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An ATTEMPT of SUMMARY

Thia î  the last volume of the Proceedinns connected with
the STAB ^86 Conference, Previoualy vol^ I and volo II ^n4 the
supplement to the ToX<i II were already i-ssz&edr^i
KbWp tho report from the conference di^eu®»iosi i® presented
together with ®11 contributions and remarika amibmitted by the
participants in writings From formal point of* view it is al^o
an intention of the or^smî ers to snmmariase v the Conferenoe by

i this volume*, Hxe essential achievement^of the Conference - that
is a contribution to the improvement of yesearoh and projeota
coaaeoted with stability ^ will be ^rather e^timgsted in future
disouasions in vewloua circle® ^ mainly at the IMO Stiboommittee
SLP and at the next STAB ^90 Conference in Naples ^
TiLe importance of the Conference will also be reflected in. the
initiation of som© research works and in the application of

f their results into^practice» Thus the full appreeiarioa of the
' STAB ^86 i@ a lon^ process in which the contributions in this

volume ©re merely the beginning of it»

The STAB ^86, held in GdaAak^ gathered 99 repreaentativ^^ from
Universities, Research Centres^ Shipyards^ Maritime AdmihistTa<-
tion®^ Shipowners and' Classification Societies Tyom 15 countries
particularly f rosin Axx^tralia /1/y Bulgaria /2/^ Denmarh /2/,
Federal Republic of Oersn^ny /10/, United Kingdom and IMO /9/,
German pemocratio Republic /I/, Italy /4/^ Japan /12/» Mether-
lands /1/^ Norway /$/, Poland /34/, Sweden /4A Turkey /I/,
'United Statea of America /9/ and USSR /3/» t

\
'Eho meetings during th® Confereno® conaisted of 12 plenary ses^
atona and 2 discussion panel®,
Tlie plenary sessions wer® divided y aa follows s

\

^ TTxeoretlcal Studies,
- Sterility Cri - eria ^



4.

«• liability and Deai^n^
- Stability of Special Ship^ Type^y
^ Stability of Semî submersible^
- Experiments with Modela^ ' \

- Stability in Opera^io^
- Other Problems - mainly Damaged Stability^

s. '

During these aeasiona 68 pap^ra of 72 accepted and published in
vol,» I and II were presented and di@ous@ed<»

The dl^oaa@i<m panels w^rb oonneo-ted ^rith§ ^
- t . v ;

^ Ou'tline of R^aearoh Pro^ra^mse Aimed at Statellity Criteria
^ Relatioaahip between Stability Requirements and Daaî n/ '

The Conference reveala aome pro^x^sa In theoretioal wor&s^
Xn the. submitted ^epar® ^o®@ n®M ^oltatiogi^ of nonlinear ssmth®-
matical expressions of ship motions a^ well aa a probabilistic?
concept of^th«»» safety of ®hlpa ©gainst oapaî iu^ ar^ pr^»ented<,
Ztl ^ew papera ssome experimental reaulta wh©r^ the ^odel te^ta
were directed for <6hê ldUi% oompixter raaiaits are preeented. In $

eome pap^ra the experimental prooed^.r^ i.g the ftindam©mtal basi^
eroployed for solTitt^ the problem of ah-ip gitability, /

«'
Amon^ the letter papera it Beein^ th^t the mo^t important are
these p which enable sos^e viability criteria for modern cargo
ships to be drwm to make them more si^ife at aea. These new cri-
teria would supplement th© IMO ori'teria^ originally <s»et up for
cargo «hip^ 'ander 100 tisetrea in length*

c ^

The problem of viability criteria @tAll r^^aina open. In this
field the Conference haa el̂ own a^ain unsatisfactory pro^r©s^»
It seema that thia i@ mainly due to the laek of the poe^ibillty
for applying the very sofiatloated mathematical ideas infco prao-

^ioe,
Very' complicated problems associated with ^hip aervioe aizd par-^
tioulary the so oaJled Human f^ptor are the main obstacles here^
The Conferenoa emphaai^ed the view that in apite of the 'reti-
rement of pu^e atability from ^technical point <?f vi^^r it is al^
^o necessery io improve the information provided to the ship
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master and concerning1 dynamioAl properties of hi^'ship^ It ^e-;
ema thai m^oh information la the moat effective way for inore-
a^in^ the safety of « ®l-x^.p at ^ea, where» the ship oan be tr^ate4
in termxs of teohnio l̂ and economic cybernetic system^

'rf <?

Thie above mentioned remarks ^xpr^^s the vie^r® of the Or^ani^erat*i
Many oonfcributiona of intereet 'to the reader can be found ^n
thia volume^ Otber«# 'not! reoorded here wtil remain on,ly in ttie^
' ^ v " \ ,
<ttory of the participants^ But it i» believed that all of them

\
will be ^e^l^cted somehow in fixture worka on (liability of 8»hip<s .
and ocean vehioles,. Thia i» the only way to value prop'erly the

( e

actuaX meaning of the STAB ^86 Conferenoe^



^

teyi? Pr.<. i.. KobyllAiiMt
taaa r̂-waa^ "

Di<3^in^i^hed Gue^t^ Ladies and Gantelm<em^

(to hlw ^pw^n^ of the Third Inter stations! Conference <m Stabi-
lity of SMip^ and Ooenn V^hiolea on behalf of the Programme
CQamttle^ and Ornanî irs® Commit!^ X wmid like t^ welcome 1̂1
of l̂ n io Gd^x^l<^ in the Ship R^a^aroh In^tAtut^® of GdaA»k Teoh^i i
nica^ tJniTei^^A^y*

a

In partle'ular I wwld lil<e td M@lcome oordially
- Miuiafcer of Shipping captain Ry^aard Poapieaayi&eki
^ Reletor of th@ Unlveraity Professor .Eix^eirfclniage Dembiokd.

and the fiireotor of the A^ooiafc'icm of the Polissh ShipyeydOf
Mr ^artagi KotlewsMi
who r^pre^ent the Y^atittxttona under aixfiiploes of which this\
Co^feresioc î  b îng h^ld^ l , '^ <

£ would ^lao Alfee to welcome prominent rep-resent alive® of Mav l̂ r
ar£d Merohant NF îne Academies Shispbuilding'Reeearoh and Deaî n ^
Or^aai^^tio^^^ Ship Reaearoh In^tittst^ of GdaAafc attd SseoaiKioia^ j
Poliah Register of Shippingg Shipping Oompani®®' and Shipbuild^
in^ Pr^a^.,

<
'ihl^ a y-ara ooca^iton to" aaaeinbly from all over'th® world ao many/
pjL'omin@nL ^^lentlsie ^ho ar^ working on viability problems from
the theoretical as 'wall practical point of view^ (

Ve fc^ol honoured tlxat thi^ meeting 1̂  bein^ heid In Gdansk y in
Hie Ship Research In^titutCy which ha» its own small contribu-
tion to ®ol^in^ stability problem«»

^ can assume vo^ ilxai during fix Is we®!^ our staff will make ut-
most ofTor't ^ o enaure th,e Conference to be nio<g?t effeotive and
^0 ^Ili <|o cixr best that You feel as oomfortablo a^ ^t your ^
o^ i ho^^,
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Int^dJ^^t^Jg-.̂ ^^^ 8t the ̂ Î̂  SBSBION OF STAB ^86

b̂ jJ, Prof» Ch» Kuo
University of Stratholyde
D©pt» of Ship emcl Marine
Technology

Professor KobyliA»lciy Minister IPoapiesasyAsisi^ Reotor Dembioki,
Director Bm^yAakiy Gentelnsent I thinfc I 8(peak for all the de-
le^te^i from outside Poland when I eay how delighted we ere
to be in Gdas&ak and how much we appreciate the work done to«
organise this important event* I know what thia ha^ meant in
terma of preparation^ for my own afiftooiation with the Pirat
International Cbnferenoe on the Stability of ShAp@ and Ooe^n
Vehioles in Glasgow in 1975» ®^ a&y involvement with Professor
Motora on the aeoond one in Tokyo in 198&» Our Poliah e l̂lea^
^uea have devoted oonaiderable time and effort to enaurin^ that
the oonferenoe will be a auooea^ in technical ter^a and also
niemorable for those making their fir»t visit to thi® wonderful
country, I a® mare all of u$ are hoping to @ee something of
GdaAek and set to know a little of ita historyy oult̂ re and

r

commercial activities and also to meet it^ people«

The oonferenoe^ however i® about ^Stability^, As everyone here
will know^ it wan a ©ubjeot of major interest in the ^ate nine-
teenth century and then there wa^ very little apparent progre^
for ^ome ©evenly years•
Many people wer^y in fact aurpriaed that a conference devoted
solely to the Stability of Shipa and Ocean Vehicles oeuld at-
traot Q&t many aa twenty-^four papers in <975t Yet the 1982 con-
ference attracted even wider interest and mxpport<, STAB ^86
ha» maintained the impetti® and enjoyed an even greater respon^
ae@ with paper® on topioa ran în^ from wtheoretical ^tudie^^
to ^experiments with models"y and "practical orlteria^ to ^sta^
bility and desi^n\ not to meatioa the attention paid to neM
type^ of vehiole such a® the ^@miwbmeraible<» In faot^ the ^
aubject is a popular one^ ^s i® evident from the number of

d^ting-utahed naval architects p en îneera and ^el^ntista who?
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have oome to this? conference from all over the world 9 some of
whom have already established their reputation in other fields
such aa theoretical hydrodynamics and ship motions»

There are plenty of convincing reasons for doin^ research on
stability - so many in faoty that the dedicated researcher may
feel its justification is self-evident. Capsizing after ally
must be prevented; the safety of those who work with the sea
must be ^ussranted? investments must Jbe protected; knowledge is
of value in itself} and so on. But can all these factors pro-
vide the basis of a "carte -blanche" for continued and increa-
sed stability research? ' • . . ' . " " • : . . " .'•".• ; , " , : ' • ' • • ' ' ' • . ' • " • • : "\ • .

Bearing in mind the fact that acceptable stability is only one
of around.fit teen key parameters In the process whereby an ini-
tial concept is converted into a ship working to specification
-in the seawaysy perhaps we should pause and ask ourselves
whether all the effort now being devoted to stability can real-
ly b^ justified. .,: .. • • ' • ; • • " . • ; , / ' \:••::•' : .•^\<" :;.: : s .^^ 3' : : . • ' :-.\.\.'. •':\.\:,.':::

Oc^s capaififin^ t@^© pi ao® of tern enough to justify the amount
of time and effort now being expended on its causes and cure?
Aye we induî ingr In a luxury^ researching an area that We know
î i extremely complicated alxd offersfewfproapeo^
duotion? ' • . ' . , ; - ' • •• ;. ' ' ' / : ' • •' : : ^•'. '.-' ;-/'\^ •''.-,; ^ : " ; ^ " ".:.;:•^:::;;.;>;-;',

L^t ua @x©jmin© ^om@ repent statistics* In 1975» the year of the
yirat OcfeBf erenow»,-. thî  nuiQber of ships completed y^yl<lxi<|<t.'-l?g|» . • ' • ' •

273P«» 'Hi® amauaX fAguye had dropped .to .%31? "by 'tN? •'tAW ^ir^^S^
Second Oonf-^r^uce^ . • • • •. ' • ' • " ' ; ' • • ; „ • • ' • . ' . ' • " • " " • , ' • ' ' . . • . ;
information is not yet available for 1966» butthfk total num-
ber 'of ?hAp^ completed in 1985 had a^oisi dropped, to 1962,

Sienifioant suma? of money have been spent on fî xip stability
^itudies^ in several countries y particulayAy Gerpiany^ Canada'.and
the UK» Xn the OK at 1© Q st,*q^8 lions are be in̂  raised about

/ • '• ' ' ' ' - ^" ̂ ; ̂ -;?rf-; • ';•' • <' > • • " ^ •^'.' •• • • ' ''':''.' . . ' ' • :
tb® v l̂ue of sfcabiAity research, and (attempts aye teein® inade to
quantify the cost against actual loss of.lifo. In Canada a Ro<-
yal Commissipn was set up to investigate tl̂  marine <aisa<iter^
associated with the capsize of the aemisubmersible ^Ocean Ran-
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^er" off the eastern ooaat of Canada xa February 1982^ with
the loasi of ei^hty^four orew members One outcome of thi® laat
study Is a aefe of 134 recommend®tiona on waya of preventing
another auoh tragedyg but the number of theae reoommendationa
requiring increased kno^rled^® i@ actually quite amallt

These development a oould diaocmrag® effort® to improre the sta-
bility of ^hip^ and ocean vehicles and oonferenoe^ and aeminara
of intere®ted parties to dieousia problem® and iaauea^ In the
light of thî  how oa% w^ define a justifiable role for STAB^S^?

C®yt®in point® do spring to mind at once* In the fir^t plaee^
it provide® eix opportunity for theoretical ^xpert^ and pr@eti^
tionera to @s©et toffethere In the ©eoond place ̂ ii î  of bmiefit
to partioipants from the host country^ b©oauae it ia ®uoh an.
opportunity to establish new ©ontaots^ ThirdiT^ it allow® ^»
to update ouraelve^ on pro^reaa ainoe 1982^ to oompiXe a
oompreh®ga^siT@ aet of pepera on recent worM An %rea^ in no
more than two ^olumei&« Other îiiilar r^a^on^ oan be added 10
thiis list y but I do not think th®y are auffioi^ntt nor fully
aatisfying^

Ko one n^^da remaindin^ that the ^hippin^ indix^try ie in the
aiidst of one of the Xongeait ^oonomio reoea^iona 0T@r Mawm^and

shipyarda sire b®ing: f<wo@4 ^ ^y ^f^ at®ff aad oloa^d
through la^M of demand^ Thî  ^tate ef affairs ia not by
th« faot that o«ia of tlî  foi^g^^t u^er@ of ahip^^ th^ oil ia-
dustry^ lia@ it^^lf temporarily ^lo^red do^n beo^use of a ^har?
drop in the priba of ©il^ In the fact of theae diffî ultî a it
is eseential that ^re should be positive ^nd re^ouroeful, Hoir̂
e^rer^ a olo&er analyai® of the at^tiatio^ I ga^ra ^arliex» doea
yield ®om^ enooura în^ trends® For example^ isi the fiahin^
ve®ael oate^ory ^ where stability i® highly relevant - the num^
ber of trailer® oonatruoted 4id daerease from 717 in 1975 to
390 in 1982 but this nwsber haa remained (Btw^y ainc^ then^and
there appears to b@ an upwax^d aieiag in the demand for passen^
^er ferries^ However, for th^ industry @a a ^Sî le to ocmtinue
to play a key role into the twenty-first o@ntory^ it ±m e^aesq^
tial for ita produota to aohieve a high decree of coat-effeo-
tivene®^ in desi^ta^ production and operation^ One critical oosi-
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trib-utioii to- thi<@ ifould be improving- the performance of* ships
arsd ocean vehicfles but thl@ has to be done without impairing
the stability e-haraeteriatio^ of the v@aa@l«e Here is an op-»
portunity for atabilit-f x'-esaaroh^ but the etttpha^ijs »m«t b®
mi th® applies tlo^, or the finding for the bessefit of the
praetitiori@r^a .The of cmr work ean no looker be mea^
mired by ^©l-^ia« of iriorea singly complex thaoretleal f*or^

Inatead it ^hrn l̂d be 'judged by the extent to whioh
or operatora, ean yeadAly employ

peAevaist ioformation that we have ©o<"
q'txired "ennBr- year@^ i^irthermox-e^ ire need t@ lay down a time

fw e^tabliahia^ the applioability of ye^eayoh advenoea^
«

I --^s^Bt^ the^efGre^ ' tliat STAB. ^86 ©hould be remeasbered aa
t!w oonfe^eaoe at ^hieh the eeapha«i« of stability
.i?tw|t@n plaoedl firmly on improviga^ the praotioal .applioa-
tiQp af fAndi^a.y aloo^ with the-warmth of the reoe- .

