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This work prasents & brief description of the main methode pursued to
derive more realistic sstimates of sxtreme longitudinal wave loads acting on a
ship during its lifs. Attempts to treat both loading and hull structurel res
ponss probabilisticaelly are critically assessed. Arsas whers further know-
ledge is requirsd are pointed out.
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1, INTRODUCTION

In the following description we ars going to be aoﬁcernsd with ons of
the main factors in longitudinal strength design - longitudinal wave loads -
- but keeping in mind that other factors, such as still water loads, slamning
stresses, fatigue, temperaturs sffects, combined loade and so on must not be
neglated.

Betwesn the dynamic sffects dus to the wave loading, ons can refer
bending moments, torsional moments, vertical and horizontal longitudinal and
trsnasverse shear forces. But in general we cen say that longitudinal verti-
cal banding moments due to waves are the most importent and fresguent effects.

Ressarch on the problem of wave bending momants on hulls has made con
siderable progresa., The traditional approach to wave loads assumed a determi
nistic solution. & wave of particular length and height is selscted to sva-
luste the bsnding moment suitable for design.

However, dus to random character of wave loads (thay depend upon ses
state, heading angle, freguency of encounter and so on) only atatistical me-
thods sesm proper to be used.

A summarized description of the main methods to sstimats the extreme
longitudinal wave loads during & ship's life, will be presented.

2. LONGITUDINAL WAVE LOADS
2.1. DETERMINISTIC APPRODACH

The mors severs loading will occur when a ship is running into or be-
fore relatively long weves. So, two "worst cases” are considered: the hog-
ging condition and the sagging condition (fig. 1}. The main assumptions are:

- all dynamic effscts ars negligible (this asssumption is very unrea-
1istic when very largs ships are considered).

- gtatic suspension of the ship on a single trochoidal wave with the
following characteristics:

4 (wave length) = L (ship length)
common values of wave height ars presesnted in table I. Fig. Z pre
sents a comparision of these differsnt effective haights.

- water pressurs on ship contributing tu ite buoyancy is proportional
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to depth bslow water surfacs. Centres of buoyancy and gravity
1ie at the same longitudinal positioen.

- when wave crest is considerad amidship [hogging worst cess) all
disposeblewsights are removed from emldship. When wave trough is
considerad amidship (sagging worst case) all disposable welghts
ere removed from the ends.

Stressas, strains and deflsctions sre caloulated using beam theory.
These values are compared with similer past designs under standard methods of
analysis, A standard factor of safety is retained covering ell unguantifis-
bls effects, such as:

- {insccuraciss of losding sstimate snd analysis (sssumptions, appro-
ximations).

- variations in materisl propsrtiss end dimensions.

- yvariations in workmenship {inasdequate welding. handling, human er-

rore.
- gorrosion and accidantal desmage.
For longitudinsl strength and by this approach, ascceptable stress in

desk or kesl under hogging or segging condition is gensrally : ~%~ oy

D

WAVE HBIGHT (ft)
{ship lsngth L in feet]

L/20 WARSHIPS (U.K.)
1.4 /L U.S. NAVY DEPT.
s
800
.08 {CB + ,3) La LLOYDS (U.K.)
K L'S oo K @ 5,00 for ships with L = 300 -~ 400 f¢
wssmmnnen ¥, = 3,75 for ships with L = 700 - 800 ft
[ R ——————— T S S L SRt el S s S R TS

TABLE I
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OBJECTIONS TO THIS METHOD
- gtetic nature of the method.
- gffoot of ship upon wave shaps lg ignhorsad.

- wave length sseccistsd with grestest bending momsnts s not inde-
pandent of ship form.

- dus to weatsr particls motion, the buoyancy is rasduced at wave crest
and incresssd at trough {Smith sffsutl. So the pesk bending mo-
ments are reducsd {15 - 20%). More reslistic caloulations are ve-
ry tedious,

- wave heights supgested are smpiricel.

- what we comperg & new dasign with "setisfectory past désigne” {no
failures vecurred] we cen not get the efficlency of the new design,
The structurs mey be strongsr than neoessary.

