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A foreship arrangenent for a vessel of the depl acenent
type The present invention relates to a new design of

woOhesfoososshi p of a vessel of the displacenent PEP&02006/000073

‘More specifically, the invention relates to an
arrangenent as disclosed in the preanble of

i ndependent claim1. Ever since the start of oil
activities in the North Sea, LIl vessels engaged in
mari ne

thei 1 urb e oleineBE Al £ Naba0l the Agblathinell e

| ocated i mmedi ately behl nd the forecastle deck and

T@égﬁéb@hﬂﬁvédtﬁ)ﬁtrelﬁfés tPa hé\ﬁ d@ﬁkﬁ bﬁh@ @0@5&1{5 Readessél dfahge
ding d or Wor ocated aft of

e
QSR Bt 55 0T Posiaiin S RUTRIOn FHHGE TSR SREESEIRE 755
discl®gd aythefpréantbld off iallegehaédt otaimsuppl y vessel s whi ch

were used on the British continental shelf in the

1950s and is still the dom nant solution today. Wen
Fviee sipcw the stirsofanileactivities in thp &Voathi Sva, df vessels angdaged i warine
o&)@ﬁtﬂﬁ?ﬁﬁgrbe&p @lﬁgﬁ&&} ed BP ?MV% Itﬁelf‘@ﬁé@ﬂ(hﬁée Eﬁ%//v ﬁl&%ﬁﬁ‘u&um with

ow turn upw n waves

eqaipmsaklocated dprmgdigiaky b«? ing thifepiecasile dach adeexignding msﬂg up to the
RESsidE bR, A 1aﬁge%hdh R o Ravlrkia H@&@l‘i’as%&h JoRhted aft of the

solution in .b and a rake ere t
sBipeiritireisad atber iR d Bis BERGEOFH 1t APHRGY P! G PR
shpplywetsels wisitke wetd used ot thel Byitihiventihentaieshel f ﬂyﬁbdﬂﬁ@maild is still
ne negative effects of the
?g@é%ﬂ S%luu%ﬁé(?) ventional bow forns are that they
reflect incom ng waves to too great a degree (wave

Wﬁéﬂ'ﬁfeh@%sgély & n%f‘fhr &ﬁéra{ti%ﬁﬁ ard PEYn@6E tHeRthef (backlng) they
bjected to waves a@ie;l nst the ship

‘% lqormaliphavedhel oF Q?@ Ugng‘ig@{/mé@gfi 14p e WAYESang they ar e

subj ected to the occurrence of green water on the deck

. ab];ﬁ)r oﬂe&&%];hqts trl}e P UE% %r % CotrléI ?eilgh Vs%lﬁ%ﬁé{nh Iélé %&%ede&]:gn Q&pa%r line
andabeve thef rakedbow, @ so{lumnngclu«hhg l‘cléﬂl)b andoy rakedkow @hgre the
i EX Be de?fﬁ@? Qg‘gﬁulg@ﬁ{ e hah, @%n?ﬁ‘l:y ﬁfé%attm e, to improve the

retardation force becones ve ese ef ects
WaHieSysEmANdiTeHstaeer easi ng wave hei ght and i ncreasing

speed of the vessel into the wave direction.

Typical negative effects of the aforementioned conventional bow forms are that they
reflect incoming waves to too great a degree (wave formation gives energy loss), they
are heavily subjected to the slamming of waves against the ship side, they generate a
great deal of spray and they are subjected to the occurrence of green water on the deck
in front of the superstructure.

When this type of bow shape meets incoming waves, the submerged volume (later
referred to as "facing volume") increases very quickly, buoyancy increases as quickly
and the retardation force becomes very large. These effects intensify with increasing
wave height and increasing speed of the vessel into the wave direction.

