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SOME ASPE-CTS OF SEAWORTHINESS TESTS

by C. H. Ba.ncock, Dn'ector, Hydrauhc Laboratory, Newport News
Shipbuilding’ and Dry Dock Company |

'F—br rmany yéars.-the ship _rnod‘,el' towing tanks of the Qorld héve

' -;t>een -prima_r.ily interested’ in(t_he. still water resistance of ship
forfn_s, and testing techniques have been perfected which will
permi_t-' quite accurate ?valuaﬁbns of this qqahtity; A large mass.
of .data has beeﬁ obtainéd and'.is now being .colléct’ed and sorted out
_so that we will be able to pred.ict from former tests what the
effect on resxstance w111 be when any one cf a nﬁmber of changes
are made in the hull form.
In regard 't(;_ rough water tests ’of ship. model, ho’wéve’r. a thorough
éxpléraﬁon of hﬁll forms has n‘o}c yet .bec'en made; The hull form
above the'. water line becomes doﬁbiy‘.importanf in roﬁgh \;va.ité.r
tests a.nd very few tests have taken this matter into considerauon.
At this point it might be of value to suggest that the whole tech-
,niqu'e' .of tdwing ship 'models in rough water or waves; es.pecia’lly wi1en
'th.e linear 1;atio between éhip and mo'dél is large, be carefully scru=-
tinized for misleading effe\é:ts ‘whicl‘u would jrield ridiculous resﬁitS¢«
In still water towing-'. we have deveioi)ed the proper. resp"ec.t for such
powerful effects as transxtmnal and laminar flow on our ‘model hulls;

It is quvte probable that sunilar misleading effects will arise in

rough water tow-ing of sma_ll models as the achwtxes in this field

ted to prototype siie,_ we may hope to avoid the criticism which, at

- increase, With due regard to what our answers mean when transla=




'the present tlme. is aimed at shallow water and certain other
types of model tests, A=m an example of this, we might gquote Mr.
E. ledmg s discussion of a paper presented in 1934 to the Inst1-
tution of Naval Architects; In commenhng on the failure of tank
pr'edi’ctioﬁs of shallow water resistance, he said, “ I have”'corne to
vthe ‘conclusion that the 'experirn'ental. publi:shed data so_.far as they
are accessil.)le in this country for all shallow-water work at speeds
‘of about 70 per cent of the cri-tit:al speed.‘(iae.,-.;, of the wave trans-gl
: lation) are 'fratxt:iy_not worth the_ paper they are ,writteﬁ ong"

~In tlre last few years an increase in the' proportion of rough AWater
tests has been noted as more tanks become equipped with wave-
making dev1ces. Since ~the Newport News tank has been making_
rough water tests since 1933, it was thought that an account of
some of these tests would .show the wvariety of work ’eneountered
~and the type of ‘experimental reSult obtained, |

The gravity type of towing mechatxisrrx which is used in the Newportl
Netvs tank lends itself very well to ship model towing in waves.-."
This equipment and the wavemaker have been described in. papers
.prese‘nted to the Socxety of Naval Architects, The gravity system._

allows -a constant thrust to be applied to the model by placmg a

- definite wexght on the wexght pans, To increase the thrust to a

larger or smaller constant amount, a greater weight or a lesser

weight is used.
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One feature of runs in which pronounced pﬁching occurs, is rela- /
tively ilohg fluctuations in speéd', caused by cycles of heavy and
mode»rate- pitching, Since the accon&panying graphs ar-é‘ plotted with

a single line to show speed versus wa;velength-, it is important to
mention that the points. through which the curves are drawn are the
average va.luevs of speeds encoﬁnter_'e'd"durihg one runm. P_resumébl-y
similar fluctﬁaﬁans of speed wpui‘d be experienced bjr the ship, |
and these resﬁ;lts are pljobébly more comparable to ship resulis
than. would be obta"_ined by towing ‘the model from a carriage a't'ran
unchanging speed. Iﬁ this t'natte.r,‘ hoﬁveve‘r-,.it is probable that-a
short, gravity type of dynamometér could be arranged to run the
length of a carriage and used in conjunction‘wi'th »it, t_hu.lc,.a.llowiné ‘-

the. operators of large towing tanks to have the advantages of both

systems simultaneously. - o Lo \
The niethods of obtaining i:itéhi’ng angle, vérﬁcal accelerations

and other éxpeﬁme‘ntal quantities are described in gr‘ea}f_detail in
the papeérs ménti"on'ed above, therefore, this a'clc.ount will be restrict-
ed to a description .of the experimental r‘e.sults.,ﬂ |