Senwow hoatai^ . -, •• ' ' . "
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THE CONFERrarCB FXHAJL PROGRAMME

Mgndgx - 22 September, 1986

^ Programme Committee Meeting
- Reoeption at th® City Town Hall

SSS î̂  " T^e^day - 23 September, 1986
«

WB ^£2Si£S&<^&£2A2B

Veleom® and introductory ^ddre^a by represent®fives
of Polish Maritime Adminiat^ation^ Shipping Induatty
as ^ell @@ Soieao® and Eduoation
Introduototy address by Pyof^ Oh, Kuo

w ^SS^SB L̂̂ ^SSSSSSL1

Chaiyman? Pyof^ 0^ Kyappiiager

1<» V^A^ Oleary^ R^M» Î etonyneau
Be®ie% ^ Kegulation® YOI<, II /3^8/

2» H^ Hormasxn, D^ Wagner
Stability Criteria' f^r Pree^nt Da^

vol, I /3^/

- gaagĵ a^A^^^^oyefe^

Chairman s Prof, T«» Ossalp

3^ E^ DegiteinQ^ N,R^ Cheesley. G»R^ Croek^r,
C^TeStook®!
CapBiae Prediotioix îo^ a Teat-T^aok Concept

vol.. II add, 1 /1.21/

4» A, CardOy A^ F:ranc@seutto^ B^ Mabergoj^ 0^ Trim"?aa
A@^ymetrio Konlinear Rollings Influ©noe on StQbi-
^^V v^l, II add. 1 /1.20/



5. Î  Oaldeira ^ S^ralva
The Boundedneas of Roiling Motion of a Ship by
Lyapunov f B Method vol« X / 1 ^ 1 1 /

6. S.R. Philips
Applyio^ LyapunoT M t̂hoda to Inveati^ate Roll
Stability wl^ I /1»10/

presented by K<» Brook

i^^^^^3^S^^^^£i«^S^Bdie£

Oaairisiaai Prcrf^ R^ Bhattaoharyya

7^ J.
of Statical Stability Proposal

Aa Ba^io DefinitionsB ^
wl. II /I.I?/

8^ H<,
Sî OilatioaL An Se@way Uaiin® Detailed
FQ^^^ Goeffioient^

wl* £1 /1^13/

Oal̂ tiilatA^n i& Seaway by Meaiw of a
of Strip Tte^osy urith Simulatioa

wl^ IX add^ 1 /1.24/

Oalcrnlatiem of F^ro^a a»4 M^men^a due
to PAxxid in Til̂ fca Owi«®e< Oo^parttaeisit<

Wl^ X /1.18/

11<, H^ B^
l̂ equenoiea of Ship^ in a

vol, H add, 1 /1,83/

s.ea£A&S^&^^^S^2M^al̂

Chaî iaal Prof^ M«N\i Itetehsnania

12^ J^B^ Kobert^^ R<»(^ StaieMling
A Probabiliatio Model of Ship Roll Motiossa for
Sfca&AlAty A^aea^meafe vol<» II /1»15/

p^eaented by K» Broote

13. N^
ProfoabilAfcy of Moa^Qapnî in^ of a Ship aa a Mea«
sure of her Safety wl^ II /tol8/
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1̂  J»H\ Dillin^ham^ J,M, Fal̂ arano
Three Dimenaional Numerical Simulation of Gr^en
Water cm Deck vol^ I /1^9/

15, Ce Shiny M^ OhJtousu
Hie Bffeota of Deck ¥ettii^ on the Stability of
Ships in Beam Sea® vol^ II /t^t9/

D»T 2 ^ ¥edixe^d®y «» 24 September^ 1986
^S»y&iSfStSS&

w ^e&^on.̂ .̂ ^^»^^^
/

ChaiaroaaiE Prof® S» Motora

l6» Me Ilamamoto
Trana^era® Stabilitr of Shipa î  Q^^^epin^

TOl^ X /1.2/

17» I^K» Bwoday^ V^A^ Mo^ena^hildt
Stability and Parametric R l̂l of Shipa An

vol^ I /t^V
preaented by P^f^M^Raidbmanî

l8» V« Sheetopalg Yxa^ Pasixohaoko
Approximate Design Prooed'ure of HooLî aa^
in Rou^h S^aa vol<, I /t<»5/

ps?@®e8st<»4 Iby P^of̂ A Îihol̂ diliti

19» YtSe Seme^^ I, KQ^®H
Xs&olinationa of a SMy dtie t^ Ariain®

vol. I /1^/
paw^ent^d by ?r f̂ ^ M^<• y

80^ A&H^ Kh®lodiiAa^ V^K* Trouniss^ B»M^ OisalxatoT
Som^ A^jpeote of ^a2&eepin^ for Small Shipa

^ol̂  II /1.f6/

21^ Yu<, Bilyansky^ L. Dykhta^ ¥<» KosslyalsoT
On the Floating Dock a Dynamical B^ha l̂onr -aisder
Vissd Squall in Seaway'vol* I /1<»7/

presented by F^qf^ N4, KaWhmanin

22 <» R^B^ Bi@hop, W» &<, Price @ P^ Teaaerel
The Inflt&anoe of Load ConditiQa ia the O^pal^li^
of Ship^ vol^ II add^ 1 /1^22/

presented by Dr A^ Morrall ^



23 • A<, Campanile, A^ Cas^ella
BSRA Trawler S@riea Stability in Longitudinal Wavea

vol. I /4.3/

SgggiOS .̂̂ ^̂ SgnM1^

Chairmam Profo M^St<, Denia

24<, ^ Pla^a^ A<»A^ Pefcrov
Parthier XMO Aotiviti®^ An the Development of latey-
national RequAt^mentB fw the Stability of Ship®

vol^ IZ /3,5/

25^ H» Bird, A^ Mo^^all
The Safe@hip Projeot - a Ba®ia few Better Be î®n
and Stebility Re^ulationa

wl^ II /3.6/

26 • K»A« Brook
A Gompariaon of Ve^seX Safety A©se@am©nt Based on
Statioal Stability O îterta and an Simulated Roll
Re0pon«e Gha^aoteriatloa in Extreme Sea Statea

vol, II add. 1 /3»10/

^7« H» SadaMane
A Criterion for Ship Capaixe In Beam Seaa •

vol, I /3.\/

&8^ Ch« Ktio, B, Taaaaloa^ J«6« Alexander^ 0» Barrie
The Applioation of SMip Stability Criteria Baaed
on Itee^y Balance vol« X /9«3/

S9» T<» Hedrelid^ B<» Jullumstr̂
Hie Noswe îan Reee®ro& Kswjeet
Stability and Safety for Veaaele in Rough Weather

vol^ I /3,4/

PAMBL DISCUSSION I ^ OUTLINE of RESEARCH PROGRAMME
AIMED ©t STABILITY CRITERIA

Chairman s Dr^Ag^J^^rgll, •t- Prof e 0» Kyappin@?ery
Prof» a- Moforay Dr T» Nedrelid
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SgX̂ S - Thuraday - 25 September^ 1986

^Sff̂ .̂u.Zu^^

Shî g^geg^

Chairman! Prof^ A. IGiolodilin

30* B^A* Dahle, D< Myrhaug
Probability of Capsissio^ in Steep ¥av@a from th@
Side in Deep Water

vol. I /4.1/

31, H»B^ GuldhammerAnalysis of a Self Rigt&titî  Teat of^ a Begone Boat
vol. I /4.2/

32 <» M» Fx^oteowiak^ M^ Paw£ow®ki
The Safety of S®all Open Deols Piahx^g Boats

vol^ II /3.9/

33 9 L<» Dyfchta^ E^ Klimessteo^ YISA He%e%
Determination of Heeliin® Moment dixe to Bulls Car^o
Movement undex6 Harmonio Compartment^ a O^oillatî sis

vol^ X /4,4/
pyeeesrfced by Prof̂ M^KaMhit̂ anin

34 e E» Kogan
Computer Aided Stability Caloulationa

vol^ I /4e5/
preaented by Prof^H^aahbrna^A^

"» Sesaion 8 ^ SJbabî lit̂ y^^^of̂ ^

€!hairmant Dr B« Dahle

35^ B^G, Haoiski, N,T, Tsai
Stability Aaaesement of VISCG Barque Bagle

vol^ I /4^6/
pre'eanted by V»A< Cleary

36^ Ra Latorre, A^ Sttda, g» Mug-nier
Utilization of Phot off reimmetxy iaa Obtaining? Hall
Offaets for Intact Stability Calculations

vol* IX A.8/
presented by ¥ ^ A ^ Cleary
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37 • N<» Takarad^y T^ Nakajima, R* Inou<&
A Phenomenon of Lar^e Steady Tilt of a Semi-Sub^
mar îble Platform in Combined Environmental Load***
in^s vol^ I /^1/

38» S^ Takessawa^ T» Hirayama
On .the Dangerous Complex Bnvirbiimental Conditions

' to the Safety of a Moored Semi-Snbmeraible.
vol. I /6.3/ • •

.39<, K^ Dse^ami, Y» ¥atanabe^ M^ Matsuura
Study on Dynamic Response of Semi submersible Plat<»
form under Fluctuating Wind

vol^ II /6^6/

40^ H^H. Cheny T^S^ Shia^ J.Î  Wilaon ,
Toward®'Rational Sfcability. Criteria for Semisubmer-
aibles - a Pilot Study . •

vol. II /6e5/ ' . > .

' .̂ Ŝ .I.gB..,, J?,,,. ̂ ...̂ .S^11^ '
. • . • Sjiig^̂ ^eg,

• 1 • Chairsaam Br J<, Dud îak

•41^ M^ Ja-gielte
,' / Stability Parade tera- of Ships laivestiffated by measî

:.-of Diaorimiaant Analysis
• • • • • • • wl» •II /3^7/

^2^ ' •Y^ Mas^yama
.. . ' Stability of Hydrofoil Sailing Boat in Calm ¥®t®r

aod Iteg'ular ¥ave Conditioa
: • . . • . • . . . - vol, I /4.7/ • • •

.43e B,C,. K@hrliog^ H,T. T^@i
Stability and Extraction of Grounded Io@'br®ais®r»

. . . ^ vo^, ZI.A,9/ •

44» P® Bogdanov^ R»Z^ Kiabev ^ ' '
Oynamle^X Stability of Support Ship^Btrtng Bell
Complex ' ' • ' ' vol» II A^IO/

45^ M*R<» Renilson
• • The SeabreajSce ^ A O^Tioe for As®i^tti^ ip Prev l̂̂ ^

tioa of Broaching w too' . '
' . "" wl, II /g.6/



PAKBL DISCUSSION £1 - STA-
BILITY KBWIRBMEKTS aind

Chairman? S^A^ î̂ ^^ ^ ̂  ^* Btad^iak^ H^ Vwme^r

S^sAs^J^^^^^^sî s^^
Chairman Prof\ V* Abioht

46.. P^ BAxsm^
the Safety e^ain@t Oapsî î ^ in delation to
P^op®rti©8 in Model Teata

voX^ I /2^1/
jS

47. N^ Uaeda^ Y<» Yama&o^lti
Experimental Study on Pure Lo@a cyf Stability in
Kegislar and Irregular Following

•^ol, I /2.2/

48^ Nfl» Kan^ T<, Sa^xita^ T^ Qteuyama
tfodel Bxpeyinmnta oa Capai^A^g of a l̂ arge Stera
Trailer TOI» X /2^4/».

49 i» J<^ Spoixge^ S, Ireland^ J^S\ Coll&rw
Î r̂  Amplitzide Bolliss® Ifeepe îmesxt

TOA. II A^/

50^ Hft Adee Bruoe^ M»S^ P^nta^opoulo^
Experimental Inveatigaticm of a Vesael in
iiPave® ^ritlx ¥ater Trapped on Deolc

Tol^ 2;X /2^8/

51 A P<» Sftd@rb®r®^ S^ GroobowaJlatei^ 1̂
eapaî tn^ Mo4eX Teata with Stern Trailer

vol^ XZ add^ 1 /8^9/

se55Aoix^4—^^^bi^^

Chainaans Prof^ A<» Cardo

52» A, Sohafernaker^ D» Pe^oe
An Orerwiev of the loflueaoe of StabiXity Criteria
on TLP »e®i^a Vol^ II add^ 1 /6^7/

^»
53» F^L^ Feeder

ImproTement of Grain Loadioe GapaQlty for Ory Car-
^o Ship rol^ I£ /4,l1/
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34^ &<. Ka^teer
Operational Stability of Ship^ and Safe Transport
of vol^ I /5*V

35., B^ Kahle^ T^ M^drelid
Operational few Improved Safety in ^ Sea*»»
?^a^ vol^ I /5<s2/

^6L M^ clerl̂ k
Yw F^otox6 Bffeet on the Safety of Ship Sta«
fellity at Sw vol^ ZI /5^3/

57^ ^
of Gar^o a.̂  an B^aerxttal Paetor De^

Stability Safety assd BooexomAo^ of Ve®-
^ol. II /5.4/ .

S^£l̂ ^< î̂ -̂̂ ^S£>^££ î̂ &

ChaArmang N^ A^ V@rme®r

38. M. Hogbea^ J^A^B^¥ills
Biiriro^mental Data for Hî h Rî k Area« ttolatin^ to
Ship Stability vol^ I /7^/

preaented by Dr A« Morrall

5^ B^ Efyrhaî ^ S^P^ Kjeldaen
Qn Ocoureaoe of Steep Aayiametyio Tfave in Deep

vol<. £ /7,1/

6©. ^A^ D@hle^ &^ Mn^a
Irap^o^ed Safety by Applioatioa of Subdi.'riaioa of

Qf Plotatioa for r̂nall V®eael»
^ol, IZ /^3/

6l^ ^ Si®'u^d^e^g S^ R^e©^
SubdiTlaî B Standard fo^ Byy Cwg® Shipa Based on

Protoabilî tio Concept of SiwvATaA
wl, II add, 1 /7.7/

6a. Y<, Ywac^ K^ Sinoha^a-
On a Micro Comp-ate^ Baaed Paasiye Oontroled Anti-
^oll TanSc Syatem ySystem Simalatiop and 1̂11 Soale

' ' vol^ II /7.4/
pr^g?ented by Prof^ S^ i4otoy«»
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by. Prof,, l̂  KobyliAaRi
1

» <

Ladies and Geatelmeia^
&

The Conference STAB ^p6 ia approaching the end,, v
? ^
! t, Perhaps it isB not the place to1 sum. up th@ reOTilt^ and" aehie^

vementa of the Cogxfeyenoe^ Thia almost certainly r̂ill wme la^
^ ter^ a® participant® will teav® ®notx®h time to quietly aai^e®^ all
<• » ' y
^ the p^per^ preeented'Bndl thmxg'hts expre^s^d durisî  the disous"^
^ ®iona^ \ \ ^
1 Theref<w& I reatri^t mya l̂f to formal yeault^ ^raly^ T^ th^ Coiia^
I ferenoe 72 paper® wes6® axxfomitted and -ssgajoriiy vf6 them were pre^
? aented by th^ aixthora or by partioipanî  aotliî  on their b^b l̂f̂
S 99 pax'ticipawka ir@re pye^egsit durî ® th® Coafe^ei^o^ fi^^m 1$ ootxnto
> rie®<»
i Papet̂  w^r^ divided under 7 Stead&ESg@t
j - Theoyetioal Studie®^
^ ^ Stability Cyiteyia^
; ^ Stability and Design^ Stability of Special Shi-p Ty??ea
S - Stability of Semî mjitmer̂ ible^ i