Vessels with their superstructure and wheelhouse located on the weather deck
immediately aft of the collision bulkhead and having a hull shape as described above are
highly vulnerable to heavy weather damage.
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Vessels with their superstructure and wheel house

| ocated on the weat her deck imedi ately aft of the
woabdeiwéosn bul khead and having a hull shape asPCT/N0O2006/000073

descri bed above are highly vul nerable to heavy weat her

damage. The maxi mum speed at sea for these vessels is

determned primarily by the vvater line length, entry

angl es of the foreship and the proportion of outwardly

sI op| n%%megg % %eg ﬁ&i thgsetv reg% %ﬁﬁmgq_yﬂl i }%n)%&le water line

leﬁgﬁ;aéhtnymngws rof et fereship mﬂ thet prmgom@n kf gutsvard_iﬁ glqpmyframe lines

1% JF QW ar 'aﬁrJéJ %aﬁ&ﬁ’i@ t]‘%}lgt ?ﬁe@%orﬁ@ﬁ@ﬂroﬁéﬂé%@? U’Tyﬁcﬁl‘inéumum

Sea 0SS | sea |
speed Boealmeraiéris ebout Ha- @d@w@y and;ey il npRnAllase fdeps of speed of

a‘%ﬁi’ﬁ% 5 ¥hb& b heRIWeh STHespE&t laﬁﬁﬁthe@@ sthfls hﬂ&eM&Sﬁﬁrﬂ of the energy
dur | Qag?(ﬂea vva%; sgﬁrt i C fﬂlfs and
logs,dyefg \efale=t hlﬁb e %mch t\?ﬂé’ s ? e| r
quarters f orward, wll experi ence | ar ge accel erations
d, r et t i.ons

Bf)ﬁlé}urnng aeyl' ﬁ%@%‘ﬁg éég%ﬁ é\ﬁer S& &?ng@%% ST
wha havd tﬂlylrtquaMB EorwRet Wil dxpasisnenlgras aeeelarasions 4154 r@@;c;auons
Sus Jﬁbp&lscrgqlgdetth@ i!t}pSf {B8iF st 1dds5ahd Ahvestadient %fféétd)n their

I'njuries el m nat forenenti on
chpebA R Er o R aHEEHEIE (s and GRBR Ko ogagions hctease the

A€ 60 didRAtstand idjBrigy. €Sent invention, an arrangenent as
di scl osed in the characterising clause of claiml.

Advant ageous enbodi nents of the invention are set
Tf)@édd@e onelitmatiethe aﬂmanemioaedrdraw‘bhd(sohfshfgprm‘fam there is provided,

acgc%g DI Pe,d %?e%%ﬁi[l Fgenttlgn zﬂie t p Eﬁt%@ dis%lds&l N ehdrterising

acens range of up to about
Clznsel«rfd&mahd with the forward buI khead of t he

superstructure preferably arranged forward of

am dshi ps. new bow shape is i.nte d to
AJanRISER0R AmpOSIBRPY ok o8 AT SR dOhin e AFeRa s

operatlons such as construction vessels, pipelaying
T&g aésggli of 1@? sﬁ)rﬁ én ﬁ?%ogﬁl é {ovt%g irﬁjeﬁ 1oﬁﬁciﬁfé'hdémg ldispﬂtcergent hulls
itt tharspecelrrarge/ofayprimeboutA knatsowd withethe é@it“raéd bﬂﬂ?beé\d@)theof

a!h%H?e alr®&hiyd! 8R%Esh

S@ébg%tﬁl%ﬁﬁ @h}ref%gﬁg ase |dnfg d%ff hehlbﬁgt :T ct)l Fnlﬁj6 g fla hage; °
prismarily intended srbegd dvepses F‘H’f aretengagsdig glagpegpgqaggw such as
cBhduBtibPMsusls, Jip@iRing vessels, platform supply vessels, anchor handling

vessels, diving ships, etc.