A whole set of desirable seaworthiness characteristics ’fo.r xﬁerciant
ships »;:a.n be drawn up quite éasi_ly by any naval architect and our -
naval ship designers, dﬁe to recent developments in scientific warfare-
are. aliso prepared to draw up in détai'l,, an entirely different criterion
of seaworthiﬁéss which Will{ suit their special needs. In our ‘exper-

iexic_e;; the quantity which is usually requested in our tésts is “loss of




speed _in; head seas;® 'A little réﬂe_ctidn on the economics of mer-
chanf ship operation will ma.ke it evident why th1$ quantity is so |
important, The next most importént result desired is the rolling
behavior. Pitching a‘ngl“e‘,l,v vertical acceleration and heave 'follcp'w

in about that order, »

An inspection of the accdmpanyi'ng graphs will .sho'w that a sh;';p
‘enci‘:llm'teri'ngl head séas will encoﬁnter a-mod‘erate redu'cﬁonl (ap-
proximately 10 per cént) in speed at wavellen'.gths of about 75 per
cent of the le',pgtﬁ of the ships Thi.s condition rapidly changes until .
‘at wiaveleng'ths éq_ﬁal to the length of the ship, and at a thrust

: eqj‘uivﬂen’t to design speed in still water; thé maximum reduction of
speed is obtained and émuun‘ts to approximately 50- or 60 per cent,
“Recovery of s'pe’e‘d' as the wavelength increases beyond the léngth
of the smp is more gradual and itis usually noted that in waves
of twice 'thé.length- q'f the shil-a' there is still a épee‘d reduction of
from 15 to 20 per cent. Since these ‘wavéleng'ths are of the order’
of 1000 to 2000 feet, the éha.nces, of their occﬁrr"énce ﬁould be re-
mote and so no particular study has been made of thems,

"The effect of reducing the spéed of the ship in head ’seas and pro-
-cgedi_ng Iunde‘r less than full pdwer, is one of the usu&l precautions
against da.m,tj,ge to th.e* ship and its cargo, and is shown in the ac--l
companying graph on the ‘effec:tv of flafeq- Four ciliffe're;ﬁt speed length:

ratios are chosen and speed reduction versus wavelength is shown,
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The results indicated on the graph show that in wa’ves up to half
t.he length 'of the ship, an unusual amount of flare very definitély
slows up the shi'p.‘ The least flare causes the least speed reduc- .
tion, From this point on, through the regnon of violent pitching, no
decided superiority can be noted for any of the three amounts of
flare, Ome result of this test which is of interest is the recovery
of speed shown-i‘n the lo‘wer right hand corner of the g'raph., The
ship which was proceeding slowly at a sﬁll water speed of 13.8
knots begins to recover Speed sooner than when it was developing

E greater thrusts.

‘ This short study of ﬂare, incxdentally, poxnts up the fact t hat ex-
periments with ship models in waves usua]lly result in alterations

to th’e; bow form.'v The experimenters-,, on the basis of vx_sual obser-

"v‘ations', usually decide that bulbous hows, forefo'bt sections, flare

- at the -;b'o"w a.‘nd other considerations involving the forward porti'on' of
'_t,he huli form are the lo‘g'ic'a.li' first steps in a Seaworthiness investi-
gation,: The writer agrees w’iy'th,_thi,s view?"but would like to stress
the point that, in his opinion, bow form is on_Iy half the problem‘,
Flat counter or “;motor boat™ s-terns"-,, Vee stehrns,,after"sections of
great displacement and other features involving the hull form aft of .
'amidships will inevitably contribute to the action in waves of the bowy
Suitable comparahve types of tesﬁng, however, can isolate t.hese ef-
fects so that each rnal.y be studied separately with fair success. An

