mc0 .,GMT 1148 ft Yes
- JAPAN- a) seiner oMy =((B/23 0) .+ 0.8858)) = 1, 9 Yes
S o
Gy h(thL[zo).f 0.8859) = 1;57 Yes
b) Fishing Vessel . _ cﬁR = ((s/s.zsj-7.o)/|z.o + ) x 3.28.73|.h_"
5-B,l3~>23»ft ] - or "fJ ) - ]
o “"k ¥ (LVL/1;28 . z)/7z 0+ b) x 3. 28 - z 1 " Yes
. POLAND Simplified -cnafa ) (o.105n-~ 706 F/B + 0.083 B/0 = 1 82 Yes
.‘SOVIET Simplified M = D (-0. h7 < 0.35 F/B + 0, 35 a/o) = 3.02 Yes
“11. Dynamic -
. Stability Refer Fig. 8
L IMCO " Energy 0 -.300 £ 30° > 10.3 ft - Deg (30.45 ft-Deg) . Yes
: Energy 0 .- 40° E QDO l6 9 ft-Deg (42.20 ft-Oeg) Yes
Energy 30 - 40° . £ 30- uo° 2 5.6 ft-Deg (11.75 ft-Deg) Yes
B BLA— o 656 ft (1 432 ft) Yes
Angle of 62, 62, at. © > 30 e =30 ) Yes
. Down flooding

Insufficient data

" _value of the transverse:KHf = 14,09 ft
. Using K6 = KM, - GM[, the value of -
KG = 9 7h ft durlng the lncllnlng experlment.»

."7 2 KN and Gz Curves r
. The SHCP program was run wlth zero pole
helght to obtain the value of KN uslng
: GZ = KN-KG sine ’
? -the GZ curve correspondlng to the trawler at
6 ft draft and Ké = 9. 7h was obtalned Thls is
i plotted in Fig. 8. o
c Referrlng to the GZ curve, the range of

The. trawler Intact stablllty is shown to comply
with the’ varlous stablllty crlteria ln Table S.

stabllity is 52° with 6Z max = 1.43 ftar 0= 300, .

“ina future study the dlfferent trawler operatlng .

lcondltlons will be analyzed to check If there ls S

_an operatlon situation whlch could be dangerous

to However the present results indicate the vessel

'._has more than adequate stablllty.

- 8{ Dlscusslon and Concluslons o .
Thls paper has summarized Phase 1 of the
ln thls phase the hull

UNO-Shrlmp T'awler proJect.

could be used routinely for vessel stablllty
‘calculatlons. The questlon of accuracy could not

be addressed slnce the shrlmp trawler was bullt

without detailed plans. :Experlence has shown that

., an accuracy of 1/1000 ft. could be eipected from the

photogrammetry technique used in the project..

With such accuracy questionas as to the hul}

- roughness, aging, as well as the hull construc- .
_ tion, tolerance to the.orlglnal lofting can be

" addressed.

The completlon of Phase t leads to the

- following conclusions:

1. Photogrannetry represents an attractlve technique

. for obtalnlng ‘the hull offsets when the vessel can

~ be docked and photographed.

2. A system has been demonstrated where *

photographs are used to obtain the hull offsets. and
the hydrostatic calculatlons then performed
_ Referring to- the example shrlmp trawler used

in the study: . . .
O 3? The Inclining experlment lndlcated that the

'trawler ch is 4.35 ft.

S From the hydrostatic’ calculatlons, the draft’
T = 6 ft, KnT'u 14.09 Ft which gives K& = 9.74 fr,

5. Using the KN curve (Pole helght'~»0)~from the'-
intact . stablllty calculatlon thw GZ 8 curva ln‘

'Flg. 8 was obtained.’

§; Checks wlth varlous stablllty crlterla
lndlcate th t ’

~I

the .trawler ha

_stablllty. oo L
These results provlde ] basls for future studles

. on the safety nf Gulf Coast Shrlmp Trawlers.

] 16‘; .




.'Acknowledgements

-The authors are grateful to D. Rome and

-d. Gunter for thelr assistarice in'this pro}ect.

The photogrammetrlc equlpment was klndly

Ioaned by -Mr. Joﬁeph Roberts. Southern Aerial

Ha(lne, Baton Rouge, La., who -al'so was klnd
’ enough ‘to develop the negatlve and print Co '?:
The
authors are grateful to Hr. A. DesClaire and

posltlves of the trawler for analysls.

hls famlly for their cooperatlon and hospltallty
during the field trlp as well as to the: Un!verslty
. of- New Orleans Graduate Research Council

‘Finally '
they are grateful to Hrs. Latapie for typlng

for their support of Phase | ‘project.’

the manuscrlpt.

".#16. 2. Photograph of Shrimp Trawler Bow.

Used in C;Iibréqiopﬁ‘n

10
Nil

{31

10}

. References
Keneflck J. F., “Shlpbulldlng App\lcation

" of Photogrammetry," Proceedings Amer!can
Soc[ety of Pho;ogrammelry,,Seml-Annuéi
) Cdnvention, Seattle, Vasﬁlngtqn,‘Sept. 1976.
[2]

Kenefick, J. F., Hueto, D. A., "'Photogrammetric

" -Surveys of the COGNAC Jacket Structure," .
Marine Technology, Vo). 17, No. 3, July
1380. pp.- 243-249, )

"Notes on Prepérationé and Procedures for

Stabitity -Tests,.'

" Inspection Circular No. 1-67,"

Navigation & Vessel
Prepared by
t__« Merchant Marine Technical Division, Office
of Merchant Marine Safefy, u. S. Coast Guard
Washington, 0. C. 1967. '
R., Miller, E.,
"Deyelppmentjof Intact Stability Criteria

"Amy,; J.; Johnson,

for Towing and Fishing. Vessels,' Transac-
tions SNAME, 1976. '

(4

e

- F1G.1 Photo o
Arrangement
Key -
.1 Trawler

.2 Camera Position
70 ft.

Note Sigﬁting_lnstruments )

1; 115-1.} l:




f. FlG 3 SHRIMP TRAWLER LlNES PLAN
. “UNO TRAWLER PROJECT -

FIG4 SHRIMP TRAWL_ER
HULLFORM "

- 18 -




UNO SHRIMP TRAWLER PROJECT
INCLINING EXPERIMENT 4/2/85
PENDULUM LENGTH |2 2811
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STABILITY AND EXTRACTION OF GROUNDED lCEBREAKERS

* BeCe Nehrlings

ABSTRACT

" Whenever large and powerful polar icebreakers are

“used for aggressive ramming there Is the distinct possibil-
" ity that the ship will be driven too far onto the ice field.
As a consequence of being driven too far aground, the

.~ ship-can become unstable and/or remain stranded. Con-

. sequently, it is-important for naval architects to be able
to predict the intact stability characteristics of a
- grounded icebreaker as well as the force needed to
- extract it. This paper presents a summary of the work

"involved in developlng ‘s .computer model to provide
- these predictions. - These theoretical predictions are

 shown to compare favorably ‘with expenmental data

- obtained through model testmg

1. INTRODUCTION

" Ice breaking opel'utlons are conducted in a vaﬁety of
ways depending upon such parameters as hull form;

- available power and ice conditions. One of the current-

trends in icebre_aker design philosophy is to attempt to
maximize the inherent advantages provided by forebody
shape and weight' while maintaining adequate stability
- and minimizing extraction difficulties, To help naval
architects “accomplish these objectives, the U.S. Coast
“Guard has been developing analytical méthods to heip
_predict the performance of various icebreaker designs.
. Design ‘parameters such as bow stem angle, spread angle
_complement and friction coefficient have been introduced

‘into & computer model in order to better predict the

ramming and continuous icebreaking capability of a

“given hull form in terms of the standard ice thickness
which is to be broken. This model has also been used to
predict extraction requirements.

) Procedures ‘have also been developed to better !
evaluate the statical stability of an icebreaker after it has -
‘run’ aground onto thick ice. In.1985, these procedures .

and those of the previous model were revised and incor-

poratéd as one additional option of the general purpose - '

: Shlp Hull Characteristics Program (SHCP).
In order to provide additional confidence in the

. predxctions provided by this computeér program, a series’

. of tests were conducted In the stability basin of the U.S.

Naval Academy’s Hydromechanl«.s Laboratory using .two

- »cébresker modets. -The ‘experimental results, when '
. expanded to full- scale values, showed good agreement

wlth the computer s prednctlons

ANALYTICAL METHODS

Whlt,e I 2] attempted to calculate an icebreaker’s
dynamlc jcebreaking capability by developing both a

. detailed mathematical model and a simplified implemen- . .

't._atiou._.‘To,use the detailed mathematical model many

‘- 2‘ -

N.Te Toai

' charactcristlcs of the .sh.ip and its environment must be’

known. However, by.introducing certain simplifying

.expressions, the detail model can be converted into a

simple program suitable for most preliminary design stu-
dies. These simplifying expressions were derived from .
the common geometric and kinematic relationships of a
typical operational icebreaker. Characteristics such as
length, beam, bow conﬁguratlon, transverse and longitu- .
dinal metacentric heights, center of buoyancy, center of
gravity, thrust and friction coefficients are used. With

. these simplifying ‘expressions, the simple model may be
~ used to calculate what standard ice thickness can be bro- ~

ken and the expected difficulty of extraction.
- The. difficulty of extraction is represented by an -

- index defined as the ratio of the extraction thrust neces-

sary to pull the ship off the ice to the available thrust.

* An index value of zero would mean that no extraclion

thrust was necessary. - A negative value would indicated
that the ship slides off the ice. An index value of 40.5
with an assumed static friction coefficient of 0.6 appears
to be a reasonable upper fimit for practical designs.
Another problem associated with icebreaking opera-
tions is that of maintaining adequate intact statical sta-
bility when the ship goes aground on an ice field. While-
the initial statical stability of an icebreaker is usually
quite large due to a high transverse metacentric radius
provided by a broad beam, this degree of stability

_rapidly decreases and can.even become negative if the

icebreaker is driven too far onto the ice during ramming
operations. This problem becomes even more serious
when topside icing and beam winds are present. A pro-
cedure to approximate the statical stability of a

- grounded icebreaker during design studies is explained in

reference [3].° Basically this methodology considers a_
stranded icebreaker to be stable if, at any stem—to-lce
“contact-position, the ‘stern’is above the water's surface,
the transverse metacentric height is posmve and a rlght—
ing moment is present. -

In conjunction with one “of the Coast Guard' :

~ current design projects, namely that of .a polar oceano-

graphic research ship, the aforementioned models were

" ‘merged together and installed as one additional option of
- the widely used SHCP. By utilizing the hydrostatic

values computed by SHCP, many of.the -simplifying
expressions and underlying approximations used in these

.models-could be eliminated.” For example, with the help

of SHCP, values for the metacentric heights and longitu-.
dinal center of floatation can be easily caleulated during
each of the iterations needed to complete the grounded
stability analysis, = .

To help illustrate’ thls model the Coast Guard's
Polar class icebreaker will be analyzed. A rough body
plan for this hull is shown in Fig..1. Fig. 2 shows the

"effect of the stem-to-ice contact posltlon on the

icebreaker’s righting arm. -As can-be seen from this

. figure, the stability of the ship’ steadlly decreases as the

aground position approaches the keel. Fig. 3 indicates

_ that the effective - transverse - metacentric ~height is
" reduced and the trim angle increased.sas the aground

\



- position once again approaches the kcel A Lyplc'ﬂ plot.
“of the mdcx of extraction as a function of ramming speed
i shown in Fig. 4. Other relevant parameters such as
"the vertical grounding force at the how and the ship's

-effective .center of gravily can be calculated .and plotted -

- for each stem-to-ice contact position. - This ship’s index
of extraction difficulty is derived as follows, For any
- given. ramming speed, ‘the computer model determines
~the downward force exerted on the ice. This downward
. force is then used to ‘determine the location of the stem-

- to-ice~contact point. This position is then used to deter- -

mine the bow stem-migle which in turn enables the com- *
"pitter . algorithm to calculate the mdex of extraction
difficulty. .
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18, EXPERIMENTAL PROGRAM

Dunng the summer of 198’) a series - of -

. grounded stability experiments were conducted 'in the’

stability basin at the Naval Academy's Hydromechanics R

Laboratory for the Coast Guard. For these experiments,

two scale models were used. One model was that of the

"+ USCG’s Polar .class icebreaker, while- the other model
. :was of a proposed polar oceanographic research ship [4).

3.1 Tésf Procedure

The experimental phase of thls pro.xevt, can be sum-
marized as follows:
{1] Each model was ballasted to the displacement (A)
~ and trim specified by the Coast Guard.

" [2] An inclining experiment was conducted to determine

the vertical position of the center of gravity. Inter-
nal weights were then shifted vertically and the inc-

_ lining experiment repeated until the vertical center
of gravity (KG) specified by the Coast Guard for
these stability experiments was obtained.

- [3] For each model, a fully afloat intact statical stabil-

ity curve at the required displacement and center of
gravity was determined experimentally.

|4} ‘Individually, the bow of each model was placed on

the test apparatus. This apparatus was configured
to represent .an ice field that the ship could have
conceivably run aground on. The model’s righting

" moment, vertical grounding force and trim were
measured as a function of heel angle for several
stem-to-ice contact positions. Similar data was also

. gathered for one stem-to-ice contact point. but with
varying heights of exposed ice.

[5} The experimental results were expanded to full scale

.. values and plotted for each ship. These plots clearly
indicate the detrimental effect that being aground
_ bas on a ship's intact statical stability., They also
clearly show that the farther aground the ship has .
" run, the worse its stability becomes.

. [8] For reasons: of brevity, only the experimental results

associated with the Polar class icebreaker will be
descnbed and discussed in this paper.

'3 2 Model

- Pertment charactenstlcs of the Polar class ice-
breaker (shlp and model) are given in Table 1. A rough
bodyplan for this hull is shown in Fig. 1. The model .

“used in these stability tests was of wooden construction.

It had previously been ‘used for a variety of resistance

- experiments.

- 22 -




'lABLL 1 - Polar Class Charact.enstlcs
Characteristic Ship Model
LOA 121.62 m 253.4 ecm
LBr 107.29 m 223.5 em
Depth 14.33 m 20.6 cm
Deaft . 0.75 m. 20.3 cm
A (note 1) 13388 t 117.94 kg
Trim 0 0 -
Lee 135 m fwd | 28 em fwd
amidships - amidships
KG 7.92 m 16.5 cin
GMy (note 2) 3.62 m 7.5 cm
KM, (note 3) 11.54 m 24.0 cm
Scale factor | . 1 ] 48

Notes:

]
2

Ship. in salt water at 15 C (SHCP output). Model in
fresh water at 20 C.

Model's GMy was derived from an inclining experi-
‘ment. .
: Ship's KMy was obtained from SHCP oul,put.

. 3.3 lncllning ExperimentsA

The following' procedure wés used to determine the

model's vertical center of gravity (KG ).

‘ [2

~ The. model was. ballasted to the required dlsplncef
“ment and trim. Included aboard the model was a
previousfy calibrated electronic inclinometer and a

set of centerline weights which could be moved to .

. either port or starboard a predetermined distance.
The weights were shifted several times to both port
and starboard to create known heeling moments.

. For each moment, the angle of heel was determined
by converting the inclinometer’s voltage to an angu-
lar value. Fig. 5 shows the acquired data and the

- least squares linear regression equation which best

“fits this experimental data. The slope of this linear

" . equation along with model’s displacement was used
". to compute the transverse metacentric height (GMr ).

3l

" scale hydrostatic data provided by the Coast Guard.

1]

: .. GMr=1/(ASLOPE) ‘
. The transverse metacentric height above the keel
(KMz) for each .model was derived by scaling full

The model's KG was found by subtracting GMj
from- KMy . Values for A, KMy, GMy, and KG for

- . the Polar class icebreaker model aré given in Table

a~ex~ 30

. 0.08
Modef displacemnent = 117.94 kg
" 6.03] Siops of latist squares
° - Al
finear regrsssion’ :
0.01] - tine: 0.001125
—~0.0% )
“-o0y
0.0 :
' 10 "3 . .0

1 along with equivalent values for the full scale ship.’

Inclining Experiment ~— Polor Closs Mods!

. Hesling Moment (om—kg)

Figure 5

.

the wodel’s

[t

. 18]
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. 3.4 Statical Stability Experiments

The following procedure was used to determine
fully afloat intact statical stability curve.

The model was ballasted to the required displace-
meut, vertical center of gravity and trim. included
abosard the model was a pair of previously ealibrated
electronic inclinometers and a large heeling ring.
One inclinometer was positioned so as to wmeasure
heel while the other one measured trim. The heeling
ring, connected by a cable to a winch, was used to
produce a heeling moment. The heeling force was
measured by means of a pre.iously calibrated load
cell. Fig. 8 is a schematic representation of how this
equipment was configured. The model was slowly
heeled over by cranking in on the winch. While it

"was heeling over the model developed a righting

moment equivalent to the heeling moraent.
(GZ+ A)=(HEELING FORCE + RING DIAMETER)

The model was heeled over until the deck edge was
- Imnmersed.

Computed values of the model’s righting arm were
expanded to full scale. A plot of ship righting arm
(62) as a function of heel angle for the Polar class is
‘shown in Fig. 7. Also shown in this figure is the full
scale ¢My that was determmed durmg the inclining
expenmem

_ - .

Q) bulleys and (D.
qable
[} load cell
A _ c
. Q
heeling s
ring x
- hull ’
\ I

lncunnu_utcro I

stability basin

Fig. 6 1Inclining Apparatus
‘5 lr.ul!ial. Stabilty — Polar Closs
Displacernent = 13388 t.onu ’
o xo=702m
G- . .
2 GM = 3682 m
.0 .
n
d. 3
[}
L]
(
e 2
t
H
$
1
.o —
: .0 . 12 - 24 - 36 48 80

Heel kdaqnea)

Figure 7



© 3.5 Grounding Experiments

"The following procedure was used to deter-.

~mine, for-the medel under varions conditions, the model’s . - -

righting imoine nt o the vertieal gronns fiog foree ol lhn Low.
and the wogle of \nn\. - S
] The modal was OllLr“‘“d Just s i had e en for the
freely afloat statiend stability medsurements. o

121 The stem of the model was placed on a borlzonts)
el bar simatating U edge of A rigid ien fleld

" The downteard foree exerted oo the metol bar by
the hull was measueed by means of a ealibrated.

- foree block firmly ancliored to the bottom of the
- ghalility Login. Wi & chows Whis equifmeit. Fig. 0,

. n photo of the’ Polar-class model, was taken dmmg~

© thess o prevnding wp*rnur-m' :

| DowW .
, _*Tz/f- Ametal bar
Cofprce. .vadjustment::;
block—, . base’
BT | ' plate—

L i

< Fig. 8 Vertical Grounding.
S s Forr‘e Apparatus

" - Figure 9 Testing the Polar Class Model -
E 13] The model was: slowly “heeled over using ‘the winch,
' -cable and -heeling. ring. At approximately 3 degree -
increments- the voltage values from the inclinome- -
ters, load cell and force. “block were read and
> recorded. - The model was heeled over until either
" the deck edge was submerged or the hull became

almost unstable. The model was slowly released and.
~ several additional voltage readings were taken as it

. returned to the upright.

{4]  For subsequent groundmg experiments, the model
was positioned with the hull progressively farther
aground. Otherwise, the procedlire and the data
“acquisition process was the same.

{5] The measired voltages from the two mchnometers,
the load cell and the force block were converted to
_engineering units and then scaled up to ship values,
Righting moment, force aground and trim h'we ‘been
p]otted asa funrtlon of the angle of heel for varlous
stem-to-ice cont%ct posnt.xons.» Figs. 10, 11 and 12
show thxs dat.a for the' l—'olar class gcebreaker Right- '
' mg momen was plotted rathcr Lhen nghtmg arm

- 24‘."

6}

Tunction of the extcnt aground, wos changing.

During the aforementioned experiments the water
* level was even with the npper edge of the horizontal
-metal har wlm‘h was representing the ice field. In

- other words; the surface of the simulated ice held

- - 25000

we3c~ 3~ ~3e3jogx ax~~ya=3 "

was flush with the surrounding water. A series of
subsequent. stability lests were conducted for one
stem-to-ice contact point. but with varying heights
of exposed jee. Figs. 13, 14 and 15 show, for the
" Polar class, its righting moment,; force a[.,lound and
_ trim as a function of the angle of heel for three ice
heights at' a constant stem-to-ice contact location..

- Stalicot Stability -- Polar Class
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Trim By The-Stérn — Polar Class
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4.0 COMPARING PREDICTIONS

One of the primary goals of this research project
was to evaluate the validity of. the computer’s.predie-
tions. It is now possible to directly compare experimen-
tally obtained and computer predicted values for statical
stability, vertical grounding force and trim. These vari-
ous comparisons, for the full scale Polar class hull form,

are shown in Figs. 16, 17 and 18. In each. case the

independent parameter is angle of heel. The reason the
maximum heel angle is so small is because the model was
not outfitted with a watertight. deck.

* From an applied engineering standpoint there is an
adequate level of correlation between the computer’s
- predictions and the expanded experlmental results. The
. quantitative magnitudes are in general agreement while
the qualitative ranking is very good. Nevertheless,
modifications  to both the experimental process and the
“computer model are certainly warranted. However, the

computer model, when used as an ‘engineering design-
tool, does do a.reasonable job of predicting the statical

stability, vertical grounding force and trim of an ice-
lbreakér which has been driven up onto an ice field.

25000 Statical Stabiiity ~ Potar Ciass
g 20004 Experimenta! .va. Computer . v/,
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FIGURE 16
Statical Stability - Polar Class
Experimental .vs. Computer -
: Experlmental Computer _ Ship
Pomt Line - Condition
' KG=792m
+ | Short dash Freely floating
Triangle | = Solid Aground 0.68 m fwd FP_
X Dotted Aground 4.51' m aft FP
Diamond | Long dash | Aground 8.55 m aft FP
" Star . Dot-dash | Aground 11.55 m aft FP

5.0 DISCUSSION and CONCLUSION

This series of experiments established the feasibility

" of experimentally predicting the. stability characteristics
- of & ship aground at the bow. The applicable theory was
-substantiated und the anticipated trends were observed.
The inclining experiment produced data which,
when plotted, was extremely linear. -This "expected
. linearity gave a high level of conﬁdence to the computed
GMyr value,

The fully afloat intact statical stablllty curve was-

fair and consistent through the measured range of heel

angles. The slope, at small angles, compared very favor- "

. ably to the previously determined GM, value when plot-
“ted at one radian. Since the model was not outfitted

with a watertight deck the range of heel angles was tim-
ited to the angle of imminent downflooding. This angle
occurred shortly after the- clock-at.—cdge became
immersed,

The groundmg experiments represeuted an innova-
tive approach to measuring the loss of transverse stabil-
ity which is known to oceur wheu a ship runs aground.
The experiments, though restricted to one particular
case, namely, that of a ship having only stem-to-ice con-
tact points, clearly showed that the ship’s transverse sta-
bility deteriorated at an increasing rate as the ship was
run farther and fart,her onto the ice.- As expected, the
farther each hull was driven.c:to the ice the greater the
vertical grounding force and angle of trim became. For
each grounding condition, the magnitude of these two
parameters was reduced somewhat as the nngle of heel
increased. :

For. the initial set of tests the surface of the simu-

" lated ice field was flush with the surrounding water. A
~ series of subsequent stability tests were conducted for

one stem-to-ice contact point but with varying heights of
exposed ice. As the height of the exposed ice increased
stability decreased slightly while Lhe vertical force
aground and the angle of trim increased.

Even though the results of this project mdncate an
acceptable - level of agreement between what was
predicted analytically and what was measured experi-
mentally, further .validation is recommended.. It would
be very interesting to sce this validation accomplished by
using either a larger scale model or by conducting full’
scale icebreaker tests on the Great Lakes. In cither case,

" by minimizing or eliminating the scale factor, some of
the obscrved differences between the analytical and

experimental results would certainly be accounted for.
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| DYNAMICAL-STABILITY OF SUPPORT SHIP - DIVING BELL COMPLEX

| A+ Bogdanovy ReZ. Kishev

ABSTRACT

when Jnvestigating the interaction between the'
diving bell” and the supporting ship, two basic pro--

* blems arise, namely the determination of dynamic
tensile force in the connecting line, which is di -
) rectly connected with the diver's security, and the

. influence of the hanged load over the rolling mo-°
»'tion and hence over the dynamical stability of the

‘ship- -bel complex

_; The investigationsin this,report'concern con-

f_figurations with.stern'hoisters operating in  low
intensity beam seas 'The'dynamics of 'ship-bell com-
tplex is described in the frames of the linear hyd-

l_rodynamic theory of - ship motion for different mutu-

_"al positions of the ship and the apparatus "The re-
" sults from different experiments ‘with simildr con-

Lfigurations are sunmarized and the presence © T of
fqtransient regimes is: marked, during

b_rope increase several times in comparison with the
_static values. Schemes for evaluation of the com-
i_plex stability are- recommended with
of those phenoreria and the extent of their
"-ence on the exploitation restrictions is shown. .

1 INTRODUCTION c

o As a result of the total expansion of
';jactivity into the Ocean. the share of diving
"rations in port areas. and open sea. is.
increasing This activity is not: new at’ all,

which the :
Q hydrodynamic heeling angle and tensile force’ in the :

consideration DR
influ-_

~human
. ope=-.
constantly.‘
but the -
“"new circumstances at which complicated undersea re-. o

'*fsearch mounting and rescue operations are perform-

“{ed the nonstandard diving and auxiliary equipment,_
- support _
pro-

-the use of: unspecialized or multipurpose
.-vessels. ‘and last but not least - the wanted -

longation of operational period and hence the ne-
fcessity for ensuring of damageless operation "both
“1n calm- water and moderate ‘waves - all these’ impose
fstrong requirements to the structure ‘and especially

to the reliable dynamic characteristics of the com-

bl

'>mmlCinteraction between the ship and the
" load, noteworthy examples of which are those of

“the problem to one degree of freedom spring

~ tal results obtained at BSHC during the

_ed in two points - ‘with bow and stern
- which are considered not .to constrain the orbital
' movement but onlv the horizontal drift ‘ o

plex, i.e.‘low amplitudes of motion, Tow 'dynamic
loadings -in the hoisting structure, increased dyna
mic stability. These requirements are purely 'ope- )
rational as, because of -the nonstandard character
of the equipment and the operations; no particular

.‘classification_rules exist, but onlyequalizational

and not always proper and explicit estimations.

« In most published investigations on hydrody-

hanged -
Berteaux (1) and Heller-Motherway (5), the’ basic
attention is paid to the determination of the
tensile force in the supporting line by . reducing
mass
system dynamics ‘under harmonic excitation. In. fact,
the problem is much more complicated because of

“the presence of dynamic' impulse loadings in the
" rope, which lS directly connected to the security

of divers, and because of the influence of the hang-
ed load over the rolling motion characteristicsand

- transverse stability. Here, an attempt is made for

systematiiation of some—theoretiCal and experimen=-
hydrody-

namic inyestigations of some c6astal ships used.

“for supporting of rescue and diver operations.

2. FORMULATION OF THE MdTlON PROBLEM"_- R
Corisider the case of pure_transverse " motion

A of a ship equipped with'stern hoister for support-

ing diver apparatus, operating in small - amplitude
In addition, the ship is-anchor-
anchors

regular beam seas.

A standard set of reference frames is intro-~
duced according to Fig. 1, with GYZ - first . mov-
able’ (translational) coordinate system connected
with the centre of gravity and GZ upwards, _ and

Oyz - local coordinate system fixed to the top of

29 -



.Fig:fii Oefinition;offcoordinatesf AR

E fpjioading arm with 0 pointed downwards.

. In the course of work with the diver complex,:
”-_{4 characteristic mutual positions can be’ distin~«

7”pguished as illustrated in Fig. 2:
E A- apparatus loaded on deck,

penduium 1oad, o

~POSITION A

"B= apparatus hanged in air. acting as - a

- POSITION® -

:'- C - regime of transition through water surface,.
CDee apparatus deeply submerged '

“When the diving bell is secured on deck, j_the

A ship motion may be’ described by the well known equa—h
“tions of motion, linearized at small excitation as-'
'_sumptions . S '

Xy + 2\)2)(2 = £ uz(u) sinmt - ZuszOSmt) 1)
ok Xg* 2v3x3 + n3 3§ o3((n3 - m3m )c05wt -

e vgesinet) o 0T “(2)

: 2. .2 2 g
4 + 2V4x + n4x4 = -"' Ea 4n4sﬂh)t - - - (3) ‘

}where ai-coefficients of exciting force reduction-

under ship body influence . on wave motion°
- "i' natural motion frequency. U
. 1-nondimensional damping, ‘ _
'f‘mi-nondimensional added mass._ -

“‘. As can be seen from the above’ equations, v'the'

'-”1mutual influence between the three modes. of’ motion

is .neglected because of smal]ness considerations de

i jscribed in-detail in (2). As a resuit. the . three
‘*equations become independent. L

In the process of ship motion the point “of

- hanging. 0(0 z ) will oscillate according to’ the Taw

Tsigex, L

N«
n

2z_ - )SXy + Xo.
2, - 2,008Xy + X3.

POSITION €

- POSITION O - -

_..__.-v_—..'__'.‘.'_;v;..;' v [ S BRI . oM.

: Fig. 2, Principie;shipi-kbeilAconfigurations




‘When the apparatus is Vifted in the. air, as a -

‘result of the motion of the hanging point a kine-

- matic. excitation of the hanged load occurs, whose -
) oscillation is described by the equations _ taken

» from (4) (see also F'Ig 3a)

"'*',v *:;".(y;osy +'(9 -.2)sfnvﬂl=:0 . (5):

Sy T
A Y‘2
o m

b

“The mass of the ben my As suffic‘lent'ly small o

,.( l 5 - Z%D). hence’ the. 1ncrease of the - vertical

-:-__'force. acting on the ship (Tb-gmb) is small  ‘and-
‘'we-can assume that the vertical motion is not in -
fluenced by the swinging of the load. The - addi-

. .tiona) heeling moment {s, consequently:

. However, especially at great angles of 1ncli-'v i
nation, this moment - can reach. up to. 20% of the re-

= storing moment and as a result. its
tjon egust'ion '(3)', which becomes: "

4 + 2\,4x4 + n4x4 -‘2— Ea¢,4n§s1mt +

: ‘-A‘onb .

= sin(x4 +y) C . .(8)
I44+A44 - . A o

So. the behaviour of the ship-apparatus com-.

,plex will be described by the mutual. so'lving of the
‘,equations (1) (2). T .(4), (5) (6), (8)

Hhen the be]l is submerged into. water. R " the

K 1nteraction changes considerab]y. The: flexibi'l'ity

.’of the rope 4n’ transverse direction and the hydro-
'-,Adynamic resistance of the apparatus give us grounds .

~,to accept that it w1]1 perform only vertica]

POSITION B -

+ ysiny - (gwf'z)cos+ 2 .b NG

influence .
- should be _ta_ken.into_ consideration in the roll mo -

. ) -tions,equal ‘to the motions of the hanging pu*lnt

and the line of the rope will pass always ~ through
the initial position of the coordinate centre,

According to Fig. 3b, the angle between  the

. rope and the load mast will satisfy the condition

tgr -1_ 2 Xt

tgv+1_ 2+ %, xzfzd

(9)

in which the smallness of rolHng mot'lon angles is
considered. ’

Hhen the Hne Yengthens during the. submerging '

" of the apparatus, the elasticity of the connection

begins to 1nfluence considerab]y the formation of
tensile force which according to (1) and (3),. may
be expressed as ’

-

Tp = Pl + (gmy - wib)*%"ale a0 ..

~where a_ - amplitude reductipn factor, depending

z
on bell's inertia and damping and ~ on

the natural frequency of line's elestic '
vibrations as well.

According to the scheme of Fig. 3b, the addi-
tional heeling moment becomes:

My =z Tystey o EEYY)
and the equation of r_olling motion:'

" 2\,4x4 + n§x4 = i-gau4n4sinmt +

+ 22 siny - . (2

POSITION C-D

" .Fig. 3. Tension force orientation
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S {his_ case the dynmﬁ'lcs- of ‘the complex 1S de- . - equations for cases B and D according to the _known
scribed by the set of equations (1),(2),(9) and(12)."  nimerical methods s not difficult. As can be seen,

‘ s ' S _ the solution is in the: frames of harmonic ‘excita-
 tlon - harmonic reaction terms. o

The soluing of both systems of  differential
| e o -3




-3, REVIEH OF EXPERIMENTAL RESULTS ON . YENSION i

A.AND MOTION: o
I During the last several years numerous tests
_ were carried out- (6) at BSHC for tivestigation . of

_ the interactioh between the supporting ship and L

" diving apparatus for different conf fgurations "-'of
. the complex. different ballast weights,.
tests conditions (number of anchors and course an-
gles); at regular and irregular seds;. .at - fixed

.f(quasisteady approach) and changeable depth of sub- -
vmergence. These parameters were . not changed sys<

' :]tematically as the tests were ‘carried out sepa-
. rately at different times with large-scale modéls- - . . -

: of existing or design proJects under construction.

_Some general characteristics of the behaviour - of

" ship ~ apparatus complex are presented in: Fig. 4,

_ summarizing the’ records of processes of verticaland' .
frolling motion and the, tension force in-the = - con-
" necting’ line. measured 4n regular waves with cha - .

"'racteristics chosen in éich a way that the reaction
:of the complex corresponds to the mean.’ statisticel
’;values at irregular sea with intensity 3 - Beaufort.

~. The measurements are. performed with constant speed
“of - submerging. with stops in two' positions - when -

jthe apparatus 1% on deck Tevel (case. B) end in ope-

rational position (case D) The moments of start

‘iand stop of the lift mechanism ere denoted by o<ty

] The results of the experiments may be ~ sum -
-;marized es follows.ﬂi'f C ’

R mwemum'

As 1s evident from Fig. 4._the vertical motton .

‘ does not depend on the bell's position. which 1s in.
_accordance with the theory. A complete.
h tton of this independence is given 4n Fig. 5, which
;summarizes the results of linear theory ‘calcula~

fftions and the measurements in’ irregular beam waves,
corres-
. ponding to Fig. 2. The- experimental transfer ?un-': _
}'ctions are directly obtained by dividing the’ rough L

gtaken at quasisteady apparatus positions ‘

) ,linear spectra of.motion and uave processes. s

P

e - () paslllen-

R ‘-pesmon'
o DR EXRRIHENY l ~ posifion--
R -, . . | it fon
M CE ’ . LINEAR m.oer | - poalilon

RS- -

_different -

- of the- rolling motion amplitude This
) 1llustrated. in Fig: 4, is nonstationary and quickly

ﬂlwtm-;«'

° 02 [ ‘ue Y] wo-ow 1
) FREQ (NZ Si, HDDEI. stAlE

4 . Fig. 5. Heave response function
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© 3.2, Roll Motion .
The ship dynamics in roll mode is more .,com'a'

e“!plicately connected with the apparatus 3 Aposition )

The obvious relation between the mass of sus<
pended load and rope length, on the one hand, and -
the ship roll natural freguency, on the other. AmayA
cause some amplification or, otherwise, reduction

“of rol1 anip) itudes in. position B compared °  with
those fn cruise position A. That, -in fact, is one
. of general design as well as operational

problems -
to solve by means of the set of equations (1) (8). .

» Further,.when the bell is submerged into ~the

’ {water. it begins to act as a damper as a result of

both the body’s resistance and ‘the wave action This
Teads to sudden increase of the heeling moment and
‘phenoinenon,

s1ows down. as the results of - quasisteady measure--

'ments show (Fig. 6 4nd-Table 1), but:-it is this fm-

pulse increase of the rolling motion amplitude that
may leed to Joss of stability. To characterize this
process, we use the relation: '

Ky = 8/8y | 1 R (13).»

. called roliling motfon dynamics factor An’  example
. of the dependence of K on the wave intensity is
-ghown in Fig. 7 as.a result of experimental = inve- -
’ stigetions because. the- nonstationarity of ‘thé. pro- B
‘cess does riot allow to obtain K by harmonic exci-
" tation calculations in the frequency domain but re-

quires mode)Ving in time domain.

When deeply submerged in operational position,

' vertical wave dction on the apparatus decreases and’

the motion process is steadying. which results in

'reducing of roll amplitudes down to their . initial

values. as shown in Table 1

3.3, Line Tension )
“The tension inithe rope strongly depends on .
the bell s position and is directly connected with

© the processes of motion. When the ‘apparatus 1s 1ife .

““ed in air, the force in the rope fluctuates  uni-
formly about the ‘statical tensfon force Tégm with

* -amplitude TB' which 1s not greater than 30% of T
‘as’ shown in Table: 2

i At passing through the free surface, the for-

_ ce begins to change independently and its. mean value
“relatively decreases because of . the lessening . of

apparatus weight during submerging

However. as a result of the vertical ship mo—

" tions and due to the: bell's_platfonn resistance,im-

pulse tension forces appear. When reaching the ope-.
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Dynamical tension in position B,
'TB/IO. perc. ’

. Bf.. Experiment,
o] my/M=1.6%

Theory,
(eq.6)

15.8 .
3 .. 248
' 29.3. .

T17.2
21.1.
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ration position, the mean value of the force and
of the shock impulses setties down. It is experi-
mentally shown that Jtheir value - TDIMP is not

influenced strongly by the depth of submerging but

~§s several times greater than the static tension Td

These fmpulses are of high frequency (about 7-8 w)

and according to the linear spectral theory are not
considered when obtaining the mean - low-frequency

reaction TD’ which, as shown by equation (10) as -

well, is a. linear function of the vertical displace-
ment This is il]ustrated in Fig 8

"Similar to (13). a tension force

A dynamics
factor may be introduced: ' :
K = rm'no, » S ¢ U]

- where Ty delobtained‘ae Tp + Togep- -

An example of -the dependence of this factor on
the wave amplitude and wave direction is shown in
) Fig. 9. T

The pulling of the apparatus out of the water
"is characterized,with the possibility of random
-~ single tension loading occurrence which may become
equol to or greater than'that in underwater posi-
~_tion, as illustrated in Fig. 4. '

4. STABILITY CONSIDERATIONS
The standard approach, recommended by the clas-

: 51fication societies (8) for stability evaiuation, '

" consists in comparing the minimum caps1zing moment
‘at conventional motion amplitude - %
exciting heeling moment :

40
30

20 ’

. 10

. at 5 Beaufort waves, when the standard

with the '

0 - . 10 . - 20 ‘Hyzimi

Fig. 9. Dynamical roll amplification factor
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where K is called basic siability Criterion.

The determination of capsizing moment MMT )
illustrated in Fig. 10 for one of the investigated'
ships and the values of the design amplitude, the
arm of dynamic stability and the basic criterion
are given in Table 3. Comparing ®n from Table 3
with the values of 81/3 from iable 1, it may be
concluded that the ship stability is ensured even
~ require-
ments for admissible underwater operation cond{--
tions read 3 Beaufort. In addition, the ship satis '
fies all other classification requirements towards

“stability.

As was mentioned, however,'at transient re-

'gimes the ship suffers from significantly ' greater

motion angles and: in operational position. impu]se

- "1ine loading occurs. Both factors lead to aggrava-

tion of the stabiiity, which may be evaluated in
two ways:
- according to maximum dynamic heeling angle 8 *

= Ke . 0

© =~ according to impulse heeling moment as a function

of the reference impulse velocity V; = 8z /t.

The determination of the basic stability cri-
terion according to the first method does not dif-
fer from the standard approach but the increased
value of the reference angle leads to decreasing of
the minimum capsizing moment and hence - to decreas-
ing of the basic criterion,as shown in Table 3. -In
this case the limiting operation eapability of the
complex ship - bell . is evaluated to be sea state

* 3 Beaufort.

The arm of the impulse heeling moment may be
obtained directly from the diagram of dynamical
stability if we have the value of impulse tension
force and using equations (11) and (14).  Another
approach for detennination of the arm dIMP is re-
commended by - Lugovsky (7):

2

Vi
dmp = ._g__ (1+ Ryp) 6 (L,B,Z, Zo), (16)

» where A22 - sway added mass;

6 - function of the hull geometry : and
hoister height

Then the basic- stability criterion is calcu-

“lated as:

K = an

dyax/dpp - 8Ks

- where dMAx ~ dynamical stabllity arm corresponding

to the statical stability diagram max+
mum;


ftp://ftp.'

8K - influence of the motion on the resulting
heeling angle calculated at the steady
value of roll angle op-

The evaluations according to formula (17) are
given in Table 3 from where it may be concluded
that'boih approaches give comparable stability es-
" timations which strongly decrease the .limits  of -
allowable exploftation conditions to not more than
.3 Beaufort sea state. L

= , ' Table 3

,‘quluatidn of general stability criterion.
by different methods

| Approach - Conditional | overturn- | General
o roll angle, | ing mo - | stabi -
) o o ment arm, | Tity crt
e . . ..d ] terion,K]
- | Register rules- . 28.0° 0.11 - 2.09
' .Tra?sitiohAI Br 3]  23.5° | o 2.09
roll angles ) 0 :
approsc - {Br 4| -49.4 0.03 0.581
Inpulse load-|Bf 3| 9.4° 0.146 | 2.8 |
Ing approach fge of “15.2° | o0.048 | 0.934

5. CONCLUSIONS AND RECOMMENDATIONS
The comparison of the experimental

results,

. obtained in dynamic mode of lowering and Vifting of

the bell with those from calculations and  experi-

' _ments at quasisteady approach, shows that the latter

may- be misleading in view of the values of maximum
heeling angle for which the stability is evaluated.
For theoretical investigations of the problem it is
necessary to perform ana]ysi§ in time domain. For
engideering‘calculation; the'experimentally obtain-
ed dynamic coefficients for the maximum heeling- Ky
and impulse line loading - KT' may be qsed taking
into consideration their mutual connection with the
geometric, inertia and dynamic characteristics of

©the ship - bell complex.

‘It 4s recommended that the evaluation of the’

'dynamic stability for such configurations to be per

formed according to one of the proposed methods -

-with accbqnt'of the maximum dynamic aﬁgle or of the

impulse heeling moment as a function of the avail-

. _able experimental or design data. It may be con-

sidered that both methods give similar exploitation
restrictions. ' -

20 - 300 0.0 S00 600 700

Fig. 10. Graphical evaluation of complex dynamical stability
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NOMENCLATURE

3@ oA W

i3

TS =

FEE T

T
e

e o = > 2
L e

A

. -.angle between rope line and -

- %,8,C,0

- breadth of ship
- am of dynamical stability
- weight displacement

- gravity accelerations

- initial metacentric height

- - significant wave height

basic stability criterion
- dynamic coefficient of roll angle .

"< dynamic coeff1c1gnt of line tension: for
e _

- amm of statical stabi]ity

=~ Tine length’

d;ship s length

< 'mass of the- diving bell

- ship mass .

additional hee11ng moment
‘tensfon in connecting line .
heeling moment from wind action

= minimum capsizing moment

- relative weight of the line
moments of time expressing the passing
of the bell through different  basic.
positions at lowering and lifting

- static line Ioad1ng

- general line force
. - dynamic line force at every

ristic position

"~ volume displacement of apparatus
- modes of motion

=2 - §way"
" i=3- heave
"i=4-voll

height of loading arm
significant value of stern vertical mo-
tion '

;= vertical coordinate of the centre  of

- gravity

axis R

. specific water weight
"= amplitude of harmonfc wave

- significant amplitudes of roll motion
. for. characteristic po§itions of the ap-
paratus. :

= maximum design’ heeling ang1e

correction coefficients
“wave length

. = course angle
- - mean wave period
- wave. frequency '

'stiggtion of Support Ship - Diving Bell.
from the
‘ - Marine Transport Publ.

characte-

vertical’
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ESTARERE

APPLICATION OF CATASTROPHE THEORY TO NONLINEAR ROLLING
-MOTION OF SHIPS '

" ReLe Roy dhondhnri;.s

. ABSTRACT-» )

7 . The equation. governing the nonlinear -
roliing motion [1] of a ship is solved by
. the method of averaging [4.5]. 1t is
found that the respective amplitudes in -
the main and ultraharmonic resonance re-
gions satisfy -cubic eqdations while in the
subharmonic case a quadratic equation with
co-efficients depend1n§ on the.barametefs
_of the problem. These equations are
studied by. the methods of catastrophe
theory and the domains of stability and
instabi;ity are_delineated in the control-
parameter space.
is included in the restoring moment, the
emplitude'satisf;es an eléebralc equation
of seventh degree. This is also studied’
in the papet; ' '

- 1 . INTRODUCTION

The rolling amplitude of ships 1n ‘
waves’ 1s.large-compared to other modes of
“oscillation.z The governing equation is
nonlinear. Tne problem has been 1nvesti;
gatedrexten81vely by model tests and also
by analjtical-numerical methods but the
results are still far from being satis-.
' The difficulty is two fold:
firstly, in developing a proper mathemati-
‘cal model and solving it analytically;
secondly, in .the presentation of the

 results in a urified way.

factory.

For example,’
‘even-afterAdetailed'numerical computations
over[a'range‘of the values ot the para-ﬂ>
meters occurring in the‘equation it is not
possible to make general statements about
the effect of varying certain parameters '
on the amplitude..

In this paper, the’ equdtion proposed
by Cardo et al [1 2] is solved by the
method of averaging [4 $]and the amplitude

-\

--39-‘
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equation is discussed using the methods'of‘
Catastrophe Theory wnich'makes a separate '
stability analysia-“nneceseary. The method
is ideally suited for such problems and

gives a unified picture of the way the

- amplitude varies with different parameters;

The results obtained by this method are in

complete agreement with those of Cardo et

al in respect of main, subharmonic and
The equation for
rolling after inclusion of fifth degree

ultraharmonic resonance.

Aterm in the'restoring moment is also

. When a fifth degree term, - =

solved.

2. SOLUTIONS OF THE EQUATION OF
ROLLING MOTION

The equation governing the follin§

- motion of a sh;p proposed by Cardo et al

N §+(2"+5;62)éf6;53}w§9+@ ‘=

[*] in non-dimensional form is

A'COSwt. (1)

:He has _solved the equation with the

.Bogoliubov-Krylov-Mitropolsky asymptotic
‘method.

"In. the present paper, the equation(1)
is solved by the method of averaging[4 ﬂ
We rewrite (1) as

802 2.0 883, o3
9+woo= -e[(2p+d 0 )e+<529 +4,0 ;ncosut](z

where € 18 a small parameter. The_equation
(2) is expressed as o

y=96

= -u e—e[(zwé 6 )e+J 9+43e -Acosut] .

‘In,the main resonance region we write

" Since the

2

» ~Wwe = t{l (4)

solution in this region 1is



expected to be of frequency w, the van der-

Pol's transformation - )
—u71sinut -/

u coswt

- (5)
N _1 ! :
=W coswt]

v ~ginwt ]

is appropriate and averaging is required
to be carried out over T o= 21Tﬁw,[4]
Using .(5), the equations (3) can be .
written as

::ﬁ = %— [ 4nn-8upu - (J'w+36 o) (u? +v )u
-3A3(u +v )i}c{n coszut+B1sin20t

>+A2c094ut+stin4ut} (Ga)

=.§—[4Au - Bwpv - (5 w+ BJ up)(u +v )v

" 434 (PP uman +€{C1-cos2ut+D1sin2wt'

+C2cos4ut f,Désin4mt} .(ﬁb)
where A, B c, D are functions of u,v and co=
efficients in (2) The associated autono-

mous averaged (to ordere ) equations are

‘a

%— [ 4.nv-8w’nu - (4, ...+3J o) (24 )u

. —343(u +v )VJ

= 'BL[M“ - 8¢upv - ((5 W 35w )(u +v )v
+3d5 (w2+v?)u - 4a] “ (7b)
Puttingb . )
u=x co'si#, = x simf . (8)
one obtains A . '
x= §ol-supx - (Spuras ";,3)-;23—4551114:]' ‘(9a)
xd— eul4nx + 343 L - 4Acos¢] (9b)

The constant solutions of (9a) and (9b)

are obtained by setting x

The e§uation for R = Ezlis
s ‘ »

m R +m2R2+m3R+m4 =0, (10)
where. »
n1=9a32faé(31+3§2w?)2 (i
m2=2d(3n+56u3H(6}¥35zk?) :iié)
m3ei6n?+64;2p3 (13)
mg= -162°

o, ¢ 0. Then x.
‘and‘f: correspond to the amplitude and phase
(0f the nearly periodic solution of (1),[5]f

The phase is given by

tand= - [Bups (5,0+38,07) 2] / (4nb34 32 .
o . : (15)
The equations (10) and (15) agree with
those given in [1]. By the substitution

Ray+h, h = =m,/3m, ' . (16)
(10) reduces to

yo+dyte = 0, (17).

where

&= (18);

an2y ‘
‘3h +(_2m2h+m3)/m1

e = h3+(z‘:\' hZ4m shtmg) /my. (19)
The results are discussed in the next
Section..

" In subharmonic resonancetuzBu:,'the

.solution of (1) is expected to be of the

form,[4]

r cos@»t/3+¢1)+acoswt, (20)

. where r and ¢1 are the. amplitude and phase

(7a)u

of the subharmonic component of the osci—

llation and

B=A/(w° ~w?y, : e

The van der Pol's transformation in this

_ case is

wt ) ut‘ .

a cos =3 5sin = Qchoswt
= .
v, - sin ‘-‘-’—g‘ - %cos “-'—g— éwBsinut
(22)

and the averaging is required to be

carried out over T = 6 /w . Following

_the_same procedure as in the previous.

case{ the equation for the square of the

amplitude r2 =-x 'is (u = rcos ¢1,
v= rsin¢1), o
2, 2.2 ’ 2, 2
(m, “+my )x2+[2(m1m2+m3m4)—(m5 +me ) x

(14)

+(my24m, %) =0 (23)

where m's are functions of the coeffi-
cients of (1) and B. The phase is given

by ‘
- tan 3-¢1 = (P P3=P,P,)/ (PP +P,P3) (24)
_ywhere _
P, = (myr+m,) P, = (m,ri+m,)r (25)
17 ImEamE e 3F Ty
i P3 = m5r2 ' 454 = m6r2.
The equations (23) and (24) agree with

- 40 -




. those obtained by Cardo et al [1]. The
equation (23) can be written as

x> +ax+b =0, . o F(26)
where _ ' A '

a =.m8/m7 ,Ao>= mg/_m7 : ; - (27)
9,2, @ i o g 2.2 .

my.= gty TagE (T L @28

: 2 2 -
.- B 2, w 2,2
mg = 1§ (27437 77 {914+

4286 Jw}]+ 3—(91» 2).' |
R .,‘ + 57—(35 +J oW 2 S .o (29

B2 '2' g2y
+_§—[34339ub_-u )i 2M9 (J1i342m )

+ %Tn(9af?-u?f¥_ia?p2. i' d (30)

The case’ of the ultraharmonic re-

:sonancecuda3u:can be- solved by a transfor-'

mation similar to (22) by replacing w/3
by 3«fand averaging over T = 2nﬁ».A The
‘equation for the determination .of the.
amplitude of the ultraharmonic component
has a formlsimilar to (17). 'This case is
not .discussed in this paper. :
' A more refined version of (2) is
considered by 1ntroducing a fifth degree
term in the restoring moment-

9+a) 6=-6[(2p +6 6 )e+6'e +x'e -Acosuq

-'_ -ezx o e

TniS'equation'is proposed.in {1]‘but sblu- A

tions are not given.  Here we f£ind its

solution in the’ main resonance region¢»~ab

by using the transformation (5).. The
_averages of.'order ¢ for 4 and- v are given
by (7a) and (7b) respectively. The aver-
ages of order 62 are calculated by the

‘method in'[4].  'The algebra is rather

ilengthy and is omitted.A The equation for

:the square of the amplitude r2=R, is

7, 6, 5 4

: 3, 2
R +a6R +a5R +a4R +a3R +a2R

+a1R-a0-0 (32)

with~R = x+h, h = -a6/7 (32)becomes‘
) +axP+bxtrexdraxrextt = 0., ST (33)
’lhefresults.are'discussed.in the rext

Section.

- 3. RESUL"S ]
‘In the discussion of the results Mo

61, and J are assumed positive since they
are damping coefficients.

- 3. 1 Main Resonance of Equation (1) -

The ‘amplitude of (1) is % =(y+h) /2,

. where y 1s obtained from (17) which is a

‘Simple Cusp Catastrophe[ﬁ] However = in
this case the manifold is restricted to
-hgy<«c, for X to be real. This results in
a Constraint Cusp Catastrophe [3] whose
geometry is shown in Fig. 1, obtained by

. truncating the manifold of the Simple Cusp

by a plane y = -h and retaining the por-
tion y»-h. ) :

STABLE

FIG.1-SECTION OF THE CATASTROPHE MANIFOLD OF
THE POTENTIAL _% y‘._lz_dy? «ey by y=-h,heve

While the Simple Cusp 1s controlled by two
parameters d and e, the constraint intro--
duces'an additional parameter h. The pro-
jection of the:Simple Cusp on the d-e

‘plane 1s ‘shown in Fig. 2, the bifurcation

lines being OA and OB. - y jumps up to
large'values‘when the control point (d,e)
crosses OB from right to left and jumps
down from a peak value when this crosses
OA from ‘left to right (Fig. 2). Large
positive h retains all the essential fea-
tures of the simple cusp (Fig. 1) ; while
truncation at y = -h, h<o, eliminates the”
line OB completely along with the origin O
and ‘retains only a portion of the line OA.
Coming back to the solution of (1), an o
examination of (11) to (19) shows that
m,is always positive and hence the
.sign of h is opposite to that of m,;
- when d3 is negative the peak ampli-
tudes occur in the range ofapositive and

' vice versa. Hence the large term 24«jain

m4

2 is negative in this range of importance

“‘The other positive term is much smaller at
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least for the cased, ‘Hence m,

is negative generally, and therefore h is

negative.
'large positive. It can become negative
'for the case i' positive.

' Using»(17)
‘out to £find the maximuim roll amplitudes
for the shin ‘anie Schulte' {2) . The-
results are plotted in Fig. 6, curve a,”
and they agree with those of Cardo.

computations are carried’

Path of control point

Ttdye) —-—

‘A\ !
y B:l:rca!tonzlinu/\', A
: l d%+ 27¢% 2 0

8,

: 8 12
Ampl. ty+nh) /2

"" we

FIG 2- TYPICAL PATH OF CONTROL POINT.

w INCREASING (A » CONST.) AND ITS
_ EFFECT ON AMPL. [EQN. (171]

The pathlfollowed by the control
point (d,e) with wﬁu increasing is sche-
matically shown in Fig. 2 for the case
A = 0.030, along with the response curve.
The points Q,ﬁ s where the path crosses

the bifurcation lines. are marked. The .

amplitude response shows a isolated region

PQ of very large amplitude at very low.

wﬁug,.which_cannotﬂbe reached either with
increasing or decreasing w/w .-
‘from the calculations that as the excita—
tion amplitude is increased . the points Q -

" ar@ R approach each other and coalesce

" réported in{S}where it is

. given by (26)

- when A is larger than 0 03 providing

'access' to the isolated region and re-
eults in_the possibility of large ampli-
“This is also
mentioned- that
'blow npf,_thus”

tudes - at 1owlfreqnencies.

this causes the system to
setting an upper limit of
tude for the system.

3.2 Subharmonic Oscillations of (1)

The square of the amplitude rz

’ represents a ‘Constraint Fold Catastrophe

L3J.- its manifold is shown in Fig. 3.

excitation ampli:

X ia

controlled by the two parameters a and b.
Examination of (27) to (30) shows that m,
is’ always positive and hence the signs of

a and b are same as those of mg and m9

STABLE

UNSTABLE
{inner sheet}

Q
F1G.3.CATASTROPHE MANIFOLD OF THE POTENTIAL

]

' N N
—x3., —2~oxz » bx (with constraint x > 0)

3

respectively; Fnrther, ¢3(9u62—uF) is the
only term which can be negative in mg and
M. It is alsohobserved that

Mg, in ‘general, is positive because of

the large positiva terms in (30); mg can

_be negative either when

It is seen.

Since x>0, this equation

tude A is given by (21).

“L3 positive andw;Bw or
J.,3 negative andw< 3w .

Hence in general, a and b are positive and’

consequently x is zero, Fig. 3.- Non zero

.amplitude is possible under the very res-

tricted condition that mg be negative and
in addition bga /4 the threshold line
being ‘given by b = a /4 ‘The value of B
for any point on this line can be then cal,
culated using (28),(29) and (30) and the
threshold value of the excitation ampli-
It is also to be

noted that along the fold line b = a /4,

‘'x = =a/2 and hence the amplitude r=(- 3)

aco. -

a and b are’calculated over a range
of w/wo for the two cases considered by

Cardo et al [1] and they are given in

Tables I and II. It is seen that b 1is
slightly less than a- /4 over the range of
uyw indicating that the coptrol points
(a,b) are almost coincident with the
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Table I .--Calculated value5vof’the co-

efficients (13 negative). W, = 1.0,A=0.,2,

“dy = =1.75, p= 0.005, &, = 0.01,4,=0.01.

w/w . 10%a 10’ - 10%a%/4 Ampl,
2.40 °.~54.325- 73.345 73.781 0.521"
2.60 - -37.562 . 35,094  35.273 0.433
2.80 - =19.382 9.362 9.391 0.311
6.059 0.279

2.84  -15.578 6.067

projection of the fold line, but just with’
in the'area covered by the fold (Fig. 3).
One unstable and one.stable value of ampli
tude can occur in this region, the un-
stable value being always ‘less than the

In the vicinity of the fold
'line, the stable amplitudes .can be approxi

.stable onea

mated -by those along the fold‘line and are
~shown in .the.Tables. These are in agree-
‘meAt with the results in [1] As W/W .
“tends to 3, ‘the, parameter a becomes posi-
:tive and the subharmonic oscillations dis~
~appear. '

Table Ix ~ Calculated values of ‘coeffi< !
W 1.0, A=0.2, .,

‘cients (¢3 positive).

A3 = 4.00, M= 0.005, &, = 0.01,d,=0.01.
Wl 10%. | 10% 10’a /4 " ampl.
" 3i12 .- 5,282 0.695  0.698 0.163

- 3.20 .= 9.044 -- 2.036 - 2.045 0.213 .
"3.40-  -18.855 ' 8.868. .- 8.887 0.307
/3.60 21.387

-29,248 - 21.363" 0.382'

3 '3 Main Resonance of Equation (31)

) The square of ‘the amplitude, R=x+h,
is obtained by.. solving (33).. Equation(33)
is the manifold of the Star Catastrophe,
Fig. 4, taken from [71.
\this figure shows the order in which ‘the
extrema ‘of the potential occur with in-_

The‘upper part of

creasing x and shows that the 'Star mani-
fold can be. considered ‘as being construct- .
‘ed by the apposition of two 'Simple Cusps'
and a&'Swallowtail', The lower part of
:the'figure:shows schematically the arrange
ment of the’ pleats of the manifold. The
:regions of minima and maxima on this sur-
face correspond to the stable and unstable
“values. of x. and the fold 1ines ‘are the- bi-
furcation sets. As tne six dimensional
control point (a{b,c,d,e,f) moves, it can:
'be»'ceveredt byAthree, two and one pleat
or none giving rise respectively to 7,5

-43 -

-solutions of (33),

and 3 or one real root of x. Also it is
important to note that among the sets of
7,5 or 3 roots, the maximum value corr-

esponds to a minima of V followed alter-

“nately by maxima and minima and the least

\ .
Simpte Cusp {1) -
\\ ple Cutp { Smple Cuspl2}

Swallowtait

Maxima (3}

. WMma(iiJ//?

"FIG. 4 - SCHEMATIC ORGANISATION OF THE STAR

CATASTROPHE POTENTIA". V = —;—x" .% .
' —b-ls » _C_IL . 1130 .e_xz.,'.
S 4 3 2
value is again a minima. On the bifurca-
tion lines the successive minima and maxi-
‘ma, coalesce. " When there is only one root
it is a minima. These facts can be made

use of to identify the stable and unstable
Fig.
straint in the solution of (33), namely,

x »-h. This results in a .constraint catas.
trophe as seen from the earlier discussion’

5. ‘There is a'con-

o
.

Excitation Mom. Ampl.
w250 tm. .

'Lucie Schulte’
{Full toad cond.)
" Olgs 0-4909
Kyt ~0.5201.
M 0.01568
&1= 0.2952
d20 01575
A's 0-0300
wo s 0.8054
1 ) i 1 L
- 0:8 1.2 16
’ w/uo i .

FIG.5- AMPL. RESPONSE WITH olg IN. RESTORING
MOMENT.

Ampl.'( rad.) ——w
-4
-~
v -

0.2

b‘-;;;-———f——~‘

.
»~




L e

of the solution of equation (1), necessui-
tating the truncation of the manifold by

the plane x = -h. From the many project~

‘ions of the star catastrophe in [7],
-can be generally said that only 3 or 1

root of x is likely to be met over a very
large parf of the parameter space.
Computations are carried out to. find
the.maximum amplitude of roll of the ship
'Lucie Schulte', using eduation (33) and

1.0
L . [y
. 'Lucie Schutte’
o { Full foad cond.)
0.8 :
50.6/—
2
i ‘a - b
0.4 d_.s 0.0000  0.4909.
-3 . ol3~0.2296 - —0.%201
TR J 0-01568  0.01588
& o0.2052 © 0.2082
0.2 . &2 oasis 0.1575
Wy 0-5054 0.5054
b~ : ’
0 1l T | 1

.50 100 150 © 200 ) 250 -
: Excitation Mom. Ampt (tm}

.F1G.6 -COMPARISON OF MAX, AMPL. WITH
AND WITHOUT o5 IN RESTORING MOM.

'the results are presented 1n Fig. 6, curve
“b. The righting moment curve is generated

from the data- given in[ 2]. . The coeffi-

¢ients &3 and«(s are determined by fitting
a fifth degree odd polynomial to this cur-
ve. It shows an isolated region of 1arge

amplitude at low frequency, similar to the
_solution of (1); Fig. 2. The peak res- -

ponse,ie "sharper, Fig. 5; the roll ampli-
tudes‘are.considerably'lower, Fig. 6.. N
4. CONCLUSION = -
(i) Catastrophe manifolds related to

- the amplitude of rolling_are presented in

Figs. 1,2,3 and 4. They give a unified

.global picture of the,domain-of.stabilit&

and instability in the control-parameter
space. Thus, it is possible to see the
effect of the'variation'of‘parameters'on
the nature of the solution. »
(11) Inclusion.of the fifth degree

'tefmAin the righting moment sharpen the

peak response, Fig. 5; the maximum roll
amplitudes are reduced considerably at

hlgner values of the excitation amplitude
A. However, the advantage progressively
reduces to zZero as the excitation level
decreases, Fig. 6.

NOMENCLATURE
A = Non-dim.. excitation amplitude.
B = Amplitude of nonresonant compo-
. nent of response. .
a,b,c, = Control parameters as defined.
d,e,f : . : ’
-3 = Rolling angle. i
43,45 = Non-dim. coeffictents of the

cubic & fifth degree terms in
restoring moment.

'F,51,Jz = Non-dim. damping.coefficients.

W,s W = Non-dim. natural frequency .of
roll & excitation respectively.
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IMPROVED SAFETY BY APPLICATION OF SUBDIVISION
AND MEANS OF FLOTATION FOR SMALL VESSELS

Emil Aall Dahle *) and Gunnar Nisja **)

ABSTRACT

In recent years, mainly based on work within IMO,

" national stability requirements have come into force. For

special types of vessels, carrying passengers, or cargo that
might cause damage to the environment, damage stability
" requirements are already in force through international

- conventions like SOLAS and MARPOL.

For larger cargo ships, damage stability standards
can be adopted by the owner, thus reducing the freeboard.
For small vessels, it is generally assumed that survivability
after damage is difficult to obtain,

In the paper, recent Norwegian research on .
survivability of vessels of length 30-80 feet is covered. The
design aspects to ensure a reasonable degree of survivability
" are dealt with. Emphasis is on subdivision and/or use of

rreserve buoyance provided by horizontal division, voids or .

.hard foam In the upper parts of compartments.

The investigations have been carried out in
-collaboration with different firms and institutions. Some
practical results are presented, malinly to point out that

both intact and- damaged stability standard for small crafts, .

which toca; is often in a regrettable state, can be improved
by fairly moderate efforts, which can-be evaluated at the
design stage.

" L. INTRODUCTION

Smaller vessels operate generally near to the coast.

Consequently, they are subject to groundings. In many cases, -

the vessel will be broken up or founder, and improvement in
vessel desngn is of little help.

) However, if the vessel drlfts off, after a groundmg, it -

has often suffered a leak, and will often sink, capsize or
both. The crew will, in some of these cases, have time to
use the available means of evacuation. But in other cases,
the sinking or capsize due to water mgress is so rapld that
the crew pensh. .

) . In Norway, it is now required that all vessels above
10.35 m in length have to carry a life-saving suit for each
crew-member.

) However, practice has shown that even with a suit on,
the danger of drowning in even moderately confused seas is

present. It is therefore the opinion of the authors that
efforts to obtain floatability and stability in damaged
conditions can serve three purposes:

- avoid fast sinking and capsize in order to facilitate an
orderly evacuation and provide time for sending
distress signals.

.- provide a fairly safe platform for survivors, also for

those who might have donned a life-saving suit. From
this platform, distress signals can be sent.

- protect the vessel and equipment onboard from being
completely lost. This might lead to a reduction in the -
insurance-fee.

A more thorough discussion on the subjectA can be
found in Dahle and Nisja (1), where also statistics is
provided. .

"~ 2. PRACTICAL DESIGN SOLUTIONS

In the following, practical solutions to obtain
flootability and stability in damaged condition will be
illustrated by 3 examples. In order to restrict the number of
cases, the vessels will be presented as follows:

- floatabllity and stability without special means of
flotation, loaded and ballast condition. All
compartments damaged.