- little velue for new ghip typss {very largs ships. catamarans] whe-
re no past sxperients sxists.

The deterministic epproach still is widely ussd on comparative basis
with past "successful” designs. However, particulsrly when no past experien-
ce axists, new "retional” methods ere gaining ground.

2.2, PROBABILISTIC APPROACH

In a prebabilistic apprusch the phenomena ars trested as random
events and "extreme valuss® of weve bending moments ars defined stetistically
with & probability of occurrence. Random enslyeis acoepts end takes account
uricertainties. It provides a more rational method than the precedent one.

Briefly we ars going to describe the lines suggestaed in the next figu
ra, which start from two basie methods used for long term predictions:

- £4yll spsle strein messuremsnts,

- yss of responss smplitude opsrators,
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2,2.1, FULL SCALE STRAIN MEASUREMENTS

Sedentific suuipment for the acocurete messurement snd racor-
ding of strain in ships is used. The strain history for a given ship cen be
sonvertsd to correspondsnt longltudinel bending momentis, assuming & simple
hesm behsviour for the ship.

The long term trisls involve statistical messuremente on ships during

significant pericds of their service iife. The sguipnent used on thsse
triale oan be of two kinds., The "sxtreme value geuge” only rscords the maxi-
mum resdings in any given time intsrvael. Ths *statistical strein gaugs® re-
sords the nurber of times that a givsn value of strain is sxcesdsd within s
cartain time interval. I visual obssrvations ef wind and ses state sre mads
similtanecusly ons cen have a orude corrslation betwesn ses stets and bending
moments. Ths date collested from ons ship is not readily applicable to other
ships.

During short term trisls records of longitudinel strain are teken si-

multansously with dats ralating to ship motion, genersl perfomesnce and sea ata
£8. This deteiled informetion on the response cheracteristice of ghips in a
sertain ses stste is taken during relatively short psriods of time.

The main ohisctive of these trisls is tu oblain date which mey il
ysed for comparision with model tests end theorstical predictions; sinocs they



give & good corrslation betwsen strain and sss state. Howsver, short term
trials need special ships and trained personnel and they heve 1ittle uss for
dirset long-term pradictions.

SHORT TERM/LONG TERM DISTRIBUTIONS

Experisnce hes shown that individusl date samples from relatively
short periods of time {say 30 minutes; ssas sondition, ship's spesd and hssd-
ing being constant) conforin to the Reylsigh distribution, which probability
density function is given by ths sguation

p {x} = z§= BE {x ~ strain, stress, bending moment].

5

_x’” i
The cumulative probebility is given by PS {%) = 1 = e&  where the

parameter £ is the mean squars value of x. The root mean square value /E ie
ueed to describs the Reyleigh distribution of sach record and it depends not
enly on the saa state but alsvc on the ship chsracteristics and its loading
condition {this affect is usully small).

For any new ship it is desirable to be able to meke predictions in
statistical terms of long-term distribution of bending moments, which it will
sxperisnce throughout its ssrvice life.

The long tsrm distribution of x can be written & p {x) = PS Ui«
. g (Y E) and the long term cumulstive distribution ae

P x) = [T P (x}g (VE) o (/E) where g (V E} is the long
term probability density function of /E.

Both normal end Weibull distributions sre used for g (/E}Y. The
istter cen be usad directly for sither short or long terd analysis.

STATISTICS OF EXTREMES (GUMBEL)

This is another method, atiributed to Gumbel, used for extrapolation
fram full scals measuremsnte to extreme bending moments with low probability

of gourrsnce in s ship’s 1life.

This method deals with the meximum valuss of pach sarie of measurs-
ments {extremes). It involves only the mean snd standard deviation of obesr
vad extromes which depend on the sampls aize and are obtained dirgctly from te

bles.



If thes sxpsrimsntal date conform te Gumbel thaory, the statisticsl
distribution of stresses may be expresssed ss & straight line on specislly pre

pared probabiiity chszts.