example of this is the study of a Maierform bow in the Newport News

tank; In thxs work two models were towed under 1dentica1 wave con-




A . \
: dj;ti‘on's; * One Arnodel- had .a. Mlaijerform bow and stern sections
‘si'znila'r-to' the norrhal motieh On the basis of ’v'isuol- oI;ServationS"
-and notes, pitch1ng angle records obtauned by the- photographm
B hght-trace method, slow=motion moving pi: ctures and speed records
of each runm, it was conc_luded that |
| 1. The normal ntod‘el showed less speed reduction than
the Maierform up to t-he point where thes'e models en-
eountered waves of one "mode_l‘ length;
2. In waves of theu' own length both models have about the

:,ii:!\;
- I’ same speed reduction but the normal lines show somewhat

" higher pitching angle (30 per cent).
3 In"longe.r Waves, the Maierform model is superior because ‘
in spite of higher pitching angles it is pitching with the
ongcomi_né waves with better 'spee'd. and drier decks than
the original model, |
A further graph sheet, accompany'ing.‘ this report,v tllustrates the va-
riation in pite-hing angle, verﬁeol acceleration at the bow and speed
'redueﬁon for one model at ve.rious wave lenglths;. It will be noted
that all these quantities reach ‘ama.xnnum at‘.‘ a wavelength of about -
700 feet. This figure is somewhat longer the.n the 1engthr of the
sh:tp, . | o
Another type of. rough water test 1s that which concerns rollings A
recent problem at the Newport News ta.nk was to investigate the roll.

dampmg produced by free wa.ter in one hold of ‘an LST which was

being converted to a vehicle ferry. Part of the pro‘blem was to find




the minimum di_niensions; for the holes which were to be cut in the.
longitudinal bulkheads and through which the water would be allowed
to flow as tl;e sh_ip. rolled;, The graph 's:heet shows that two 'feet-Of‘
water in this holdv reduces the ro‘lling ar.ngfle,,‘aAs é;mpa;e'd to a dry -
hold, By 22 per cent. The proﬁmity of the four ®wet™ curves to
each is somewhat surprising .sinrcérit' 'in,d_igc-atés that the size of
openings in ﬁe lon_git\:.&dinayl bulkheads had Qéfy little 'effeét_ on tﬁe
rolling chafacter‘i;'tics.: The accompanying photo‘gi-aph shows the LST
.7mo<‘iel rolling in a beam .sear." . | |

A somewhat unusual test, which u;ay be classed with the seaworthi-
ness tests, is that pér‘i‘orr'ned on a ship’s swimming pool." T.hé liher
*S.S. Ameri ca” had 'exp‘erience;is::nmnerous storms and it}lwa"sv noted’
ﬂmat a large sur'ging acton was presvent in the sv‘r:imming pool when J
the ship .wars .pi‘tchirlx_g ﬁlode»rafély.v" ".During eﬁ:tén‘g,ive repairs to t he
ship in Newport News it was reiq’uestéd tha.{‘c; we :‘dev'ise s.\J;i;cable wave
traps or gutters to damp this 'sﬁrge. /Ma.ny de\i;lc;es- were trie-;i in a
rﬁ_odel ,113001., which wa§ caused to -pitc_h in a n:-14'anner similar to the

' prototype ,én the ship, but none were o:e.'ffecﬁve.” ' During these tests
it was notea that length, depfh and pitchi‘x'x_g period chu-ldi be combined
to produce ‘v‘-\iolent resonance .éffects.',- Furthér invesﬁgaﬁon proved
tha.t‘ the natural period of the pool appr‘oachéd that of the .ship's pitch-
vi\n»gr period. By shortening the pool from 33 to 30 feet, enough differ-
‘ence in sur%ge 'amplitude was p;‘oducé& _,th) keep the water in irhe..'pool‘.'
An experiment was made to sa:tis-f_y, scientific curiosity by oséillaﬁng-

the model pp_ol-at the resomnant point, Violent effects were obtained
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‘as shown in the accompanying photographs, 'Tﬁé‘ other two pho-
'tbgr'aph's of the model pool show a *before” condition in which |
the v.r.at'e'-r 'sp’ills over one end of the 33-f~b'ot tank and an “after”
‘condition in which this does not occur in a 30-foot tank,