^ 3Bxpe:rimenta îth M^d l̂a,
; ^ Stability jin Ope^»atioa^ and
| ^ Other problema /mainly damage a lability/^

} » -
VaXnable ©ontri1wti<m® w®a?® made durio^ th^ paiael ai^euesi^n^

^ and in orde3r they ^@re not fos^^otten w^ kindly reqtseat all coa-^
j tritmtorgg to aubmit those oontrdJbuiiona by December^ l^fc thia
1 a * \ \
j yeer^
| Other oontributora are ^lao invited to ©end their comments by
| tht^ deadline» All this contributions ̂ ill be prxaied An the

Addendum 2 to vol* II and dhig^yibuted amois^at th-e participants
'tgs!ls%1^ ^

Ml four parta of the proeeedio^a will be than submitted to the
8xxboammifcte© on Stability^ Load Line^ and Firtiln^ Veasel^ Sa-»
f^ty of IMO for infon-ssation* All parti^Aparxta in partioiClar
Ne^bera of the Programme CommAttee are invited to conTey their
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observations in writti^® regarding possible organisation of
the nexfc conference^ Comments will be paaaed to th.© members of

Programme Committee. ( , ^
Yesterday there ^aa a me<^tln^' of th.e membera of the Programme
Committees Thî  necitin^ proposed that in the future conference -
be maintained tss the ^open oonferesiee and that no separate or^
^anissatAcm or pertaanerx-c secretariat i0 necessary^ Simply, the
host organisation of the next ooafereac^ xill create the seor'e-
tariat and ̂ ili undertaSce the t^s^ of preparatory work for tlw
nex t\ cohere ace <, S^w Programme Opmmittee r̂ili be composed ^nd
this Cor^mitiee will Iwlp the oy^ani^era to foxtt%ulate the pro<-
grainrft^ of the conference a

4? ^ </'
I already apcAe about fche ne^fc conference^ Yesterdayy during
fcho dinner X annoxmoed that prof^ Caasella f:rosn the Uaiversity

/
of Naples Mindly ofxered the next/ fourth conference to be held
in Naples <. But X wwld like to ask you if this proposal may be
accept/ed by t/he Conference^ So may Z aslts if anybody has other
proposal? If no^ then by applaxxse we may uEî nimotiaiy aocept
tlie i^roposaA and I îli. send a letter' on behalf of the Confe-^

n
renoe xriformin^- Pro^^ Oaasella about yox^r deoission^

X ri-mst Jy^a^ your attention loathe certain-ooincidenoe^ Today
i@ the t^orld naritime Day declax^ed by IMO undei* the. heading -
- InberaaUorial Cooperat.lou for Safeiy afc Sea and Pollution
Prevention^ So t^e haTe another- reason to celebrate ^ suooesful
oloaing of' the Conference and the Vor^ld M^ritisae Dayo
I tal^e that tlxis is cf a ^ood omen for our» future i^orls^

F'inally 1 would like to express deep gratitude to ̂ ie members of

the Pro r̂anmie Commitfcee for their effort towards the ^uooe^s of
the Oonrex^epoe^all Chairmen for fcheir help to coriduot the se®-^
aions^ for th^ authox^ for their' aohievementa and to all partis

oipanis for tneî  coming and fox1 their pafieiiee for all our(
faults» I wi^h all of You happy return joumey home« I wish to

thanie whole heartedly to all members of the Organî in^ Committee
composed of the aitaff of oux" Institute for their tremendous ef^
rosa before and during the Conference^ I w^nt to thanie also to
all tho^e meniibar's of s^aff of the Xn^tifczit® and others who wor^'
leed behind the Conrerenee but withoxit whose the Confe^enee coixld

not bo heid^
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^SS î&fiHSSASSS^ ^e Open Discussions on Wednesday afternoon
Sept^ s4^ w®^ chaired by:

fc-A. Mowall
teitiah Maritime
Technology Ltd

assisted bys

Profs. 0^ Krappin^er Mr T^ Wedrelid
MARINTEK A/S
Trondheim^ Norway

Hamb-ar̂ î Qhe Sohiffbau^
;Ver^raehsiranatalt- GmbH

Proi\ S^ Motora
• Foundafcion for Shipbuilding
Advancement^ Tokyo

Contribution. for Panel Disoixssion i?
^KESBARCH AND DBVELOPMENT MEE»S JFOR STABILITT

- • , • ' . ..CRITBRIA^ • • . •' . . \ \. • : ; : ' " • . ' . ' •• .: . , '

^^ A^ Iforrall ' . • . ' ' •• . " • ' . • , ' ' " .. . •

. ' .

In hî  introd îotory address Profe^sox- Kuo raided the question
aa . to whether the number of actual eapssiain^s justify the re-
»earoh« Should^ for example^ a ooat benefit analysis be carried
out ba^ed on the number-of'lives and vessels lost^ to Justify
t£ie. research?.. ' • ' •

In asy view this ia not the best way to proceed, but it has to
be recognised that research is expensive and safety related
research must b@ oosst effective in terms of the benefit it pro-
vides, What Professor Kuo al^o 'said was that the sensible role.̂' $ ' • ? ' . \ - ! ; . . ' . . ' • • • • • • ' : • • •
f^r Stab ^86 •N'aa tp provide a key strat^y for takio^- stability
eriteria into tho 21st oentury<i One such role could be in the
application • of findings of r-^aenrch for the benefit of praoti-

. tionerq* Another important aa'p^ct Jts to put a time^scal^ on'̂  •
the application of finding:̂ ,
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A^^ogBible frameworJk ^ for ?t,ab̂ M.tZ..re£xearŜ ^̂

A number of papers have been written on the philosophical as-
pects of intact a lability criteria and possible solutions for
the means of achieving the end result^ However 9 the desired
result has 80 far proved unobtainable and thia needs to be exa-
mined in the experience of the last 10 yearns of stability rê
search^

In the author"s opinion^ several factors have emerged that haxe
meant that apart from the ?MO Weather Criterion^ no ne'w atabi-
lity criterion has received international support since the in-
troduction of the IMO criterion A167 Introduced in 1968^ Seve^
ral factors have conspired to make prosreae In this area par-
tioulary slow 9 and some of the reasons why new stability cri-
teria have proved elusive are as followss

I/ The absence of an adequate theoretical model to modal cap-
size< It should be appreciated by now that if exiatin^ theo-
retical models are used it is not possible to ^prediot^ aap-
size or even estimate the probability of capal^e^ beoauae
the problem is too poorly defined»

2/ The extremely complex nature of the problem »&d the smiasber
of different modes of capsize, i»e» pure Iwhs f̂ stability
and broaching eto<» has tended to direct effwt into lon®^
term research progrsmroes^

3/ The difficulty of defining the problem to l>e solved ̂  i,,̂
,what is the real problem and how can it be solved^

V ThQ absence of any clear objective as to what end result A®
required, i^e<i what level and for whnt application^

Although the problem of intact stability is worthy of research
on several fronts^ it has -lacked realism and ha® left ^h® caa^^ ^
for ^capsiase^ research overs ta fed • For example if no adequate
theory exists to predict capsize^ why no simplify the problem
N1 lar^e amplitude roll motion whithin the limitations of tixe
t3b»«wy?



The most important aepect muat be the overall objective^ whet^
her to improve the state of Mnowledge in aererai areas? of in-̂
tereat or to atriTe f^r obtainable remxita Mhithin a reasonable
tim0@oal@a

fisssssstLXss^̂ SMi.̂
There are several waya that reaeardb into viability criteria
ha a been oonduot.ed in recent ye^ra ^hieh ar® worthy of ©onaide^
ration e^oh have tli@ir ow% ocmiribtitioa to matee to thiia
complex aubjeot^

The three mata approaches be ^^^ortb^d a^ pra^m^ti^^ad-»foioo^
«iai61y theoretical and m^dei experiments.,

gjrgJgmatî o

Stability s?e^ear©h in thî  category includes iBtadie^ related to
tfee probleis area of r̂ ll stability and inolisdea topioa auoh, aa
the Bahola t̂ype ©f at îtoility criteria ^here ^Tesy effoft i® ma-^
de to produoe p^aetieai ^^afole oriteria» Althotsffh the re-
smite of thia approach to atability lia® provided the tsso^t widely
usied methods to date^ they nmxally Sxa^e aevere limitations sixoh
@a ^xnallneaa of sample of oa^txalty data iwed o^ in the absence
of external foroe® ^ito^

6

M^Hoo

In tMa ©ate^ory atabilifcy eritefia rea^aroh î  often oeatred
on imreatî ationa af a pa t̂iouia l̂y oaattalty @u^h an th^ lo®a
of a fishing Teaaal or loaa of an oil rig from ^hiofa general in-
dio îtion^ are aought on how ^t^bility oyiteria mî ht be modified
©a? improved«

Mg^̂ J^he^̂ î g^
'?

Ihe laat t^o International e©nf@^enoe^ on atabAilty haTe ^e©n >

@ ^r®nf number of papera in thî  oategory? tSsay are ixaually ba*^
s0d on complex mathemat^o theories to dea^riba roll motion aBd ^
cmiwtee feiat rarely eonolnde îthL ^ praetioal atability criteria

i^ fX

^auld ^e issed ^y re îl-at̂ yy bodies ̂  ,
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Modgl__ ĵ̂ er̂ m^ntg,j,

Model ta®t^ Siave been u»@d extensively irorld Mide to faelp b î%w
an imder̂  landing of the phyaic® of the eap î̂ io^ ^ech^sxism^ The
mo^t notable ex@mpl®a in this mrw are the identifieation of
pure lo®^ of atability and of parametric reaonanee by Profeaaor
Paulling for exampi® and ®xten®iT@ phyaioal modelling of tfee
complex and Bern-linear problem of broaohing' by Prof®<» Motora

and ^aJino^
Although muofe reaearoh ha® combined theory irith experimental
measixyement^ the purely experimental approaoix Aa limited by the
type ®f ehip model and the resn^e of experiment^ In îe^ of fehta
nituaticm^ stability aeseaament ©oisld toe eomiiciared a@ gun aa^
peot of &ea:keepi«ig performaaoe in which a^tio^ aoeeleration
liisxite oould be set for safe operation in a agieanray^

In this context it i® th» ©eafeeepiBg quail ti<ami of a iriKip that
are of vital oonoersii iM a^ae^iai^r adeqisat̂  leTela ^f
atability^

The qu^atio«& remaiaa ^ what ia auffioient atability?

l£S£SE2^^£^^s^aMA.l.tX«££^^^

%te objeoti-yess for atability y^^eareh ahouldl olea^y be
at the outa^t and ooeisid^ration g-iTen to the partioular of
application and the duration of the re®®arc?h^ %ieae a^peoia
a^ outlined below:

t^ State obj@otives

a/ de î̂ n oriteria

b/ regulatory criteria?

i/ modifioation of Ite@» Al6?^wf »î  ̂
ii/ new criteria
iii/ ^uid@lin®0

^/ nhewt^term /5 yeay^/

tl/ lon^^term /10<-g0 years/
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2^ 8eali<Btxe a^a^^^^ent?

An/ atatbllity criteria should be ba^ed on Q realistic?
a^aeaasnent of what oan be aohiwwS and whether it will be
aeeeptad nationally or internationally^

a/ limited objection i

i/ witcwia
ii/ r̂ llowing a@a oriteria

b/ int'amatA^aal/^atA^^ial a^Qesitability

e/ cre^ibAXAtyi -

i/ 'baa@d on ph^aî a and theoxr
ii/ "raXi^ated by îmuAation/full aoale trials
iii/ appropriate for different ship typ«««

S^̂ Î ^̂ A^̂ Ia

Stabllitf ^ritaria î  the £ntwe ocmid be bftaed o«& tlw following
^otfeaidem^i^^^ ^
I/

AA/ ope^atiot&^l limits of roll motion

iii/ probability that m^xisauia yoli friAl not <»xoe®d »ay 40° in
«»&10 in ^hort-te:raj aen ^tat^

y * '

A^/ roll a^ l̂e î  a ^pe^ifi^d irave «t«i<ipn®«ia hQ9 probability
^h ^6of oeourenoe o f l O t o l O ,

a/ tmlk mineral ^ax^oe^

b/ liiahin̂  for ro^^o ahip^

o/ of he l̂ is% turn/o^s^ding- of pa^aen^ers

d^ operational limits of roll motion /an l̂e^ rat^y <ito^/



r
r Finally^ ta my opissAon, isxtaet stability f^r tlw fix^
r^^ ture shotild hav® limited objeotivea and more importantly it isB

^ essential for a aonaolidation of th^ r@@earoh on t̂abl.1ity thatr w
has taken plao® ®inoe the fi^at international oonfi^reBee on
©tability ia 1975* Thi® ©onaolidati<»n should prcwid® d^^i^

[ gner and ^praotAAioaer^ wAtfe praeitioal meana of aaeeaairs^ ata^
1 bility in the short-term and for the development ef improved

' deaign and stability ©riteria In the long-term^i • •

r
r
I illowin^

n
r,
0 An

cJ
lity

C
L
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Cgntributioti for Panel Diaouaaion It

^RESEARCH AND DEVELOPMENT FOR STABILITY CRITE^
RIA - STABILITY RESEARCH DISCUSSION ON STABI-
LITY CRITERIA"

b^ T^ Ned:r@lid

MAKIOTm A/S
Trondheimy Norway

STABILITT CRITERIA

SAFETY OF A V1SSSEL

0% 100%

Theoretical
stability

Calm water Traditional static
criteria gives 100%
safety

Intact vessel Waves Traditional static
criteria gives'
95-99% safety

Real life Calm water Traditional static
criteria still gives
100% safety

Traditional static
criteria does not
give adequate safety

Motions in waves
30%

Operatioral aspects

Wrong stability
Wrong manoeuvring

Water ingress
Shipping of cargo



Ships very seldom capsize as an intact vessel» Even in waves it
is difficult to capsize an intact vessel. Only in certain
breaking waves or in some following wave situations is an intact
vessel likely to capsizeo
The intact vessel situation, and how it responds to waves is
therefore very theoretical when talking about safetyo
The inquiry records from casualties
vessels, The capsize is caused due
cargo shippingo etc. These events are
the motions of the vessel,

always refer to non-intact
to mat-operation, da^nage^

influenced by the waves and

Future criteria should reflect this, and future research should
be considered around ship motions and how abrupt events occur. In
this way we define critical physical situations - vessel
description^ vessel condition^ waves w motions.. operational
failure* «

The results of findings from casualty investigation and research
should then be included in a total stability criteria concept.
A warning should be given to the people involve JH stability
research,

don1! be too academic or theoretical when defining or simplifying
the actual situation that is being considered<
don't believe that it is possible to sintpiify the knowledge into
static thinking or simple formula®.

Further stability criteria concept should involve a total capsizing
safety^ w4 be built up of;

traditional stability
criteria and new
findings
resign and approval
phase

general risk
analysis of typ^s
of vessels and
operations using
modern techniques
an4 advanced motion
calculations

operational procedures
and manual taking
care of operational
stability, keeping a
weather-tight vessel,,
emergency procedures^
etc»

authorities responsibility
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Contrifo-uticm to the Group Diaeua^iom
^̂ ^̂ ^̂ (̂̂ 'd '̂ii'Mfl̂ 'aiM'SK l̂̂ ''5'8*"̂ ^̂ ^

AT STABILITY CRITERIA^-

^X ̂  K-'raPP^-^G^
Ina-titqt Sehifffewx

t . .