The foreship is designed transversely symmetrical about the centre line (CL) of the
vessel. The frame lines of the hull increase in width from the base line (BL). The
bottom is flat or has a deadrise and merges into the bilge at a given bilge radius. From
the bilge up to a given height, the frame lines are slightly outwardly sloping. At the
level of the forecastle deck, the outwardly sloping line form is terminated and is run on
upwards as a curved line form back towards the centre line.

According to the invention, a new form of foreship has been developed which reduces
or eliminates the negative effects that the commonly known bow shapes have. The
foreship is designed to have slender water lines so that the submersion of the facing
yolume takes place over a considerable period of time, which means that the vessel cuts
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the bilge up to a given height, the frame lines are

slightly outwardly sloping. At the |evel of the
woanwmaetsh e deck, the outwardly sloping |ine feCmNOR006/000073

termnated and is run on upwards as a curved line form

back towards the centre line. According to the

i nvention, a new form of forgshi p has been devel oped

whi ch reduces or elimnates t"he negative effects that

.t he common I e T

ST GREE 4 DB CBE N SRRy RPifind Y0E1d RERRE, nlS e
bwjumey Sironisalistribused aedriigns/aidthe ratardationsfozees apapstantially
r&ReSd, P8 %lﬁtl&?fédﬁ@les%ﬂéduﬁﬁ of Wa{/@sh 1t”éﬁﬁf3§at&§‘lﬁ§ stafifning of waves

vessel “cutsinto wave an
apynstites vasslg S@G% a@fbetF?éﬂ éh%@eeérli{?% n lﬁﬁﬁlé Ssﬁwsﬁwa Bés phopt one
kh6t 43 o‘éhfphfédtvﬁth @M @fantlard®odNfha eheaﬂcﬁlha s@at limrhdsarprefile which is

ar.e subst ant uced. ThIS uti

Pufratp oo st TR ionyit o B, bR e gmottons wit

beastkeedidad tosmprdved vigsstaition cﬁumtwabmﬂulm ancéb morg ﬁend;p ey lines
ead sea i s reduced by about one knot as

0%%%%2#%QQMAth t he standard bow shapes, and the stem

line has a profile which is designed to prevent the

Tf@;fl%ﬁ i ﬂﬁ"@lx glél'ib Agh/E:@6hd3H 9P t!he Wiaktih dedld ey Sveather deck,
oL ons i

e reduced due to ipproved.di.st

e S choeprm b A BB B gray
bﬁ)@fdets igventldaa spray fronnreabtieing Kaspdok. This maairfs)thzﬁrad&dclug:d

t he .weat h
o R EOEROIR BB bt R velEl B8k, F5p b uf iR fo recp
uprtolﬂteeW«faﬂnamd@@kthpcwOﬁdm'ldf&esivpﬁw@ﬁ/ent sea spray from
reaching this deck. This neans that an encl osed vol une
is fornmed that extends_up to the weather deck. . Waves

Theaeprigsiga of diedarasBipcyidapslipndbe follewirgposirvesertsi n

°]t¢ hﬁoﬁéis&caﬁrahbﬁs :luﬂil’ @asdatms/ Qﬁucthi@e ﬂ@ﬂeﬂ@@r@& spéed dieea,
o[.es esult in

ef F‘QE‘?% reg‘\qfﬂ}ﬁeqo"% E%QUérFE]FPtoaﬁ’g Cgﬂf‘}n?lr%}%’élroﬁk‘l ons whi ch
ogi naethiaibelin theenayat siedabe elimietion vhgeetbyatee du dﬁqu

power requirenment and consunption of fuel. A
reduction in the anount of or the elimnnation of green
Medad testsrragiéaskout by dMarintekd BENHER i Eapruniy 2045 verity the positive
HREAs Ul SShNIGSTen oF Rl 2005 verify The positive
effects of the new design of the foreship. Apart from
t he advantages nenti oned above, the new foreship

Aleft Gom\thd ddviapapéd méitioned above, the new foreship design will result in:

e A lower probability of heavy weather damage to the foreship because the reflection

of waves is reduced.