Two additional photographs of an ﬁml@e 'carr;”er in a heavy
sea show. the forward se'ctl6n of the flig]ht éeck emerging and
irr_nné:rsi’ng- in the ‘seaﬂ." This test was performed for tﬂe purpose
.o_f ;tudying the Qat’er loads on the forward corners of the flight
deck. As a result of this work which included énaiysis of an
ex’_censiv'e series 6f slow motion{‘_moviing-'pictures; and o;cherl test-
ing t;chniqiiés:, alter-_étions were made to allow a‘.' bv:etfer solution
to the structurél problem involved,

In conclusion, fhe' writer would ‘vliktle to maké some recommenda-
tions and a proposal concerning future work on seaworthiness.
It.is felt that isolated and unrelated tésts 'by vari‘ou}s‘ tq‘wing tanks

of specific hull forms of proposed ships will not yield g_ene'rél

design information. To obtain the g“réga.testlbeneﬁts,» a systematic .
schedule shouid‘ be set up for comprehe11!§:i§éj .,roug’h-'wa.ter festing.'.,‘—
A necessary preliminary step would be ﬁ) A-.tow a single ship 'mod'elv
in a lggge variety of test conditions for the purpose of discovering
the probable va"riabfles which ﬁﬁght enter into a quantitative -evalu-
ati‘dn of tl_le seéworthiness criterion. After this is accomplished,
several systematic series of models could be towed to obtain the\

‘ 'quanﬁ.t,atlire data for each variable. As a start in this fundamental

- research, the following series could be set up:



' 1, FLARE SERIES
Determme the effect of the amount of flare and type
of fla.re at the bow of a ship on sPeed reduction.
- amount of water on deck p1tch1ng angle and vert1ca1
4 a'ccele‘ratlons,v Defge}'mine impact forces on shell
plating of bow sections, |
2. _RAbm's OF G&RATION SERIES _
Determine the effect of varying the long:.tudmal radius L
of gyration, over wide lim1ts, on several forms of
vesee:ls whose .beam/dr—aft ratio angl prismatic coeffi-
cients are also‘ varied over ‘wide' Hrfxit’s'..‘ wa in head
seas to obta:m measurements as .in (1) above.
3, AFTERBODY SERIES
Im_resﬁg’ate the effect Qf varying th’e;'- afterbody form
'ef- i:ulle' on seaﬁ'o;thineés. |
4, FR{:EII;BOARD SERIES
very the fl;e'e'eoerd of a me‘del th»f-pugh a wide ,ran_.ge of
- veljtical and hor‘izo,ntal glteraﬁens to dete_rmine its
seaWorﬂlineés as in (1) -aboves
5. STEM SHAPE SERIES
| Vary i'nf a -methodical ménnef, the profile and bow ‘
'-seéti.o,n's‘of a 'se‘rie'_s,'o_f ‘sEip models and tow in a var._ie'ey‘
N - - ef rough water cqrfditioh_é to discover what effect'ﬂfe's:e .
| c,hgnges will jha‘ve on seav’vorthiness;,_,Variaﬁons ef modevl
' for?‘m" to-iixelqde. suc'h-'i--t_ems es" Vee sections, raked and

knuckle stem profiles,, Maie-rform -b'qws' and _lé,ﬁlbous bows:
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6. REGULAR WAVE SERIES
.- Invesﬁgate the acﬂbn_», ‘on a variety of ship model
forms, whic_h resul_ts'fr'e‘m a variation of the len'g'th'/