At firat second International Ocmferersoe on Stability
.of Oeeim VeliielM ^ wealth of ^alwgible paper® waa

holda true €w thAa^ the tbiyd Conferenow
Ii$> Qf thia faot. n^t pro^r^s® fea^ bees& achieved ye.̂

aa an to p^ehgoyib®- ®af®ty against, oapai-
or hoir to make atateility ;mle@^ . • • ' ,

r-ea^oisia frustrating? ^ittaatAenT Iti app®^ •
to w fc^Q mil in s^aaosa®. whieh •pyev@%t pye<»

in to fw t^e w&©h? Scientific @cmo@pt« ^hioh
,lly aa-Bnd teut @an^0t toe r̂ l̂î ed ^t the time

ire ^f little ua@ t^'tep^^Te the preseat «ituatiou« Of
M@ ahotild go cm to. develop oeme^pta^ font these •
i an into the fistww^ they oanaot help

to • •of today® . ' ' .

^hiclx p^^Tdxta p^^gs^aa ia. to pretend that
-problem be ^olT^d 'by siaethed^ irhiob we. too p^aaitiv®
phyaî ally iimn^nS^ ' " '

w i@ aa approaoh whiicsb î  aomewh^r® i% between the
jti^t mentAQaed^

I do tS^Ank it xi^^ ^t t^ tim^.b-ein^ to-aim at ^ general
eolnticm Q.f the ps^Qbiem of ^afety against oap îaî g whioh holds

^t @hipa» In orday to make pyo^re®® we ahould try
ta find aolutiona for dietiaot ^s?oup^ of ahipa^ 'y •



Therefore tn the following I a?hall restrict myaelf to sfeips
the type of which his® been defined yeat^rday by Mr lionnawa
and Mr Magner^ namely ooataiE&er vea^el® or Be^Ro^ î̂ ael̂  ^to^
In order to d^T-elop atability criteria for thia uroup of
ahipa it aeeme proper to ^tart with the physics ^H? oapsi^Ang»
Z shall not ^o smseh into details h@re«
In principle either experimenta or theoretical m^d^la cim te@
ix®@d^ If sufficiently developed mathematioal me4^1^ Mould be
aTailable^ the outooiisa '̂ mild be the ^ame fro^. 'both methods i

V® •srould find for a îv@sa ahip wAth a o^rtaisx draft isx a eî
^resx 8®airay that the safety vari®® irith Kd Qr^ith GM^ It î
poa îbî  to determine » li@itAo^ valu® QWL^ ^ifeh ^hiofa th^
ship î  jw§t ^af^» Hxî  oag& ba dosx^ for di^f^r^^t @hipag eaeb
^B differeat dl^aft®^ Fo-r eaob oa^© î e irould a Talue fw
the ltoitisa« GM^ /FA®^ I^A

But thia ia not yet th® aoAntioB of our problem f^r
@ona f

t^ I oamsot thAsate of utability regaS.atian®
t^ts ^^ equivaX^at theo^etioal aimulatio^a« Î r
tiog&a the ^uteo^@ of ^ueih reaea^oh to be 1̂
a aimpî  and pr-aotic^ble manner̂

2fr Ml phyaioal A^TeatAg^tiossa d@ not niTe any inf^o^^atA^a
î hAoh level ^f nafety «hotsld b@ required^ Tuatî
/phyaioally r̂ by Aimulat&on/ ia th^ m^at ^eve^re ^hioM
still r®aliatio /̂ lthou®h not wary likely to Q^oat6/ ^^%sli£t
lead t© y@qiAiyem®tite whtoh are not reaao%sably ao^^ptatele^

In order to get ® praotioally <spplie%bl̂  repreaesitiiitAoa ^f
r^ault» of ©xp^rias^ntal w theoretical Asweati^ati^n® we may
try to find a function of .©hip oharaot^ri^tle.^ that At
®»@ima@^ the Mma Tain® for any giltip ^hegx it ha^ the limitis^
QM^ • Suoh a function may b® esonaide^ed an a stability orit®^
rium, ¥hile there ia tto atralffht forward to find au^h
a function th@ u^fulnw^ of h^uriatioally fcmaeS f^a^tion® oan

^ decked ^



For different ^hip@ the value® of GM- vary. in a wide ran^e
/!Tî  2.A If MC try ©^^ the °Z^^^ - vaitt®® w^ioh correspond
to tlw OM. <•.« valuea the variation mould be muoh smaller.^ but
it wuld utiil be too teî  IT ^e uae the' product OGZ /a®u&ckX

defined in the paper prMaated yesterday by Mr Hermann and
Mr Wa^aer/ carre^pcmdisig to th@ G^L - Taluea M® fisid that it
i@ Wry emx^fa for ail the different ahipa in ®pite
^f soatter of their particular GMy * Therefoire thiaJw • ••

prodiJî t be •uaed aa a . oritarioaa

'̂ e a^xt ia a calibration of thia oritex^ion ao that
.it a parop^r a taisdard of aaf^ty^ It ta act yat poa^

îbia to baae auoh a calibration on the probability that a
ahip will not oapaî e during ita lif^ti^e^ B^it'we @an find •
an /î p.lieitl'r/ accepted atandard of safety by determining

of the criterion for existing.ahipa whî h are oon-<.

j-xxat TOfficdLently ®@fe»

• • yiaally I Aitee to aummari%a th^ atepa irhioh I phials.' are ne-
ia @rde^ tQ end ^p ^yith a oriterion whioh oaa be pra^

^tteally for stability regulations fw a partioular group
• • ^f ^ . ' . • \ . . .

' I ® iweati|?atimai of tlw pbyaioa of ®ap®i%i%^ •/ by .'.
teata w theopettoal. m^tEiod^ Talidated by te@ts/»

^^ I^pre^entation at the rerult® of the ayatamatio inveatiga-
'ticm An a form auiia4 f.or. stability yegulsitî na* The »uî
lability of auoh form^ /or orite^Aa/ haa to be proved by
demonstrating that it refleota the'boundary, between »afe •

/aa det^rmin^d by the ^yatematio 1̂ 0$ fixation/
for all ahip^ of the- ooasi4<?.^04 ffrot%p^ ' ' ' .

3^ Calitoratioa of the oriterioa^ An indlioatipK^ o$ the. preaen-
fly ^Qoepted aaf^ty level oan b® 4eriT®d by determining "
the Tallies ^hioh the ©rt^Moa a^sum^a" fw ^Miating ahipa

oon^idered gu®t anffioiently ^af®» '" " - • • • • • • •
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t0 the ^MAMTATIOM INSTEAD. OF STATICAL STABILITY^
OP IM BASIC BBFIHITIOM^

by .J^ Vi^aiewaMA ^ pre®@%ted on di^ouaaion aeaaion
by the Author

Ship Institute
Teototioal Cisiireraity of

te Clemt^Xmen^

Ifmx ^ain. idea of say proposal farbas th@ title of a»y pa"»
per^ I would lilge fco îve yoix no^ short oorameat», explaining

Ite ^uppo^tin^'arg^aent^^
>

Let u-^ fro^ th^ deftnitibn of floatetion^ I. hope wefy<"»
will tftiat thigg i@ the ©bility of ship to floftt Asi

^f t̂̂ ible oquilibyiusa xxnder th« aotlon of gravî
ty fo^o^^ft Xf aomebody.oaa'KKOt sooept thie d«fî
aition Qorreot me^ • " . • • ' - . • • • '. ' ' ' • . . '

aa a l̂ t u® d^duoe tha oosaditiona "of floata-
tion .be ftxIfAHed isrithin th.̂  fyaiaework of thi® ao«*

aefiaition^ Ve -may ixse for thi»'purpose the eommonly. .
, of meohanloa that a««ooiates 'the uiJLnimum poten- •
tial of an object with th® ^tate of atable oquilibriucB.

1 ,juat thiai- in my p îpe^^ ^A^plyfyiag tho • dedtiotlon*
'I isaparatoly the'ehaEs^o^ of position'ooordi^

of the aghip i% witer^ treating them ^@ di^plaeemeat®
îth ene ^f f^edom^ The'ro a^e two rea«ons for doinff

thia^ fi^atly^ to be in aooordanoa with ola^aioal aimpllfi-
^ationa^ An laaval arohiteetur^^ and aeoondly^ because •
the Îmticm in T©otor notation ia not ea<sy^ • I have

-it publiahed @tiywher®« ' ' . . ^ •

Th® deducted oonditiona of ©ours® ar^ known^ but here all of
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them are oonneeted irith one notion,. The ahip An ord^r to be
floating at rest must have both forces equal and eolinear^
and the area of equilibrium waterplane acid the smallest ^eta^
centric hî ht must b© po@itive<'«
Then we have conditions of floatation and the act of param®^
t@rs connected ^ith them* In my paper /including the appendix/
examples are ^iven of th^ ran^e of praotioal problems• Mhioh
are to be solved when examining ^hip floatation^ Floatation A®
to b@ understood in accordance ^fith the proposed definition^
Yhis.ran^e of problems is large,' It includes practically th@
whole of Bhip hydro®tatios^

0

'And no-w to the aubject of stability,' Ita. def-initioii may be
^quoted froaa contemporary approaohea in ma^h^nics ass the abi-««
lity to retain an aoceptabia maffnituda and character of res^
possse under exisi tat lows of pr®d@termlaed magaitede oharao^
t©r»' This defiaitioa iavolves both the atatioal
•stability of th^ ship^ But there are praotieally no otiwr sta<^
•tieal-exitatioaa on a ahip^ oth^r than oha^ge® An

, and poaition of her gravity fwe^ /̂ hasaged îfeh- ssero 'T l̂o-oî
: ty/^'- And thea<si prbblema are "iaTolved A% om? defi^Atio^ of fl^^
atation^ Banoe th^ title of nsy p@p®s^

Somebody may aate me what all thia ia forT
/My. r®8pooae wcmid to^? . ' . •

FAratly <w to be in aoeroraanb® with • g@ îiral meolxaaî ^^
bn preeia® wheea talkie alwut equillferits î of a ayatem of for^
^^.B* , ' • . ' •
BMOndly - to al®asx the platform'of uEid®r@ landing iif t̂ahility
rit-nearob^ ' . ' •
®»Ard.Ay — to rationalise the use of oo%putera^ In--̂  paper
Itgetber with problems oonQernio® floatatioix I briefly

the atate of th® art of their ©olutlon^ 'taxMe aolix-
a^ inoluded in contemporary software^ In usf opioion

ttelina^ , are .possible anc8 advisable^-
^ the personal reaaon •^ X- ®e® @s a tAaoher @ome

An tbi® proposal^ and I lik® it^ reaialta^
That i® all I would lik® to present^
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Panel Disouseion ZI

Relationship between Stability,
acquirement* and Ottsi^tt
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^endi^^sa|^g5.s In th©» Open Diacm@@iona period 0x1 Thux-^aday
afternoon Sept^ 2,5 g chaired by Mr Cleary
a^ai^t@d fey Dr Budasiak.and Mr Vermeer^ th^
mibjeot ^a® DBSIGH AMD .

Mr A» Cleary . . •
V^S^ Coa^t Guard
¥a@hiis^toBi
USA • • / . - -

Dr J» Dudssiais.
' CTO-OHO

GdaAsk, Poland

Ms" H.̂  'Ves^meet^
Directorate General of Shipping

• and Maritime Affairs
-KetherXande. • • . ' .

; My- deary es^s^^t^d thQtight® oss the p^aotioal for ata^
'bi.lity r@se^t»ob and the r̂ gislatory renriw •eyol.<B»

• Ite. aiao; pr̂ ^esi:t̂ d. .̂ figure, oomparî ®' the 'a^ouated ctf
fe.ty A%. de î®n of rery Xar|?e Bh&pa Tera^B-'-Tery An
a full ooe^^i at.o.rm.̂  Xt. wa<si. ®ugg^a?te^ that t*tal Aa
gaaed ^t. deaign ^^f^.ty.e op^r^toy aafety 1 a M^

• me. aafaty lef.t to. ©haabe* Absolute aafety î  î
adyanoe^ '!.% th .̂ ^maliey. ahip ^bt̂ lt in. mw^ toy
t-ea^ay® i% a m@j<w storms ̂  tt ^aa r@ |̂os%î ed thafe a
^nt^@'of aafety must te .̂ 'l.̂ ft to the "operator w Qf
the operator^ ' ' ' ' . • ' '

a[H felt th^ mo^t diffioult ^y®a î  appli<Niticm of
• • • ' • " ' ' • " ' • ^^<a»«, . . . . • • •

•• <|.N(a<3@r<3s oooxire ^he^ it is yeaira§«^ that A^ n^t ataffi-' > " • ? » • , , • • • ' •
•Me^t iriformatioR to deeide immedistt@ly'"whether'a^ existisia

^•IgfandardI ia adequate or tt0t<» The OTHy •maritime nationa of
',";y»rXd ou^ht to be a©tive i% research. tieMmae the exî t.io^ ^ta-

atamSarda h^-^e not tee®n well defined M to limits of

^̂ :%'̂ •̂.;,':":••.':....
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Br B-ad^iaM

ria la

^

that the form of each viability crite^
ti^^^^^arily tae mo^t important problem befor® ua«

alicmid be paid to î rhioh items of. liability
be ineluided In evaluation

He? that witerion wm be effective if it auo^
ia prev^istin^ m audden oapai^e<r He also mentioned weight

^hic î Bbould be Jk@pt feelcw a 10^
;^lia^^e^ Pioally be atafeility evaluations of ahipa.'

oroa® ea in Tarioxxa aya^ay®^

Dr V^rme®^ the from fixe paael by emphaai<-
îng* tliat atability criteria citsgfat to b^ ootxpl@d With coast-

cleratic^a @f Typ^ ^t Ship Hull} that operational limit® iaay
fea for ^hip type^ ^uo!i a@? offahore- Cran® veesels

^eaael^? and finally that outboard Computers
f^r atability i«sfoa?mati®a. ahould be ©xami-

atili^^d ixaio^ hî h apeed eleotronio memory oapa^

at tht@ jieaaioa wer® tte 'Zyohaki of the
Pr0fea®br Kholodilt̂  of Leningrad Shipb-uild." •

3;ri§ititete^ S^ Kaatoe^ ^f Bremen-Univeraity,
Dr: ^f Dat Merak@ Veritaa aî d Profe@®o^ KobyliAsIcî

!'• -

1̂  Zyali^fci partioixlarly of ^ed f@r t̂ibdiTî ios& flo-
oding in ^telpa^ He pointed out th@ error
©ommitted by 1^ho calculate ©lability only to |

lio-e be^aa^e international rule® do not aecessari- J
ly require desi^per ta vie^ all th^ a@p©cts of design we-' j

he referred to a^ "margin line aiolm©^a% j

KMolodilin. spoke of the need to utilise tha probabî  |
lity approacib to stability aa^Ad©nfr^ eind the n^ed to. spiv® the |
dynamioa of motion in an aocxsrate repreaeatation of t^e. |
ac'tusl Bhip motiona^ t



Profea^or Kastner s^eosilled Professor Krappi^^r"^ comment tha^
affability criteria should be eimple î x applteatiosis* He
th^t ship Naatera are eager to obtain information from .̂ bip

re^earohera^ that Maatara can effectively increase the aafety
Iwel^ if they kssoM r̂h«t tQ dlo<» Ha al^o messtioBed as an tt<^m
or oono^m the relatively SNW de^^lopmesst of related ©^^

aualti^a^ whether froia inadequate laahinffa Qr atoMag'e^ or fro^
^xtr^me ahip motion®^