- ‘as above, with selected design improvement
implemented. -

The lost buoyancy method is used in calculatlon of damaged
stability. .

2.1. Small coastal vessel A.

The first vessel is representative for a group of small
multipurpose fishing vessels buiit in GRP operating in
Norwegian coastal waters. The vessel was also dealt with by
Dahle and Nisja (1).

* The vessel will sink in both the ballast and the loaded
condition without means of flotation, i.e. as built today. The
vessel is shown in Fig. 1.~
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1

Y A .
i i
Length o.a.'. ‘ H ‘9315 m
! Length p.p. : 8.30m
. Breadth, moulded : 3.20 m.
Depth, moulded :t 1.65 m
A Loaded .  Ballast
-0m Trean . praft o 1.29m © 1.08m
. vee , : 1.45m 1.54 m
- } [ I Lo N . - .
GM s 1.12m - 0.80m
.20m . Displacement - : 10.8 m3 - 6.40 m3
. . Tonnage : . 10.0 GRT
.lom | R - BALLAST ‘Cargo hold H 7.00 -m3
Fuel oil i 0.70 m?
T r \ v \a ' v r—t— Frésh water.- : 0.15 m°
10°  70° 3% 4%, s0°  60°  70° Angle - :
. : P of heut . ) : - s
Wheelhouse is not included in GZ.
- Fig. 1. Vessel A, General arrangemeht, main dini_ensiohs and intact stability curves for ballast and loaded
R condition, - o . . o -
The most practical way of obtaining flotation for this - Supply the bulwark with hard foam where not takin

vesse] type is to: :

up space needed.

"~ Insulate the hold and accommodation with hard foam. This provides needed insulation in hold and
RV S _ accommodation, while only hard foam in bulwark adds
C - Insulate the upper part of said compartments. to the building cost. )
20 cm

" Amount of reserve
buoyancy built into

bulwark, cargo hold

* and engine room.

éO—HO-—EO B20-H20-E20

20 cm

ey

Engine
room

Jdom | liéghi.ing-

‘gever . ’ Intact batlast
. \ T

L30m

" 'B20-H20-E20

' 20m J

Y e T T T T T

00 200 3et st 509 0% 70° Amgle

2t Compantment vpen Lo tea

% Fuel oit and fresh waten

B: Rescrve buoyancy in bulwark
H: Reserve buoyancy in hold '
" 'E ¢ Reserve buoyancy in engine room

Penetrated Cargo hold - Engine room
Permeabi]ity 0.95 0.85
Buayancy . - 80 - HO - EO " B20-M20-E20
Floatability ? R Yes
praft midships L - ’ L5l m
Trim over length ; -t -0.')£§ ]

[+ IR e ' 0.69 m

of heel .

Fig. '2{_ Vessel A. Accommodation, cargo hold and engine room penetrated. .Stability and waterline after
flooding. Valid for baliast and up to partly (50 %) loaded condition for fish and ice in hold.
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Amount of reserve
buoyancy built into-
bulwark

and engine room.

E9

A

.40m § Righting

Leven ) ) /

20 cm

B20 -

Engine|
room

)

Bt Reserye buoyancy In bulwark
H: Reserve buoyancy in hold

Compartment open to sea

% Fuel o4il and fresh water

Fish and ice in boxes

Et Reserve buoyancy in engine room

Intact loaded

prem——r T

100 -z0¢ 300

= B20~HO-E20
Penetrated ‘ Engine room —_—
Permeability 0.85 —
Buoyanl:y 80 -EOQ _B20-E20
Floatabllity ? No Yes
praft midships - 1.46 m
) Trim over length - ~1.09 m
Yy v r’ - - . GM - - 0.8l m
40° 50° s0%  70° Angle
- af heet

l.oaded condltnon,) tons fish and ice in boxes.

Flg. 3. Vessel A. Engine room and accommodation penetrated. Stability and waterline after floodlng

"The result of the mvestigatnon is evident from F;g 2 Co-

and 3. The. conclusions are:

- Providmg means of flotation in the hull the vessel o -
remains afloat and stable. oo ’

The bulwark does not contribute to flotation in the
damaged condition.

The bulwark, if supplied with flotation, contributes
significantly to damage stability, giving GZ
. comparable with the intact vessel.




A

2.2; Medium-sized fishing vessel_f_).

This vessel is built of wood with an aluminium super-

.structure above the main deck as shown in fig. 4. It is

- mainly intended [or purse wmmg and long- lmmg. Thus, a

leakage fore or aft will easily till up the whole hull through

the space between the |nternal and the external hull,

s - : " Intact
L 40m JReghting o ) loaded
tever - R Intact

' : - ’ ballast

Liom -

tom |- ’

’ ) Only main hull +
Jdowm S .~ - comp. 182 included.

O . —— . v Y y ——
T0° o' 30° 40' 50 60 10 Angle
. : -of heel

1 Accommodatjion

2 quecasﬁle head

:3 Purse seine
4 Store,fishing gear

5 RSW-hold
6 Engine room
7 Fuel oii
8 Eresh water

Length.o.a. : 24.96 m

Length p.p. .~ - : 22.70 m
Breath, moulded : 6.86 m
Depth, moulded : 3.26 m

Ballast

- . Ioaded
Draft - - 0 3.09 m 2.19 m
\e'd] T s 2.1 m 3.05 m
GM L+ 1J02m 0 0.92m
‘Displacement ¢ 267.00 m>. - 147.00 m°
Tonnage : 129,00 GRT -
" RSW hold : 108,00 m>
'Fuel oil : 20.20 m3
3

Fresh water . 6.00m

- Fig. #. Vessel B, General arrangement, main

dimensions and intact stability curves for ballast and

foaded condition.

(Multl-purpose fishing vessel, wooden hull and

" aluminium superstructure above mam-deck)

to:

A précfﬂcai way. to ‘improve thq design is in this case -

" Make the ﬁsh—hold watertlght.

This gives the vessel the opportunity to carry fish ln
refrigerated sea water (RSW), and will prevent leakage

- of water to other parts of the vessel if carrying fish in

lce.

- Make a horizontal watertight division between hull and

poop.
This pre-supposes a watertight door leadmg to the
engine room. This only implies to install an ordinary
weathertight door that swings inward, so that the
water pressure from below provides tlghtness.

- 'Make the !orcastle watertlght.
This is normally the case today, if otherwlse drain.
" openings etc. are avoided.

" The result is shown in Fig. 5 and 6.
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floodmg. Ballast .

i O
(BALLAST.
L . Penntrated Store, Ihhing Void ontside Englne room *)
. Righting - . . gear {8) RSW-..0ld
 Llever
S0 m Permeabitity 02,70 0.30 o.70
X . . Damaged T
L . B - /& Watertight door/ Yea No
TS . __/ " \ R R hatch cloyed 7
X Lt B ~ N > -
- . », o T ——e e e ey . . .
. ‘a1 L / T ! . Flootablilty 7 Yes Yes, but small trim or-heeling
L e300 . Intact :
g 7/ N co might cause further flooding
L0 m . In supesstructure »
Angle 7
of heet . PR . B
+ 3 T .| Draft midship 3.09m 3.09m .
10°. 20 - 30° 40° - 50° 60® 76° 00° | Trim over length -0.5 m 038 m
T ' GM 0.60 m . oébm

!

" The Whole' internal str(:étute except RSW-hold is penetrated. Stability and waterline after
condition, 10 % fuel oil and fresh water.’ :

amemees®

SIBALLAST oF

) ) L T Penetrated Store, fishing ) Void outside Engine coom (6)
uguung U e gear () RS¥-hold
. tever . L . . pimagad T -
".:,,.,.. '_ 1 i - _- z_ _ Permeability 0.70 T 030 0.70
e 1. . . - P~ K
gl / - Watertight door/ Yes No
EERTR / 1, / ~ hatch closed ?
-.30m d . N n.uct . . i .
C N I / . N Floatability. Yes, the damage is " | No, the veasel witl sink
A E T —1 - bounded by the hatch :
N R SRS i . _ -
B B / e - P . ) _ 4.‘.9:! Draft rnldshlp . 488 m -
. . S o .| od heet .08 -
L - i : - - Trim over length . 078 m
- ° 30 e0° 70° gt - GM C 0.82m R

Fig. 6. Vessel B The whole lnternat structure except RSW-hold is penetrated Stabxhty and waterline after
ﬂooding. Loaded condition, fish:in’ RSW and 100 % fuel oil and fresh water.

The result is: .

S ln the loaded condltlon, the. vessel remains afloat and

. the.horlzontally_watert:ght forecastle and poop.

. stable, but is strongly dependent on watertxghtness of -

Even in ballast condmon ina moderate seaway in ’
damaged condition the vessel will sink or capsize if
doors hatches are not, closed. »



2.3. Rescue vessel C.

» The vessel was delivered in April 1986, and has been © T e vessel is shown in Flg 7. Only one loading
subject to extensive damage stability calculations by the condition is shown, as there are only stmall dlflerencps

‘authors. The vessel is selfrighting by use o( 6.5 m3 buoyanrv between them.
‘on top of the wheelhouse, _ .

Compertmentss .. .
"’ L _Store for equipment

2. Erlglne room .

3. Accommodation - )
%, .Accommodation, berths -

Main dimentions:

Length 0. T 196 m
. Lengt"h ppe . 11749m
Breath, moulded - ¢ 3.70m.
Depth, moulded  * e 37 m
Loaded conditions -
Dratt S r 08Tm
Teim (+ = fore) .4 -0.02m
veG t 1.97.m
TGM . : 289m
" . Displacement -~ 1 28.60'm? o o E - SR
. . CE . o - o voow | Righting /\ ,'.';.';:';5
" Capacitys - : E o . E on- | tever J
©oFuetoll - - s o23e® o o e |\
Freshwater  -p-10m2 . ’ e | A
'_ Horsepower .0t 2X625HP » -
) F.xpec‘ed speed 1 25 knots e - .
ol;n‘ . f—\
o e
v.20
LI L [RTE c . . .. R Angle
Fig: 7. Vessel C. Rescue vessel Loaded condltlon . B I o ] eh e
» presented. . ) ._ : oo - l.n‘. " e P F-n' 119 140® 118° 140 470” 180"
Obviously, if built in ordlnary GRP or. metal, the . =~ " . This was one of the reasons, for the declsxon o! the
vessel will sink if an extensnve damage leads to ingress in all Norwegian Rescue Servlce to design- the hull in sandw:ch-
hull compartments. RS . ) built GRP.. ) : ]

The result iq' sho\lln in Fig.,8.
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- Intact
Lise quhttng c A loaded
i tever -
LLonees . -
rrr AT .

AR

'\ B . -
RTR N Damoged - - -
e {1 » : 1] N\ '
T Y /8 . AN ] )
Ny | ol N
T e S - Angte
. o keot

. Penetrated All compartiments

Permeability . 0.%0

Watertight door/ hatch ? No, water is {ree to {icod any compartment f

Floatabllity ? Yes, due to the use of the sandwich method
Draft midtship .73 m
Trim over length -0.10m
GM ' ' 0.90 m

W 2% 1% a0t 36 60® 20° 0e®  90° 100 11e® ine®

I 1e0® 13e® Ten® 130° 1ae

- Fig. 8. Vessel C. .All compartments penetfated. Stability and waterline after flooding. Loaded condition,

~ Clearly, the buoyancy and stability prov{ded by the
. Bull material with thickness of about 65-70 mm has
) completely changed the picture.

- ~The vessel will now remain uprlght and stable for a-
maxnmum damage. ST

3. CONCLUSIONS

} “The Scandlnavlan Boat Standard (2) gives guidance on
- how to obtain floatability and stability for small, open
~'vessel. The standard also. gives advnce on bulkheads for

covered vessel .

'*) 'MSc. Research Englneer, Dwnsxon of Marine '
. .Systems Design, The Norwegian lnstltute of
Technology, Trondhelm, Norway.

. *) ’ Dr.ing., Semor Principal Surveyor, DnV, Oslo, Norway -

.

However, especially for woaden vessels, a hull damage '
mxght easily. fead to extended flooding.

In the paper, it is ‘shown how various measures can be
taken at the design stage to improve the safety. The
measures should be practical, and mnght in some cases serve

- also other than pure safety purposes, i.e. provide needed

insulation (Vessel A and C), or a practical fishhold (Vessel
B), or lower the insurance-fee in gcneral.

lt is the opmlon of the authors that smaller vessels, if
remaining afloat after damage, will provide a relatively safe
platform from which an orderly evacuation can take place.
Alternativerly, the vessel can serve as a safe haven before

_rescue. -

. REFERENCES:’

" (2) The Scandivavian Boat Standard.

. . . R - 51;

(1) - E. Dahle and G. Nisja, "lntact and damaged stabnlity
- of small crafts with emphasis on design", ) .
_ Joint Int. Conf. on Design for safety in small crait. :
RINA, London, Feb. 1984. .

'DnV 1983 (in Norwegian).
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STABRICH

‘ON A MICRO COMPUTER BASED PASSIVE CONTROLLED
ANTIROLL TANK- SYSTEM
/svsrsm SIMULATION AND FULL SCALE: MEASUREMENTS/

ABSTRACI

The development of a new anti roll
_controlled tank is
This

wldely appllcahle to -any type of the shlp

system of the passively

presented ln thle paper. “system

especially ‘to rather small: vessels.

A% the .core of the system , 'a"mlcro

_compuler is. used A valve

lnﬁthe.chennel'be-"

'8

Y. Terao; K}.Minohers

S—

longer period lhnn the inherent rolling

’perlod of the vessel

.not-pracllcable

tween both wlng tanks s governed 'ny the
ml"ro computer 'wlth -a"speelf{c program .

-processlng a newly developed phase control
Halgorism.. T :
‘In additlon.

forced osclllator ls

,}ne_ servo- mechanlcal
newly developed for

the estlmatlon of effectlveness of the 8ys-

_ hlgh_eflectlveness

- On the contrary aotlve devlces. such

as actlve tank or fin stabiltzers, -oprovide
But active tank aystem
This

vesgeln

needs an addition of drive power i8

in. rather small
It is well knawn that

i

with cost.
the fin stabilizer haa a disadvantage,
its

speed reéeduction.

mlnimal
e,

efficiency ‘decreases rapidly with

The fin stahilizer
a best solution when it

is not
ts used for fishing

boats or pleasure craft as they cruise at a

-~ slow speed'most time at sea.

tem not dependent on the surrounding. The
results of ,regulsr and lrregular oscllla-v
_tlon test wlth this forced osclllator

'numerlcsl simulatlon are glven here.

ln- the end tull scsle measurements at

and .. -

- easy’

'sea wlth 12-meter vessel proved the useful--

ness of the control system .
) JJ_NIBQQQQHQﬂ i

roil mollon ls'lmportanl
"signiticant

o _mlnlmlzef
‘because this. is the most
\ . of the
:closely related to human comiort

To.
mo-

~tion ehlp In

end_ work

effielency ‘on boerd.

Apart from the bllge keel whlch ‘is

From abnve polnt of view an inter-

medlete method of lhese_ two stabillzation

devlces {s investigated here.

proceasor
it
syslem‘for'a
Using digltal

Rapid progress of

technology ln rerent years

micro

msde aquite

to. use digital. control

wide variety of applications.
control system , -improvement of the passive

" tank efficiency and ship stability would be

;evaluates the application of

the waves 80 it is .
.mance or economical features
"~ mine

“commonly ‘used ‘ag. a major. roll slablllzatlnn

.devlce.-‘the

achleved' bv either pasalve . or. .active
:de&lce;
“ude no energy to control the
Ty _costly  but
_efficiency.  Onhe of the :
| tank * syste

- the vessel -

pump-

system.
‘a.

only
drswbaoks

is less.
‘in
is that it may cause'

passive system.

to roll heavily under a ‘certain

‘sea _condition where a resultant rolling has

Passlve devlce such as paselve tank.'

'llmltedi
the -

roll stablllzation is usually .

"cost

" contains  a

“most

~ formation

We
p&SSlVP

interesting to naval architects
the

.

tank -
mance CPU and system'sophxsticatlon ts
thing; Each type of CPU has certain pe!for—

control system. Use of hlgh perfox~‘

ane

which deter-

its suitability for a specific ap-
pllcation_._'Complex algortsm ol' control
sequence -are- not desirable becausev it

requlres more computing time and developing

'We_'used an 8 bit CPU and developed

-slmple.snd effective valve control'algorism.

the jn-
on ship motion and tank fluid ls

To operate the valve system ,

necessary -. ,The signal available at

- wide

sea_

spectrum af noise which

'causeS'loss of reliability of the system so

.“it'must be reduced by the pretreatment,

It



it must be useful and desirable if a sensor
}tnelf«cancels or reduces noise Qompoﬁent
In thlé system, ve used a meén flow - meter
and obtained favorable results.

- 2.BENCH_TEST

Using a newfy developed servo mechani-

cal oscillator system , regular and fir--
regular oscillation tank tests were‘made..~-

This oscillator system is not analog tablé
“.system .[1]

2:1 Servoémgchanlcal Forced Oacillator
»Servo—mechahléal forced_osclllétdf is

operatea by a pos{tlon control servo motor.
Rotatihg motion  of the motor is converted

to a recipro-atlng motion by a ball screw

which i8 connected to a plnton gear. faklng
‘the drive power from the pinton ‘gear, the
rack gear with a backlash adjuster turns on
a rolling axis 'which generates swinging
_motion of the anti rolling.tank model. Max-
imum swinging angle is AlE'/f 1.6 Hz. The
principal - dlméﬁslbng of the model tank are
_shown in Table 1 and front view .of forced
oscillator is shown in.Photo.1

Table 1 Principal Dimensions of Model Tank

. Photo.1 Tank.and Oscillator

" 2.2 Measuring System
' 2}2.1 Sensor

Drag type flow  meter was developed.
. The. meter has ‘a circular plate having a

diameter of 10 mm . situated perpendicular
to the flow and measures a drag force ac-

. ting on lhe plate . The 8ensor measures a

mean drag force acting as a low: pass filter
wlth sufficient lmmunity to noise .

2.2.2 Control and Measurlng Diagram

Control and measuring diagram ls.khown

in Fig. 1. _ Floppy Diok
>
0/A conv J+] pc - 8801 AD Conv. |

L

Oscillo Scopé

f .
. . Potantio Strai
Rolling alve mater Strain
Controlle) Controlle . Amp.

- B - .

. | S

Flov Meter
D.——JT J

Servo /]
~ Motor ,J'

Strain Gage

s -

I i POTOhtio
Servo
Hotor

Fig.1 Control and Measuring System Dlagram

Control slgnél for Arolllng :anglev is

- calculated and stored in RAM. The reference
-oscillator produces a frequency the 40 - Hz
. trigger signal whlch'is fed into micro com-
‘puter through 12 bit A/D converter. Roll

angle control signal is sent to the.rolling

'controller in synchronism with; a trigger.,

Data of the ro]lrng angle ,rolling moment
and velocity of the tank fluid are also fed
to the micro computer at the same time
through the A/D _converter. 'Meqaﬁred data
are ‘stored in RAM chip. Using these data
. the computer calculate a roll period and
;ank'vater\périod; R

- Simul taneously, the vglve on / off con-
trol timing is also calculated. We named °
tﬁisr process ."NEW 1/2 SYSTEM". This is a

K bhase contrdl system which has a simple
. algorism. Details are described in 2.3 .
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1"uslng slmple valve on- ﬁ off
'_mentloned

2.3 New Phase Control Diagram

* Control 'dlagram”'1ﬂ~‘ehown ;ln

A_ usting PAD -(Program Analysis -~ Diagram). “In
gthe mechanlral vibralion theory . .
~elple of dynamlc whsorber ‘I8, well known and
‘widely 'uecd'_, Maximum damping or in this
case , maximum roll
the-

" redling. angle and ‘fluid motion 18 equal

‘talned’ when - phase difference between

reductlon moment is ob—"A

_and roil angle @

Fig.2 -

the prin-

to B

1l;n /2 under whlch the roll angle is in phase

tol fluld veloclty.e

- . 1In the lrregnlar'seas,
-~to predict a next lncomlng wave or shlp mo-
'f:(lon . it
: Eone half of next rotll perlod is
the half ‘of
measurement. - Based on thls assumptlon s

: ‘But’ it may’ not make great ‘error
" we assume

equal to roll perlod last
' ‘wé
:developed algorlsm to match - the~
A'of rolt angle_and_flule veloplty._ When thef
than

ls posslble

- tank"éelnherent'cvcle ls_ faster

ﬂ;roll"perlod ,Phase metehlné

control -

before T8 disadvantage ‘of the

it ls dlfflcult‘

both peak
tneﬁ»

As

—passlve tank ‘1ies in a rather longer periqdn.

:lnan, the tnherent

" vessel.’

"rolling period of the
that ' this
system can lmprove the ‘pas-

Thus we: cam eetlmaie

valve. ¢ontrol .

'slve tank aystem . T

féQAfSysfembslmulatlen

. Relationship between the roll angle
_and tank’ fluld system is descrlbed 1n equa—
‘tion’ €1, of

‘the ‘using slmpllfled

We dlscuee the effectiveness,

enil roll -tank by .

ay .

ANGLE & | :
VP=0:RP=0 | A/D DATA o
CYCLE set | | || _ '
OSERT  E

1ANGO=1]
L N VELO=0
T ELOCITY=0<
e SR T
R . [Y0PEN. 108
', (ONDS="OPEN"C
: .. I8CLOSE. JOBI
RPRET=RP:8P=0
< .
[$2NEW 1/2 SYSTEM

$)OPEN. J18

$)CLOSE. J0B

. |vp=vpn) _
{goTg 8!
< . .
- - |Gato 8l
TR :
. Z}LVE ggo?s 4

$NEV 1/2 SVSTEM

DELAY
=(RPRET- VPRET)/2

: 'DELAV l
"J=DELAY+RPRET

- {DELAY<0K

: ,Flgfz Control Process Diagram

‘equatlon - pure roll motlon and llnear mo-.,
i_tion model Sy '
" S e ~‘ [ e . : LU
'.‘b¢ *Bb¢ :’Kb¢' *thw _“’Ktw"=mb
) lf the fluld motlon ls flxed ve have -
v}he followlng equatlon -
N -'An . l.‘.. - T .
‘JbQ . &Bb¢ #Kb¢ '=mb'_'_ (2) h
" By subtractlng (2) from (ll;. we.»geg" the
: followlnx equatlon '
fJaiw - Ky =-mo ¢ o exp(i{w t-8)) (3)

- ‘_’ln'equhtlon P,
"

against @ concerns to:a roll reduction
‘moment. Generally epeaklng + . By assumed to
small ~and m,' to- be in phase with ¢ ,

: be
“we can decompose the'roll'reducflon
.uslng Fourier analysis

N

momen't
to roll moment mb-

‘out-of-phase component:

-55-

Have Helsht

Fig.3 Simulation of Regular Oscillation”
' System simulation.is shown in
Flgs d and 4 by uslng equatlon (3) and NEW



1/2 SYSTEM. Fig.3 shows a normal
tank simalation test and Fig.4
same tank with New l/ZAMethod. From Fig.4
we‘can>see the rapid convergence of
height

shows the
1]
.malcnlng and greater wave which
means accumnlating potential

celerating fluid motion.

~ Dpen

Anon
UUUU\_

_Wave Helght

" Fig.4 Sirulation Test by NEW 1/2 SYSTEM
2.5 Results of Oscillation Test

- 2.5.1 Regular Oscillation Test

oasslve

phase .

energy and ac-

Regular oscillation test was made under .

, closed

ﬁ«condltlons_wlth the valve opened

_and. under: control

.are shown in Fig.5 to 'Fig.7. Fig.5 shows

.Results of these tests

Time history of test-record with valve con-

'trol conditlon We can see close agreement

" of the

.

peaks between roll angle and fluld

velnclty whlch is shown in Fig.4.

}_Flgos,Tlme History .of Tested Record

o Pnase'ehlfﬁgoetween roll angle and mo-
"ment'ols ehown'ln-Flg 6 Flg 7 ehows rolt
“reduction momeoi. Horizontal axis is
-hy -the tank natural clrcular
ffrequency o)t..From Fig.6 ;

non

"dimensional

we can see the'

[y

.this system can be expected to nave a high

roll reduction 'efflclency when e i8 less
than 1 ( -regular steady oscillation ),
¥ 3 '_ - .
. ._i. ®
) ] )
, e $le .
o °
B )
”/2 ° o
o
o
Valve Open
Valve Control
. )
8 1. 2. Y
[e)
Fig.6 Phase Difference (Moment/Angle)
'l.‘ . .
o @ Valve Open
Yoln on @ '
> 25#“
e - O Valve Control
. 8 ng a '
‘5 #% <
o |0, @08 d
lqup Y . o
° "o 8 o ¢
¢ . o) o 8 : .
o . .
o8 o ~
8- 1. A R N
: [e]
_Fig.7 Roll Reduction Moment
"2.5.2 Irregular Oscillation Test
o To avoid' too much load on the forced
‘oscillator ,we imposed an-irregular slgnnl
> which haé constant power spectrum -of roll
:moment with ilxed tank - fluid motlon that

- My
. are shown in Fig.1ll and Fig.12

'deslred phaae lag up to e =1.5 when valve ls”

controlled - In Flg 7

as a roll angle ]

ment

RN

Such phenomenon can be
non llnlarnvE

d creases

exp_alned

‘as

restoring .term

roll reductlon mo—

se L

ls, valve shut condltlon. Slgnal sweep time
102.4 Flg 8 and Fig.9 show power
-spectrum of_‘ angle

sec.

roll moment roll
respectively. Fig.10 shows time history of
test record. Calcnleted transfer function
(w)/% (w)Ky real and imaginary part

respective-

and

x4

1y. The solid line is with the valve under"’
control ,bold dotted line shows with the

- valve opened. From Flg 11, we, can see - the
-result of valve control ls close tp gn‘
_»valve shut cond}tlon which means 35§< new
control system has an egyantage. ‘ g {gll
reductlon efflcleng; ls not affe gg gy }he
"lrcular osclllatlon Irequency. Qn“ the

tank'
Frnm Flg,?

a dlfference between
it is well

'conlrary,we !see

'valve shyt and open condltlons.

can

l._.f 56 -
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‘known “that ‘the double pendulum system has

" two beaks of its respnnse which is due to
-thls dlscrepancy.

'AQx et

Ksiltéécg:
7 | dontrot
© 85 b MUGMEEN A
. ‘FISAQ\JWMV NG ;~v~¢,9ﬂJ,\:(‘.
8' o i : ey ” 2
e [ 8 ]

ﬁth 8 Power Spectrnm of Roll Moment

8088 2=
*. | Rad-sec

;;66&?' ‘

[ e ]
‘ Flg 9 Power Spectrum of Roll Angle

h L '__-,

:"%"«uu “wmxwa- f

MIOKS $801- KENORY Wi CORDER

' ﬁqéklo; Trhegnxéiof&-pf Test Record -

'S

0 s ’\"/ ..' : J:‘\/_ o = 1
ot n..h,h-/\.m.,,,.,»».;..--er L

Lel

Ffé;ll Trghéfer Eunpt{on'negl Part

}n Fig 12 we ggn qeg ,the rollb

“is better than the valve open condition

when. e is equal or less than 1 ., This
tendency is shown In Fig.7 . It may be con-

" eluded thai the new system is better than

the ordinary passive tank system if cir-
cular fol[ing frequency is less than or
equal to the tank's inherent frequency. In
Fi?.7. higher éfiic}éncy Is observed even

if e 18 up to 1.6 ,but In Fig.12 less ef-

“ficiency is observed in this region . This

must be a drawback of this new gystem .

.
L [
.. . R .,“ ',\’ .
-|_Controf | . - __, ~N |/ Dpen
1 . . "\‘,’ "
VN,
' }‘ f NLYL”)VXA[VV /\/~
o , — )
L. [ e ]

. F1g.12 Transfer Function Imaginary Part

©. 3. FULL_SCALE TEST

3.1 Tést Ship Fitted with Anti Roll Tank

The tank dimenslons are shown in table
2, The dimensions are selected from para-
meter i'teration to have minlmum loss of GM
and maximum efficiency. Tank‘'s .inherent

'perlod is set equal to ship's inherent roli

perlod .» Even 1f -a problem arises in fhla

COntrol aystem , we will be able to ensure
the lmprovement tor the pure passlve anti
rotl tank’ performance

) Table 2 . Principal Dimensions of Tank

By .= 2.300
Ly .= .500

dy- = .278 .
. v 1.660
Ag = .08 W

-
R-"

'}

s 8 3. 3

’-Pr;hclpél*dlméhsions of the test. ship

:__are shown in’. Table 3 . Hull section is

deep V . At high or ' moderate speed ,the
performanée of the roll motion in the wave
18 excellent but operation at a reduced

’_'epeed and at anchor is far from good.

. Anti .rolling tank 1is fitted in the.

" deck house . Photo 2 shows the ~tank ar-
" rangement . ' '



fab[é 3 Shjp.Princlpafibimensiohs :

B 11.94

pp = m

B = 3.80 . m

d = . 1.86 m

W (Full Load) = .11.82 ¢
SGM - T = 1.466 m
KG = 1.284m

T

© 3.0 gec.

 Photo.2 Test Ship Front View -

. In a-sea trial ,the pendulum type roll
b:‘angle detector éhd'pqnlroller
“the same control system are used. The ship
‘was_ set d;lf!lhg“freely and 3 valve condi-
-~ Incident wave
i,meésured with a pressure type-

afioating with tied to a’buoy .

: tions were tested.

wave probe

3.2 Results of Full Scale Test

'Flg.la-'shoﬁs_'b record of full scale

. tests of valve control condition:Tank water .

‘height was measured by a mean wave probe.

-‘ﬁoI} Angle

18cu

1-18ca

8 . —> Time 51.2 sec. .

Fig.13 Tipe History of tested Record

- S

_ transfer function
line. shows

~ _Fig14  shows
amplitude. where. the solld
results . of valve control ¢ondition.

“this figure, we can conclude the - valve

was

61
- {#/kh

8 /

Open;lf

. I 1.

2 f
' W2

" r~——

. @ ¥

control syatem 1s excellent

o red

'Fighf4 Trgnsfgr Function Amplitude

~ 4.CONCLUSIONS -

We -propose a neﬁ control algorism for
'tank
system . From regular and irréghlar:pscli—
_with the

the passively controlled anti ' roll

lation tests model tank ‘using

. héwly‘develppgd oscillator , -this tank sys-

if
rolling frequency is slower ‘than the tank's

tem shows a high ' efficiency: circular-

inherent frequency . This was confirmed by

" the full scale test .

‘containing

NOMENCLATURE

: Tank breadth .Lq ¢ Duct length
Ly ¢ Tank length Ag.: Duct area .
dy : tank water depth . '
T : Inherent Roll period -
Jp : Tank and fluid moment of inertia . -
By, : Bench damping coefficient :
K, : Bench.restoring coefficient
Jg¢: Tank coupling term .- -
Ky : 70 o
'mb : Forced moment )
7 @ Fluid specific weight o
p- ¢ Tank free surface momént.of gyration
¢ : Bench shd.shlp7réli.aﬁglé_ :
" : Fluid displacement angle -
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STVABRZ(E

TOWARDS RATIONAL. STABILITY CRITERIA FOR SEMISUBMERSIBLES
- A PILOT STUDY

H.H. Chen; Y.S. Shinj J.L. Wilson

ABSTRACT
' This paper summar-izes the findings of the
pllot study on the intact st_abil:lby of twin-hull

semisubmersibles mobile offshore drilling units:

(MODU's) that - the _Amerisan Bureau of Shipping
(ABS) has undertaken in the past two years. The
pilot study was aimed at . obtaining a better
understanding of the philosophy behind the -ourrent
MODU  stability - oriteria, to explore possible
. relationships :lbetwesn the dynamio behavior of the
s_em;submersiblss and thei underlying basq.s_ of the
static st'aAbilityt criteria set forth in most rules

"and codes; and to find areas in need of further .
studies 1n order to achleve a better evaluation of -

'Astability using a rational approach.

‘ 'l’his paper first  presents th,e' static
stability of three tjpioal_ semisubmersibles of U=,
6- and S-colum units considered in the pilot
_‘ study. Then, . a _brief discussion on the
oorrelation :'Aot‘. computed motions with model test
'res'ul'ts'. ‘15 given. . Findings " from ealoulat:.ions
"using a t:l.me-domain slmulation are highlighted.
.Suggescions on some areas needed to be further
studied are also included.

B INTRODUCTION

The. present intact shsbllity criteria 1] for =

mobile . orfshore drilling units_ (MODU'38) were

.1nﬂf.iaily introduced by the American Bureau of.

" Snipping (ABS) in 1968. . The oriteria, derived on

" an empirical basis evolving from U.S. Navy ship

" oriteria [2], call for a positive GM a.nd specify a
’-minimmp ratio of 1. 3- for the areas under the
‘righting moment and- the wind heeling moment

.. eurves. - This eriteria was wj.del‘y_’ reoognizled and

' 'adopied by the industry in ensuing years.

"In recent 'yesrs, aome governmental agsnoies'

have’ imposed additional requirements [3] for: the
intact stsbnity criteria, such’ as limited first
- and second interoept ansles of hael, and a variety
of new: standsrds ax_\d_. ,or:l_teria for MODU damage
" stability, -including limited angles of hee;: and
. damaged area ratios (AR), 'Although '_these' new
rules' have been dire-cted‘ toward enhancing MODU

sarety, there has not, however, been a supporting . .
study d monstraeing that the overan safety would

d ,,y these new r'ules. As a re esult, AABS'

has eﬁbarked' upon a pilot study to investigate
from first principles the intact stability of

semisubmersible MODU's in seaways. The study was

aimed at obtaining a better understanding of the
underlying basis for intact stability eriteria,

) expléring' the relationships ' between the static

stability requirements and the motions of the unit
and investigating the effects of geometric and
environmental paramsters on the dynamic behaviour
of the units. ’

This study includes (i) static satability
characteristics of thres semisubmersibles, (ii)
correlation of caloulated motions of the units
with model test results; (iii) time-domain
simulations of the units subjected to wind, waves
and ourrent, both alone and in combination; and
(iv) ocorrelations of MODU static stability and
dynamic motion simulation. Figure 1 1llustrates

the scope of the work and procedure of the study.

Kodel Genaration
{Twin Hull Semisutmersible Unitm)
(8=, 6-, and 4-column Configuration)

Dynamic Motion Analysis

Dynanic Motion Calculation
in Unit Amplitude Waves

Static Stability Anslyais

Calculation of Maximum
Allowable YOG and Ctlticnl
!ndino at

~.8urvival Draft .
- Operating Draft . A - Model Test
= Area Retfio = 1.0 8 1.3 Results

=~ Wind Vel. = 70k & 100k :

.. Correlation vith Nodel Test

1
-

Parametric Btudy of Motions and Dr-pistance
in Time Domain

Bnvitonmental Geometric
= Wind ~ GM variation
= ¥ind + Wave ~ Pairlesd Location
‘| = Winé + Wave + Current .
« Irregular Waves {(Group Waves) ~ Rig Configuration
- Unstesdy Wind - Draft )

L 4
l Bvaluation of Ststic and Dynamic An'.lynlb ]

Fig. 1 Flow Diagram of Static Stability and
Dynamic Mqtion Analyses o o o
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. 6.
Figure 2 shows the schematle drawing of one of the

‘2. STATIC STABILITY S
. Three characteristic somisubmersibles of H-,
and 8-column were considered in the study.

units conaldered.. -
lations as well as the motions analysis which will
be

subsequently addressed, the three units were

For static stability oalou-

>v1d'ealized by ecircular oylindrical sections as’

shown in Figure 3 (not in same scale). ..In the

calgulations, the. decks and sSuperstructures were .

assused - non-buoyant and were therefore not
modelled. However, for wind force and wind moment

caleulations, the exact c_onfigurétlon above ihg
waterline was taken into account.

Fig. 2  Schematio Plot of 8-Column Rig

The static stability of a unit at a given
draft was qaloul'ated for a specified range of heel

S

Mathematical Models of the Three Units
used for Static Stability and Motion
Caleculations

Fig. 3

allowable KG value that is the smallest for a
glven draft. » : '
This static stability calculation was carried

out for all three units at two drafts: survival

" and operating, andA two area ratios: 1.0 and 1.3.

angies and wind directions, for which the centers

:ot bu'oﬁanoy, " the adjusted drafts  and the txjim
angles were computed. The difference between the
" center of weight and the horizontal shifts of the

The wind speeds used ‘in calculating the wind
forces and heeling moments were 100 and 70 knots,

respectively. The minimum area ratio of 1.3 1is

"the standard ‘ABS Rule requirement for semisub-

.. mersibles.

center of buoyancy gilves rise to the righting ..

‘moment. When calculated for a range of heel
‘angles, the righting moment ocurve 43 thus
' obtaired.

' The arga ratio for a parti_culai' condition is
caloulated from the area under the righting moment
eurve up f.q the qggpq_d intercept ar qunf_lqodihs
"(pg') _alis],':e, whighever 1s less, and the area under
i_hg' u.d.'ng'heel_ins moment cpf've meﬁgureq to t;hg eg@é
’g(;gl__e. 4 desired Si-_ea rai:i,.o agn‘ be ocalculated b&
‘valr;yj_.ng the péigpt of the agnter of grévity ‘(Kd)
of the unlt. When this caleulation s’ carried out
for a rapge of wind directions, an allowable KO
. value for each wind ori@ééétion can be <'_>b-'g.aihe§.'
“The Gritical orieptation is then determined by the

In this study, when the area ratio of
1.3 did not provide a positive OM, the allowable
KG was lowered so that the additional requirement
of positive OM was met. Shown in Figures 4, 5 and

"6 are the repultant static stability curves st the

required area ratios in the survival draft for the

three units ynder consideration. ’ '
From the bs.ta,tiq. stability ocaloulation,

rin_diné_a 1gciioapq that a reduction of draft is

» _agopgpgnied by an iﬁoreas_é of the maximum righting

The
inorease ip theae values may be attributed to the
emergence from the water gurfase of one end of a
ppr;_topn at .tghg 'Shallow s_ufviygi dmft condition,
‘n_és_qlt.ingf'in a gréétér ’;}a‘céra_\l p:niét'of the oe_riter
o_r' b_t'x.oy‘anp;' .gngi_ a l‘argg{ ;I:nc.aréas.e‘ in righting

arm value and the range of positive arm,
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Fig. 4 Static Stability Curves for the 8-Column
: . Rig (Operating and Survival Conditions)

12.00

ARMS (FEET)
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" RIGHTING & BEELING

‘\WM:M .0 tem - RN T w
’ HEEL ANGI-E (DEGREBS) . -
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ORIRN.!+37 0°, AR=1.376, Gl-0.0' . )

: ?13., 5 "Statlo Stability Curves fpr the G-Colum

Rig {(Survival COnd:ltion)

moment.A ‘Purthemore, the - righting arm at the
ahanouer draﬂ. oondition increases more sharply

beyond a certain angle from its upright. position..
'rhe sharp inorea.se of bhe "’lghung arm results in -’
morq nonlinear stability'ourve. Hwith respeot to

,RIGHTING & HEELING ARMS (FEET)

2.5

_:at for a. deeper draft as the unit ‘heels

30.08

19.00 15.00 20.00 73.00

19.00 f4.ct 3t.00 4b.c0  48.00
HEEL ANGLE (DEGREES)

WIND=100KN, DRAFT=57.4',

KG=77.60",
ORIEN.=-30.0°, AR=3,075, GM=0.0"' :

Fig. 6 Static Stability Curves for the ll-(‘oluum
- Rig (Survival COndition)

the heeling angle, in the ‘range from zero to the
maximum righting arm heeling angle. The effect of
draft on ‘the shape .of-the stability curve can be
better illustrated by the 8-columm unit when 1its
stability curve at tﬁe 95 foot operating draft is
compared to that of the 70 foot survival draft
(top and bottom, respéctively, of Figure.l).

) The larger righting arm eitehr by 1ncrea‘sins
GM or by lowering draft implies that the unit
would have a smaller static heeling angle (first
intercept angle) in a steady wind. On the other
hand, the increase of the righting arm tends to
reduce the resonant pericd of rolling motion of
the unit, in some cases, shifting it closer to the

.period of wave peak energy in a seaway. As a

result,  the dynamic rolling motion may be
increased due to the increases in wave excitation
and dynamic magnification. Thus, this 1is an
indication that the ovex-'a].l' stability of MODU's

~should. be assessed by both' the static

oharaoterist;qs and the dynamic motion of the unit
using a realistic environmental condition of wind,
waves and ourrent.

3. MOTION CORRELATION

The oori‘elation of calculated semisubmersible
motions in waves with. model test data ims
performed to verify and to calibrate the
oomput.étional procedure with the appropriate
hydrodynamic coefficients. . In computing the
motions of the unit, the semisubmersible was
described as a "spade frame assembly of slender
members. as shown iin'Figure 3 for all the three

" units under consideration. The members of the

unit‘ were assumed to be widely separated, thus

- hydrodynamie 1interference between ‘members was

assumed to be negligible., - The members were also



"assumed to have small cross-secéional dimensions
length, and the
forces were caloulated using the

in comparison to the wave
hydrodynamic

Morison eguation .

added mass coefficient and the drag coefficient -

' varied, in order to lnvestigate the effects of the

coefficlents on the motion ecalculation. It has
been found that for the wave period up to 24§
seconds in ffull scalg, _the change of drag

"éo_efficient has 1ittle influence on the motions,
except in the vicinity of the natural period of

‘heaving motion. By ctianging ‘the added mass

'coéff_ioient,l only the natural period of heave 1s'

altered, while the effects of added mass
' coefficient to '
Shown in Figures 7 and 8 are the

other motions . “are not as

noticeable.

correlations for heave and roll of the B8-column

unit.

' Overall, 'Bood correlation of ocalculated and

"experimentally measured motions was achieved when

an added -mass ‘coefficient.of .1.90 and the drag
_coefficlent of 0.75 were used in the .analysis. .

Similar procedures were wused for the 6~ and
l-column. units, producing ‘satisfactory cor-

"relation. -
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'Fig. 7  Effects of Drag Coefficient on Roll and:
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In the correlation study, the .
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4. DYNAMIC MOTION ANALYSIS _
. A nonlinear time domain simulation (4] was

performed to analyze the response of the three

semisubmersibles to waves and other external
exciting forces such as wind, current and mooring
In the

the nonlinearities due to viscous

using the 1idealized models in Figure 3.
simulation,

damping,
taken into account.

mooring restoration and wave forces are
The motion in six' degrees of
freedom 1s computed at each time step. In
addition . the DF-distance,
vertical distance between the DF-point and the

instantaneous water surface, is als'o- calculated.

which represents the

Some of -the results from the dyhamic motion

analysis are given below.

4.1 Group Waves and Subharmonic Motion
°  The difference in the dynamie behavior of the

.three units in group waves . were investigated in

the - effect of
smaller

the study. For the three units,

group waves causes greater heel and

- DF-distance compared to irregular waves that were

" considered in the analysis. ’

However, only the
responses of the 8-column unit éubjeot.ed to the
group waves are shown here 1in !’:Léure 9 for
11_1ustratioh. It should be noted that the wind is
applied instantaneously to a full speed at the 232
seconds time step in the simulation.

' In the cond:ltibn of large Aampl:ltude waves,

‘the time-domain simulation showed an. 'unusuany
" large nonlinear roll motion of the unit.
-’ large nonlinear motion is subharmonic 1n nature

This

and its response frequency is one-half the wave

exciting frequency.  This subharmonic motion is
predosiaantly caused by nonlinear, time variant,

_restoration characteristics of & unit in waves

under the - conditions of low GM and shallow draft,
e.g. Figure 10,
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submersible

4.2 Unsteady Wind Effect

A ‘few preliminai'y célculations tc_: study the
effe;:t of unsteady wind on piat.form motion were
perfofmed using the time domain simulation for the
‘8-column unit. The wind Tforces used 1in this
analysis were assumed to be proportional to the
square of “the '.‘l.nstantanéous' win'd' veio'oity
con'sistlirlls- of the sum of a ‘mean wind and a time

varying component. The steady wind heel component

was computed based on the exposed area.and a 100 -

knot wind. The time dependent component was
. simulated by using the Simiu-Leigh wind spectrum.
The rolling motion of the unit subject to the wind
Just deseribed is shown in Figure 11. .

The rolling motions of the 8-column unit. were
also  oalculated for  a random' sea of US5~feet
significant height and modal period of 16,5
aeéquggi, -gnd the oox,nb}im.aupn of random sea with

oo 220 2ho 280 2B0 300 f

WI

the uansteady wind previodsly deseribhed. Regults
for the random sea alone and the latter combined

with unsteady wind are also displayed in

Figure- 1.
. .
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Fig. 11 Time Histories of Roll Motion for the

8-Column Unit Subjected to Three
Different Environmental Conditions .

.

It is apparent from Figure 11  that wind
unsteadiness can have an appreciable influence on
the motion response of a semisubmer;sible in heavy
sea conditions. Under certaln conditions, the
unsteady roll caused by unsteady wind can equal
that caused by the waves. Also, the unsteady
wind—induqed roll can equal the stéady roll caused‘
by the mean wind.

It -1s also to be noted that most of the
avallable data on wind unsteadiness is based upor\1
studies of wind over land [5]. The applications
of such studies have been concerned principally
with land structures such as tall masts and high
rise pyildings, all of which have relatively high
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natural frequenoies' of response. Coneequently,
" the emphasis has been on the high frequency end of
the spectrun. . Hoored of fshore platforms,
other hsnd,
" range of 0.01 to 0.10 Hz and this part of the wind
spectrum applicable to. the study of ocean struc-

‘ture in a seaway has not been adequately studiedr

on the -

' 'o'hanginlg
. DP-distance at the critical downflooding point is
respond to lov frequencies. in the - - ’

4.3 Effects on DF—distance Due to Wind, Have. and-

Current

L A 70 knot wind, 50 foot, 1ll seoonds regular

wave and 2 knot ourreht were applied oolinearly to-
the units - ‘to confirm the oritical orientation’

determined .from the statio stability analysis.. -
waves ‘and current. .
while the heading_
For

Various oombinations ot wind,
vere ‘used in the analysis,.
‘angles were’ varied trom head .to ‘beam eeae.
eaoh heading angle; motions and Dl'-‘-distanoe at the

The . ‘,. .

‘_oritioal downrloodins point vere oaloulated._.
?'results were particularly interesting -as they )
shoued -that ‘,the critioal orientation angle'

‘determined from the statio ‘stability analysis ts -
‘in - good. agreement with that from the motion = .
simulation for cases” of -wind and waves alone and’

oombined. B
applied in " combination uith wind and: waves, the
oritioal orientation may vary from that caldulated
in the statio stability analysis. -

_' From “the. analyses,
_effeot of current soting in the same direction as
. wind and™ waves, aots to stabilize the unit. The

However, for the’ ease uhere ourrent ‘18

it was found that the

‘eff‘ect of current acting opposite “to the wind and :

_waves was ‘ot studied in depth. . A few seleoted

' cages - with opposing ourrent were done and resulted

in the expeoted trend opposite to that for. eurrent

aoting in’ the- same direotion as wind and wave.

The” effect . of ourrent from a direction Gther than“

fth wind . and " waves, g
iinvestigated. LT

:'l 'l Moorigg Effect . -

‘needs L to be further

-jon the dynamio transient’ motion of - the units. " "
_‘»-subjeot to stepwise impulsive winds, several ocases '7
.in Ce

“wére investigated ‘at - the operating draft

To. aseertain the effect or the mooring systemj..'

‘5oombinatione of a 70 Imot wind, waves and a 2 knot

g current B

Given theee oonditions the units were

studied using no moorings and using mooringe with B

the fairleads varied in ‘the vertioal position.
Hben the

8<column unit is moored in a 100 o

. knot wind with an eight point mooring arrangement, -

) the stabi ity of the B-oolumn unit is slightly-
'improved ‘ oo pared to the freely rloating case
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floating at the survival drart.
" -under this condition are given in Figure 12, for

the ‘effeot of
the

. For "the case of wind: only,

vertical fairlead 1location on

small for the three units. . For the cases of

o'o_lin'early_ -applied‘. wind-wave and  winé-wave-
ourrent, the effect of fairlead location on the
DF-distance 'becomes significant for the three
units. '
5. . CORRELATION OF STATIC STABILITY AND DYNAHIC
MOTION
In order ° to _“explore  the "possible

'-relationsl_iips betwaen int_aot statio stability .and
. dynemic motion results, the condition under whioh .
' the static. stability was caloulated, was ‘aimulated
“in the tite domain simulation with a KO dotermined
»’ by the 1.0 ‘area ratlo in the statio stability
: analyeie and zZero drsg ooerfioient in the equation

of motion, wherein the- DF-distance was analyzed..‘

-_"A 100 knot stepwise wind was applied in the time

domain simulation for the three_ unite freely

Time historles

the: B-column unit.
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The 8-column unit has a positive GM in the
above described condition and a positive initial
slope of the righting moment curve (Figure 4),
indicating initial stability. For this condition,
the DF-distance nearly reaches zero under the
stepwise wind, .as can be seen from Figure 12,
implying that the. time domain simulation cor-
roborates olassical static stability theory. It
is therefore conceivable that the additional 0.3
area ratio ror the unit operating at a KG

determined _ by the required 1.3 area ratio
represents a 30 percent safety margin to account:

for disturbances other than wind. It should also
'be notioed that in addition to the safety margin
required by the stability oriteria, there is some
residual stabllity embodied in the stability
_ caloulation ‘gince,. in _ reality,A there exists
.dissipation of energy aseoeiated'with the motion
~ of -the dynamio'system._and the wind force used in
the  stability  caloulation is not  felt
instanteneously, ) .
Similar correlation studies were also per=
termed_ror:the 4 andA6-column units, which have
an initial negative GM value operated at KG values
‘determined by the 1.0 area ratio. For these
units, correlation between the time domain results
and - the static stability analysis are also
- obtained as in the case of the 8-column unit.
" - Wnén the KG of the 4- and 6-column units are
. modified to have a zero GM, the area ratios become
3.075, and 1. 376 respectively, at the eurvival
. condition. Even though these .units meet the - ABS
stability .‘requirement, ‘and © the time domain
“’simulation shows-no ocourrence of downflooding in

“a 100 knot -wind. condition, the meaning of these .
_i area ratios in terms or sarety margin beeomes_

unclear and not readily quantifiable. This is due
to the fact that the dynamic - responses of
different units in. a seeway are not the eame. as
.disoussed in’ previous seotions..

6. CONCLUDING REMARKS _

Majcr findings of the pilot study, which were
diecussed in- the preoeding sections and are fully
reported in- Reference [6], are reiterated here:

- It has been ‘shown throush_ the correlation

" with model tests that the dynainio motion

analysis procedure provides e reasonably ’
aocurate " prediotion of semisubmersible

_motion in waves. o

- Characteristios ' of the static curve,
particularly the extent and location or the
ohange of slope, provide input . to the

rstanding of a semisubmereible's statio

end ‘dynamic behavior. ] Tne important
parameters of the unit affecting the shape

of the righting arm eurve‘ are GM, draft,
column height, pontoon length, and pontoon
separation, which directly affect the
1ikelihood of pontoon emergence as the unit
inclines.

- Large nonlinear motion and - subharmonic
motion in waves were observed in the time
domain simulation of units having GM values
approaching = zero ‘and relatively shallow
drafts, vhen the variation in the time
dependent restoring coefficient becomes
significant in waves.

- Hind unsteadiness can have an appreciable
influence on the motion response of a
_aemisubmersible platform in storm con-
ditions. '

- Applying current colinearly with 'wind and
waves tends to stabilize the unit.

- Mooring effects on the transient maximum
motion and DF-distance of MODU's subjected
to stepwise wind and/or wavee are
insignificant. However, mooring effects on
steady and slow varying motions ean'_be .
significant.

7. FUTURE WORK
Correlation between stability and the effects

of steady forces of the environment such as

current and steady wind 1s, and has been,

_established. In addressing the effects of

fluctuating forces of ‘waves and wind gusts
separate from, yet accounting for, the effects of
stead} forces, it may be poesible that
semisubmersible stability characteristics can be
identified and quantified with an acceptable

'degree of confidenoe pernitting evaluation of

existing stability ceriteria. This being
accomplished, a ‘rational stability criteria can
also be formulated which will provide uniform
margins of safety. .

In order' to reach this ' goal, a more

‘oomprehensive study to reassess and to confirm the
"existing criteria is necessary. This study should

include at least some definition and evaluation of
pertinent parameters - of the environment,
prediotions of stability and motions for a para-
metric series of a generio semisubmersible, and
correlation of calculated dynamic motions with
model test results, in partioular, .to calibrate
analytic predictions of large nonlinear motions.
The future study should also inoclude the analysis
of semisubmersible etability in a .damaged con=-
dition, because this condition can be more
eritical than the intact condition in determining
the unit's needed overall stability.
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STUDY ON DYNAMIC RESPONSE OF SEMISUBMERSIBLE PLATFORM
UNDER FLUCTUATING WIND.

Ko Ikegamiy Y. Watanabe; M4 Matsuura

“~

ABSTRACT

Experimental investigations into ‘the static and.

dynamic¢ wind loads.on a semisubmersible platform of

1/55 scale model. were made by use of a large wind

tunnel with.m'easurinq- section 10 m x 3 n and fluc-
. tuating wind generatot... - Based on the test results,
dynamic fesponses in waves andA fiuctuating wind
‘were ptedicted by use of a ‘time domain simulation
technique. It is shown that ’ the fluctuating wind
induces low frequency ‘motion which should be care-
fully considered for the safety operation of a semi-

submersible platform. _ :

1. . INTRODUCTION .

Safety operation of a semisubmereible ‘platform

under. severe environment has ‘been ‘one of the most

important concetns in the course of the design,-

‘since disasters of _ 8ome semisuhmersiblo platforms
Wind load is
one of the most influential ' factours to be considered

occurred - ronsecutively in this decade.

for its. safety and teliabie operation in- rouqh
sea(1].- -
" In the rules and tequlations of the classifica-

tion societies and governments, -the wind load. is an

pnly envitonmentnl force for assessment of stability-

of semisubmersible platform and relxesented as’ ths

steady externai forcelzl.- uowevet, wind load 1is
composed of not only steady component but also
_fluctuating one,
significant A'ef‘fecteon dynamic .response of semisub-
'mersibl.e 'platform, when th'e natuisl frequency of‘ ite
mot.ion is . close to the frequency -of fluctuating

wind [3]. 'mersfore, accurate ;tediction of fluctu-

" 'This fluctuating component has

ating component of wind load ie considered to ‘be of

primary importance- for evaluation " of

response, and consequently - assessment of safety

operation of semisubmersible platform. ’ '
With these points as background, an attempt was

made to ., ci_arify the-characteristics of stetic and

dynamic ‘wiqd loads acting on a semisubmersibie plat~

dynamic

form by wind tunnel test, And based on the test

results, some computational studies were performed
to predict dynamic response "of a semisubmersible
platform in waves and fluctuating wind by use of a

“time domain simulation technigue.

2.

'STATIC WIND LOADS

In order to investigate into the characteris-
tics of static wind loads ou semisubmersible plat-
form, wind tunnel test .was carried out in .the
nul ti-purpose wind tunnel in the Nagasaki Technical
'ihis

facility_ is of blow-down type with a test section

Institute of Mitsubishi Heavy Industries.

measuring 10 m x 3 m and capable of producing wind

of up to 28 m/s in speed.

"2,1 Wind Tunnel Test

) The wind tunnel test was conducted with a large:
scaled model, 1/55 in scale, of a 2-lower hllll/e".
column type semisubmersible platform. Its principal
pacticulars ‘and side .view are shown in Table 1 and
" Fig. 1, respectively.
[N The scheme of measuring arrangement in the wind .
* tunnel is shown in Fig. 2. The model is mounted on
the model attitude mechanism controlled by stepping
motor fot heel, trim and yaw angle in the water

" tank. By use of this apparatus, changes of test

_ conditions can be rapidly accomplished.

- The . shear flow profile of wind is simulated by
shear. flow generator composed of a series of pipes
installed across the wind tunnel. nozzle. .The wind

Table V' P:incifal par ticulars of model
- ubmersible platform

Items Model Prototype
.} Length Overall .| 20891m | 1150m
i| Length of Main Deck | 1.364m 150m
Breadth Overall - 1.364m 15.0m
Height to Main Deck 0.691m 38.0m
Draft 0384m | 200m |
Displacement 194 kg 33120ten |
Reference Area 0495m? | 149Tm?
Metacentric Height 0.052m | 287m
Gyradius : Roll (Kxx /L) | 0.457 0.457
Natural Period: Sway | 13.2sec | 88sec -
:Rot T3sec | 54sec
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. -Fig.3 wind profile at static wind load test

,profile s shown in _Fig. 3; and cloeely coincides

with the p:oﬂle specified by the regulations of

<

the elaseiﬂ.cation eociet;es {4,51.

2.2 Test Resulte .
In this paper, we teetrict ourselves to ‘the

‘preeentation of drag force, lift force and over -

»tur 1ng moment about horizontal axie at the water-

In crder to aamine the effect of Reynolds

. number on ﬂ\e wind loads, the teets were conducted

24 m/s (Reynolds numbu based on the corne: column

AR

Ny x 105 ~ 2 9 x 105). 'me test result

diameter ='

3 in Fig.‘ Py for‘the case of longitudxnal
wind’ direction. : It is obsetved ﬂmat CD, CL and

Cm,'remain_ nearly constant, end the effect .ot
the wind loade 13‘ small

‘as already noted in reference [6].

The polar plots in Fig. 5 indicate the effect

of wind dtrec,tii.on on wind loads. 1In the Jongi tudi-

nal and transver’s.e‘ d.irec.t'ion of the -platform, it is
said .that the Cp becomes smaller due to the ehield-
ing effect of columns and braces.' 1In the diagonal
direction; the projected erea of main deck, derrick
and 8o on become larger so that the Cp becomes
.gtea'tet. The Cp, tends to be larget "in the wind
direction range from 180 degrees to 360 degrees. The
change of the Cyp to wird direction is comparatively
small, where a fixed value of frontal projected area
A is nsed; - .

_ The ‘change of wind loads due to. the {nclination

angle of platform 1is -shown:  in Fig. 6. The

CI; tends to increase remarkably as the inclination
angle becomes larger, since the lift force is
generated from the difference of essure between
upper gide and lower side oE nain deck.

" Although the CD and CL: increase as the inclins-’
tion ‘angle becomesg larger, the Cyp increases wi th
increa‘sinq angle of inclination up to about 10 de-
grees, and decreasee.thereaftet. The fact occur 8,
probably. because the center of wind pressure on the
deck shifts downwind according to the pusitive
inclination, . ’

At present, estimation of ﬁnd loads on semi-

submersible platform is generally made by use of the

I.U[’ 20r ) f
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Fig.G Effect of inclinat.ion angle on wind loads

.ﬁtocedure - p:oposed by the 'American : Bureeu ‘.-of .
"Shipping (ABS) and the Det norske Veritas. (Dnv) [4 7].. ‘
A'l‘hus, as shown ‘in Fig. 6, comparisons are made ;
between the tesults of wind tunnel test and’ the.-
results estimabed by . regulations of ARS and DnV. It )

is observed that the ABS and Dhv ptocedures yield

greater ‘Cp and Cyp valaes than’ those from the pesent

'uind tunnel' ‘tests

_’increases with increase of - inclination angle.’

The - difference of Cyp with increase of inclination
'_angle may be due to the difference of pressure dis—

.t:ribution on the main deck [8]. Therefore, it is‘
necessa:y to clarify ‘the characteristics of pressure e

disaibution on main deck for accurate estimation,

. 'of wind loed. ' q."' N

-3 '.'mmmuc wxnn'mﬂns R

.3'.1, Hind 'runnel Test

N " In order to. investigate into the charactetis—
‘tics of dynamic wind loads, the wind tunnel test was
'carried out under sinusoidal and random fluctuating

"winds. 'me scheme -of measuring arrangement is shown'~

“in Figs . A new type “of gust generator with damper

: was installed at- the both side of wind. tunnel nozzle..
B fot generation of fluctuating wind velocity. 'me'

: dampet is composed of the many plates automatically

f",‘controlled to change the sectional area of wind tun-»

;' nel nozzle. .

: sinusoidal and random, can. be generated by use of =

..computer conttol system.

Bxamples of fluctuating wind velocity measured»
at somé points are shovm in- Fig, 8 having uniform
property in _space,  The phase angles obtsined" from

-the measured results of sinusoidal fluctuating wind

at three points in main t‘low are plotted as a func- .
_.tion oi_._reduced- frequency fr/v in Fig. 9, where r ‘is 7

'~'D,iscr_epancy between them °

- for  natural wind. -

i 7.
~Load Cell
S L
*Wind Tunne! > ;:? -Call Spring
Morte 5 _Aoad Cef
2
Damper - _
! ~~f'~~\—\— ~ Steet mee
+ Puise Motor Coll Spring Water Tank

l’ig.7 Test arrangement of dynamic wind load test
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Fig.8 Samples of records of fluctuating wind
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Fig.9 rPhase characteristics of fluctua ting wind

. the*dlstance  between two points. - A straight line
'»l,:l.'ndic'ates the phase based on the Taylor 's hypothesis

It can be confirmed that the

" fluctuating wind generated in the wind tunnel has

elmost the same. phese property as that of natural

’ vind.

'-3.2_ Test Results '

Various kinds of fluctuating wind,'

- when a body is in wind having steady component

:'v and fluctuating -one u(t),- wind load can be des-

- eribed as follows, based on an assumption thst u(t) is°

much, smaller than V.
F = 1/2 pavch + 'pau(t)vc“A_ : SN}

wnere ‘the first term is the steady wind load, and
the second term is' dynamic wind load due to fluc-
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Fig.\'l Aarodynamic transfer functions 4

‘(simisoidal wind) .

tuating wind component. S
Dynamic ‘wind load coefficients

ob tai ned in

ainusoidal fluctuating wind test by use ‘of the'

formula (1) are shown in ‘Fig. .10 as .a function of
reduced frequency. )
tion obtained -as mean line ‘from these results is
s{hovn in Eig.- It is

shoun_ that the dynamicwind‘floa‘ds decrease with-in-

11 for(_various test condit.ione.
bcreasirig' reduced frequency, and. this tendency is
independent of the inclination angle and wind direc-~
_Ition.--
'follows. )

(1)

There exists the phase lag of the aerodynamic

‘force'.on each point on “the platform,

‘me aerodynamic transfer func- -

'lhe cause for the’ tendency is considered ‘as
Phase 1ag of aercdynamic force on each point I

which is dueb )

':vto the phaae -lag of fluctuating wind, and is inj

_> proportion to reduced frequency fL/v. )
-{2)- Damping of amplitude of fluctuating wind snd
'-"‘reduction of coherency 5. ‘ '
Once the fluctuating wind acts on the front of
_"the model, " the smplitude of fluctuating wind is
_._damped, and coherency is reduced because of breskinq
of wave gofile. _ - '
'l‘he power spectra of random fluctuating winds

‘used in theae teets are ‘shown in. Fig.: 12 in ccmpari—_

'-son with the KArman type epectrum of - natural wind.'

wind B coincides with the KArman type fsirly well.

_-'rhe' power spectzum of dynamic wind load and fJ'Ae‘

i ¢

- |

aré - shown in Fig.14._
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cross spectrum of dynamic. wind load and fluctuatlng
wind are shown in Fig.13. ’

The dynamic wind 1oad coefficients obtained from
the power spectrum of fluctuating wind and “the cross
specu'um of dynamic wind load and ﬂuctuating wind
“These figurea also show that'
the dynamic wind load decreases with increaeing
reduced frequency. : ‘

4. . SIMULATION OF DYNAMIC RESPONSE

Based on the reaults of wind tunnel test above,
some computational studies were performed on dynamic
reaponse of a semisubmersib].e platform under . fluc-
tuating wind by use of a time domain simulation
technique." T




Time Domain Simulation Method
The eciuetions of motions of a floating body

‘4

moored in waves and wind are given as follows:
6 - . . ™
jt}(!ij + my4ddy + NyyDy + Nejy(Dy - Uy) Iby < Uzt
+ Ci (01, Dz,.-..- D6) + Gj (D4, D3sesce DG”
2 Fyi(t) + Faylt) (2)
' (L = 1,2,0000,6)

representing mode L of motion,

1,3 + Suffix, ,
1,9 = 1,2,.0.4;6. corresponding to surge,
sway, heave, roll, - pitch and vyaw,
respectlvely . ’

D4 ‘s Translatory and angular displacements of
. body .

Miy ¢ Generalized mass of body

my§ - 1 Added mass -

RITH ' CQefficient of wave da.mping

 Neyy~ ':‘mefflcient of viscous damping
ci .t Hydrostatic restoting force
G- . 3 Reacting " force arising from mooring ‘
: system due to displacement : ' -
Ui + Mean value of crbital: velocity of water
part_lcle in the direction of the mode of
. motion :
Fyi(t) 1+ External force due to wave
Faelt) _B(ternal force due to wind

_d‘he ce_lcnlauon method of external forces due
to wind is as follows. The wind veloclty Vv(t) can
‘be represented bytsu.m of the mean velocity Vv and the
fluct\mting velocity u(t): 1.9.

V(t) = v+ u(t) (3)
and u(t) can be represented by use ot power spectrum-
su(f) of £1uctuadng wlnd as follows:

u(i)’ - f?\/dSu(f)df coa_[21r£t + e(f)l (4)
where . )

e(f) : Random phase angle between 0-and 2m

thernal forces due to wind are written as followss =

cpi *
: Fai(t) = 1/2.Pavicpa + pau(t)vcm_ A (5)
. Cpi
(4L =1~3) .
Pai(t) = 1/2 paV2CpgAL + pau(€)VCpi CD*. A (6)
ai 2 Pa¥Cpih 2 ol

(L =4~6)
where Cpj. /Cm is aerodynamic transfer function in
the direction of l-th mode of mo\.ion. 'me dynamic
;!eeponse of body oan be obtained by solving the non-

'llnear dlfferentlal equatlone (2) :Ln time domaln.