e The elimination of the possibility of heavy weather damage to the front bulkhead in
the superstructure.

e Improved working environment on board with regard to

o accelerations and retardations, thereby improving safety during navigation
and providing higher operability, especially in head sea.

o reduction of noise and vibrations because of gentle motions and reduced
slamming of the waves against the hull, thereby increasing comfort and
improving safety with a view to efficient utilisation of the crew's resting and
working time.

e Protection of mooring equipment that is usually located on the forecastle deck.
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A lower probability of heavy weat her damage to the

foreshi p because the reflection of waves is reduced.
wOheoemoéasb nat i on of the possibility of heavy wearh@r006/000073

damage to the front bul khead in the superstructure.

| mproved wor ki ng environnent on board with regard to

accel erations and retardations, thereby inproving

safety during navigation and™provi di ng hi gher

operabili especi al |y i ok ct i

* oz e roseat Foill ool ebilaaE R QireBpNahe W flee

r qutopartos bAdoviblegcwted dreawaves agai nst the hul |,

th . [ ' [ : ' a

o, 1SS Bl IRE AAEPTLRS @ RHE R QD RAIELH oP Ikl

* ar¥mopsh fprechip phrthe Wt ep tocthe Brides dackowhich resylis prasApced danger
t Nticihg. WIURLk ¥qlip@ehtaratan nbiiealflydkpeRatd ¥islts Gheather and icing is
Si npl er .and stronger construction of skin plates and
stBP¥ESer s due to a large proportion of doubl e-curved
ear$iaooth Aorestdp all ilenwayup twaltsigodeslk iwhigh msess iastnpler installation
stiffeners d elimnation of flare. Snpoth
fof{e({seﬁflﬁlgaeﬂﬁlggﬁégway up to the bridge deck, which

results in reduced danger of icing. AUdeck equi pnent
I ﬁﬁtfoil&;vfé‘l%,r ABbd-He difeV tthe APALEAENHELIRINE thes
_protected.” _Snpoth foreshi é\gl t he y up to .brldgve
ineation itflessribed drymoge dotail ik refprange foPe A¢qogpagying drawings,
wiRrdi®l Ng equi pnment. In the following, a non-limting
enbodi nent of the arrangenent according to the

invention is described in nore detail with reference
Figur¢ has aside migamofi theypafidevwfithe foreshap stem liri gure 1 is a

side view of the profile of the foreship stemline.

Figure 2 is a front view of an extract of frame |ines
Fignre £ fiva fronicgew 9f arpgfuack obirame higes 198 thefoeshiv: ne f or

the foreship. Figure 4 is a perspective view of a

Fti]gulrle 3 sﬁg\!vg t Ie%&itél)iirferfgrnﬁlg?(l)rg\slﬁip.w th the foreship

Figure 4 is a perspective view of a hull, principally from below, with the foreship
designed according to the invention.

Figure 5 is another perspective view of the basic shape of the hull in Figure 4,
principally from the side.

Figure 6 is a further perspective view of the hull in Figure 4, principally from the side.

In the following description and in the claims, unless otherwise specified, all disclosures
of direction are explained on the basis that the vessel is in a three-dimensional
coordinate system where the vessel's length direction, breadth direction and height
direction correspond respectively to the x-axis, y-axis and z-axis of the coordinate
system, wherein the x-axis and the y-axis are oriented in the horizontal plane whilst the
z-axis is oriented in the vertical plane. Furthermore, the forward direction of the ship
corresponds to the positive x-direction.