Or D^hle ^'uppQ-rted Dr Dudssi^k^fli oomment^ on proper deai^ra ea-
p@oially with regard to lar^e shipa and that a .iirnddem eap^i^e
ia not acceptable and should oauae admini^t^^tioi^^ to develop
isxore ooneervQtiv® oriteri®^ H^ noted Ahat î  ata î na^ed
but importanst factor in moat atability o^At^ria^ FAsxally fc^

\^poton of the uae of waralo î to NASTBMS aa c^'t^n aot ^eia^ral-
Xy applicable to all @itu«tiosxa«

Prof^«aor Kobylid f̂ci remisNied the d^l^^at^a that thw^ A^
more to the aeleotlo^i of d^sî d atandarda than a &y^rodytiar»î
examination* Criteria wsat include the broader
aa Emrironmeaty Conatyuotiosi featxir^® and ^MAlla^
tioa^ He reoalled that 70^ of all easueiltiee faaTa a^
of human error aa part of the omwe or «^ the ^
a^as^sL la r̂eident beoaale a sxiaJor diaater*



Contribution for Panel Diaeuaaion III
^RELATIONSHIP BETWEEN STABILITY REQUIREMENTS

AND DESIGN^

bT ^ Kasiner
Polytechnic

I am g îiî  to deal Mith^ ia my view^ thr^e basio problems»
Pit^at oa deriving practical atability criteria S^NĴ
Definta^ calibrating a meaaure from ©ompariaon with a »et«
of experi^enta^ aa Prof^ Krappiî er pointed out yeates^day^ i«
oerfcataly the mo@t p^aotioal ^ay^ Xt i® important to a^ree in«»
temationally on aome formulatton of that meamir® to allow for

aouad criteria a8&d re^ulatioa^ oa atabiJLifey^

SO y^a^a a^o^ ^e puraued baoieaiiy the aaase appro^

aoh î  Mendel'1 a r̂oup in Hambww* <?e had evaluated free water
model ieata and oapaî lu^ •rzw^ and ©ompared the reaultQ with
^A^Tpl^ oreat aî d through calculation® aa a praotioal pro-
eedwre^ ITsenf a mossse^t balanoisî  method for regulations waa

loped ? Mhioh î l̂̂ &ded tfae wave ore^t redtxotic»n«

A r?aln differenoe of the ©riterioa devised ^by Br Blume ba-»
on HS¥A teati? ia to relate experiments o% -oBpstsein® i» ir̂

reeî lar ^•it'h the.etill ^ater rî htin^ anss ^olely^ and to
derive a fonrnxia ^ hia G^faot^r ^ to malc© thin^^ even easier to

apply^

A^y of ihoae ^eaaarea are jxxe^ S^SKS.SS^XS. î̂ plitiod measures^
to©aed w need to eoTer a very oocisplex and complicated be-»
haTiour of the ship in ^ xno^t aimple ^@y« |%

¥e may call criteria of thi^ kind to be a 2.̂ ^SS^̂ r2£l5£-£s^ ^'°1' %
gent for the real thinly qt&ifce fiottoioua ia?5@ W8ty^ ^^^a»^^ ^

I

This ie îd^ ^se to my aeoond pointy which ha® been clearly refo

leoteci in 1̂  Nedrelid^ remarka iu the Panel di@ouaaion^
Shir^ nBa^t^ra tend to apply re^ul^tory atability oriteria a^
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some meamxre and guidance box to operate a ship,, However ^ any
criterion of th® above kind does not shew th® specific events
co^erad^ Thus^ there is a need to develop information to the
master on bî  ahip beha-viour in severe emriro™sesit^
¥bat happens p if a ship in th® future o@pg?is^8 afiar fulfil-
ling the n^ireat develop international oriterioxi^ due to impro-
per oper^tionT Ttier® is »lway« some probability for o^paî in^
left^ and it la up to the operator of the ship to operate aa-^
f®ly<. literal arohiteet^ir® is now at a atagep ^here -ire Ss^ow ^s^^
nou^h oa motion behaviour^ and we sauat oonvey oar teaowX^d^e
in an effioient and simplified way« /«

Finally, do not Xet us forget on the dara^era fro^ the fei^d^
back: of the oar^o^ as oar^o ooaatitute® the ^o^t of tiM
i^^al ship ^c-3?®, Thia relat®^ with qtieatie^a of laiiM-r̂
aeourigiff of oay®o An ord^r to preveiat ahiftiî e ShiftAa® of
oar^o haa been the oauae of many 'r^oe^t oap^i^e^ loa«
aeii«

.im® ba^
is? ir-

[and to
Laeier to
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Contribution for Panel Discussion Us •
^RBLATIOMSHIP BBWEEN STABILITY REQUIREMENTS

AND B^SION^

by J^ Staaiak
<te%3=a-

Ship Research Institute
Technical University of
Gda^ek

"Mheae^er Me talk -about stability oriteria we are nearly al«»
twys'thArikin^ about the ahip safety a^atoiat 68paissin^»
•Hwwer the^e tw problem® are not identity a« have been re-
nsarl&ed .today both by Prof ,1 Kaatner and My Kfedrelid,, yor thi«
reaaon the stability oriteria themselves^ e^en if the best^
^re nev-er univooally of the .solution of the a afety problem be«

t " " ' • " '

^ they do not oolaply with «truoture and operation of the
. . ^an^ahi&-»eayironm®nt syatem^

^ they are aolutione of lon^^term prediction oharaoter
pre^c?indio.̂  from the oonatantly ohanfiring conditions of

,. ' .the ®hip^@ exploitatiotty . ' . . •
- they do not taice into oonaid^ration . such-' phenome«>

na aa flooding and ahift ^f ^ar^o for example^ ' •
- they do not ta&e into oon îderaiion the eoonomioal «»•»

peot^ of ahippin^ ' , ' "
- they ignore the subjeotive role of a taan as the opera-

tor of- the •®yatem»

In my opinion tJw^real̂ î M

S^^X^nte .̂.̂ ,8^^^^

-a.^ltitions^ • , - .
A gpod measure of the safety i®'a space of condition in whioh
t'hî  aafety have been kept /®ee Fig^lA

A ma^nit^de of space conditions of potential abip^ safety
/P^S^/ ia speoifi^d by the inherent chip's stability o8&lyy ^
^herea^ the real ©afety /R^S,/ oondiiion^ resulted from inhe-
rent liability as well aa from the operational deoiaiomg of S
abip"^ master^
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From thia appeara that R^S, sa^y be greater tlwU of P^S^
eondlition^^ ^

'Rxe proper dooiadLoM and the reasonable ocrntrol Q^ safety
oouditioaed by the^quality and quantity of ^^m@ î -
formation about t&cl ship ^ a roll ps?operti@j§ ia the o^ndî
tA^na, i ' t

Vith regards foa^ above As proposed as followr

^ an identirieation of the ehip"a safety oapnA^
asing problem with the roll motion atabill.ty

« a TOW formula-of a manual, titled s•*t
^Issforwati^R Re^?ardin^ the Ship^a StabAl^ty-a^d Safety
for the Milater^^

lot of diffioultie® that the Ad^^TSsmtioss of
aafety faoes can be avoided,, .

l^ thi^ ^ayy a
tt ^thematicml
tN H^miioulary there ia %o need for a model̂ -cifs^mair tmt^ at the

ttm^^ hi® role in eafety ©og&tyolling î s properly ahown*



'in t^±^ ^^^ 't h ^^e^J^ tocwn .?^lttrl«w^ In the fi^S^ ^r ^ea^
^'€??apjn^ ^n ho ^C T s ft ̂  ^ J y ^n^ lh^ pr^Acw ^t
^o^?lJ ho - ^ ? ^ x n - ^ < ^u ^ ĴU< isae-1'xd^ ^v^h ^rolite^s ^a
'feiSity ^u^ ^ ^ l ' l^^^^r^, ^r^o^i 1^ ^^i^ tb^ox^tio^l e^af'^iy

t fr ' t-r^ c ? ^ ̂  ? , , ̂ c^i ̂ ? ̂ .

yfai^ î .̂ ^^^^^ ^ ^^J^<?I?I<. t^ ^€?^tr^l fcfea safefcy r^a^<r>^ably
oo-^ '^ s . ^ ̂  ^ ^ tl%so 0? ^e ^^^ ^ op^r^ati^r^ s^^^lt^ii^^

ou l̂y t^ ^ ^r ^rJ^^ e^ec^^^at the ^mw^roial o.€ the
pit̂ ,

>( Aba^? n^utiot^d dc^y4^s^at atea^rl bB fc^f aitip/ard
ainJr\v-^u b> cla^atfieafeie^st soeiefcyg.

11̂  depe^deneea of tho ^falp''a roIX @^fclo^ on ooadt^
tious ap'l o^ bha loadiB^ ^ondil*xon@ of a
^oix^icUu'-itxs^^ all ia
pa^am^crl^ ^^ao^iaizco^ tho ps^ra of atabxiity^ a î r^
eht ̂ (̂  ^t;xc nc ;̂" ̂
Th^^ ^^ ^w Q, $, ^ ̂  m^iriXy fc^ ^©DL^Aineax5' ajiaraotertstiaa
of ^ ^ui'" r"^ r^^arnn m^afe aeooafesfc^

•
SneU ^ ^f' '̂ ^^?J:< pr^^r^nai^ l̂  bein^ at
l^a^lx^'" ^ T th^ t<u^ of a ayst€?mBti^ utimerioal for
ai^ul^ti^r o. sl^it?^ * NQ-fcioixs o^ the bu^ls c^f tl» mx^
mex^io^^ p'e -^^^n s
Tbx% prc^r^Bi tzicfap ,x,^fci^ awcN-wt of>t4pllrig ef tolA ^o^
tion wj tli ho^</^ ^ad pitch no îAiioar bofctx da%pi©^
fA^hfcAa^ ^^m^ c?,5 ^oXl@
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- ' "RELATIONSHIP BETWEEN STABILITY REQUIREMENTS^1^ ^t^ r
1 J DESIGN AND OPERATIONS1 i

n b^ J^ Ihxdssiafe
L S CTO-OHO

f r Gdansk, Poland
pt^ae^ 1

^
1 ^

t 1 « Introduction

r \ ———L ^ J . The design of ships and other floating stx^actnres is undo-*
| ubtly a more complicated procedure than of any other similar

ii,
Me lnt©
| aade^

i'l̂ ^

r
L^tiM

r 1 design such a ship the designer needs some stability criteria 9
1 "Rxe form of the criteria is not very important» Howver^ it is

Cat | , important that they should taice into account all ships "parame^
te 1 ters which realy affect her safety against capsî ing^

j Soy thî  may b© the set of critical values defining the Icwesi

C31 mo^ | acceptable rî htin® a^ms cuyve^ as for example An. the g?tatia^
«

m^

L
c
rL
L
I:
1. L

structures* ThiSy what constitutes the greatest difference be^
twoen ships and other desi^n^y is the fact^ that the loads af-
fecting- her safety are functions of the ship behaviour heraelf^

2^ î ^A^^X ^ î̂ î̂

[ A ship should be "sufficiently safe" against oapsi^ir^ To

fcical criteria recommended by IMO in Resolution A^ t67® But it
may be a statment like this ones ^A model ship in each pre^ ^
summed load condition should not capsisse when oparatea in a
model basin in quartering two dimensional /lon^ created/ irre^
gular ^ea corresponding to the ITTC standard sea apaetrum with
significant wave hieht equal to 9 ^ and mean %ero«. creasing wa^
ve period equal to 10 Sy in<full ^peed^ during a time of 12
hours /in ship scale/". The figures in the last atatament of

; course are not important/^
X^t us assume that the criteria ere for tt&e disposal of the ^

^ designer,
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Of course it would be more convenient for the designer to have
as simply criteria as possible, btit this does not matter at

' . ."all. • . . ' ' • • .

• '• 38 Degig^^Jprocedure^

• - • " • • • . The design is a prooe®® of situation* In eaoh situation @ta-
\ . ^e 'the stability criteria affect the design variables^. In an

: , . .'early sta^e of design they will be probably the main dimension
• ;of the ship^ in the further stages the shape of the hull, the.

distribution of the mass^ the location and dimensions of super"*
• ; ' ' . < . • . • • . . ' • • . <»
'•:,'• :-:.:^-.structur©s and so on« • . • ' " ,

J But independently of the details of the design procedure^ in
..this procedure there always occur some routine calculations

,:•/:••"-•^UQ& as:..:-. • : • • • : - " ' " . .\. •• ' : - ; . ' ' • - .. ;

'•/i'. ;•;' •""'• • . - . :.- 'hydrostatic curves p
••.;,'••• y. '• '•" " " . : - . . - ^ . oros a curves on still watery '
^•'•'•^•l^.^//^':.-/«^-.inass. and mass distributiony . / •
•^\^^ '-';..-'•"••'.'^-ri^htia^ arms or righting mcment curves /for intact sta"
•:K'\^:::•:":. "^biixty/^-. • . . • " ; , ' • ; • ' , .

^ : / ^ ^T fae t^ro latest items are calculated for different loading con-
^^^^"^dition^.-.; • ' • • • • ; • • • ' ' . ' • • ' "
^•y^^^Scmetim^^ additional calculations are concerning ^ the sta~
'^^'^tic.^ behaviour. of the damaged''shisp, • ' " . •
:\ ̂  /./ ;\̂ .The<Y exactness'of'.their results depends of the exactness of in-
:^\;:\:.:^ put data and of the approximationa in methods of calculation^
^ : I am aff raid our knowledge about this matter is still unsuffî

; j:^1';'.;-' bient^ '';". . • '. . • " ' . • • • • . '
; Beside there are some uncertainties concerning the method of

daloulationse How to calculate the cross curves in still wa-
/ ter; with trim fixed or trim free? Should we taken into ao^

count in this calculations the volumnes of supers truotur® and
deck house olosed in a paper way? In my opinion sbhe last ope«"
ration is very important. The IMO recommendations as well as

• • ^om^ national rules concerning that matter ©ay, that enclosed

sup@r$twwtures and deokhouaea on tl»® freeboard dedte c?©mply*
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• 'ing with some others Regulation® SSZJ^0 taken into acoount^
•It meane^that this? is optional'and depends only upon the de-

• • • ai^ner<,
"" ' 'Aa @ "r®ault of t^iis. the rî htin^ a^ma ourye/ whioh igi t^@ fea-

.aia to aa^ea^ the atability of a ahip and a TOeasure of her B^
fety in a ran^e of ler^e heeling an^l©® is'deter?nined only.

• - . from doMn i<»'®» one can be. 8ure' only that the, righting arma are
• --tiot amall@r than .indicated,. In a no3rmal operating mode thia is

•'•• • : ',• probably not very..:importan.t^. But thia •becomea Tery important
' • ' : - : .. .An'oase of -casualty, • . ' ; • • '. . •. . . . . . . . . '.. •

: . ' ' • • ' • • • -The'ahip ^hossld be-'.«o. design that-, if-, ehe gmiat-.oap^i^ey ^he ou*^
• " ' . ' ' • • ' , . •" ' • ' ' • ' • - ' ' • " ' . ' : •• "• *

.'.-." "•'•'^ht. neirer oapaisse suddenly • •• ' ' • '...•• .. • . - • '

."•^..•••.Another doxxbt® oosicern the^oal'oulations. of the ordinate of fche
; ':.-•• • : ;.;''•' aiaaa • aa ^©li. .a®.. .the ®aa« of the. ahip -itself^

••:-•'•: •"...'. I; t':.:-Aa/]kaown^' :.thet..eap®cially '/.'for. . •'y'^mall ahip^^ the
^/••-.' '..•'Xta -ordisiate ffrow».vith;the-.,a^e-of. the. Bhipo . . .
.".•'•^••'•"s-ln^'tixe-. following ..table ..aome -.ex®sEiplea..^f the Polish ahip^ are

| ••:••:-.-•^8^W« - ,̂  .-." • .' ' • .^ ' • / - . • " • \ ^ • ' " - ' . • • " • • . " : - ' .