’The 1ntegrat_i.on scheme of the equat.tons of motions'

adopted 1n the present ’analyeis is Ethe:m dpoim:
t.rape Ldal method [9).

.
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Hydrodynamic forces actinq on section of cylin-

drical members a.re calculated By . uae ot‘ t:he relatlve

motlon concept based on th Mcrison s equation.~ R

4.2 Calculation Results )
: The platform is aesumed to be mooted by 4 sets
'sprinq.

of ltnear and the [.tincipal particulars

affecting the dyna ic response are shown 1n 'rable 1.
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The dynamic regponse of semisubmersible platform

. in random fluctuating wind is shown in Fig. 15, 1t

can be found ‘that the iarge shift in transversge direc- .

tion and 1a§ frequency sway and roll motions with
.frequency components close to the natural freq_uenciee
of\ motions are induced for a semisubmersible pletform
by fluctuating wind. ’ ’

) " The dynamic responsee of semigubmersible plet-
torm'_.:l.n compoeed external forces due to waves and
wind are shown in Fig. 16, and -the results of spec-
trum analysis ere shown 1in F!.g. (17. Two peaks of
energy densities of motions are Ffound in sway and
roll motions.” ‘This :lndicetee that the motion of a
semigubmersible platfotm .in waves and wind is a
combined motion in high frequency range and low
frequency range. Amount of peak in low freguency
t;nge’ 15 much l_er_ger than that in high frequency
range. The peek of the low trequency range is‘bdue to
not only ‘the slowly varying wave drifting force but
also the fluctuaating wind. It is pointed out that,
therefore, consideration should be given to th; low
frequency notion induced Dby ’£1uctuat1ng' wind for
eafety operation of eemisubmereible platform,.

‘"5, _CONCLUDING REMARKS

The. characteristiee of static and dynamic wind
loads on a semisubmersible platform and its dynamic
response were investigated by wind tunnel t:est and
a numerical simulation. It is concluded that:

T The characteristics of. sta't:ic’ wind loads on a
emisubmersible platform’ were studied experimen—
‘tally. That is, the effects of the Reynolds number,
wind direction and 1nclination angle of semi-
submersible platform on static wind loads were
.obtalned, o -
(2) static wind loads measured in 'f.ne resent wind
tﬁnnel test; yielad smaller valueg than. those
- p:edicted by the ABS and DnV u'oceduree. Dis~
crepancies between _ them becqme greater with
iincreaaing inclinetion angle, - ) :
(3) " The dynamic \d.nd load coefficients on semi-
submeraible platform decrease with 1ncteasing

. reduced. frequency. . okt

(4) - The low fregquency motion 4s induced Em.; a
_semisubmersible platform- by. fluctuating wind, and
consideration should be given ho _this motion for’
.safety operation of semieubmersible platform.
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NOMENCLATURE'

‘A = Frontal projected area above water
(fixed w;'alue in the present test)
én = rag coefficient
Cr, = Lift coefficient
Cmp - = Overturning moment coefficient .
"Cp = Dynami¢ drag force coefficient
‘CI‘" = Dynamic lift force coefficient
cﬁp "= Dynamic overtuwrning momént coefficent
De - ‘= Diameter of corner column
£ = Frequency of fluctuating windb »
L = Reference length (length of main deck)
Rg = Reynolds number (sVReDe/v) -
) u(t) = l-"luctu_atinq component of (yind velocity
v .= Mean wind velocity
"VR = Flow velocity at the reference height ‘
a " e Inclination angle
= Wind direction
v = Air kinematic viscoaiey
Py = Alr density
T = Circular frequency
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~ THE_ SEABRAKE : |
A DEVICE FOR ASSISTING IN THE PREVENTION OF BROACHING - 70

" M.Re Renilson

ABSTRACT

This paper describes how a broach
,in severe following seas can occur and
ushows that the Shlp belng surged by the
‘waves to approxlmately wave speed is a
.prerequiSite forAthis to happen.

" In an attempt to prevent this
surgingjza two staqe’drao device which
is towed behind the Shlp "has been’

vdeveloped. Thls dev1ce is descrlbed in

»detail and the- results of towing tank

‘experiments and a 51mu1at10n study are .

"jgiven.

‘fINTRODUCTION

When travelling 1n following seas

3f_there is a pOSSiblllty of "broachinq—to

”IW1th its resultant loss of control and

 ﬂdanger of capsxze (Ref “1,2). The steep

wwaves which occur over a bar etc. " Will

'1fincrease»the rlsk:of broaching at exact-

Sy the moment at Whicn'precise direct-

- fonal’ control may ‘be Vltal to the safety'
- of! the vessel

The research carried out on this .

.-phenomenon by the author "and by others
. (Ref. 3, 4,5, 6, 7) has shown that the

dangerous situation occurs when ‘the
shlp is accelerated to wave speed by a

l*-wave of ship length or. greater.

" As concluded in (Ref. 5) “Broachina-

to" 4n following seas is caused by the

' ship being surged by the waves in such
a way that it spends enough time in the

lonqitudinal pOSLtion in the wave where’
thare is.a larger- wave ‘induced yaw

‘fgmoment than there is restoring moment -

’availablelfrom the rudder.“ -Thus, the
- ability to maintainga low speed and to
'prevent the large surqing velocities
which -are respon51b1e for a potential
:broaching 81tuat10n is 1mportant.

One means of increasing drag in an-

atLempt to prevent this surging is to

STAB 86

‘stream'a'sea anchor. Unfortunately
this does not seem to help in

practice and there is a school of
thought which believes that this

' aggravates.the situation. A possible-

reason for this is the sea anchor's

"lack of directional stability causing

‘it to yaw violently when towed at
speed. This initiates yawing of the -

vessel which may lead to a broach.

Hence the search for a device capable

of reduc1ng the surging of the vessel

w1thout ‘inducing yawing.

DESCRIPTION OF THE SEABRAKE

The seabrake has been developed

over a period of about 10 years by

Captain J. Abernethy, a charter boat
operator in the Bass Strait. The

early history of the project shows

Cthat Captain Abernethy developed a

solid body cone, having spent

- considerable time tn determine the

" angle and shape required to provide

sufficient drag. This cone shaped

" device proved unsuitable and further

prototypes-were developed until ]
finally the cone with a hollow body

~ shape with four panels.cut out at

the base of the cone with lead ports
was found to operate reasonably
satisfactorily. Further modifications

. were made which provided for the doors

to be opened inwards to a pre-

" determined opening actuated by a

=75 =,

central shaft which was in turn pulled
up by a céntral -towing lug at the apex

. of the cone attached to.a towxng warp

fixed to a vessel,
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" The expected forces were much

. larger than those experienced with
lsnrface ship model experiments and
8o special springs had to-bebmanh;_'

" ufactured to take the loads.

The
dynamometer movement was measured

. by an LVDT and recorded using a pen

: Thiree
different springs were used with

recorder on the carriage.-

‘ ' different spring constants and the’

ThlS resulted ‘in a two staae drag T

‘device which tracked well and which it:’

was felt greatly 1mproved a vessels l

(See appendix) The

-speed at which the doors opened is pre-.A

Bet by a tension spring in the nose S

; cone. RS

KTOWING TANK TESTS

In order to quantify the force _“

o involved it was decided to carry out

Vtests in the ship model tow1ng tank at

“the Australian Maritime College {60m x

'i‘connected to a conventional Shlp model

convent10na1 sea anchor (Ref

3.5m x 1.6m deep Z Ref..8) on an 18" -
diameter Seabrake and’ an 18" diameter
9).

The Seabrake was towed at half*the
tank depth by a vertical steel rod .

© calm water dynamoeter (Figure 2) on a_il-

" large self-propelled ‘towing carriage.

ol Jumzad
o L L 11
B | N AT O |
] HL.J‘, .
—
lums'm:
_Pigure 2. .Towing. Rig

" .’remained well submerged.

76 .

“results were cross- -checked.
”Apptoximately 30 to 60 minutes were
_allowed between runs to allow the

water to settle.

ﬂ For the tests using the Sea—‘

" brake a 50mm x 10mm mild steel rod
-was used.

. At the highest speed run

.. attempted (5m/s) this bent in its
~ .own plane.

'It was intended'toxuse the same
towing rod for the sea anchor, how--
ever,
violent lateral oscillations it -

due to . the. sea anchor 8’

' bent.sideways at a speed of 2.6 m/s.

For this reason all the results for
the Sea anchor were obtained using

_a heavier mild steel rod (75m x
-12mm) .
- at a speed of 3.8 m/s.

This finally bent sideways
A number of -
results with each towing rod alone

.were obtained and thus the resist-
"ance of the rod could be deducted

from the total resistance to obtain

*the re51stance of the Seabrake/sea
’ anchor alone.

Great,care was taken .to ensure

'thatpthe orientation of ‘the Seabrake
‘remained constant throughout.

One

- of the stability_portsﬂwas always
“at the top, and in this configur-,'
" ation it showed no - tendency to

Arotate .- :

-The-tests-showed_that.the drag

"on the Seabrake with its doors
.dcclosed is the smallest and that
. opening the doors increases this by .
- about 70%.
_'anchor is greater still,
it is -important to note that this

The drag on the sea
howeVer,

was‘aCCompanied by considerable

‘lateral osciallations whereas the’
pSeabrake'tracked very well. -
. anchor also had a tendency. to rise -
.'toAthe surface while the Seabrake ’

The sea

From the: ’
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tests it was possible to ‘conclude that

Yylg = Ny¥q

the tracking \ability of -the Seabrake o _ dequil = N,¥s —Ng¥ ay
o vig —Ngly,

) Qwas far superLOi to the conventional
- sea anchor. s

The comparison of the drag co- : o . » _ _
_This ’ where all the coefficients are taken

) efficients is given in Figure 3. )
: to be functions of wave position and

shows that the Seabrake in either

’ h
: configuration exhibits an almost the values given are obtained from

" model experiments described in
reference 3 (A/L:= 1.07 and X/h = 2R)
.-~ from figure 5 it can be - seen. that a -
' positive Sequil exists for £ =0.6-
‘though-£ = 1.0 to £ = 0/2. (5 is
" the non dimensional distance from the

.-constant drag coefficient (as to be
_expected from a streamlined body),
' however, the. drag doefficient’ of ‘the
.sea anchor is constantly decreasing
'.with speed. The’“two stage effect of

jthe Seabrake can be clearly seen. . . .
. wave crest to the stern shown in

‘figure 6). It is 1mportant to note
that the area of the wave with the
equil (i.e. the
area most likely to initiate a
broach), 0.75 < £ < 1.00, corresponds
to that with a. positive forward
_force.  Hence it would be expected

7 e f‘ﬂ o j""=f3~‘, o C . .. largest required £

~ that.the ship’ could 'spend consider-
e ' _ able time in this region allowing
{ . "’: C o . . large values of heading angle to the
' S _ ‘ - . waves {(a) to be built up thereby

L ; Sesbrake doors open . )
'h———’ﬂ"-‘L--fﬁf———— - o initiating a broach. This was

N L R investigated using a hybrid sim-
1
<

uabrake doose clowes o ulation technique and was found to
be the principle cause of broach1ng~
to. (Ref. 4 & 5).

Figure. 3.. DraQICoefficient

5. smum'rmuy E A
“As discussed Ain the introduction o L
the prime purpose of the Seabrake- is to ) : ) : ] _
prevent the ship from being surged in . . Fi9ure.4. x! for-Varying g
h‘such a way that it ‘spends ‘sufficiént - . ' oo
time on that part of the wave when ‘the
wave induced yawing moment is- greater
" than restoring moment available from
the rudder.'

This is best illustrated by
figures 4 and 5 which are taken from

model fo“ the wave and a positive dequil
required indicates a potential broach—m

for Varylnq E

Eidure~§. 6equ11

-7T =



1'Figufe 6. Schematic ‘View Of

The Hull in a Wave.'

"In order to investigate the effectn
of tbe seabrake on the: surqlna motions o

1t was decided to. set -up a- d1qita1
simulation based on the followan
aequations--'

'}5..~x“,ut‘+ﬂ(x‘ ~mla + XE + ¥§Y°P * Xgeabrake

- . ;L‘:: f - o -_i » ]
.,£=:>‘f' [u =] dt‘,_ »

The simulatlon employed the

-_»classic step by step process. and was

”.earried out for a 9m long vessel in a
.. 9.63m long, O. 34m high regular . followina
" sea. Typical tesults showing the

L:effect of the Seabrake in three differ-

“ent modes (doors closed, doors open,
-doors set to open at 3. Om/s) are qiven"
“in fiqures 7 - 10.

gFigure 7. E aqainst time for vessel
' without seabrake '

{Initial speed‘z;sm/s),

Fiqure 8. & against'time for vessel
: with seabrake being
streamed doors closed.

(Initial speed 2.5m/s)

Figute'9ﬂ 'E against time for a
’ vessel with seabrake

being steamed - doors
‘open.

(Initlal speed 2.5m/s)

TR 1] ] 80 tive (s}

Wave Crest
" Mave Crest
_Wave Crest

" Mave Creat

Figure 10. § against time for a
J _vessel with seabrake
being streamed-doors set.
to open at 3m/s.

nitdal speed 2.5m/s)

The time spent in the reg1on
0.75 < £ < 1.0 plotted in figure

_11 agalnst 1n1tia1 Shlp speed for

the four condltlons tested- no sea-
brake, seabrake doors closed, sea- .

: brake doors open ‘and seabrake ‘doors

" set to open at 3.0 m/s. In each |
o case the drag of the warp was

'neglected and the propeller thrust .

was assumed to remain constant at

".the’ self pfdpulsionlvaluej Initial




time spant in
the region

0, Megel00

"broaching when speed is reduced

conditions for each simulation run were
£ =0 (i.e. wave crest at stern) an U

= self propulsion speed.

no seabrake
seabrake doors closed
seabrake:doors open

doors set
to open Bt S/
. . y 7.

T

VR 16 15 10 11 12 0324 18 1.6 7 f 29 30

Length of time spent in-

dangerous position for

the four different

conditions simulated. 8.

Figure 11.

It can be eeen from figure 11 that
the length of time spent in the
-dangerous condition (0.75 < £ < 1.0)
decreases with decrease in ship self

" propulsion speed indicating a

reduction in the possibility of

This
is in accordance with the results of
the full elmulatlon carried out by
one of the authors and described in
‘reference 4 and-5. .It:can also be
seen that the streaming of a seabrake
-increases- the ship self propulsion
speed required to spend a given time
‘in the dangerous condition,for speeds
other than.low speeds when it is
anticipated broaching will not occur
in any.case. Thus, :
reasonable to conclude that the

it would seem

" streaming of a Seabrake in-an

irreqular following sea would reduce
the tendency for the vessel to be
urged by . the waves into a sxtuation

-when a broach could be 1nitiated.

CONCLUSIONS

One of the prerequlsites for a
broach to cccur 'in follow1ng seas is
for the vessel to be: surged by the*-

' waves “in such a way ‘that it spends

enough tlme ln ‘a 9051tion on the wave
where the wave 1nduced yavw moment 1s
greater than the restorlng moment
available from the rudder.

A device which increases the
drag of the vessel without inducing

yaWing motion has been described and
it has been showr by means of
simulation that this has the effect

. of reducing the time spent in the

dangerous position in the wave.

It is expected that this will
reduce the tendency for a vessel to
broach in an irregular following sea.
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9. APPENDIX

 Trial 2 September. 1985 (Chief Petty
. Officer G. Wilson)

'

Vessel: Aust. Navy Torpedo Recovery
Vessel "Tuna”. ’ '

Length "88’

Displacement 100 tons

Speed 12 knots (max.)

Trial was conducted aboard vessel TRV

"Tuna" under command of Chief Petty
~ Officer QMG Wilson - offshore from

Sydney Heads. ‘ :

(1) TRV Tuna was tasked with conduct-

ing trails on Seabrake on Monday

2 September 1985. Tuna proceeded

" to sea at 0850 and thé following
‘weather conditions prevailed:

Wind - Force 7-8 (30 knots - gust-
ing to 40 knots) -

Sea State - 5-6 (2.5 to 4 metres)
Swell - 2.5 to 3 metres from 160°

'(2) Tuna was steering a course 6f 040°
B at speed 8 knots. The followinq
observations were made:. .
(a) Rolling through centre approx.
. 20%4+ _ ' : _
" (b) Yawing 20°+ to.starboard of -’
~ course o
(c) Using 25°-30° of port helm
- to maintain course.
(3) Seabrake was streamed té approx.
130ft through centreline fairleads
“and the following observations \
. were made:. :

{a) Rolling was dampéd dramatically
to approx. 10° .
(b) Yawing was damped dramatically to

7°-10° .
(c) Using 5° port helm to maintain
course. : '
10. NOTES

Prior to streaming Seabréke, the
TRV showed the alarmin§ character-
istics of broaching, with a rough sea
on a moderate swell on the starboard
quarter. Excessive amounts of port
'helm were needed to counteract the
broaching tendencies.

On streaming Seabrake, tﬁe'vessel
"stabilised" significantly, with the
helm béing reduced to 5° or less and
the sea riding qualities of the
vessel becoming more comfortable."
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THE SAFESHIP PROJECT - A BASIS FOR BETTER DESIGN
CRITERIA AND STABILITY REGULATIONS
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A. MORRALL British Maritime Technology Limited U.K.

SUMMARY

Ship designers and approving authorities need to
have guldance on what are éccepteble safe minimum
values of the stabililty properties for the many
different . types and sizes of ships.

jAs in other branches of engineering, safety rules
.hav'e grown up from cumulative experience of
,fal_lui'e's and in the case of ship stability such an
entirely empirical approach has lead to simple but
rather'crude statical stability criteria which are

of ;;uestloneble value in assessing safety.

: fl'he International Maritime Organization (IMO) known

as the Inter governmental Maritime Consultative

Otganization (IHOO) until 20 May 1982 has been
working towards the development of "physical”
| criteria  which would manifestly enable safety
e's‘s'es‘sment. 'reletive to external forces and thus
provide, t'or the first time, indications of safety

marqins . This is seen by MO as a long-term.

development. '

Considerable . efforts have been  made by

Classification Societiea ‘over the years to develop

B ecantling zules based on theoretical and. measured

: etructurel responses to bea loads. - Because

knowledge to predict dangerous rolling and capgize

_ has not hitherto been available, development " of
edequete etability rules hee lagged behind

Recent developmente in ship hydrodynemics theory
and experimental techniques also advanceeA in
’ eomputer technology he\(e . now made poesible
dev_eldpment .of more reellstic' and -effective
stability criteria. - o :

.The SAFEs“llIl’ project was e' comprehene.tve progrmmle
of research. nslng . these modern .methods to

accelerate progress in achieving sncn better safety
criteria in the foreseeable future end thus benefit
both the shipping induetry_' end the Departmeént of
Transport which has tesponslbillty "for such
Cmatters. .

B

‘1.  INTRODUCTION

‘This paper introduces the SAFESHIP project and sets

the scene for this Conference. In doing so, it is.
first necessary to present sufficient historical
information to place the project in the context of
the existing criteria and why research is needed to
advance our knowledge sufficiently to develop more
realistic stabllity criteria.

Until IMO Res. A167 and Al68 were issued in 1968
and incorporated respectively into the Department"e

Load Line Rules in 1968, [1] and into the Fishing

Vessels Safety - Rules in 1975, -(2] there was no

official guidance to naval architects in. this

country on the minimum acceptable stability values

for any type of ship. Naval architects therefore

had to refer to text books or to what was available.
in the Inetitution's_Transactions, e.g. {3} to {8].

Some countries had adopted Rahola's criterion which

was published in 1939 [9].

The SAFESHIP project was conceived and formulated
by the United Kingdom Intact Stabllity Workmg
Group in the course of many and long discussiong
‘after Q;heGroup's formation in 1976. )

:Apart from Court -of Inquiry Reports which are
‘published, and | éhe ‘wide casualty ekperience‘
‘recorded 1in the Department -of Transport .filee',

,:t:her'e is also-an extensive background to this

.research project. - which is documented ‘in the

lit_erature of IHO .

It _1s perhaps not eurprl'sing that when IMO
commenced its work on ehiﬁ stability in 1962 it
should have = followed Rahola's approach - to

.establishing suitab_l'efminimdm parameters of -the

statical righting lever curve from an analysis of
The method .adopted is well
‘described by Nadeinskl/Jene {10], 'and Thompson/'l’oée'
[ll]l, and will not be covered in detail here. '

casualtl_r . data.

Eseentielly a comparison was mede between a number
of parameters of the’ statical ‘righting lever curve,

‘such as Gzao at the time of loss and for the same

parameters in the homogencously loaded arrival
condition. ’ ‘ o

-8 -



Thése data were presented as pillar diagrams,

o
Fig.1. In the case of G230 a dividing line was

di‘awn, somewhat arbitrarily, at 20 cms, although
‘some of the casualty sample had higher GZs. This

may have been ‘influenced ' by Rahola who also

Those with higher G2Zs were
grouped under the heading of “excess stability or

selected this value.

special circumstances" (e.g. cargo shift).

In Rahola's criterion there was also some overlap
befw_een _three classes of data described,
critical, : and
himself, had
teservations about proposing these standards for

‘subjectively, as adequate,

insufficient, Fig.2. Rahola,

general use on the grounds, inter alia, of the

“unsuitability of the same standard stabilit.y arm

" curve both for large and small vessels". "A ohoice

of a standard form »for“ the statical stability -

curve, so that it -would suit both all sizes and
-types of. vessels, thus ' proves to be an
unsurmountable difficulty". ‘

STABILITY ARMS OF FIBHING VESSELS FULLY LOADED (HOMOG']

i

WHICH SUFFERED A STABILITY ACCIDENT M araivar conoimon .
(.A"D ON IMCO I8 IV/e |"’) N CONDITION AT TIME

STABILITY ARM - . . oF ACCIOENT

D aris) : T PROPOSED MINIMUM ARM

o040 yoraL:arvessues

0 38l 40! 30
DILTRIBUTION
OF LENGTH

L4

:Fig 1 Histogram of Righting Levers of Fishing

Vessels which suffered Stability Casualties '

(Based on IMO IV19 1865)

a0oom-—d .
. Hoeling onghe ©

Fig 2 Histogram of Righting Levers of Vessels which

. suffered Stability Casualties
i (Based on Rahola 1939)

We . might note the observation . in the

’Jens/Kobylinski paper {12} that "“there. is no

’assursnce that s ship satisfying the criteria’

(referred to in this paper will, under all
circumstances, be safe’ from capsizing. In -the
1stetisi’.ical analysis an average line between 'safe’
,and unsafe' ships was drawn showing that a number
. of ships having stability parameters ' lower than

recommended - had'__opsreted _successfully over t_he
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years and some with higher paraméeters  had
'cspsiied". Res. Ale7 warns Masters of their

responsibilities for good seamanship.

That sefei..y from capsize is partly a question of
seamanship as well as of good desig’n is well known
but in no way obviates the need for safe design
criteria or assists us in formulating such
criteria. The Master is 1limited.in the extent to’
which he can change the position of the ship's
centre of gravity, by means of ballast or cargo,
and he is furthermore -dependent on guidance from

the nsval architect regarding safe upper limits.

The IMO Sub;Committee was well aware in 1968 thet a
considerable amount of research would be needed to
provide a sa":isfactory basis for the improved
criteria and infonneti_on on systematic model
_experimentei programmes wss ‘requested and has been

continuously exchanged.
2.  UNITED KINGDOM BACKGROUND

There have been quite a number of p.ublic inquiries
into stability reiated losses during the last 25
years or so. A few. of the most .important ones
being ARCTIC VIKING (1961), ARDGARRY (1962), SAREVA
(1963), BOSTON PIQNAIR (1965), ROSS CLEVELAND,
sT. ROMANUS and KINGSTON ~ PERIDOT (1968),
LAIRDSFIELD (1970), BURTONIA (1972), GAUL and
TRIDENT (1974), LOVAT (1975).

The most significant of these was the GAUL, a large
stern' trawlei‘ which disappeared with a crew of 36
on 8 February 1974.. The Court of Inquiry ([13]
concluded that "she capsized and foundered due to
taking a succession of very heavy seas on her trawl
deck" - water trapped on deck, quartering seas and
broaching in following seas ‘were also considered as
possibilities Loss of stability due to flooding
:of ‘the factory deck was - also considered. - The Court

',recommended the Depattmsnt to. carry out further

investigations "with a vi_ew to promoting greater

safety".

'.The Deparﬁent consequently comissioned an
extensive prograrme of model experimente which were
carried out .at the. National Hsritima Institute (now.

~ part of British Maritime Technology Ltd). These
- were carried out in various experiment tanks and in

’ ‘:t.he open waters of the Solent during the_ period

{1975 to 1977.] - The project was fully reported in
4], T

The stability characterisitcs of the GAUL complied
with IMO Res. -Al68 with a substantial margin but
nevertheless it required a considerable amount of
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research to establish under what sea conditions
with

ship _
Res. Al168 provided no indication whatsoever of the

such a could capsize. Compliance

‘degree of safety in.adveree sea states.

2.1 Fishing Vessel Safety

As a consequence of the loss of several deep sea

‘trawlers in 1968 a' Committee of Inquiry [15] was

set up to review all aspects of fishing vessel.

safety,  thus covering- both design. and operation.
. The RINA paper "Fishing Vessel Safety" by J.H. Cox

(16]

Committee resulted in the introduction of Fishing

Vessel (Safety Provisions) Rules 1975.

Two years later, in 1977, IMO held an International

Conference on Safety. of Fishing Vessels at

‘Torremolinos.

;Aithough these efforts did not result in a greater
of the to develop realistic
»stability triteria, we are still in the situation

,‘awareness need
b'described by the Norwegian "Safety Commission for
the Fishing Fleet" in its report in January of this
“the ,accident statistice for the £fishing
fleet continue to show an increasing number of
founderings _with loss of life".

motion is a major cause in ail types of injury to

year:

"Large vessel

' crews", and vessel "capsize" must be considered the

"most dangerous cause, since the majority (62.5%) of
fiives_lost at see are due -to this_cause?. ‘
3. _INTERNATIONAL MARITIME ORGANIZATION
'As a'result of the Recommendations in Annex D to
the 1960 Safety of Life at Sea Convention the IMO
Sub-Committee‘ on Subdivieion and Stability was
formed in '1962.
‘to the studies subsequently carried out to achieve
_international standards for ship stability. ‘

‘Recommendation 7 in particular led

" an . of - this

ectitities was given in the‘Tokyo “Stability a2"
(12].  As
‘that the

ekoellent 'review.
conference paper by Jens/Kobylinski
stated “-it
" development of internationel

thera wae:' recognised

needs to teke account of external forces affecting

describes how the recommendations of the-

Sub-Committee's

stability. criteria:

ehips in a seeway and also that this would be a"

very long term project"

5

short term the: Sub-COmmitteeﬂ*decided: that "as a

In-order3to_make available usable criteria in the

‘first step simple stability criteria applicable.to.

'ehips under 100m in length should be formulated"
[171
. casualty data.

.These . were to be based on an analysis of

For longer-term development of improved criteria
the Sub-Committee agreed [18} "to continue studies’
on ships' stability, paying particular attention to

the effect of external forces and of variations on

displacement on stability with a view to developing

improved stability criteria”. With this proviso
the Intact Stability
Pagsenger and Cargo Ships under 100 metres

"Recommendation on for
in
Length" and "Recommendation on Intact Stability of

Fishing Vessels" ' were referred to the Maritime
Safety Committee for endorsement in 1967 and issued
as IMO Resolution Al67 and A168 respectively, the
following year.

The "improved stability criteria" were to be based
on comparison of the to
and the ship's righting ‘moment

As a first step in this direction the IMO

heeling moments due
external forces

[12].

. Sub-Committee formed the "Joint Ad Hoc Group for

. (Chsirman Prof G.J. Goodrich).

the Study of External Forces Affecting Ships"
This group had its
first meeting in 1968 and functioned until 1973.
.Having completed its task as far as it could, the
stability
criteria" were passed over to a new Ad.Hoc Working
Group on Intact Stability which was formed in 1975

after a preliminary meeting in 1974.

problems of preparing the "improved

4. IMO WORKING GROUP ON INTACT STABILITY

Brief history
The IMO Working Group has worked progressively
towards both short-term and long-term improvements.
The short-term efforts were directed to immediate

problems such as

supply
made

presented by offshore

vessels  whose " usually"”
compliance with Res. RA167 impracticable, stability.
of in  lightly in  ballast
conditions, angle of vanishing stability (for good

reasons not included in Res. A167 or Res. Al68) and

characteristics'

ships laden and

to the -development of a weather criterion. There.

has also been mich discuseion about what to do.
about the dangers of following seas but without so

far any conclusive results.

Until now the IMO work can, therefore, be seen as

consisting, on the one hand,' of progressive

extensions to Res. A167, with all its uncertainties

and on the other, towards development of "physical“

criteria o ) B S

The IMO ﬁorking Group -has proved to be an extremely

useful form for discussing ship stability but,
because . of the complex' nature of the subject,

- progress has unsvoideblz been rather slow.
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4.2 Main tasks

Iﬁ 1975 the IMO Working Group, Chairman H. Bird
(presently Dr. Rakhmanin of'USSR), was given both
the long-term task of developing the improvéd
criteria hnd the more immediate problems such as
those associated with the developing offshore
industry. The latter were usually solved by
adaptations of Res A.167 {19].

It was agreed that the means to progress its work

were by use of theoretical and model simulation and

detailed»étudy of particular casualties. Various

delegations to IMO provided information on model

experiments, usually related to casualties.

‘Since Res. A167 was developed for ships up to 100m

in length and intended mainly for the load.

condition there was considerable debate as -to hbw_

its application could be extended to larger ships
-in light or ballast conditions. a

'ofher mattersAdebated in addifi&h to the stability

of offshore supplf vessels were the range of |

‘positive stability, .stability in following seas and
ih breaking ‘waves and the stability of pontoon

barges.

Due to difficulties of progressing the long term
Imore fundamental programme it was decided, as an
interim solution, to develop a weather criterion.

This took several sessions to complete and was

based on a com§roﬁise between the USSR and Japanese:

regulations and 'has ‘recently been isesued as
Res .A562. (The bases for the Japanese and USSR
requlations are given in Yamagata's'i959 RINA paper
[20) and in USSR rules [21] respectively).

Tﬁe weather criterionlis an adaptation of'whét, in
this country, is known as Moseley's theorem [22].
The present view. in IMO is that this should
supplement rather than replace Res A.167.

These -two . criteria - taken together would not

however, in many cases, provide sufficient

stability to deal with the problems of following .

seas and consideration is currently being given to
the addition of a third criterion in due course.

The Working Gréup_ has the 16nq term aim of
developing "physicel“ criteria which 1ncorporate
the dynamics of rolling in various sea conditiona
and directions. o

It was'dediéed that the effects of-beam, quértering:
~and. followiﬁg~‘sea§'nneeded*.to- be -separately’

-considered énd”fhe‘most dangerous conditions were
“identified as:- . A
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(1) Beam wind and rolling and shipping water
on deck. i )

{11) Following seas involving . pure 1loss of
stability,
broaching.

parametric rolling and

The need for valid mathematical models for these

* various situations Qas acknowledged.

Considering the complex nature of the subject the
Working Group has made . substantial progress.
Nevertheless it is ~evident that without  the

. 4 :
tesearch being carried out in many countries,

including the United kingdom, the transition from
statical stability to effective "physical" criteria.
that are sufficiently realistic would  be’

: impossible.

5. UNITED kINGDOM INTACT STABILITY WORKING GROUP

This Working Group, Chairman H. Bird, had its first
meeting on . 12  May 1976 and consists of

‘representatives of Shipowners, Shipbuilders and

'Fishing Vessel organisations, Lloyds Register,
British Maritime Technolegy (previoﬁsly National
Maritime Institute and British Ship Research
Association), Admiralty Research Establishment,

-Strathclyde and Southampton Universities.

its purposegb were to keep the United Kingdom
industry informed about developments at IMO, to
‘seek advice on policy, to agree priorities and
discuss necessary research programmes. Aléé ién
?eemed desirable to educate the shipping community
about new developments as they progressed and to
record the background to any. future regulations.

€

buiing_the past ten vears the Group has had thirty

Hﬁeetings and discussed everj aspect of how to

advance * existing knowledge on large amplitude
folling and capsize by means of mathematical

flodelling, model  experiments,  full  scale’

_bbservations and  casualty analysis. Also the need

‘to be aware of similar work abroad was recognised.

ﬁftér many meetings and a Seminar at the National
hatitime Institute in 1978 it was clear .that the:

‘only way to make progress was by means of a.

to-ordinated research programme. Research has been
;arried out beforé that -‘date independently at
§arious places and had involved some duplication .

" through lack of communication.

aodel.expetiments had been carried out for some
time in' this country andA elsewhere to éeek an
expianation _for' capéize -losses -[14], .[23'28]m
Apart from. the fact that such experiments are
expeheive_a@d-time-consuming“Ehgy*y;éla:1ncomple$é-




‘information e.g. because cof the number of
parameters involved and the inpracticability of
_1solat1ng their geparate effects. It was believed
'therefore that a theéretically oriented project
would provide a more comprehensive basis for future
~'stability regulations, obsétving the " almost
infinite combinations of hull and environmental
parameters at various loéd éonditionsy gpeeds and
wave directions. This tends, in our view, to rule

out a purely experimental solution.

However, - the importance of using both model
experiments -and full scale data to validate
theoretical solutions was fully realised and these

formed essential elements in the programme.

. Other important aspects'were geen to be reliable
date on environmental forces and risk analysis

methods which toqether would be needed to assess

safety msrgins and establish practicable safety -

standards for the vatious ship types.

6. THE SAFESHIP PROJECT

.6.1v Aims and‘objectiveé

Durlnq the period 1978-1979 the group formulated a
- work programme which became known as the SAFESHIP
Project. In the process of doing this account was
‘taken of known previous research in the United

Kingdom and-abroad.

The aim of tﬁe SAFESHIP project was to advance
" existing knowledge of large amplitude rolling

motions ana capéize mechanisms and so to develop

better design criteria and stability regulations.

. The main objectives were as follows:
(1) To ascertain -the present state of knowledge
regarding ship ~motion stability in a

world-wide context.

(ii) To. sponsor extension of current theoretical

-and experimental research in the United

Kingdom as necessary.

(111)To establish by such research how 1the
influence of. the principal hull parameters
should be reflected in future criteria..

(iv) Prepare - the basis for future stability
éritgria: which are . related to aéceptable_

_éﬁrvivgl probabilitisas and which. recognise the
influence of the . parameters in paragraph
(441) B '
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(v) To provide guidance to ship operators to
asgist them in avoiding dangerous situations

when manoeuvring ships at sea.

6.2 Formulation of Research Programme

The intentlion was to establish a coherent Programme
that would address the relevant prdblem areas and'
which could be completed within about five years.
The procedure adoéted was ag follows:

(1) A flow chart wasg prepared (Figure 3)
indlcating the types of fotces, internal and
external, acting on the ship; the sh1p 
properties affecting response behaviour;
thebreticél and experimental techniques for
predicting motion behaviour under these forces
gnd finally to devise' a practical criterion
based on casualty experleﬁce and using risk

analysis techniques.

1 ‘ SHIP PARAMETERS

fo) DIMENSIONS AND OTMER 2 ENVIRONMENTAL AND
HULL PORM SaRAMETERS OPERATIONAL OEMAND

siLse xeqL $i2E (e wino. (D
sTEADY, "‘l(}ﬁl( IMPUL.SIVE
ter waves (1)*
REGLL AR, RANDOM, BREAXING
tel OPERATIONAL LOADY:
WATRR -ON-DECK, FREE SURTALE
ICING, CARGO SHIFT

(B} LOADING CONDITIONS

4 l SHIP AESPONSE

(e} anarocur " Y

I,
151 MATHEMATICAL @@

1¢) MODEL ExsERIMENTS @“ 3
a1 rucL scate Thiaes (D, [

STATIC / DY RAMIC
FACTORS

1o) REAL AND ADOED MASS
1 1) DAMPING
t. LINE AR
3. NON - LiNZAR
fel w *
5 SNIP CAPASILITY - “l"’:l':“@
(ALTERNATIVE STABILITY CRITSRIA] - Fikeo
1 TIME OEPENDENT

Ta) STATIC CRITERIA,

ARMEA UNDER GI :"-Vl_

MOMENT BALANCE
GM KO PREEBOARD

(8} QUASI-DYNAMIC CRITERIA.
MOTION CONSIDERATIONS

MOTION AND PARAMETER LimITY
PROBASILISTIC ASSESSMENT

* 6' RISK ASSESSMENT

71 WORLO- WDt RestaRcH  |ee] 1 o) BASED N casuaLTy stanismics D)™

tal COLLATION OF DETAILS OF {21 RISK ANALYSIS TRCHNIQUES
KNOWN AESTARCH PROJICTS
PROM (MCO. 1T TC. UNIVERSITIES * *
AND OTHERS

(9] STIMULATION OF
INTERNATIONAL CO-OPERATION

8 DESIGN CRITERIA AND
. ALGULATIONS

APPLICATION OF NEW CRITERIA-

10! OPERATIONAL EXPERIENCE

[ (%) DESIGH AND LEGISLATIVE EXPERIENCE]
T

_Eig.3 SAFESHIP Project Flow Chart
*Numbers in circles are SAFESHIP Project
numbers.

(ii) To identify

Environmental Demand, Risk

specific projects, e.g.
Analysis,
Mathematical Models, Experimental programmes,
Full Scale Measurements and Formulation of
Criteria.

(iii)Hdving listed specific projects, to assgess the
approximate cost and time-scale 'of thesa
individual projects and establish the likely

overall cost.



(iv) From this a basic list of what were congidered
essential projects was made and Specificatione‘
were drawn up. A document describing the

SAFESHIP project and its aims was prepared and

this together with the specifications ‘were

distributed to various .

Universities and

research establishments.
(v} On receipt of tenders a short list was made of
contractors who were interviewed by‘a Steering

"Committee and a final selection made. .

Several different approaches to mathematical models
wefe suggested and since all of these appeared to

have merit we had four different projects of this

type.

“The projects comprising the ‘SAFESHIP Project are
listed Table 1.

‘Research

{Project . Contractor
No. o Proiect
1 Environmental Demand. NMI
| 2 Risk Assessment Newcastle
) . ’ i University
3 Rnalogue Computer - BSRA
) Simlation )
4 - Mathematical Modelling NMI
5.. Mathematical Modelling | Strathclyde
o - : University
& Mathematical Modelling BSRA :
7 - "Mathematical Modelling | Bishop & Price
8 Model Experiments . NMI
.9 Full Scale Experiments NMI

‘Table 1. SAFESHIP Projects and Contractors

A Steering Committee was formed in 1979. by the Ship

and Marine Technology Requirements Board of the -

Department of Trade and Industry

‘to supervise the. contractual procedure, to select_

suitable ' contractors and subsequently to monitor

the technical and financial progrese of - the

researcha
delayed start of the project until April 1981.

Its purpose was %

For various reasons these formalities

.When‘formulating this programme of-reseerch'it was

. decided .to break with traditional
'concepts of safety end explore dangerous rolling
_motion as well as capsize from a completely dynemic

901nt of view.

It was an aim of the project that thebcontractors

should co-operate with -each other and wherever -

possible make use of the information generetedlae.f"“

the project developed. International co-operation

“gtatical"

was also envisaged and to some extent this, has been,

achieved

shown by sczentists in Norway working on their SIS

project [29] and those in the Fed Rep. of Germany.

The greatest 1nterest to dete has been

v

VWe had a seminar at RINA in 1982 [30],

researching the stability of conteiner vesgels.
These countries have contributed coneiderahly to
the fund cof knowledge and we have been ectively
collaborating with them. More recently .we have
egreed to collaborate with France in research on

small fishing vessel safety.

iIt was expected that the programme would take about

Slyears toicomplete;
extended from 1981 to 1984,

The first phase of the work

and the second phase

‘started in 1985 and has just completed.

near the
start of the work, which indicated a considerable
diyergence of'opinion as to the best way forward.

Whether we shall be ‘any nearer now to agreement‘

_‘remains to be seen but at least we can now see the

--iesults of practical application of the theories to

’ establish a

- to emphasis on the

(1)

f

some sample ships. = T B oL

the

Presentations will be made by various
researchers giving their findings and their
recommendations as to the form of Astability

criteria they prefer. The real-_value of this
Conference apart from informing naval architects
will be in trying to
. this

Institution regarding how to exploit the findings

what we have been doing;’

degree of consensus within

of this research in the most effective way.

7. STABILITY STANDARDS

7.1 Calculation Procedures

Text books on naval architecture have traditionally
tended to deal statical.
this has led

of geometrical

exclusively with the
approach to stability. In the past,
refinements
‘procedures and numerical integration Eechniquee.

Now that manual methods have been’displeCed by fhe

‘computer we still have debates about accuracy
dnotwithetanding

the
criteria themselves.

"uncertain nature of the

The computer has relieved naval architects of the

drudgery of manual calculations and has conferred
‘the following additional benefite.f

Availability of accurate data earlier in the
design process |

.and

(ii) More reliable exﬁensiVe‘ information,
especially on demage stability '

'(1il)Remova1 ‘of artificial restrictions, e.q.

' _-constant trim -on heeling, B simplifying

assumptions about free eurface moments, etc,

S (1iv) Ready assessment of elternetive dimensions,.

o~
Ca




) proportions, sheer, superstructures etc.

(v) - Facility to design clo_ser to rule requitement.s'
o 131). ‘

{vi) Opportunities for on board computers to assist

ships' officers.

Now that .the computer has established these
benef;ts we believe th_at‘ the time is opportune to

direct effort to answer the real question which is’

- what is sufficient stability? [32). Only then
can we be sure of designing ships which will be

truly cost—effectwe in respect of stability.
7.2 Types of Stability Criteria

1t will be useful to eunﬁnanise_here various types
of criteria and to ‘classify them- into - several
diétinct categories. This has no . doubt been
‘cov-ered more extensively elsewhere, eg Bird/Odabasi
i [33]”. 'However- the.purpoee here 1s not to bresent
‘an  exhaustive list but rathei: to identify
qh}a-r:acter-isti'cs which would enable us- to group them
_jint'o t;-ypes and then-- to. ‘comment on obvious

advantagas and dieadvanta'ges; -
We could pos_sibly group #hem ea'fcllews:-

(i) statical stability (or still water) methods
: » involving no explicit use of externdl forces
or xﬁotion charecteristics Under this heading
‘we have Rahola [9], IMO Res A. 167, A.168 and

A469 [1], 121, [19], respectively. Also a
proposal,recently _pui' forward to IMO by the
Federal Republic of Germany (427.

(1i) Moment Balance methods which might include

_proposals by Steel [6], Wendel [8] also-

. ‘Abicht, Kastner and Wendel [34].

(1ii Energy Balance metnods- such as A proposed by

Moseley (22i, Pierrotte {4], Sarchin and

Gold.bery {71, Mo Res A14/562 (1986) and
Strathclyde Univetsity [35] :

(1v) Motion stability methods have been developed
to cater for dynamic effects such as resonance
with encounter frequency, jump phenomenon etc.
Clearly static or quasi-dynemic methods cannot
cope adequately with these. Amongst techniques
developed are “those using Hathieu equations by
Abieht [36], Lyapunov functions by Odabasi
{371, Caldeira—Saraiva .[38] and roll/yaw

coupling by Bishop & Price [39] ‘non-linear -

roll responae by Wellicome t40}).. .
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7.3 Comments on Various Criteria

Simple statical righting lever curves will "always
serve a useful purpose. Because of their relation

to the hull form geometry and obvious physical

-meaning they are helpful both to n.val architects

and to ships' officers. In future they could be
more effectively derived indirectly from dynamic
criteria __tnstead of the statistical approach of

Rahola or Res A.i67.

Their disadvantages are that they cannot possibly
give any .indication of safety margins or of likely
motion behaviour in any. sea state except still

water.

This could also he seen as an advantage fo rule
makers in that it does not. commit them to makinu
difficult deeisions about wind and wave parameters
and possibly of ‘giving false guarantees of safety

in any perticular sea conditions.

©T1.3.2

Moment and energy balance methods bring us closer
to reality in discriminating between safe and
unsefe conditions. They - are at best, however,
fairly simple models of 'the real .world and present
only a quasi-dynamic picture, _especlially of the

influence of wave motion.-

The Strathclyde method 1s probably the ultimate

form of development of such a criterion.

In spite of their limitations - such criteria use
conventional principles and procedures which are

Eamilief to naval architects.
7.3.3

Because of the inadequacies in the two preceding
‘approaches attempts have been made_ to account for
motion effects by using Mathieu equations and
Lyapunov functions.

Disadvantages of these are, firstly, ‘that naval
‘architects are not yet familiar with these concepts
and secondiy that -such new forms of stability
_'criteria‘ may need considerable validation from
-practical exper.lenc'e, to be generally_accepted. .

7.3:4

Finally we need to consider the influences '.9'.',‘

safety of the rgndomness in the environment. A



truly nprobabilietic approach. uould need to account’
for' random wind yelocity/wave height/wave freguency

combinatione, ) epeeds,rwave directions, draught end

',weight component distributions - over a ship’ e__‘

lifetime.

: §uch an approarh ‘ia not only impractical from a-'

: computational or regulatory point of view but would
not indicate the ebility of a ship to withetand
extreme conditione [41]

This type of ' approach is more appropriate to’
'aea-keeping asseeement -of a ehip 8 l'ikely""

behaviour, but could also help to establieh broad
,'margins of safety, and hence eafety levels which'
would be economically and socially acceptable.

7;5.5

Illustrations of ‘past "and current' typee 'o_f"z'

stability criteria are given in Appendix 1.

8. SAFETY APPROACHES _BY _OTHER _ ENGINEERING
DISCIPLINES. - '

It had neen our ‘intention to study and comment on

analogous probleme in e. g. the structural safety of -

ships, bridges and aircraft and to compare their

‘gafety »philosophiee._ ‘Insufficient time has’

prevented this but we feel that 'som'e effort to

-harmonize safety rules or codes, of practice is
_'dasirable and also because we could possibly learn

from experience in other fields of engineering.

9. . INTERNATIONAL CO-OPERATION

It has- been the intention of IMO following 1960

: §.0.L. A's. to formulate - criterie which . could be
: agreed and applied internationally. '

adyoceted

;international collaboretion e.g. for the purpose. of -

establiehing unifom etanderde, to share ‘research’

The - United Kingdom‘ hae - ‘always

effort and costs and to reduce the time-ecalei

‘required to produce better criteria.

‘Such co-operation can be achieved via IHO meetinge,
.international ccnferencee such ‘as this one, - emaller.
seminars, by direct’ contact, and by Jjoint IMO -
" papers. ' N ‘ s :

We have actively participated- in all such
activities and believe our efforts have thus made
an important contributjon. ’

10. CONCLUSIONS

) The SAFESHIP project hae confirmed how complex a

eubject ie stability when attempt is made to

.-account adequately for wind, waves and dynamic

' motions .

‘Alternative new forms of eta‘bili‘tyu criteria have -
Jbeen deyeloped from this ‘ressarch and: considerable

' ,progrees has thus been made . in preparing the basis

for future ‘stability criteriu

It ‘still remains to be decided what should be the

‘form of future etability criteria._ Should we

depart from statical stability criteria or continue
to use them in association with some for_m of

- physical criterion as has been propoaed by IMO?

In the event of one of the SAFESHIP criterio being

adopted which, of these offers the best eolution,
taking all factore into coneideretion? ' '

This conference is a good opportunity to debate the
pros and cons and to establish a’ consensue view in
it is vital that in our relations
with IMO that we are able to present a consietent‘

this country.

policy and so to make "an effective contribution
towards- agreeing criteria that - will_ aerve the

"- . industry for many years into the future.
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APPENDIX 1

‘CURREET FORMS OF STABILITY CRITERIA

_There are two basically different approaches-which

have been proposed for stability criteria. In the

first or 'Rahola type' of criterion use is made of

historical casualty data for a group of. vesgels.
Meaeures of stability are chosen, such as_the area
under thelrighting arm curve, and the criterion is
established.by selecting a level of stability which
exceeds that of most of- the casualties. Since
these parameter values are tne same for all shipé
regardless of size, .type, opereting and weather
conditions the margin of safety must vary and is
[43]).

criteria for stability can not be achieved by this

unknown rthermore, completely rational

. means alonevfof various reasons such as smallness

of variability of

-conditions and sea conditionS‘at time of loss.

sample,: ship types, loading

The Rehola stability criterion is illustrated in
Fig.4 and the current stability. criterion for
‘fishinc vessels Res. Al68 is shown in Fig. 5.

The second apptoach might ba called 'deterministic’
in which. the’ meessure and level of stability are
defined-to prevent a- certain type of-capsize under
specific environmental conditions. "In other words
theicrite:ion takes eccount'of'the'external forces
'affecting 'behaviour” of the vessel in an assumed
environmental condition. The relationship between
the stebility and the-bccutrence'of cepsizing in
this is

theoretical, model or full-scale information;

"second approach - determined using

‘The advantage of the deterministic approach is that .

- specific criteria can be developed for different
. 8hip types ‘and the partiéulaF Razkrdous 'situations:




Furthermore, design parameters : which influence'_

" dangerous roll motion and “the _envi_ornmenta_l'~

c’onditions can be defined - This approach is also

more suitable when some significant departures in

design take place .such' as the introduction of a -

twin hulied semi-submérged ship (SWATH Ship).

One of the. -simplest forms of deterministic
stability criterion is the dynamic wind-heel or

'weather criterion', such as the one introduced by -
sarchin -and ‘Goldberg in 1962 [7] a&nd this is.
illustrated in Fig.6. This type of criterion is -

intended to provide sufficient stability for a:

vessel to withstand the dynamics of being subjected. -
to -a sudden windrgust while rolling. Unfortunately‘

this criterion does not relate to the real dynamics

of a ship rolling in gusting winds. AMY et al [27])"

found that computer simulations “of capsizing did

‘not_relate to_the behaviour assumed in the classic_

weather criterion.  The capsizings appeared to be
more of a random event which depended upon phasing
-of the roll wave slope and wind gust..

“The recent IMO weat_her criterion introduced in 1985

<is shown 'in Fig. 7 and the more elaborate moment

balance criterion suggested by Wendel is shown in
Fig e. '

‘A, simplified wind heel criterion  developed by Amy
et al {27] is illustrated in Fig. 9. In
formulating: this 'criteri'on_\ it was assumed that the

probability of occurrence of an extreme roll angle

is-in some way related'to the rms roll angle and’
_that ‘capsizing w_ill occur when the effective roll.
angle exceeds the range‘ of stability. Based on’
model tests capsizing was also likely . to occur if,
the ms roll ‘angle exceeded about one quarter of .

the range of stability and this was'considered &

much better prediction of capsizing than some- form'

of energy balance approach.

A stability cri_terion developed - by étrathclyde
:Univ_ersity" within ‘the SAFESHIP project [35] which

can be seen as a natural development of the Weather

Criterion is illus'trated in Fig.10. This criterion»

i ‘is appropriate to the capsize mode known as. "pure
loss of stability" and . the assessment procedure

e_xplicit_ly sllow_s'_ for the effects of wind, ‘waves

and .motions ‘in a quasi-dynamic manner. . This; .

criterion has become _known as the "butterflym

diegram" where the outcome of' an energy balance
between excitation : and restoring effects over an

extreme half roll cycle is used to discriminate

betw_een "saf‘:_ and "unsafe" vessels

-Another stability criterion developed within the
B SAFESHIP projsct by British Maritime Technology

'forces and vesegel motion.

-{38)." The basic approach - adopted is the-
" utilisation of a demand-capability type "analysis

through the use of Lyapunov's Direct Method.
within the context of intact ship stability a
ship's capability is defined by its region of

‘stability in the phase plane.. The basis of this
‘method is then- incorporated in a simplified

stability criterion which is illustrated in Fig.1i.
In this approach Lyapunov theory is applied to the
equations of motion which can be made to account
for coupling effects, wave diffraction, parametric
excitation, linear and non-linear damping-and wind.
The simplified stability criterion thus derived is
based on the stability bounds for rolling motion
which can- b'e"de_termined from the above ‘method.

Roberts and Standing [44) have adopted the approach

‘of estimating the mean time for such a capsize to

occur. By comparing this time with the exposure of -
the vessel it should be possible to judge whether-
the vessel  is safe or unsafe. ARoberts also
estimated the expected number of times the roll’
angle exceeds 'a spe'cified critical level. - Both of
these 'approaches_‘werebused‘ in a probabilistic model
of ship motions using long-term statistics. for
periods of time, commensurate with the operating
lifetime of the ship. A diagram illustrating the '

‘ probabilistic approach is given in Fig.12.

A more conventicnal - method “for. predicting the
long-term distribution of ship motion is given by

Spouge' [45]  which takes  full .account of " roll
non-linearities and voluntary changes of speed and

‘heading due to the master's efforts to minimise

critical responses in severe seas - see Fig. 13.
From a practical point of view this- approach could”
be useful in assessing the ‘motions of vessel during
its lifetime but it is not able to deal with

-parametric _excitation and zero encounter frequency.

-Intact stability criteria have evolved renlarkably
slowly over the last fifty years. Even the current
IHO»_regulations Res. Alé7 and ‘Re's. A168 are of the
same type as proposed by Rahola in 1939. With the
e)rception of the IMO Weather Criterion Res. A14/562‘
(1986) no stability criterie have been introduced:
in recent times that explicitly allows for external
However,, examples of
these more advanced criteria heve been developed
within the SAFESHIP project as mentioned above
which overcome the limitations of the exieting

Rahola approach

Future intact stability criteria and the related

safety of ships in> extreme seas should ideally be
y quantified in terms of risk of loss or

FEE 0N

of “elxcee\_ng csrtain bounds of motion as’ a result.




“lof environmental - forces. - In -the ‘short-term,-

criteria that are based on & 'deterministic'

approach .would be a step fOrwatgi' from the current
- sltuation. The margins of _aéfefy could then be
:asaeséea in relation to thé -severity of _the
, envlronmental condition selected and - the risk of
'loss assessed . from. “the probebility of ' this
u_‘condit:ion arising’_over the vessel's«ﬁllg,etim,e
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- LARGE AMPLITUDE ROLLING EXPERIMENT TECHNIQUES

by J.R. Spouge, N. Ireland and J.P. Colling

British Maritime Technology Limited

ABSTRALCY

This paper describes the techniques used at
British Maritime Technology Limited for large
‘amplitude rolling experiments. Roll decrements,
‘stéady forced roll tests and transient forced
roll tests are discussed, and sample results are
given. The experiments at BMT make use of a
gyroscopic roll moment generator, which produces
.a .pure sinusoidal roll moment, -even. at large
roll amplitudes. The theory and calibration- of
this equipment are presented. The associated
instrumentation and analysis software are also

‘dga_cri.bed, which "allow efficient research into

‘the non-linearities of large amplitude rolling.

1. | "INTRODUCTION

mdel expatiments to study the rolling of ships
have a long history but, 'until recently,. they
have either been unreliable or limited to fairly
low amplitudes, and consequently the validity of
théir results as the ship approaches capsize is
uncertain. The object of such tests has
invariably been to measure the hydrodynamic
damping of the roll motion, which has a major
influence on a ship's .roll response at sea, and
has proved quite daifficult to predict from
theory. ~ Potential flow calculations, which have
proved successful at predicting motions such as
pitch ‘and  heave, are unable to estimate the
viscous component. of roll damping, and g0 tend
to over-estimate the roll motion. Theoretical
methods have recently been developed to improve
this, and these need experimental -validation.
Since - the viscous . forces are ' in general
non-linear, . the. validation ‘needs to be at large
amplitudes (i.e. . large enough for the
non-tindarities to be significant); typically in
-excess of 15° . -

_nn" axtensive progr‘am'ne”o’f this. type of model

tests (Fig.1) has recently béen completed -at BMT -

Ltd, as part of a project to develop more
accurate prediction methods -for large amplitude
rolling. . ‘The work was outlined in Ref.l, and
sample results from the model tests were given.
The . present paper describes the .model test
techniques  which were employed, concentrating on
the gyroscopic roll moment generator, on which
the test programmne ' was based. ' The reasons for
the choice of this’ type of  test equipment are
discussed below.

2. - THE TYPES OF LARGE AMPLITUDE ROLLING

2.1  Rolling in vaves

Rollinq experiments 1n waves are the most

tealistic ‘orm of modelling thev full—-scale
probleni “but- are cortespondingly complicated to
analyse. g The ptesence = of- non-linear. wavé
loading, vnmhined with non-llnear damping and
testoting, makea it difficult Lto Beparate the
aifferent forces, : so “that . only the predicted
overall toll response can be validated. faet

Pig. 1. Model rolling test at BMT Feltham

2.2 Porced wotion mechanisms

Forced motion mechanisms compel the model to
exacute a known wmotion, usually sinusoidal,
while the force of vreactlion 'is measured. They.
often consist of some form of scotch yvwke, in
which a rotational drive from an electric motor
is converted to an oscillatory motion. The
advantage of this aystem is its great
simplicity, but it is geverely restricted by the
need to physically adjust the mechanism in order
to vary the motion amplitude. The frequency -of
the motion is dirxectly proportlona] to rhe motor
speed.

The forced motion technique has the digadvantage
that it does not represent the xreal problem of
trying to measure the model's rvesponss to- a
known (wave) input, although it is theoretically
equivalent to it. In practical temms, it
requireg the roll axis to be arbitrarily fixed,
which makee the displacement volume vary with

.roll angle in large amplitude. tests, -and
"changes the Gz curve . from itas free-floating

shape (usually making it more non-linear).
Pixing. the roll axis also suppresses coupled
heave and sway motions, which simplifies the
analysis, but tends to reduce the overall roll

© damping.

There 18 a further practical disadvantage in

that it is more difficult to measure roll
moments on the driving shaft of a forced motion
mechanism than it is to measure roll ,angles.on.a
model responaing to a:known moment'.n Roll - moment
meas\u:ements Jraxe :,more; . diff;.cult to cal:l.btate,
moxe delicate to operate,’ . angd. more liabl
suffez from electrical noi' e

v.tbratlon SO “ .

2.3 mtating we:lght mechanlm

Rotating weight mechanisms are commonly used for
forced roll’ teste, 1n which 'a known moment is
applied to the model and the resulting motjon

- 95 =



measured. ~The ‘simplest such arrangement is of
two weights rotating in opposite directions in
the horizontal plane 85 as to ensure that. the
yaw moments cancel out. - .

At ‘small roll - amplitudes, the roll moment is

approximately sinusoidal. It has a static -

component whose amplitude can only be varied by
changing the masses or the radius of rotation,
which is a major inconvenience when testing.

There is also a centrifugal component, whose .

. amplitude - is proportional to the square of the
frequency, and which also depends on the height
of the apparatus in the model. This may be
eliminated by placing the equipment at the level
of the model's centre of gravity, but this is
usually too low to be practical. S '

The ceptyrifugal forces from the transverse
. movement of the weights, which supply part of.

the roll moment, . also comprise a sway force,
which further - complicates the motion, Although
it is possible to eliminate this by using four
weights, placed symmetrically on each side of
. the model and rotating in the vertical plane;
this resulte in a bulky apparatus which is
difficult to accommodate in the model. - ’ ’

wii:h the conventional apparatus, at large' roll
amplitudes the static component is ' reduced 1if

the weights are mounted low in the model, but

may be increased if they are mounted very high.

The roll moment becomes non-sinusoidal, and so -

. quite Aifficult to, analyse accurately.

2.9 Wroscop:lc roll moment generators.

Gyroscopic roll moment generatots avold the
problems created by - the moving weight systems,
They use gyroscopic forces produced Dby the
precession of spinning flywheels, whose centres
of gravity may be kept: constant.

An early. arrangement 19 ‘Gescribed in Ref 2, in.

which a single flyWheel produced a sinusoidal
roll -moment, togather with a yaw moment which
had to be neglected. Subsequently, two flywheels
have Dbeen used, precessing in opposite
directions,” -so that the yaw moments cancel out
and a pure roll moment remains; e.g. in Ref.3,

where the precession consisted of an oscillation.

of the flywheels' spin axes,

.It 18 clear that this type of apparatus has
considerable potential for large amplitude
rolling experiments, since the moment produced

is  almost entirely. independent of the roll .

angle, and the gyroscopic principle was adopted

as the basis for forced rolling experiments at

3.,  \ DESCRIPTION OF THE EMT ROLL MOMENT
GENERATOR ’

3.1 Principle of operation’

The :gyroscopic roll moment generator (m) is

based on a fundamental = principle of

gyrodynamics: that a spinning body, whose axis
of spin is changed, experiences a reaction
torque equal to the rate of change -of (its
angular momentum, measured in tixed
coordinate system ptactical terms, a
flywheel spinning about one a.xis and forced to
precess , (Or.-'tumble) about a second. otthogonal
axis (Pig. 2), genetates a moment about - the ‘third
otthogonal axia, -whose’ magnitude ie proportional
to’ the : spin -and. tumble- rates - and ‘to the
flywheel s inett:l.a ahout the spin axis. -

If a flywheel is mounted with a vertical spin
axﬁs in a eh:lp moael, and is forced to tumble at
a steady rtate in the model's centre—plane, a
moment will be p_toduced which changes between a

TUMUIE RME ’

/SPIN RATE
- w
Pig. 2. ‘Gyruacoplg moment from a single
flywheel .

roll moment and a yaw moment as the spin axis
tumbles. In the RMG, two flywheels are used,
tumbling continuously in opposite directions
(¥ig.d3), 80 that ‘the yaw mcments cancel out and
a: 8inusoiff: . roll moment remains. :

Fiqg. 3. ROoll moment generator flywheel
arrangement .

sSimple gyrodynamic theory gives the moment
produced, if the flywheels have inertia I about
the spin axes, with identical spin rates N
(rad/s) and equal and opposite tumble rates w
(rad/s) as:

u=21'wnsine - 1)

‘where 6 is the instantaneous tumble angle:

6=wt . ‘ (2)

which ie zero when the flywheel spin axes are
hozimntal

If the flywhéela are tilted at an angle ¥ to the

model’'s centre plane, the moment is reduced to:’

u=~21wncoa'ysin9‘_'~ . (3)

3.2  Construction

The BMT roll moment dgenerator (Fig.4) embodias
the gyrodynamic principle above in. a compact anq
easily—conttolled "wh ) ie suitable "for
model tests i RN

'I'he t'ly\vlheels are two balanced Dbrass mtora of
50mm diametet, dnven by’ motors ap:l.nning 080
svoorpm One motor is - -actively: ocmtrolled
vlhile the othet :l.s Blaved to fouw 1!:. e
The spin motor and flywheel assemblies are
munted 1n gimbals tmich are dtiven by two
motota at’ '6 = 120rpm via a sinqle toothed-belt
dtive, which forces both ﬂywheels to tuntble at
precisely equal rat_es_. T™e use of two t\mble
motors, geared together and rotating in opposite
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- SPIN RATE SUP
ENCODER DISC  RING

FLYWHEEL AXIS
INCLINATION ADJUSTER

because the- centres of gravity of the motor,
ﬂyvneel and g.tmbal assemblies are designed to
1ie . on .the tumble axes, 80 that the overall
centre of gravity remains fixed. The spin axes
may .be tilted ' from their basic .orthogonal
relationship with the tumble axes by up to 559,

which allows a reduction in roll moment while
.mtaining the . ease oE control of \:he higher apin
rates.. -

-»ﬁhe"m*ugeé” shore-based control and power
supply via -light umbilical cables. The model's
.roll angle is maauted by an internal roll gyro,

3,3 eont'ml

'n\e spin and tumble ‘rates are set from the
lho:e—bnaeﬂ control panel, and the achieved
rates axe senged by optical digc encoders in the
FMG - and  displayed on LEps, as well as being
hvai_.ub].e in digital “forin f£o the gnalysis. The
mut" . have !requency lock ng fledback control,

-fl_ywheel a.saemblies m!:ate. 'rhis 19 the
tem -1n Eqn Y and 15 proportional to the
uced © :on mment. It 15 uaed to” detem:lne
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Pig. 4. The BMT Roll Moment Generator
directions, ensures that their reaction torgues 3.4 calibration
cancel out. The tumble drive is fitted with a '
rapid-acting solenoid-operated brake which The simple gyroscopic theory used to derive
allows .sudden stops -(while the Bpin continues) Egn.l1 assumes that the RMG 1is correctly
to commence a roll decrement. : constructed (e.g. that the tumble assemblies
. . o . . have equal inertia) and' that the equipment is
.The spin and tumble awes do not quite intersect, static.’ In practice, imperfections in its

manufacture and extra moments due to its motion
in a rolling model might be expected. A dynamic
calibration of the equipment was therefore
carried out.

The calibration used the BMT rolling table to
oscillate the RMG, while the roll moment was
recorded by two strain-gauged torsion bars. The
measured roll moments in general consisted of
the moment generated by the RMG and also the
dvnamic  moments due to the moving mass of the

- RMG and the components of the calibration frame
supported by the torsion bars.

The latter were
predominantly an inertia moment (due to the
acceleration of the RMG about the roll axis) and

‘a quasi-static moment (due to the instantaneous

displacement of the RMG centre of gravity from
above the torsion bars), and were proportional
to the roll angle for a sinusoidal roll motion.