The new foreship, shown from the midship mark 2 of the vessel, has a slender and
distinctive bow shape. Fig. 1 shows the vessel's stem line 1, which starts at the base line
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desi gned according to the invention. Figure 5 is

anot her perspective view of the basic shape of the
waoubde/weneki gure 4, principally fromthe side. PCOMNO206/000073

is a further perspective view of the hull in Figure 4,

principally fromthe side. Li the follow ng

description and in the clains, unless otherw se

speci fied, all disclosures of direction are expl ai ned

th b
088 G R EES Bl b ML ks
tl’(Hleﬂgih irdétiomaii direction) theipgit Bokilightly abcmvedb¢ desigiowater line, Tdwl.
& Vﬁleyste%? 1111@? esai)ﬁhﬁer afdw wihd cﬁrélﬁﬁélﬁng,%urtfﬁlﬁre and

ate'’s e X-axi s an X
ba¢1<smds én tl@cnegﬁtmeﬁ@dﬁmuozbmtdut TsRehes PRI ICstAttRﬁ)élt?J b5 em
ling 1@5&\%&3?&)&5& Beh@fomafdls 6Ad istbamgateus tHRasHOf @rayt beard 5.

or war rection of the ship corresponds to the
positive x-direction. The new foreship, shown fromthe
'I'He‘ifalihdllr[& oK thie fofeslﬁlb are/msgﬂed tlansvessel| oymueetrical dbout the centre

11nie Zfe‘i‘i §t % vg%gl\évt 1§% sthOYJg th%fg%ﬁ@ }’fﬁ ]?ag efe % ﬁ) (?fttﬁéThull
villietnstait sepoinis N, B2, DacPéasil B andrvaalmest WP%@CLB@WIY@OIH CL

ol s 1 i “ﬂﬁ?‘ﬁf&ﬁg@‘ﬁ?‘ﬁgﬁ?hﬁ@a‘%?ﬂ?rMO‘B" 0,30
trepwrespEetiRlspBpIEe erO ﬂt@n@ 2t @G 68 %4 &é@é aﬂhVFPr‘i’g‘ﬁé ragfigs-

}‘g‘gﬁf{ atHé bilg eaalgﬂdﬁ t8ipBlitB 1,08, B3 Eﬂ@ﬁml@b hank Yinesdk0, 034, He, 50,

t x- di

FERRV oy, o QU uaETy O’Pﬁlélg; @dda&li% 5 %%PPS%BQV%tI‘?%h&ﬂME“rS 3

a&@];és a9 =t Hr ddgrees o -a$9 tégedsopd ef38g}ggays bmha5d= 80 dggyees relative to

f d

t& erl}nggi % %(E]ﬁiisl%lr ggmil? ;Er?e&'? &Rﬁ&dfyfﬁdgﬁﬂgfrmb Yine form

1Ftegmm§tt<21 gL dreurTTasfeas 3 pEediiyamo § ne fgm, giher C%?O the
g Elti{:;] vk g{ﬁtsslt' B, B3 8pﬁirﬂh¥:§u?/ardpﬂm a %id gaﬂtleﬂnﬂvdﬁ)wards the

@p@ggpﬁ C{.{tﬁ@ospt%ﬁé} EQC{]?% # f@l_lre ﬁ?@nfar I %%rﬁtgl B%Ottom

#Qhe Fscl4Dflatnf) zétodntersesyi@c].i vel y merge into the bil ge

@, &, G, 4, G at a given bilge radius. Fromthe

bilge and up to points El, E2, E3, E4, E5, the frane

Figness shows 2 waer lindentsanglesspaén ihpalyyplans Gengthyvgrdihy

cﬁlre%ﬁb@g w&%qfﬁﬁlgteﬁ?ooﬁm iRt hﬂ)vms Fiurk i 20.5 begtees, akd

ang egrees
Wbighadyirasasondy s IRERBPERL1S E10a1) REHeES ALY i gentre line CL
atltheddsten WhtePRd T $witor rdddcedss: infrdaselslentidraessut war dl y

sloping frane line form
Figures 4, 5 and 6 show the foreship according to the illustrated embodiment of the
invention in different perspectives, advantageously provided with spray board 5.