•^Vi.^^^^^^ : ' 'Table. U

' . • ̂ .:.,:';: ̂  ̂ ^.\-^e:maa^;and.;ti» .^-value'-for the ahip ©mpty^ equipped

•^^^'^^'lype ^;.^hip.;-:'^;;'Affe^of".«hip^^ . Owiigsate of the ©entre
.;,^"-:.. ^•:":': • ' ' •""•-•- .•^ • v • • % ^ • ? • / " •-•= /-. '^ye^r®'. :, • ' t • • of ^aaa m. '" • : . . ' . ' ' ' . . • . . ' . . . ' • ' » '
•'•':: : ' :• '•• •;.\PA»h;-.out ter. . • • . • • ^ • , ' . ' ' . • ' • • ' • ' ' 0 " • ' • • ' ' -104 ' 2^73

^f.',":^.^ ' • ' • ' ^ • • . ' . ' • ' . :"' ' "18 • • • - • • • . ' ' 115 ' • • • . 2,82 ' '

Small dry car" ^ «,««,«.°« « ..̂ IS68 .̂0.. «,» 5^2; "!;': •• go-ship • ' . ' • • ——"—"«—«————• »- •«—.«,»«.«.».«»«,«. «,̂ ,«.«.«.»»,«»-.«.»«,
^ .". : " • • • ' . . ' • • • . ; " 1 - • • ' " • ' . 15 • . 1372,2 6^14

1385,8 6,08

Who ©hould tteko tftis faot- into account? The de^i^ner of the
ishipyher owner' or -those who creates the atability criteria?

\ • • >®» .
| Today the possibilitiesi\ t o — include into the de^i^a pro-
: • oedure @ome n-on^routine oaloixla lions ^ oonoerain^ th^ behavio-

1

]
f
1

.;
i



•or c^ a <^u^ x^ ^oz^ht ^ea» One of the moat interesting phe<-
now?na l̂  lae altering: the ships stability by Wiwes«» So» there
SB ^ ac^ed io eaicxJaie the cross curves in wave » . But yes*"*
t^rday J ^ ^a^ ^bovu in th<B paper by By Nedrelid that the re"»
a^lt^ or ^zioh calcrnlaticma ©arried out for the ®ame ship differed
aeriox^sly^ Tn^t Me can not'yet calculate the righting
arm ctWTe ir^ ^ ore^t with auffioient aooisraoya

Ite^ardJine ^l^ oaloijilatioii® ©f the ^aoiiiatory ahip motion "
in ro^x^h, aa a part of the desi^a prooedisre there is etill
a lack of sfcaiiaiioal data oonoernisyr the sea iteelf<» ^®n

^ix^erameter apeotru^ aasumin^ Xoss^^^reeted «ea may
be auattfTicdenfc to aaaen® the ahtp behaviour in a reai roiagh
aea^ Ao^o^dir^ to Polish experience the moet danger «ea
^ondi t.l.-'?n, • îilch leada often to the damage of the «hip aKkd oar«»
1^0^ eapeelally ia the oaae of modern ahip-typea suoh tt«
r^^^o aad wa^ro^ î  the oroee «ea« Thie nemee the «ituatio©
^h^a iixt rrosli^ i^tor^y wave® are oomin^ from one dire^ticm
and ^fe the tiaae ^well i® oominfr " from another^ one«
Aa far- ^a I our tatwied^e oonoeruine the eroaia sea i» ahi<*
ther ^mall,

Today ^lic< ^esi^oiitg prooeaa ineludea the prediction of the
^eae^^g' qua3itiea of a ighip by meane of oaloulatione or
taod^A te^fe^^- Keai^lta of auoh prediotiou oala be a baeie to

XaformatioUt for the maater containing ttniy the
9

informati^D ^ac^ut tlie ^hip fctability^ but also information
abowfc behaTi©ur in bad wea-ther eondition* Changing the
headia^ x^eluoia^ the ^peed in a proper tiffie a ship oan
a^oid th^ sittiation for the oar^o or f«w herself •
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Contribution for Panel Discussion 11$
^RELATIONSHIP BET¥EBN STABILITY
DESIGN AND OPERATION"

b^ M, Abicht
Inatitut fflr Schiffbau
der Universitfit Hamburg

I think when we discuss future intact stability requirementa
for cargo ships, we should know whether for these ships in
future also damage stability requirements fznfat be applied«

Xf this is so, intact stability requirements for normal ship®
may be less complex, because damage stability requirements
will contribute to more safety also in the intact condition^
The remain reason for this is that in practice ̂  different to
what we have seen in capsizing tests and different to irh^t wa
normally assume in rolling calculatlona - capsiŝ in̂  î  mwily
combined with flooding.

In many oases ̂  this applies especially to small ©ar^o ̂ es^
sets - oapsissing occured after the ship got a list., £n thia
condition, water may flow through openings into a space /for
instance into a cargo hold/ and will make the ship @ink^ Hw-
ever^ she would have a chance *o survive^ if she had to ful-
fil damage stability'requirements•



Contri_b]^^g^ for Panel Dieoua^ion Us
^RELATIONSHIP BBWEEM STABILITY RfiQUIREMKNtS
DESIGN AND OPEBATI01P

B^ A^M^ KhoXodilin
l̂ ningrad Shipbuilding
Institute
Leningrad, US^R

I nrrnsld like to make four rwaariss,

1<» It t« difficult to iwe probability factor §)a a stability
criterion for ahip oap®î itî  For example the probability
of 1/10 one coixld say aa ^ very ^mall« But on the otber
hand, sfty for the ahip with the period of oaoillati '̂aa 10
eeoonde^ ia the hour it ®o©® to 3^0 oaeillation^^ a day -
ab t̂it 8^000^ @ month -. about 250,000 which ^ive^ 1^090^000
o^oiilatios&ai in rotigb sea during four month® oaly^ "nxia
•wrM^ aa a fatigue phenomenon •
For my opinion it i® better to Z&M th@ dynaisaio r̂ icm wh^r®
a ahip 'oouid oapinî e a^ the oharaoterietio for a detenaisia^
tion th^ effeot on the eafety of ship atabillty at ^iea«

2^ Prof<r 8<,M^ Bla^oTe^ohensky hais px^€-3>n@ed a ^ood systein of
^xler"^ asaglea? in hi® 'T@ry isrell kaowa book publAaUed ia En"»
l̂iah in USA An 195^ ^or rolling equation he proposed to

txge ^ aa Meli a^ o< /see Pî ^ 1/» 'Riî  ^ave a po^aibili-
ty to analyse a nonlinear rolling equation in ©smore oosa^
venient form /@@® Fî ^ 2/ t& în^ the relative asa l̂® ^ ^

3«, la the rou^h ae® the action of wrrea and wind %re the same
for a big ahip as well %s for a amall one* But a amall @hip
haa « » le®8 «» reaiatanoe than a big' on@» Tbian meana that
for a smell ship the dangerous situation ©msld aria@ more
of ten ̂  Ttxia i® why ir@ should study more ear^rislly the pro-^
blems of se©k,eopin^ for small shi|?0<,

4^ Tite .'different antirollin^ aystem® have aia inflxsenoe on cha-
racteristic of the ®hip^» stability.. It Mill be ixaefull to
^ ^ ^ f- ^ - . y . ^ . ,
atudly these phenomena ^
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Diacusaiona om -EXPERIMENTAL STUDY ON PURE LOSS OF STABILITY
IN REGULAR AND IRREGULAR FOLLOWING SEAS*

^

a paper presented by Ne I7meda{ Y» Yam©ko@hi

b^ 0, Krappinger
Hamburgisohe Schiffbaû
Versuohsanstalt GmbH
Hamburg"
The paper present 0 a nice exercise of detersiining the OZ-
variation in regular and irregular w®v@s, From the ixsathemati-
oaU point of view interesting results regarding the probabi-
lity of capsizing have been derived« But it •eena to me that
the ̂ mathematical treatment of the problem i» not &n proper
proportion to the used physical frame» The GZ«variation ia
just one influence on the phenomenon of capaiasisa^ and even
the moat sophiatioated etoohastio oonaideration cannot oom^
pensate the faot that all other physical effects are negleo^
ted^ - »

X agree that sometimes a oArrelation can be obtained between
a simplified approach and reality^ It was this hopfi which en«
oouraeed me to write the paper [6"] mentioned by the authors,
But in the meantime X ^ot severe doubts that approaohe* of
this kind can solve the capsizing problem.
I fully concur with the authors when they state at the end of
Section 5 that they cannot conclude that their method can be
used for a practical purpose* Nevertheless I enjoyed reading
the paper*

by P* Blume
Hamburg Ship Model Basin
Hamburg, FRG

At first I would like to have further explainationa to your
experimental technique* Tine heeled model becomes unsymmetri-
cal* At captive tests with speed in general a lateral force
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will be included wlxloh oan coaitylb'ute to th@ me^^xired rte^^A^e1

moment with an unlcnown lever» How did yo%x tak® eare f^r th^s
effect? Did you measure that lateral foroea?

Tha decrease of the first order ro^hting lever amplitude ^it^i
Aao^ea^in^ apeed is not surpriaisa^a 'Hie ®ame tread oaa toe ob<-
tained alao at aimple hydroBt^tio ealoulationa if the px^ofil
of 'srave «yste» produced by the ship î  auperpoaed on fch.e
external ^Nwre^ An example oan be found IKS my STAB "82 ^ pap^ro

Beside The^sa remarlcs Z want to encourage the authors t^ pr@^
pare ra®ult^ /in terms of their probability^ of oaps&^i^^/ for
different hull forma and compare the^e reaulta Kith the ax-
perienoe ^ot from experiments with free r̂ naî f: mod@la« Only
if this simplified method ne l̂eotin^ important decrees? of fre^
edom ^ mainly sur̂ e and broaching* •" prodixoea the @ome a^
fotsnd from experience it will be of practical value <s- 'Tb^n
a oriterium could be need a^ an interpolator over ^f
the investigated hull forma•

]b^ y<,A^ Cleary

IT^S^ Ooa^t Guard
W@ahingtony USA

X have aevaral queations:
••

I/ ^Section 3 w Your experiment first aaeumed th^ dia turbaries
of the water by the ship model to be ne l̂î ibi®
oonoluded that the disturbance mu^t be talcen Into aoocm^,.
How best to do thia?

&/ «»S®otio%x 2 - To reach a sufficient roua&ber of cycles^ mil^
tipla but independent, tests were •used<s> Is ^Bthematioal
prino&ple ^still valid < If not perhaps open water testa
necessary^

3/ ^Section 4,2 <- What does "non-memory^ meaa?



56

4/ -Section 4,5 - I« it possible to use your stability varia-
tion to derive stability velocity and acceleration?

5/ -Section 4<6 - The increase in probability of capsiasin^
with Fronde number seema extreme and not covering the nor-
mal ran̂ e of Fn» What does this mean?

by E,A» Dahle
Dot Norske Veritas
H^vik^ Norway

I/ Could you please explain why the sî nifi6«nt wav@ height of
only 6»55 cm was chosen, when the length of the model was
2,52 "7
Vere also other ai^nifioaat wave height used?

2/ The ship used in the experiments has a ®t@p-liMe shfi&pe olô
se to the deck, Xs it possible that dynamic efT̂ Qta due tei
subme^enoe of this part can explain the disorepanoy bet-
weetx oomputed and experimental values fox6 Fus > O?

3/ In the Fig» 12^ the threshold value of T̂  a 0,4 seo« is e»ho«
sen« Could you ̂ ive the reasons for this ohoioe?

by D« Vassalos
University of Strathclyde'
Oept* of Ship and Marine Technology

I/ I what way does GM represent a meamire of stability in your
graphs Pig^ 3 to Fi^o 7t

2/ Vhat does GZw represent?

3/ How do you propose to rise stoohastio prediction of stabili-
ty /in whatever for®/ for practical purpaseas

y4/ How is t^ arrived at? la not this affected by speed?c



1
ia

r
— variesF
psin^
1 ,he nor<-nr •rUei®ht of
^iel was

rLsape cslo-
s dt&a torĵ y bet-
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. b^ S<» Ka@tner
[ Hoohachute Bremen
, Bremen^ PRG
E
f
( .I/ Beoaxx^^ of the nonlinearitieai Involved, o©rtain.l<y th@ a^a-
^ ^ay energy Is Important* Did you teat just with ome aitEX^le

•irave apaetruai? What vaa the largest wave steepness of the
1 wave® generated?

i 2/ Vhy did you restrict your studies to 10 decrees of heel?
Stability with respect to eepsi^ixx^ is important at larger
heel, and generally at least 30 decrees of heel have been
oonsidered a good value for oosapa risen»

3/ What was the initial metaoentrio height of the ship model T
Have you tested ^uet one single value &H/B?

Authorns reply toi

Pyof< Krappin^er
wit wi^<ilBm»mtw» tit* fai» &••«!•» 49 ̂i«»«r«—«c»

I/ The authors treated the oapsi^ing induoted by only one tm^
tor, that is» pure loss of stability in following ^ea^ Of
oourse^ another phenomena are also very important^

2/ The authors think "that we must oarry out model experiments
i isx various sea states and various ©hip «son4ition^ Ylxeae
\ resulta will make our doubts clear.

