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THE | NVENTI W 98/21029 The present invention relates to

i npact 10 and tear resistant conpositeqsandw ch plate and construction
system for vessels such as tankers, bulk carriers or ships for which it
Is desirable to contain the vessel contents  during conditions of extrene
or accidental | oad. 15 DESCRI PTI ON OF THE PRI OR ART
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bet ween c&lgaig@hsarhfisks eheqldngiion and resulting damage to

marine environment, as well as the loss of valuable cargo,

20 that may result from cargo leaking due to rupture of a
vesgel under extreme or accidental loads such as collisions,
groﬁnding, fire and explosion. In particular, vessels
carrying hazardous materials are increasingly subject to
additional requirements imposed by regulatory agencies, ship

25 and caféb insurers, and ship owners and financiers. The

" high cost of hazardous spill liability and increasing cargo
values has further encouraged the development of leak and

" rupture resisgtant vessels.
One approach to containing vessel contents is the

30 provision of double hulls for oil tankers. An inner cargo
contalning hull of a stiffened single plate construction is
suppcrted within an outer protective hull, which is also a
stlfféﬁed single plate construction. A conventional double
hull has longltudlnal and transverse frames between the

35 inner ‘H5d outer hulls. A more advanced, alternative double
hnilﬂﬁﬁé‘énly longitudinal frames between the inner and
outEfjﬁﬁils, allowing for simplified construction suitable
for asgéibly line production by robotic devices. Both
conventional and advanced double hull designs have

40 transverse bulkheads between cargo compartments in the inner
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doubl e hREEIRISIGRFIC PYFHGY il ‘?ﬁﬁ{é" RP OF &nhventional all
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20 require a two meter space between inner and outer hulls also
offer reduced risk of leakage or rupture due to penetration
of the outer hull during collisions or groundings. The
claimed innovative features of advanced double hulls are
improved strength, ease of manufacture and reduced welding

25 and éﬁeel surface areas in ballast tanks, increased
accegsibility to ballast tanks which results in better
inspection and improved maintenance and inner hull retention
of oil during high energy grounding. With current
technology, double hull vessels involved in low energy, low

30 veldﬁity'impacts are less likely to be compromised and less
likely t6 cause pollution than a single hull vessel. The
improved tanker designs, such as double-bottom, double
sidés, double hull, mid-deck, etc. are known to reduce but
not eliminate the risk of oil spills in accidents. Although

35 testsﬂ%pdicate that an advanced all steel double hull design
will dissipate more energy than a conventional all steel
double hull design, both designs are subject to compromise
of the inner hull due to crack propagation resulting from
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possibility gatron into t I nner due to rupture of
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20 auxiliary hull attached to the outside hull of an exlstlng
oil tanker. It is composed of a series of longitudinally
framed steel plates that form a honeycomb configuration,
when viewed in section, between the hulls. The combination

of stress relief joints, which make the outer hull

25 discontinuous, and the honeycombcinner hull structure create
a damage resistant hull. The construction also allows the
inner hull space to be flooded to any level to provide the
appropriate ballast by means of a pressurized inert gas and
a vacuum pressure system. These retrofitted external hull

30 structures fail to address the possibility of crack
propagation into the inner hull due to rupture of the outer
hull, and inadequately address the cost and practicality of
fabrication and maintenance of the auxiliary hull structure.
In current retrofit designs, access between the hulls for

35 inspection and corrosion maintenance is difficult, if not
imposgible. The external hull in a retrofit design
generally does not participate in carrying all of the
operational loads, and adds significant dead weight to the
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20 from récbrded tanker casualties.