Since the gdgenerated moment was large compared to
the static and inertia moments, the measured
moment was approximately sinusoidal, so that the
generated moment amplitude could be found from:

MG = Wy = (Mg + W) cOB 7 (#)

@QI@ '

Mg = Generated moment amplitude

"m = ueaau:ed moment amplitude

"é static. moment.’ amputude

'“I = Inertia moment amplitude

¥ = Phade;lag.of tumbla angle hehind
) ’ mn angls . ) :

The static moment (1 e. the RMG centre ot
gravity position )y was found from the maasured
moments with the - MG and ron ‘table stopped



The inertia moment (i.e. the RMG roll inertia)
was found from the measured moments with the RMG
stopped and the table in motion. Then. the

generated moments with the -RMG in motion could’

be found ftom the measured moments using Eqn.4.

The calibration revealed no significant_

' ‘measurable differences between the experimental

moment acplitude from Eqn.4 and the theoretical '
moment amplitude from Eqn.l, over the complete

working range of spin and tumble rates, for any
phase angle between tumble and roll angles, and
for . any roll -amplitude up to: 159, “The

calibration - frame was not sufficiently strong to-
be operated at ‘larger amplitudes. Experimental

errors. varied between 20% at the lowest moments
and 0.8% at the highest moments, and so any
deviation in the performance from Eqn 1 would
have .to be below this. .

-i.s. Theoretical analysis

A theoretical gyrodynamic analyaia ‘of the RMG in
a moving model was carried -out, in order to
investigate any errors which might have been
concealed ‘'by experimental inaccuracy. in the
dynamic  calibration, and to determine the
accuracy of Egn.}l at ‘larger amplitudes than the
cal:l.branm could. achieve.

"me analysi'a firstly © involved obtaining an
expxesaion fox’ the angular lmmentum vector - of
each flywheel, = measured in the flywheel axis
gystem, taking account of ‘the oscillatory roll
and pitch motion and an assumed steady yaw drift
©f the model. The torque . generated by the
flywheel is equal .to the rate of change of this
vector, and the differentiation takes account of
thé fact that the axis system 18 moving in
space. Then. the gyroscopic torque is
transformed into the model's . axis system.
Finally the torques from the two . flywheels are
combined to give the roll moment on the model, '

If 'there is no model motion,, Eqgn. 1 results.
Otherwise, complicateéd -expressions for an
oscillatory roll moment and a yaw moment are
obtained, which 1include both steady and
oscillatory .components. The theory predicts
that all pitch  moments are cancelled out. . The
. equations may be simplified at roll resonance,
where the phase between the roll angle and roll

\moment is 90°, ‘and the phase between the piteh

angle and roil moment is assumed to be o°

The roll- mnent in thia case 1is equal to the
ideal value from ‘Eqn.1l, reduce@ by an in-phasge
component,- and a third harmonic. of . similar
magnitude - which acts to distort the roll moment
without changing its amplitude. The fractional
distortion amplitude 18

IZOw

'lD= In ’ n. (5)

where:

D = Distortion . anmplitude as a fraction of M

> from Eqn. 1

‘I = Inertia of each fiywheal about: spin axis’

Tz~ Inertia of each flywheel assembly about an

. axis normal to to the spin and tumble axes
w = Tumble rate
n= Spin"tate

® = Roll’ ampntude (raﬂ)

For a heavily dawmd Mel which is rolled to
189 at 0.5Hz by the maximum - spin rate, the
de

“is  low,
' resonance, this appears as -a Slow increase in

.slight overshoot - in amplitude.

Aachieveq away from resonance.
* seems. to. be caused by sman aisturbances m the

the overall moment amplitude is unaffected, and
only the total energy input is reduced by these
percentages, This would cause a similar error
in the damping measurements but - since the

.general accuracy of damping estimates is ‘low,

these effects are negligible. Por all practical
purposes the roll moment may be assumed to be
sinusoidal with amplitude given by Eqn.1.

3.6 . Petfo:mnoe

The performance capa.bilities of the RMG ard

; summarised in Table I. The maximum &nd minimum
roll moment amplitudes are. proportional to the

selected roll frequency (i.e. tumble rate) as a
consequence of Eqn.l. For a. typical model with

' patural roll frequency 3 rad/s, the maximum

available roll moment amplitude is 4.1 Nm.

_TABLE I.. BMT Roll' Moment Generator. principal

_particulars
Length . . 0.55m
‘wiath . 0.2am
Height (over case) ’ 0.30m
woignt - e  lokg

Inertia of flywheel about spin axis

. 9.88'x 107% xgn?

Spin rate range
‘Tunble rate range

80 - 700 rad/e
0.6 ~ 12.8 rad/e

Maximum spin acceleration (approx) 10 rad/a?
Maximum spin deceleration (approx) . 6 rada/s?
Maximu tumble acceleration (approx) 10, rad/g?
Tumble braking accelératic- (approx) 20 rad/s?

After three years' operational experience with
the RMG, its performance may be summarised as
generally excellent, though intermittently
troublesome. The occasional poor performance,
which is believed  to be due to sub-standard
electronic components, does not affect the
quality of the experimental results, as no
experiments are possible during .such periods.
Such problems, which ‘are far outweighed by the
excellent " results which the .equipment produces, .
are perhaps to Dbe expected with sophisticated
apparatus  which is continually . rolled though
angles up to 40° at fairly high frequencies.

4. STEADY FORCED ROLL TESTS
4.1 Test techniques

Porced vron tests - in . \:heir conventional form
consist of applying a steady oscillatory roll

‘moment and recording the model's steady state

tesponae. " wWith the RMG, the applied roll moment

. i8 sinusoidal with known amplitude (given by

Egn.l) and frequency (equal to the RMG tumble
rate). If the model’'s restoring characteristics
are nearly linear, the response will be nearly

p “sinugoidal, and only its amplitude and phase lag

need be recorded. Otherwise, a Pourier analysis
of the response is needed.

. - When’ the moment is f,itat» a_pplied, the model's
. response includes a transient component, which

may take a long time to die away if the damping
At - forcing frequencies close to

amplitude. towards the steady state value or a
Further away
from resonance it appears as a beating effect,
whose the amplitude slowly decreases. At very
high or low frequencies the model’'s response. may
be dominated by motion at its natural frequency.
This takes an exttemely long time to die out, as
the damping 13 low at the 1ow amplitudes
It genezally




tather than sub-harmonic or supsr-harmonic
resonance. If the tank is allowed to settle and
the model is steadied by hand, a nearly
sinusoidal response at the forcing frequency may
bae obtained. It may be monitored on a chart
retorder until ‘it 1is steady enough for data
acquisition to begin. A typical forced roll
pequence, followed by a roll decrement, is shown
in Fig.S. BN

tank,

pata. is usually acquired ‘and averaged over
10-20 cycles, This is ample for obtaining a
good averaged estimate of the roll amplitude and
phase 1lag, and makes allowance for the error
introduced by the practical eampling rate of
20 Az available with the RMG microcomputer-based
data acquisition. system. Typical results of the

;on-line analysis of a forced roll test using the

RMG are given in Table II.

Since the RMG spin rate is much higher than the
tumble rate, it is usually set at a particular
value and measurements are taken over a range of

 tumble rates before changing to a new spin rate.

‘ag’ .Fig.®
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forced roll and decrement

Typical

Pig. 5.
- tests

'l'hia produces a set of amplitude and phase
- responge curves such as P:l.gs 6~7, in which the
moment amplitude 1is proportional to the roll
frequency. Plotting all the responses at given

tumble rates gives a Bet of curves such as
-Piqg.8,

which clearly show the effects of
non-linearities near resonance. Such curves are
nmited by the RMG performance .envelope, and so

a 'complete matrix of moment frequencies and

amputudes cannot be coveted. Nevertheless, for
‘ny mment amplitndes which are covered at all
frequencies of 1m:eraet, the curves in Pig. 8 may
he ‘uged  to const:uct conventlonal tesponae
cuzves at a constant rol.l mmnent an\putude. This
mthod, desp!.te the plotting 1nvn1ved. 15 a more
convenient way ‘of obtaining such’ curves than

aqjuatl.ng the. . 8pin ‘rate. ‘to ‘give ‘a- required'

moment aelected

trequency

amputude fot . each - - 'roll

xf the frequency—dependence of the damping
coefﬂcientc is not. of- 1ntetest. a tecuced test
matrix is used, ' to produce a' Bingle cuive such
which Ldem:ities the ‘resonant

-9 -

' frequency,

.of roll frequency,

TABLE I1I. Typical forced rull analysis output
NOLL ANGLE

STATISTICS 0OF DATA

faro crosaing periocd 1,90887 sar

Taro croseing freq. 21.1642 rad/sec

Mean value .4110

Maximm value
Minimoe valus
Standatd deviation

7.9
-16.8487
11.7038

Muober of cycles . 14
WEAN STD.DEV, VARIATION COEPY.

Zaru crossing period 1.9871 .0070 358
Amplitude (positive side) 16,7227 11660 59
Arplitude (negative side) -18.3901 .1538 -94%
Msan asplitude 16.5604 .1182 708
ROLL MOVMENT

STATISTICS OF DATA

Zaro crossing period 1.9067 sec

Zato crossing freq. 1.1627 rad/sec

Mean value Q700

Mazizum value 3.7988

Kinism value -3.77132
" Standard deviation 2.6251

Wumber of cycles 18

MEAR 91D, DEV, VARIATION COEPP.

TAID croweing period 1.988% 0012 06%
Axplitude {(positive side) 3.7430 . 0269 LY
Amplitude (negative side) -3.7017 0287 S9N
Mean amplitude 3.7223 0213 .57

Phase lead to Ch.l {Geg) 07.4743 L1000 908

and then a single curve as on Fig.8
at that frequency (which does require varying
the spin rate for each run). This identlifies the
non-linearity up to the largest obtainable roll
amplitude. For models with significantly
non-linear restoring characteristica, the
resonant frequency will be amplitude-dependent.
However, provided that sufficient measurements
amplitude and phase lag are
taken at some frequency near to resonance, the
analysis techniques (e.g. Ref 4) can account for
this, and the tests need not be precisely at the
resonant frequency for the current amplitude.

4.2 Assessment

The main advantage of forced roll tests is their
excellent repeatability. With' the RMG, large
amplitudes may be repeated within 2%, with phase
lags repeated within about 5%, which is a
notable feature of the RMG and its associated
data acquisition system. consequently, every
part of the response surface may be defined with
confidence.

Typical analysis results, shown in Pig. 9,
reflect this accuracy. The roll damping,
determined by a 1linear analysis of each run,
shows a clear trend with roll amplitude, which
in this case is represented almost exactly by a
linear + quadratic damping form,. obtained from a
non-linear analysis of all the runs at this
frequency.

The principal disadvantage of steady forced roll
tests ig the laborious nature of defining the
model's  response; particularly if it is
non—-linear and sharply vresonant, when tests at
many . moment amplitudes and frequencies are
required. .

.8, ROLL . DECREMENT TESTS

5.} 're;s;-tec!m;.ques

ROll decrement tests consist of a free decay in
the’ model 8 . roll mot:l.on, starting  from some
initial : heel .angle. A typical decrement 18
shown in Pig.5, - and the’ peaks from a’ decremnt
are plotted in Pig 10, together: .with - ﬁts ftom
11nea.r and non—nnear damping analyses.

The 1n1t1a1 heel :Ls commonly obtained Dby
manuauy ‘Nolding the model -over.at pome’ ‘suitable
ang;lg and releasing it »altetnatively a pteady



- roll may be built up by repeatedly pushing on
. ong deck edge of the model in time with the
‘model's natural roll period. .- However, these
methods suffer from the disadvantage that it is
phyeically difficult to heel or roll a model to
‘large amplitudes by hand without introducing
heave or sway forces, which then result in extra
..motions which decay during the decrement and may .
- affect the damping., Purthermore, only the firet
‘method . achieves known starting conditions, and
¢ these - conditions (starting from rest) are not
i realistic or contmuoun with the rest of the
decrement. - ) B
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The RMG enables the forcing moment in a steady
allowing a

forced roll to be suddenly removed,
roll decrement .to commence from ideal steady
oscillatory starxting conditions. The moment may
be stopped- at any point in the cycle,

-excite  the model.

- Pig. 8,

although .

for a model beihg .rolled at tesénance it is

-normal to stop. the moment as it crogges zero,

vhicl_'n is the point of maximum m11 due to the
90° phase lag.

It 18  important to allow the decrement to
continue for as long as possible, since longer
Qecays give qreater accuracy when determining
the natural frequency,
oscillations may often be productively analysed
there 1is a problem in

‘observer. However,

‘deciding exactly when the decrement has ended,

and -alsgo since the

.even after they appear to have stopped to an -

since reflected waves may eventually return and .

This may be distinguished by
monitoring a chart "record, and stopping the
decrement as soon as the amplitude increases on

. any cycle.

0 .

PORCED AOWL TESTS
APPERDED CONDITION . 1E)
M itema | - .

(LG 1]

ROLL ANPLITUDE  (DRS)

ROLL KOMENT AMPLITUDE (rm)

s

Variation of ron ampl:ltuﬂe w:l.t:h ‘ roll
moment .

© ~ ] MEASURED DAMPING
LINEAR FIT

LINEAR + QUADRATIC FIT
‘LINEAR + CUBIC FIT .

.10 .
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- AT RESONANCE
0 KNOTS -

000

- 0.04

OAMPING {FRACTION OF CRITICAL) -

A ) A i
s 0 s, 10 L 18
ROLL AMPLITUDE (0€G)

Pig. 9. ‘Typical forced rpll damping f£it E
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Pig. 10. Typical decrement fit
5.2 nsaeume.nt

The advantage of mn dectement tests is that

- they . .are extremely quick and eimple to carry

" out, 'l‘hey may also be petfomed at full-scale.

.'i‘heit pr;ncipal disadvantage 15 theit poor
repeatability, - even when the initial roll is

created at a fiwxed amplitude by the RMG and the °

moment 1is stopped at virtually the same  point in
the cycle. '  Although this poor - repeatability
geems minor in the time—series of the decrement,
a non-linear analysis amplities’ the effact.

. A oomparison of the vatious methods of obtaining

the initial heel is shown in Fig.11, in which

.thé roll damping has been obtained from a linear

analysis of each successive half-cycle. Using
the RMG to. create the initial roll produces
damping with a trend smila: to that from. a

* decrement  started from a ~roll worked up .

© manually. However, both are’ ‘distorted compared

with the damping from forced roll tests on the ’

pame - model shown in Pig.9. .The dQecrement which
begins with the model held over and released
from rxest is substantially  more distorted.’

These results 1llustrate the "memory effect™

from the discontinuity at the start of the

‘decrement, which is believed to be the source of
much of the ' unreliability ~"in 1roll -decrement .
A non-linear analysis of the
decrements - in Pig.11 produces higher linear
coefficients and lower non-linear coefficients .

experiments.

than ootresponding forxced - zon teata.

A .decrement’ ptbvidea very- little -gata: at large: |
amplitudes since the decay is so rapid there, so

‘the results are ‘severely affected by even small

‘errors. omission of the first few peaks, in -

order to minimise the memory-effect problem,
requires the decrements to be started at much

larger amplitudes than equivalent forced roll

tests, or else makes extrapolation of the
teaultn to larger amplitudes much less certain.
At small amplitudes, where most peaks occur, the
response is more easily disturbed by reflected .
wvaves. To mimimise this, the tests should be
conducted at the centre of ‘a long tank with
beaches. at each end.

. ‘Purthermore, roll. decrements seem to be .badly’
--affected . by’ :o).l gyro drife,. Vhidh is perhapa .

- obtained.
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.o
x
. oo
a
o ) o . ‘ Pl .
S 10 s 10 75
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?iq; 11. 'rypical ‘effects of" statting methods in
roll decrement tests

provoked in part by the transient motion, since
it is not wusually appparent in steady forced
roll data. This drift produces an apparent
shift in the mean roll position of up to 19,
which varies .during the decrement., - It may be
removed by spline fairing techniques, but these
are least accurate at the large amplitude end of
the decrement.

Despite the above difficulties, by using
advanced analysis techniques (a.g. Ref.4) and
averaging of the xesults from at least. 3 roll
decrements, - broadly similar results to forced
roll tests at the natural frequency may be
However, in ‘the absence of forced
roll tests, confidence in non-linear roll
decrement results is always quite low.

Roll decrements are by definition _restricted. to
the model’'s natural frequency but, provided that
frequency-dependent analysis 1is not required,

‘this ig 4in fact an . advantage, since it

eliminates the dAifficulty in steady forced roll -
tests of finding the natural frequency. :

' 6. TRANSIENT PORCED ROLL TESTS

Transient forced roll tests subject the model to -
an . oscillatory roll moment, which is modulated

-in amplitude and/or frequency, and record the
transient roll- reaponse.. The tests are dQesignhed
_for use with ' parameter estimation analysis
. techniques, ' for which steady sinusoidal roll
" fhoments are not necessary, as long ‘as the input

homent variation .and the output roll angle.
tesponse ‘are known exactly. . This 1is extremely

- convenient with the RMG.

The tests may be carried out over a range of
moment amplitudes = and ' frequencies which Dbest
illustrate ‘the model's response characteristics,
and the test run continued for as long as
necessary  to complete' the estimation with
acceptable accuracy. A typical such test is
illustrated in Fig.12, in which moment amplitude
and frequency . are. reduced - together, passing
through resonance. work is continuing on this
technique and it would be premature to evaluate
it here, except to note that it has the

- w101 -
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.potential to overcome both
" of repeatability with

In  the

- moment qenerator

_'to be prone to error,

.does not ‘eliminate them,

" simplicity,

e

the problems of
‘free transient

lack

roll

@Gecrement tests and of the labot:lous tesung

© with steady .forced.roll tests.
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Pig. 12. Typical transient forced roll tests

7. . CONCLUSTONS

search for reliable
.measuremants,
large amplitude rolling tests in calm water
bzen gained at BMT, based on the gyroscopic

(RMG).

roll damping
extensive experience -in conducting . |

hag
roll

Although considerable’

"difficulties were encountered in the development,
of this equipment (mainly due to false economies

in 1its oconstruction), it has amply repaid
investment in it ~ with large amounts
high—quality forced rolling data. ’

found. to have excellent repeatability,

the
of

'Porced’ rolling tests with the RMG have been
and * have

been uged to obtain.roll damping measurements at .

up to 40° amplitude.
at the resonant frequency,

_arising from the starting discontinuity.

‘Although roll decrement
" ‘tests can 1in principle obtain the same results
they have . been found
mainly from memory-effects
Use - of

the..FMG to obtain the . initial roll has been

found to minimise these effects,
Nevertheless,

roll . tests are comparatively

.but even this.

roll -
‘decrements -have the 'considerable advantage Of . .

whereas ' the: more -accurate forced
lsborious.' )

'rransient fotced roll- tedhniques are now being

1nvestigateq. ) vhich have ‘the potentlal

- cdmbine the advam:ages o£ both types oi tests.
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. mtistica of roll motion.
) oomputing ahort-ta_m stg«tiatiéa'; for single
. and then -
‘over all

Third Tnternational Conference on Stabilify
of Ships and Ccean Vehicles, Gdarisk, Sept 1986
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~ A PROBABILISTIC MODEL OF SHIP RGLL MOTIONS
\ ' FOR STABILITY ASSESSMENT

J.B. Roberts; R.G. Standing

Suimary

This paper describes the basic features Of
’ an approximate stochastic theory, based on a
combination of averaging techniques and the
. for predicting
the rolling motion of a ship in. irregular

theory of Markov processes, .

waves.

The theory assumes a single degree of

freedom’ equation for roll motion and’ leads .

to a Of the ' probability
. aistribution of the roll amplitude, toget
with statistica. Particular
. advantages this approach are that
in both the- demping and
restonn'g momant . can be taken -1n§:o account
and that the effect of 'the ehape of the
‘excitation the
_statistice can be assessed.’ It 1is shown

- prediction

related .
~of
non—linearities

spectrum_ on responae

that the theory gives good .agreament with

both digital simulation results and
‘; emetimental results obtained from a model
of . the
-'Suus);er". rolling in irregular beam seas

in a wave tank. at gero speed.

: Piaheries . Protect 1on

It is demﬁsttkted that the theory can also

be uned ‘as a basis for computing lonq-tem
This 1nv01v_res

sea gt#tes of a few hours duxation, _'
integrating, in a suitable fashion,

the states, where these - states have a -
distribution . representing the long-term
‘climate. © This mtegxiation' process requires

a. lmowledge of the joint d:.strnmtmn of

wave height and wave pet:lod. To 1iliu uate

. the . method,

together .

vessel_

-pature,

loss of men and deck equipﬁel_l_t
overboard and possibly loss of control over
the ship. »
capsize,

water,

These ‘factors may contribute to
: The
abiiity  to predict the probability of the
roll amplitude reaching a specified’ critical

or to. structural failure.

level, for a ship in a specified sea state,
is thua a matter of considerahle practical
mportance. .
both the roll damping and restoring moments

experienced by a ghip, and poth the. wave

Since non-»linearities exist in

_input and roll response are- stochastic in

it is evident that thiz prediction
problem is both complex and difficult.

In tackling the problem of predicting the

occurrence of an excessively large roll

tha npec:.fic case of the FPV
*Suligker’, operating m a eectot of the
. KNorth Sea,

‘is discussed and some mmerical
results are pmaented. ’

1. mmszmm :

m,tga_roll' motiona are. a serious threat to '

the safety of & ship and those on board.
Théy may causge Vexceanive loads on. ' 8ea

" gastenings,

shifting of ' cargo, shipping “of -

‘. programme,

damping

angle (possibly leading to capsize) one can

follow one of two basic approaches. The
fixst of ‘these assumes that the wave
excitation during a single “sea-state”,

can Dbe treated as a
with 1ight roll-
then a

lasting a. few hours,
stationary tandom " process. .
the roll
narrow—bahd process such .that successive
ﬂidh )
in thia appzoacrl, ap

motion is

‘peak amplitudes are hig'hly correlated.
zo11 amplitudes occur,
“of ) slowly-—varying,
ﬂuctuationa' in-. peax amplitudes,

a result random
over a
pariod of time covenng many consecutive
rolls, 15 _based on the

nssuinption -roll motion

The second approach
that
results from the sudden _appearance of freak, -
Uhidh occur

excessive

unfavoutable, wave conditions.

. OVBI a VBIY Bhott perioa of time. . It

involves . the identlfioation of "worst—case"
wave motiona, toqether wifh an estimtion of
their probability  of occurrence. - It‘ would
appear. that both these basic approaches have
their own particular advantages -and_.'f;hat,
design procedures : may.. well, eventually,
requi:e a synthesu of tesults drawn from

_each.

In the work summarised here, which was

carrio6 out as. part . of the SAPESHIP.
_.the . these - two

first . of

© e 163’- ”



apptoaches has baen adopted. In prinviple,

it 1o possible to obtain opriaEtdd of the-
probability of an actiol cipeies Cecusring:

it a given ss& wtato, by tredting ihe vave
tm-itanon m & statiohaxry vandim gphoovus,
with a specified spaetm. Howsvax, tho

foxtitilation ©f the eduation ©of wotion

oone#  vory uncdertain at very high  moil
anddbg, wnich &xe closo to  ougpise. MY
haghiy non-lincar ohencaena, sush oo beliing
Wikek on DOAKd, ooouUr Which axe  estzenely
-aiffitult to. repravant in  Bathematienl
foTn, Pertuiadely, though, et More  moesrdte

k031  anglés, the uncertaintiee in the

midolling aifinish agpreciavly and. ome  don
fokmidete & Feasshable eduatith of fuyioh

URLEh retatty -Bighificent nor-lifes Cemwd -

" (espacially in the - Gaplng ceaponsat), With
thit o ote, R worti SRBUTIEGE  hers e,
&b @ EAln cvjedtive, whh dovelepmant of a

',‘mm_m& Lef  predacting the - prebabilivy,
P}, et the yoll #otion meddhod sums
‘epuoified erivical osylitu€e level, A,

WRih 48 somWhet lcver than theb at whieh
oAty GStually  eoture. WMiin 1m'1‘ could
Loprocent . fo¥  omasplo, tho abplltuds &t
‘which - %maeaﬁizabie shipping of  wateg
ocoutl. Ceapemizon  Of Pg(h) values for
vatiouo ShipS, N & gLVER Bsa stabe, offers

o mothod 6f Svsededny, quIntitchavely, ©he

velativa Gegros O . roll  BRABLILEY,

Mbkeover; fics on eporaticnal vikbgesnt, a

Knowlodee ©f D(A) ensbles wiothas roubing

decisions to ko tchen on & ratfonal Pegis., .

In uale vager e Baslo features of an

| appuasaste _theory for pmiaxcime #olling

wotioh in & Single san bt'm:o ave dutiinea,

. 'me tReasy 4B DASSE on a wxmtm of
' ewming appronimaticns and MAYKSY RSOSSN

timcry ‘apt loa0o to fASrly nimplo Qhalytieal
emprossions for Foll resgohss  statastical
- Gemoriptions, suan As Py(A).  validetien
t.m for the thooly are dm!im; which

involvo Go¥parisons with both sigitel
sliulation results -and resuits from  an

exparimentel -investigoticn of the rolling

Botion .of a model ehip in. irvepulax wavee,

Tt e aleo pointed out tMat tho theozy fmy
be  used to prodict seetintics of the

givpt--pensnys  type, whish Ore appropriate

when the leval of wave expitation i very
high.

Prom & pEastical viewpeint ons 1o often
interested in the statistics of zoll motion

over very long pericds of time, commonsureto
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with ' the eoporuting lifetims of the ship.
During such long paricds a variety of gea

‘statos Will be ercountored, the magnitudes

ut which axe unpreetctabla from &
datoriinintic viwpomt, but whiich cin be
SSPoribad staksistically in tesms of a joint
srobability Aletuilution fox - the wave
pexcsstors O (#ignificent weve height) end T
(the penii 260 Up<CrOSaih3 wave period)., In
the finsl pEse of thie paper it ic chown how
statictisal © infoxration deooribing roll
@motion "4n @ Bsinglé sea state can be
coRbifed with lbng toxid wWave otabistich to

. pioduce lohy %ok roll statistics. Scie
. nusersical zesults dre presented i

gEeshAcRE SUMW for a 8iEPle, apedific case’

T wokl Bumariced here is fully reported
1 Befe. L to 6,

%c atrive at a proctival, ussful cathod of
prodicting .roll motiun in randoh wWaves it is
esgefitial to make a nuider of sisPliFying
asiau&mwné and approximationa.  Those
afopted in the precent work aré hew briefly

' Qipcusies, E£omo ard plausible on chysical

grounds whaozeas others axe wmotivated
pYimarily by pragmatic donibtderations (1.e.

" 4he . nocedsity of Bimplifying the

mathenatieal désl:ttpuen to the point at
widch an analysis boconos feasible)..

. 2.2 YaysoOnin Ingaxsction

The l‘\wxrodynasq fezcen - expersenced by a

_ghip in wives 4epend not only on tie wave

msien But elco on the metion of the ship.
In  gendral theya wAll be eome conplex,
non<lincar AntoRaction Batwsen thess - two
potisns, which loads to considorable

@sgficulties in formulating apyropriate

eguations of wotion,

For the opseinl caze of SMAll potions a
ligsaxissd onalysls 18 poésible, which 19
vogy much oirpler than the gonoral oase.
Rosor@ing to 1incar theory- the  interaction
offuots - mentionsd above are obgsnt, and the
vizdslitng procsduro can b reprecanted  in
Dison  Giagrom  form, as shown in Pig. 1.
“horae are two distinet- otagas 4in the
aN-1yoie:




a) computation of the wave forcés on the
ship, assuming that the ship 18 not moving
(thé wave diffraction problein), '

b)  forimulation of the equations of motion
cf the ehip, treatihg the wave fokces from

stage (a) as ekcitaticn tekms (wave
gadidtion ana. Yesponse proBlens).

Such a linedr calcuiation can be carriéd out

tsing a general purposs’ com\:ter ptogréanie -

siich ae MIAVE (Ref. 9).

Hére 1t . 18 éusum’ad, {1t the abséhce of
further snformatioN, and €6 render -the
p:obum eraet«mie, that the analysis can bé
catnea out 1 the two aistinet atagea Bnovt
in Pig; 1, . even Wnen the rell ‘motion is
fatrly -large. - A iifear éalculation
prodediive’ 18 used for' the first ' stage,
:whéreas non-linear eefects are 1hcorporatia
10t - tha second stage. The vandu-.y of this
lppkoaeh cdn  only be tcstad thtéugh a
waon witn’ expériméntal ohsérvations of
A $hip rollihg 4in waves; ' such validation
| WoEK Will BE described in sectioh 4.2.

It . 40 -edsuhed hera, ‘for simplicity, that,
. Vth & suteible dnosde of gootdinatas, it is
punime ‘to aouwpza the - équation for roll

totioh ‘from the other 'mutionn of.. mmn.'
’ mmancn campazuons, b&nea on nncar.‘
theoty, mﬂtoate that, at least ‘in the casa

Of beam waves, this 1a indéed a reasonable
Wmuon (ae et s). N

PFollowing mbst earlier authors, a dJeneral,
uncoupled, roll equation of motion will be a
sacond-order daiffersntial oquation of the
form © .- ] .

1848 cd) e By v Q)

Whers I i the roll inertia (including asdea
| Avertia), ¢ 1o the yoll angle, ’ ctd) 18 ‘an
arbitrary non-1inear dupmg mnt, ne) ia
the roll excitation moment and & 18 a
sealing paramoter. - As npla.uwd earlier, it
"is asgumed that M{t) can be rolated to the
wave motion through a 1linearised analysis,
K(0) 4o the . hydrostatic restoring moment
which can be computed theoraetically or

measured exparimentally. c(é), the damping

- moment, ‘15  assumed to be unuteoted by
incident vave motion ana can ﬂ\ua be found,
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‘experimeftally, ¢€trom free-décay ot

forced-roll tests.

In the spécific theorétical .imethod used
hete, and @escribed Briefly later, it ia
hécedsary to assumé that the aQafiping 16
relativély light - i.e., that 8 1s a smali
parameteyr. In  tHib cirdumbtance the .
bandwidth of Ehé roll respotbd process will
be phall oomparea with tnat of the ¥611

- oment process.

It 38 absumed Rere, initialiy, that the wave

input ecdn B représbnted: &8 & Stationaty
random précess, with a kiown wave elevaticn

gpectiun, S(w). This Mmodel 1s generally

fegatded as adceptable, for a single
‘sea-state, covering a perisd of time of the
order of 4 f£éw houts. For such a cea state

‘a btandara form (such as JONMMP) can be
‘used fof By(w), With selécted values for the

signifieait Wwave teéight, H, and the mean

‘gov0 cropsing perisd, P. Later (in section

6) it will Be shown how ‘tha analyste can be
extendsd to deal with roll redponse
béﬁavtour 6ver fiuch. longer periocds of time,
ih which a large nuber Of successive,
dﬁfe‘imq' sé’a gtates are encountered. ‘

Yo Xeep matters simple, waves are assumed to
be . unidirectional. Mé elevation spectium -

Bglw) 18 than a sufﬂcient debcnption.

pines the ptepaua mthod doss not :equite a
Kniowledge of the probability diettibution of

- the wave heights.

he restoring moment, K(#), will reduce to
Zaro at some critical roll angle, o", say.
Tt follows that there 1s only a finite
reagion '-o,ﬁ' safe  oparation- in the
phasé-plane, - which 1is centred on the’

_ptatid, stadle position (¢ = ¢ = 0). ‘This s

illustrated in Pig.: 2 where trajestories. for
undasped, free motion are ehown. . With

‘stationary random excitation the roll

motion trajectories will oventually exit
grom ' the -"safe™ _’regic'm, ‘fesulting in
“capsize®. = Por . remuvaly weax levels of

. excitation - the pznbab:lnty Of a’ ttajeceory

leaving the safe region is exr.remly m.__l;
ana one can, for practical puiposes, asscume
that the roll motion 1s a Aqta'tionalry
process (Re€. -1), ' However, for high levels



of excitation, and correbpondingly ' cevere

‘roll motion, & ocAapsize may occur in a
reasionably short pericd of timoj it s

then inappropriate to discuaa stauonazy
response statistias; suqh as the standard

deviation of roll, of the CMthibn o

" roll amplituda.
For sévere roll iotion a iiilcﬁ nora
‘antist‘actory appx‘oach 18 to consadexr tho
- probability that the rold motion utnya
. W4kN1n -aég€inite mnpueuae umu:n, for -a

moifxea peiiod of tma thise pm:m:y

10 uauall_y.- -caned- “Hrﬁt-paloago-

probability”, &nd is- clogely rolsted to the
fiist-pasiage tima, which 18 m tm taksn

’_toz ‘A tmjactoty wn;h givsh 1ntt1u-

condlt&ons to reath a pxoncr!.bae xml
(Ret, m).

L AsBotatngly, 1t will De assumeq thit there
] s mgc cl&snéu of p:@;mb Co

- h’) mdentely pevart roll motiof. . 3n tm.b
.- Gage nos-lipearities 'a're_ mpo:tnne
',(elpecn“y i Qwping) m tha .)Mﬂity
of a cupnse oceurzing (within 8 tima
'mmm:l. of the_ same ordarx ‘s t!'sa time

ifterval- foi Which tm soa . _Btate may b,

) cohsmated a- stutionazv) a8 negnguuy
. goally -

by " very severa roll motion. - Here the

" ‘rolevant statistics are of the first-passage

he. thooreti6al  approach used here is mm
'on the adapuon o! équauon (1) &8 an -
mmpmm equation of motion, Thic can be
l}mll.fi.ed mt hy dividing mrouqhout .

dramdraery=xey. .l
/"'mu'p;é/x‘, sexm xawr

The total enem anvelops,’ V(t), nuoouudj__

w!.tnthexon mmmmybodeﬂmdu »

v=§ + ey o e ()

 wnere 62/2 i.n the kinstic ondrgy and..

. T <106 _

Uy = [ et
[+]

| weitten as

4 cee (9)

18 the poténtial energy.

If the damping 1s sufficiently light . then
the energy Gispipated through damping, in a
typical roll .cycle, will bée. a relatively
‘shall fréction of the total energy’
ascociated with that cycle. It follows that

~ the energy ' process, V(t), will vary slowly

with timd,. It 1s shown in Refe. 1 and 2.
that, in these circumstances, V(t) can be

‘ ipét’éxmﬁtﬁd as a one-dimensicnal Markov
'PrYocess, governed by a first-order
. ctochutxc differentm equation. In - 1t

form (see Ref. n) tids equation may be

.

v = mviar + ph(v)aw e

where (V) is the "drift coefficient”, D(V)
ia the n"diffusion coeffictent” and W(t) is a

“undt Wigtier (or Brownian) - procesi.. The
dérivativa of W(¢) 1s oifiply a white noise

process. Both m(V) ana D(V) can be
expressed in terms of the spectrum, Sx(w),

.of -the excitation process, X(t)

(Rafs, 2; 2},

. Por moderate levelc Gf exoitation the
' probability of capsize 15 negligible (as
‘pointed out earlier). One can then treat

V(t) as 'a stationary process with ‘a
stationary density function, p(V): From the

: f'oxx'at—r'lancx equation con‘eaponatng to
) oquation (5) one obtains the exptession

-p¢V)=n§v,m(zJ "’{ﬁan RN TY)

whexg_c mA a n‘_:mansauon eonsta'né.

Prom p(V) one can deduce several -mpoitan_t
statistios; for example, ’ consider the
amplitude envelope process, A(t), defined by.

W R EIME)] a (D)

‘gincs” 6(t) 1s a. marrow-band - process, A(t)

will be the envelope of the pesk amplitudes,
and the .probability distribution of A(t) can
o used ag a good qpbmmt;dn to the
azstnxmuon ot thesce nputndes. ona has

_p(mnpmﬁ mEM BV L (e

- mm'ctn) ic thé restoring function, '




‘many other statistical parameters (including

tha sStandard deviatioh of #(t), denoted o)
cén ba doduced from the expression (see
Ra€. 12)

P6, $) = pVI/NY) e (9)

where p(é, §) 16 the joint density eunction

for the roll ampiitude; o, and ths toll

velooity, &, and T(V) is the period of frae,
uhdainped oscillations at the eneryy level V.

3.1 M&lmm

':t cin be shown that, acoording to the - above
. ‘hﬁoﬂn
testoring mnt, the sbape ©f the input
‘spectrum does not Play a rols in the
© Qetermination of WV) and D(V) - i.a. the
ohly value that mattere: A8 that of Bx(w) at

in the speciu ocase of a iinear .

W = Wy, Where wg 4is the troqﬁaf\cy of
undamped, f£ree - oscillations.  Thus, for
linear restoring moments, -the basic

sasupptions Of the theory are equivalent to .

making a white noise appromimation for X(t),
‘with consta.t spectral level Sy(wo).
Por the lineax _caée the error in
api&toﬁmtmg the input as a white noise  is
reddily found by using linear system thaoxy.
In fact one can compute & value I,
‘a® the fatio of the square of the exact roll
‘standard - deviation to the .square  of the
. approwimate, White noise result, Ow - 1.8:1

x .m0 ee. (10)
ghé ratfo r can be used to correct,
approximate fachion,
eailier,
stiffnoss and dainping.
replacs Sx(w),
and p{V), by a motified epectrum

Sx'(w) = rsx(m_

ees-(11)

defined

in an.
the theory outlined’
‘for the genaral case (of nhof-lirisar
; The tachnique 15 to -
in the expresions for m(V)

-In the unearcmthu\uu havemeefﬁace -

that o is how given exactly. In the

. non-lingar case an. equivalent umax system -

' must be oenstructed, to oompute .

An appropriate equivalent linear system 18

8 + v + n¥(vyp = x

cee (12)-
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_whete I(V), the
‘average loss por cycie,

R XL +r--’r“=£(t)

were

where fI(V) = 2R/"(V).-is the hatural
fréquehoy at enorgy level V, and (V) is ah
Mpni:ude‘ depandeht dampifig factor: Thé
ratio ¥,. cofiputed on this badis, will of
courss depend on V. :

A suitable &onm'non of ((V) may be eoﬁn‘d
by oconsideting the free-décay of the

non-linear osocillator. Por X(t) = 0,
equation (5) raduces to
U = ~ V) cre (13)

°losp funotion* ds tha .
- dua to danmping,
this can Dbe readily calduldted for any

‘spucinc form of dampmg (Rat, ¢). In the -
1inedr case - a

(V) = 2LV co (19)

'ﬁ'ms, in the more general case

vy = I"‘Sl‘)zv <. (18)

can be regarded ag an appropriate, amplitude

dependent, effective ¢ +valub, for. use in

equation (12).
4. YALIDATION OF THE THEORY

9.1 - Comparison with pigital ' Simulation
Resgulte '

A digital simulation study hae  been’
undertaken using a specific form of equation
(2) (Ref, . 2). aAfter non-dimensionalisation

tms equation taxes tne form

cee (26)
The damping in here represented as a
combination of linear and quadratic terms,

with a es the linear @Gamping factor and b’
the quadratic. damping . faotor. Non-linearity

- 1n _the restoring moment 1s reprssented by
- the . cubic texm in ¥,

where ¥ 48 a
non-dimensional roll anglée (Ref. 3).

n . the simulation procedure, sample
ﬁmqtic.)na of the wave input process, x(t), .
generated dxgitaili, using
numhéza ‘at” equi-spaced

- A numeucal mug:ation

paeudo—zandom
intervals of time..

routine (a 4th order Ringe-Kutta algorithm)
was then used ‘to solve the - equation,

thus
genersting sample functions of the roll
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response process, P(t). Hence statistical
estimatea of P(A), the cunildtive
probability distribution of the envelops
process A(t), and o, the standard deviation
of Y(t), were obtainsd.

8inoca the objective of this study m to
test the validity of the theorotical
method, the sample function, X(t), @id not
hecegsarily have to - corréipond to a
ppecific, standard wave spectrum., it was
iuetacient that x(t) should have a spectrum
with iouthy the correct overall character
~ 4.,e. a single posk and a Dbandwidth
tepresentative of real excitation
procacses. Hccordingly, an input process,

®x(t), was chosen which had roughly the

right = character, and for which sample
functions could be Generated in a very
xopid and officient manner, with a minimum

of computational offort.  This approach .

ehabhled long realisatione of the output
roll response to bz generated, with the
advantage that accurate ostimates of the
roil motion statistics could be found with a
reasonable computational effort.

he input process chogen wvas genoratad f£rom
the relationship

x(t)bu hl{a(t) cos wpt — b(t) sin wpt]
L.an

. where h i a height scale, and a(t) and b(t)
ate two independent, first-order processes,
obtainsd by €iltering white noises through
first-order linear filters, - The spectrum of
x(t) for this process ig - ’

2 g2

n2g 1 ' i :
3@ = e (g3 (0 - wpit * BT+ (w + up?!

N

oo (18)

wvhere A 1is a bandwidth pai'amatex (Ref, 3),

Por small values of B, S5x(w) exnhibits a,;_‘

single peak at . w ~ wp, with a bandwidth
proportional to 4. Ny S

- In Atius simulation study the roll response

depended on the damping parameters a and'b, .

the non-dimencional frequency ratio fip =
‘wp/Wg, a non-dimensional bandwidth
parameter, € = Q/wg, and a non-dimensional
input strength parameter, Ox.

Pig. 3 shows typical results, for two sets

of parameter values. It is _found, in theseA
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and in other results (Ref. 3), that the
»modified theory generally gives an mpmved;,
agreement with the simulation estimates.
over a reallistic range of damping
parameaters, and for a reannttc‘ input
banwidth, the modified theory was found to
givae good agreement with the simulation
estimates of the standard deviation, ©. (See
Pig. 4, for a typical compatiéon of ©
values). AS the assumptions of the basic
theory would " leaa one to expect, thé
agreemant ia best when the bandwidth ratio
R, given by

' t ' xes T .. (19
R = %ﬁﬁwﬁé; o% exc%?at;on process (19)

is gmall; this condition is achieved when
the damping is light and also when the input
bandwidth is large. \

4.2 gomparison with Fxperimental Results

In view of the lack of previously documented
experimental <Tesults, suitable for
validating the theory, an experimental
programme was undertaken at BMT, with the
aim of providing reliable statistical.
estimates of the roll peak amplitude
distribution for a ship at zero speed under
controlled conditions. A 1:20 sc‘ale modal of
the Pisheries Protection Veesel ‘SBulisker'
was chosen £6r this study, and experiments
were conducted with the model in the BMT
Fo. 3 tank. The model was subjected to
uni-directional, irregular beam waves, with
spactra - of various prescﬂ.beﬂ " phapes, Beam

.waves were chosen to minimise coupling with

the longitudinal motions of gurge and pitch,
ana-. thus to 8implify the analysis and
interprotation of results..

4:2.1 Estimation of Damping

As. a first gtage. in the experimental work,
free-decay tests wera performed on the
unappended model (i.e. without bilge keels,
£inz, etc), in the absence of waves. By &
guitable analysis (Ref. 4) oOf such
free-decay data one can arrive at an
eotimate of the 'aamping function ((V) (see
equations (13) to. (18)) "and hence at
estimates of the ocoefficients 1in an
exbli_cu:, parametric - mathematica:_l

_mpresentation of the danping termm, c(d),

in equation (X).




Pig. 5 shows the result of analysing &
‘number of free-decay curves obtained from
the ‘*Sulisker*®, with various critical

Here {(V) is plotted
against roll amplitude, o. The pronounced
varidtion of {(V) with roll amplitude,
&vident in Pig. 5, 1is aue to the ‘highly
non-1ineui nature of the roll damping. The
linear-plus-quedratic £it to the estimates
of {(V), shown by the full line, was found
to give - a bei:tar_ ropresentation than the
-~'uliéa'z’-p1us-cubm model, and was used in the
‘subsequent theo:eucal moael for fotced rou
_loticn.

conditions (Ref. 4).

" 4.2.2 Bollihg ;'n Xrrequlat Waves

‘ests were carried out on a.naked hull model
{(1.e.,
propel;ers.

etec)., - trzegular,

uni-Girectional waves were generated by a

'weage wave-maker at one end of the “tank, and

the mdel wan positioned for beam wave

" encounter.

‘Wwith the wav. generator set of produce waves
_with a preacribed spectrum”,
ﬂtmuitaneous meagurements were taken of the
six components ‘'of ship motions and the wave
elevation. at either 8148 of the model. Only
" the :_611. aidplacement and wave .elevation
_ Tecords ware used ‘4n the .present analysis.

"target

. pour different wave target .epectra were
"chosen, as summariged in Table 1.

_ patassts and wave spectra

. PR s _
" pataset 'réiget Wave Spectrum ~_No. of Rolls
Mo, ’ ' Neomea
"1 | Joxmaap; B = 5.1m, T = 8.58° | 1002

o2 | Joismap; H = 4. 4m, T = 6.68 1328

‘a | 'rrre; B = 4.m ' | 1249
4_Joumna=sm,w=as- 880

6.2.5 mmmnmmm

. with the ‘aim of assessing
' the uncoupled roll equation (equation (1)) a
' comprehensive linear analysis was carried
out using the RMIWAVE ocmputer progxamne
_(nat. 5). The calculauons wore carried ‘out
with the origin of ths coordinate system

* located at the centre of mass of the ship.’
there was found to. be

With this origin,
significant coupling between the ship's sway

no A&Pwi\d&g@es such as bilge keels, .

the validity of

109 -

- 1ineax-plus-cubic

elevation

~cumulistiva probability,

and roll -motions, but other motions were

much less strongly coupled with roll,

On the assumption that only the sway motion
is significantly coupled with roll it was
found possible to decouple the roll equation

‘by moving the origin of the coordinate

system to a new position, a
vertically below the

(Ref. &).

"roll centre”,
centre of’
The effect of this shift of origin
was to changs the rol® inertia (slightly)
and the roll moment transfer
(significantly).

nass

function
Calculations based on the
resulting single-deg:ee—of—freedom equation
were found to give standard deviation values
for roll dispiacement within ten per cent of
the’ the fully
six-deyrees-of-freedom equations.

results from coupled,

at least for small
the roll can be ubdelled reasonably -
(1), provided that the
origin is chosen to eliminate sway coupling.

It wae c:'oncluded that,
motions,
well Dy eqiation
It was assumed hencefocth that the roll
centre was also the best origin to adopt in
the case of larger, non-linear motions.

The following specific -equation " of motion
was adopted for the purpose of comparison
with experiment:

$ + ad + bdJo| + wos(1 + e%%) = X(t) (20
As shown the linear-plus-quadratic
damping representation chosen here is in
accord with .the analysis of free-decay data
for the unappended model;
derived from this analysis (Ref. §).

earlier,

a and b are
The
form - for - the restoring

woment, G(¢), in equati_on (20) 1s a good

for

repressntation for the Sulisker model,
the roll amplitudes in the range 0-359
(Ref. 8), if ¢? is chosen appropriately. The
spectrum of X(t) was related to the wave
through a

spectrum linear

analyeis, using NMIWAVE.

6(a) to (4) stww,A-tor datasets 1 to 4
the variation of the
P(A),  with roll
amplitule A, as cobtained from the thsory
(original ‘and modified) and from the
experimental roll records. Also shown, for
comparison. the Rayleigh

rigs.
respcctively,

purposes, is



distribution in each case (calculated from

the measured o value). Rayleigh p’robabuiﬁy

paper has been used in the presentation Of

these results; thus a Rayleigh distribution

appears as a straight line.

‘In all four cases the modified thaory Agivea
agreement with the
" experimental estimates, and the pronounced
deviation from the Rayleigh distribution, at
high xoll amplitudes, is well-predicted Dby

‘a fairly good

the theory.
due to the strong non-linearity in the
danping, \mich is almost entirely quadratic.

At high amplituaes the Rayleigh distridbution

geriously overestimates the probability of.
xoeaching larger amplitudes.

- The ,theéty_ was also found to giv}e good
agreement with the experimentally determined
valués of the roll standard deviation, O.
Tabie 2
e_xpet:lmeni:al and theoretical values of O,

ghows a comparison Dbetween

TASLE 2: Roll Standard Daviation —
Theory and Experiment

This deviation is principally

Datasat Experimental Theoretical
- No, . 6 (degrees) O (degrees)
' ‘ | originar | moaifiea
1 10.1 10.1 9.9
2 11.3 12.9 11.8
3 - 10.4 1.1 10.4
4 11.0 10.8 10,7

5. PIRST PASSAGE STATISTICS .

The basic theory outlined earlier provides a .

foundation for estimating firxst passage
probabilities. If the Foxker-Planck

equation for V(t) is replaced by its adjoint

form, . one can obtain a differential equation
for the probability, W(Vy,t), that WV(t)
gtays below a specified amplitude 1imit, h,
in é time 4interval O -~ t, for trajectories
‘starting at Vo.

'Pot layge values of h, and oo:tespondingly
lpng_ times to :,a;lzu:e, 1t 18 ahmm in aaf. &
that '

,.W(vo.t) - e‘ht (21)

ey 8
Wy Yl Lot
D , .

‘"13!9 11 46 an
tu!ferem:ial equation for w.

eigenvalqe of
Also o

the
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-and hence W(Vg.t),

T .. (22)

vhere 'T‘ is the mean of the first-passage
time: Thus a kxnowledge of T guffices to
estimate W(V,, t), in the case of large T. A
simple,
can be deduceqd,
1ncorpozating a suitable boundazy condition
(Ref. 86).

ordinary differential equation for T
and solved numerically, by

In Ref, 6 a number of comparisons are given
theoretical estimates
from a digital
simulation study. Generally it was found
that the theory gave good resuﬁ‘:'s when the
bandwidth ratic R was large.’

values of R the theory gave estimates of T,

between of % ana

corresponding estimates

For smaller

vhich were conservative,

and should, therefore, be of value for

deeign. purposes,

6. LONG_TERM STATISTICS

We now consider the situation where a ship
operates for a long period of time (N years)
in a particular sea area, for a specified
part of the year. puring its operation it

encounters a sequence of different single

sea states, each of duration a few hours.

-Bach single sea state can be regarded as

approximately satationary, and may be
specified in temms of. the wave parameters H
and T, referred to earlier. If, in adaition,
a specific form of wave spectrum is adopted
(such as the JONSWAP form), and the waves
are assumed to ba unidirectional, the joint
specification of H and T is a complete
description.
then be speéified by -the " joint probability
density function p(H,T) '(Refs. 13 to 15).

functions are available in

The long term wave climate may

Such density
analytical form,
fitting the form to observed wave data
(Ref. 14). '

with parameters dQerived by

The theory outlined earlier enables roll
statistics. to ba computed for a single sea
mte - 1.e. fot particular values of B and
v. By computing ‘such etatiancs for mnny
values of : | and ‘l‘. and usinq the p(ﬂ.'r)
func;ion £ox me long tem wave cumate, one
B of long tem ron

atatistics. 'rwa nppraaches wiu be
desctihed briefly here, and 1l1lustrated by
numszipa; results foy the ‘'Sulisker’




operating in a sector of the North Sea in
the winter months (see Ref. 7 for details).

For - simplicity it is assumed that the ship
and that only beam
It is possible, with

operates at zero speed,
waves are encountered,

extra ‘computational effort, to include the
effects of more general operating cohditions

(Refs. 7, 16 and 17).

The standard devistion of roll, O, for a
single gea state can be regarded as a

function of H and T. Pig, 7 shows a contour
“plot of o0 in the (H,T) plane, for the
particilar case. referred to earlier. Rs one

would expect there is a strong tendency for
O to be greater when the peak in the input
npeét'tum coincides with the natural
frequency of. oscillation, £, = 1/T,. Por
the ‘°sulisker', with the ballast conaition
used in the calculation, To = 8.86 sec and
the peak in the spectrum (the meéan JONSWAP)
Hence the critical
8.85/1.409

occurs at £, = 1/1.4097.
value of T, To, 42 given by T, =
= 6,28 pec, as marked in Pig. 7.
The cumulative probability distribution,
P(G), of O can be found by computing the
"probability mass" Dbetween ciosely spaced ©
7).  Pig. 8 shows the
resulting variation of P(0) with 0, plotted
"on Rayleigh probability paper, for the
xam The computed points lie
axactly straight
indicating ‘a distribution  of the Rayleigh
type) in fact the expression '

contoura (Ref.

present ' example.

almost on a line,

Po)=1-em [ = (g3 )1 ... (23)

gives a very good fit. .

Prom P(0), related long te:in statistics can
be easily @educed. For example,
compute the “return period”, Ny, for a given
ceritical level, 79, of oO. This may be
defined as the average period of time which
cccurs between states for which 6 > 3. In
the present example, Pig., 9 shows the
variation of O thh:wg, for different values
of m, the number of hours in each single gea
state. The main. featvre of this result 1is
that o varies only siowly with Ny and 1io.
fairly insensitive to changes in m.

one can

- 1‘11

6.. Level Crossing Rates

For a single sea state, with opecified H and
one can compute the average number
"cycle”, v"’l‘m
roll résponae process ¢(t), €for wvarious
amplitude levels, 7 (Ref., 7).

the average numer of upcrossings, per unit

T values,

of up-crossings per of the

mere vt is

time, of " level 7. 1If one fimes a cartain
critical crossing rate, (v'rg)erit say, as
the 1limit of acceptability, from an

operational viewpoint, then one can define,
precisely,
in the (H,T) plane.
if (vMolerit = 0.001 (i.e.

every thousand cycles,

the region of unsafe operatioh
In the present example,
one crossing
on avérage), and
7 = 40°,
is shown in Pig. 10(a).
area of the

then the appropriate unsafe region
As 7 increases, the
unsafe region d4iminishes.
Fig. 10(b) shows the effect of increasing 7
from 40° to 50°, ‘The sizes of the unsafe

regions are -relatively insensitive to the

c¢hoice of (V+To)ctit but are critically-

dependent on the choice of the 9 level,

The long term level crossing rate (v""ro yur
can be found Dby integrating over all sea
For the

states, as discussed in Ref, 7.

present example, Fig. 11 shows the variation

of where the former 1s

A very good fit to

(vroyur with 92,
plotted logarithmically,
the computed points is

(Vo) = X1 exp(-%29?) cee (28)

where k; = 9.14 x 10~? and k; = 2.86 x 1072,
From this
probability of "survival", Pg, as a function
of the critical amplitude level, 7. Heré Pg
represents the probability that the level 7
will not be exceeded, in the long temm.
Pig. 12 shows the variation of Pg with 7,
plotted on Rayleigh probability paper, for
the pericds N = 1, 10 and 50 years. This
ghows that P, 1s very swall if the critical
response 1evei 7P is chosen to be less than
559, but rises sharply with Jincreasing
values of 7).

result one can estimate the

In assessing the significance of these

results it must be remenbered that the data
has been derived from tests on an unhappended

modal - with very low roll damping.

The purpose of this calculation is to show

how the method may be used, rather than to
produce operational data for a specific .
vessel.

i.e.



7. gosciusions

The main coniclusions of this work are

sumarised as follows.

) a) The Markov-averagifng method gives good
‘ éjzeefnent with gimulation estimates when the
11 damping 12 light and when the wave
excitation band-width 1s relatively large.
" A pinple modification to the theory, to take

_ further account of the input epectral shape,

-isads to . improved accuracy when the input

Bandwidth 1s reduced.

b) A linear analysis of the small motion
"response, for the particular ship used for
vaudatton purposes  (the PEV 'Sulieker’)
re eued that the ton motion was coupled
.pnncipany with sway motion. A "roll
centra® could be found as a coordinata
origin, cuch that the linearised roll
.e‘quﬁts.én vay . approximately uncoupied from
the oway motion equation. . This result lends
" oupport to the basic assumption of a single
dogroo of fxeedom equation for roll.. -

c)
constructed’

A smple non-linear. equation could be
the roll by
mcorporatmg a linear-plus-quadratic model

for motion

(deduced from free-decay test data on a
. haked "hull, without appendages) f£or the
damp:l.nq term and a linear-plus-cubic form
" for tho non-linear restoring goment. In the
' present ctudy the predominant non-linearity
wag in- the damping term, which was mainly
‘. quatzatid.  To obtain the forcing term in the
- equation ‘of motion,” a 1linesr relationship
' hetwen wave -elevation and wave excitation
mnt m msumd

d) cooaaqreemntmobtuneammtne
theoxotwal and’ expermental probability
dm:nmttom of roll - angle uwutude, and
"me mnam deviation of tha. roll angle,

for the mmppeqﬂed huu 1n e‘our aifterent-

beum soas _cages,

| gorrectly predicts
‘.Rayleigh autu»uuon. -‘ge;( the -
e,mputudes, \mxcn wae onsetved in tha
' mnmenim dm:ibutionn. . ™his deviation
u ptmoipany ‘aue to' the non-wmanty 18
i ping{ which 15 ‘ almost entimly

Ih pu'ticum the

e,

'e_) The theory can be used to prodict €irut
paslm pmbabu:.tiqs. - compazisons betvaen
thpomtical astimtae of z' (g:he mean first

'I}'

theory
thg deviation from the -
toll'

- 113 =

- conservative resuits,

pagssage time) and corresponding simulation
estimates have ohown that the theory givés
vhich can bé useful
for Gesign and operational purposes,

£) By combining results from the theory
with infonnation on the 1long-term weather
climate it has fseen possible to pradict the
lohig-term statistica of roll motion. A
nunsrical éxample has Gemonstrated the
foasibility of the proposed calculation

@ethod.
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" PIGURE 1: ®Block diagram of mathematical model.
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PRINCIPAL AXES FOR DAMAGE STABILITY CALCUIAT[ONS HITH UNSVHHETRICAL FtOODING

Ne Af Hgmlin

Abstract

' Damaﬁe -stabilify calcu]5t1ons somet imes

tgnore the angular rotation of the principal .

axes of the damaged waterplane which develobs
1n the case: of unsymmetrical flooding. The
rotation of the axes and associated moments of
‘tnertia of the !ntact area after damage are
given for -several cases of unsymmetrical
flooding. on "singie hull  and divided hull
vessels., It is shown how ignoring the effect
leads to large discrepancies on divided hull

ships, and on single hull ships with low L/B -
and drastic .unsymmetrical flooding, but little,

error.bn a typical single hull vessel with a
. lesser degree of unsymmetrical flooding.

. Introduction . .

‘Damgge stability calculaﬁions for single
~hull vessels customarily are made on the
assumption ‘that heel and trim after  damage

take place about'axes parallel to the original

_;Iongitudinal and. transverse axes but shifted

- to. pass through the center of flotation after
damage, When the damage is symmetrical the.
axes SO shifted remain principal axes, -

Haterplane area moments of - 1nert1a are a

maximum and. minimum’ about these axes as are
“‘the corresponding metacentric radii EHL and

BMT. the corresponding metacentric “heights

GH, and GHp wil) also be maximum and minimum. :

respectively‘ . .
However, in the case;of'unsymmetrical
flooding, the axes .for maximum and ‘minimum BM
will no lonQEr'remain parallel to the‘originai

- axes but will orient themselves at some angle

B8 with respect to the direction of the

original axes, . Therefore, when calculations

'_‘are made for heel and trim after unsymmetrical .
flooding, the corresponding moments of inertia.
of waterplane -area, and'inclinations._should

" be taken about the reorfented axes, which are

the pr1n£1pal axes after -damage, This paper

"addresses the degree to which‘neglect of the
angular orientation of the damaged waterplane
pr1nc1pal axes fintroduces. error 1in damage

' stability‘ ca]culations “with unsymmetrical’

N f\ooding. -

Discussion

" Hydrostatic ship. characteristics are
customari\y computed using waterplane half
breadths . measured off and ‘normal to- the
centerline of the vessel and a rule: of
integration, such as Simpson s first rule..
Table I shows the additfonal columns and steps
in such a calculation fn order to find the
product . of fnertfa [ . of the  intact

: Xy . .
waterplane after damage about parallel axes.

“through the center of flotation after damage.

The caléulatton is shown for a passenger ship

~_which has experienced drastic unsymmetr1cal

flooding, that 4s, from the bow to amidships
but only on the'port_s1de of a tongitudinal
centerline bulkhead, and assuming 100 per;eht
permeability - v .  The resulting. angular

‘rotation 8 of the principal axes is evaluated

using the well known formula from mechanics
tan 28 =2 [, /(1 - L)
where:

1, is the longitudinal moment of ‘fnertia
‘of the 1intact -waterplane area after
- damage about a transverse axis normal to
the centerline through the center of
- flotation after damage. -

.’x 1s-the transverse moment of. inertia of
the intact waterplane area after damage.
about a longitudinal axis parallel to the
centerline through' the center of
flotation after damage. It {s assumed I
> lxﬁ
’ Figure 1 shows the or1entatlon of the
principa] axes after damage for sgvera]
vassels, The axes are turned through the
ahgle 8 such . that the ‘longitudtnal axis (x
ax{s) moves away from the damage area and the
T transverse axis (y -axis) moves closer to 1t.
“call the new axes X and yl.

119 -



. . The minimum  or  maximum moments of
{nertia of the damaged waterplane area !il and .
.;yl may be evaluated by the following

‘expressions:

2 2

) lx cos” B .+ Iy.SQ" B _lxy sin (28 )

X

y, =1, sinfg +1 cos? 8 +1_ sin (28)

i S S Yo xy

, A5 noted .’ in texts on .strength of

'flf.materials, the variation of l and I “with.
’ '16 can be represented by a Mohr s circle piot,

'bas in Figure 2. )

. “1n order to demonstrate the effect of

" neglect of the qhange in orientation of the
',principél_:axes, 'several> cases of drastic
" unsymmetrical flooding have been examined. 1In
" four. of these caées,done quarter, or nearly

so; of - the 'qrig{nally’ undémaged waterplane

. area is assumed to have flooded ('y » 100
-_percent) The f!ooded area 1s all confined to

‘:fi‘one side of the centerl1ne and one end of the

Table 1

_ vessel, The veésels assumed are summarized in
Tables 11 and 111 and Figure 1.

It should:be
noted, with regard to the first case for
Vessel A, the nature of flooding would be
unusual for a passenger vessel {inasmuch as

watertight Tongitudinal centerline bulkheads

are seldom fitted, in order to avoid the
heeling moment which results from flooding on
ore side only. Therefore, the first Vessel A

case is one of extreme unfavorabie flooding.

The 1 calculation for the first Vessel A

" case 1s that shown in Table I.

Table 111 summarizes the results of the
calculations. lncluded “are ‘values of
calculated moments of inertia of Qaterplane
after damage using the two approaches, the
angle 8, and the ratio of moments of .inertia.

. Figure 3 plots the angle 8 and the ratio
of minimum moments of inertia against overall
length/breadth ratio. Also included in Table
11T and Figure 3 are values for Vessel A in
which the flooding extends only from the bow
to the forward ‘quarter'_boing, “indicating.

-rather small érror'for this case."

Calculation of Product of Inertia of Intact Area
About Parallel Axes .
Through Danaged Center of Flotation for Vessel A

Csta . ym - ¥
CoBw 0. 0 0
s 1.25 1.55
1 34 9.86
1.5 'A: 5.3 - 28.72
2 ie0 o s.m
30 109 12003
A 12.01 144,17
T as :‘12,64- a9
Anids 5 . - - 12,04 144,94

Pgmage }xy adout x, y axes through ¢ and Sta. §

Lever S.M. Prod.
5 0.5 e
4.5 2 13.95
4 1  39.4
3.5 2 201.03
3 1.5 . 259.71
2 ¥ 960.27
1 1.5 216.26

o5 1 a1
0 : s __0_

I = 1763.13

.

«(1/3) x (1/2) x §(-5) x £ = (-1/6) x (15.5)% x 1763.13 = -70,600 m"
Centroid of damage area = 29.8 m forward Sta. 5 5.0 m to port of ¢

Centroid of intact area after damage = 13,0 m abaft Sta. 95; 1.30 m to stbd of1t

LCF of - undamaged ship =4,1m abaft’ Sta. 5

’ Damgge area = 556 m2

- Area of undamaged waterplaneA= 2,684 m®

Théh l of 1ntact area after damage about parallel axes through centroid of -

‘ -'1ntact area after damage

o= 2,684(-13, 0+ 4, 1)(1 30) - {-70, 600 - 556.1(29, 8)( 5, 0) +

56:1(-29.8 - 13.0)(5.0 + 1.3)] = 106,640 '

 , )::.




Table 11
‘Characteristics of Vessels

Vessel o ' A: A ' B S ¢ s ' D

Type . . Passenger  Barge Catamaran - Semi-submersible
length,m 185 o 80 79.2
Breadth, m - 2408 2 28 - 48,8
Waterplané ' ) ,Symmetr}cal Rectangle Asymmgtrical Four circles
Table 111

Iﬂuments.of Inertid of Uaterplane After Damage

Wessel . A A B ¢ oo 0

Haterpléne ) m2 /. 2,684 . 2,684 1,200 - 652 1,051 - 1,051 .
area before ‘ - . . - N .
damage

" Area of o . 886 - 171 300 169 . 263 52
_damagg : N A -

. rotation of
. principal o
axes o - <

Angular - 8 27°  t0.6° .60 18.4°  16.8°  26.6°

I about  m' 2286  2.643 0,248 0.146  0.6671  0.49%0
.-paraliel T o : e

axis .
through c.f.

.

y, - om' 2,201, 268 0251 015 - 0.7163 06209
Ty, - 1005 - 10001 1,016 ° 1,088 1074 1,244
1 sbout . m® ' 0,065 0,006 0.0275  0.0507 ~0.1791 . 0.1330
parallel . IR ' S
axis )
through c.f.

I'xx ' 0.0619  0.1003 . 0.0235  0.0378 0.1299 0.0055
e, 0 09 0997 0.857 0747 0725 - 0.041.

(Multipiy L., ly' lxi and Iyl by 106)
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As &n extreme example of error which can

be made by failing to account for the angular-

rotation of the principal axes, Figure 4 shows
" the samé four column drilling platform as
Vessel D. Column 3 has been flooded to offset
. the large inclining moment which would result
from damage to column 1. Table I1I includes
the moments of inertia about 'tpé principal
axes after damage - togeiher with thdée
' disregarding the angular shift for this case.
The great error which would result from the
latter assumption is clearly evident, .