The table below shows advantageous ratios between water lines, slenderness and hull
height for different ranges of water line length, where the water line Lwl is given in
metres and at a given draught Tdwl, and where the hull breadth Bwl is measured at the
zero intersection and at a given draught TdwlL.
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| i ne
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iMhedre sreh@erwrb 1i6€ akBrbasBiMvate 1ilE Rsigthethdainly $1&:ha1¢ oatwardly

i nt.er
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%ﬁ%@ﬁiﬁ"‘?tﬁﬁcﬂ R B

tFble. keyp

foll ovm ng defini
wat er L4Wlhdyrapght.
Tdw Lwi: Water
dra
sub

nIPNL | Wt

(ghe deisn

ot he

et 3t
M

Taiss

PR LA

At

draught Tdw . The use of
for the given water
results in nore slender entry I|ines,
fohYVartl iy
I'nes (s
fOé]pwm&de Wﬁ@ﬁ are used in this appl i catl on,
and in particular in the above table,
[ Tdw :

have t he
ght (at the design

i ne

1n t e above

at a given draught
line I ength neasured at a given

gth

of the

measured from

Tdw up to the top of the spray board For the

il ust LAt

be specifie
Bw

= 18. Sength p&&leasﬁla.rmprgewvolumm 8 netres.
board 5 advant ageously has a vertr cal

hei ght of

gf%? ﬁng ﬁ:ﬁg% Iﬁgﬁufeﬁ%w gﬁfeﬁ d?eﬂi%ﬁg'l"&@f‘ tin ofhbr

WBids total

.1 netres,
The Spr ay

1

metr thd%vq I&&?hﬂgﬂtemgaes{n%latfmm %wli up to the top of the spray board.

For the illustrated and described exemplary embodiment, it may be specified that Tdwl
= 6 metres, Lwl = 81.1 metres, Bwl = 18.5 metres and Htdwl = 14.8 metres. The spray
board 5 advantageously has a vertical height of 1 metre, so that the height measured

from Tdw1 to the transition to the spray board is thus 13.8 metres.
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fromTdw to the transition to the spray board is thus

13.8 netres.Pat ent cl ai ms 1. Aforeship
wanro@ngersent for a vessel of the displacenent PEP&02006/000073

whi ch foreship consists of the part of the ship in

front of the vessel's mdship mark (2) and which

vessel has a transversely symretrical hull shape about

its centre line (CL) and a sdbstantlally conventi ona

Ibom1forn1QeIoM/fts deS|%n water line (Tdw ),
stemline (1) of the vessel

turns substantially backwards in relation to the ship
l ength direction (negative x-direction) froma
transition point (B) at or just above the design water
Line (Tdw ). 2. The arrangenent according to claim1,

£ lﬁ%ﬁﬁ afrmsg%ﬂaehnfotr B%ssﬁh@f thé ﬁi’s*f)labﬂger(t 1ype, sthivhtforeghiproonsists of
0

g arﬁ’e 5E 0B ShiRjn Siohs St JSFE R R IR Tl Sutid vy @ Hs o

ttamsvasedy dymmetricahtndf shiape ahoais g6 Icen'tm ltrtwe(Cth) and p sulstantially

%&%Hﬁo%@ box@quﬁﬂé%\g gtp ﬁgﬁ%ﬁ%ﬂeﬁ e é’l;c%vlg cﬂ@a&({%ﬁs&ﬂh Rhat the

Inues 1o ri antil a

smmﬂlnf: &b af ghec vassel furpe suhseantially b?@k&mdﬁlan aeléw)etetth%w% fength

diRR iYL BRBhtiveOREIr&iIRh) Mohl DikARitN péﬂﬁ _[( BY atB2lj@st 9b6 v 88 Hesign
port] on(g,F to an upper point (C). he arrangemsnt
‘ﬁ%t%]l“%ﬁ @b claim2, characteri sed in that a spray
board (5) extends out fromthe upper point (C, the
temline (1) being bent sharply forward at said point
‘C) and being termnated at the top of the spray board
1"153) arrahgempi aacordingdorelaim dccunaiiteriped in taythestenpling (e, starting