:
Prof^ Kaetner

'

^/ Experiments in following sea is very patient work Becausey
they need multiple runs to observe the sufficient number
of oyolese Therefore^ I only carried ©ut experiment® ±n one
short-term random sea which is described by one single wSvli
spectrum. The formula of the speotrum is ^iven as follows z

^
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-sr f / 4 \
S ss A U> exp ( - B/CO ;CO-;

where A a 173 H2 T"4 B ss 69< fT4

&/ V@ may observe the shipping water with a model ship heeled
of large an^le» Therefore, the phenomena are more oompli-
catedLThus we used a model shdip heeled of 10 decrees in the
first sta^e» In the next sta«re the authors have a plan to
carry out model experiments with a model heeled of lar^e an-
^le which the discusser said«

3/ This model (GM /B a 0^157) was fixed with regard to roll,
Thua oontribution to stability by gravity-is a constant va-
lue and independent of waves• The results in Pie«« 3^10
does not depend on the initial metaoentric height GM of a
model, apart from coupling effects to heave and pitch. As
the results in Fi^s« 11-12 we can ̂ et values of a model
ship with any GM values*

Dr Blume

I/ The' authors define the riffhtine moment to be all the hydro-
static and hydrodynamic moment acting upon the hull about
the center of gravity, according to Prof« Nome to /ref«;his
answer to Dr Odabaahi's discussion at STAB9 82/« Ve can
g©t values of moment acting upon the hull of any other ver-
tical position, because 'we measured not only riehtin^ mo-
ment but also the lateral force*

2/ Dr Blume treated the additional stability inorease compo-
nent by wave generated by a ship in still water /STAB '82/0
This component is not time varying components. On the Other
hand we observed that the amplitued of time varying compo-
nents deoreased with the- increasing Froude number* Thus the
component which the discusser said is quite different from
these components,
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Mr Cle ary

I/ In OUT calculation the authors used the aseumption that dis»
turbanee by a ship is negligible 9 Howevery our experimental
results show that suoh assumption i@ not always acsoepted^

2/ ¥e can @et ^toohastio values by ensemble averafr^ o^ many
aample® of random process • Therefore^ we can ^et ®tooh<Mtlo
values of ship stability fro® multiple tests in irregular
wavea which have common stochastic properties,

3/ ^Mon^memory^ nxeans non f̂requenoy dependence^
4*

4/ Yesy It is possible«

5/ The authors expeet that the probability c^f eapaissin^ A^dis^
oed by the pure lo®s of stability haa the maximum value tw
0»4< However, our computational and experimental Iba-
oome difficult for Pa as 0^4 where a eaoouuter period baoo^
sacs infinity. Moreover^ we thinis that another instability
liice broaohing-to is more important than the pure lon^ sta^
bility in the condition where Rroude number î i
0.4»

Prof^ Dahle

I/ Our u^ed wave is relatively moderate* In isuoh m^de^ate
a fate heaving and pitching motion® aaw regarded a^B linear-
phenomena« However y stability variationa are cs^mplet̂ ly n^n^
linear^ This fact is still important in order to di^m&a
ship 'motions in more severe sea stat®^ Purthermore^ w@
to cmrry out experiments in more severe sea atate uow^

2/ Mow I am studying about stability variation in regular
from hydrodynamic point of view. Your comment may be effe^
live for me®

3/ T^ chosen in Fî , 12 is only one example T^ am&st &e ©1̂
0®ly related to the dynamic properties of ship® It d@pen<Sa
on many factors^ namely^ the roll dassipAia^ period^ inertia^
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environment and so on« Ve cannot predict ^c by pure theory
presented by now» However^ Dr Helas proposed one idea from
practical' point of view at STAB ^82^

Dr Vassa^os

I/ GM in Fi^s^ 3-7 is derived from GZ at fixed heel angle ®f
10 decrees* Because, we confirmed that GZ in waves is pro- -
portional to euch a smell heel an^le. The results were ex-
panded in Fourier series» Ve excluded the GM in still water
from the steady component in Fî . 7^ ,

2/ GZ represeota the values of righting arm except for GZ in
still water^

3/ If we propose stability criteria by Grim's effective wave
concept, we must use some correction factors from winy ob-
served results« Or Helas (̂ 8̂  proponed one example*

4/ You would be aue^ested to refer to w answer to Prof., JDah-
le^s disoussion No 3»
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D|̂ SHS£JL°E om ^AM EDCPEBIMENTAJL TECHNIQUE FOR Zm^BSTICATXOli

INTO PHYSICS OF SHIP CAPSIZING^

a paper presented by S^ Groolzo^ralaki?
P^ SSderber^

b^ ?<, Blume
Hamburg SMip Model Basin
Hamburgy PRO

At firat X want to congratulate th® authora ^Q their large and
detailed isw©®tl8at:lon<» In my ©pinion thia i^ one of the
investigations whiolfci have the potential to to more ^aa@^
ral reault®^ £ hop® we can hear from msoh reauita on a later
©©oaaion and I wi®h th® Canadian people goc^S XuoM at thair ^t-
tempts for analyairsi; the saea^ured data^

Here the authora ah<w ^urire® of foroe^ momenta
and fully oeiptî e teata» They ahow larger dift^x^aoea
l̂ y ;f€ir the momenta around the x^sdLa^ I want to tî derltss^^
that theae :reafulta inoludin̂  dynamio foroes oagme-t ba
direotly irith the righting moments oaloulated isi wroal
droatatio manner on a wa^re oreat or in a trot&glx^
raaulta de(»eisd ®tron®ly fro® the condition at the teata<» Am I
understands the authorsi al̂ o varied the drift an l̂e ^f the ahip^<• *
or in other "irorda the mean of the trana^e^^^ t'oroe,,
I expect a larger influenoe on the momenta here toe^
confirm thiagt



om ^PROBABILITY OP NON-CAPSIZING OP A SHIP
AS A MEASURE OF HER SAFETY"

a paper- presented by ¥^ Btooki

bT N^ Xfewada
^.-^•,W^.

^a^loiwl Research Institute
of Fi^he^ie^ Bn îneering
Tokyo ^ Japan

Yotir pxwitotioti method to estimate probability of capsissin^
la e^eell̂ at one« I have a simple queatioct^

TM wll motion described by equation (30'Q depends on an inî
tial roll ang-lQ and a roll angular velocity and phase differen-
ce b@twen wave and roll̂  Do your results of critical angular
velocity depend on the phase difference between wave and roll?

^^ r̂̂ a^g^^^ ;̂

Mr S^ tfeeda
fSis^wus^^ffi^sss.w ^aas&iaas

y^n for your comment* This i® true in ^eneral̂ i

The an l̂e c^L between wave excitation ^ and ^CvoH^\
îa^ partss

f ^ ^ (b+f

^here^ A - phase an l̂e between wave excitation ^ and exci«»
t tat ion moment m of a force»
y ^ phase an l̂e between excitation moment m of a for-

ce and roll ^p «

The solution of th@ differential equation / 3 » l ) depends on pUh^* ^
30 an^lfa ^ only*

In the resonance case was considered /perhaps thia
not oleary said/< Only this case is really dangerous and
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The above asmroptiona make possible independence from the pha«
se an^ie<»
By th© way^ niy additional eomputatioas show that in general
the influence of phase angle on the result is rather amall«



Diseussio^ om DIMENSIONAL OF
ifATER ON DECSE^

a paper presented by J^T^ Dillit̂ ha ĵ
J^N^

b^ M<,S^ Panta^opouios

University of Washington
USA

Thia paper ia dealing' with. the aaBsse theoretical problem aa
paper î&xmerioal Calo-ulat.ioa of Foroea te Fluid
Motions in Tgioka gsnd Damaged Compartmeata^^ toy M:̂  y^
method ased tw the oaloulatiosa of the fl<^ nf iha Mat^r ^n
d®olc is G-Xinm^s method for the aolaticm ef a ^f Mypw-
boiî  eqtxationa» Hze a-uthorag MoireTar^ do ^c»t o&. ^'-^
limitations of the ĵ g^yAjg .̂JL .̂g0^^ ^rtth t<o tfo^ e^€jt^
aerration of maaa^ Have they realised the diffiettltle^ ih^ a^
^orithm introduoea for aatiafaoti<m of the eotx^e^^atici^ at
and tMe^efora^ the inoo^reetaesa of the aollltticma in pr^^
poaed form?

i?hat are their comments cm the aort'elatloa of ^on^^n^^i^r^
of snass ^f the deck ^atet? aad the autoi^afcio iiatAa-faoiiem er tta^
CFL oonditioa^ vhioh prohibitiyely ino^eaae^ zun-

y
nin̂  time?

Th@ ^eneralissation of the &^'D mxme^t^al t^ ?-B ^^o^
blem ha^ not yet been proved mathematically^ fctxt 'b^ei.i
intixi lively^

It seetns that the g'en@rali%atioa of the Klimm^s to
the three dimensions using- the method of fur îxoaal by

c.

Yanenko^ do©a not sol̂ e the ©orreot 3^0 Klemann problem^ Tbe
mxthora do aot oonmiesit iu thei3r papey Qn ^aalytAoal aolu^
tion of the general 3^^ RAemann problem^ X thitA that addflio^
Ml @a®'umption^ are needed for tine oomierratioix of'
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thod or ^jr-HW^tor ^ii^l^o
¥hHt Is th<a fou'U'^r-%? ^pir^jic^x ^a ^o n^U^^t

VAth respeet to th.e pro-p03c*d solution ^€?^ tbe- Jo^ rzli depth

ca^Cg I would like to make t^e following ^ons-neuist

The last f^w years ^ the Fishing Vessel Sarc^fcy Center at th^ n%l̂
Torslfcv of ¥astxin^tGn Mas been An-tet^e^ied in t^e ^at^r on deol̂
problem and it^ affeo'/ on r^p^Sy:in^ of fishing vessels^ and haa

^ositribut^d a îî ber of tbec^J^t^^al arxd expe^.teenial siudiea ou

tho 'ya.r^ ^us ^sp^ds t?r i^^ ^a^^o^t ,

1^ 311 s^ei?is to mo fhar iho ^^rU^a o^^^^ &aekhod oom'biue»d ^itM
opa^&fcox* splitting foi^ ^he ou^^dl^ia&i^ tonal do^^ not ooxiser^

TO tho mas^ or wafcex^ 0^1 (t®cb^ E^peciaAly^ us'in^ DilXin^haM^s
<wi.̂ laal oompiite^ ^r.^o ( , ^ 3 fr^^ iha t ^Jt) eag:o^ which '̂ re have
extended for automatic aati f?f^otto^ or, rhe Ct\L eoQ^lition
and tixea ;̂ricl̂  we ©n^ui^at^red a problem tidying* to conser'v®
the ma^a of watex' on dc^cA^

Tne proble^m ^onsist^ of a tu,r^ fluctu^tioii in the total
mass of the ^aier on decle /the prohle^ we h^ve solved does
not permit water to new into ana uff the de<A/^ whirii either
increases ox6 decreases^ ^ven thoug'h the CFL condition î  s^^
tisfiod in all kim cells <, The problem of the aatlsfaetion of
conservation of maa^ haa bec^a uDdex^Miimated^ lu my oplr&on^
vSeveral t>ap^ra l̂ y Chorin fl^ ^ Collela [2^ ^ hava argued
that the ©xaot satlBraot^on ox the aon^i^aticm at' î
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not essential to the accuracy of the method because zha
corrected wave depth and wave speeds have bc^n r^J^^l^teri
to some reasonable decree of acouraoy*

Parametric studies varying the number oF ^eljs iiyilca^ea
that the problem of the mass rluottxatioti may b^ reduced a^
Uie number of ce31s on the spao^ domain is increa®ed,. An iu-
oreaso in th.e mxmber of cells thou^h^ deoroasea the tt^e î -
cr€3meat to prohibifcivoly small xn order to satisfy the Ufl
condition^ Tills may create a rimewise aor?ountin^ probi^?^
with. computer resources Mh.en it is compared îthi other C^Q^-
veattonal finite-difference methods^ ^

For the water on deck problem^ I think tb?-,^ ^ood satisfac-

tion or the problem of conservation of w% , s ^-- ^©An^ zo ?x^^
d'uoe resnits more satlsraotory fco ew^f^ei^

Haa the author ©ncoiintered this problem a^d bow doe^ he- r^l-
ve it?

2^ The CPl̂  condition^ I call thia eondltion a logie.^^ oou^ ̂
tion toy eTery rinit® difference problem^ or ^^aa-eQn^lriu^
um domain,, if ycm like^ ifhat it aotualiy is th%^ fep.

finite-difference domain of depenclenoe rmat at i^ast JL^xiT-
de tlie o^ntinmrn dos^ai^ of dep^ndeaoe^ er sp@QlfifemUy^
that a ^aound^ Ma're ^aimot traTel than ^^31 t^^^t
In one time inorement» It ia atateds

At ^ tî ie inc^er^^-^^
^x ^ apaoa inc^xement

^ ^ S ^ max f 0 ^ U^ c " ^ave oelerit^
<ax <^ ^ / V ^ par-tiole rel^city

S ^ aoeffi^ient

¥j^ton ^3J indicates that the ^eouraoy of tAc§ ^or<?§ er
ifave is accurately approxima tî r ir
the CFL is barely aatiafied /Mhen fche eqiml - iaa oooiws/,
F^om my experience^ when ife uae ^arieble ^t to ensure ari

automatic satisfaction of the OFL^ the CFL is îro^rly aatls-
fied in oell̂  and barely in others <. A ba&^ ^atiafaoiion

of the throughout the apaoe domain Far th^ a^me A^ i^
implying variable ^x^ ^paoe i^or^ment^ i-rtric^ r^a^?- prodt^oe-
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a^ain a timewise accounting1 problem with computer resiour-

ces^

The- discusser at the present time haa not invaatig'at^d
• tA-'ou^hly other possibilities In the C-KL condition,, •

Hoî  doas the anther approach. the problem?

3^ My next comment i.a related to the two^dimeuaional owe of
. the l̂oshin^ problem^ it a qualitative nature* In partis
onlar^ say comment ia related to tlw method of operator split-
ting- as applied to the breakdown of.the solution of the two
^ dimensioaai p^oblema^

• The disocrntitmity oonditiona for the I-D ease are ^iv®n in
StoSser ^4'""] • 9 ¥hen we apply the operator splittia^ method^

•• '.in my opinion^ ^ra oozild loolk at th© poaaiblltty of maJkin^
•additional aasiimptAmia e^n the transfer of momentum among'
oall̂  and impose additional restrictions for. the di@wuati«-

' '•' mity eonditiona in the numerical scheme^ Pantaasopo-uloa r'S"8]®
. • • ThiiB '̂ '113. a Biean-in f̂ul qualitative idealisation of

' . . • ' • ; • or the ^ave propagation in the 2^D pro^
.•;• blem^ mi^ht improve the aoeuraey of the method in
••' • • •the S^B' ĥioh. A^ not aa p^omisiKag -aa I® the oaa® of

• • " . . .'the 't^K problem^

•.4^ Ihe aixthor does not present asiy examples where the veaael
• ' • ^ta^ts f'ro-rti an initxal Keel an^l®^ Itoe resulta that he pro-

g^aenta ir^ Figure •2 fw a roll 'amplitude ef & degreea®
' Did he perform any experiments for lar^ey roll amplitudey
and what is the correlation of theory and experiment® [6]| Y •
I would appreciate the aixtStor^ oomment on • thî i mattex%

.5* Finally^ the flOTr of Mater in' a damaged compartment î  a
Tery interesting and more oomple-x pheaomenoix^ Itthinis theit
the proposed method treated an overatmplified modal of the •
flew in a • damaged compartment and more ass îneerin^ di^&oi^
plinea ^ho l̂d b@ taken into aooount^ ' • .̂
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Diagua^ion on$ "THE APPLICATION OP SHIP STABILITY CRITERIA
BASED ON ENERGY BALANCE^

a paper presented by C, Kuoy Do Vaasalos?
J^G, Alexander}
D« Barrie

b̂  H»E<, Guldhammer
Taeiinioal University
of Denmark

«
During some years the staff of the Department of Ship and Ma-
rine Technology of the University of Strathclyde have presen-
ted what they call the Stratholyde Criteria»

This aipee&al for® of a weather criteria intend® to include ti- <
mevaryin̂  faotora from a ship aailin^ in a following aea^ the«»
reby na±n^ the so-called "butterfly-diagram91, whioh ia a erraph.
of the variation of the stability lever during the combined
roll and advance movement of the ship in a standardised follo-
wing1 jseâ

So far X have been able to underatat^ the methody production
of the butterfly-diaeram assumes the roll movement to be regzi"
lar ainuaiodal and the advance apeed to be constant*

»
Considering the roll movement it aeems unlikely that a ship in
a quartering sea would roll in the above-mentioned vay« From
the experiments with the "Editli Terteol09 we know that the roll
movements were forced by the sea. The ^ultimAte 1/4 period*
lasted much longer than the other 1/4 periods• This observaw
tion regards quartering seas^ and a pure regular following sea
cannot directly induce roll movements^ but only through coup^
lin^ with other movement a•
The rolling therefore roust ori^in^ from influence of other
kind /unsteady transverse winds/, ^
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The speed of advance» howevery will most probably not be cons-
tant» Ifc will vary In a way tha^ the time "in the trough w will
be much shorter than the time "on the create
This is due to the rotation of the water particles in the wa-
vey which i® not considered by the proposed criteria, But this
meana that the situation in many respects will seem as^ en may
b@ treated as statical,

Aa the situation on the crest i-s more dangerous than any other
situations y and as this situation may occupy a larere part of
timo^ it must be convenient to consider it in the calculations«

The GZ-curve with the ship on the wave creat yboggAn /̂ will
most likely not be very different from the lower branch of
the butterfly-^diagrawy except An the outermost parts. It is
therefore proposed to use this GZ-ourve in the criteria^ and
to save the apparently formidable wor& which the production fit
the ^correct^ butterfly-diagram must represent,

Doing ao^ and keeping the remaining parts of the method m^^e
or less imohaogedy we probably will gat saore severe require^
merits ̂  thus some ad_)uatmenta in coefficienta eto» may b^ a®oe-
»sary»
By studying all I could find at our department about the Strata
bclyde Criteria I found Fig, 11 in the article of D^ Va^salo^
in RXNA îr4 /1985A This Figure compares rasults from oalwsla-
lions of the required .GM for MT ^Edith TerXol^ I highly won-
dered how the GM^^ could be so J^ow according to the IMCMyeat̂
her criterion. My own calculation of the required GM aoeordissg
to the criteria give a very much higher value at the o^p^t^e
displacement,. The curve shown in Fig» 11, however g almost cor-
responds to the requirements of the IMO^criteria /A 167/^whteh

îâ TiJLl̂ d at th®. _fl|M|BtKÎ -



Discussion on: -THE EFFECTS OF DECK VETTING ON THE STABILITY
OF SHIPS £N BEAM SEAS"

a paper presented by C« Shin, M. Ohkusu

•by Duru, Stephen Chidozie '
Ship Beaearon Institute
Technical University of .