) cdnclusions_aﬁd Recom!éndatlons

: As a result of the foregoing, - the
following récommendations‘appgar Justified:

‘Damage stability criteria for divided

twll vessels, or vessels with unusually low

. L/B, should require that &M after damage be
based upon moments of inertia cdﬁphted about
‘the principal. axes of the damaged waterplane,
* rather than about axes parallel and normal to
the  vessel's centerline, when extensive
unsymmetrical flpgding occurs.

AV

AXIS OF
Ix AND Ty

FIGURE 2

- Damage stability céiteria for divided
“hull vessels, or vessels with unusually low
L/B, which specify a particular minimum
freeboard and/or angle of heel after damage,
“should require, in ihg case of extensive
unsymmetrical flooding, that these quantities
be computed as a result of inclinations about
the principal axes of the damaged waterplane,

N. A. Hamlin _
Professor of Naval Architecture

Webb Institute of Naval Architecture :
Crescent Beach Road

Glen Cove, New York 11542
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Abstract

- In evaluating the safety of ship
navigation it is adopted as a critical
situation that a ship with zero speed’

' .expects rolling with her side turned to

"the incident wave system. However under
the wind -and wave action a ship is sub-
szected to a drift which causes a varia-

" “tion in ship-wave. frequency of encoun-

~ter. In such & case the roll “transfer.

~ function" calculations demand the use

E ofea frequency of encounter which is
less than the true spectrum frequency.

_ This phenomenon leads to displacing the

'-maximum lever of the "transfer function"

" 'in the direction of high frequencies

‘and results in an increase of the ampli-

;tudes of rolling in calmer seas.The
_ paper presents r0ll calculations and
dynamic stability estimates for ‘small
~'vessels in shallow water which illustra-

".j'te the above-mentioned fact.

. ) Bvaluating the safety and seawor-
" thness -of & ship in a seaway it is adop-
‘ted from a point of view of stability
that the most dangerous situation ex-
‘pects a' ship with zero forward speed
. rolling in beam seas. To calculate sta-
- tistical and spectral characterisfice
".of rolling a definite information is
required about wave pattern and some
. prepertiee_of’the ship as a dynsmic
- system. The spectral method of analysis
"-:18 based on the use of linear model of
rolling, though 1t 1s well known that .
‘when ship oscillations are intense the
damping moment and the restoring moment
_;become nonlinear functions of velocity
" and angle of 1olling. This phenomenon
‘had necessitated the development of
methods consldering nonlinearities such
as statigtical linearization /1/ or
‘Mar¥ov process technique 72/, The use
of these methods requires the knowledge
~of the diagrem of static stability of.
the ship and her hydrodynamic characte-

. ristics: the added inertia moment and

the damping coefficient. While the sta~
bility diagramm can be calculated effi-
olently by well known method of statics,

the question of relisble evalution of

hydrodynamic characteristics of rolling
eofar stands open.,

The damping of rolling being on the
whole of viscous nature, the common way
of obtaining reliable results is the
model experiment. Mostly it is carried
out by means of the free-decay method
as a simple one and convenient for per—
formance and treating the experimental
data. Such a method can be rather effec-
tive not only in model tests, but also
when applied in full-scale with the aim
of avolding the scale effect.It is known
that variations of damping change consi-

_ derably the "transfer function" only near
_the resonance peak where amplitudes of.

rolling are large and the degree of damp-
ing is in a good agreement with quadra-

tic law /4/. -There is a lot of formulars

‘ent

evaluating quadratic -damping coeffici-
from a free-decay data. They ex-
press it by means of the amplitude radio
fi":giﬂ /QL measured over half period
of rolling. According to /3/ Pig.1 illu-
strates calculations performed by diffe-
rent suthers' expressions. The actual

function is formed from the solution of

. the equation

1-2Wa;t;= (4+zwaL)ezw‘<' “)

Fig.1 shows that with the increase of
damping when ¢;< 0,6 the choice of in-
vestigation will alter significantly the

corresponding results. Such a case may

-occure for ships with bildge keels, tech~

nicsl means and offshore etructures.‘The
minimum error gives the use of the ex~

preeeion obtained in /4/°

.;i__ e 2)

The influence of the sea depth is-

‘important in evaluating of rolling of

small ships. The shallow water effects

" both the hydrodynamic characteristics of

oscillations and the characteristics of
incident waves. The results of model ex~

. periments carried out in the basin of

Ieningrad Shipbuilding Institute show
that the increase of damping way be ex-

- pressed appoximatly as follows /5/
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where T represents the mean draught;
H - the depth of the sea. Transformation
of the wave epectral characteristics in
shallow water may be obtained with the
help of the function recormended by J.M.
Krylov.in the form /5/

S(@) =K; Ss,(w)

S« (w)=_-§5§’; 1)

K= sy [5 2H0* 4
n I-c sm‘f 3 Smh(%ﬂ)

Here g represents the fco%ﬁfayvion of
gravity; W < the speotral; Se, -

spéctral density of wave elevation in
the oase of infinite depth;Sg , S¢ -
speotrai densities of wave elevation and
wave slope in shallow water; p- the
mean angle between the direction of wave
propagation end the line of constant
depth; C # . vave length ratio, obtained
£rom the equation

Cc*=tanh (% -11) (6)

. The expressions (4)=(6) can be used
for tle depthe H greater than the
depth Mg where inoidént waves are
breaking. An approximate method tor eva-
- luating Hss lias been developed in 6/,
Being applied to the standard spectrum
/1/ together with the assumption that
the mean wave frequency @ 1s related
to the wave h'eiglit of 3% probability h,%

(A)

where

a8
0> === (7

V/Layo - )

for the cass. §f e 0 it gives -
Heg ﬁ‘ 0,86h 37, (8).

This material had been the base for the
algorithm and computer program of calcu-
lation of ship rolling arl dynemic stabi-
lity -in shallow water /5/, /7/. Pig.2
11lustrates an example of estimated data
for a 5100 tonu ship, which shows that
the influence of the sea bottom.is sig-
nificant when H/p < 4.

In treating ship safety a special
attention should be paid to the choilce
of the critical situation. The initial
information for the spectral analysis of
rolling in random seas is the wave height .
h’*‘% and the mean wave frequency&)— « A

' ship with zero speed expects rolling with

here side turned to the general direction
of wave propagation. From all types of
wave motions one considers in shipbuild- .
ing only wind waves and awell waves. The
periods of other wavés being much greater
than the natural periods of rolling the
ships practically don't respond to them
/87 Iﬂ random seas 0f definite force .
wave heigh'. end frequency vary with the
degree of'wave developmeht.Appfsximation
of oceanographic data (see /1/, /5/y /9/)
gives the folliwing interval for the mean
wave frequencies

45 i P..”' )
Uha'/o . V—. 3/0

where the smaller values correspond to
developing seas and the larger ones - for
fading seas. In this connection the choice
of the mean freq\iency the one according
to (7) doesn't answer to the most dange~
rous conditions of seakeeping in definite
sea force.

Moreover under the i ifluence of wind
and waves the ship’ expects transverse .

_drift. The calculation of the "transfer

function® of rolling in such a case needs
the substitution of the spectral frequen-
cy by the frequency of encounter. Treat-
ing the 4rift of ships in beam sees the
latter is less than the true spectral
frequency:

= (- 9—&.’ : . (10)°

where 7f represents the drift velocity.
This phenomenon leads to displacing the
maximum lever of the"transfer function"
in the direction of high frequencies and
results in an increase of the amplitudes
of rolling in calmer seas.

- Therefore in our view when choosing
the mesn wave characteristics it seems

‘sensible to adopt as a guiding principle

the closeness between the natural frequ-
ency of rolling Ila and the frequency of
encounter corresponding to the frequency
of the maximum of the spectral density
wm o ¢ that is -
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min ' min
Wy, , When ng<w,,
- ) mn. may
WFS ne , When &, <ngew, OV
w'"g’, When fzg>w’""'
l:'or the spectrum adopted in the USSR
/1/¢ /5/ the mean wave frequency is
connected wif:h the frequency of meximum

application to calculations of drift
velocities is impeded with the character
of damping of a rather complicated motion
including trensverse drift with constant
speed and swaying of the ship. For appro-
wimate estimation a method may be re-
commended based on experimentel evalua~
tiom of the drift velocity, performed

with & free rolling model. The mean drift
veléity is messured near the roll reéso-
nance where drift forces and velooitiee
-have maximum velue (Fig.4). The rolling

spectral density as

)y =077760) (12)

Thus the recommended way of deter~
mination of wave chavacteristics may be
:tormulated as followa.

1 For the relevent wave foree one
chooses the maximum wave height with 3%
prebability (see i.g. /s 157y 79/)-

"* 2, The minimim end maximum meen
wave frsq_uencies are calculated ‘accord-
mg to 9)e

3. The corresponding frequencies
of maximum spectral density ars calou-
late& £rom (12), . Rp—

4, The frequencies (AJ and me
are salculated according i;o (10).

5B Compe.ring these values with the
nsYural frequency /1, according to (1)
one accepts the freqﬁency of encounter
wm.z
6. The frequency of maximum spect-
m],'dmaj_:by is calculated with the help .
of the following expression -

_ m"":g%(f".\ll-'lw_)né ) o

Fe Finally the mean wave frequensy
'is calculated fron (12).

Pig.3 illustrates the resulis of
calculations made for a small 45,8-tomn
‘seiner, The amplitude of rolling of the
ship drifting with velocity U devided
by the emplitude of rolling without
drift - is plotted against the Froude
number

;ehip's bread’th. N

‘" Thne most difficult moment in the
.proposed method is a rational estimation
of the drift velocity. While there are
some recommendations concerning wind
arift (see i.g. /5/), the question of

drift emong waves still stends open. The

existing data /i0/ are applied to the .
‘forces which czuse the drift bub their

Fzs 'lf/'v B' , where B represents the

of & ship in random seas occuring with

. & frequency which is close to the natural
‘one,. 1t is possible %o use the Tailor
. expansior and limit oneselt with its!

firat term.

Por the last 20 years Leningi‘ad
Shipbuilding Institute carries out in-
vestigations on small ship stability.

The first publication was made in the

Proceedings of the 12th ITTC in 1969 11/,
whon in the model basin of the Institute
ths first experiments of rolling in
erupting waves had been performed.. Lately
attention was paid to the influence of
drift on ships® stability. The scheme
proposed in the present paper, in the
avthors?! view, will enable engineers to
evaluate the .stability of ships in a
seaway more accuratly.
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Third JTnternational _C’onfer'er}ce on Stability 9
of Ships and Ocean Vehicles, Gdartsk, Sept 1986 - SLE&B @
THE HUMAN FACTOR EFFECT ON THE SAFETY

OF SHIP STABILITY AT SEA

M. Gerigk
ABSTRACT The acientific survey coanfirms that for
. the safety of navigation the human factor
This raper presents general informat- . effect snd the technicel factor are equa-
ion on the human factor effect on the sa- lly important, Statistic dats confirm the
fety of navigation. . ) above as well, -

R ‘ The basis for the study of the influence
Tﬁe safety of ship’'s stability is descori- . of the human facter upon the aafaty of
qu by means of statistical data,’ . navigation is the theoory of systoms vie-
The paper also presents conclusions which wed as an interdisciplinary branch of sc-
follows from the analysis of the cyberne- ience, In order te analyes the already
tical system ﬁan-Ship—Environmant. - ) existing systoms such as wmaen-ship system
.For this purpose the elements of ﬁheory of the moat usetul are: theery of operation,
systemé have been used., A man 1s described theory of probability, theory of games
here as en open system of steering,.The ru- methods of number simulation and theory of
les for modelling of the system man~ship making decilisions, » .
have been presented, whioch are important Danger threatoning the men-ship gystem

-for the.safety of ship stability. Finally " can teake the shape of [3] : ’
the conclusions relative to this safety ‘
have been presented applying theory of ga-’ 1. self-destruction of the system,
mesg and theory of statistioel decisions, ’ 2. destruction of the coexisting 8sy-
. stems, )
. .;NTRODUCTION A . . .3. g?s:;:e:t::.of the environment
All tachnical aystems which are ope-~ . It is ofton connected with heslth damage
rated by man are the man-systems, An exam- or loss of life, Navigation ssfety can be
ple of such a system 18 the man-ship sys- improved by means of application of spe-
tem; . ) cial technological appliances /an accele-
» An activity of the man-sﬁip system 1le rometer or other mensuring apparatus/, the
accurately connected with the navigation auxiliarf appliances /auto pilot, radar/,
as a part of the orgasnized reality /see antycollision systems whose work is inse-
fig. 1./. Navigation is ednnécted with the pgrably connected with msn’s activity,man
following categories of problems: .politi- being a decisive factor of the ship safe-
cal, economical, operatioral, technologi~ ty. -

‘cal and human, In consideration of the sa-
fety of navigation the human problem is o~ 2, STATISTICAL DATA
ne of the most important,

In navigation the human factor effect BT ' The total number of ships exceeding
connected with [Hﬂ H 100 DWT in the world‘fleet according to
: Lloyd Register of Shipping was 76 106 u-
1, man power /recruiting, tesching, - nits for the year 1983 [11] .
training/, :

In the years 1970:+1983 the world’s fleet
2, career /qualificetions,motiyations,

experience/ was siffering the loss of 3004400  ships
3. 1life at sea /adaptation, éasimilé- . every year, The consequences of some of
tion/, S the cngualties were frightening. We can

mention here the cases of the Polish sis-
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_",a manfis-the most important and
"f;faofor for the safety of ship stability,

: .ter shlps thal"Kudown ZdroJ" and
Zdrégn.
‘The most important ressona of the mnjority

"Busko

- of ‘the cssualtios aocordtng to L.R.in 1983

are as fo]lows°

i. wenther conditions 13,69%
2. firea 34,9“%:-
3. collisions 2,85%
L, overloads’ 0, 49%
5. squats aly,02%
'6;:missinge o t,22¢%
-7.ldamngos of construction

22,79%

" In @ll those reasons we can trece the hu-

_mon faotor, although there are certain di-

" ffioulties in eveluating aud dofining 1its
.;rongo._The results of the researches done

by tho,US.Coast ‘Guard [12]
decisive
" The numan effect upon the ship stebility
:fwas manifested bi the tgnoronce of infor-

jfmation roferrlng to the ship atability,the

ieck of general marlne knowledge wrong mo- -
';noeuvring during the unfavourable weather,

) . The greatast number of oasueltios has
i “beon rogxotorod in case of small vessels
: /300 3 400/ DWT - about 10% of the

" number of _stability casualties,

Simiiar‘aurvey led by the Ship Hydro-

_ dynamios Laboratory 1n Holsinki and by Ll-
'“;oyd_Regiqter. 82} showed that stability

:.ﬂfcesoaltios‘fesulted primarily from the wro-

. ‘'ng operation by man, The majority of those

“oaeualtiea took'pleoo at night between mi~

dnight snd B o’clock in the morning = and
~.in the eveninekibetweén 4 o’clock and mid-
" “'night,, Thie folloﬁoq not only from the di-
. fficulties of identifying the  situation
" but also. froﬁ.the predisposition of . the
_>'erow /stroos, tiredneas, drovaineso/. It
- .also appeared that the worst were ‘the be~
 51nn1n5 and the end of the- weok, as it ha-
pens with the road traffio.

- Dospite the extonaxve statiationl in-

) formation published in various poriodicelo
l_their reliahility is doubtfull, It rosults

_ from the fuot that the reports are usually-
' mede on the basis of the so called casual~

.ty information charts, Taking the ~ humen

‘nature into consideration the information

- about the ﬁuman'factor‘pa:tioipating T

the oooualtyAis usually doubtfull,where as
the information about the casualty with no
" witneas alive are only hypothetiocel,

have shouwn thet

total

‘tial equations

Je___ MODELS OF.THE SYSTEM MAN-SHIP .

A, CYBERNETICAL MODEL,

From tho analysia. of tho reality it
results the fact that man-ship system is a
oybernetiocal system of operating /see fig.

1./, ‘ . . >
System def set of olements of ' organized
reality remaining in the interre-
lations A[2] .
q i/ﬂSﬂLlTﬁ’
3 ]
XORGANIZED —NO
s REALITY ORGANIZED
Xt (SYSTEMS) REALITY

STEERING
SYSTEMS -

HﬂNﬂﬁﬂé
M
|

NEE!

—_—

ARTIF[CIAL s NATURAL
Lspsrens  |¥ sysrens |

SHIP

Fig. 1. Division of reality,’

The ocybernetiocal man-ship system is chara-~
oteristic for its exchange of information
between its-elomentq, whioch should result

in coordination of those elements.

The basic factors of tho steering process’
" are information and feedback, which assure

the contfol of the elements within the man
-ship system,

B,  MATHEMATICAL MODEL,
Generally, the system can be

bed with the set of simultaneous differen-

.[2]_ :

g: SfilAgAsyfnl
=fn/A4,Az, Anl

where: Ai- element measures of the system

desori-

fi - interrolations of the system,

Tha set of equafions (1) works well with

the analysis of the general properties of
the systen withoutithe infermation refor-
ring to Ai and fi . After rearrangement

end development of the set of equations we
obtain tho folloving solution:
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A«~C«e At Cue®te . + GG (')
- An= Cme’l’t+0 ze"‘*+ #+Cn1 eZlqt' .
where: C(~ conetant.

14— roots of the cheraeterietic
equatton'

a["—.)' Qaw -~~~ am =0 (3)
Qne = - = - - - ann‘vl ’

Stability of the-ayetem can be easily - de-
fined depeuding ou the value of A . The
‘anulyaia of the set of equations (1) enab-
los introducing of the following terms:

1. integrity of the system - . altere~
. tion of an erbitrary element  of
the‘eystem‘yieide the . alteratious

. of the remaining elements,
. 2, additivity of the system -« pltera-
qion' of the whole syatem 1is a

sun of alterations of particular.

elements, .
‘3. progressive segregetion of the sy~
stem -~ intersction betweon the el-
ements of the system deoreeeea wi-

- thin the time paasing,

b, progreaeive mochanization of the
: yetem - loss of control abilities
of the system resul;s from“ita me-

chenigzation and automation, h

.5, progressive centralization of the
S system - minor alteration of one
of the eolemonts brings about the
significant alteration wgthin.'the

whole system,

Men-ehip system 1e of an nonadditive chara-

~cter 1n‘genera1. Tts funetioning is conne-
cted with the growth of complexity resul-

Eting_from the progressive segregation and

Lpregreesive mechanization, It can result

“ia the loss of control sbilities by the

‘pan—eﬂip system in diffiocult situations,

4, . MODEL OF MAN

Ffom.the claseificntien of -the sys-

>teme 1nto open and oclosed ones we can dre

aw the oonolueion that a man ie an ‘open

syetem.
def

An open aystem ——=the syatem which continu-

ally ' exehangea the ma-~
- terial with its environ-
.ment [2] .

Man is charaeterieed by his ability toper—'
“form @ workedepending.on achieving ' stabi- ‘
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1ity in definite conditioﬁs. What is mo-
re, the charscteristic features of a man
are:

time of remction, shooting above the cro-
asbar and false starts /see fig. 2./. .

1 Qoo 515 £ ‘ 54&— %ﬁ%—
of o .
\,5
ht : = -

Fig. . Characteristioc features
of a man,

The basic feature of the human body is
dynamical internai interaction consisting
of the growth of internal erder and do=-
croase of entropy [2] . Man’s control a-
bilities depend on conditions deminatlng
the whole system, Gradual wmechanization
of & man within the possing time .brings
about the situstion in which man’s  con-
trol abilities are of the feedback chara-
cter typical of the closed system, In fe-
edback the quantity of information  does
not grow in number but it often changes
into noise. ’ ’
The correoctness of eecissions undertaken
by man being the open'system depends on

» form, kind and content of information wh-

ich he eequires, The model of a man vie-

:wed a8 @ closed system has many drawbacks

in comparison with the model of a man vi-
ewed as an open system. The model of a
mahAviewed-es an.open system is more cor-
rect as it .takes into account the psycho-
physiological aspect of an organism,men’s
creetivity and personality, .

5.  METHODS OF MODELLING AND
INVESTIGATIONS

The most commonly applied methods of .
evaluating the influence of the. human fa-
ctor upon the navigation safety are [4]

1. computer eimulafion testS{

2, investigations in full scale.

On mocern ships a man takes the. role of &
controlisesr-observer,

Fullfilliing the variety of funotions Aby

e



- man on ‘a ship is connooted with recaivinp,

-transtormlng, sending nnd utiliving 1nf—

. ormation, Man’'s behaviour dupinc aecomp-‘

-liéhlng'tha'tdak is dependent, among ot-
Ahera; on his ability, knowiedge, experie-
nce and lews of ph&siog_g@vprning,Acondi-.
tions of e ship movément snd the fofms of
'pieésnta(ion of the information concer~
"hing'ihe movement of the ehip;. The best
method for determining the .influence  of
" the humen fector upon the navigation sa-
*’foey is ‘the real-time simulation on board

‘with the help of a bridge simulator with .

tvo beripheral»devices. Such a  simulator
enabloa 1mprov1ng ‘the navigation safety
_due to aimultaneoua observntion '6f' the
. aetual situation on the sea, training and
.'projoction of the original information in
"a form of an'imagé;.nuﬁerioél data, deci-
. sion ete, Knowing ihé_métﬁematical' model
‘. of @ man 1t is pbsaible to make the anaw
.;lyais'of the‘shfoty'of man-ship system by

>g.mesns of. computer aimulation according to )

: tho aohome shown in fig. 3. [ ] .
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Fig. 3. Model of the navigator and
halmsman. - .

;6. 7,REsULTs OF COMPUTATION o

. In the otudy [5] the enalysis  of
 the effectiveness and calcuiation of rel-'
'1ab111ty of the navigation safety systom
- has .been wade. Thero have been oonaidered

two differont nodols of bridgo navigation"

'alfety systoms /see fig. 4./, y
: _Tho_oalculatlons tuke into acocunt . the

rendom charpetor of faults made by mén

. and the random character of faults made
“:by the technical subsystems of & ship.
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' Fig. 4. Models of the ship safety
) ..system,

Conclusions resuiting from . the calocula~
tions are as follows:

f. reliability of both systems /A a-'
nd B/ decreasas with the time pa-
ssing;

~ 2, necessity of constant and progre-
ssive observations of a ship en-
vironment,

3. system A does not meet tho requi-
rements of safe oporating man-
ship system due to its minor re-

" liability /after two hours = of

work the reliability goes down be-
‘low 0,5/, : .

L, there exists tho neceasity of reo-

) ducing the human feotor effect in
the ship operation process,

%, ship safety can be inoreased by
automation of the navigation pro--
cess vhere,mah'a role  would be
that of the control elemeht..‘

7. HUMAN FACTOR EFFECT ON STABILITY

- OF_SHIP

_Toking into consideration the infor-
matioﬁ.receiveg.from the outside the man-
ship systeﬁAié ‘the match play system [13]
Manjs influence upen the ship stebility

oan be studied with the application  of

the theory of gemes. Roughly speaking, the
game is governed by the rule that - two

. players A and B perform the activities si-
multaﬁaously; In case partner B is not in-
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“tepeated in the results of the game the

fpla of & pprtﬁer for the seocond player A
is taken over by cirdumatanoéa /in our

Qasé it is the state of the sea/.

In the above case the matrix of profita
iss ’

. B(oireumatanooa)
calm roug
. o sea sea
_ . completing P P
A(man) : the fask - - (k)
. ant;:mgzziing -8, -322

,ﬁhggé:: 51,, °12'.'°21; -8,, = profits.
When a mah_performs'a task and sea is ca-
im the probability of the stabilitf accl~
~'dent 1s a,,. The greatest possibility of
this accideni:]-a,‘,2
does not complete the task and sea ia ro-
~ ugh, Man of ten undertakes the riakAin ‘the
- situation when he has not completed. the
task, aimihg at the same time at reducing

. the expected value /the least probability

. of the stability aooident/. .
A poaimiut will alwaya perform the tésk
_uhile an optimiat will rather wait for mo=
re favourable situation, Although, the le-
‘ter would probably decide quickly to com=
plete the task if he knew the probability

of the stability aocident at that moment

;waa o.g. 0,9.

Game betveen 2 man and circumstances

wan result in zero sum or non ZOoro sum [6]
The basic criterion in games with zero sum
result is the MINIMAX criterion [1] [9].

We can call: it here the criterion of the
smallest risk of the stability acoident,
MINIMAX respects to the saddle point on
the surface 'Z= f(xy) which 1s the dist-
ribution of sacores between the players A
‘end B, »
The profit of playor A, acoording to the
~ matrix (4) equals:

- -

. Zexlyan +(-glaalti-xDytasdrtighan] B)

: Vhéref (x,1-x) - etrategy of man A,
(y,1-y) ~-. strategy of circumstan~
. ces B, '
It is assumed that the strategy of circia-
hétancag for a given water regioné _are -
kpown, . a '

Since the ciroumstanoes B are not intere-. -

gted 1p_the result of the game the expeo-

/ occurs in case  men

ted value-equals.zero [ E(Z)=0] . Man’'s
1nf1uenoe upon'tha value Z depends on
his stratepy {x,1-x) « When man employs
strategy (10) he decides to undertake the
task and émploys strategy ﬂL4) he decides
not to underteke tha task, '
Both strafegies (7,0) and (0,1) are called
clear, R

If men A i8 not selfconfident ho may chae

.nge his strategy to prevent from the inf-

luence of the environmeunt. The best.stra=-

_tegy man A can employ in the game against

the cirocumstances B is (%, %) for which

" E(Z)=0 . Games with non zero sum.are @S-

sooiated with the prisoner’s dilemma. The -

" prisouner ‘s dilemma lies in reduction of .

risk of tho stability accident by man,And
if he knows that man B has not  accompli- .

- shed the task the matrix of profita‘ is

[o7 +
B1 ) B

_Ai A498, aglﬂa

Az 83.62 ak,all

where:2a+>ds +a_g>}.‘a4, as)as,as>qs, as) Qa.

The dilemma of both players lies in 'Athe
question whether to ~accomplish the . task
what would influence direotly the effects.

The analysis of the prisoner’s dilemma

" within the problens referring to the stlhilio

ty accident’ anables the formulution of
the following conclusions:

1. oooperation of men 1s the most
‘constructive in case the atabili-‘
-ty accident is oertain,

2, man is 1nd1fferent to the safety
of a ship when according to his-
opinion the probability of the st-
ability accident is small,

3. the most dosired strategy on the
part of a man is the clear stra-
tegy (1,0) , :

4, the ceuse of man’s lack of self=-

' confidence in the conflict situa-
tions is the lack of knowledge a- .
bout the matrix of profits,

' 8, CONCLUSIONS

Despite [ rowing process of automation’
in ship nevigation man etill remains a de-
cisive factor for the ship safety at sea.
Present research hss shown thata man 1is

the most important element of the - ship

safety syatem, The loss of control - over:
2 ship in a critical situation is the main
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. cause of casuslties,

“The aim of further reseerch on the human

nfacfoi effeot upon the ship safety 1is
vorking out a method of ;dentifioation'

ot

tho‘dyn&mies'of man=ship system .,
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ISTANBREE

FLOATATION INSTEAD OF STATICAL STABILITY
PROPOSAL FOR CHANGES ‘IN BASIC DEFINITIONS

Je Widniewski

SUMMARY

The aim of proposal is to separate

the ship atability concepts from its sta-

‘tical origin, and enable on this way the
proper dynaniical deduotion of it, also as
a pert of modern dynamic systems epproaeh,
positively developed in other branches of
_ensineerins. .
Presented aim is not only of educat-
ional effect, which wmay be asa well impor-
tant, The scope of hydrostatics cealculat-
ions for: contemporary ships has besen en-
larged, and raised to the role of one of
the main problems in methodology of ship
‘design,  On the other hand ehib stability
‘15 Very offen eppreeohed now with the new
tools of dynamios syetems theory, what nee
:ede a -common ‘base with former practical
eolutione so effective till present time.
Foxr both of these practical aims proposed
changes may be profiteble, ’
' The main chenge lies in prpposale of
the new definition of ship floatation,This
is based on knewn conditions of eduilib-
riuﬁ.ef floating pody..There are given co-
nditions of so defined . floatation proved
by the oriterion of extrena of the poten#
‘tial enorgy.

:Further, the socope and methods of oheoking

theee»conditione are. reviewed generally,
outlining the practioal problems of sepa=-
“ rated notion, ‘ -

At the end tho new situation of ship stax
'bility definition is discussed.

1. INTRODUCTION

qu .oritical eonolusions may be fore
muleted after retracipg first chaptere in

naval srchiteoture textbooks concerning
the problems of ship hydrostatics,They co-
nstitute detailed arguﬁenta for actual ge-
neral opinion that this part of naval ar-
chitecture, belng remain of history,should.
be modernised.

First conclusion states that  almost
all 1ldeas of ship stability adepted and
developed in practice,rised by IMO to the
level of international rules,originate from
statica, and some of them, missnamed, are
still incrusted there, It makes difficult
the effective applieation of modern dyna-
mic systems approach to stability in naval
erchiteéture, in spite of positive results
in other branches of engineering, ‘

Second conclusion evaluates critiosle
ly methods of formulation snd solution of
hydrostatios problems. Many different al-
gorithms and simplifications for separate-
1y treated problems,.elaboreted during the
long years of desk calculations, do not su-
it now the requiremente end poaaibilitiee
of eomputer technigques and modern methods
GQVeloped in ship design methodology.

This paper aims to present the simple
proposal of modernisation  without detri-
ment to the past, New derinition of the
ship floatation has been formulated at the
besinning nnd a seneral reviev of praoti.
cal problems and methods of asolution has
been presanted in limits of the new defi-
nition, with all traditional notations ~of

‘naval arohitecture, As the result of this

preeentution the possibility of detachment
of ship stability ideas from their hydro-_
statics origin eeema ta be evident. '
The author hopea, thet his simple proposal
is not ouly of formal value. The . épinion

“of experts umay answer, whether it may be
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édnatfuntlve,aléo for proctice,

‘2. NEV_DEFINITION OF SHIP FLOATATION

 0¥31¢ proposed x/ in his toxé-hook[ﬂ-

nthfee conditions of ship floatation, which

msy be summarized in the following now de-

" finition: the floatetion of & ship is her
- property ‘to float imn tho position of ete-
‘jfble equilibrium under the action of grevia
Vty and buoysncy forces, The novolty 1105
_in the Junotion of the two previously
",pnratoly treated oonditions of equilibrium
. /in orie motion, adding the demand of firmi-’
ity to them., The new definition casts the -
“problem baek to .the .times of classioal fo-"
Eirmulation, when the early studies of equi~
-flibrium of the floating body are inmicia-
’ted.

&huu examined equilibrium Rouguer [2]

A}defining the metaoentric radius in the mi-
“ddle of eishteenth century,

Liko that in nineteenth oantury Dupin

1[3] and Davidov [h] continued the study of
gho probls-. The neods of contomporary pre-
‘otioe negleeted théir‘ssneral attempt, dis-
'joining in aoparate treatment the . buoyan-

oy, “trimm and transverse stability prob-

:loms. deay,genaralisation is more aotual,
- Lot the body form bs given in body axes

floystem nyZ/fig. 1./ o v
1 g
74
t
A u
1.4 ¢-
: f X
A2
G . o
- .
¢
a1 Y
F?g 1

/In apite of proposed oconditions,the text

or Ursio book is treating the problems of

floatation, trimm and atabillty aeparatew
ly nnd in traditional composition.~ o

.edom through parallel displacement

In thiﬁ system there are defined:

1) (Zw;%q’ )
i} (Zwp,¢) = buoyauncy force
R%(zw,qg?) - radius vector of the centre

) of gravity
Ko(Zpip19)

~ gravity force

= radlus vector of the centre
of buoyancy

all of them being the functions of coordi-
nates of the water plane zw,9;¢..1he solu-
tion of equilibrium problem in this general

‘case of three-dimensional system is rather

laeborous and transcending the common des-

oription in naval architeature, Hence; ob-

.serving the conmon treatment of the problem

like in ship hydroststios, let the ship po-
sition tbwards the water level plane be
Ehanged separately with onoe degree of fre-
along
the axis Ot , and two rotations round the
axes .p'erpendi'cular to planes Otwand Otu
of fixed axes system Ouwl /fig . 1./.
Axis Ot 4is always perpendicular to . the
floatetion plane, and the origin of the sy-

- atem Quwtl 1ies in the same point with the

origin of theAsystem Oxy 2 o For the ship
in upright position the corresponding axes
of both systems are in ocoinocidence., The a-
nalitical geometry of the centre of buoyan-
¢y ia both éyatema of reference is assumed
to be known, at least for two-dimenaional

08898.

3,  CONDITIONS OF FLOATATION

" The criterion of equilibrium of  the
floating'body is the extremum of its poten
tial energy relatively to the water level,
rfor steble pqsition the extremum ought to

- be mimimum,

Fig.2
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‘2 A

tf.(ta._—' r)ﬁ-(t TD (1)

.'Subatituting for t : end 17:

St)édr. 7 |
t =nf D Sle)dt
d ’s(t)dt / )

i- Hhere.S oyg the area of vaterplane, -and
“putting r5 { for aimplifioation, the en-
f{ergy may be’ written as: o

:_»__E,, (tG T)P /S(t)tdt+T/ S(t)dt (2)

The fir:t derivative -of energy with res-
pect to 7- is:

f‘_'E =-p. s(r)r+ S(t)dth(T)T"P*l?(S)

to

B Henoe. the condition of equilibrium . for
'verticnl displacement 1s the equality _of
crevity end buoyancy forces, '

' The oondition of firmity needs:

»_E - S(r-)>,a;-_::.. ~___.__(»;)

'-sels. B S v

";Vhen S(T) 0 the equilibrium under the
“weter level is theoretically noutrel /ae-f_
-feuming 7”(t) CDﬂﬂV ‘since all further de—é»

rivativee of energy'equele zéro, vhat ‘im

'the condition ‘of nnproper extremum,.:,and o

therefore =~ the neutral equilibrium.-

. In. cese.of idoal oompreaeive £ludd - the

Aifahip with S(T) 0 is vertioally in etnble :

\”fposition. ' : : . —
. For the: ahip inclined with - ba1aneed'~"
,'oonetant dieplecement, the potentiel ene-'»
frsy 15:. : R ’ - - .

Ey= mt -t,) .__*_:,-':(5-):’
*;:Subatieuting /for heelins/x‘ -E I

t zG cos S" ga smgo ; t,,= z COS‘P"yy 5’”‘P

" dz, dy,
?_tp—v | 'r'svnso, -a%- ‘_.‘-"_“’3,‘” -
= JB

whete = 5 "is -the metecentrio | ra-
dius, the firet derivetive with respect-f
 to. LP vill be /fig. 3 /: '

5;, =Z7(wv Wg) =D+ & (6)

Potentiai energy .of the ship is /fig.. . . .I

o

1

B Wy w

fﬂ;.3‘

. Hence, the condition of equilibrinm . for
balanced inclination needs the colineation»
of grevity and buoyancy forces.,

" The condition of firmity needs:

”This ie elveys fulfilled for eurfaoe vee-g

E,§=D(7~+t;—'¢6j)=b-_m->o (7)

Hence, in the position of squilibrium the
distance between the oentre of gravity and
‘the centre of buoyancy ought to be smaller
'f'then the metaoentrio radius. Equivalently,thp
. "metacentric height must be positive. T
" The dieoussion of the case GM=0 must be.’
" longer [5] . It is the condition of  neus
- tral oquilibrium for body of revolution fo-
rms only.,Fo:.submerged ships the ) eondit—
~ om of firmity needs t,>fg.
On the same way may be derived the co-
) 'nditione ror trimming, for which the cheok-
-ing ‘of firmity haa no’ importance practica-
1y, : '

4, CHECKING THE coNDITIONs or FLOATATION -

Two foroee end ooordinntes of . their

f; oentree, coordinates of the waterplene of
'equilibrinm and two: metecentric radii are

_ the set of thirteen veriables in . floata-
. tionm probleme. The conditions of the stable

'equilibrium form the four relations of the
variebles. < - ’

. Limitation to’ the two-dimensionel .problems
" reduces the fumber of variables to nine,and
relationa to three, P

S



The force of gravity and the coordl-o

-”notoe of - 1ta centre ere oalculated - 8OpA=
'1ﬂrotely in tnblee of weights, if thye are
:.not the unkniowns in the problem under co-
-';neideretion. Complementary rolatione for
) .» the rest of variables D (}’,Zv,yv,i"r'
"'.,./or D, tp,zv,xv,t R ./ helping in the

”solutions of -some problems, are given inl'

”;Zform of geometrical chereotorietics knovn

'?f under “the . namee of orose eurvoe ‘of stabi-

) llty, trimm ‘curves, hydrostetic
;f“eto. Many. problems have to bo soclved ' di-
- rectly with the help of body lines . for
:*_dlreot oaloulations of oomplementory var-
5_:lablee..--”

- boing fulfilled through the parellel dis~
~Ap1eoomont of the waterline along the azis

. 13* . Uling geometrioal oharaoterletice,
"tho eolutiou may be obteinod but  for up-

as woll as for “inclired three-dineneiona-

: llly. Croso curvea of - stebility do not re-

) .aproeont tho relation batween tho buoyanoy
:f.ond the height of correeponding waterline,
"; In theee cases tho body linee muet be di-
1'root1y usod '

N - For: small ehanges of the buoyancy
‘:fthe problem may be linearised to the re-
:=;A'\7 S-at: '

o Uay ‘”';“s: ST

— fay = ts* R
’;jwhere S 1e the ares, end (os,lls,ts

- a the: ooordinatee of the cantre of actual.

'fblatlonev

‘Clwnterlino. Llneerlsed fermulae ere prefe-~

:1irod even lf tho poaelbllity of the use ‘of

-JYQeometrieal chareoterietioe oxieta._

ZH?':V

- ourves,

The flrst condltlou of floatation 15'

3r13ht and trimmod poaitlon only. ‘The one-xj'
iwor can not be obtnined from the charac- -
’f;terietloe for transvoreely ‘inclined ehip,"

. The sacond and third conditions of
floatation mey be ohncked grefically in re-~
epect to ‘P using the oross curves of sta-
bility /or trimm curves in respeot to 9’ /

"~ - from /fig. b, /f

cas<p D(w zsm(p) (9)

where Wy (‘P) for .D = conat, muat be 1nter-

;polated form the diagrams of croes curves, -

Tho stablo angle of equilibrium is - the . so-

o 1ution, and this is to rascognise from the:

alopo of reaultunt curve at the point of in-
teraectlon with Oq? exis. There is no other

. eimple poesibility to coatrol the sign . of

metacentrlc height at tose englee or heol as

‘no other’ popsibility of the detormination of
. metaoentrio height for. inclined ship existe,

oxpeot as from the body llnes.
Approximating the 1ocua of the eentres

of buoyancy with the arc describod by the.

metacentric radius, the oondltion (Q) »may.
be formilaeted analytically for upright po-

sition ast’

Pya casqv D GM smcp | (‘1»6)‘

. Hence, the angle of equilibrium will be:

t =Yg (1)
g9= == D)

- ‘Although the metscentiic approximation may
be-used close to the centre. of buoyency of
. the ehip with any trimm and heel, practica-

lly seomotrical characterietioa 1n form-. of -

_‘hydrostetle curves allow - to do it only for
" upright poeition. Sometimee trimm ourvee in-
: clude tho information about the metecentrie
- radii of trimmed ship. '

-All the problems ‘with comblned trimm and he—
'91, if .not simplifled by“euperpoeition,heve
“to bo solved directly on the body lines, In
particular nethode_epeoial'geometiioal cha-

racteristios are calculated in the process

-of solution. Detailed discussion of ‘methods

oeed'in'threoqdimenéionel"oeeee exceas the

limits and needs of thio'paper; For .the bre-
vity of main text, already the revlew of ac=
tual practice for oeloulatlon the more com-

""" plicated two-dimensionsl problems of float-

ation with 1inuid cargo, in damaged condi-

“tion sad with support is to be oontlnued in

eppendix, Tb it will be oleo referod in fu=-

'rther ergumentation.
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'8, - SHIP FLOATATION TOWARDS STABILITY
The revieﬁ of newly separated floata-

tion probleme /including appendix/ using

[1]
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nal olemente. It contains solutions of the rps flottants,

it . o o Paris 1814; o
vhole ship’ hydroetatic probleme without a- '[b] A, Davidov ‘Tieoria Ravnoviesia Tie
y need of reference to stability notion, e .~ el PogruZennych w Zydk-

“The ship stability, free of handicaping ' . - osti, Moskva 1848;

: s J.Wisniewski O réwnowadze objetej sta-

-vith atetie, is open to bew approach, The . tku, Acta Technioa Ge-

 'ship as & dynamic system defined in. diffe-_ L " danensia Nr 4,Gdafisk 1967;
rential equations of her motion should be {6] J.Wisniewskti Mechanicdl Criteria - of

" the objeot of stability investigation. ' o Ship Stability. Schiffs-

* The” etebility of & system is to be sble to ( j L - technik 1961, Heft U1;

. 7] " H, Bird S

d : s R

.remain in accepted bounduriee of define “A.Y,0debasi ' .State of Art: Past, Pro-

" state under the action of predetermined ma- ) sent and Future,

. . International Conference
»gnitude and character of" foroing. The ata on Stability of Ships..
te. mby be a stable equilibrium - position and Ocean Vehioles, Gla-

- under the aotion er erevity foroe, and the ‘ L - ) 1350" 1975; -

'.foroing-due utatieel ohanges of its looce- {8 V..Bogusz : g;;te;znoéé teohniozna

= / . o bude. [9] ¢. 'Kuo : arszawe 197?.

: t on or/and magnitude. . -A,Y,0dabasi- ‘Application of dynamio
This ‘case, called "etatieal etebility is . Systems Approach to Ship
iuoluded now. in whole into floatation pro- i:iyOcean Vehiele Stabi-

-blema. Preetioelly there are no other.sta~ International Conference

. ‘on Stability eof Ships

) eieel excitation forces acting on the ship, and Ocean Vehicles,Glas-

. Hence, atability may be started as a prob- . gow 1975,

2. 1em of’ dynamios. ‘Starting with the solu- .

‘tions of: lineer equations of the motion. . . )
fdiecuesing some nonlinear ‘solutions, then . Appendix

. introducing modern dynemio system’ approaoh- Checking the oonditions of floatetion .’ig

‘“baeed on the Lynpunov ideaa, the '_apecial cesea.
1_on ahip atability may ‘be newly formulated

‘and develaped. Referenoee[?] [B] [9J

ohapter . ; o
1. Liquid oargo problems._ 
All the basio probleme may be compli-
oatad through changes of the coordinates of
'fthe oentre of gravity with the poaitiou of
the ship, That’s the case when ‘1iquid car=-
go fills ounly a part of watertight compar.
tment, In this éeee_theAseeond condition of
floatation (9) may be found from /fig:.3./:

There s also the 'space in this 'ehaptor
'for what is called actually 'the " dynami-
‘oal. etability of & ship - the base of . co= .
intemporary international criteria of eufe-
bty in. ntebility regulations. Moeeley deri- -
ved the idea of 'dynamieal etability’ ats- o
 iouseing rolling motions of the 'ship, ' His N ::”\i
' followers 1inked it to the statics, How- to

-derive 'dynamieel stability” through lin-i
R tegrntion of aimplified equation of motion.(
b0 e.g. [6] . ’ o
) Evidently, all equations of metion ‘include -

 23¢.¢103117_defined reastoring terms, end so- : "_!a;
me of stability reéulatione - additional L
etetically defined oonditione. But a11 ‘de~
taila for this use may be queoted from floa-

. tetion ehepter. Theee remain the 6nly nee-

'{ded 1ink betveen etability and hyﬂroeteti- a . ~T ‘&’

ee._;? Y _i' ;?g _.JA: .,' | ‘A , .. . - 'F—e..
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ﬂ(yc;m"f” pw)"D(Wv 765”7‘/’) .'('2)

vhorox : 'p - weight of the 1:lquid eargo,

tn'fixod system of referen-

‘ce with tho origin in point
(Xp v yp- 2p

" tre of gravity of

;_the con-

ocargo being the oomponont

in calcqlations of the cen= -

" tre of.graviﬁy of the- . ship
' hpright pogition; o

) Tho oolution ‘may be easy
'“vhon the oharaoteriatiea in form of oross
;ourvos for the compartmonts are previoua]y

b‘:computed, analogically to the cross curves .

' :of siebilily for the, body lines. It is ra-
" .re the oase, and mostly metacentrio formu-

1-0. or oress ourves of simplo box rorma,.;‘
'i npproximating tho ahapo of resal tanka,‘aro'

s used. .
Suhatituting aooordiﬂgly into (12)

2% [7»3mqrd<p, yv /”'m“fd? (‘3)
e
ot )

: where: '7“p~.b§ - metaoontrio radius of 11-_71_
_quid oarso, thon rearrunging and roturning .

- te the fixed eyatem ‘of referonce, the S se--
“‘oond condition of floatation ohangea.;' to l N

-:the form' .

Py, .fcoé'sv -D( W}y‘zs sin ?) )

:;vhere'IZHI . , .
Wey ‘z smgp+y,vmscp

Z / B‘ % 5/n d +Z
" -——L—& ng t/ 16)
T

yw /_ﬂ_VL_w_ casq: dcp

‘ The aimplo formal operatiou roplacos‘
';tho rsal ahifting the eentre of grnvity by :
j;apparent change ef coordinatoa of the oen= -

" tre of- -‘buoyency, with no differonoe ol the
. roault Thero is no separe of
when formila (15] .is used.  Subatituting
(16) 1nto (6) in place of Wy ,then ai-
_'ffo?ontiating, tha.appogont motaoentrio _

- ooordinato of . the centre of-
.gravity of the liquid cargo .

llqnid

'obtainod,

calouletion

i

hight in the condStion of firmity (7) will
bet : : B

ZW J‘?‘Pr+tt Zf"_g_‘ﬂw ()

app

: _In this form motaoontrio hight is oommonly

used fer celculations with metacentrioc ap-
proximation, Ths other possibility /not

m:practioieoof_io_to oalcu;éte\,the position
of the :contre of gravity of the whole ship,

%ith the centre of gravity of liquid cargo
rised to the point of -its metaoentrum.
2. The influenoo of floodiqs, or floata-

© tion when damagod.,,
. The deparate group of problems in na-

val architecture are the equilibrium con-

" ditions for a ship with freely flooded wa-
. tertight compartment, The second oohdition_
7 0£ equilibrium in this caae mey be Written.

2 ya,'c”??=ﬂf (Vy"”-zmsihq)' (*8)

vherez.

coordinates of the oce-
ntre of gravity of the
ship with added 1i.

Pyt pyp
Ya '—'Q—P—
ZG = PZg+ BZEﬂ

f . ;% -.quid cargo p .
- coordinate of the ce-
. ntre of buoyanoy of the
D[/yv‘f‘dwd - ship, where added bu-
Wy = [, . oveucy d=p and Wq

‘4 "~ is the coordinate of
- . its-centre (fig. 6.).
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“Fn ‘this cese the water in compartment
-_As treated as the added weight.. Calculat-

B ions of the poaition of equilibrium using

(18) are. ‘Laeborous., The added welght in a

‘funotion of (P , and even if the oharao-

.teristics Wp(p P) are in diepoaition, an

‘itorative prooons mst be used, -
; Substituting formulae for ZG{ » yﬂc

nnd MJV4 in (IB) nnd ronrrnnging it wiilez-

bo obteined:

Py6 COS(/J D(wzv-zasmz/) 19)

:vhoro;

w w+dw
»Wzv_ _ Dwv 0y ¢

‘ | It is - eoon on the. fig. 6., thet Vng

fio tho ooordinato of tho contre of buoynn-_

" ‘oy-of the ship without the 'Volumen ofthe
' .-1~f1°°d°d compartment, The loss of the buo< .

. yenoy of watertight oompartment is equnli-
sed’ through tho immereion “to tho waterlino

WLeo o

The new cross. ourvoa of - etebility W@v(v'?)”u

for: recosaod 1inee mey be oalouleted - end -
_the problem (19) - 1s reduced to (’8) .
This mothod of "lost buoyanoy" is:more si-
{mple ns the method of . "added weight" <. of

1’(18) . Grufioal reaulta of both oolution[

'.aro identioal. But - thare is no ' identity
fwhen in plooe of nomence only the - levers
:nre oaloulated, vhat is the common preoti-

. ced’ case - in nevnl erohiteoturo.

{1“8105 sivee aooordingly-
ﬁ gG casq: E[M’fﬂ (Wd wp)-z s,md(tm)

cosc/ wy 7 £ wd wp)-stmq(wA)

It ie evident that both ourvee diffor
'in values proportionally. )
fAlso the metaoentrio highte will differ at
eévery point :

- Substitution’ yGy .. 261 nnd “q from (18)

. “to (6 . and differentietion give the resu-.
-le-. : i - ; . :

% u[fzv —uﬂ ] (e0)

nnd the samo operntiona vith th fro- (19)
;hnvo the result' L

g™ty )
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o Dividing -
(18) by .Df end (19) by .D _and rearra.- o

It makes no difference for evaluating
ﬁhe state of equilibrium, as the eign of

- both metaoentrio hiehts will be alwnyo the
,‘some..But for oalculatione with

metacen~

‘tric npproximation. or for checking  the
. requirements of the Safety of Life at See
. Conferencé, proper value must be used.
" 3. Floatation with sqpport

Dooking, lnunohing, grounding, or  in

' oomo ocirounistances rising the sunken ship

ere the probloms in vhich equilibrium is

- inveatigated under oonditions that the wo-
,ight of the ship 1is ‘equal the sum of buo-
: yenoy force and supporting reaotion of the
bedr ’

- Fig.7

R Potential energy of’ the" ays»em will be fig.

7/: :

B Py Dt—nt,, (22)

'Honce, for inolined equilibrium position
it should be satisfied:

Dwv PRw,, Pwa (2'0)

b . : - :
As the . . ratio is a t‘unotion of (P the

'oondition ( 210) must be aolved by trial

and error method,
"In'-the position of equilibrium the se~
cond derivative of energy gives,tho condi-



-tions of firmity in the form:.

plrit,~ty- F,(”Ht fn)]’”

25)

EM ,,(t t)>0

nﬂuﬂonoo, the’ oritioal ntato v111 ‘be whons.

Gw;<' (tM tR) (26)

T- In pnrtioul.r enso, when the ohip 10 oupi
',ﬂ'.‘-.portod it plono of symetry, and - = =0 ,-
f'}tho appurent motaoontrio hight v111 be @

. ma

Pp” GM" ? Z“"

27)

.-,whnt givos tho eoudition tor apparent mo-_*
. ,jtucoutrio hight in tha pooitiou of oqui-’w
' librium: :
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PROBABILITY OF . NON- CAPSIZING OF A SHIP
~AS A MEASURE OF HER SAFETY '

W. Blocki

- AnsTnAcT'

_There are views that the ' probability
‘of nnn-éapaizing of a ship is & good mea-
'nuro of her stability safety. The paper de-
aoribee ahortly ‘how to onloulato this pro-
hability. The method used is based on the
Goda ‘s oconocept of tho wave groups, The roll

of tho,ah;p is simulated on a ocomputer and -

difterontial quation of ship motion is so-
' lvod.for random initial oonditious, The so-
lution makes it possible to calculate. the
:. probqbil;f_y.of_ oapsizing oaused . i:-y one
’gfbﬁp'¢£.wévps;ﬁbit;tho probability. of oa-
psizing is calculated with respeot to .. the
'éotion of any group of waves aoddrdins' to
the formula for the entire probability,The
probability of npp-ogpaizing in a difini..
té poriod. of time is obtained and 'thib
,probability is reoommended as- & measure of
.tability satoty. ' _

. The rooults ‘of oulculationa of - non-
oopoiming probability for: amall trnvlor at
Baltio Sea are prosented, The method - of
the ohoice of @ suitable probability level
up to whioh tho ahip may bo rogarded an
safe is shown,

1, __ INTRODUCTION

_ ip the history of naval arohiteoture
diftorpnt quantities were taken as measu-
res of the ship’s stability safety, '
~In .the 18th and 19th centuries metacentrio
_height, righting arms of the statical or
»anamidal‘qgubility were used asAtho;e me~
asures, Sefety, similar like the " reliabi-
lity, is a probebilitic quantity, At pre-
sent the opinion exists that the probabi-
liti of ahipfs‘non-capaizins.is a good me-.

“asure of ship stability safety. It is a oo~
~nvenient moasuro,'beoauae the probability
‘of ship's non-capsizing increuses nonoton-
:oualy with an inoreas of ship’s stability .

safety. This is the number from the inter=

.val [0,1]

For the most dengerous ship, with no sta-
bility, the probability of her
zing is zerb; ébd for the absolutly safe
ship this probability is one.

. non-oapsi-

2, METHOD OF COMPUTING THE PROBABILITY OF

SHIP’S NON-CAPSIZING

'The randomnesé of ship’s capsizing is
caused mainly by the fact that sea waving
is a random process. The groups ‘of high

'waves, whioh happen in stochastio prooess,

may cause ocapsizing of a ship,vThe sto~-
chastic model of the wave group was propo=-

_sed by Y. Goda (1970) . This model defines
"‘the probability distribution of the lengéh‘

end frequenoy " of groups of high waves
[1] [?] . In this model of_tho'wavé sfoup
a single wave is. considered, as independent
random event. The wave group of length J

is defined as.a series of single waves

-whioh oonsecutively exceed the level g in
(3 =1) = trials and fail to exceed in the

J=th trial.
This length and diatanoe between two wave
groups are ahown in fis. 1.

‘It is assumec that the amplitude of - wa=

ving is distributed aooordine to the Ray-
leigh’s density funotion, A
Therefora, the probability of exoeeding of

the level g by a aingle wave 1is &iven by:

Ps?(f4>%)=exp(- n\:.) ”(2'1)
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BN T denoted by symbol B, The
. ef nh:lp ospsizing as a result of wave group °

The wave group

The distarice between two | wave groups

Fig. 1. The length and the d_fsfano_o bo‘f_iioh groups of high waves,

. The probability of the ooourence of  the

"."'_‘i}lﬁﬁ'vo,cx'-oup'ot? leugth § ic ezpreecsod as [1}’:

RijleplU-p) )

. 'l'ho moun valuc of thia dintribution it .
78 - c— 2

‘on ths other hand, the probability of the

;A&iltanma between two subaeqmmt vave gro-
a upe s exprsused by [i]

[P§ 4 (4 )1“] (2.4)

'_'_with tho follow:&ne mean value:

E(ﬁ’-)"-"' A‘P (2 5)

Computation of the probability ot

e fohip s vepsizing 1s based ou the -olution’-

. .of the differential eguations ot' ship mo-
" tions for raudom initial conditions,Stri-.
.. otly spesking this consists in - determi-
_‘ning of the oritioal initial = conditious

which oaune cnpaiz:!.na of & ship. It :I.s Py _
aauud that tho ship undeigoes mmdoa o=

h 'ouationn untn s£he moots the mn eroup

: _,__’and ‘then sho tmdersooa dotem:lndte oaoi-
L 'utionn. At the momént of ocourretice ‘ot-

: _ the cmp of wnvo- the anaular voloo:lty
'of roll 'is vandom, .

'~‘->1¢ s mssumed that the group of higb ua-',._
vo- oan be appz-oxumtod by soeans of @ ro=
 guler wave [3] . This s sohnmtionuy

-..:..hm 1!! t’.g. 2. . . .

' . The mndm event of -h:lp _ ‘uamgia'ing,:
probability o
of l@ngth $. may ‘bo expressed by:

P(BI{)= gg»_cézd&

(_z.s;”""

WAVE

random 1 determined
1 process

‘ROLL
.l copsizing

random initial .
~ conditions of ship

Fis. 2, Sohemo of oapsiz:lng of a ship
as a result of the wave group.

where G denotes the space of initial angu-
lar ﬁlcdity 61‘ roll for which :
of the ship occnres.

ﬁmorea. tho probab:l.lity of ship. onpsiming
as & roault of any singlo group of. ‘high
waves uay be ealoulnted for the entire pro=-
bab:ll:lty by tho tollotine fomla:

capsizing

?(B) .?i'.?.q)?(mg) (z 7

. The random avent of ahi_p non-oapaizins is

denoted by ayubol A, Of course, the proba-

. bility of non-capsizing of e ship &s a re-

sult of any single group of high waves ocan

" . be simply caloulsted as follows:

{2.8)

' . 2y group of wavee is tha triasl whioh
ship
/success/ or oapsizing of & ship /faiiure/,

 P(A)A-P(B)

mey cause either von-oapsiziug of a
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The success oaccurs with the probabilify
P(A). and failure with the probability P(B).
The. probability of ship noun-capsiziug for
n trials /that is for n groups of waves or
in other words n successes in n trials/ is

given by:
) =@ (2.9)

This probability is related to the safety
of ship stability (4] . The
between four quantities: the number n of

relationship
groups of waves, the mean period T1' of a
wave,. the mean distanoce E(Jz) between tha
groups of waves and the period of time ¢t
of stay of a ship in definite conditions
is given by the formula:

t=aT El}) . (2.10)
Thus, the probability Pt(A) of ship non-
capsizing during the poriod of time t.may
be expressed by: ’

t
Fk) -=[4-'P(B)] TER (2

‘The mean E(J,) of the probability distri -
:»bution of tho distanoce of wave groups gi-
von by formula,(z.s) , reaches the least
vélue_for p = 0,5, This value is E(J2)= L.
This is the most dangerous case, .
: statements

Toking into the overmentioned
wo ocan transform (2.11) into:
' Lt
P, (4)= [1-P(B}) 4% (2.12)

This is a useful proposal to teke the pro-

bablility Pf(A) of non-capsizing of the ship

@8 - a measure of ship stability.safety.

'3« EXAMPLE OF COMPUTATION OF PROBABILITY
OF SHIP NON-CAPSIZING IN BEAM SEA -

An 1llustrative ocmputation was ocarried

~ out for a cmall Polish trawler of type
" KB-21, Parameters of this fishing vessel
are as follows: '

longth between perpendi- :

oulars Lpp = 18,4 m

breadth B = 6,0m

draught T =22,13m

volume of displacement vV = 116,5::3

height of thé centre

of gravity . . KG = 2,60m

metacentrio height .GM = 0,65 m

The approximations of the ourve of

qutiogl stability and of the ocoeffiocient
of. roll damping are shown on fig., 3., . and

fig. b,

() GM = 065m

024

E,=141

€,=-038
a1

0 e ¢
N - 10° 20 30° q0° 50 60°

Fig. 3. The approximation of the cur-
ve of statioal reghting arms
for trawler KB-21,

o8
607
a06t
008
0044
003
qo2

001} .
o b . P
o7 62 03 a4 05 06 G7 08 09 10 4f

Fig. b, Non-linear coefficient of
roll damping for trawler KB.2ft,

It was assumed, that the following dif-
~ferontial equation describes the roll mo- -
tion of - this vesseols ‘

<'p'+28¢(4+§‘1¢")4; +

e T, . (3.1)
+ wgt (1- €44 6,4%)¢ = mg sl

- Four states of the Baltic Sea were oonai-

dered with two paramneters determined :- .by
signifiocant wave height Sw¢, and mean oha-
raoteristic period of wave T'. The _wave
speotrum S(w) corresponded a suitable sta-
te of the Baltio Sea. :

The varianoe of the random prooéavof the
roll angular velocity was ocaloulated by
the formula: ‘

;zﬂg_,z'wsu’<w)-s§w)dw' (2.2)
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Yne nﬁplitudo transfer function of roll H{w)
was caloulatod for the ship treated as a

‘_non.unoar ‘ob jeot. Computed etandard dovia-»

tions of ro.ll sngular velooity of trawler

KB-2{ for some atates of the Baltio Sea

‘are’ oompilod in ‘table 1. '

“ble 1. : .
Parametera of waving fp% and ‘l‘1 for  the .
Baltio Sea and standard of vroll angular ve-
loolty for trawier KB-21 -

%  Su /,Eﬂ'] Ta[s] Gy¢ [5"]
s° 0,83 3,8 0,047
7° 1,60  k,8 0,095

9% 2,50 . 5,8 0,139
1% - 3,80 6,3

0,187 -

3Equaﬁion 3. 1) ‘has been solved aume-
rically for different initial ansular V-~
looities of roll,
The oritiosl 1n1tia1 veloeity of roll was
found, . .
Thq_oapaizing of-the vessoel cooured . for
" velooities higher than oritical, One level
of excess was used, beoause it vas assumed
thnt ‘the probability of the ship capsizing
i independent of it, Separate oonmputs-
tions confirmed this assumption., Exempléry
runs of aimulafibn of rull with ocepsizing
of the trnwler are shown in £ig. 9. _
The oritical initial velooitiss of roll
for different lengths J of wave gronps are
-oompiled 1n table 2, i

Ihble 2,
critican angular. veloo:l.ty of roll. éa for
truvlor XB.21

3 [
1 0,66.
2. 0,35

3 0,18

4 0,09
5 o -

The probability diatrﬂmtion of the . ini-
tinl angular velooity of roll ooinaidos vith
the | R@yl.oigh s distribution, Therefore -

formula (2.6) for the probability of ship
oapsizing as a raault of the wave group
h.- the folloving form: ' Co .
Y -
v(s|1)= exp( &2% ) (3 3)
Probabilitiea P(B!J) computed . from
(3.3) are oompiled in table 3. Probabili~ -.

| PR T B
Aol
. 1 KR 2% 2

-o.s o
. Jdb{rd) J=4
or= '2\/6‘ 2 2z 2 .
sk

1¢[rd]

-0

.~ Fig, 5. Runs of gsimulatioun of

i=!
¢,;=0,5€s"
‘ Q .t
- 4 & n :
@lral
"D..
(),8<»-

G = 0,185

tls]

¢x' 009s! .

t[s]

-051

" roll

with capaizing for trawler

KB-21,

ties P(J) of the ccourence of the wave group
of length § computed by formula (2 2)
for 4= fﬁn 4,29n aro oompiled in table 4.

Next, probability P(B) of oapasi-
zing of tho trawler as a rosult of any si-
ngle group of high waves was ooﬁputed ao=
cording to formmla (2.7) and the results
are shown in table 5 and fig. 6.

Finally, probability Pt(A) of non-ca-
poizing of the trawler during the period
of time t = 1 hour, 10 hours, 24 hours in
the Haltio Sea was oomputed and are shown
iv tedle § and fig, 7.
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Table 3. Table 5.

Probability P(BlJ) of capsizing of trawler KB-21 as a Probability P(B)of capsizing of
‘result of wave groups of length J(for !~.= 1,2 m) : trawler KB-21 as & result of any

single wave group,
K o t.

?B j=t J=2 - 3=3 J=h y=5 B p (nB)

5° 9,13:10"% 1,50.10"'%  0,0007 0,1653 1 5°  1,00-10""7

?° u,22.10°'"  0,0012 @, 1692 0,66413 1 7° . 3,42.1073

9° 1,39.10~'3  o,0u31 0,4352 0,8122 1 9°  0,0181

11°  0,0020 - 0,1733 0,6294 0,8906 1 11°  0,1992
" Table &, : . Table 6.

Probebility distribution P(J) of wave group(for sh‘ 1,2 m} Probability Py(4)o noa-capsi-

zing of trawler —21 for diffe-
rent periods of time t.

3=5 -' Py (a)

Fig. 6. Probability of ocapsizing of
trawler KB.21 as a result of
any single group of high wa-
ves,

b, CONCLUSTONS

A ‘graph of oomputed probability P (A)
of non—oapsizine of the vessel has the ex-
peoted shape; i.,e. this probability deqre-
asoa for higher sea states and for longer
period of stay of .the ship in given condi-

.fions. The same oan be said about probabi-
1ity P(B]. This confirms correctness of the

B J=1 J=2 Jd=3 J=0h
- —— ncee - [
5° 14,0000 1,15:1077 1,32.10"'" 1.51-10‘:'- 1,7410-25. B { hour 10 hours 24 hours
o -2 : -lG R >-‘ -8 ;
7° 0,9890 1,09:107% 1,20.10™! * 1,32.10 1,50107 T 10000 T.0000 1,000
(90 o,8423  0,1328 0,0209 - 0,0033 5,21 10 2°  0.9936 09378 02141
10,3503 0,2475  0,1112 90,0300 90,0225 9°  0,0583 4,35:107'3 o
' 11° 1,66 10" o 0
. R(A)
P(B)
o 10
, ,
. J
a8
1074 [
108
061
1078
-0
10°% 4 aed \
1%
10°"]
- o2+
1054 '
R N N L i BEUUﬁ?ft N Bmufgr{
28 48 68 88 108 wmber o Pz nomber

Fig. 7. Probability of non-cepsizing of
. trawler KB-21 duriung the period
of time t,

presented method, Fig. 3, shows that pro-
bability Pt(A)ot'ship non-capsizing rapid-
ly decreases after exceeding a certain spe-
cific sea state from value near to one
to nearly zero, Thus, the capsizing of the
shib for sea state higher than the speoi-
" fio ons is practically cortain, This agrees
with common intuition,
Hore arises a quostion what an admisg-
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o op

sibie value of probsbility P {A) should be
The
adinissible sca state, up to which her ope-
"ration is edmittod, is know. How to find
" ‘this aduissible value of - the probability
is expleined in fig. 8.

-sauqu to regerd thoa ships as safe.

R(A)

Beaufort
number

1,000 k-

 The admissible
value of
probability R (A)

0999

\J

Thie admissible
se¢ state

Fig. 8. Admissible veiue of the pro-
bability of ship ocapsizing.