ﬁ%ng%g?&hlaﬂA t Hﬁ%gs@% Bsb 786 (3)idebatd hlrer NeSERtAS

are angl es | foreship, and above the des|
iRgHieasing pyatuneify the forwardfliregdon gy evssrsebto Qx@a@étgq%b@m (B),
&R 1Rt (M@ stbM llﬂ@f{lﬁﬁblﬂhhe ﬁ(blﬁﬁ(tﬂ)lcomlmfes ltchﬁse{ esswith asubsthrially

@r i gg‘gﬂfg :ér,,qd 1&2@5 ?Iﬁw?rﬁélfr%fntﬁogloof the Fed el 0 etlonaﬁy broken by

one or more stra.lght portions, to an upper point (C).

3.

The arrangement according to claim 2, characterised in that a spray board (5) extends
out from the upper point (C), the stem line (1) being bent sharply forward at said point
(C) and being terminated at the top of the spray board (5).

4.

The arrangement according to any one of the preceding claims, characterised in that the
vessel's flare angles in the foreship, and above the design water line (Tdwl) are in the
range of 9 — 45 degrees relative to the height direction of the vessel.

5.

The arrangement according to any one of the preceding claims, characterised in that the
vessel's stem angles between the transition point (B) and the upper point (C) increase
from O degrees at the transition point (B) to 55 degrees at the upper point (C) relative to
the height direction of the vessel.
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vessel's stem angl es between the transition point (B)

and the upper point (C) increase fromO degrees at the
wonrensgwéicon point (B) to 55 degrees at the uppeCcTp@i2m6/000073

(C) relative to the height direction of the vessel.®6.

The arrangenent according to any one of the preceding

clains, characterised in thag3 the entry angle of the

bow at the design water [ine®(Tdw ). and in a plane

coincident with the horizontal plane (the xy plane) is

in the range of 16-25 degrees relative to the centre
6line (CL). 7. The arrangenent according to any one of

Q grrﬁ{g‘(é%%ﬂf &goﬁh t@%ny oha Bﬁﬁfé%ﬁéc%ﬁﬁll ichhifnBahatddRriké@iiiEthat the

I nes

R
criEs A the aaweﬂseéieyggmﬁmpéﬂﬁwi%bwflntawéaf@em%dent with
tHe' H@)@lzfnﬁh]) alib’T(@leS}t}aplhmd‘)gs incthp eige \0€ 1 §-26 rdeprebs reddtivp oo thescentre
%3 D4, D5) run al nost perpendicularly from

(%Wd increase in breadth (the y-direction) fromthe
centre line (CL), whereafter the frane lines (10, 20,
730 40, 50) respectively nerge into the bilge (4, &,
&3, 4, GB) at a given bilge radius, from which bl
The drresrgement acsering i any ong pf thegprecednlg qiajms peharaciprised i gt the

fllahEQﬁle.(s ®, 28 0th 30, ES|O§l Of th'_é(ﬁ)re@lil a@élﬂéwg’rﬂﬂ yrafidvefieiOsynahiétrical
<G e e (R nd sine s oA ToE AU RSTDT\ 2 D3, D4
D5 sipealiriodepeypandivaiadlsy fasm LIcandiacrehseambreaidthe(thieoy-dirbeiivi) from
t}fxiegqft Er% H%l% FI gw{]jllsre%ftér%g fl? 11}165 fjl(P 9?1'305 46 Fing rgs%ectﬁ/:ay merge
into weer oitget (R, G863 G4i G aCtk gmnthﬂugﬁ dadies, fom hich biigg and up to
%conﬁ Birfdd {E’l”ﬂ? r@as“thzLa%?{Hé'ffb&hé $heANY0, %83@1‘4005@ I3 o@tvﬁa@dly