heig‘ht"ratio of regﬁIaYr-Wa.\.reS-a. In addition to obtaining -
data on speed reduchon, pxtchnng angle, vertical ac=
celeration and amount of water on deck, make measure-
ments of speedv variations in a smgle cycle of -pltchiln‘g
| "'for‘ the purpose of '_e'fraluathi_g the .forc‘e"'vect_ors which
"are produced, i
7. IRREGULAR WAVE SERIES |
Deter,zhine exper{mentally the practicality of generating
and cahbrahng a confused sea in the tnodel tank in
which to tow ship models and which is more nearly a
- simulation of actual sea conditions.- Tow ship models
end co‘llect' sufficient data on pertinent variables to
allow an analysis to be made which will prove or dis-
prove —'.che.‘-value of this idea,
’ 8. EQUIPMENT AND T_ECHNIQUE SERIES
| - Pre‘pai‘e‘a series of reports which describe in de_taQil the
i-o‘ugh-we.-ter equipment and methods used by laboratories
both here and abroe.dv.' These reports to include such
'- jtems as wave prof-ilel‘mea:sureme‘nts:,- wavemaker mach-
iﬁe-fy,. instruments for measur-i'n-g height and le'hg‘th of
_ ‘model baein waves, tbﬁvi’ng athachments allowing free

pitching or free rolling, accelerometer design, cali'br'a'tie'ﬂ
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and use, photograph.ic methods used in seaworthiness
’ tests.. | |
% EXTENDED SERIES

.'Review the work accomphshed in Series 1 through 7

above, which is pnmanly concerned with the action

of a ship in head seas, and extend the work in each

series as it appears practical by repeating the work

in quartering seﬁs a.nd beam seas; -
This outline of rough 'wate',r towing is iﬁtepde‘d to provoke discussion
on possible omissions and ’qire’;‘sigh_tsl. It may also cause comment"
on the trer_neriddus‘ amount of work 'i_nvolve'd,‘ too, This brings us to
the proposal, 'men-ti"_cﬁe'd above, | |
It 1s pr’o‘fosed that a permanent Seaworthiness Cemmittee be app'oi’nf-
‘ed by the Aﬁerieen. Towing Tank Conference for ‘the purpose of con- ‘
sidering the work outlined above, the 'feas-i'bili'ty'of undertaking it or
some va‘r’iéﬂ‘on of it Va’nd the s;upervisioﬁ of the s\-ubse.quent aeﬁvify
in this field if such should result, |
The Committee appoieted. to ljepo‘r’c a‘nﬁua_lly to the American Towing
Tank Conference on the p'_1'-6g1-es~s of the seaworthiness work undef its
" ‘supervisjon.
- The purpose of proi:‘os-.ing such a commi'ttee' is to insure the,:’. cooper-
~ ation of all North American towing tanks in thxs programs. .:The ' |
- work which has been done on the subject of seaworthmess to date

. is meager and uncorrelated, ‘By an Organi‘z'ed effqrt of all»toWing
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tank establishments at this time much’ ;fe‘pe'tition. in the future can
be eI.irfﬁna_ted.;» The protﬁpt e;?chapge of infbrmation, w_hijcii'SuCh a o
.cgofnini»f;te‘e ﬁ?ohld make possible}» would be a dris'tin‘c’_c' advantage -to.
all towing tanks, Towing tan,k_ope'r"";tofs ‘'who do not have 'v-va,vje- ;
‘making ‘eq\‘;ipmev'rit at fhe p,res-ént time would be 'enc-’ou'r_ag'_’ed tc-i in-
stall such e‘quipmé’nt_ 1f the chmi&ée proved in their reports ;c'c)‘ '

the ;C_:_onference_ ‘th&t such acﬁyity WOul_(i yieid results ‘ofva,lue.;‘_ h

| The whole field of roughawater_ ﬁdwihg of ship m’_ddél‘s has only re-"
'cenﬂy Bee_xi ‘entered and a trérheh(ious amount. o‘f Wo,ri; ré:g}ajins ito;
be done i-1.1., it, It is logical to map out this work n_;iw 'rlathe,r-fhan .

' tW'en_ty‘. or thirty years hence :When much of this work inll_‘_ha;vze be'e'l';;

accomplished. : o
. . jr . \
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