Trawler KB-21 éyaratee to L3 seam atato
" whici oorre<ponds to 5°-6° Beaufs-t number,
for this ooudition the probability of noune
. oapsimins of the trawvler is about Pt(A) =
- % 0,99995 /for 24 hours/,
"_ The above discusion indicates that
. probability P (A) of non-oapsizing of the
" ship oan soerve as a good measure ot the

'uhip_atability safety,

' NOMENGLATURR

A

- random ovent of non—oapaizing of
S a ship
- - random event of c-paining of @
‘ship
- Beaufort pumber
o" - non-dimensional coeffiocient of
‘ non-linear part of dnupins no~
ment
E(J‘) - mean value of the longth of &
’ uavo group :
- monn value of distance .betwoon

| ""(-‘2)'

two wavs groups

-~ s@ccaloration of gravity
ll“l’ - non-linear amplitude trtnafer fu~-
notion of roll
K] ~ length of wave group’
L7 - amplitude of wave exoltntion MmO~
. - meut of roll
n - number of trisles of chip‘es oap-
’ gizing . )
P '« probability of exoceeding level Q

probability distribution of ini-
tial angular velocity of roll

_ = probability of bpou-capsizing of
a ship as n rosult of any single

wave group

probability of oapaiuing of a
ship as a result of auy singlo wa-
we group

probability of a ship’s oapsi-
zing as a result of wave group of
length

probability diatribution of lonsth
of a wave group

probability distribution of the
_ distance botwesn two wave groups

P, (a) - probability of non-capsizing of
a ship in n trial '
P, (A) -~ probability of non-ocapsising of
. a ship in the time period ¢t
S (W) - wave spectrum
t ~ time, period of time
T - mean oharacteristic period of sea

wave
ocoeffiolent of roll damping

ooefficient of non-linear resto-"
ring moment

amplitude of a regular wave which
approximates the wave group

significant height of sea wave
level of excess

variance of random process of the
sea wave

varianoe of random process of the
roll angular velocity

standard deviation of the random
process of tl» roll angular velo-’
olty

roll angle, angular velooity of
roll, angular acceleration of roll

amplitude of roll

oritical angular velooity of roll
frequency of wave
“natural frequency of rolly
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Thira’ 7nfémaz‘iona’1} 'Cénférencé on Slabilily
of Ships and Ocean Vehicles, Gdartsk, Sept 1986

JSTAR 936

IMPROVEMENT .OF GRAIN LOADING CAPACITY - '
- FOR DRY CARGO SHIP

F.Lo
e ABSTRAC?_
 This. paper . deals  with  three
'possibi|itles to _enftarge the aotué[-'

capaci;y:oﬁ grain cargoes “for dry:'cargo

_ghips - and. how to avond costs for graln

,'flttings and grann securlng.'

By applying a new method" to calqulafe-

'heeling moments “vertical centres of cargo
atter sh|ft can be calculated
‘whereas the oldev method calied for a rough
“addition to .the moment caused by transverse
.ghiftlng;
_shift downwards in tully loaded -holds and

. Since there is actually a ocargo

‘not” upwards as in partly filled holds,the

“‘more accurate calculation achieves smallér -
" nominal - moments causing about- 10% less

“heetling angles' andl-sp%"greater ‘residual

“area ~ between heeling and righting arm.

SQUIrVes,

Computer programs were prepared to simulate

‘the “behavier of the cargo and to do the
eitehslve dalculéiioqa-for'ful\y.énd part\y
filled holds and to ploi “the required
’drawings of graln sections andidlagrams.' '

. By adjust|ng the . steel  structure

- design to the behavlour of grain. heeling.

moments - can be reduced by as much as 60 %,
‘About 230 different hold sections were
 caIcuIated to |nvestigate the influence - of
_ the most. important desngn‘parameters..

. By adequate cargo - hi
using the’
' “separate toading™. of upper and Iower holds
-and by an - intelligent employment_of the

abqye,méntionéd'diagrams for partly loaded

hélds.the‘actual'g(afﬁ oapacf!§”31so can be "

Ciimproved,

2. _INTRODUCTION :  HISTORICAL REVIEW

_Hazgrds caused by shifting of grain

cargoes were known very early, So it was

{aiready in f1875.éven "before the first

detailed’ freebord rules were

- centreline

‘éxact|y"

handling, e.gv
advantages’ _of SOLAS 74 for,

_issued, when

Feedér

‘measurements were called for against these

hazards in the Brttlsh “hlpping Act,

fA‘Cohmon |oad|ng of upper and “lower holds

at that time was arranged w:th openings in
twaen decks ,with grain feeders to fill wup
the lower poitionsy‘and by szecuring of the

.grain. surface in “tha upper hold using

shifting boards and bagged

grain.

Since |9A8 rplés for toading grain in bulk
have been issued by the SOLAS-Convent ion.

In 1360 the requirement for shifting boérds
in tweendack feeders was dropped for ships
with a minimum initial stability Gﬁ=1(ft$.
Bulkcarrie?s weré. evan aillowed to have
partiy fi]|ed holds wi thout shifting boards
or seouriﬁg ‘with bagged grain if it could

. be proved'py'calcula(iohfkhat after a 2%

settlement and 12 degree shift of the cargo
the heeling was less then 5 degrees.
Mow SOLAS 1974 {11 provides rules for

the carriage of -grain in bulk, These rules

became effective worid wide - by 1980,
Requirements for dry cargo'ships now depehd
on hgeling moments caused by  an assumed'

‘shift'of cargo too, This enables dry cargo

ships to carry. grain in bulk without
temporary  fittings _in  case of good
stabtl|ty data, ] '

. The rules are based on IMCO " s

extensive investigation on the behaviour of

_grain cargoes and, .it. was TOPE (2], who

presented his substantial report on that to
the RINA in 1971, - '
The main po»nts of this investigation
were:
-~There |Is actually not a 2% settlement of

the cargo, but there arelspaces.beLow decks

"which cannot be complé}gly filted by trimm-

‘ming: Ddring the voyage gargo moves from

above o these voids.The helght of the void

zspaces was analysed as furction »of the
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‘

depth of girder ﬁindering tge loading and
tHe distance to the toundary below deck.

" -A quasi-stavic caleulation which assumes
a 30

repose of the cargc results

degree rolling and 28 dag. angle of
in an 8 to 10

' degreé wedge angle of cargo.’

. Taking into consideraiion'dynamidar'modal'

tests wbth 10 deg. . initial heeling angle
and a margiﬁ of'sa!ety, a. 15 deg.surface
shift in tuliy lcaded and a 23 deg.surface
shift in pargly‘loaded holdé was assﬁmed.

~A movemen( of the cargo from the HIGH

SIDE to the LOW SIDE

common - 16aded hotds as shown in Figure.3

can ‘be assumed in
This author’s intention was to
the methods of calculating héeling moments
on the bagis of the SOLAS-T4
the proper(iés of huit and

requirements,
to investigate

strustural dezigh on heeling moments.and to

provide for a better undarstanding of the
rules in Germany by erxpounding ‘on TOPE's
work., '

waere
1582 38 a thenis at the RWTH
in the form of a

The resu!ts’df these iﬁvestlgations
published in
- RACHEN 131 and

lecture to
ihe ST:-Fachausschuss

in 1883 [41. .

9.0, RULES AND PRRANGEM”NTS

3.,

THE SOLAS- 74 RULES FOR GRAIN CARRIAGE

"This paper is
SOLAS-T4,

based on Chapter Vi of

improve

Supposing that . aii of ‘this
exellent sudience are more or less familiar
with ‘*hese ruies, let me givé here a very
short’ s.mmary of the items relevant to my
‘nvestngatlons. - ’

3. 11 ASSUMPTIONS OF VOID SPACES
The shlftiné of ‘cargo in 'fi\}ed.

compérﬁments'. which have been trimmed in

.accordance with the rules, is caused by void

spaces below a1 boundary surfaces having
an inclination to the horizontal less than
30 degrées.
The void depth, Vd, is. calculated by the
formula v+ Vd = Vd1+0.75(d-600) =) 100(mm)
where Vdi = standard void depth given in a
table as a functidn of b and d.
‘b = distance to boundaery of compartment

‘a "undarstow distance” ]
d = aoctual girder depth (hindeiing' the

loading of the space behind the girder!,

Figure t demonstrates tnat girder depth is

of .much more importance than the understow

distance.

N FY )

“In common

a,
>

et

LIPS FIFA

- — 0.1
T =2 3 ) 47 S é 7
Flg ] Vd = Fl d, b )

= E

3,12 SHIFTING OF CARGO
The wedge angle at the

surféce
to be 13
and 25

cargo
shifting is assumed

“filled”

caused by

degrees in compar tments

. deg.for partiy fiited holds.

foaded upper and lower 'Ho|ds
shift.not only transversely but. also
vertically from decks at .the LOW SIDE to

hatchway and decks at the UPPER SIDE.

voids

Fléure 3 gives

TOPE's illustration of
principles of ‘the statio pattern of_gréin
surfroce behaviour to be sssumed when

calculating an estimation of the heeling

. moment.

3,13 ASSUMPTION OF HEEL ING MOMENTS

is calculated by

‘{4) The heeling moment

‘the moment caused by the transverse shift,

" (2) Heeling moment caused by vertical
shift of cargo is accounted for in two
ways:. - ‘ s :

42,1)1n cases ‘whéere VCG,the vertical’

’Qravity_of cargo, 1s assumed to
whele

to thée moment caused by

centfe of

be the cantre of. cargo space, no

addition .is . made
transverse shift, ] .
the VCG of
gargo for a filled compartment has lnc}uded
effect of the horizqn!ai
“addition of 6% is made to the
transverse moment, :

{3) In partly fiiled
addition of 12% has to be
moment caused by the trgnsvérse shift.

{2.2)1f the caloulation of

the underdecﬁ 

voids, an

compar tments  an

made to the

{4) Other equally effective methods to

compansate for the a.m. reqquementé may
be adopted. tot o
The author s method " is based on

Considération of heeling
shift

statement No 4.
memant caused by vertical igs done by
accurate

shift,

caloulation of VCG of cargo after
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3.14 CRITERIA FOR INTACT STABILITY

" The - astability characteristics shall
meet = at feast the fclfowing criteria
throughout the whole voyage,taking into
considgratigh frae &surfaces of quuidé in
tanké'and the heeling moments caused by
shifted grain, . )
Iinitial metacentric ﬁeight: GM Y= 0.30(m)
‘Heéling angle . o e ¢,)= 12 (deg)
ARD = Residual area between heeling and

righting arm curve to max yesidual lever
‘or to 40 deg.,or‘to flooding angle,which-~-
ever first occurs, "Heeting arm curve
~ to be linear up to 40 degrees.
Residusl area .. . . ARD )= 0,075(m rad),

J yl¢a;?:iéﬁi ~;.._.__j

Kedd R“h‘(w
' _é ,oeﬁﬁcé
KCP). N o8
, MY Y B
&

;;j {i ' :. ‘f—iLo“

Fig.,2 Stability Chaiac;eristicé
Fulfiiment of the a.mi ifequirements has to
be proven for 2!l loading qénditioné:

- by coﬁpari?on with méijQm' safe
heeling moment,which ocan be computed by a
'opmbuter program as a'funétion of draught
and‘fﬁ. .
- by conventional caleculation of  the
stability characteristics using SlMPSON-
integration with 7 stations for ARD,

3,15 ARRANGEMENTS TO LIMIT HEEL ING MOMENTS

caused by

_ When heeling moments

sﬁifting of giain are tbo great'to meet the

fequirements, they have to be reduced 'by.

temporéry fittings or securings according

to Part C of Chapter VI of SOLAS-74.

tn-filled holds this can be done_by:'

- divisions '

U centreline shifting boards and feeders)

- saucers __'

- bundling of bulk )

- securing hatch covers of filled compartm,

in partly filled holds it can be done by

- bagged graiﬁ _ ‘

~ overstowing arrangements

'~ strapping or lathing )

{saucers,bundling of bulk, sirappiﬁg and

fashing accérding to drawings of Natiénal

Cargo Bureau, NY) ' ’
"All these methods of temporary grain

fittings cause costs to such an extent that

. dry cargo ships

cannot acmpete with
bulkcarriers in the carriage in grain in
genéral.

As dry carge ships are nevertheless
employeq 2.9 in grain services to shallow
water harbours of the third worild, it was.
the author’'s objective to improve their

qualities.

4.0, IMPROVING THE CALCULATION METHODS

4,1, HEELING MOMENTS OF FILLED HOLDS
4,11, THE OLD METHOD
The older method was to catculate the

heeling moment caused by transverse shift

by multiplying the shifted carge mass by

-the . transverse distance of shift, The

fatter was measured f om the sectional
drawing, which is aiso required by
authorities. .

This method has disadvantages

- it makes unfavourable assumptions, e.g.
the centre of additional area from 2nd deck

to hatchway is not the cantre of whole void

area in hatchway,

~ it causes a tremenduus amount of work
--it is the reason for poor utilization of
stability criteria because the centre of

cargo is assumed to be too high,

4,12 THE IMPROVED METHOD
In 1876 the author proposed a method

for calculation of heeling moments
%ﬁciuding an accurate calculation of the
VCG of cargo after the assumed shift,
The behaviour of grain surface is simulated
by én analytical calculation which delivers
the shape and moments of voids after the
assumed shift,
At the LOW SIDE the maximum retained area
is ca!éulated. at the:HlGH SIDE the maximum
increased area.
From the voids heeling moments - and centre
ot the cargo can be deducted:
VCGlcargo) = vert.moment of filled hotd

+ vert.mom.of voids within hatch cover

- vert.moment of total voids after shift
For a manual calculation paper blanks and

supporting tables were prepared.

4,13 PREPARATION OF STAB-DOCUMENTS BY CAE

The above mentioned new method enables us

to prepare calculations and drawings by
means of computer aided engineering (CAE).
This is worth the more as it is a tremen-
dous amount of work to do. }

In the discussion of TOPE's paper in, 1971
it was mantioned that this job - would take 8
to 168 weaks, depending on whethgr only

horizontal . moments were takaen into
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consideration or tha verticalt moment of

carge before shifting was also considered, -

When calculating -vartical moments after
shift instead of this, it would take even

more t ime,

The au!hor prepaved computer programs to do

the calculations and drBW|ngs for common
and separate loading, eéch‘with one section
“before, abaft and behind the hatchway.

These  programs work ~ for  very many .

structural designs,including single and
twoeh decker, with centrelfne division,
girders. feeders, etc . or without  these
alements, . S

Input data refer to * steel’ seotion,

lohgﬂtudinal diatanoag and to volume and’

centre of ho!d. ) ]

Feasible elements can. be seen nn,Fig.to and

Fig.11, the lllustration of input data.

The output.. of caloulations for  esch
seotlon.eaoh hold. and summerlzed for the

’ whole shlp is ‘prepared in such a way “that

It can. be . checked in detail.

By means of ' the plotted gratn section

drawings (seeFig§4) the user can duiqkty
‘ensure that inpﬁz‘doté'ore’ correct,  They
show centres for ali single voids too, thus
prov!ng that the program also works for
apeoial steel design. :

Before plott|ng these draWings on paper

they can be checked at a graphvcal displayy

. thus .saving time and paper . ' ‘
The. caloufation  method as well as _tﬁe
computer. programs - were aobroved by GERMAN
LLOYD in LICH

4, Q4 HARD AND_SOF TWARE REQQIRE NT§;
84 KB core, FORTRAN compiler,
PLOT 10-sof tware(CALCOMP-plotter)

. PREVIEW-routine by TEKTRONIX

4.13 ADVANTAGES OF NEW METHOD

S0LAS-74 gives two alternatives of -

aasuming vea of oargo after shnft:

-1t the VC@ of total hold volume is used,
no addltcon has’ to be made to the heelong
moment for . vert:oal shift of cargo.A

-1t VCB is assumed to be the centre of
cargo before shuft,whlch .is much more -

!abourous. an addltion of B% has to be made
to the _moment caused by transverse shuft.
This achieves better stabllcty data.
When applynng the accurate VCG. - of cargo
"af!er sh|ft. as proposed. no add|t|on is to
be made to the "heeling moment caused. by
transverse shitt, S '
This method ' covers the actual condition

best, - though <calling . for even more

C Fig.8) .

catoulatiozns, i achisves émal|er nominal
stabllity lcads especially for ships with
structural .designs which oauoe !orgei voids
below decks. For some ships a reduction in
healing angle of 10% and an inorease b}
residual  ares ARD of 30% was observod.(see

A <> +d8eingd
nad) - v
0.6 Ted>
| 0.5 r CnﬁlA ' ’ '}‘<¢)
,o..d 4
0.3 82
* K(¢) 2
e/l E
| ) <
) T 20% 0 40°

Fig.6 Curves of 185m SemicontainerShip
By doing the calculations by means of
computer’ program the risk of fallures can

©  be reduced and time and costs can 6§'53Ved~41f5

.4}16 CONSTRAINTS ON THE NEW METHOD'
Better utilization of the -stabil|ty,w
oriteria by applying the new method is only'

Kédvlégble when it is aocompanped by a

cautious ocheoice of the input data for the

_ program. Moreover, welight and centres. of
-loading condition, as well.as considerjng

of free surfaces should ' be -dooo- for the
worst condition to be expected during .the
voyage,which is in general whéd' baflast}ng

is begun after consumption of half of the
tuel . '

4,2 MOMENTS OF PARTLY FlLLED HOLDS
- 4,21 GFNERAL - ;
According to SOLAS;74»3 wedge angle of

- 2% degrees has to. be assumed. ”Vey(ioai

shift (8 accounted for by adding 12% of the.

- heelling moment dua to the transverse.shift,

Diagrams or tables of - volume,VSG  and

expected heel|ng moment. for partiy fllled‘
1compartments_peed to be prepared. Data
have to be provided for levels'of . grain -
ourfaoe every 10 .cm' in heught. -

These data could be . determined . by

equalization the shifted éreas_as_indioé@éd

AR FigiT. o

Fig.7
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4.22 ANALYSIS OF ' VERT1CAL SHIFT MOMENT
. IN° CASE OF UNL IMITED VERT'CAL SHIFTING
According to Fig.B8 the ‘grain. level

rises  or falls at the boundary by
h=(B/2} tan(25). o

And hence the area of -the trlang|e Ais

A s (Bes2°/ 4) & tan(29)

‘is the symbo! “for "power of'

‘ ‘°3 o u".h’ -4
-3 .
| ,E ) __i )
-\g:u\\YX>>’} %&'\’ P
- ;>f‘ 2(3 BA'r~—' —T
B -

2/3

hy

?69 8 Vartical uniimited shift of cargo

When the surfaoe shifts the centre of. the

triangular araa changes vertlcally by
(7f3)h=(BI3)tan(25) and transversely by
{2/2:8, .
“Qiven. a hee||ng angle Q for lnc!lnation of
{!he whole’ oompartment the area moments can
be defired s fo\lowsl»A ’
L MYA = Moment of Arza due to shift to Y
MYA = (|I12)(BliS)itan(ZS)loos(@)
MZABVoment ‘ot Area due to shift to Z
MZA = (1/2°)(B223)stan(28)esinid
henca: MZA/MYA = 0, 5-tan(25)-can(¢)
ifde=0 _tdeg) then  MZA/MYA=0
if § = 12 (deg) then MZA/MYA=0,0S
it ¢ = 40 (deg) then  MZA/MYA=0,20
'The Requirement.of SOLAS to increase the

transverqe moment “by 12% regults in a

'greaﬁér heeling angle, but about "the same
ZARDe < e m s '

4,23 ANALYSIS OF VERTICAL SHIFT MOMENT
iN CASE OF LIMITED VERTICAL SHIFTING

) when oonsudering "that ' any compartment
’ has a8 bottom and a deck we- are aware of the
Iimi{at:on of the heeling moment in the

-pﬁper and lowar part pf hold.(see F[g.S)
. e ~ !l‘-.r_._ - A ;:. 'u

R ISy EREE
N

s — - .{_ ———»;— ‘

A _ //7%% £ ,s

. -
‘Flg 9 anlted vertncal shlft of oargo
hs derived in 131

.Resultx -Unlimited shifting take place only

when h'is greater than 0.23xb or less than

09.77xb, : -

That means, that for half of the loading
height ' the required addition for vertical
shift MZA=0,12xMYA is too: large so that an

scourate evaluation of VCA of cargo is

. advantaqeous.

4.24 HEEL ING_MOMENTS
AN PARTLY FILLED HOLDS

The author wrote a program to - analyse

and document the behaviour of grain in

partly filled ship compartments assuming a

‘29 degree shift.
.Results for the conditi~ne before and after

shift were plotted for each section

caiculated and the total hold,(see Fig.5}

EXPLANATION OF Fig.S

Curves § and 2, on the left, show hold

volume V in_cubtc meter after separa€e~or
gbmmon loading to the sounding height T.

Curves 3 through 6 ,on the left, show
MYGET, the volumetric heeiing Moment of

Grain caused by transverse shift
{(Y-direction) for common and separate
loading.

From ourve No.€ It is apparent that grain
will begin to flood into the tween deck
when lower hold is filled to about half,

Curves 1 through 6, on the right, show the

“vertical centre, VCG, of cargo before and

aftar shift,
These diagrams are also checked at a

graphical display and plotted by CALCOMP

plotter.

5.0 IMPROVING THE STRUCTURAL DESIGN
. L

3.1, PROBLEM AND MEANS OF SOLUTION

3.11 GENERAL
The heeling moments caused by

shiftln§ of grain are neither considered
during project phase nor ‘during étructural
design in general.The reason for this is
that calculation of these moments seems to
be ocomplicated ‘and their results not so
jmportant, The preparation of safety
documents for the 6arriage of grain is done
at a later stage 'and "brings difficuities
very often. N .
There is a demand for a simpie method to
éaiimate heelingA moments in project stage
and for know-how to consijder ghe shifting
of grain during structural design,

it was the author’s objective to improve




‘this situation, He ahalysed . structural
elements with regard to their.
the '
on how to

influenca on
heeling moments and gives advice below
' reduce heelingk
the

Some of his points are

adjusting structural .desijn to
beﬁavlour of grath.
a(sb_of usé for ships already in‘service.
5 12 CR!TERION OF _COMPARISON,
ESTIMATION OF HEEL ING_MOMENT .
the
caused by transverse sh{ft of car§6 area,
- MYA; wss .defined as the
compare different structural
L CMYA ‘= 100 # MYA | Baad .
This'spécific _moment

A speclflo value of area momen t

designs 1

was calculated for

very many structural designs, for éaqh deck
and for whole seotions,For a

the . quality of total ho|d.

judgement _of

were oalculated also on an average of total -

.hold. (8= ships bredth)

By use of specific moments of similar

desigﬁ heealing moments or'shifted grain can .

be estimated by the following formuia,,
MYGET=RHOSSUM [1(i)#CMYALi)#B5s3 /1001 (mt)
' 'RHO = density of grain (t/mss3)
t{1le_tagth wjtﬁ,samé<sécéioh

3.13 SURVEY OF DESIGNS INVESTIGATED

Three different tweendeckers were

investigated' and

the foltbw@ng]_ayerage
_specrfiobareamamehts ‘Qéfe toa|culatéd for
commom toading, - R
'S$1, 165m-Semicontainership, 1976: CMYA=0.79
$2.. BOM-Coaster...viivese, 19571 CMYA=0,61
83, 126m-General-cargoship,’ 19701 CMYA=1.,10

833 151mShip.53,1indar distortion CMYA=1,21

Results show that specific areamoments. ©

of the same order for

‘They depend on Strbctural “design’

hhfp‘ﬂsize._ Speclfic moments for sepsrate
loading are samewhat

later’, -

greager: a5 outlined

'Btarttng from the above three’ ships

struotural design elements wéfe.'varied-

More than 250 different deck seetjoﬁé_ were

caloulated and - their specific moments
presentaed in [3]. ' . .
In this paper only some general statements
for tha most - important elements are givenf

in- paragraph 3.9 a dnagram shows the total

‘reduction -of .

ship 81,

' ’ 5 14 SURVEY OF PARAMETERS lNVEST!GATED'
The design items

‘Fig.10

momgnt 8’

investigated are

shown in and {1, where input data

moments by

eriterion to”

speciftic moments

are’
different ships.
ahd” of "

the

to. be achleved for .

for. caloutation programs for

D2y

fitled holds
are demonstrated. Any item can be deleted

by setting it to zero.
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Fig}Qo Program inbut data, sectional design
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Fig.11 Additional program input data

'_S{z'REDUCTLON OF MOMENTS !NFHATCHWAY
filled
in- and abreast hatchways can be raduced by

Heeling méments of - spaces
using ‘the following measures.
3.2¢ SEALING OF HATCHCOVER

This measure is to avoid- shnft»ng

of -grarm

“into ‘the” “inner part. of hagch
" cover., Efficiéncy of this measure depends
on the relation .of breadth of hatch to

"helght

"and high hatch

- 157 =

breadth of hold = BL1/B . ,and relation of
ot hatchcover to breadth of hatch =
HLD/BLY, N L

For ships with wide. hatches (BL1/B=0,68)
' (HLD=BL1/20), as
the heellhg> moment
by 50% for common

loading. by 6%

covers
ship 84,
reduced:

given with
could h@
loadingt snd for separate



~*for. the' upper aRd“67% for the -lower hold.

For shlp 83 wnth narrow hoids (BL1/B=0,36)
and, ~ normal helght of hatoh cover
(HLD=BL1/25), this -measure is much less

efficient, Here the réductloh wasi. 2% for

HOOmhoh loadlng and for separate loading 7%

for the upper ahd 19% for the lower holds._

Conoluslonl_ )
_Bince seallng ot hatchocovers at lower adge
“inoreases thair building costs by about 5%
ighls‘;:meésuré "should be ~ considered
especially for ships with.wide hatchivays,
énd foi thosé}lower holds only, which have
‘»to be Ioaded separately in the carriage of
heavy graln. when some upper holds have to
remaln empty., '

- K 22 SMALLER HATCH SIDE GlRDERS

‘ ~ The reduction of hatch  side
glrder_'depth‘ls.o? interest for ships with
narrow hatches,for instance S3. A 25%
?édyctlbh ot the depth of hatch side
" girders resuits in & 11% redustion -in
héellng moment, A 350% height reduction
:results a 271% reduetlon of moment.
A reducglon of.glrdeh depth cah be achieved
'~by‘ thp tollowing altérna;lvé designs: two

fweh qlvden. consol braokes[tdouble hatches.

5 23 CENTRELlNE DlVlSION
IN CASE OF - COMMON LOADlNG
) For wide hatches {BL4/B=0.,68) a
centrellne letslon. which . 'is extending

down to the lower edge of. hatch side girder .

Tof “tet  deck,can reduce_thg moment by 49%
respeotlvely 62% it 1t extends down to the
hatohsnde glrder of 2nd deok.

For narrow hatohways (BLl/B=0 kLY reductlon

~of moment was 40% resp.lsl.

AN CASE OF SEPARATE LOADING: )
» For wide hotohways and divisions down
'\o' hltohtlde glrderl ‘raduction of moment
was: 58% in the upper and 9% in- the. lower
hold. ‘ : . . :
WIth dlvlslons down to 0.86° m below hatch
llde glrder reduction of momen( was 84% and
80%, respectively.

ln 'case hatch covers to ﬁbé ; sealed.
reduotlon of heeling momant was 45% Iess.
CONCLUSlON :

Centreline ;dlvlslénq,'ln_'.ér_A below

hatchways . can Treduce heeling moments

lhtehsely} They. can'he'}éallzed'by double
hatch deslgn. and should extend . down to 0.6
m below 2nd deck’ hatch slde girder,

|n.oase hatohway is too narrow. for dédble,

. hatoh' deslgn; oentreline dlvlslon may be
realized by speclal hatch covers.folded up
lnto this plane.

5.24 GRAIN | SEDERS' IN UPPER ‘HOLD
Grain feeders can reduce’ heel ing
moments of the lower:hold

- in narrow hatches (8L1/8=0,36) by 45%

o in wide hatohes,, (BL1/B20,56) by 38%

The grain feeders can be arranged by
special side-folding hatoh covers.:

5.3 REDUCING MOMENTS. FILLED SPACES
" BEFORE -AND ABAFT HATCHwAYS.
5 31 PARAMETER OF VOID DEPTH
Void spaces have to be calculated

with elements “shown in Fig.10 and 11, In
space be{weeh'contlnuatlon of hatch -side
@irders the depth of the hatchend besm DIQV
and the longitudinal understow LVLY have to
be used for calculation of void depth,

For the two outside parts, the greater of
Ioﬁgltudlnal or tranverse understow (LVL1
6r.'BSlVl and the
hatchside jirder.lté continuation or . of

gréatest' depth of

hateh end beam has to he considered for the )
void depth, . o po
Reduclion of* heeling moments can be
achieved by s=maller void depth and/or
greater longitudinal girder to prevent
grain surface.from shifting.

Hee!l ing moments can be reduced by measures

outlined as followsa

‘5,32 SMALLER HATCHEND BEAMS
The retevant girder height

depends on type of hatch construction
tsesFig.11) On the teft side of  this

. drawing we see a hatch-end-beam-de;ign.

{in Germany it is called SCHELLENBERGER-
Lukel):, The toad of the haloh,ls transfered
to hatch end beams=, which may be supported
by centreline bulkheads or stanchion,

On the right side the load of the hatch is
‘tranferred by- continuations of hatch side
girders to the bulkhead.

This more modern design was employed with
ship S1., - By reducing depth of hatchside
coaming below deck, D1Q and 02Q, to 82%

.resp, 96% of depth of side girder D{ resp,

D2 heeling moment could be reduced by 16%
resp. 37%. _
In case the hatohside coamings would be

reduced to D1Q=0.48xD1 resp, D2Q=0.28xD2
. .and aupported by consol. brackets._'whlch
4reduce shifting, reduotlon of moments would

be 43% raspectively 72%,
It must be mentioned that in oase of such
small hatchend coamings the tortional

gtresg has to be checked.

- 158 = °



http://seuFig.11

3.33 LONG,GIRDER BETWEEN HATCHWAYS

Longitudinatl girders just before
and abaft hatchways reduce the shift of
carge in this region, Fig.12 obvicusly
shows how shifting of void spaces is

reduced by 5 different arrangements of 3

longitudinal

girders the

inboard of
continuation of hatchside girders.

.- MG %‘.;. '.uz’/,./,f;V/,  BEEEE A 27— 2zl A7) [ ¢
- 4 S pne (%4
.o & i3 ' )
s s TN PPN
ENEE ¥ 2.0ECK | |V
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s RAUM-NR.. 3D

Fig.iZ'Lonéitudinal girder between hatches.

Sketch 2 for No 31 hold shows 2 additional

v 0 ook 2 I’I/.//
z»é

5 - A - = Y7,
22 < ‘42§V,/¢

W

girders with about half of the depth of
hatchside girder continuétion. This was
the design of the yard and achieves a 7%
resp: 13% additional reduction in moment
-in ist respectively 2nd dech.

Sketch 3  shows for No, 33 hold  the
‘functioning of * additional ‘centreline,
bulkheads ,which increase reduction of
moments in st resp, 2nd deck to 61%
resp.89%.

Sketch 4 shows for No.33 hold the

etticiency of. 3 additional girders with
depth of hatchside giraers. reducing the
moment by 36% resp., T6%.

Sketch 5 demonstrates how these three
. girders work when void depth is reduced by

smalier hatchend coamings and thus moments

are reduced by 72% respectively T7%.

‘by sealing of
‘hatchend girders and arrangement of

Consideration of side girders as outlined

above was
_the

classification

authorities
LR. This
longitudinal

accepted by several
with exception of

society accept

girders only if they extend down to .6 m
below tic voids,
5,34 CENTRELINE DIVISION
The hatchend beam design causes

large volds and moments. These moments can

be reduced by 60% resp, 56% by
longitudinal division in lower resp, upper
hoid.

A centreline girder below 2nd resp. ist

deck with depth of
reduce moment by 12% recp.

hatchside’ girdar can
25%. o

5.4 SIGNIFICATION OF LONG. UNDERSTOW
foy e

The specific areamoments before
and abaft the hatchway are 20% to 36%
greatar than those below hatchways,
in case of the semicontainarship it was
even 1680% greater when hatchcovérs were
sealed.

In case of ship 83 it was 85% greater if a

centreline division was arranged in the
bulkheads
were arranged in upper and lower hold.

CONSEQUENCE:  The

distance should be as small

iower hold only and 21% less if

iongitudinal understow

‘as possible,

5.5, .TOTAL REDUCTION OF MOMENTS
Total reduction of heeling
moments for sections and tul! holds of
semicontainership S1 was reprgsented in

diagrams Fig,13 and 14.
the
hatch

From these diagrams specific area

and before and
their

moments in way of

abaft of it can be seen as well as

longitudinal extension,

Reductions of the heeling moments by the
different medsures are présented'
graphically., The area of these diagrams
represent the whole volumetric heeling'
moment .

Fig:13 represents a 59% reduction o'imoment
hatchcover, reduction of
. three
longitudinal girders just before and abaft

upper and lower hatchway.

Fig.14 represents a 62% reduction of momen't

‘by arrangement of longitudinal divisions-

only.inside the hatchway it can be done by

a double hoid design,

- 159 =
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.8, -IMPROVEMENT OF LOADING
e .}

8y adjustment of the

loading

rovements by long. divisions’

to the

SOLAS-74 rules and ty use of general know
‘hpw'regsfding>bart_loading. the securing of

.grayﬁ_pargo'dah'bé‘féduoed and consequently

-qry éargogshlps-improved in ocompetition,
._-‘B.{ SEPARATE LOADING FULL HOLDS

T 'SOLAS-74 enables dry cergo ships

_to carry grain §n~sepéréte foaded upper and
|ower:ho)da without. securings. o
Since in this case there is shifting of

‘-’OQYQO

- heeling moment
‘loading,
. Moreover,

in upper

exceeds that

separate

loading

and lower holds the total

common

for instance with ship S1 by 44%.

causes

- additional costs in trimming the cargo,

"86 the shelterdecker measurement,with clo-
sed hatches in tweendecks, will hardly be

good

for the carriage of

|6adings.

full

grain

But leaving empty some upper holds is a

very effective method to improve initial

stabit

i

ity, GM, to such an

extent

that

gecuring. of cargo surfaces can be avoided.

In case of'ship St cargo capacity could be
increased by 48%,

6.2 IMPROVING PARTIAL.LOADING
The actual grain

cargo cépacity

can be improved by use of the following
techniques for partly filled helds:

8,21 CLOSING OF TWEEN' DECK HATCHES )
hold is filled
tweendeck hatchcover should
and 6 of Fig:.9

t> 73% of the moment

In case a lower
more than haif,
Curves 3
that wup

be closed,

demonstrate

.could be reduced by that,

6.22 LONGITUDINAL DIVISION
A centreline
hold

That is indeed very effective but in

division on total

langth of can
T3%,

most cases not possible,

reduce the moment by

To have centreline divigions only before

and abaft the hatchway is of no effect for
modern ships with relatively tong hatches,

SOLAS-T4 calls for consideration of a
reduced length of bulkhead because oargo
shifts around such divisions.
6,23 USING Notl HOLD FOR PARTLOAD
Using No {1 hold for partiy.

tiiling

is not so wide (the specific area moment is

is - advantageous because this hold

about 30% less) and it is not so long.
8,24 GRAIN FEEDERs IN UPPEH'HOLD

In case a feeder can be

in way ot hatch in
instance by side folding hatchcovers having
the breadth of the hatch BLY,
area moment can be reduced ..,
by the factor { BLY / B )33

arranged

the upper hold, for

the specific
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" 8. NOMENCLATURE

.- }
sectional area ot void

(me22)
tm rad) residual stébilify area
(.m ) distance to ocomp. boundary
_m'i '.ships breadth '
m } breadth of hatch 1, deck
m ) width of 4, resp-25deoh
l "outaide of hatchway
. j'samé betore/aft hatchway
K )7~.spe6\f60 area moment
(.m ¥ . depth of girder
(Tm.i‘@_depth of hatohslde glr-
T der of Y, resp., 2.,dechk
! 'séme béfdraiébéft hateh
h ), _depth:hatohend glirder
M ), metacentric -helght
-h‘)Q':rightlng arm
m) ..height of hatchcover
m 3:7 heiht of hatohooamlng
m'r . heeling Iever
:ﬁ'i i Iength of shlp
m 1. length of hatch, 1. deck
~mf); Iength betore/ebaft hatch
im0§4) volumetric heeling moment
-(mtidr vol.grain heel ing moment
' ‘due to t}énévﬁlverigshlft
(mi;S) ‘sreamoment * ¢ *

(tlm!la) density of grain

(degrae) wedge angle of oargo
(degree) hee||ng angle

raa vl

t1)
t2)

£33
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Third International C;O'y’efeﬁée’ on Stabiltly
of Sh:ps and Ccean Vehicles, Gdartsk, Sept 1966

R TARRE)

STABILITY PARAMETERS, OF SHIPS lNVESTlCATED
- BY MEANS OF DISCR!MINANT ANALYoIS

‘Mo Jaglotka -

SUMMARY

B The~pép9r includes:

u!. ‘A conclse doaeription of discriminént

analysja in the range suffieiant for a-
ehlevlng the establiuhed purpose. :

’2;:A‘ﬂiseﬁs§ion'6fAthe‘reau1£g of this a-

:ﬁilisid, based on a sample of 166 cawu=~
‘alties /the cases are included in ori-

ginal IMO 1ist/, The analysis of stabi~

'lity'paramétors wes ohrripd.put for the
ships at time of loss and for the same
. ships at fully loaded arrival condi-

tiom,

:3;:Propoeala of stabilxty criteria as dia-
. oriminsnt functions, separately and jo- . -
kintly for cargo ships and fishing cvVes-

sels, .

'INTRODUCTION

_ In 1966 delegations of the - Federal

'Ropublie of Gormany and Poland to IMCO pre-

sentod the analyais of . statistical : data

‘ooncqrning stability aooidenﬁp [1]

‘In 1984 .the Institute of Ship f Raae-
nrch Technical University of Gdaﬁak was

. offered to rapaat this analyais including
_mew statistical dnta_oompliad by IMO, Pa-
“per [2] submitted to.IMO in 1985 inolu-
d-d the results of this a alysis for the‘v

extended population /166 capsized ahips/

'_In order to mako a direct oomparieion pos-.
’; aib-e, the anqusis was propared in exac-~

tly’tho'samé vay as preiiously i.e. by co-

‘,mperieon of rospoctivo hiatograma aud ia-
. teroeoting distribuants, ‘

Simultaneously) having auch a . 1l-~rge

'-_sanple of casualty data at our disposal,so- N
~.me modsrn methods’ of nnalysis were omplo-'

yod for their treatment. -~
' At the same time Krappinger [3] pub=

“ lished a paper conqerninz tho} dotermi-

163 -

ation of the peremeters of the rightins

ziﬁrqiéhtaﬁing_orm curve by means. of the

discriminant anaiysis, This paper may be -
eohaidéfbd as the first attewmpt vo put. in-

S to shiphui)ding practiee this powerful me-
‘_tnod . ‘

The preaent pnpor givea some -~ conclu-

- sions in conseyuence of applying the dia-

criminant method to the statistical analy«

-sils of. the above mentioned sample of casu-

.elty records, particularly taking into co-

nsideration the question of- critical para-

‘motars.of the rjphttng arm ourve.

A .METﬁOD OF INVESTIGATION

Two separate populatjons of thps are

comparod The population of lost ships is

(1)

oonsidered to represent unsafe ships .

The second population rep. esents ships in
(2)

. arrival condition - Some parameters _'of
. these ships are chosen for 1nveatigatad

'_eharaotoristics.. L I -

1 .
A8 an example";n 1nvestigated charac-.

ibristic is the righting levef arm for 20°
R}
heel (x, GZ,.,) The height "X  of a sin.

'gle column of a histogram is the value of
"the j-th characteristio (GZ,)for the .i-tn
_ship of population k (k~12)

R, A, Fisher" /1936/ adopts  discrimi-
nant a as 8 messure of dlscrjmjnatjon of

. the two populatlons.

. 2
Y ) __ g
. o« = ( '“"9
o ( Ay
in which

. 'l:_Lr-"(> .

- 1.5 (v '
X(kh=nk%7x;) « is the mean value of

characterigtic X in
. the k=th population

-V,,(k)—““Q( R M)- variance of X

Ny, = number of slements in
the k~th population

i@ compared popnlations dewonstrate
the better discrimination the higher the



'r:“the distance between- the mean values z"

difference of their mean values is:- and.
_the grestor concentration of their velues

"around ‘their meen values is.

‘Thus discriminant determines the -
‘measuro of differentetion of the two po- .

pulatiotm rogerding the given paramoter.
In this vay this adds & quantitetive va-
lue te the discrimination and thareby-ﬁa;
kea it quantitative posaibla “to - comﬁ'afe
'thg snslysia. )

) Tn order to 1nvestignte simultanecu-
sly soversl (wm} charaetgristice Gty Yol
we mssume aoaealléd'éfltefipn functioq

. g L wm
Ze G 2y

and ﬁhxiéimo

@ =2
(2924
| T )
whers R T
) o Py &
2™= & 2= G -f'?;cj x§“’
- . N
. A 0 sta? (b 50
= S M B AT

Aftor oomparins to gero, derivatives
(1) o Z(dl

'%é ‘the folloving systom equations 1is
B ebtaimd, :

3“; and 1mpoae*ng condition Z.

. “ (1
Zc,Q %= x,’—x,-
whefo. ' ‘ '

1( m+9‘m) ;

9}7’_“ _42( “x “')( .gf'-;:*')
‘?rom ﬁhich_oné_can find cééffibiontsrci ’
. detgfminin&gﬁhat share of % ehdractaris-
“tic should be in the oriterion furiction 2
to maximive discriminant o tor the‘itwo
'populations. o )

o The imposed condition(lm--f‘ “}nor-
' malizea th@ function 2 in sunh a way that
101

*and zm is equal to °<max and reaults in-

z-0 situated exactly in tho middie of -

theso maan valuea..‘ -
'._.* From this it follova

B C ch (x(n (l))

_ 20 may be taken as & criteriou (Z>0 -
,aafe ehipa) This’ eritorion way be easily

. mitigated or’ aherpened Just by ohnnging’

" only the frea term c. el

' The valuo o may be obtainsd. from
“formula- Lo

ow= 29 A ZC (x‘"— "u )"'fc: %,

.

The andiysis of the obtained discri-
minant fuuctions is an extremely diffiecult

‘task, Even the leaders of mwultidimensional
varistion analysis, whose ides is that of

disoriminant analysis, very on the subjsct
of the means of ite precise interpretation,
Tis paper [3] includes in principle suf-

»_ficient description of the way of analy-
- 'sing tho obtained results. applicable “to
_1nveetlgato the ships atability parametera.

The following observations are worth
noticing (mora of them are containod in

' the nuthor P paper [u])

1/ d.incréaees'togéther vith the number
of characteristics taken into aeoount,

.80 ’ o
° 8,0,..6,% |
14 o B %, |
) . _ Q...ep.qzzwer"rxr"' B Cpue” 0
Xpor=0p = T U
e WP WP” - WW,.H

" begcause each main determinant h/ in the
'.oquution systam is also. positivo

o , o oo "
2/ Although the eqlculation of all 2 dis-

oriminant functions ddesn't cause  any
great difficulties in the age of compu-

" ters, neverthelpssbit.is advisable to

limit the number”of_parameters taking

- part in discrimination and to seek the
onee'vhich:ate moat éignifioant. o
'The test of reliability with res-

‘pect to the obtained information(if ta-
king into consideration g -of m out of
all dvailébIO'ﬁarametérs) ‘may be a qu-

attile for (wi- a,) -and (M.;vl,_-m 4) de-—
qrees of f\r‘eedom -

F = w,;n,-m— NaWy (NM‘UQL N
R R TR (O TR e
'Inld ‘similar way many other hypo-
thodou"may'ba ‘voerified #.g. -the ones
' concerning individual cosfficients  of
,“disorlminant fnnotious..'

3/ An inscroase of the nuﬁber'of characte-

riatica by one, changes the eoofficient
- da ‘the follovins manner

90]. |‘- 4'.-1 Q‘bﬂ PR qr
flh’ a3 - l‘-' otr-feqn ) etr
18,8 . L)
Fn =Cjp — —BTL S SL AL T

Wp k;a.'.' o
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. 2. DATA FOR TIIE ANALYSIS

2,1, Jutact stability raaualty recor—

ds at IMO snmple of 166 ships.

A set of "deta concerning the stability -
parnﬁoters'and circumstences of the casua-
'ltj /plaee, time and weather = conditions/
- 18 included in [2] . '

The parameters of the same ships et " tiwme

:of_loss and in fully_loaded homogeneous a-~

rrivel eonditéons wore compared and  dis-

'otiminatod. In such an approach to the su~ .
‘bject thers is no problem in choosing tho

-doquate comparablo populations but therse
appears the problem of small differences
= relatively small discrimination a pribrl,
-]'oauaing cértiin numerical difficulties,
* ' The sample was divided into two cate~.
‘gories.oarso ships and fishing vossels,
The analyaia vas. carried out for each po-
pulation separstely and for both of ‘them
" taken together (CX& F) . A general view
" of Fig. 1. confirms tho significence of
this deeision. )
: Furthermora, ] separete annlyaia made .
“iith regard to nondimensionsl paramsters
fornghe same populations of ships as above
(tho'offoct-of whioh is best seen in Fig.
1, for QaMple'2.3)A.

R 2.2, Td draw aome'comparablo eonclus~
 sions T shall present some average data
corresponding to_popul-tions’ueed..in’ the
sbove mentioned paper [3] .

.2.3. Also for the same purpose there

wag presented & sample from [5] diploma

Qéfk‘trebtadlin a similar way @s in p.2.1.
3, '>ANALYSISAOF DATA

The most eharactoristic proporty of

the ahove 3 samples ig the difference of

" the ship dimensions in the discrimiuated
populations. As it wes noted in 2, 1. same
-plo tho problem ‘does not exist because the
same ships are subject to comparison. In
2_2. sample ‘the wean length of lost unsafe

g shibs is 49, 2 m and for safe ships 83 m,

‘ Though it cennot be stated that the

righting arm curve parameters are 1a ‘pro-

portion to the length.of ships neverthe-
less it wmay bé cousidered that such s gre-
at difference of dimensions of the ships
under cousideration is the reason of &
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great a priori discrimination,.
There 1is quite & dtfforent relation - hat-
ween the dimensiona of the cowpared ships

.An sample 2.3. where the unsafe shjpa wore

‘larger L=62m than the safe ones L=h2m ,
Ag it 18 to be expeectod tﬁa vélues of GM
ms wall as the values of the rightiné arm
ourve are lerger for the loxt ships than
the safe onos. ATter dividing the GM va-
iues as well as the righting lever arm by
the length of a ehip values decrease and
are below the similar values referring to
safe ships, Thus to condlude the atabiliiy
parameters would prove to ba qﬁite opposi-
te if they were not{ non-dimensionnl.On the
othar hand using the non-dimensional para-
meters for a grent rango of ship dimen;
sions is not safe. The anslysis of 2.1,

'aamble made separately for cargo ships

L=52m and Tor‘fishipg vessels L:26,3 m
seems to be the most roliable. 4¢ & Jolnt
conolusion from the preliminary analysis
for‘all 3 semples way be & vamark that in
case of cargo ships smaller m2tacentric he-
ight is safer whereas for all ship; a £re-

ator range of the.righting arm curve.

4,  ANALYSIS OF THE RESULTS

The analysis of the obtained results
is on the ¢one hand a simpl- task and on
the other e complicated one,

One obtains, as a reéult of the app~
lication of the discrimlnant analysis for
aeach combination of characteristic shipé
and the question may be considered as sol-
ved,

However, a more detailed analysis of the
and the individuai coef -
may be the source of conside-

discriminants
ficients
rable qualitative conclusious very often

inexplicit, The analysis carried out with

roference to sample 2.%. concorned 14 cha-

ractoeristics - 10 stability paraﬁeters, 3

paraméters of sea states and the length of

the ship, It seems that some parameters are
merely of an interesting plece of informa~
tion as it is difficult to determime their

valuas in population( { He know how  many
and which ships were lost, e.g. in winter

or wind force condition but nothing . can

be said regarding the'oppoéite population

( the ships being in'service) »

The available data vith‘fesﬁeot to the-
sa characteristios for unsafe ships may be
used iaﬁ;reotly to determine other charac-
teristics, ©.g5. assuming an.a:bitrafy con-



» B - o ‘ . @)
stant hnight of wave K in population

one obtains the f611oylﬁg oriterion func-

" tions for combinatlon with individual va~ .

lues of GZ _ .
Cze G e M G2, - 02k
o ¢, M50 GZ,~ 0,20
e +090 GZy,~0.20
= C., *O‘GG ;’0 02h

NN NN
L]

" From each of thédé»funqtibnb’we may

. drew @& trivial conclusion that esoh G2
' velus should iticrease while the Wk value
decrassa. Though after = combined comba-
rison of .these functions one may - mots

_that,thq mpst'reéponsivs for the haight of

‘'waves are the values of the righting arm

- ourve for smell angle of heel. _ S
The prasentation of all the obtained :
abnolusione is imposaible as well as of

_no us@. ¥ confina myselifl only to ‘pProsen=
tntion of seVorai aelocted
',funotions. Eaeh of theca funetiona . mey

o sezvo as eriterien of tho ship etability. -

discriminsnt -

FISHING VESSELS inon—dlmensional

0,847 + 104 GM, + (86 GZ,, -

Z =
| - 234G1, 40,0280, .= 0,045 B,
Z == 4,36 v 46.6.GM, -548@2,,
~35.¢ G, - 255 GZui + 0,020+
‘+ 000448, + 4437 ¢ (» =03)
z= .

= 0,334 + 400 GZ,,- 64,45 G14,* 00013 6,r
~ 0,044 0, + 219 ¢ (= 046) .

The following tendencies being ~ the

generel conclusicns of the. partial analy-

sis for etability paramoters may be  no-

'ted‘

o/1t is advtsablo to tnnd to the redu-v

ction of metacentric height { the highest

,admisoible vplue of GM OGmor GH./L,; 10‘z .
-for eargo ahips)

b/ 1t is advisable to increase the -

range of the righting arm ourve

o/ It is ‘advisable.to deoresse  the

gggce SHIPS dimanaiénal

- 6,02 - F.0 GM, + 73,5 G250~ 34.2GLog
+ 0,243 8., - 0001688, (x=33%)

N
[

N.
]

140,048, 1102 (u'='448) ‘

N v‘.¢.
u

-4SQ 2,61 GM, +24961,., 9,0G7,,*

‘ +4OGZ + 0,0195 9m+0.0-?9v+2.4e-- |

(cx = 4.45). )

'1 CARGO SHIPS non-dim@naional

2= -598~f5456M +4644SGZ.0-4’097GZ:..,' '

+one L= *oozee, (o(=23)

o ‘z-’-lﬂs +2336M-—4426662“+0466\ v

TeM8¥e (xo= 4, ..x,)

- 6,0.:+286 sz~408?6245+04430.,. *

e 0039 Oy +4765€e . (u=201)

: rz‘_ < =346 - 35,38 GM, +. 6954 GZ, + 196 GZ3
—saqmzmmosemwo’se, ~13.6e
- ‘ (u = 4 28)

o
u

: _nsuxm VESSELS d:lmensional

' f_z 034432 GH, + 44.4ae_z,u~z‘;'mz“ .

_ '—owxsé'—oassev (w = 0,60)
”%~264+3146L,2086h°00ﬁ9 +
= 0,0488, 41 8¢ (x=0,6%).

- 44S + 5,05GZy - 9,53 st 00748,

velues of the righting drm curve for small
nngles of neal ana to inereaso their va-
lues for large tngles of heel,

In other words conclusions b/ and o/
may be summarized as a trend towards in-

creasing the static moment of the drea Ul

der the righting srm ourvo with respoct to
az axis.
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of Ships and Ccean Vehicles, Gdartsé, Sept 1986

STVARERC

EXPERIMENTAL INVESTIGATION OF A VESSEL RESPONSE IN WAVES
WITH WATER TRAPPED ON DECK

.Bruce H. Adee, M.S. Pantazopoulba

L. _ABSTRACT

Experiments were conducted in'a wave channel to
verify theoretical p;édictions of the roll respose

of‘a model in waves with water trappéd on deck.

Results are included for the heave and roll motions
of - a‘.high_ deadrise fishing vesset model in waves
-with water on deck. The model’ had high bulwarks
.}ahd- no freeing porté to maintain a constant amount
of water on deck. Pseudo-static heel plays a very
1nportant roli-in the total response of the vessel

_.1n waves and must be included. in any theoretical

" approach. The measured pseudo-static angle 1is
‘usually very close to the calculated static angle

“of heel although wave slope may have a small ’

effect. -The r-esence of water on deck increases

_the roll oscillation when the metacentric height is =

_lower."_ Capsizing occurs only in the tests with
“water on deck and 1is associated with additional
water overtopping the bulnark to enter the deck at
large roll angles.

2. INTRODUCTION

At3 the Second - International Conference on
'Stability of Ships and Ocean Vehicles, one of the
:authors presented a paper which described a method

for’calcuiatinq the sloshing of water trapped on

the deck of a vessel [11. The paper discussed a

deries,of gxpéfiments in which a tank of water was
oscillated to simulate the rolling of a ship while

the movement of the water in the tank was monitored
' by neasuring fhe-shnpe of the free surface. These
_experiments fshougd that the calculations for the

aloéhing of water on deck iere vefy accurate under
-'_'almost all but rescnant conditions.

":The theory for predicting sloshing'uheﬁ coupled

- with a theory for predicting the rolling motion of

a VeSBeL in waves provide a method for calculating
the solition of the complete probiem of .a vessel in
- waves with water ‘on’ deck (at least ~in
tuo—dimgnsions). A set " of expeiiments'_ was
dgveiobed so that predicted motions could be

compared with- motions . measured using a .

two-dimensional model placed in a wave channel.
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The series of model tests used two models.
Both models were close to the proportions of a
fishing vessel. The first had a high deadrise
hull, and the second had a flat bottom. Both
models use the same tank on deck to represent water
on deck. In order to provide the most useful data
for‘véiifying the theoreticai calculations, water
was restricted  from entering or leaving the deck
during the experiments. Conéequently, ‘the models
were constructed with high bulsarks and no freeing
ports so that a fixed amount of watér would be

- retained on deck.

Preliminary experiments’ and & number of
references (2,31 indicated that the phenomenon
described as a pseudo-static angle of heel would
play an 1ﬁportant roie in the response of the
vesgel. Most of the available research into the
péeudo~atatic angle of heel was performed with the
goal of ~ establishing stability standards for
vesgsels. Consequently, the models used in ﬁfeyious
tests had realistic bulwark helghts and freeing
ports which allowed water to enter or leave the
deck. ‘

The goal of the expériments conducted for this
paper wag far more modest. It was to provide
results which could be used for compering»and

limprovinq the theoretical predictions .of vessel
roll in a two-dimensional test with water on the

deck.
3. _THE MODEL AND EQUI T
3.1 Have Channel

The University of Hashington has a small wave
channel which is 48.8 a long, 1.22 m wide, and has
0.79 m water depth. The wave channel is equipped
with a wavemaker capable of beneratinq regular
waves only over a range of periodﬁ'from 1.2 to 0.5

. geconds.

3.2 Motion Measurement Apparatus

‘The ‘motion peasurement apparatus was situated
24.4 u frowm the wavemaker. It uses potentiometers
to measure the heave, roll, and s.ay responmse of



the model.' The total travel of the carriage in the
siay axis is 1.2 m, which limits the duration of
gome tests where the model moves down the tank
rapidly.

3.3 Model Description

The model was constructed of plywood over a
" solid wooden frame with ballast provided by steel
flat bar cut to the appropriate size. dverall, ‘the
model was congtructed to have a scale ratio of
approximately 40 to 1.when compared with standard
sized fishing vessele of the Pacific Northsestern
United States. o '

" Because of limited space, only the results for

the high deadrise model are include: in this paper..

A cross-sectional view of this model “1s shown in
Figure 1. - Important . properties of the model are
given in Appendix A. - '

e

142.49

_+_+

Figure 1. Cross-section of the high deadrise model

L : 252.41 |

3.4 Model Testing

During the model tests, model response was
. i_easured for variations in wave frequency, wave
‘slope, model displacement, metacentric height, and
: the amount of water on deck. For each value of
displacénenﬁ " and metacentric height; five sets of
model tests were conducted. These included:

.8, Model with no water on deck _
'b. Model with 12.7 mn of water on deck

c. Model with a fized weight equivalent to

‘ 12.7 mm of water on deck ) _
" d. Model with either 25.4 or 19.05 m of water
‘on deck {(depending on whether the model’
will ‘stay upright or not) o -

e. Model with fixed weight dquivalent to
either 25.4 or 19.05 mm of water on deck .

4. MODEL TEST RESULTS

Before proceedinq to deacribe the results of
the model testing, it 1is  important to define
certain terms. '

Have slope = wave height/wave length

Static heel angle = 8, = angle where the
righting arm curve and the heeling arm curve
due to water on-deck intersect. An example of

a plot of the 68 curves is shown in Figure 2.

Pée_udo-static heel - angle = eps = angle about
which the model with water.on deck oscillates

during ‘the experiments.

Haxim\.m roll angle emx = when the waves first
hit the model with water on deck, it rolls to a

60
B |
= righting arp of model
40 )
o ] s
= .
£ eo "
= J . -7 stability curve
o Orfero0ono—= et
£ S~ heeling arm of yater on deck
]
=
- o 10 eo 30 40 =0

Angle of Heel (degree)

. Figure 2. Righting arm and heeling arm due to

water on deck (lower displacement, high
GM, 12.7 sm of water on deck)

 large angle and then returns to the

pse_udo-static angle. . This angle is measured as

the maxirum roll angle. It is greater than the
pseudo-static angle.

Auplitude of roll oscillation = 6 .

.. Hodel test results are presented in tabular

form in Appendix B. These give the incidentb wave

_characteristics and the model response for

variations in the model displacement, meta_centi‘ic
" nzight, and the amount of water on deck.
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4.1 Selected Model Response Time Histories

During a model test the following sequence of
events was typical: '

a. Hodgl is set in upright position with water
' on deck. _ - :
" b. Wavemaker is turned on.

é. Model rolls to the maximum angle asg the

_first waves {impinge wupon {it. The
oscillations caused by the rapid heel
- quickly die out and the model assumes a

. large aﬁgle of heel (first waves are very
small and it takes several cycles for the
) waves to increase to a steady state).
. d. As waves reach a steady state, the roll and
 heave amplitude build to a teady state,

A .typical 'time.history of heave and roll as &

function of time 1s shown in Figure 3.

Pigure 3. . Iypicél heave and roll as a function of

time (lower displacement, high GM, 25.4
ma of water on deck, wave period = 1.20
sec, wave amplitude = 19.09 mm)

Experiments were also performed with a fixéd
weight on deck equal to .the. amount of -water on
deck. " Figure 4 shows the roll time history of a
typical experiment with a fized weight on deck.

|
f

_ EEnaau i il E_‘

Figure 4. ‘Typical roll as a function of time with

: a fixed weight replacing the water on
deck (lower displacement, high GM,
fized weight equivalent to 25.4 ‘mm
water on deck, wave periodA= 11.20 sec,
vave amplitude = 54.76 mm)

At certain frequencies,‘the to;l response was
quite irregular. In this casg,»the'sloéhing effect
of the water on deck made a significant
‘contribution to roll. “Unfortunately, these

‘experiments are often tiﬁé limited because the -

“model moves down the tank along the saay axis and
reaches the maximum sway permitted b; the motion
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meagurement apparatog. An irreqular rolllresponse

and the associated heave response are shown 1in
Figure 5.

ﬁ“ﬂ m. !

Fiqure S. Irrequiar roll  response and heave
o response, time  histories  (lower
displacement, high CM, .25.4 mn of
water on deck, wave period = 1.20 sec,
wave amplitude = 54.76 pm) ’

In a smll mwber of experiments, the model
first heels to a pseudo-static angle into the
incident waves and after ~-me oscillations it heels

‘to a pseudo-static angle in the opposite direction.

This occurred only in cases where the metacentric
height of the wmodel was large. (ﬂmaller_
pseudo-static angle) and the wave slope was also

large (larger roll excitation). In every case, it

first héeled into the waves and then reversed

itSelf. A time history of one of thesé “cases 1is

shown in Figure 6.

In several cases, the model . capsized.
Capsizing may occur Into the waves or in the same
direction as the waves are propagating When the

Heave

Figure 6. Reverszal of the pseudo-static angle of
heel (lower displacement, high GM, 12.7
mm of water on deck, wave period = 0.97

sec; wave amplitude = 36.63 fm)

model capéizes into the waves, it starts in the
upright positioh.- then rolls to the maximum angle
and seems to settle at an angle of heel close to

‘the static angle of heel. As the Haves increase.

the model oscillates about a pseudo-static angle of

- heel but water comes onto the deck over the top of

the bulwark. The angle about which the model is
rolling increases as the water on deck increases



‘until - the model capsizes. Figure 7 shows a time

- history:of a capsiie‘into the waves.

l}i‘ il il I{l{] !i‘
i Il h

i

L
| ”niullh

wWaves

;m! | i m“

" Capsizing into the {lower
. displacement, low GM,19.05 mm of water
- on deck,

amplitude = 36.33 mm)

* Capsizing also “occurred in the gdme direction
as'the.uaves'propdgated.v In . this case, the water
cane

a lbnger‘time'fbr the model to capsize.

"shous ‘a capsizing in the sane direction as the:

' waves propagated
__OBSERVARIONS AND CONCLUSIONS
5.1 Péeudo;Static Angle

Fiwr wmost of the expérinehts) thé measured

-paeudoéstatic angle and the calculated static angle
‘The ‘value of the pseudo-static’

are very close,
- angle is strongly affected by the vessel’'s static

il
|
1 m

it *Lﬂm

Capsizing in the same direction as wave
p;opagation (lower displacement, low

" GM, 19.05 mn of water on. deck, wave

" period = 0.90 sec, wave amplitude =

30.42 mm)
‘-s:aﬁiiiiy ~and  the, amount of water on deck. The
less - stable the vessel, the - greater the

- pseudo-static angle becones for a given amount. offA

' water on deck. Hhen the amount of wWater on deck 1s
':increased, the pseudo—static angle 1ncreases.'

'hlthoubb this does 'npt hold 'trué for every
_ specific experiment, in general, increasing the
- Wave slope vleads to a lower pseudo-static angle.
This 1s clearly demonstrated- by the higher
displacement, intermediate . GM,
‘water on deck case shown in Appendix B. - -
For_’ the 3maller- wave slope cases, ' the
A‘correlation between the static angle of heel and
" the pseudo-static angle is best.

“over the bulwark at a slower rate and it took
Figure 8.

with 12.7 mm of .

wave period = 0.97 sec, wave .

"windward” side/towards the wave.”

‘would expect - water to come

‘large amounts of water on deck.

. case at a wave period of 0.70 seconds.

rodel ‘with
three—dimensional.models and normal bulwarks in

In  previous experiments (23,

"model capsizes or
is getting large pseudostatic angle of heel to the

beam seas it was reported that:

_In the present
tests in .a wave channel the louer'displacement

~ wmodel showed no preferred direction when 1t rolled

to the pseudo-static angle. It rolled to a

) pseudo—stalic ‘angle into the waves almost as many

times as it rolled in ‘the same direction as wave
The higher displacement model rolled

into the waves over

propagation.
tuice as many times as it
rolled in the same direction as wWave propagation.
In specific tests  which were repeated under the
same conditions, the model would often heel in one

- direction ddrinq the first test and in the oppogite
direction during the second. '

Under the format used for these experiments, it
the model which initially sits in an -
unstable equilibrium position rolls in: the
direction which corresponds to the direction of the
' In the
three-dimensional model tosts in - beam waves,

appears that

initial moment excited by the waves.
' | one
over the top of the
tulwark on the incident wave side resulting in &
preference for rolling into the incident waves.

5.2 Capsizing

- During several ekpériments the model capsized.
Each of these cases was related to.a large static
or pseudo-static angle of heel, which results from
é combination of low metacentricb height " and/or
All the capsizings
occurred for the incident uaves of larqer slopes,
and in all cases additional water came over the top
of the bulwark onto the deck before the model
capsized.

- There were no capsizings in any of the tests

without nater on deck. That includes tests of the

“model by 1tse1f or the model with a fixed weight on -

deck equivalent to the weight of water.

Capsizinq _generally occnrred in a band of wave
freduenéieb near the natural frequency of the model
with a fixed ueiqht on -deck equivalent to the
welght of the water on deck. ' -There was one
exception to this 'uhich .occurred for the lower
low GM, '19;05 “mm of water on deck
During the
first test at this condition, the wodel rolled to a
pseudb—static - angle in the direction of wave
propagation and only oscillated & small amount
around this .angle.  1In the second test it rolled
into the wave and a large amount of water came over.

displacément,




“the top - of the bulwark, which preceded and
) contributed to the capsizing.

5.3 Response Hith Hater on - Deck Compared to

Response Hith a Fixed Height on Deck .

This comparison is very. interesting because

l'_tankn with water . sloshing have’ been used ‘ag

: stabilizers.

Por high metacentric height and a small amount

" of uat’er_on deckalthe p_resence ‘of the water reduces

- the roll ~"odscillations -(of course one should .

:'recognize that in all cases the amount of water on

deck  was. ‘sufficient to cause a significant .

pséudo-static angle of heel which is. not 4included
in this discussion). -
tests ahether the decrease in roll oscillation is a
"result of the dynamic effect of water sloshing or
frog the reduction of the effective metacentric
height due to the free—surface effect.

‘ Pof the hiqh metacentric heiqht cage where the .