aracterise foll %r rati 1;0 VP line £
slopig, p@’hgtw{tll?h_mlyts, (F11 1% E3aFgelorthg @utgs@rq.}&s g Zame line form
iBekhibewd and Zhenlshd Bup ect’-ivég upwhtdkdwla carved fidnabdireBodm back to

s bt TS B T, 3 AP RGP M y on

chnlatuetovgprdsihe oentfedineaClada thirdipomres (Bhgbh (Lwl ) in the
range of 90-120 netres: Bw /Tdw = 3,

8.

The arrangement according to any one of claims 3 to 7, characterised by the following

ratios for a water line length (Lwl) in the range of 60-90 metres: Bwl/Tdwl = 2,

Lwl/Bwl = 3, Lwl/Tdwl = 5, Htdwl/Bwl = 0.5 and Lwl/Htdwl = 2.

o.

The arrangement according to any one of claims 3 to 7, characterised by the following
ratios for a water line length (Lwl) in the range of 90-120 metres: Bwl/Tdwl = 3,
Lwl/Bwl = 4.5, Lwl/Tdwl = 13, Htdwl/Bwl = 0.8 and Lwl/Htdwl = 5.5.

10.

The arrangement according to any one of claims 3 to 7, characterised by the following
ratios for a water line length (Lwl) in the range of 120-150 metres: Bwl/Tdwl = 3.5,
Lwl/Bwl = 5, Lwl/Tdwl = 17, Htdwl/Bwl = 0.7 and Lwl/Htdwl = 7.5.
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Lw/BM = 4.5 Lw/Tdw = 13, Hdw/BwM = 0.8 and
LW /HdwW = 5.5. 10. The arrangenent according to any

wonesmbeosbai ns 3 to 7, characterised by the fobPtonG2006/000073

ratios for a water line length (LW) in the range of
120- 150 nmetres: BM/Tdw = 3.5, Lw/BwM =5, Lw/Tdw
= 17, Hdw/BM = 0.7 and LW /{HdW = 7.5.11. The
arrangenent according to any one of clains 3 to 7,
characterised by the followng ratios for a water line
length (LW ) in the range of 150-180 netres: Bw /Tdw
2.3.5, Lw/BM = 5.5 Lw/Tdw = 20, Hdw /Bw = 0.55

%aﬂgérﬁ&@ \%cordlﬁg toSanyél&]e oFREiRE BAH I CERPctARE@ b tHRTollowing

one of char ac
S P Wgtqri} lf—?gfho@“g) {fthe range 9 i%ig‘? Hlegfﬁw'%ewlﬂadwlh 3
IrvAvRel 6.5 8BOA/AHO/1 ey, EsdwIBRivI F OS5 and4, wlKddivBw 10-5.6,
Lwl / TdwW = 22, Htdwm/BwM = 0.45 and LW /HdwW = 13.5.
13. The arrangenment according to any one of clains 3
20 7, characterised by the following ratios for a

’I"T%ga\?/%nkééﬂmﬁ _?g(fb%llﬂg Q&M}?/\ﬁ)r}erbt{cﬁ‘eﬁmﬁ ang @ Q{ar%léhsg@ by &R PNewing

rafiQRdior mwater lige mmwlnw rangf@f 1§Qr219rﬁ§tr5$ rBd ekt 4,
I36/BWl 4%t Lal/edwl 8 20hHiBIRwhed.46i g8 183/Htdwl = 13.5.

13.

The arrangement according to any one of claims 3 to 7, characterised by the following
ratios for a water line length (Lwl) in the range of 210 metres and above: Bwl/Tdwl =35,
Lwl/Bwl = 10, Lwl/Tdwl = 23, Htdwl/Bwl = 5 and Lwl/Htdw1 = 15.

14.
The arrangement as illustrated in the attached figures.