2.2.2. USE OF RESPONSE AMPLITUDE OPERATORS
The method has two main steps:
&} SHORT TERM BENDING MOMENT RESPDNSE

The bending moment raesponse spectrum and the wave fregusncy spsctrum
{both for encounter frsguency]} sre relsted by & linssr bending moment respon-
se amplitude operator (RAD, receptence or trensfer funstionl:

5.0 g )i

; e
b 9 ihamg €wg;l S¢ {w }

&
The standsrd ssa specirum can be the Plgrson Moskowlitz, which is re~

ferred in sisp bl.

The bending momsnt receptence [(RAO] can be found sither by experiments
in & selected sea state or by theoreticsl celculstions. 1t depsnds on wave
langth {henoe wave Pfreguency wg ® gﬁfgi and wave dirsetion relastive to ship
{8). Nowadaye model experiments sre used sessncielly to check theorstical

rasults,

Usually the caloulstions sre bssed on a "strip method” of analysing
the forees acting on individual trensverss sections of a ship in a regular
heed ses and determining the resuylting motions {(the method iz being extended
to obligue ssasl. After the motions heve besaen svaluatsd, the distribution of
both the static and dynemic forces along the length of the ship (load curve)
can be caloulsted, A doubls integrstion of the ined curve determinss the

shear Yoross and bending moments,.
51 LONG TERM DISTRIBUTION

Long term prediction of bending momant can be made using root mean
sguare values of bending moment obtained for range of ses states end applylng
methods similar to thoss dsscribsed in reference {1). It requires the use of
axtonaive wind and weve dets gathered in lest 15 ysers in various ocosens, in

forn of wave shergy spectra.
The wall known Plerson - Moskowltz apsctrum wes obtsined semi-empird
cally by ths anéiyﬁig of extsnsive wave date relating to fully developed ses

conditions in the North Atlantic, Tha gpectrum is:
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wWhers

¥

wave Fraguency

= accelaration dus to gravity
U o= wind speed 20 m above ses surface

S, {w} = wave snargy for wave haight £, freguercy w

S

Tt ssams that corpelstion betwesn strip theory, wodel teats and the
fow short-tars Sull-scsle tests appears te bs ressonable {ref. (2}). Howsver
for fine forms and exirees wave conditions that correlstion is sot so good.
The assumption of linesr response with weve helght cen he the msin resnson io
axplain the dissgressent.

3, ASYIVETRIC AMD TRANSVERSE LOADS

As refevred before, the most iscortent and freguent effscis on ships
due Lo weve Josds ars longitudinel verticel hending momehis.

Muasuresents of sirains dus to ssymmetric end transverss losds &re
sestionshle due to intersction betwesn differsni pirds of Iveds, preacticsl
difficulities and loosl effents.

Tt was found, by npessuresents, that torsionsl wmosents sre ebout 174G
and 4770 of the mexives vertisel longitudinel moment. For poewentional ships
rorsional strength iz no problsm but torsional defisctions coan bs of intersst

to wershin design. Both torsionsl sirengih and sirssses can be significant

for opsn decks ang muitihull ships. Thavrs sre no definitive snswers for this
problem. sincs rssults frow espirical foreulss, strip Theory {aix degres st
Sroadosl, model teste and full scale tests heve por correlstion. St 1T
sasws that isorovemsnts cen be mede with the use of atrip theory end model

tosts.

Alse latersl soemsnts have been svslustsd using strip theory but this

sppiication is guestionebls.

in ohiigue seas, both vertical and latsral bending mexsents ocoour, but

not in phase. Haximes vertical bending momsnt ocours in head seas whan lsts-
ral bending soments zpe megligible.
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Empirical criteris are used for design, for instance congidering late
rel besnding moment as a fraction of varticsl bending memant {such &s 275},

4, SHIP HULL RESPONSE

Sinpa the input loed dus to sea waves ia pandom, the ship rasponss
{output) iz also random. In the previous pari, we havs basn consernad, in a
probabiliatic manner, with the longitudinel wave load on & ship. But a ship
itsslf is not an "ideal structurs®. It is & resl onhe with strength varie-
tions dus to menufecturing imperfections, differsnces in material properties,
time variations of those properties {dus for instance to sorrosion, verie=’
tions of scantlings and so on.  The strangth can be sonsiderad & random veris
ble,

Also the deaign of a ship 1s not & *perfect” ona., 1t conteins ea-
sumptions and grrors. As few factors can be predicted acourately thers avs
unoertaintise associated with the design peramatars.