=-amount of water on deck’ is- increased the resulta'
..'are no longer consistent at a11 frequencies. This
N 'indicates th-* the sloshinq may be morc important
- under this ‘circumstance with a larger mass of water
"moving back and forth on the deck. ‘ :

o for t'he intermediate.arn‘l lou metacentric h_eight

" cages, -the presence of water on deck results ina

‘larger roll oscillation ‘than o’ccurs when the water
sis replaced by a fixed neight. ) In conjunction with
‘-'\the roll to a pseudo—static angle, this rolling

behavior indicated ‘that the ‘presence of uater ‘

" trapped on deck_is a very dangerous situation..
“Similar results 'are obtained uhen'the wodel

. response with water on deck is compared with the

* case of rio water on deck. '
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4'm>mm1x A: MODEL PROPERTIES -
" Table A-l. Hodel Properties. and Depth of Hater on

~ Deck for-Lower Displacement Hodel

_ Inter- L
. . modiate Low
_ " HighGM - GH .
Displacement (kg) 25.45 25.42° 25.42
Radius of gyration* 91.0 - 104.0 103.6
Metacentric height-GM*  36.7 133 5.37
Depth.‘of' water-case 1* 127 _ 12.7 12.7
Welght of water on deck 12.2 - 12.2 .12‘2 »
" as a % of displacement :
Depth of water-case 2+ 25.4 . 25.4  19.05
Weight of water on deck 24.4 24.4 A 18.3

as a % of displacement

. 'Table A—Z Hodel Properties and ‘Depth. of Hater on

Deck for Higher Displacement Hodel. -

-Inter- AR
: . mealate - Low -
) High GM M M
‘Displacement (kg) 31.03 . 31.03 3103
" Radius of gyration* 94.8 - 937 921
. Hetacentric height—GH* 27.7 .13.0 . 5.09
Depth of water-case 1*  12.7. = 127 127
neight of water on deck 10.0 10.0 10.0
"as a % of displacement : o
Depth of water-case 2* 19.0% 19.05 19.05
Weight -of Water on deck. 15.0 15,0 . 15.0
as a t of displacement :
*in om
Table A—3. Other Hodel Properties - o
Length of model ' = 1054.1 mm
Length of tank on deck = 1020.8 mm .
Beam of tank on deck = ~234.6 mm
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Table B, BESULTSOF!DDELTT )
Louer Displacement, High Metacentric Height, 12.7 mm Hater on Deck

Hetacentric Height - 36.7 mm (with no uater on deck)

ﬁa\ie period (sec) 0.70 . 0.8  0.90 . 0,94 S 097 1 10 " 1.20
Have amplitude (mam) .7.64 - -11.6) .. 30.42. 14,20 . 36.63 . . 47.83 - .19.09
Have 9lope o 0.0200: _ 0.0201 0.0481 0.0206 - 0.0499 0.0507 0.0170

s . 166 . 166 17.5 '_166 © 16,6 . 163 - 17.3 ¢

max

°ps . 148 146 149 - 149 - 1594 - 10.2 . 14.9 .

. 14,5 0 - M.5 0 145 185 145 145 14.5
<. (water) 0.5 AT e e a5

(weight) . % _ . . 0.86 . - 7.35 . 171 1257 15.39 ©  4.28

B
6
- g sc

., osc ) ‘ - 2.04
Hoave (water) . o ; Lo : . .. R L _
- Wave amplitude 0.43 - g 062 - 0'?3 . Los . 0.92 ~1.0L..°  0.93
" Heave (weight) = o o aa Ao i S S .

 Wave omplitude - O-15 .. [0.89 - . 083 - 1.04 0.6 - .0.%8 -
- Heave (mo water)’ e : ey
Have amplitude 0.31 0.84 . 0.687 0.96 0:97 . L.02
Notes - Co S T S

‘ l..onei‘ ‘Displacement, High'Hetacen’tric Height, 25.4 m Rater on ‘Deck
’ Hntacentric . Height = 36 7 mm (uith L mter on deck)

dave period (sec) | 0.70 - . 0.86 . 0.9 . 0.94 097 - .10 . 1.20

Have amplitude (em) 7.64 .-~ 11.61° .. ~30.42: ' 14,20 - 36.63° - 47.83 ~-19.09

- Have slope - 0.0200 - 0.0201 ° 0.0481 .0.0206 - 0.0499.° "~ 70,0507 - 0.0170 .

8 _{deg) . 39.2 . - .39.5 39,7 39.5. . 38.5 - . 38.3 - 37.6
gmax T T 3.8 32.8 . 28.1 - 32.3 27,0 0 2.0 3.5
3 A . 330 33.0 © 330 330 . 33.0° . 330 - 330
80 {water) - - « 11,03 . - - 181 - e 708
@25 (weight) - & A L3 . o5l 28 . 7.0 1.2

80%c (ho water) . 0.68 339 1119 . 5.85 . 11.28  11.19 .© - 2.04

Heave (uwater)
Have amplitvde
Heave {weight) .
.- #ave amplitude - ) B ) s )
_,%:J——“‘-———ﬂ:eempfi't‘:;: 031 - 0.4 087 . 0.9 097 102
Notes - - . T 4 IR SN 4 —

Louer Diaplacement, Intemed:late Hetacentric height, 12, 7 m Hater on Deck
) - Hetacentric Height = 13.3 L] ( u:lth no. uater on deck)

" dave period (sec). 0.70 - 0.86 - 0.90  0.94 - - 0.97 110 120
Mave amplitude (mm). 7.64 1l.61 .- 30.42  14.20 ~ . °36.63 . .- 47.83 . 19.09

. llave slope - 10,0200 - .0.0201 0.0481 - 0.0206 - 0.0499  ° 0.0507° 0.0170:

g lGem). L7 4L3. 4L7 L3 420 42,00 4L3
2?3 3 . 344 7 33.4. . 29.3 32.4° - 3.6 2.0 337

. . 70315 . 3LS 31,5 - 3.5 - 31.5 © . 3.5 3.5 -
83, umer) o 0.69. 2,41 534 . 3.44 . 8.52 . 9.04 ' 6.20 -
TR | . . LB

6 (weight)»‘.'_*"_'- L R T _
0% (mowater) . A A AW L R R

 eave (uater) 0.5 072 0.9 0.84. - 0.83 0 0,94 095

.- Have amplitude - : S X o A L b LT ; -
" ‘Heave (weldht) . o .c 7 D gge . a4 U o 931 ° T 0.96
Have amplitude: -0 15 . 0.85 - . 6.98 1.0 - - . 0.93 . 1,00 - 0.96

. Heave (no water) o - f’o % E _' 0.9 0. % o'éa,' S E oaf‘,- o"99'

" Wave amplitude

I.ouer Displacenent, Interled:l.ate Hetacentric Height, 25 4 - uater on Deck
Hetacentric ueigm: = 13.3 mm (u:l.th no uater on deck) Co

" Wave ‘period (séc')' o.7o C0.86 - 0.90  0.94 - 097 . 1.0 - 1.20

_Wave amplitude (mm) 7.64- - | 11.61 "30.42 . 14.20 - 36.63 .- 47.83 - -19.09_
.Have slope- - 0.0200 - 0.0201 .~ 0.04681: - 0.0206 0.0499 . - 0;0507.} 0.0170

Qe (deg) 54,3 - .-54.3 7 54,2 . 54.0 . - S4.3 . .54.2 - 54.2
e"': 46,6 ‘46,8 . 43,1 - - 45.2. . - 39,7 - 43.8 143.0
. eP S 433 . - 43.3° 433 . 433 $3.3 . 77433 4.3

*_e (uater) : S 08 R N I capeize 44 .4 - 13,90 -7 16,22 A48T

. - - .7 into wave o T ki -
;) (ueight) P L . 0.52 I T oA Ao K

' e°°° (no uater) 068 0339 01119 5.88 . 1128 . 119 ¢ 2. 04__
C0.sL 0.9 - .0 079 0.53 - T 0.98 0.9 "3-'_-0 89 -

08c
Heave (wats .
Have amplitude_ PR ) - o . o
. Heave (welght) =~ " aw . . - B ST g '
‘Have amplitude 0._:.7 ;0.8 0.9 . 1.10 1.06° . 1.05 - . 1.01
Heave (no_water
Wave amplitude - ! . ) o
“~Notes -~ - . o T o e B

T .

(o water) * . 0.68 . 3.3 1119 . 585 11280 1119  2.04

T 1.01
10.98

038 . 079 107 - 106 0.97 . 0.96  0.79 -
o019 © 0.2 L0l 1.6 - 1.00. 093 102

0.98

o3l 095 - - 0.9 . 0.98 . 0.98 103 099 -

. 1.20

54.76
0.0487
20.4 1st

© 15.9 2nd -

14.1 1st

12.2 2nd -

14.5

3 05 1st
.2nd

) 14 71

10.01
0.9
0.9
0,97
3

1.20

' 54.76

0.0487
39.3

27,2
330

13.17

10.01

. 0.93

0.98
0.97

1.20
54.76
0.0487
53.8

-44.9

43.3

. 1432

10,01
0.88

. 0.97

0.97




Louer Displacement, Low Metacentric Helght, 12.7 mm Water on Deck
Metacentric Height = 5.37 mm (with no aater on deck)

Rave period (sec)  0.70 0.86 0.90 0.94 0.97 1.10 1.20 1.20
Rave amplitude (mm) 7.64 11.61 30.42 14.20 36.63 47.83 47.83 47.83
Have slope 0.0200 0.0201 0.0481 0.0206 .  0.0499 0.0507  0.0170  0.0487

(deg) 47.5 49.6 48.9 "49.6 48.9 49.9 48.2 47.9
eP“ . 39.7 39.9 . -39.3. 39.7 39.0 38.3 39.3 38.3
eb® . 3.5 37.5 37.5 37.5 37.5 . 31.5 37.5 37.5

‘eosc (water) 0.68 4.19 8.38 7.87  13.00 15.05 3.93 16.08
0nc (weight) ) “ A oA - 1.20 A ﬁ
eosc {no water) A * ok L 1.03 0.86 * 0.86
Heave (water) g T ' .

Hove smolituds 067 0.67 1.00 0.79 0.99 0.90 1.01 0.92
Heave (weight) - ’ ) i

ave ampiitude 0.41 0.93 1.15 1.10 1.07 1.07 1.01 1.01
Heave (no water) ¢ g 0.9 0099  1.08 0.9 1.00 0.99  0.95

Rave amplitude

. Lower Displacenent. Low Metacentric Height, 19.05 m Rater on Deck
. Metacentric Height = 5.37 mm (with no water on deck)

Have period (sec)  0.70 K A, 0.86 A 0.90 0.94 0.97 1.10 1.20 1.20°

Wave amplitude (mm) 7.64 ©11.61 30.42 14.20 36.63 47.83 47.83 47.83.
Have slope - 0.0200 ) 0.0201 0.0481 0.0206 0.0499. 0.0507 0.0179 0.0487
59.0 1st i : . o
Opay (de9) . 60.8 2nd 55.8 57.8 7.1 - 55.6 $5.3 . 657.3 . 55,9
2] - 48.4 18t . )
© ps . . 52.2 2nd . 46.7 50.6 47.7 7 46.3 ~ 39 45.5 46.0.
-] ’ . 43.3 . . 43.3 . 43.3 43,3 . 43.3 43.3 43.3 © 43.3
8 0.43 1st -
e (uater) capsize 2nd 4.29 capsize 7.38 capsize 13.21 2.92 11.50
‘ eosc (neight) . * -k . 1.03 L oo * & »
-eosc (no water) * ' * * ko 1.03 ) 0.86 ~ 0.86
Heave (water) © 0.55 1st e :
Wave amplitude unsteady Znd 0.97 1.27 1.21 unsteady 1.03 0.99 0.91
Heave (weight) g ) :
' Have amplitve = 0.53 0.96 1.02 1.15 . 1.09 ‘ 1.06 . 1.03 1.01
. Hedve (po water) o : : :
Have amplitude 0.35 0.96 0.99 1.08 0.99 1.00 0.99 0.95
Notes - 6 ) 7

Higher Displacement, High Metacentric Height, 12.7 mm Hater on Deck
‘Metacentric Height = 27.7 mm (with no water on deck):

" Have period (sec)  0.70 . 0.86 0.90 0.94 - 0.97 1.10 1.20 1.20

Wave amplitude (m) 7.64 11.61 30.42 14.20 36.63 . 47.84 19.09- 54.76
Have alope 0.0200 0.0201 0.0481 0.0206 - 0.0499 0.0507 0.0170 0.0487
: . (deg) S 17,19 - 17.19 . 17.19 . 16.34 17.54 - 18.91 18,57 16.34
';Gm’ - 16,3 - 16.2 .o 17.2 14.8 o151 16.2 16.2 14.1
s e 14.4 - l4.4 7 14.4 - 14.4 14,4 - 14.4 14.4 o 14.4
eosc (uater) - 0.69 . * 1.72 & 1.20 - * -
eosc (weight) -~ " % : * 2.15 * - . 5.85 14.10 2.41 -16.16.
eosc (no water) * * -6.36 0.344 12.47 15.13 0.86 13.76 -
. Beave (water) . ‘ ‘ . ' ) . . .
Rave amplitude . 0.37 0.92 0.99 o 1.41 ) 1.04 - . 1.06 1.09 1._00
- Heave (weigh R c : :
Have emplitude . 0.12 o 1_.00 _ 1.00 1.2% - 1.08 0.97 1.03 1.02
~ Heave {(no T E
" Have amplitude 0.21 -.0.87 0.98 1.20 1.00 1.03 0.96 1.00

‘Notes I S 1 - 1,4 ' 1,4

‘

Higher Displacement, High Metacentric Height, 19.05 mm Water on Deck
) Hetacentric height = 27.7 mm’ (with no water on deck)

" Have period (gec)  0.70 "~ 0.8 - 0.90 0.9 0.97 - 1.10  1.20 . 1.20

‘Wave amplitude (m) 7.64 11.61 . 30.42 14.20 36.63  47.83 19.09  54.76
, Have slope ©©0.0200 . 0.0201 .  0.0461 0.0206 . 0.0499 0.0507  0,0170  0.0467
, (deg) 24.76 25.10 = 25.79 © 25.10 30.09 25.79. .. 25.10 . 28.89
_ema 21.0 - 20.6 19.8 21.0 © 237 230 20.6 13.8
,_eP : © 2009 . 20.9 20.9 20.9 2.9 - 20.9 20.9 209
osc (vater) °. ~0.43 0.52 1,55 077 .. lLlz2 .- * oA e
o c (weight) = & * 1.20 0.17 3.44 .. 1L.52 A 16.16
. 805¢ (no water) * SR 6.36 0.3¢4 | 12.47.  15.13 0.86 13.76
'Heave water ’ L ) - - . :
iEGE‘EéS%IEE%E S 045092 L7103 1.04 1.17 1.03
Heave (weight) : . i
Have amplituds 0.08 . 0.64  1.08 S S U 0.98 . 1.08 1.01
Heave (no water) - ) : .
Hove arotTtade: 0.21 0.87 .0.98 1.20 1.00 . . -1.03 0.96 1.00
Notes . . S > 1 : -1 2,4
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ﬂigher Displacenent, Intemediate Hetacmtric Height, 12. 7 [l ] Hater on Deck

E Have period (sec)“ : 070
© Wave amplitude (mm) = 7.64
: Have slope.

)

. 0.0200 .
S8 . ldeg) - - 33.72.
GP:’, : 293
'eP : Lo
(uater) LT 0.69
egzg (weight) =~ %
093¢ (no uater) S A R
Heave (wster) = - o
. Wave amplitude 0.60
" Heave (weight) 0.14
: Have--amplitudle : R
Heave (no water) 0’17: Lo

Have amplitude
- Notes

Have pertod (sec) "‘o.7o
" ‘Wave amplitude (m) 7.63

. Have slope 0. 0200 ‘
(deg) - . .43.70 - -
‘ d’:‘ o380
- ST 38,2
‘l'eosc {water). - .0.66
53¢ (weight) = =~ . »
. k]
eoac (no ug.tet) oo
.. Hegpve (water) - "o at
.’ Have.amplitude . 049 -
Heave (we R %

. Have amplitude = o
Heavs (9o water) ..,.,,

., Wevc amplitude
. .-'Hotes -

0.86
11.61
0.0201

35.10 .

29.4

"21.7,

1.55
A
*

- 0.81 .
S 0.72
0.84

~.0,86

1.6
. 0.0201 .
44,39

32.7

- 34.2
2,58
e

A

0.7
0.5
~-0.84

. 0.90
30042

- 32.7 .-
- 34.2

7.05

*-
"

.. 1.10
104

. 1.09

0,041 - .
44.39 -

£ 0.90 0.9
30.42° 14.20
©0.0481 . ©.0206
. 30.97° .- 34.41
21,3 8.4 -
2.7 2.7
BRI s8
* .
R '0-17
T .0.86 .
1,08 119
1.09

A;zz”

0.94.
14.20°

34.2
6.19
G

- 017 _:’

0.92
1.28
1.22

.06

0.0206
D 44,05 .
~34.1 ..

10,97
"36.63
" 0.0499
.30.46°
..22.4

21.7

*

L I

Tk

0.99

1.16

. 1.09

0.97
36.63°
0.0499%

°44.39
29.9
'34.2

o

P

10.95

-~ 120
109

Hetacentric Height = 13 o wm (uith no water on deck)

1.10 1.20°

 47.83  .19.09
0.0507  0.0170
35.79 35.10
2.5 . 28.6 -
N B
e 819
A R ]
* *
097 075 .
T 1.09. © 0.94.
L1 _;,03

L 2,4

B Hiqher Displacement. Internediate Hetacentric Heiqht, 19.05 em Water on Deck
e Hetacentric Height = 13 0 o | (uith no uater on deck)

1. 10 -1:20
47.83 . 19.09
0.0507
44.39 "44.'05A

29.9 3.5
4.2 382

13.25 . .9.12

A A
0.9 079

14, 101

111 1.03

‘ Hiqher Displacement, Low Metacentric Height, 12,7 mm Hater on Deck

. Wave period (sec) -0.70 .
.- Have amplitude (mm) '7.64

- Have slope .- 0.0200
.8 (deg) . . 37.85.
. _eFa L 344
o © 35
: eo (uater) el ke
eosc (»eight) e A
K eo- -{no water) ... % .-
" _Heave fwater). - 0.1/

© Wave amplitude

.. Heavye {(weight) . 0.03 )

: Have amplitude
" Heave (no water) .
‘Have -amplitude =

b.24”

ﬂ 0.86 -

11.61

0.0201 .
. 43.36.

35.3

35.1

A
L]
3

© o 0.71
" 0.68.
087 -

0.90

30.42
10.0481
139,92
32.5-
- 35:1

0.9

14.20
0.0206
3717
31.8 -
35.1

413

ok
R

“'11 20

ﬁ1 26 .

0.97
36.63

0.0499

37.17

" 25.0
.35.1

7.92

1 0.35

*

1.01

111 .
S 1ae

. Metacentric Height = 5,09 mm (with no nater on deck)
1L 10 . .20 .

47.83 19.09
. 0.0507 0.0170
38.89 . . . 39.40
26.8 - 32,7
35.1. 35.1.
10.67 1.8
ok A
B )
.0.98 071
"1.08 .1.00

130 1027

L _ lligher Displacement, Low Hetacentric Height, 19 05 wa Hater on Deak

" Wave period (sec) 0. 70"
-‘Wave amplitude (ma) 7.64

uave slope . . o.ozoo']
(deg) o © o 41.99
‘eP:x L 384
eg R R |
0y {sater) . . 1.03.
1005 (weight) . . w
" 8ogc (no water) & -
Heave (water) . - 4 0.
_Wave amplitude [0.40 .
Heave (weight) = 0.'07—'

‘Wave amplitude: R
. Heave (no water) . 0.24
~ Have amplitude . N
| *very small oscillation

086
11.61

0.0201 - .

45.93
38.4

T 40.1
. 4,97

0.17

X

©0.53:
o8
" 0.82

. 0.90" 0.94°
30.42 . - 14.20 -
0.0481.  '0.0206
41.99. . 45.93

" 33.6 37.7
4.1 . 40.1

capaize. T 8.23 -
1.2 .- 0.52

x T
©.0.75 L 0.66
0.7 1.08
CL07 126
.A . .-. ._ 1-?-6 ." . .

3.

"40.
S
1

097

" .36.63

0.0499

42.50 -

3
1
.14,
03

LA

1099 -
1.0
14

Hetacentric Height =- 5 09 (uith no aater on deck)

1 10 1.20
 47.83 . 19.09
. .0.0507 0.0170

41.48 4113

.32.2 . 36.00

- 40.1. 40.1 .

15.77 .° 172
T A
A A

- 0.83 0.97
1.05 -~ 0.99

130 102

0.0170 .

1.20 .
54,76

0.0487

27.7

0.69

0.89 -
1.00 .

1.03

24 -

1.20
. 54.76

0.0497
45.08

© . 3L.0-

34.2

013,77

0.86

0.92

1.05
1.03

1.20
54.76

0.0487 -

39.71
26.8
35.1
12.04

0.88

0.97

1.04

. 1.20

- 54.76
0.0487.
- 42.50

36.00
40.1

© 11.65

1.00
1.01
-1.04

34.9Y
1 23.4




NOTES:

1dke5,75

4.
5.
6.

7.

Model first rolls into the waves and then rolls to the opposite side (in the same direction as the
incident waves).

Model first rolls into the waves and then tends to roll to the opposite side but does not roll all
the way before experiment is terminated.

Model test conducted twice. In first test it rolls in the same direction as the waves. In second
test it rolls in the opposite direction (into the incident waves), but is tending to roll back
toward the same direction as the maves as the test is terminated:

Model roll oscillations are quite irregular.

Hater enters over top of bulwark.

Experiments performed twice. In the first model, rolls in same direction as wave propagation. In
gecond model, capsizes after rolling into the wave.

Model rolls in same direction as wave propagation. It oscillates as water enters deck over bulwark
and then capsizes. :
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Third International Conference on Stability -
of Ships and Ocean Vehicles, Gdarfsk, Sept 1986
DESTGN-REGULATIONS
BY W. A, CLEARY, JR-

- WITH LCDR R. M.

ABSTRACT

STABER G

LETOUKNEAU USCG

Jhe relationship of existing stability criteria of either the initial stability (GM)
or the righting curve type is examined againsgt the types of known stabllity accldents
which may occur. It is noted that there can be more than two dozen types of
stability acclidents and several damage stability accldent types. Additionally there
are variations of each one of these accidents which might requlre refinement of
stability criteria. Finally, the major types :of design which have been developed over
the past 20 years and those which appear to be developments of the next decade will
be reviewed against known types of stability accident for research desired.

1.  BACKGROUND

1.1 Agreed worldwide stability standards
are conspicuous by their absence. Many
national standards exist but little
agreemeat exists at the ilnternational
level although we have made a major step
towvard a general intact atability
standard during the four years between
the second and third Internationmal
Stability Conferences. One advantage of
having no comprehensive agreed intact
stability standard is that very littie

‘restriction has been placed on designers

thus far, 'by administrations. Designers
have had cousiderable freedom to respond
to the economic requests of ocean
commerce, limited oaly by their own
professional judgement or by the
requirements of the flag state.

Until the past two decades, ship designs
have ‘evolved quite deliberately over many
centuries so that the effect of any
modification ou stability usually was
able to be judged over a period of
years. As late as 1900, snips could be
placed into three main groups — passenger

* ships, tankerd, and dry cargo ships.

Their form and size were matters of
general similarity world wide.

However, during the past 26 years, the
types of ocean vehicles have
proliferated. Therefore an increasing
danger exists that among the many new
types of commercial ships. There may be
some which are not as safe as is assumed
from experience.

1.2 The role of the Intergoveramental
Maritime Organization in creating
standardes is mlisunderstood by some. The
SubCommitiee which is respounsible for
stability (both iantact and damaged) is
alse respoasible for four (4)
international conventions and the
stability aapects of a dozen codes. All
items must be reviewed in a few hours,
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once a year. The Subcommlitiee cannot
discuss research in detail while io
seasion. The SubCommittee necds to

.veview the results of stsvliity rescarch

in omaking a decisloo for a new worldwide
standard and the SubCommittee has in the
past recommended research and ashould
recomnend priorities in order to asusist

its program.

1.3 Therefore, there must be another
forum to provide full discussions of
gtability research, The several R
International Conferences on Stability of
Ships. and Ocean Vehicles (now the Third
Conference ~ Gydansk 86) should be that
forum. Such an organization should nave
an intersessional correspoadence program
and should adopt the objective of an
international meeting of all stability
research persons approximately every 4
years. If such an organlzatioun is
possible, the following design problems
should receive.priority In research
between now and STAB #4-1990.

2. EXISTING STABILLITY STANDARDS
METHODOLOGY

2.1 To date wost stability standards use
the geometrical and mathematical
relationsnlp of the monohull ship form 1a

. heeling (both static and dynamic heel)

rather tnan pitch, heave or other ship
motions. This procedure has been
acceptable and safe because the usual
monohull has been more vulnerable to
capsize in the transverse heel attitude
than in pitch or other motions.

As late as 1940, atability standards were
merely suggestions in the literature
which remaloned quite simple, based on a
recommended metacentric height (GM) of
about 2 feet (0.6 meter), with no
specific relations to ship shape or type
of hull or size.

However, the commercial vessels available


http://SubCommltt.ee

.. may occur.

for comparison at that time were of a

- very few distinct types and only a very .
few were out of the normal size range for

: the .ocean going vessels.

. 2.2 The ¢4 type of standard has been
populat becauge it allowed a simple °
formila to be used by a designer in

evaluating ahip gafety.

Qae of the

simplest evaluation standards is the
ptoviaion of s ainimum M based oo a

ateady wind.

" In addition to the initlal metacentric .
height (@1) evaluation, the righting arm

curve standard has been used lo many
variations by differcat organizations,

" and pational .administrations.
caa not only show the initial metacentric
height but also can measure. total energy

needed to héef and to return upright.

. The righting moment curve has been less
- often used, usually with the explanation
_that 1t is tbe same shape as the righting

ara curve so It means the same thing.

. 18, of course, the same shape but it does
ot have the exact same physical meaning
for .ships of great differences in size .

form or loading arrangement.

2.3 However, these two methods of '
stability evaluation do not actually

cover all the stability accidents that .
They do provide a relative
meagure of stability for ships of similar
Indeed, our. ignorance
" of the seaway and its affect on ehips of
-all aizes has caused us to create many .
arguseats for statlcal arwm curves of one
type or shape when in fact we do pot know

. type and service.

the full effect of seaway, and its

variation with size, period and relative

steepness.

This curve

Momond
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v Alaok, whether enough reserve stability is

for all the stabllity accidents

contained in these formulae to account’

that may

occur, remaips 8 relatively unknown

quantity in 1986.

2.4 Table 1 provides a list of 34 causes
of . capsize for av otherwige undamaged

suip.

" Tablo'1. Capelze causes for undamaged ship

- Cause ) Example of Hazard
1. Single broadside wave beem aingle wave vollover :
2. Resonant rolling beam steady period, exact frequency waves -
3. Steep wave system' wave slope, following sea
4. Bow/stern steep waves " heaving, loss of waterplane
8. Following sea loss of wnlerplune
6. Wave grouping - * uneven rolling
7. Mass distribution (Inrge ndim of cargo ot structiire cutboard of hull or vemculb sbove and
gvullon . belov: huli
B W ) ) steady heeling moment
8. W d s C impulse heeling moment . B
, 10. Car 0 And ballast distribution
11. Dec Ioads i lngh center of gravity - .
12. fcin, : igh center of gravity
13 Blllast .nm |d ballast shift, or hqund drains to off-cenur tank
14. Ballast, lack of i unks being used, fuel oil, ballast
15. Free surface (interior) water on interior decks
16. Free surface (emuhnon) baric bailast, deteriorating chemicals
17. Water on deck . : :
18. Bulk wgo. shift * bulk ceirgo slides or shakes down’
. 19. Corgo shift
 20. Lifting weights vntb ship 's gea! heavy-lift ships ] .
21. Movement of people on nassenger chips
- 22. Anchor lines trim by bow—-lm of watetphne
23. Moorings (general) - pipelaying, MODU’s :
24. Towing hewser—self-tripping tugs—short hawser
. 25. Towing hawser—tow tripping tow yaws and overwheims tug
26. New or trawls—surface vessz] heaves on wave
- 27. 'Nets or trawls—submerged vessel heaves on wave
28. Nets or trawls—bottom . met hm%“ up on wreck
N 29 Hauling blocks : ver block causes excessive heelmg lever
30. Voyaging et very light or deep dnfus of waterplene st smal) cnf
© 31 Partial groundings . - changg trir, waterplane, and lifts
32. Lateral currents . inland tug crossing rive: cutflow
* 33. Maneuvering at high npeed rudder action heeler -
' 34. Wave impact at high speed anuk'- hool or heave on surface-efiect ships
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SHORT- TERM PREDICTION OF ACCELERATION,

. ted formulation of the problem this

: sisuifioauoo
-problem im paz-ticular. it s aimp.ly
“tained that ‘such equations hmmver, in so-

 Ia oonsoqneuca, in an ‘indireot way

part
of x‘egu'latioua /oquations to calculete so-

me otaudard values of aooelorationa/ booo-“ '
. wes out of dato,

. The useleaaaees ot eqnat:lona for oalouln- o
ting the lone«tem mdiotion for the’ gupg

aooalorationo undesr mving oonditiom

| wiElan the fmoﬁork of ooutainer lashing
- mgulationo doea not mean- to olininate theu :

the oode at 011 ‘and ‘- to diminieh j.ta
- on behalf of tho = leshing
m:ln- a

from .

x/

mo more rational form » should constitu~

te the integral part of the code of  olas- '
‘sification’ sooiety and de 1ntonded for tho -

uo—cqllod proliminary doc:len stages. 'l‘ho:l.r

. significence would ooua:let in uak:l.as it
possible for: the designing of ship to . be .

of the belt seskeoping quality’ in sonoral. '

respsct to tha deaismed ieshing
there would be setisfied the condition  of
the oxternal foroesé to bo econseicusly mi-

x/ in form of the @owoaliod nonaitructural
-motdele i.,e, rolatively siwple
sions wigh requ:lremsate which on one ha-
ud are the ship’s designing
and o the other governing paranptors
for the desoribed phemcmenen /{2] /..

vith._»
‘cy fom .

oxXpros-

paramoters, .-

nimized on aocount of t'einpora‘ry' ocontrol of

~the ship in operation, while the stability

of the load mass would be fulf'illaq at poe -

 saibly the loweet level of these forces.

" 245, Usefulnmess of ‘the Document under the

. Title 'Laah:l.g"sxstem of . Containers

" om ¥eatlier Deok” in Ship‘s Op_qrat:l.on -
The atab:llity of the load mass is de~

) o!.ded in the’ followine throe baaic aphores.f..
of aotivu:leat

. at atowage time,
.= at lashing time ond
‘= while ahippiue the eargo.

'>In othor words the containers under consia
" deretion will be stable if they have been

suffiolently well stowed, ‘properly - lashed
and the 2l ie “guided" 1n the risht vay.

. Propex: dashing is only couneoted with per-

forming somo routins prooeduroa oexplained

’ e.g. in Fig. 2. end, first of all, check-

1ng the re.l:l.nbi.] 1ty of aerrying out - that .
*eperat:lon » Thus there remains cnly to ta-

be into oonaideration the stowage and na-
- vigeticnal opemtionc, the more ao.thae it

is thom that the analyzad oonoep*:lon of

‘x/orevru of olassioal container ships ere

rathexr only obliged to check the lashing
‘whieh 18 carriecd out by the port service.




" Thus functiona(3)meke it possible to dete-
-rwine the admissible acoceleration LR with
@ defined mass M, or the edmissible mess M
.with an aaaupod.aooelo:ltion.at;
A complete information requires propart~
'fion of & set of diagroms uaiillustratod in
. ?ig. 3; for a designed ship inoluding wva-
riouq possible configurations of‘ataok 16~

Aaﬁing.

23030 To pkeparo an iuformation on dbpen-

" .donoce of the. ahip s mocoleration a t : upon .

the sea ‘state and, the load coundition /Fig.

o 4./ seems to be the most time - oonaumins.

procedure aud simultanobusly the most dif.

;fioult ono. For tho determinntion of fune.

. otionAat = /oea atuto, ‘load condition,ships
.jblbglty/ _ it ie necessary to oarry out

" some caloulations by application of advane
:§ed programs and domputeré. o ’

Moreover such substantiasl problems like

. the desoription of the sea state and main~

'31y the seleotion of an . approprinte measure

"~ of aooelerations call here for a
examinetion, The point is ‘that the infore
mation should be, if possible univocal x

careful

‘and as far as the value of a, is concerned
‘.'coqpnrable with some equivalents resulting
Sfrom the lashing>téchniqﬁe /Fig. 3./.

At prooent it is suggested that the sea '

statos wero desoribed by two-parameters /e._

8. HVS and TV or lfyS ‘and Iw/, while acce-~
lerations a, should be the external = most
probable values Qyp / [1] /. In this que~
. stion, however, it is indispensable to ca-
.. xry on furthorliuvestigations of some gO-
. neral cheraoter than it would arise from
' the needs of preparing some conoreto obJe-
otive information,
' The load oondition and the ship’s velooity
. for thoao requirements ere best desoribed
. by the values of metacentric height MG and .
‘the relative hoading angle respeotively,
'ﬂitoi the reaason thet the transverse accele-
 r-f$96p a, atill depeqd on many othor fao=
- tora, thoy are definitely tho most signif-
ionnt ones o and should be noted . thet

~z/§ complete univooal meaning is imposaib.
1ls on acoosunt of a random oheracter of
soe waves and ship’s motion,
rzz/oxporinontn prove that in eenoral the
- transverse accelorations 2, determine ma-
- inly the oontainer laahing and their
dopendence upon the ship’s velooity with’
. suffioclent acocuracy in relation to prac-
- tioe osn be identified with the depende-~
noe upon the relativs headinc angle  on-
1ye .

related
- should inolude:

the objeotive information cannot be too come
plicated.. The information speoified at
this point is required to be prepared for a

given ship for'aova;al states of the soa and

. states of the ship. The
't;on of thege parameters is dependent, of
course, upon the speoifity of the shipping
line both with respact to the characteris-
tioc of 1its vavinq and potentially possiblo

several seleo~

variants of ship 5 loadings.

2.3.4. The set of information desoribed at
points 2,3.1. ¢ 2,3.3. ocnatituies a doou=
mout entitled "Container lashing systom on
weather deok?, whioch should be subjeot to

" approved by a classification society.In pa=

rticular the objeot of olssuifiocation sho-
uld,inolﬁde:' ) :

- lashlng taohniquo ian tho sense of la-
shing geer certification both loose
/rods, turnbuckles, connesotors, eto./
end permanent fiitivgs /oatohes aud
all kindg of foundations/t

= information on the pormizeible oxtor-
nal loadings /admissible wmasses or aoe
celerations/ in the sense of conformi-
ty of calculations with the recommen-
ded by regulations algorithm, In ocase
if the objective caloulations are car-
ried out mccording to one ‘s own /the
‘shipyard s/ algorithm, the algorithm
itself should also be a subjeot to ap-
proval; .

- information rolated to the relation of
the ship’s amoceleratious to operating
and waving parameters understood as
conformity of calculations in ocomplia-

. noe with the recommended programme or

.‘acceptance of the prograume applied by
the designer,

The above olassifioatioh‘prooodurps are de~
termined by requirements for the sake of

_requiremente themselves, which in their part

to stowage and container 1aah1ng

- determination of standsrds and methods
- of testing the lashing geari}

- algorithm of lashing strongth caloula~
tions,

- recommendation to apply a specified
oonputing programmo of the short~term
‘prediotion of ship’s aoceleration with

~ identifioation of form preaentins the

- obtained resultas.

The latter requirement is & substantial no-
velty mg far as objeoctive regulations are |/
ooncerned, which in their ourrent form de
terinined the way of ocaloulating the accele-

rations mpant as long~term prognosis, . as

‘oriterion values, univoeally dimensioning

the ndniaeiblo doad n-aaos. In the presen-
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var ‘o oxperisnoo.

The information regarding the lashing te-
ohniquo should to expleined im  graphie
form, ac 1t is shown in Fig, 2.

" B3y 3,45

beon mentioned earlier are based on the de-
tormination ofz )

 2p'cont. T ' 40'cont

A-BF -
Mg - (2)
Qt .
GE 19 _
Penguin hook v
BrRO2(50) i\
3 lashing iods SR .
BR 01(50) |
Lashing rods &= _ g,
BR 05(50)
3 lashing rogs :
TE 150.2 ‘
ce——k2
2 Turnbuckles - =0
cr-5-11 %
I' Ziist locks - 4

TECHNIQUE OF LASHING .

"8,%.2, Howavor, the Qrepérétion of diag-

© yoma, @5 ia item b/, roaquires caloula-
tionn of ﬁho typef

Moz,,t A BFw L
‘whero: ' : .
"M = total masa of ths oontainors
" otaock, :

8.« tranavsrae'acoelorat;on,
'4,B- ooefficients depsudent upon .the

strength-garamdtera cf lashing -

and stack s configuratien, '

/OUT/ stacks.

For intornal /IN/ stacks F_ = 0.

It should be noted that tho form of Ogua
 tiom (1), and alse the values of coeffio-

ionts A and B eleo depead on tho adopted _

mathemationld medeld of lashing censtruote

jon, The iden of theso caloulatione is a-
lways such that thoy lead to tho detormi-
nation of tho externci sdmiocsible  iner-

tinl forca F = M- Sy s for wvhiolh tho staw

ok stabilicy is still maintained, The up-

to-now tooting oaloulotions, which have

Ry

<

=z

Sl

F - additional force for exterusl}

whore on the coutrary to equation (1) woce-
leration o, was imposed by the olassifioa~
tion gooiety regulations.
In this way attention was concentrated oh
finding only the q§mis§1blo stack mass M,
" but not edimissible force F; Thus the ocal-
culations acoording to equation (2)were of
o long-term prediotion charaotor detormi—
nnted,
This folloved from tho way of detoruiniug
-acceleration Qg0
The determlnation acocording to eguation (ﬂ
of tho admisosiblo foroe F = H-_at gives @
more univorsal informetion, and . thoreby
maly ueofvl for tho bomofit of the ship’s
eporation end whole shipping line.The uni.
verselity of such an apprgaeh is based on
the feot that for detormined admissidle fo
700 F :onstont with regexrd to the dofimed
lushirg technigue and configuration of the
sontainer stack it is possidble to apply inm
ar intorchangeablc way relations:
f-’..=—E- or ‘,=—F- A (3)
R\ Q.
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'1pnont and the method of its appli—
oation/,

b/ informaticn regarding the maximum
permissible values of. acoelerat-
{ions resulting from lashing teohni-
que snd the current integrally be-
ing iauhed mass of oargo,

o/ information ebout dependences of
nocelerations upon the sea state,
ship’e velocity and loading condl-
tion,

The loshing system block sohome is
presented in Fig, 1. . :
_1he'1ashigg aystem understood in this

way should be a_dooument prepared by t

gzgrd. aggroved by glaasifioation §00=
&.tioa and applied on !hig s like stabi.
-'lttx %g{oggntign'to the master,

\Strength of
lashing gear

Stren th af
container’s
construction

Total mass
of stack

.\\

Configuration
of stack

Design _decisions ~ @
Service decistons: '

a dooument are:

achom® ef the lashiug technique and dia--
grema rolated to inforuation b/ and o/, A=
en ozample here can be g, 2,3 and &4,

2.3.1. The dosigning of the lsching tech-
nique is based on meking a éaleotion whioh
lashing mothod should be chosen /e,.g.stack
lashing by use of two pairs of lashing ro-
de with turnbuokles, and the 1like/, choloo

“of an approﬁrimte loose iaghing goar withe

in the range of the offorsed varioty of theo
npeoia;ized suppliers, and & projeot of ap-

plioable lashing catoh on deok,

- stawage

Port service Functionality
reguirements of lashing
e
Techngue LASHING |
of tashing SYSTENM :
Shart - term |
predection of | |
acce/eratton |
I
Adrmissible I
acceleration ‘ o
N I S _.;..__.;___-__.J
N\
AN
.
N
N\

\ Admissible
- o _lparameters of
Ship tn
operalion

- @

- navigation -~ @

FIG. 1.

THE _LASHING _SYSTEM _BLOCK ~SCHEITE.

_Don proval of __Lashi

Syatem

The objeotivo tockes of disigaing have
been  defined iun previous point and ‘osn
be roducsd to elaboration of .sn appropri-
ate doogment.oontéining scme - inforwmation
es in points a/, b/, end o/, It is assu-"
wed that tho wmost advisable form of guoh™
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" " The ebove dosigm aotivities are characte~

rized,'primarily, by'ého faot that stre-
ngth calculations intended to check tho
lashing geoar for the rofeorred to as stan~
dard aocceleration values are not uocessa=-
»ily oarried out, The loose lashing goar
io eimply chosen in compliamce with the -

ship ewuer ‘s roquirements aud the  desig-



2. STOWAGE AND LASHING SESTEM OF CONTAX-
NERS SHIPPED ON WEATHER DECKS ' OF LOw
LO AND RO-RO VESSELS ‘

2,1, Significouco of the Prohlom

The stability of osrgo is a signifi-
cant ship’s atability determinant in gonse
ral. Numerical data jivdiocate that at least
25% of nooidouts conneoted with ocepsiming
are caussd by shiftinz of esrgo., Howvever,

it is likely to sssume the roal shere to
ta greeter for the reason that tany incia
deuts ramain unexplained or have been reu-
ghiy qualified as "due to pure loss of ate
ebility™, Dvon if the breakiug away of ose
-rko doos not lend to tho_léea of the ship
it causmss a gserious threat tc safety and
undouk todly it 1s @ definite
'1oss.

; The etabi;ity of 0argo dependa net o-
nly ot the imshing itpnelf dut 2leo on oz~
“termal ioad magnitudac‘whiph’are dircofly
epnéecteq with the ship's movements upon
‘wave - mainly dus to xoll motiom, -And - im
this Batter thero is & olose rolation bet-

economioal

wooa onrgo otability and the ehip s enfety
against oapaizing. In one oaae~and the ote

her there exists the same offective measu=

re of risk oxpressed in characteristics of
roll motion. » . _
" Couventional general oargo wus stowed
and lached in holds and on deck individuae
11y depending on the kind of oargo, speci-
fity of shippins iiune, bnt primorily on
the exper.once of the oargo offioera.Up-to
wdate lo-io and roe-reo toohnologieu oonsti- -

‘ tuting already an importent and constantly .
devoloping part of sea transport call for '

lashing the oarge and at least the teohni-
que of lashing to be determinod L.
€3 in the design phase of the ship,. Thue
there has appeared a. new teohniocal subsya-
tem of the ship the solutions of which wo-
rked out during the desigo s tage and appe
lied in course of ship’s operation affect

both the sconomios of ocontemporary sea trans-

port - and its safety.-In view of the above
there . ars sufficient ‘reasons for which
the = objective iochnicel subsystem of

the ship should become z system™ whose

dosigu ought ¢ be:

x/th@ eystem is the probarty of an BPEroOPe
riates teoohniocal strucsurs} it ie 2 stru=-
oture of transfoymaticnal relaticns and
coupling rslations relatad to the operse
tion of tochmiecal struoture,

ing systewm 15 to be a

‘eariy

- rationalized by weking use of all the
capebilities of science both - in tho .
ephore of naval hydromechanies, and
struotural mechanios,

- defined, supervised, and epproved by -
clasasifiontion societias having at th-
. air disposal appropriate rognlat;ons.

At presant the praotice is far from such

‘_aolution. Howaver the olassification soo-

letios dotermine rules of designing the
couteincrs lashiug techniquos, but solely

the teohnique and only in form of instruce

tiots, o
Moreover, the designer is wot obliged by '
anything to slianborate am inatruptive doqﬁ-
went /e.g. similar to the information on

- stabilivy/" to be utilized by the ship’s orew
at work, The stimulated ‘by current resu-.

- lations degigning of 1ash1ng prooedureos

. exoludes any effeot of the ship’s orew dpbn

the oargo stability - its role is redu-
oed to the control of tochnioal state of
lashing., The projeot univocally determines

" the maxiwua configuration /numbor of la=-
" yors and distribution of masa in layers/or

countainer staock end, what ie nmost  importe.
ant, it does not give any information for
& rational performance ot operational na-
#igat;on vhich affeots the valueas .of the
external load of the ocargo. Hence, 4t is
a typioal lovg-term solution,,'insedsitiva'
to oonQantly ehanging operutional 'éondi- ‘
tiocus ro;ating both to weather and ooéuo-
The_proposed.idbs of goe-ocmlled lssh~

vod of the obove mentioned drawbrcks gives

- a ohance of an optimal‘aﬁd effective fule -

filmeut of the safety requirements and e~
cononios of the shipping trade.

2,2, Dofinition of tho Lashing System

The lashing systel is a complex set
of information, both about the lashing to-
ohuique ‘and the uvitary depondences of 6x-
ternal forces /accelerations/ affeoting tho
oaro as & {unciion of ship’s velooity™
for a determinoed stnte of loading end wos~
ther comiitions,

Mrom s fermail point of view the ;dshins
gystcm consists of:
a/ daaoription of . the lashing techni-

Giad /doacriptlon of the lashing oqu-

/the ship s =sleoity is understood hera

as o veagtor desoribod both by tho speed
/lzpgth of the veoctor/ and the relative
" heading angla /angle between the ship’s.
"volaoity aud the main dirsotional propa
gatien of wavee/.
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Third Onternational C’o}wference' on Stability
(# Ships and Ccean Vehicles, Gdartsk, Sept 1986

ESTABREC

LASHING- OF SHIP CARGO AS AN ESSENTIAL FACTOR DETERMINING
' STABILITY -SAFETY AND ECONOMICS OF VESSELS

SUMMARY . . . ;
L .- The paper presents
[] oconcept of a rationnl system

e Stas‘iak )

‘nnrried in sea

for lashihgg_of cargo
transport and shoﬁs particulary [ solution
of the system for containers carried on o-
pen decks, The propoaed systom is
stood here as a comp]ete set of informa-~

tion both tha applied teohntoa ‘of lashing

end about the external forces aoting on-

the ship and cargo for a given sea state.
The rationalism of the proposed eys-

tem 135basod'on & mora complete utilizati-
on of the up-to-~date aoh;evementai of ship

hydrbdynamioa’and on teking, in a better

. way as-yet,_into aoccount so oalled human’

. faotor,
The prosented system of cargo lashing

is thought, in gonoral, as an example of ’
solution to ome of the basio problems 1o~

lated to atability sefety of the shipping.

It follows from the Tact ‘that statistiocal- "

iy about 25% ships vhich oapsized - in rough
seas did go because of loss of cargo mass

otability. This dangerocus situation hape

pons more froquontly due to lack of suffie-
cient information about the all phouomsna
.deeormining stability of ocargo on board a
ship rathor then Gue to plqin orew romigse
. ness,

1.,  INTRODUCTION

Safoty and eoonomica of ships often
preaent in th@ir solutions some oontrovor-
sial problems and at the same time they
are two basic faotora detormining the use-

fulness of shipping. It is mooessary for -

thg_.hippins industry to be eoonomical and

safe, but not economical or safo,The probe - .
lem of coptimum reconciliation between the-
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under-

se reasons ls always ecoompanying botﬁ the
designers and the users, Tho diffioulty of
solving the problem ia magnified by the
fact that the ship ss a material strﬁoturo
univooally defined at the desigm stage,whioh
operntes under varicug conditions and
in mnny cases the extesrnsl loads exceed the
acoepted pormissible desigued valuea. The
roality; however, reveals that there is o
posaibility to adapt the ship effeotively
to every 1n'pr1noiplo éituation. It resu-
1ts from the faot that the ship presents a

olosed controlled system where the feadbnck

element determines its homeostatio ca-

Apabilityx/. It indioatos that every ship’s

reaction may be and is controlled and re-
gulated within some permissible limits,The
subject of these operations is broadly un-
dorstood as ship’s management x‘/, which
ednaoquentlylmakéé it weocessary for all the

problems of the ship’s operation, inoluding

the recomoiliation of safety with econo-
mios to be gybermetio xxx/ probleoms,

As in every oybornetic problem phenomenon
the effestiveness of sclutious is also he-
ro oonditioned by quality aﬁd quantity of
informatien, This psper presents this faot

' by discussing the idea of rational system

of ocontainer lashing on the weather deocka
of lo=lo and ro-ro types of vessels, The
proposed idea is here not only an e;amplo'
of siguificance of the information for'tho
accomplishment of a defined oybernetioc ta-
sk, but also a utilitarian solution of &
apeoific oargo stability problem which to
a great extent dotormines the ship’s safe-

'ty in general,

_‘/phyaiologioal ferm denoting the oapabi-~

lity of living oreatures to rotain a po-
recnont Anternal state in epite of some
exterual variations .

, *%/yrov =us herbour service
xxx/oybernetioa - a woyd of Groeok origin me-

aning “contxrol of a ship®
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5.

. for sea etéta No & correeponding

‘board st F. P,

It is a trend ncow to inoresse the " di-
mensions of boet. This is connsoted
with the installation on some beaches
the
man power im pushing the boat iunto.the

moohanical hoiats Vhicq replaco

sen, )
The bdat for open sea should have the

length not leoss than 7.5 m and the fre-
oboard not less than 0.25 m, The free-
than
0.%5% m. These values have been obtained
ealoulations:
- to

should be not lesas
from shippment of watoer

hoﬁ =2 0.6 m and Ty = 3.4 seo.
The lsength of the boat cannot exoeod 12
mn because foxr larger boats the tax i
Poland is much hishar. )
On the Polish sea side the shapo of the
body created by tradition was not chan-

ged during ﬁany years, The average ra-

tio % iz bolov 3, blook coefficient

Cy = 0.39 - 0,56, waterplane ooefflé

olent Cy = 0,68 = 0.78, '

Ths renge of lewgth is mainly  between
- L® 5.5 49 w and power of the engine

mainly up to 30 HP,. '

It is advisable for hoats other than

7.

8.

'9l

woodei, to employ some buoyanoy ele-
monts to improve the behaviour when the

Loat ispartially flooded.

It is recommended that any hydrostatio

ealoulations should be limited only to
design qonditlén. For,thia'draught thoe
displacemont and the - area of the wa-
terplans must be ostimated whersas the

motocsntrie ordinate may be oaloulated
by the formula as follows:

1.

- L

12,

greater thénfq.i5. )

It is rgoohmended'that the dimensions
for the registration cards of Maritime
Administration as well as 19 future
rules of the Polish Registor of Ship~
ring should be given in an ' uniform
way. The following_dimensibns are ne-

cessary,

os - length overall but without rub-
rail and permanent fittings
“sticking out from the hull
construc<ion, )

L -~ length of the design vnterpla-
he, as above,

Bmaz - breadth overnll '1thout rube

) rail,

B -~ waxisum breadth of design wa~
terplane inoluding ehell pla-
ting, .

D «~ depth measured from the base
plane /the keel is not inolu-
ded/ to the 1owest point of

_ gunwale,

“d- ~ design draught measured from

) tho base plane,

It scoms that the only known rules of

13ﬂ

‘ple. The rules should not

details
are not too excellent., There are vary

Det Norske Veritas with many

strong'roquirements due to floating ca-
pabilities and stabllity when flooded.

The Polish boats formally do mot fule

£i11 thess requirements,

Nowadays it is appropriate to provide

the rules of Poliéh Register of Ship-

" ping for fishing boats construotion.

The:rules should not bde véry wide,with
many dotails but should be rather sim-
_intervence
mgchlinto the traditional congtzuqtioh.'
The rules should be only limited to the

. survey of general condition of the boat

a8, ¢ B2
= CB '11.703 d
[+
W
" This fegult in wany ocases is more ' ac~-
curdte than by a computer ‘program,
The .ordinate of centre of gravity for
design displacement can be detormined
. from inolining experiment or by means

10,

of an nssessment.
A good stability critorion for all open
deok fishing boats appears the

" lowing requirement

o4 Foin S 0.093
B 5 Y
. max’ naxg

determined only for desiga oondition but
Fhin in that formule should not be
= . .

wax

fol- -

[1]

‘board and to 1ntroduoe a simple -

to check the correctnesas of design,
to fulfill the requiremont of the free- -
index
number to eusure the boat a proper sta-

,bility.

The application of buoyanoy elements 1n-
side the boat could be reoommended but
not ooujulsory,-
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Table 5,
) . Boat A. _ Boat B Boat C : Boet D

v " w? 2,475 2,750 3.025  3.607 4,008 4,409  12.55 13.94 15,33 16,78 18,65 20.52

KM m 1,228 1,208 1.189 t.413 1,387 1,368 t.727 1.684 1,667 2.138 2,065 2.014

GM ° m 0.77) 0.753 0.734  0.830 0.804 0,785  0.957 0,914 0,897 1,368 1.295 1.244

K2 m "0.346 0,308 0.273 0.529 0.491 0.456 0.470 0.397 0.325 0.518 0.432 0.348

'y  deg 17.0h 15,12 13,47  22.87 21.23 19.75' 15.83 13.50 11,18 1h,12 12,00 9.90
" ez om 0.213 0.189 0.167" 0.302 0,280 0.259 0,260 0.217 0.176 0,330 0,272 0,216

GM sinf m 0,227 0.196 0,471 0,323 0.291 0,265 0,261 0,213 0.174 0.334 0.269 0.214

GM-2F/B__= ©€.218 0.190 0.166° 0,320 0,287 0,260  0.260 0.211 0,175 0,328 0.266 0.213

Boat E ' . -boats is about %5 m, .

v :ma 14,49 16.j0 17.71 : The values of p/A given at Table 6

KM m 2,22 2,20 2,16 » are a.good measure of tha boat ‘stability
oM m- 1.26 1,28 1,20 " which egrees with common 1ntu1tioﬁ, On the

Kz m 0.954 0,867 0,79k _ _ basis of body plans itself, without any

g deg 26,7 24.80 23,0 caloulations or exporiments, boats C and D

GZ . m .523 0,464 0,419 . seem to be clesry worse than the cthors as

GMsin £ .566 0.520 0.469 far as their stability sufety is concerned,.

GM 2F/B_m .563 0,512 0,455 ° : From stebility criterion {5) it fol-

. : . . lowsg that two quetients 3/D and B/d are of
Thua the basio stability criterion is as the basic importance for the stability of
follows: . : the boat,
GM_ _F 1 Ji) 4,  CONCLUSIONS
iimux Bmax . 2 ¥ Qorlt (5) )

. From the ihvestigations of the Polish
end it is suffioient to apply it only at small open deck seq‘fishing boats the fol-
the'design ooudition} : . . lowing conoclusions can be drawn out:

- F/Bmax at formuls (5) should not yo ta- 1. To all appearance althiough the boats
" ken greater tham 0,15} ) . . operate frequently in savere conditions
- iho motacentric height GM should be ava- they are safe. From many years since the
A lﬁato for the design oohdition acocording Vsail,ﬁas replace by the-ensino the an-
to the plans, In case of laock of deta- » nﬁals wore not regisiered any accidents
~ dled data KG ﬁay be .taken as 0,6 D, of loss a boat and fisherman,
At Table 6 there are given the valu- . 2, The equipment of the fishing boats has
as of p/A in % for the 5 fishing boats. . great influence on their safety. - FEach
) . boat should be outfitted at loast withj
Table 6. . ) . ' ’ life-jacket for each fisherman, 1ife-
saving ring, signaling pistol, compass
Boat | A - | B c D E_| " and walkie-talkie. ,
100 p/Al17.1 18,7 | 12:2{ 13.6] 19.5 . 3. Because the boat comstructiom has been
. . ] : moved to the workshops where they are
It is suggested to take as a minimum allo- built by more heqple according to the
."wable value of ) . technical drawings it i1s growliong up an
I l 1 ' ' awareness to cover this aotivity by ru-
(Jﬂ) = 13% ) los of olassification society together
A jorit " with a supervision of their perfor-
' mance.
If we Ssaumo that the amallest value of p &. If it is decided to teke such boats un-
'sﬁould not be less than about 200 kg in ca- der the supervision of the Polish Re-~
se of a motor-boat then the above .ooudi- gis€er of Shipping the rules should ©oO-
" tion yielda that for such a boat the smal- ‘ var only the motor boats, The rowboats
lest volume displacement should not be ’ should be beyond this oconsideration be-
lesa that about 1,6 m3. In this way we get ' cnuae they serve as auxiliary boats and

that the 1ength.L of the smallest fishing operate very near the shore,
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' would be given by the following formula:
- 21100 ;(1020 Cy 4

- This formula con be simplified further as
the first ters in it yields the numerical
values nearly oonstent for the iaterest-

iing range of vatorpiauo bloek’ cooffioient

¥
values of this torm are @s follows.

Table 3.

¢, from. 0,60 up-to 0.8%, The _ numorical-

c. | o0.60! 0.65] 0.70] 0.75| 0.80 0.85

¥
111,73 111.68[11.66 11:67[11.70 11.75

Assuming that 2(‘*°w)('*2°w)/°w = 11 7o we
' get thets

s
NP B O ()
S P AR :

B

' The actusi valuas of KB and BM for

theAfishing boats ocan differ from the va-
Jues given by the ebove formulas, To get
gotual values thoss formulae must be there-
fore wultipliod by corrsctioun ccefficlents

ay @ud o, The values of these : coeffi-
Gients for the 5 boats are given at . Table

‘I’ahle e
Boat! A 1. 3 1 ¢ | p E_|
ay {1.021| 1.031 | 1.018 | 1.010 | 0.987]

ay ~ |1.002 | 0,994} 1.010 | 1,022 | 1,017

As can be ssen tha'érdinafa of  the

,oontre of buoysnoy differs from -1  to 3%

* from the values given by formula(1)whareas,
the metaoentrio radius - from ~1.to 2% from"
“the va;ueglgiven by formuls (3)».Thua the- :

ze differences are not greater than the

-_-ocuracy ‘of numerieal oaloulationa. Due to

this ‘Teason it 13 adviaable to asasume that

Al

“B = an z e

3, srqg;LITY'ASSESSMENT

The suall fiehing boats are of _6p§h,.
-A«typo,‘i.o, with no deok_thorefoto . their
stability 1s limited to initial stability,’

- 4,e, up to the- aﬁgle of deck immeraion;Due

“to this reauon it is ccuvenient to taka a8

a meaaure of boat stability the ~ righting
" arm at the angle of deck immersion., At Taw

) bie 5 there ago'compiled thess - arxrms ‘ f9r'

ths<1uﬂiv1dual beoats and for three volume
displscements equal to 0.9, 1 and:\;t of
the design displocement. The valdé of . KG
is assumed the same tor all these three.
load oonditions.. . )

Au wo cen seo the rightinf axrm at the
engle of deok immersion can be epproxima-

-ted with g good aecuraoy by means of " a
- product of the infitial mctaopntrio height‘

and e double freeboard relatod to the ma-
ximum broasdth of the boat, measured out-

~side the boat shell, i.0.

B

CGzos oM. 2E— ()
. ‘max - .

" The differences are uot greatar then the
. errora of vumerical ocelculations,

From the above ocaloulations tt ,.fo1-

‘lows also that with tho variation of dis-

placement the righting arm chabnges to a

_higher degree in the opposite direotion,i,’

@, ) .

ké"—v—z--——-glb
where k > 1, 1 E GZ and § means here @ di-
fference, This means that the boat right-

'ing moment at the angle of deck immersion

) al&azs dooreases . with an increage of the
) disp;acbmeni; In other words, the stabili-

ty safety of the boat alwvays decreases
when the freebonrd of the boat. decreases

dué toian increase of its loading. Thus it~

_ is very important that the boat should ne-
‘ver be overloadod during operation,  This

agreeos with a ‘good shlppins practice.

It is poaaible now to establish a ve-
ry simple stability criterion for the small
fishing boats. Nauely, the stability of

~ the boat it is oonsiderod as satisfactory_'
-if the boat at the design oondition ocan
'uithstand the shifting respeotively large

wolight p from the plane of symmetry to the

~odge of -the boat side, i.e. if the 'sdge of

the side will not immerse or if -the augle

_ of heel will not be larger than a  stated
. wvalue, say i5 degreos. Applying formula(h)

we get | .
p oM .. F
LR s e
Ya “max “mex

vhere

D - displscement of the boat at the de~
sign drausht

‘.,F - - freeboard underatood as the distanw

co of the lowest point of the edge
.of side from the deepest waterplanc,
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Teble 2.
 Boat A -
~m 5.97
max® 2'2? ’
B =m 215
‘D o 0.8
a4 = 0.5%
F m 0,28
KG = 0.46
L/B 2,78
B/ 3.91
B, --nfz.sa'.
?/B_,, 0.126
? cvp'_-_o.57u'
Oy 0,679
Cg . 0.390

" On Fig. 3 there are
boat A and.D.

6,83

2 .58 |

2,46
1.06

0.%6

. 0.38

2.78

4,10
2,43
0.178
0,585

0.679.
0,398

¢
8.&0 -
3.46

 3.ji

1.5%0.
1,00
0.40
,0.77 .
‘2,54
3.31
2.47
0.116
0.665%
0.754
0.501"

D
9,60
3.90
3.81

1.40.
. 4,00
"0,h0

0.77
2.52
3:81
2,79

£ 0,103
0.666

1,766
0.510

B
9.12
4,00

".3.90

$.60
0.80
0.80

. 0.96

2,34

2.50

0,200

0.721

Numerical caloulatious have shown - that
trim hua e negligible effect on tho hy-

_drostatic magnitudoa of the boat, oxcept of
,LOB - what 1a self-explanatory.

In order to caloulste the initial ste-
bility of tho boat it ia necessary to know

- the vertiosl distance of the wmetacentre

.o

above the-ﬁaoo'plane, 1.0,
KM a K8 ¢ BM

'If the ourve of waterplans area wae
a parabola then the ordinnta of tho oen-

" tre of buoyanoy would be givon by a formu-
- lat

0.785 -

0,566

shown body plans of

KB ©o o o 11
"If the moulded waterplone was & para=
bola then the initial metscentrie radiue

5 s 7 a [ ) Y} 2 B
a5 . Im
: } &
. e 1
A = W=7 e D
- L 597 g
L*597m T\ L-96
i 8:215m. E I ’ 3.33;:
d-055m ! d.}
| D083 m - ] o
1) : (7] ] 2m
—— e
1 : | |
y _ |~
: =======m=4==E‘A
[ 2 3 4 s 7 8 [ [ "o N

_£QL;1; Boay plans of boat A ana D.
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projaota were still’ the exiating boats.
Aanrins naxt yoars this poroantage will be
growing up.

- Thoro are various materials uaed for
' building the boats. Table 1 complies the
Polish fi-hing boats aocordins _ to. the
stuff from which the boats are ‘made of,

‘ted distributions of lengths and.

2 therb are presen--
breadths

On Fig. 1 and Fig.

both for motor-hoats and row-boats.

As far as the power of engine is ocon-~

oeruod 86%'of‘motor4bdata are fitted with
the engine of pover up. to jonp,

-

:

. There were car ;Qd out ‘lineer regres-

- ‘ . .sions .of LOA/ nax versus - ‘Loa and B .. ver-
/Table 1,
Material _ oak steeol laminate ‘aluminium laminate o' total
. . : : oak
No of boats | 1008 . - 81 48 7 5 1149
) 87.7 71 h,2 0,6 0.4 100
As oan be seen a conaiderablo ﬂ'maJo- ‘ sus L, for 1149 Polish boats., They are as
rity of boats in Poland, 1.e. B7.7% s ‘follows: . - o )
‘madée of oak. It is" necessary to expeot, ’ ‘
hovever, that in ‘the nesrest future the L T
24 2.8540.03.L
percentage of boats made of ‘steel or la- Bmax * * 0A
minate will be groving up, - }
Generally ‘spoaking, the boata can be méx = 0,83 ¢« 0,37 - L

,regardod as safe. During the 5 rooent yo-
ars theore have been no reports on the loss
It cen be ﬁoticed that
'boat oasualties have in praotioe disappe-
ared at all ‘when tho aail was replaced by
for

" of boats or- lives.

" the engina._Thore are many . reasons
'.this. Firstly - no aail, no heeling
' menq due to wind, secondly - due to 9ngi-b
‘ne the boat can hurry. back to its - haven

thridly -the pro-

mo=-

‘imn 6650 of bad weather,

per shape and proportiona of the - boats
. devoloped by the: aged tradition.,
. B ; B _. N b . S . .
w0 motor boatls L. umoer. .n_. "49. ;
: Length rhnge ~ L+ 3.00+11.50 m
" Average length L+ 6.6 m -
i e g Enog.
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Quotient B x/D appears to be not de-
agroes
v;l@*a basic stability oriterion for amﬁlll
¥ hing boats. The average valuo of B x/D
is equal to 2, 52,

Below at Table. 2. there are given par-
ticulars of 5 Polish fishgng_boats. It is
worthwhile emphasing that quotient L/B is
less. than 3. Boat A and B are made of oak,

- vhoroas throe other boata - of ateel.
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. THE SAFETY OF SMALL. OPEN DECK FISHING BOATS

M. Frackowiak, M. Pawtowski

ABSTRACT

1tie papor is basoﬂ.on siaéiatioal das

42 conosrning the fichiug boat being . in
sarvige in Poland, Thers are givén

" goometrionl oharaeteriatioa of {hese boats,
. their

atnfr
wgsd f'or their ecoustruotion. Tho atability

propulsion powor mnd the
ealoulations have been carried out and
a mothed for their safety eRsscesment’ hes
bkaen propased. Thers hos besen proposed ale
ao_magnitudgé of freshoard et bow and mide
s&ips based on shipping of water ocaloulaw
tionz ia irrogular head seas.