' 'Gdansk ":" ' .;'' • . . ' .' '" ' ' \ . • ' . . ' '

The paper is veil worth many than&a regarding; i*a considera-
tion of the^^ affectinff aaaeaament of relative motiona
ofBahipinbeaBaeaa.JM^'autotBianBioniathat An oonaiderinff

? relative motiona, the amplitude of pitchingmotiona ia of ai<r-"
i$nifioant ;;;;iii®o»tanoe •due to'^the' relatively lar»e tnoment of ine-
^rtia ::'of ":.heave-pitoh .coupled ' ahip. ntotioaa^ eapeoially for relati-
? ve^BwHiona at atxtiona /tewarda the bow aad atem part of the
vahJ^^Bejtwe^he equatioaaot^i»otion [^4,111 and 12^ a a well aa
^^he'̂ îattv^^aotî n^a îBtions-^ thia fact,
^€?^hiî lpoiftt8^t^ '^he;-fabt^h®t' ;purely., beam •aea\ oondition will
^^w^^^et̂ .̂r®^1* ytn';ith»;'.<e?reate»t;'declc^wettening? -as could
^ î̂ be îaaepeoted ̂ frora^bow^or.^atern-'cpiato'r^"^ aeaa 'heave-pitch cou- •
l̂®d:̂ tibn*l;'a«'•:'well':•a.̂ '; l̂l'̂  and^^Bway motions, ̂ are. very' conai-

••^der l̂y^aignifioant,^.';- '̂.-^ : ; - ' • ' .

.̂  ̂ l^'lativfr^«Botion.-equatioa::haa'-fer; iaa:tance been given for a
^'/Jpoittt'•^X;'^r•y_,.Z_Von,;the^4e^^^^ ' ' -
• • •'•'•'. ' .'• ••.:.".' .'...:'••:•'. :"jp".-. -' y • • ' . : ' • •'B^. • . - . . . . ;• '• • "•' • • . '•'•...."•. •.'•: . ' . • " • • • • • . . - . ' . . " . • ' " ' • - • " . ' ' • .

^B^zp^ . . . . ' •
• • ; ' • • • : '•• ";. •-'." .'. v^. • ':'..'. ."•.' ̂  " ' . : • ' ' , l ' • • .' ' ' ' ; . ' "" " .. . ' • • ' • • ' ' . ' .

where ^-©- and^ a^0 pitoh and roll motion® respectively y and
r ^ ^ ^ ^ ^ ^ ^ ^ ^ . ^ ^ ^ ^ ^ ^ ^ ^ amplitudes measured respe-

^-.•;:n \ : \ • • / , \ ] : ^ .;••:•.;—^otivaly as poaitive upwarda with respect to
. t h e mean vo^tioajL coordinate of ship origin

' : : . , ';:,::.';• :;::^ .. / . ; ̂ .with respect .to-: an inertial .co^ordiaate »y«- •
^ : • ' : - • : / ' • ^ . ' : " / " . • ' : • : . • ' , ' • ' . '•'" tern. : • : " • i ' / \ : • _ ' . - • . : : / - ; • " • " • : • ' ; ' ' ; - ' ' ; ' ' ' - " " ' • "

The above equation is yet one amongst ^arioua equation& on de-
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finition of ship-seaway relative motions by various authori-
ties*

1. Sesafsy^Ship Interactions^ 1984 -. by P.N, Hajuindar; H»Vv,
.̂ aM^ ̂  fliWrtgRaiJ ^BCB -̂̂ t̂oact wxwt No CQ18»



Disouaaion on? ^SUBDIVISION STAia>ARD AMD DAMAGE STABILITY FOR
DRY CARGO SHIPS BASED OK THE PROBABILISTIC
CONCEPT OF SURVIVALS

a paper presented by M* Sl̂ urdaen^ S* Ruaaaa?

to^ M» Pawlowaki
Ship Research Institute
Technical Xtei'versity of
GdaAak

X have two remarks

1^ I do not thinic It î  advisable to uae only two intact dya^ :

•u^hts for carrying out subdivision calculations^all the mo-
re that one of* the two draugbta oorreaponda to ballaat oon^
dttion» Aooording to my opinion it tirould toe advisable to u®e |
three draughts for this purpoae* In oa^e^ hewerer̂  w^ iî e |
ooiy ttro draughts^ both of them should oorreapot.d to loKdin® |
oonditiona ©^ ballast condition for many dry cargo ships |
appears to be of a very small probability in comparison to a j
load condition^ I am aware that the authora wanted to sim^ |
plify eubdiviaion oaloulations making them less time oonsu^
min̂  Stilly I thinfc alao that tfc.a applioation of a(uoh two
draughts ia an oTer^aimplifioation^

a-

2 e It is apparent froiEn your interaction paper th^t the requi-
red subdivision index abould be dependent not only on ship
siae but also on ship type^ The reault® of your aystematio
oalculationa do not support the latent IMO vie"̂  in this re-^
g'ard but they a^ree with the opinion of Poland expressed in
IMO dooument SLP 31/3/7 to employ the following formula for
Ry namely

<2.
R as 1

where o. and o^ are constants for a îran al̂ lp type®1 &
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Th^nk you -vary much for your very relevant resaarM^^

Re^ardin^ the draughts used in the calculation of mxbdivî ioni
index^ I agree that thia may be the i?e%ke®t point in cmr im îe^
mentation of the methods Ilio reason vhy we ohosed thia appw^oh^
was that to our knowledge there we^e very limited statistics
for draught distribution available^ ¥© therefore fcmad it dif^
ficult to implement a fully probabiliA îo - î.̂ ^ept aa fa^ a^
distribution of loading condition® ^aa oouoernedy a &wra
^detertainiatio^ approach wa^ therefore o?î een» If the ^oal
to arrive to the exact probability of aurriTal̂  1 a^ree ^ifcb
you that our approach i® an 0'rer̂ almplifioatiou^ ¥e have^ .xo^-
every taken a more pragmatic attitude, and said that bh^ me-
thod should îve us a coffiparative xaeasrure^ in the ^ens^ a;rxafe
the probability of survival should be proportional %rith t.ae
calculated subdivision index,, In that reapeot^ i&re tUirA our l^^
pl©?nentation serve® the purpose^
This does not mean? however y that ^e ahould not Imp 1 mite n^ ^ ^o^
re oorrect draught distribution aa atatisiiea beoome aTa2l£eb^^^
but some benefits ©hould be anticipated before such a CCTTOI ir-a-
tin^ factor should be implemented»

Re^ardin^ required subdivision index^ X a^ree that -eho re^uii^
of our systematic calculations show a significant diJfferen^e
in attained index between ship types^ but thia^, ir^ n̂r opiwcm^
does not support the view that the required index should b^ d^^
pendent of ship type^ It just shows that some types are aaF^y
than others^ but the only conclusion I oaa ww f^m this ob^
servationy is that the more unsafe ^hip type^ Aould be ixpgra^
ded In order to meet a minimum ^afa^y standards

X ̂ fc î «^«B« -̂ a ^a« ̂ r r̂ SC ClaJ^
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is not mainly to achieve a more or less arbitrary "required"
subdivision index, ̂ Mert to offer to the industry a realistic
method of evaluating: 4bhe ship's subdivision standard. For exa-
mple, if a watertigtet bulkhead is required in any casci where
is the optimum posiBCaL^n of that bulkhead in terms of survival
capability. Ihis in^self has great safety implications. To
give a class no tati9«l^ however > we need a certain minimum stan-
dard^ but it is the^ail^biii-tyof a reasonable implementation
of the method^ whic^oan be used without extensive and compli-
cated calculations/Nftilch counts for.the industry •

M. Pawlowski - two yi&Ars later
^^•^^^^.^•^•"-^•^^•••.•-"-•^-^"•-••••T*""^'^^'^""4*^*' -, : • • •' '. , ' • . • '

Having l̂one more, res^MB^ch on damage siirvlyability of ro-ro ships»
now!11 am iinpiiaed to N>» opinion that:: the required index of sub-

division

All new idry^argo ̂  sisBe, including ro-ro
^h±p9 '^fin ̂ Aaye^^n-'jFao*, ̂ he^ level of safety without impa-

ArAng lA t̂r̂ iî  The pv^i^w
::. objeotions ̂ n, this respect extremely law w^
I ̂ iuê ^^ l̂buâ ^^ of ^tAdivision for ro-ro Vessels .It appears >
ihoweî y î̂ t̂  designed^ can be as save
las^he'other^ , type<l or even more :safe ̂  Hpriaontal aubdivi-
sipn ̂ ithl̂ ^he^y^ buoyancy
pr^rislons^below tlw.car deolc a^ the lack of them above this
depk ajre most .detrimental for damage survivability of ro-ro

•'; ships •"^^•^^^.'^'.- '^l^^;^''-^^ : : . ' • ' • • " • ' •



on? '8Bsr^ TRAWLER SERIES STABILITY IN LONGITUDIMA1<
. : ' ' • • '. VAVES".."•''.•••'• " • - . • ..'••.;;:^. ;.'' • ' • • '"

a paper presented by Campanile, Caaaell^

•b^ •J^ ¥i6niewaki :..";. : • • .;:••.,
Ship Research' Institute " . /

•Technical University •pf. •.''.';-.-
GdaA®fc . 7 - ' • . - • ' . •7"; ^^7^7•;^'•;

"•It is. very .int©restiti^'-\for:-.ma.^to there are mor© na^
„" . ' . . ' • ^ \ • ''\-'.-' • ' : : ' ' ' ^. • \ " ' ' : • ' ' • • • ''"• ":- • ' \ • ' ' ' •• ^
\val arbhiteots ̂  : '̂ ho•:'•'bllooaed .".'•the-'oonaeption ;'.6f 'preaeatiiaa' the.
[̂ influence ^•of^.fQX^'^'paramQt^rs^of'/B^^ of ĥipiî
"••• nes on .:".atateility':.oha^acterist•i•6a.y'• u în^ .-the ^t geometrloal
.'f-'affiniiy^-' •It .seems .-'•to -iba: very î'iteBipdrul'l .tool .for- p^^Xittiinary
•:'d©sign^ ": :" :•'\\,::'^^'/^:::^:^\^^^ '•:'^"•"^.^•:':: • • ' • : ; ; " - . ^ . ' ' \ " •
;^I,txa've'.done" îmî ay/;work;;:.in\--;.1964;:fo^ Seyies 60 fl^ @
^•Patur 5ias'1heen'the-::yiyst\-^ ^se the la '̂
;:.;-.of//affî ity,.ia•V•atabiiity:-^ :• 'It may. be inte^ea^

;:.'" t.ing' 'for. :the;. Authors îthat./^tiley^.: is;: po^aifo.ility" of aimplyfying
';':fthe '•;-stabilitYJ;;ofaaraot©r^^^ shipa» -

r'^The '-"form'' @.tabil,xty.;loT^r^y/^e^ .oaloulated
f^or^affinQS^faips :ia@ing .̂the.Tortmxlas ^''.•.^•'J^.^:^".'.'^ • •^-^•. : ; :" •' . '•

•."̂ Iiere; • " - • ' ' ' . ' :- ' : :.. "-,. ' \ ;-. '•:; ' : '••• \.•:•?.,:' >..•':^?^;•:^ : • : ^ . : • : • ^ . ^ : ' - / • ' ' • . - . • . - . ' ' • • • - • • ..,. • . • •

^•A •- &-"•'.' •"\' ^ ^•'^"^^^O^tev^J.^^.-ir.^. '^•B^^..^-/^^^^ ." f / .
•.'During the time or desk- calculations . tlie use of this formula
./Was-rather labourousy 'but. with the advoxst of oomputeriB it baa
•advantage over the Patur^s proposition^ In r3 •I o^^ may find

' th© example of application of formula fl\ £.0^ optimieation
. —...,..„-,..„ .̂ ^•^^o^t^n o^ rox-mula C f l ^o^ optimisation.

•• tb^ main ^bip •p^y^^^^g, î  t̂lim^na^" ^^^^^^.
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Discussion om . "SOME ASPECTS OF SEAKBEPIISG FOR

• • • " .' . - ' • - - a paper-presented toy N^B^ KholQdAli'a^
. ' • • • • . • ; - . : . . • '•: •• .-. • • , ' J - . : : ; ' ; " " . •'. - . , . . V^K^ Trounia^ . ..

• • • '• '•. • • • •. . '. . ' . . ' • ; - :':.'-'^^^ ' • : ';" " :"''.'::., B^H^ OushakoT

. b ^ H » Sadine1 . . " . . - . ' ; ' ' . . : i : f ^/ : : \ :^^ ^ ' . Y ' . / . - ^

Institut ffir SchifjTbati ; • '\•::::'^^:.^ : : ( . - ' : ' ' - .•-: • • . . . - / . . ' ' • . ; •
der Universitflt" Hamburg ^^••^^^ '^•y^""-- ;,-\- • •'• •'. : ' ' • •

..From .oapta.in''.s experienoe and modol experiTOents -I ^ot the im-
."pre®sio%; t'hat...;:the"'-3hip;̂ .s,"?'o.̂ ^ 'speed in be«^
'• am 'sea8•;-;i-s":.^the:;'.>^a^e$.t..".bondi^ respeofe.-.to . oapaA^An^^
• -'niere'-, may be exoeptions '• frott^/this^rujie^'for^the. ̂ ase. • of s^all
.ships in bre-aklu ;̂ waves ^ '•^ hut ̂ 'for; .^non-breaking-^aves I do not
•see .a differe^oe.^betxvyeen:;iaree''•'and"' s®a'll 'ships if wrre,
..-tors-and ship/details are scaled cprrespondingly^ -Thw^fwe
•wonder.why-you -investigated Just the case of beam.non^foreak-

. ins .waves • ' : ' ' \ - / ' •;:;..^•:: " " • . ' • ' • ! ' ; - - •.: "\\'::• • ::/^,' '• :^.-: ' ' . : '- :^:v\..;.". / . • ' - ' V : .

JJjjJ10 ,̂̂ .̂ reply , t o •: ' ' • ' • '

:'M^^H^^g8d^gg^ ;/ • " • • • : •:^;::

•As .result, of ".: the'\i"nfluenoe'of.•:^ ahip
•transverse- drifts This ''phenofnena'; leads, ;to'.displaoix^ the ^trana-
rer function".in the.-direction ;of high frequenoiea and as a TO-

..suit the amplitudes of ship'a'rolling^are inereasing^ For ^^all.
ships this ia more dangerous than for a larg-e bne^