From the sbove it ssems more ratlonsl to combing stetisticelly load
and strength distributions te astimste "risks of feilure”. This philosophy
is applied in seroneuticel and pivil snginssring (meinly with gonorate structy
ren) end recsntly has been suggested for ahdip structural design (howsver it iz
common to treat the symmetric weve loede in & nrohebilistic wayl, This will
bring advantages over the traditional spprogch becouss 3¢ provides a mers ra-
tional and controlled basis for the unterstond and sontrol of safety.

The conventional fector of safety, which dous not axplicit any risk
of failure, is now replased by "riske of saiiure” which combings the diffsrent
modes of failurs., Feilure 1ls weightsd by the probsbility of its oourTence.

The above is the basis of the spprosch expounded in raferences (3
and (4]}, '

Retional approsch for longltudinal strength nesda the usa of long-term
prediction of bending moment distribution over ship's lifs to snaurs:

1} agceptehly low risk of fallure {which needs to be discussed) dua
Lo

- pverall hull girder collapse under extreme longitudinal bending.
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- pyerall failure of hull girder by fracturs dus to fetigue deamegs
or brittle fracturs from cumulative distribution of bending
inads during ship’se lifs.

2] scosptably low rats of minor feilure crasking dus to ingal cumulative fati-

gus damegs,

Sinee the use of the *risk of failure” as s meesursment of eiructurel
safety implies to overcoms & lot of difficuliies, we sreive to tha problem of
the practicality of the approach suggested.

With the present lack of knowlsdge in some sreass, ons stlution cen be
the use of a semi-rational spprosch {ststistical-determiniatic] which admits
some degres of ignorance through the usa of a ”judgement factor” besed on paat
designs [1f possibls) and 1t should be ussd comparstively.

Alas some assumptions can be mads. For instsnce one can consider
the strangth resistance as a rendom varisbls normally distributed and invari-
ant with time.

The consideration of real fradquency distributionz of sach variste re-
guires adequets histogrems of the vardates (which may be not asvalilablel end re
guires more complicats computer caloulations.

The application to & typical frigate and ts & large tanker, rafarred
in referencs {43, shows that the stetlstical epproech is workabls.  However
many sasumptions were meds and the interpretation of resuite is not sssy. Ra
sults should bes used somparatively and more applicetions érs grpectad with in~
Lersst.

Furthaer knowlsdge of some aspsots is regulred. Let's suggest some
areas whers this necessity is more rslsvant to provide informstion for design
BUTposEs ¢

- Improvemsnts on load defenitions and data four saa spasire,

Accurats sstimstes of paremsters v E and A to define the extrame va

luss of bending moment, since results sre very sensitivs to thess
parameters.
{Crarscteristic values cen be used in first instancel.

- Tniprmation, deta and statisticel defenition of atrength varisbiii-

ty due to uncertainties in meterdsl properties and faprication.



- Dmsper studiss on time-dependent factors mainly sorrosicn.

- Machaniam of failure and correspondsnt sxparimental data.
Effscts of looal micro-strssses concentrations on failure and fetl-
gus,

- Improvemsnts to strip theory.

Alas the uss of bettar strain gsugss, testing tschnigues (including
full seale destrustion tasts), faster and bigger compulers is reguired.

Further investigstions and ressarch heve to bs done hefors to explors
the uss of stetistical approach sould be adopisd for dueign purposes. For
instance:

- on the use of total bending moment {weva bending moment ¢ Btill wa-
ter bending momgnt). The megnitude of the still watey bending mo-
ment i3 also & varisble since it depende on cargo distribution, ete.

- on the combinstion of vertical and latsral wending moment with for-
sion, siamming end vibratory strssaga.

- pn the dissussion of scceptabls rishks of fallurs and sosial sccepta
tility of those rlsks.

- gn the finits slement techniques.
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