"It is pointed cut that the boats ares safo

due - to their shapes oracted by agelong
tradition.

i, INTRODUCTION

There are tremeundous smount of small

- open .deck fishing boats all over the world -

dud their catohes are sigulfieant * when
compared with the wholeo fisheries, In scome

oountries such boats are the only orafts

‘which supply the fish market. They operate
: quite often in heavy woathor ‘

conditions,
In addition to this their- eafaty

- alse om’ dimensions and shape, on load ‘con-
ditipns and nravigating skill of fishermen, -

Notwithstanding the above these small 0oa--
stal fishing crafts are boyond the
sud regulations of classificstion

rules
s00i6~
ties. The only exception kiown to the aue

thors ' are the Rulaes of Dot Rorake Veritas™

[1] whereis hewever, the wooden boats
not ineludsd, Fven in these days the boate

ere

. are built ascording to the agelong &radie -

tiom related to a specific region and oxd-’
sting conditions. Very often they cre bu-

- 41t without eny drawinge and enlculations,

Also in Poland the open deok fishing bLoats
ere epart from the rules of the Polish Ro=

‘some

wents, It means that'for larger boats

depends

. gieter of Shipping.

- Besides the dascription of suoch boats
being inm gervice in Pcland with tho ‘stabi=
lity ang eeaworthy featuros the paper . 1s
going to give an answor. whether suck rules
not boing in ﬁso for sges are necesaary7”
now or not, Hhen the boats’ came'under' the
inspection thera would be na quastion vhet
the
sufficient
4ne
vestigations ;t_is possible to establish

some éritoria related to stability and flo-

kind or perametera ‘of the boat were.
most 1mportgnt to. ensuxrs the
safety at. sea. On the basis of these

" ating cepabilities,

The Norvoéian rules consider the mi-
nimum freaboard and the stability for a

. particnlar heeling moment. The boats under

5,5 m in length and desired freeboard shoe
uld be fitted out with the buoyanoy ele-

the
buoyancy tanks are nét'neoessary but here

iz a oontradiction because there is also

T a requirement that all boats fully outfitu~

ted with additional load and  completely

flooded are not to sink and have positive

righting arms up to 60°. For steel and la=
minate boat without additional . buoyanoy -
slemenis sueh roquirementa cannot be full=-

:'filled.

2, - GENEqéL'caARAcTERISTIc OF THE POLISH
SMALL _OPEN DECK FISHING BOATS

“. In the pest, sven mot long sgo, = the
bonte vere built by singulax oraf tsmod - ox

evan fishermon mestly without any tochni-

onl drewings accoxdiug to- the

agelong tradition., These cdays the
ers bulls m0r§ of ter by néf 1arge
shops and the innividual oraf tsmon axre va-
wighirg. Up today 37% of boats in service
have bosn built in wvorkshops socordiug to
teochnical drewings but the pattera of such

exigting.
boats
workn






' surface condition [xo + g° 0. elr, 0)

- is- given by, ‘ . z=0

]

1
e(p, Q)e "t
T : . -kz' . )
L 1 e -cos8 k(y -~ v') 1wt
. = <2 lim . k- F ¥ In dk e

u+e
LoV _ ,
» 0n10) ig the density of source distri-

bution along the section's contoqr-ch) when

m=2, 3 and 4, the‘velocity.potential;pro-

. vides radiation waves generated by the os-
. cillation of the section; m=7 denotes the
velocity potential of diffraction waves.

» ‘ O Q) in this equation has to be detecr-

: mined such that the’ Velocity potential sat-

- isfies the following boundary conditions on

the contour in.its equilibrium.
For radjation problem: '

9

3n 0 iwxz‘-sﬂ- e

3. o 32 _iut

Y 0 “1wX g —a-e

2o e gui (s28 - 22) dut
in %, . 16X (Ban yaq)e

For diffraction problem:

B Ldg, (ke + ixy) dwe
R A C B

where n is the outward normal to the contour.

~ Actually (a-1) is rewritten in the form
of the stream function instead of the veloc-
:ity potential for computational convenience;
the section contour is approximated by a
polygon with 30 sides on each of which o, (0)
is asgumed to be constant. ’

With o, (0) -thus determined. the dynamic

awell-up, ’ that ie, the wave elevation due to
both the radiation and difftaotion is ex-
presaed by

CRb(y' ol t) = Re [ [2meoR(0)
. Ch

'*'t,op(o)lzlnie‘“’f‘ik(y-yf)»

- . )
- k co8 kz' - K Bin k3z* -x(y~y')dk]
: ; kz ¥ R’- i

o .

x ds eiet}‘ | l' . . ‘ (A-2)

Wa have the dynamic swell-up on the
~ weather or lee gide of the ship with sub-
§;§§9€inq y=+p/2 or y=-8/2 into the equa-
tion (A-2).
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deck with deck wetting occured only once to
let the ship capsize (Fig. 15).

Thus critical wave amplitude of cap~
size for those models., generally supposed
to be different from that of deck wetness,
is determined for each frequency of the in-
cident waves. Dotted lines in Fig.3 ~ 6
are such critical wave amplitude of capsize
which agreec fairly well with the experimen-
tal results particularly around the rolling
natural period.

5. CONCLUDING REMARKS

We gave a correct prediction of criti-
cal wave height of deck wetness for ship
models having simple configuration in re-

gular beam seas. In this prediction our
approach is computation of relative motion
of the free surface to the ship in frequen-
cy domain in which are incorporated accu-~
rately effocts of radiation and diffraction
waves particulariy including local waves
prominent in the vicinity of the hull sur-
face.

Frequency demain analysis provides us
only with informatioins whether deck wetting
occurs ox not. Time domaln analysis is re-
quirad to predict how it happens, once or
fepeatedly and "how much, which we know from
obgervations, is crucial to investigate ef-
fects of deck wetting on fatal copdition of
a ship.

A rather simplified time domain analy-
s8is clarified dynamics of the ship that
deck wetting does not occur in gsome cases
repeatedly even in regular waves; however,
in other. it is possible that rapid accumu-
lation of shipping water on. deck caused by
repe&teg deck wetting leads to capsize.
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APPENDIX

2-p flow field around a section of the
ship, forced to oscillate in the m-th mode
of motion (m=2: swaying, 3: heaving, 4:
rolling) of amplitude x, and frequency w,
or fixed (m—i; in the incident waves

c = cos(xg + mt)

coming abear as shown in Pig.7, is express-‘
ed by the velocity potential:

Oyly, 2z, t) = Roliuxy, J- 0p(0)
€h

* g(p, glas e "%} (a-1)

wﬁare clp, Q)eimt is the velocity potential
at p(x, y) of a pulsating source located at
of{x! »'), which satisfies the linear free
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MODEL NO.= 1
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Fig.13 Transient responses
under deck wetting
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Fi§.14 Transient responses
under deck wetting

have similar results as shown in Fig.14 and
'15. Sh;pping water as a result of deck
ﬁetting occured two ‘times reduces the roll-
ing angle to make the .relative water sur-
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Fig.ls Transient responses
under deck wetting
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"Fig.l6 Transient responses
under deck wetting

face lower than the buiwark even if waves
are a little higher than the critical of
Beqk wetness (Fig,14). However much higher
wave pauré sufficient amount of water on



some coefficients of the equations of mo-
tion .due to the shipping water and also the
rate of variation in the mass of the éhip,

: Héeling angle newly computed gives a sec-
tional form undexr the hater‘leading to new
wave excitiné forces and moment. Then re-
turn to thé;equations of motion at the next
step. '

‘ Sevéral results of the simulation un-

der the influence of shipping watér are

presenéed_in Fig.1l0 ~ 16: wave elevation
at the center of the ship, relative motion/
freeboard £, amount of shipping water/the
ship's displacement W, heeling moment due
to the shipping water/wGH, and rolling an-
gle. R : B - !

Results for Model 1 are shown in Fig.

16 n. 13 at a frequncy very close to the

natural rolling period but three different

amplitudes of the incident waves. Wet deck

does not occur with waves not sufficiently
high in Fig.10; waves a little higher than
the critiéal indhcp.deck wetting once,’but‘
_tbllihg>anglq decreases as.the natural roli-
ing’périgd ia away from that of the inci-
dant waves (Fig.il); waves much higher than
the sritical are able to make the ship cap-
aize sven-after deck wetting occured only a
few times as shown in Fig.l2.

 When wave periad'is short and far away

f;om the,natural rolling period, deck wet-~
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- Fig.10 Transient Responses
: under deck wetting
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ting ocuours repeatedly even for small roll-
ing angle. Then the ship capsiies under
tho effect of accumulated shipping water
(Fig.13). R ‘
With different condition (Model 2), we




ferces are cohsideked to remain to be con-
stant through the transition.
As already stated, shipp1ng water gets

on deck if the relative motion of water sur-

face exceeds the bulwark top height; if the
deck. has alreadf been filled up with ship-
ping water, it overflows as a result of a
large rolling angle.' Then a porﬁion cf the
momentum variation rate with time of the
ship is proportional to a product of the.
variation rate in .the mass or the momernt of
inertia and the motion velocity. Therefore
such increase or decrease of the shipping’
water produces the variations in the damp-
ing forces as well as in the mass and the
moment of inertia.

We have the equations of motion for
the ship in the regular beam seas, based on
consideratiohabdescribed,eo_far, as follows:

M,z + NHHE + pgA,z . = Fu.(¢t) (11) .

HH
:"ss; + Nss§,+ Azu$ + 8,9 = Fge(tf

Ipg® + Nggh + v EE(0) + Ayay + Busd p (12)
= Mpa(t) + mlw, t)

where
Myz = H + 4, +w(t)/g

d
Ngy = By, - ggiw(t)/g}
H__ =M+ 4a,, +wit)/g

By, - 3elw(t)/g)

=
{]

=1+ a,, + A1

4 .
Npr = Byy ~ E?(Az)l

The amount of shipping water w(t) stay-
ing on deck .is ‘computed by equation (8); in-
crement or decrement of w(t) is determined
accordlng to equation (9) for the rolling

angle at each time instant.

Increment of the mass moment of 1nertia
AT due to shipping water is approximately
br = wit)/g X(22 + 2%) where L,.and &, are

hori.zontal and’ vertical dlstance between

the center of gravity of the shipping water
and the ship. Hydrodynamic coefficients
Ajj, Byj (i, j =2, 3, 4) -are to be computed
on the sectional form immersed under the
water in its mean position even though we

asgume the frequency of motions is constant.

In another words, the hydrodynamic coeffi-

‘cients might be different for eachiheeling_'

angle of the ship. Shin [11] and Kobayashi
[12] concluded that there is no considerable

o change in- the hydrodynamic coefficient from

the upright condition to the heeling angle

‘less than 20°, unless the bulwark top is im-~
mersed under the free surface. In our com-

putation, we employ the hydrodynamic coef-
ficients at the upright‘condition, if the

bulwark top is above the water and otherwise
-those at the actual heel angle}

) In our ship models whose GF is not so
high, the horizontal displacement of the
center of gravity is not considerable as to
induce the coupling between the heaving mo-
tion and other lateral motions. So we ig~
nbred the coupling to formulate the equation

" of heaving motion separatcly from the other
‘motions.

§Z(9) on the left hand side of equation
(12) is given in Fig.2 and the heeling mo-
ment m{w, t) on the right hand side is de-
termined Consideting the free gurface effect
due to the rolling angle and the accumulated

. shipping water on deck.

Damping coefficient a,, determined in
the free rolling test of the models at up-
right condition is substituted.

-Gradual increase or decrease of heeling

'angle'affects the wave exciting force

through not only different exciting force on
the inclined ship but also change in the
vertical and horizontal distance between the
point o_and the center of grav;ty 6 (Fig.9).
Wave exciting force is computed for every
inclined position of the ship with Haskind-
Newman formula as used in the derivation of
the equatioh (5). & and e must be different
for right and left éide‘of_the inclined
ship. Those on the waves coming side, of
course, should be substituted into the equa-
tion (5) to have the wave exciting force on
the inclined ship.

The equations of motion (11) and (12)
are integrated step by step by the 4-th
Runge-Kutta method. Initial condition of
this integration is verQ‘gradual-increase,
saj, 20 seconds for the model, of the wave
amplitude from zero level to the stationary

" ‘one; size of. the time step in the integra-

tion ia 0.1 second.

The relative motion of water surface
nRW(t) is computed by equation (7) with sub-
stituting the instantaneous values of ship
motions y(t), z(t) and @(t) at each step of
the integration. With the relative motion
lower than the critical value to cause deck
wetting, computation proceeds to the next
step. Qtherwise, first compute w(t), the
shipping water accumulated during At, then

’ L;(w, ) and 0G. We get the variation in
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to estimate the amount of accumulated ship-~
ping water w on deck during the time ¢, and
t, on the analcgy of the flow over a dam

. with the equation,

_ - . _ _
y’=-§-/Z;J[ O 6 ngy () - £1 dt . (B)
o . tl .

where the integrand is naturally zero if
figw (£} < £. w given by equation (8) must
nct be beyond a limit even though we assume
no free ports on deck; since more water
ovarflows the bulwark. The limit_éf the a-
mount of shipping water wpi.(t) to be able
to stay instantaneously on deck is depend-
.ent on the rolling angle @(t) (see Fig.8}.
That is given by,

Vmax (€) = £'bg = —= tan o(t) ]

0 < loie)| < tan™' (£'/b,)
S b (9)
aax (8) = £'7/{2tan o(t)}

lote)] > tan™ t£1/6,) |

. No dynamical effect is included in
" this formula. It implies that we assume
the over flow happens instantanecusly if
ﬁhéiamount of the shipping water exceeds
the limit. But this assumption hardly af
. fects results of simrulation in time domain

of the ship behaviours.

0<y stait/ly)

oy s tan(f/i)
b° e bo
e 7 VAR =i |

. o o »
£

I
U

&
» Fig.8 Skech‘of shipping:waterion deck

4.2 Effect of Shipping Water on the Ship

_ Motions . - o

The shipping water has various dynami-

cal effects on the ship motions as well as
statical ones. “The latter, well known as
the free water effect, has been studied in
' detail even including effect of the finite
rolling angle by several authors. Tamiya
[{3] discussed on the former of shipping
water deep enough on deck to conclude that.
it has a big .influence on the ship motions
when the natural rolling pericd of the ship
ig very close to that of the shipping water .
) ' - 194

"with numerical approaches.

-thg ship'e behaviour. when some amount of

motions in time domain.

' ble to consider the cha:acte:istics of the

surface. Dillingham [4] and Adee and
Cagléyanllsl studiéd also the dynamjical ef-
'fects of very shallow shipping water on deck
Dillingham ana-
lyzed the behaviours of shipping water on
"deck in time domain to find that the ship-
ping water's motion works sometimes as damp-
ing of the ship motions.

In cur mathematical model to simulate

shipping water gets oh-deck, the statical
effect computed instantaneously is consider~
ed on the center of gravity, the mass and .

* the moment of inertia of the ship.

In Fig.9 is illustrated shipping water
staying on:deck at the rolling angle of ¢(t).
Heeling moment dus to the shipping water,
then is given by o o ' !

mlw, t) = w(t) x k'y(w, ©®) o (10) |
whefé-l;(w, ©) is the horizontal distance
between the centers of gravity of the ship -
and the shipping water w(t) when the rolling
angle is ®{t). When wet deck occurs and
shipping water gets on deck rebeatedly,dthan
the position of the center of gravity of the
whole body including both the mass of the
ship and the shipping water change gradually.
This effect is taken into the equations of

Fig.9 Definition of L, and 2,

4.3 Time Domain Analysis<6f the Ship Motions
. We simulate the gradual variation of ' -
the'ship's natural_rblling.perioa-and the
developmant nf large rolling motion leading
to its capeize as shipping water is accumu-.
‘lated. We need convolﬁtion technique to
analyze the ship's motion in time domain
even with‘the linear assumption, since the
hydredynamic ferce on the shiﬁ is generally
‘dependent upon the frequency. _
However we are concerned with very slow
transition of sinusoidal motion of the ship
in fegular waves; consequéntly it is possi-

ship's So we

assums

motion vary very gradually. -
that the'coeffigients of hydrodynamic

~
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;‘ t(m:fxy+ss) e

X @
the y dirgction when,the'cylindgrva section

ng '
Fye = = = U Ag sin(me +e.) Y

Fae = - ";'»Eaﬂg sin(wt +'eH)

o pyg. PR : . >>(5)
Hpe = -';F'Ca{AsOG sin(uwt + g,)

+ Apd sinlwt + ep) ) J
- i(wt=Kytey) -
aAge H' -and apd

;4 {we= Ky+ep) are waves propagating into

is forced to oscillate in sway, heave and
roll modes of unit amplitude on otherwise

'calm.water surface wlth the ftequency ™

) 3 2 Computation of Relative Motion

] We assumed hydrodynamic flow field a~

round the cylindet to be 2-D ignoring end~

effects in formulating the equatlons of mo-~
tion. . . _
Radiation ploblem of every.seotion«for

the Velocity potential to determine a4,

Byj, Z, € and 8o on was solved by the cloge-

- £it. method (3] ‘that singularity distribu-

tion o(g) on the section's contour, satis-

fylng the linear free surface condition, is

determined such that the boundary condition

- on the section is satisfied (see‘Appendix).

lefraotion problem is also golved in
a similar way to find the singularity dis-

tribution giving the normal fluid velocity

on the section with the same magnitude but
the negative sign as that of the inoldent
waves. . a
Dynamlc lwell-up, then, is. expressed

‘Qith making use of the solutions of equa-

tion (4) as follows:
. B - X 1, ‘ '-
Trplt 3 0 &) = _Re{ [2kxp0p(y, 2°).
vy Ch - .

N s
+ Ta0plys 2')i2[mie ©3 =1K(37-y")

© . :
k coskg' - K sinkz' __ .. B_
~ J-‘ : : o K(:z_y')dkl
[}

K2+ x?
x ds ?th}» ‘ o o (6)

yhere,-km z'amplitude of the m-th mode

o ;" motion ,
gp * density of the source diatribu-

tion giving the radlation po-

tential .

density of the source distribu-

tion giving the diffraction po—

tential

The relative motion of the water sur-

Op ¢

‘face “Rw at weather side and nRL at lee

side, then. are

Mgy = 2 +—2°¢ - C(y=g‘) - ‘:RD(y:%)

: B B, B 7

Ngp, = % 73 @ 7 =) - gpply=-7)
In these equations z and ¢ are the heaving
and rolling motion given as the solutions
of equation (4): t is elevation of the in-
cident ‘waves (3): {p, is the dynamic swell-
up given by equations (6).

* solid lines in Figs.3, 4, 5 and 6 show
thootetiéally predicted critical wave height
of deck wetness obtained with equation (7).
Agreement batween the predicted and the ob-
served critical wave height is almost com-

-plete. This is_achieved by the inclusion

of the dynamic swell-up computed accurately

_even within the limit of the linear theory.

4. TIME DOMAIN ANALYSIS OF SHIP MOTION UEDQR
THE_EFFECT OF REPEATED DECK WETTING
4.1 Aamount of Shipping Water :
As already stated in section 2, it

seems that once shipping water gets on deck
it suppresses wet deck occur repeatedly par-

ticularly around rolling natural period.

This might be accounted for by the reduced
rolling motion_resulting from the reduction
of the 6z due to shipping water. We can
not describe this transient phenomenon with
the frequency-domain»anéTYSis as given in
section 3. 'We need time domain simulation.
In order to simulate the ship motion,
incorporating the effects of shipping water
accumulation on deck caused by repeatedly
occured wet deck, it is'ctncial,to have a
mathematical model describing the flux of
shipping water over the bulwark. We know

 we can predict accurately whether the wave

surface exceeds the bulwark top or not with
a procedure shown in‘thé pfevioua section.
However we have no theoretical methods to
give how high the water surface goes above

. the bulwark top. It is because we do not
know how the wave field is, when the wave

crest is away from the body boundary in

such case as the water surface rises up a-

bove the bulwark top, with the linear theo-
ry assuming infinitely small wave motion.

~ Shin [10] proposed an empirical formu-
la giving the relationship between the actu-
al thickness of fluid flow above the bulwark
top due to wave elevation higher than it
particularly at weather side of the ship and
the excess of the theoretically predicted

- relative motion over the freeboard.

With this empirical formula we are able
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capsize. This is why the critical wave
heights of deck wetness coincides with thaf
of capsize in reéular waves at most fre- A
quéncies of the incident waves. However
wave hiqh enouéh to cause wet deck is not

. necessarily able to cause it in succession
even in regqular waves when the wave period
is close to the natural rolling period,
since shipping water reduces G#, lengthens
the natural rolling period to lead to re-
duction of the rgllihg,motion and stops wet’
deck occur repeatedly. Of course wery high
waves can cause wet‘deck in succzession and
the model capsizes even after the reduction
bf the rolling motion resulting from the
shipping water.

3. THEORETICAI, PREDICTION OF CRLTICAL
- HAVE HEIGHT OF DECK WETNESS '
3.1 Critical Wave Height
Condition for sea water to get on deck

iz that motion of water surface ‘relative to
" the ship 15 larger than actual freeboard
{here we define it as the bulwark top
height from the level of calm water surface
in eguitibrium). So in regular waves,

'

n
rw > £ (1)

"R

is the condition of wet deck. ng, p, are
amplitudes of the relative motion of water
. surface at weather or lee side of the ships;
" f the freeboard. This condition also de-
fines critical wave height of wet deck in
regular waves as follows:

' r_f

R S S : (2)

“Rw, rp A

where ;4 denotes height of the regular inci-
dent waves; A the wave.lquth, "Rw, RL

© May, RL /H whose values are independent of
~ H, since we assumes the linearity of - the
ﬂ.relative motion.

_‘ The relative motion is a sum of ‘all’

" the effacts, assuming the linear superposi-
~ tion principle, dué to the elevation of the

. incident waves, the ship motions, thé radi-" -

ation'waves generated by the ghip motions
‘and the diffraction of the incident waves

“on the hull.

. Theoretical prediction of the latter

' two effects, which ars called dynamic swell-
up, needs a rather lengthy computation. _

Ganno {6} tock the effects of dynamic’

swell-up into the couputation of the rela-

. tive motion; however diffraction waves he

. included in his computation were approxi-

. . . o ’ . . ’ .
(M + 4,0y + B,y +4,,0+ 5,,0.

M

mate ones in which the diffraction waves

are expressed in the same form as the radi-
ation waves but with the ship section's ve--
locity and acceleration replaced by the re-

_1ative motions of the incident waves. Shin -

[7], [8) concluded that unless the diffrac-
tien wives are computed correctly, the re- .
lative motion prediction in beam seas is not

accurate even when the wave length- is as

five times long as the ship's breadth. With
inclusion of the diffraction waves computed
exactly as well as the radiation waves, the
prediction of the relative motion in beam
seas becomes accurate énough to be available

‘for the prediction of deck wetness.

Restricting our attention to the cylin-
drical. body moving in beam seas,

L=, cos(Ky + wt) : (3)

.

where 7, is the amplitude, Kk the wave numbef
and @ the frequenéy, we have the equations.
of motion (Fig.7):

Fig.7 Coordinate system

(M +‘A3,)z + B, 3 + pgA,z

= Fae

= ﬂge

" e .-_' . .
(X +2a,,)0+B,,0+WGz+ a,y+ B,y |

where, ¥, I - : mass and moment of inertia

.of the ship .
Agy, Byg ¢ hyﬁrodxnamic coefficients

of the section oscillating

on otherwise calm water

£. : specific density of water
g " : acceleration of gravity
A, : watarplane area
¥ : displacement
G3 .1 righting moment arm
The suhacripts 2, 3 and 4 denote away, heave
and roll moticn reapectively; - Fae, ye and
on the right hand side the wave exciting

Qe
forces and moment. Baskind-Newman 8 rela-

‘tion.gives their exéct expression as fo)-

lows:
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CALCULATED VALUES

——CRIT. WAVE HEIGHT OF DECK WETNESS
~—== CRIT. YAVE HEIGHT -OF CAPSIZE

EXPERIMENTAL VALUES
1O DRY DECK . ® YET DECK @ CAPSIZE

~0 10 '
| HODEL No. 1
: ' f a4 (om
x | : GH=1.65 (em)
: g ‘ o - Tew1.378(20¢)
= . :
<
o
~
=
-0. 05

Pig.3 ‘Critical wave height of
deck wetness and capsize

=ancuLnTEn-anues
e CRA T UHVE HEIGHTAOF OECK WETNESS
- CRIT. WRAVE HEIGHT OF CAPSIZE
EXPERIMENTAL VALUES
O® ORY DECX . ' VET DECK - @ CRPSIZE .
-0.10 .
. HDOEL Na. 1
f = B tem)
« GH=1.65 . (om)
g Te=1.378(g0¢c)
- 3
12
z
'uibsiz
o

Fig 4 Critical wave height of
: deck wetneea and capsize

the model doee not capsize, black circles
- show the model capsizes after the shipping )
water ‘is accumulated on the deck and under f

the’ influence of - the vertical plate.

) it is to be noticed that the critical;
‘ weve height of wet deck is almost coinci-
" dant with the critical wave height of cap-
8ize ‘axcept at the frequenciee of the inci—'

dent waves close to natural rolling period
indicated as R.R.; at this. frequency the

CALCULATED VALUES

'f'4-'£RIT.-VRVE HEIGHT OF DECK WETNESS .
. ]==-— CRIT. WRAVE HEIGHT OF CAPSIZE -

, EXPERIMENTAL VALUES
| ©® DRY DECK ® WET DECK @ CAPSIZE |
+0.10

MODEL  Ne. 2
f =4 fom)
Gli=2.04 (om)
Tr=1.32 (asc)

H/RAMBOA

to.os

Fig.5 Critical wave height of
deck wetness and capsize

CALCULATED VALUES

——CRIT. WAVE HEIGHT OF DECK WETNESS
—— CRIT. WAVE HEIGHT OF CAPSIZE
EXPERIMENTRAL VALUES
® DRY DECK . ® WET DECK  ©® CAPSIZE
0. 10 -
MODEL No. 2
f =6 (em)
< GM=2.04 (cm)
i Tr=1.32 (oee)
: .
-
oz
3
x
10.05
1 R.R. -~ H.R. S
8 . 0.8 . CR Y

Fig.6 Critical'wave_heigh£~of»
~deck wetness'and capsize

critical wave height of capsize is not s0
low as expected from the very low critical

. wave height of deck wetness which is at—
"-tributable to large rolling .angle. .

Wet deck occurs. in eucceseion ‘natural-

.ly in regular waves when.the wave height is

higher than the critical of deck wetness.'
Accurmiiated shipping water due to the wet.

'deck ocouring in succession reduces signifi-
cantly stability of the model and makes it
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. stops wet deck occur repeatedly.

.to the reduction of the,iolling angle and

in order
to understand this rather transient process
we propose a simplified time domain simula-
tion of the ship motion in waves exceeding

"the critical height of deck wetness. " In

the formulation of the time domain simula-

tion, we use an empirical formula proposed

by.Shin"(lol_relating-the amount of water,
flowing into on deck every time deck wet-
ness occurs, to the excess of wave height
over the predicted critical wave height of
deck wetness.

. Results of the simulation describe .

'weil the observed process on the model

tests from_the start of deck wetness to

-capsize'orAto suppression of the deck wet-

ness.

2. EXPERIMENT ON CRITICAL WAVE HEIGHT OF

DECK WETNESS .
‘ Wet deck occurs on a ship in beam seas

- wihen emplitude of incident waves exceeds a

eritical magnitude. The magnitude is de-

- pendent on the period of the incident waves

_as.well as the ship motion characteristics.

. We cond-.cted experiments on tws models

"of cylindrical configuration; .they are of
-an identical cross section through their ’

fore to aft ends. The experiments are to

" find out the critical wave height of deck

* wet deck -

incident waves.

‘boat (Fig.l and Table 15‘

the lowest wave height to cause
for various frequencies of the

wetness

Model 1 is of rectangular -

: Cross eection'like a ship's midship section;

Model 2 of elliptiéal cross section similar
to the fcre or aft gection of a fishing -

We provided each
of them with two different bulwark heights

.. above the water line; different bulwark

. angle curves as shown in Fig.2.

heights qorrespond to different GZ vs. heel: -

- Those GZ

. curves are supposed to be those of fishing

" bie to happen. -

) through the fore to aft ends.

boats at overloaded condition often possi-
We. attached'a Vertical
plate to the model deck on the center line
This is to
provide them with a substitute for‘deck

" house which might make shipping water not

s

]
F aal [l 1

”L ) v.\/o’

Model I

" Model .2

»-Eié.l C:gsgnsectional_forms of modele

‘waves.

Table 1
. MODEL, 1 MODEL 2
L. (em) 160 . 150 -
B (em) 10 30 .
D (cm) 15 . 15
14 . 14
4em) | .0 12 12
f (cm) - o6 ) 6
. 4. 4
W (kg) 54.23 - 44.33
GM{cem) - 1.65 1 2.04
Tr(sec) 1.378° S 1.32
1.8y HODEL. 1 _
' wmeeos Deld, Fed (om)
~ . : Q'
8.5 . D=}S, FeB (onm)
5 e +- N >
b 4 18 18§
-8.5
-1, 0
1.6 MODEL 2 )
: g ——— Deld, Fed fon)
8.5 ] D=15. F=8 (on)
b
< ~N
]
.6 S
-9. 5
-1.0t,
Fig.2 gz-curves

movable laterally from one side to another
of the deck.
through the bulwark to let shipping water

"No freeing port openings

flow out are provided on purpose. to investi-
gates effect of the accumulated water on
ship's behaviour in'waves.

We observed the models' motions in
beam seas for several different wave heights
at every frequency of the tested incident
‘Less wave heighf’does not raise ﬁ.
water up to the deck as marked by open. cir-
cles in Figs. 3, 4, 5 and 6 where H/RAMBDA
denotes -wave height-to-length ratio, kd
wave number non-dimensionarized with the-
model's draft; half-black circles indicate
that shipping water gets on the deck but
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STAB8

THE EFFECTS OF DECK WETTING ON THE STABILITY
OF SHIPS TN BEAM.SEAS

Cs Shin, M, Ohkusu

ABSTRACT .
We show that accurate prediction is
possible of critical wave height of deck

~wetness for. ship models of cylindrical con-
) figurafion in regular beam seas, in which

are incorporated'effects of diffraction
waves including local waves predominant in
the vicinity of the ship as well as radia-
tion waves. The predicted critical wave
height agrees with the measured in experi-
ments. Although we are able to predict
with frequency domain analysis whether deck
wetness occurs or not at given frequency of
waves, we are neither able to know how it
does, once or repeatedly, nor how it leads
to more fatal condition such as capsize.

We clarify with a simplified time do-
main simulation why deck wetness causes
capsize at some frequencies or not at other.

1. INTRODUCTION

Considerable attention has been given
to the problem of the effect of shipping
water on the stébility of a ship in waves.
A simplified assumption of great use is
that the effect is a statical one well
known as the free water effect. An exten-
give review isg giveh in Caglayan and Storch
{1) of recent studies on the dynamical ef-
fect of the shipping water as well as stati-
cal one; it is also studied by Rakhmanin
[2). - '

Tamiya [3] investigated on dynamical
behaviour of the water on deck deep enough
to conclude that it has a considerable ef-
fect on the ship motions when the natural
rolling period of the ship is very clpse to
that of the motion of the shipping water.
Dillingham (4] and Adee and Caglayan [5]
studied dynamics of very shallow water on

.deck. and its effect on the ship stability

with numerical approach. ~ Dillingham found

~ that the shipping water's motion works some-

times as damping of the ship motions.

To see whether deck wetness occurs or
not to cause shipping water, we need to pre-
dict coirectly the relative motion of the
water surface to the ship. Gannov [6] point-
ed out that dynamic swell-up, namely water
surface elevation due .o the radiation and
the diffraction of incident waves should not
be ignored to have correct prediction of the
relative motion. Shin[7],[8) and Grochowalski
[9]1 gave theoretical predictions of the re-~
lative mction. )

To know really the ship's behaviour in
waves under the influence of deck wetness
and shipping water as a result, it is not
sufficient to predict whether the deck wet-
ness occurs or not; It is crucial to see
how the deck wetness occurs, once or progre-
ssively. Moreover we have to know how much
amount of water flows into on deck. We need

to predict how the shipping water, due to

"the deck wetness occured once or repeatedly,

changes the ship motions to lead to more fa-
tal condition like capsize. In another
words we need to know a transient process

- through from the start of deck wetness to

capsize. )

We give in this paper a prediction of
critical wave height of deck wetness, which
agrees well with the experimental one, for
ship models having simple configulation in
EXperimehtal observations
teach us that wave high enough to cause wet

regular beam seas.

deck is not able to cause it repeatedly even

~in regular waves when the wave period is

close to the natural rolling period. We
guess that the shipping water caused by

~first one or two waves exceeding the criti-

cal wave height of deck wetness reduces GM,
lengtiiens the natural rolling period to lead

- 189 -



= sultihull ships or ocean vehicles
. high speed (greater than 20 knots) in
. any ship
- zaro speed and no manueverlng uhile
- at sea -
“subuerging portlona of the ships.

when the new shipping modes becanme
popular; there was no official reminder of
“the degree of gafety provided and the
shipping industry weat into the new.

' multi-sode shipping without including the
“previous safety levels. This aituation .
_ deeds to be reversed, particularly when

- rapid ainking, increased danger to. 1ife
and increased damage to the environment

. are  considered.

This conference could outline steps to be

taken toward the goal and invite physical
" oceanographers to comment.on such a ]
* ‘program. - It could jointly improve both
regearch areas and could foster stronger
) ptofesaional cooperation between both

. groups.
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Also cosbinations of stability hazards may
occur. A few, such as rudder heeling
occur routinely in conjunction with other
hazards, much as following -Bea, ateep wave
slope atability reduction etc.

Accurate determination of atability
hazards in a seaway requires better-

‘knowledge of the seaway ftself but much.

more is required. The seaway spectrum is
not enough. In order to accurately
explore the instantaneous variation.in

stability, the exact sea slope, velocitj,_

momentum, direction relative to a ships

- course and the exact ship attitude at each

moment ‘ia tlme 18 necessary.

Altetnatively, it needs to be proven that
instantaneous differentials are not large
enough to cause capsize either directly or
through sequences of increasing roll
velocity, acceleratiou ot greater roll
anglea. .

4.7 For -meveral’ years durlng the' 1960'5,

.one of the committees of the World

Meterological Organization regularly
offered seaway data to the
IMCO~SubCommittee on Subdivision and

| Stability, but findlly announcedthat
until the naval architects stdarted to use

seaway information more, there did not
appear to be a need to continue the

interaction. This friendly challenge also

pinpointed the weak link in stability
analysis. [fhere are geveral steps between

‘pure gseaway information aud pure ship

design by which both sets of experts must

" interact in a manner that will assist eacn

cther.

The interac. lon steps’ between

oceanographers and ship designers can be

caregorized as follows .in Table 3.

Both groups are preaently in step 1 or the

early activity in step 2. At present, the

interaction between physical .

‘oceanographers and ship deslgners 18 less

than adequate.

Thble 3

Oceanographerlﬂaval Architect
Interaction : .

" Step 1 = Oceanographer

Study ‘physical characteristics of
waves, wave spactra, wave groups, rogue
waves, - all oceans.

Provide spectra, seasonal variations,
extreme wave characteristics.

éteé 1= Naval Architect

Balance ship form in individual waves;
head~beam and following seas;

. Determine restoring moment; Determine
rate of change of restoring moment;
Determine spectral ship motions,
probability of immersion and emersion
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Sfep 2 -~ Oceanographer

Provide actual wave sequences in
regular and irregular seas, .
Provide data on rogue wave occyrences
size, velocity, nuoher of occurrences.

Step 2 - Naval Architect .

Study changing stability from wave to
wave, establish limits of roll motion, -
roll velocity, roll acceleration.
Determine rate of chnnge of restoring
momeat .,
Egtablish maximum varlance hetween
. statical moment curves from wave top to
. ttough

Step 3 - Oceanogtaphor

Provide size, asteepness, period,
velocity; frequency and location of
occurrence, of specific waves and wave
groups.

Step 3 - Naval Architects

Study stability varlations in all types
of waves, wave systems, wave gtoupe,
wave speCtta.

Identify good and poor stabllity
reactions.

Eatablisit maximumn permissible variances
by 11m1t1ng accelerations, velocities,
and motions.

5. SUMMARY

5.1 In summary, since there is an obvious
lack of adequate stability standards to
cope with all stability accidents, there
must be more stability research. Research
should be undertaken to understand the
limits of both static and dynanmic
stability changes that a specific hull
form may undergo. With a full
understanding of the limits of stability
the tasks of selecting a standard and
deciding how to provide information to the
crew become amore logical and poassibly

‘simpler.

5.2 The research can be undertaken on
specific hull forms but must assume
operational loading conditions. the
research must include seakeeping

analysis. The research on ship stability
must include parallel research in physical

" oceanography. Specific seakeeping

ptoblgms or geograpnically similar seaway
conditions may be jointly studied.

5.3 Siace administratlons are responsible

- for melection of stability standards, they

ahould consider requiring basic seakeeping
analyses by designers for all ship designs
which have unique features such as:

- cargo distribution on deck or outside
of hull

- mono hulls with blunt ends

- unequal disoritation of
superstructure along hull bulk.
Transfer of large weights



o been_eiplored thoroughly, evea for
* monohulls. Indeed the offshore industry
= has done more toward discovering the

. intefaction of a single MODU design with.

‘ vatidus waves, wave groups. and wave
epectta than the monohull. ship designer.
“The same wave which will not bother .a.very

© large vessel may overturn or foundet a

" ssallér one.

: Refe:ring to Figure J, the differential.
. cutve marked “lLarge Seaway” may also be -
the result .of a poor hull form for the
-géaway or . of excessive gyradius due to

- . poor loading or a combination of seimilar

. factors.” To our knowledge little ship
A/-reaearch has- been comprehensive in thio
regerd. . .

o SuAAY STASILITY

 nighotap. Momsat | .

D)
- Do;veon of nonl

FIG 3.

" ,f]he ‘seavay’ related stebility accidents
“'4n Table 1 are: - . .
-a=8ingle. Broadaide wave
- b<Regonant rolling T L
N c-ﬂollowing or Quettering Sea .
R d~8teep wave Systeme
‘. e-ave groups

uqu these. resonant rollins (b) is covered o

‘in standard naval architectural litersture
©.and. is perhaps the least likely- accident
. to occur because of the random nature of

... thé ‘seaway and because it tekes geveral -

. _Tfolls to capasize wnich givea the master
A;tine, in most caeee, to take _corrective
1action.

7 -Thi follovins sea situstion (c) hes been

. désctibed and examined in model tests but -
.has not yét been reduced to easily uaed
design mathemetlcs for the deeignet.

; Steep wave systena (d) are alao capable of
‘cauging a capsize in head seas. This
phenomenon has béen examined in model
tanks but has not yet been quantified

:enough to provide the naval architect with

¢Zdesign guidelines to prevent it.
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~Wave groups (e) which could cause an extra
large roll, scries of rolls, or direct .

capsize 18 possibly a more likely
occurencé than resonant rolling because: of

‘the random seas which predominate.

4.6 Stebility by gravity (centet of
gravity below. the center of buoyancy) is
enjoyed by very few floating structures.
Form stability of every floating object

changea contineously: Cargo loading for
- each voyage, fuel and Ballast changes
"daily, and the seaway changes Moment by

Momeat. - This im not fully appreciated by
many of those involved in marine
trenspottation.. S

- The eetabliahment of stability standards
"include. .

(a) a recbgnition of a stebility hazard

“- _ (b) calculation of the effect of the

hazard.

‘.(c) gselection of a reserve to .offaet the

X hazard
(d) instructions to the crew on.
maintalning the stability reserve

For research purposes, the effect of each
‘atability change 13 a valid subject for .

review and discussion;. for regulatory
purposges, the list must be limited to the
larger changes of stability. The.
Muinistration issuing the safety’
certification must be assured that all but
a minor percentage of possible casualties

‘iare_either prevented or mitigated to small
‘mégaitude: It is pomsible (and often :the
" .case) that the regulatory standard used"

may not actually relate directly to the
hazard; yet  1f the reserve included in the

. standard is lsrge emough, the standard may

considered valid for each ship for -the

- ,particular hazard. One objective of all
‘maritime peraons and agencles should be to

acquaint the general public with the fact

. that the stability standards that exist .

are supposed to be conservative enoush to
cover all similar hazards. - :

fsince §0 many stability accidente'nre
- poseible (per-TASLE 1) and the amount of
. reserve stability necessary to save the

ghip from a particular hazard varies with
each ship in each ‘hazard occurreace, it -
often occurs that a Ship may have a
greater reserve than necessary for the
accident that is about to occur. However,
it may eleo occur .that less than enough
reserve is ovafleble.:_

' The principal benetit of teaearch is. it

will show which hagards tequite the

_1er3cet reserve.

81nce the stebilit& curve changes
constantly in & seaway, there may be newer

_ship trsll forms or ship loading -

arrengezents which have & wide, seaway
induceé differential righting moment curve
such that excessive rolling, pitching, and

_heav;ng woments may be_created.‘ (Fig 2).
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8 gshape coefficient of 1.25 and assuning
the wind acts over 60% of the leg area.
No credit is givea for any shielding
effect of the legs. Many in industry
feel this approach 1s overly conservative
and have gone 8o -far as to conduct wind
tunnel tests on aspecific Jeg section
designs.

For both independent leg and mat-type
uuits, there is also a feeling that the
1.4 area ratio is too severe. The
criteria for barges 1s cited as belng
sufficient and note that submersible -
heavy~1ift vessels need only meet a
modified Rahola criterion when carrying .
MODUa on deck. A time domain simulation
type of analysis with supporting wodel

. testing would help clarify the adequacy
of the current critgria.

. namage stability standards for

gelf-elevating .unite are another area

‘that should be included in research. The

current standards assume minor damage
from side penetration only and not bottom
damage or flooding from over the top,

" resulting from ddmaged ventilators or

improperly secured openinge. They
require that a transverse extent of
damage of 5 feet be assumed between main

- transverse buliheads. This has réesulted
.in a virtual re-design of tnese units so
- that pre-load tanks are now located

around the periphery of the unit and
extend 5 feet into the hull, as assumed
in the damage pesetration. There are
also now larger compartments inboard of
this 5 foot pemetration, the flooding of
which has no; been accounted for in wany
designs. Y:t, tbne world wide casualti-s
indicate that flooding from over the .top
is a major factor in .the loss of these
units. Research 18 needed to determine
the extent to which flooding from over -
the top 1s responsible for casualties and

'propose revised standards wnere necessary.

4. NEXT GENERATION SIABILITY STANDARD -

4.1 Eelatins each stability hazard to the
righting curve picture (whether arm or

. Moment) is necessary to quantify
" gtability and is the beat mathematical
. way to provide similar levels of safety

agsgurance from each accident. There may

" exist some types of ship, among thie many

new ones 1n evidence in 1986, which are
vulnerablé to specific stability
accidents because of the fact that.
stability regulations were developed for
“different types of ships.
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" The mathematics necessary to evaluate have

been avatlable for many years. They are
the gtatical righting woment curve and the

_dynamical moment curve. Yst only the

statical arm (not moment) curve ia
presently in general use.

We naval architects are quick to explain
that the statical arm curve is identical
to the statical moment curve but we have
not yet hegun to appreclate for our own
professional needs, the difference between
two ships of greatly different size having
the same STATICAL ARM curve but perhaps
vastly different reaction to the same
seaway .

The 34 potential stahility hazarda in
table 1 can be grouped into tour (4)
general categortea,

a. Internal changes~ViG, free surface,

cargo shift etc.

b éatgo Stowage and Security

-¢. Wind apd other direct external forcen

d. Seaway action
4.2 Internal Changes
The internal chaage wmoat requirlng

regearch is the effect of the shift in
gyradius on roll and roll dynamics, oan

‘particular, to establish limits for
- various hull forie (containerships, RO/RO,

RO/RO Podtoons ) in order to help avoid
excessive roll accelerations.

4.3 Cargo.Security

The cargo stowage problem most requiring
research attention is the
physical/chemical problem of examining
bulk cargo materials for the tendency to
liquify and become a fluid or semi-viscous
cargo under specific ranges of temperature

- and humidity.

4.4 Exterval Forces

External forces such as wind, anchor
lines, mooring forces, wind gusts, towing
hawsers, nets or trawls, hauliag blocks,
and wave impact at relatively high apeeds,
are also known accidents causes, capable
of capsizing the ship. However these are
oot well defined in the mathematical sense
so that the same degree of confidence
exists for the designer in producing a -
ship that is equally resistant to capsize
in all the situations named.

4.5 Seaway Evaluation

Mot all seaway stablility accidentq can be

evaluated or prevented by either M or the

“ghape of the stability curve. The ship

changes stability with every wave in the
sea, 88 well as daily with changes in

consumables, per voyage with different

cargoes, etc. - Also the size relationship
of every ship to every wave has not yet



‘research should be erfnrmed to discover
" the threshold of minimum stahility for
this type of abip.

o 3 5 Offshore Ocean Vehiclea

J 5.1 'The UFFbHDRL lnduatry, developed

over the past 23 years, includes many new

types of .oceas vehicles which fit

awkwardly into regulations derived for

‘the more traditional ship. Since. the

. major types of offshore equipmeat
‘(1.e.~041 drilling units, pipeline

._instnllation'barges,'deep sea

wooring/towing craft) are subject to all

of the ICLL 66 regulations and various

- codes (ie MODU), they must meet a

" freeboard concept, a hull iategrity and
strength concept, and must provide for

. safety of personnel working in open
weather conditions.

‘:The freeboard concapt of mobile driliing

units has no direct relation to the
concept of approx 20% intact reserve
‘ buoyancy which is the foundation of the

- load line rulea.

- 3.5.2 belf—eleva;ing Mobile Offshore
: Drilling'Uhi:s

. Theré are two. baaic types of

‘gelf-elevating units; the independent leg

. type and the mat type. ‘The former

" . typlecally has a triangular ehaped hull .
-with tiree legs on whicn tne hull moves.

-, up and down. ‘fhe leg length ranges. ’
-between . 75a’ . for older units aad ljun.

_ for ‘the neweat units. The legs are.

. 4sually.a truss arrangement and have spud

cans at the end of the legs. to aupport

the unit on tne sea’ bottou. The spud

cans are nornally free flooding to

-prevent implosion and thus contribute no .

buoyant volume to ‘the uait. The .
stablility of these unite is readily '

‘imprcved by lowering the legs. :

-Surprisingly, the most .vulnerable state

of these units with regard to stability -
is during the inclining test. The

.absence of any liquide below deck and any‘

‘variable load on deck means that the '

“ vertical center of gravity (VCG) 1s at
ita highest point. The VCU is typically
" above the deck house. because of. the

: effect of the legp.

.'Hat~type rigs have a mat which aupports
the unit on .the bottom. These units are.
“favored in areas where the bottom bearing
pressures are limited. The mat hds :

, 8everal compartments which are

_permanently ballasted and others that are

_permanently empty to provide buoyancy.

-The legs are attached to the mat. The
platform is positiouned up or down on the-

legs depending on the water depth ia

. which the unit i{s drilling and the " .

- desired air gap. The stability of the-
unit is greatest when th~ geparation of
‘the mat and platform is at a ainimum.
Stability is reduced as tne sepatation
between mat and platform is increased.
These units are sometimes operated in
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this fasnion when comﬁleting a field
move, that is, a short move of less than
12 hours duration. Altnough the VUG is

_reduced, the position of the center of

buoyancy is-also changed. The net effect
18 a reduction in the righting arm. As
the mat and platform are separated the
wind heeling arm 18 also affected.
Although the wind force is véduced; there
is an offsettlng increase inm the moment

‘arm because the center of underwater

resistance has changed.

" ‘e stability criteria ‘applied to both of

these types of self-elevating units is
the familiar 1.4 area ratio of the

righting arm curve to the heeling arm -
curve. The legs contribute upwards of

. 80% of the total heeling moment.

Stability vesearch is needed in several
Jack-up MODU areas. One area is to

" deterbine loading and seaway coumbinations :

which cause roll aud pitch motions of
these units which lampose high roll
acceleratious. . These can:cause severe .
stresses on both the legs and cantflever:
securing arrangements. Une casualty in

.;the U.S. has been attributed to high’

rolling accelerations which caused the

" securing devices on the cantilever beamn .
_Ato fail. : .

Anotier area is the accurate . .
determination of lightship data. The
current usge of the ftauclining experiment

"has led to known differences in vertical

ceater of gravity of.2 weters for

- 1dentical rigs. One explanation for- thin

1a that most units have a transverse

__height of metacenter (KM) cloge to an

order of magnitude greater than the
vertical center of gravity. Thus, there
is a great sensitivity of the transverse .

. and longitudinal KM to changes in draft
* and trim.

‘the triangular shape of the
independent leg units often means they

" have transverse XM valués uearly equal to

the longitudinal KM valies. Some are
inclined in the longitudinal direction
using the caotilever beam as the .
inclining weight. The cantilever is
welghed prior to the inclianing ezperiment
using jacke and evaluating the pressure

’readings.

One alternative to the inclining

- experiment has been a detailed weight

sunnary and deadweight survey to verify

" the calculated displacement ‘and ;
‘lougitudinal center of gravity. Another

suggestion has. been to induce a'free
surface during the inclining experiment
to reduce the transverse or longitudinal
metaceatric beight. This may not be

. desirable because of the already tender
" -condition during the incliniang. i

Research is also needed to determine mote
.realistic shape coefficients,

particularly for legs since they make the
largezt contribution to the total wind
heeling moment. At present, the wind
£orce on the legs is derived by assuming.




- Statiatically, the accidents to RO-RO

ships are not much more numerous.or
frequent than otner types of suipping.
Houever, the RO-RO has several features
which maxe it wore vulnerable to total
loss. In the intact stability mode, such
Bnips have the dlsadvantages of:

;.nost cargo carried above the freeboard
deck wnich automatically causes a -
significant reduction in static
atability..

s.Cargo carried on wheels or cattlages
which make secure lashing a majot
difficulty. :

. .Heavy cargo ueights carried on wheels
are ‘hlgher than ordimary contalner
cargo and take much more storage room.
Thus the opportunity to stow such cargo

" ‘low in the ship is less when on
multiple port voyages than the

* dedicated .containership.

.. After Hyll ¥orm and Stern. Dogx

configuration may cauge followins gsea _”

'1netabilit1es

The damagé considerations which ought
‘to be covered. by preseat design :
practices are largely absent and not
‘required in regulation. However,

o design practice in flooding ‘protection

of dry cargo vessels has actually
retreated from safety considerations

8ince 1960. At that time, both design .

practice and the rules of the major
classification sociéties required

- watertight bulkheads up to the weather
deck spaced evealy throughout the ship.

'3.4.4 Heavy Lift Ships

Héavy 1ift shipé are another unique
variation of dry cargo ships which have

" developed mostly in the past 10 years.

These ships also have posailbilities for
unique stabiiity problems. ‘In the intact
stability conditions the several passible
ptoblems are'

1. the lifting operation 1tse1f

2. the vertical variations 1n cargo

3, ‘carrying cargo on'deck

4. ‘remdving hatch cdvera‘;n order to

.carry large single pieces of cargo.

5; the possibility of captured sea water

"in-the well or holds when encountering a -

severe storm.

" 8, Ihe effect of pendulum motions of a

suspended weight on the roll motion of
the ship. :

Tne 11fting operation has always been one

to be carefully controlled. Thus far,

‘there.are few known instancns of capsize
by mishandliing of the load or of ballast "

ghifting while a load was suspended.
This we attribute to the fact that the’

- heavy 1ift is a special, carefully

managed operation.
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There is one particular heavy lift
operation which may catch even the most
careful management by surprise because 1t
involves small ocean swells rather than
seavay. This accldent would occur either
becanse the roll characteristica of a
ship with a suspended load are much

‘different from the sawe load stowed in or

on tue ship; or because a swell which
causes a winor angle of beel also causes

‘an instantaneous major pendulum chagge ia

the heeling moment due to the suspunded
load.

To defend agalset this accldeat the ship
deasign should include model teats to .
digcover the limlts or tireshold of roll
movenent at which catastrophic capsize
would be inevttable.

It 18 not as lLikely to occur in a harbor
as in an estuary or open sea situation.
Still it seems possible that the
propeller wash from one vessel wight be

.. encugh to cquse such an accidént.’

Tnere 1s voth research and operational
control needed to prevent such an
accident., wWith regard to research, the
ship form and 1ifting geometry should be
modeled in roll due to a single low
amplitude, long period awell. The object
of the researcn should be to establish
the maximum pendulum welgnt (heavy 1ift) -
as a percentage of tne salps displacement

- which can be 1ifted without danger of

capsize by a small swell. Various
restraining tackle on the pendulum will
of course assist the ship to handle the
heavy lift safely but should not be
counted on to permit a heavier 1ift.

Uppublished engineering studies done in
the USA have indlcated that if the heavy
1ift is more than LUX of tne totai

‘displacement of ship aund heavy 1ift, the

system may be subject to a sudden capsize
by a single long period swell.

3.4.5 bemi-Submersible Heavy Lift ships

Seni-submersible tieavy 1{ft ships are
perhaps the most recent design ianovation
which have been only slightly affected by
regulationa. The International’
Conveation of load Lines 1966 states that
the load line shall not be submerged. It
has been accepted by most parties to the
convention that these ships must be glven
an International Exemption Certificate

'j because of this regulation. All

Exemption certificates are reported to
the International Maritime Organizatiom
noting efforts to achleve an equivalency-
with load line regulations. The

" presumption is that this will encourage a

continuous international review which
should lead to modifications or new 1oad
line standards.. )

Semi-Submetsible Heavy Lifts. Ships may
also be vulnerable to a very amall

‘,specific wave occurrence during the

11fting operation. Model tests or other.



The specialized combination ship type
_ called 080 - (0il, Bulk, Ore) might
suffer .an -intact atanllity accident in
those ships which cargo free surface
_acrose the full beam of toe ship.

: Aletlonally. thuee,specialized ships'
carrying liquids of apecific gravity
greater than 1.0 might suffer a larger
than usual loss of intact stability when
gome cargo tanmks are only partlally
'iilled.

._The naval ‘architectural calculations
necessary to show ‘free Burface correction
do not require difficult research or

- model studies. Only straightforward
engineering evaluations using known
methodology &re needed. Such
calculations are only necessary to show

that, with the full free surface of cargo

‘taken into consideration, the stability

evaluation meets a given standard. At

this time there is no international

- agreement on what that standard should
. be, especially for large ships.

Each tank ship will reapond differently
to seaway motions depending it relative
slze compared ship to the seaway. Many
.nations use as a4 governing stability

standard for tankships up to 100 meters
in length IMO Res. 167 even though most

. Tanker ar uuch larger than.100 meters and

uay be penallzed for using thin atandard

in selecting a critexiﬂ for very large

Tankehips,the righting arm curve required:

areas may be modified depending on size
of tanks and the influcance of the free
".purface on the overall ship motions.

3.4 Diy Cargo Ships .

Three decades ago, dry cargo ships were
almost all of the mixed cargo, break bulk
' type carrying barrels, crates, sacks and
palletized cargo. The single major -
specialty ship was the bulk cargo .ship
__cattyina ore, coal, .or grain.

- Now much of the palletized, boxed, crated- .

cargo is placed in “"containers” and
carried intermodally on ships of several
distinct types. These are the very larse
long distance containership, the .
cogination RO/RO containership and the
“vehicular RO/RO for ahott international
voyagee.

‘3.4, 1 containerships

liﬁe'evolution_of éontainerahips.haa'
-, included several significant stability

* variations. The earliest containershilps
were tankshipa which carried containers
- on deck and corrected for. the high center
. "of gravity of cargo by carrying high
‘density ballast in the cargo tanks. ~
, Although -this corrected the vertical

" center of gravity, it created a larger

- vertical gyradius. Some of these ships-
. had difficulty keeping containers on

board due to high roll velocity (and roll

accelerations).
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- When the 'purpose buiit' coatainership

became popular the shipping system
evolved permapently into a shipping
system including cargo carried on deck.
Thus the stability of the contaivership
can potentislly be varied much more than
‘the older system with tne cargce inaide.
To the author's knowledge, the stability
1limits of these loading variations in a
gsegway have not been researched. Several
stability problem areas need. to be
regearched. - Some of these are:

AStability limits based on size )
relative to the seaway. 60m - 250m
should include an examination of.roll
characteristics, roll velocity, and
acceleration. ' ’

®The .effect of the variation.of
gyradius (vertical and longitudinal om _
rolling and pitching motlions due to
possible variationa of cargo 1oading and
centers of gravity.

Because the loading patterns can

vary so much.ships may have a- VCG which

meets current stability standards but the -
cargo distribution may cause a variation
of gyradius (vertical and longitudinal)
sufficient to cause wide varlances

in ° rolling, dnd pitching wmotions.

One advantage of the coantainership is

"that it can easily be designed to meet -

future {loodiag reaistance standards.
3.4.2 Combination Ro/Ro-Containersnip

The combination containership/RO-RO has
much the same possibilities for atability

. variation as the single purpose

containership. However, it 18 quite

"likely that it will have differént limits

of roll, roll velocity and roll . .

. acceleration because of the greater

difficulty in providing efficient cargo
lashings for wheeled cargo. Tnis
possibility provides a completely
differeut need for etablility research

-than the purpose built containership,

because the same ship hullform, tested in
a mwodel tank, will have cloger limits of
acceleration and roll velocity than the

. purpose built ship.

With regard to subdivision, this type of
vesgel will be subject to some
modifications when meeting an
international standard. The lack of any’
design standard at this time has
pernitted existing ships to have a
completely unknown degree of safety
agatnst flooding. A very few have been
required by owmers to be designed to the
one compartment standards of flooding
resigtance. The designers had.little
difficulty including flooding resistance

" when considéred early in design.

3 4 3 Ro/Ro ships,

The Ro/Ro ship is the most maligned of
the newer types of ships from both iatact

and damaged stability points of view{
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. 2.5 Table 2 Damage Stability Causes

Flooding may occur through;
1. Lack of or loas of WLa~h9rt1gut
integrity of topsides.
‘2. losg of watertight lntegrtty of the
- ®ain hull.

Floodlug may lead to loas through;

1. Foundering .

2, Plunging (loss of buoyancy at bow
or stern .only)

3. tapsize (when form stabillty 18 low)

3. SHIP-SPECIFIC STABILITY CONS IDERAT IONS

3,1 The three principle ocean ship types
.of previous decades (passenger, tanker,
and dry cargo ship) have evolved in the
past 30 yeara into more than a dozen
apecialized ship types. Additionally the
. offshore industry has become a new
category of ocean endeavor with many
. gpeclal ship types for exploring the raw
materials in the ocean bottom. Fig. 2
names the most prevalent of these types
" and approximates their date of
iatroduction into world comserce.
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In the following paragraphe, the dore
"obvious stability design features of each
type are noted and briefly discussed with
a view to whether or not paval
architectural development should be
undertaken to uacover poeaible design
limitations.
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It should be noted at the outset of this
exercise that this proliferation of
different types of vcean vehicles has
occurred hefore the naval architecture
compunlty had fully evaluated the
stability limits of the original three
ship types, especlally with regard to
actions in a seavay.

3.2 Passenger Ships

Although passenger ships have changed
less iu the past few decades than the
other types, tnere have been several
unique developments which may atfect
their stability evaluation.

The firat development is the change ia

large paasenger ships frow luxury liners

to much higher passenger auwbers carried
on a relatively shorter crutses . The
large size of such ships permits them to
retain the ability to withstand wind and
pea. However, the greater anumber of
passengers makes the handling of
pasegengera more difficult in damage
situations and the designer wmust allow
much greater stability reserves for their
evacuation. How much stability tesetve
is necessary when geveral thousands of
passengers are moving toward safety or
being evacuated has not yet been
digcussed at IMO.

Another development is a, change in route
which appears to be affecting the safety

" of some large passenger ships. Instead of

maintaining a specific route, these ships
change routes with seasous and tourist

"desires. Some are nuw venturing into

floating lce to glimpse placiers which
offers greater possibility for another
"IITANLC" type casualty. Others have
followed special sea routes hecause of
astronomical happenlags or to observe the
migrations of whales. Such voyages may
lead tne ship into uafamiliar watets.

Large passenger ferry boats on short

{nternational routes have iacreased in
size, speed, number of passengers.

The need for research in pasaengér ships
1ies principally in damage situations

. wherein it 1s necessary to handle much

larger numbera of people aand maintain
protection from capaizing in new route
situations such as floating lfce and in
new designs with open vehicle decks.

3.3 Tankships

" The class of ships dedicated to liquld
_cargoes or liquified gasea has not

historically had intact stability
problems nor intact stability

casualties. Yet, it 18 pot that such
ship designs are lmmune to stability
accideuts. Serlous intact stability
accidents might occur if the free surface
reduction of stability by the liquid
cargoes were ever to become large enough
to adversely affect roll motion in a
geaway:



&ally it is besed on tha prinoip;eq.of oy~
bernetic ciroulation of information,in su-’
‘ bstavoce however, it e rgduoed;tQ reconoi-

liation of the so~calisd long-eud~short-
term prodiqtions.?rom_utylitarian point ef

vigw its sim i2 to obtain the mazimum eco= -

nomicel effects for a specified chip. It
seems that. the above goneral foaturee : ef

the pteaented,oonoept potontiallyAv- uhoro
. to & nuwber of other problems related to
. dosigning and cervice of ships. In other .
_words the features are present everywhora
. there where "tho human factor® is . indig-
pensable elemont or an effioicnt an effe-:»

otivo activity of a definito system. - The o

facter for whioh, as a ship ef a - oloaed

3system with fesdback, is identified with

the,activ@ty of the elomentst - compariog

and oorreotiag; The»facéor, ty nature dif- -
ficult to be mesmsured oan however, be moe

re sffestive, depending on the - - quantity
of infermation it 1s supported by,
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the laahihg system is fefefrod to,
Te & ocertain degree some relatiohp © are
- denoted by meaha.cf diagrams in Fig. 1%
They will be given further dotailed atte-
- ntion, here.

2.4.1, Stowage oparations.

Those aperationc are based on the
iuformmtion included in disgrams as shown
in Figs. 3. and 4, They can proceed = in
the fo;loﬁing»vay:," :

-/ At first there is assumed to be e
state of completed loading on . the
. ship /MG| and the worst waving con=
ditions during the voyage aro aanti-
oipated resulting in detemiined va-
iue of the pernissible transverse
" acceleration. It should be the lo-
wost value which with the
sea state, will not be exceedod at
each relative heading anglo, This
eatimation ie made on the base of
Fig. . )

b/ Defined at point a/ tho velue of
acceleration determines the admissi-
"ble mass of the lashed . = container
staclk depending on its position/ IN’
or OUT/ and its configuration, Ad~ -
‘vantage is taken here of  diegrams
prosented in Fig, 3.

- of Having a ready plan of loading both
" ocontainers and the wholo ship, tho
ocurrent values of MG and the admis~
-sible transverse accoeleration mag-
nitudes are determined, Theseo vae
lues as resultant may vary from the
assumed ones at point a/ due to ma-
ny reasons, .
Def'ined in such a way they are the
fundamsntal and obligatory informa-
tion for the ship’s oommand - about
‘_the load condition.

2.4.2, Nevigational procedures, L
' The navigational procedures are main-
 1y_ conneoted with the seleotion and main-
_Atonauce of such ahip s velooity that the
i ccouring transvareo acoslerations do not
excoed the admissible ones defined by the
. information of the ship’s load oondition,
The basio tools are here the diegrams as -
in Fig;‘h. on the basis of which one can
determine the range of the admissible re-
lative uhgles.‘It would he extremaly good
"Af the ship’s command had moreover a Pod-
eibility of making a direot
‘or eetimating the yalué of the real tran~

meagurement

. sverse accelerations, In such s situation

~ the diegrams as in Fig. L, could only be
used &s a base for'choosigglqnother hea-
‘ding angle, iu case if for the current o-

. ne the measured aézalerat;ons exceoded tha.
pormissible level, Howaver, if there is
not an appropriate apparstus at the ahip's
diapogal :or moasuring aqoeleratiq#s it
is alwvays possible at 1eas£.to astimate

adopted .

"the transverse aocelerations by moeasuring

the angle of roll motions, It would be in-

.digpensable in this case a graphic infor-

mation with regard to relation A= f(d%,ﬁﬁ),
which perfootly " be ocomp-
lomontary to the lashing systsm, In thias
way 1ts usability will be the more profit=

would

able, the more accurate calculation model
is spplied. Thus this relation may have bew
en. prepared by the shipysrd in the some
way, as for ekample, disgrams in Fig, &,
The dooument entitled "Lashing eys-

tem ..." of the outlined here structure

:enablas to include the ship’s oﬁeration in

the broad meéuing of the word inte the ra-
tional activities for the benofit of  tho

safety of the load itself and the thole

' ship. The nature of the short.term predioc-

tion, whioch charaoterizes the information

it contninsg makes it possible to inorease .

the economical effectivencss of the  ship

.and the whole shipping lins, One ean "ado-

pt? the mass of the transyorted cargo to .
the weather gonditiona at Isast by diffe-
rentiating the seasons of the yesr, e.g7.

for North Atlantic - summer and winter,

on the base of rational - measurable pro-
mises, The stimulated approach by the our-
rent regulations does not provide such @

. possibility. Therefore one can say that it

eliminates the whole sphere of the ship’s
operation from the activities not only oon-
neoted with a tendency to carge shipping
maximization, but it does not enable to u-
ndertake rational operations to sacure the
carge safety either, The ship’s oommand

not knowing explicitly the values of ag=
ocelerations for which the adaissible mas-
ses have been, according to tho present re-
quiremonts, determined, it ocan be sugges-
ted that lashing is sbsolutely safe., For-
tunately, the practice of the ship’s ope-

.ration ls such; that there are aimost al-
. ways undertaken aotivities aimed at mini-
mizatiog of the extornal loadings, but the

master is doomed to its ouwn experieonce in
view of the lack od some rational informa-~
tion.,

3, CONCLUSION

The presented in chapter 2 concept of
‘the lashing systen of containers transpor-
ted on the weather decks by ships is, as
has boan indicated in the 1ntrodnction,both
an srample and an authentic solution of
a prohism of optimum reconciliation - of
econcmioes. and the cargo ships safety, For-