Hulls constructed according to traditional naval
architecture standards genérally provide a complex system of
Steel plates and plate steel structural members, such as
frames, bulkheads and girders. The carrying capacity of the
25 stesl plates and supporting members is increased by
reinforcing the plates and structural members with multiple
stlffeners of the type well known in the art, such as flat,
angle or channel metal stock fastened to plate surfaces.
This ‘“otiplex hull structure and plate stiffener system is a
30 source§df fatigue failures and a source for tearing
_(ru 3 of the hull plate during accidental or extreme
l;I&%“ This type of hull is costly to fabricate due to the
fﬁlarg& number of pieces which must be cut, handled and
'~f§éf‘ dnd because of the significantly increased surface
35 aréa’ hich protective coatings must be applied. Also,
these typical complex structural systems are very congested,
leading to poor access, poor inspection, poor and costly
maintenance, and a decreased service life due to corrosion.
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t he steel
20 leak and rupture of a hull. These tests illustrate that

polyurethane foam does not adequately adhere to the steel
plates and has little sheér strength. Low shear strength
minimizes the flexural capacity of the composite and lack of
adhesion precludes the possibility of using polyurethane
25 foam and steel in a composite to increase the in-plane
buckling capacity so that plate stiffeners can be
eliminated. The low density foam used in the test composite
haﬁlii;tle or no tensile strength and insufficient
coMpreégsive strength to be beneficial structurally.
30 Geﬂéfﬁiiy, the tested foam acted as a crack arrest layer but
did"ndt ‘function structurally. Therefore, the desired crack
| ?ng structural composite configuration was not
achleveﬁ The tested foam possessed some enexrgy absorption
capaelty, however, this capacity was small when compared to
_"'.the steel in membrane action. The foam lessens the
localizéd straining of the steel plates around a
concentrated load point which delays, but does not prevent,
the shear tension failure of the steel hull plates.

35




6 Thus, a need exists in the art for a hull construction
systemthat si |IerS the conplexity of hull structure, reduces
fabricati on“%??’%ﬁ”nt enance costs, and i ncreases ener gy

capacity and plastic behavior in 5 the @vent of accidental or extrene |oads
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strain of _the_st pl ates-w thout rupturing. The conposite panels are
used in 28% P&ﬁ?%ﬁﬁ%ﬁlng at least the inner hull of the double hul
Preferably the steel -el astoner-steel conposite panels are used to

const ruct algrnh . 1N9%h9&0§“'|’ bul kheads, floors, decks and
col | apsi bfe 11 ant 1 SUf Enbers and may  be formed in any
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the inner g brov:.dﬁ%@;t doubak! Ylull'lo\fhﬁﬁérénag‘éf aa{raﬂeagéaﬁglﬁr rest layer
bet ween th |nnerF%heel plat of the ut er steel
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~ plates-without rupturing. The composite panels are used in
20 constructing at least the inner hull of the double hull.
Preferabiy the steel-elastomer-steel composite panels are
used to congtruct the innei hull, outer hull, bulkheads,
floors, decks and collapsible frame and support members and
may be formed in any necessary shape. The elastomer layer
25 within the composite panels forming the inner hull
particularly provides an effective crack arrest layer
between the inner steel plate of the inner hull and the
outer s;eel plate of the inner hull, which effectively
isolates the inner steel plate of the inner hull from cracks
30 that propagate from the outer hull, the transverse members,
such as floor frames and bulkheads, and other supporting
elements, such as web frames and horizontal frames, that are
‘desighed for both in-service loads and for accidental or
extréme loads. Furthermore, because the composite panels
35 are stronger and stiffer than conventional steel plates, the
number of framing and supporting elements can be
significantly reduced while meeting or exceeding current
design standards for strength, service life, construction



7 cost, maintenance cost and survivability.
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m dsect i orHdIAK eforis tudd Pds \earid R frhearRd; Partl I usageailarlgztetae Vdggetgir al
nmenbers and cr ss sectlonal

view of a ad‘b%tﬁ 5 enf S év%]rﬁr%sﬁt%rb%oﬁmt%{ }he§

constructed with conposite panels according to the present [ nvent i on;
FIG 5 is &P ths €58 | i Ve Al cargo hol d of a doubl e hull
vessel co according to the present
i nvent3®n; 35 The teqachings ©Ff Hhe HNrseettosiragiionm carewsf a doubl e
hul | V_ess%eédﬂiﬁ\/aﬁié@ré&&&dﬂ%ﬂ P datei AP e d tfbmmq;_i; igetaipapel s
accordi ng the é)r esent invention; a cut awar}/ Cross
section Vi BEion A0 conjunctidn w1th the accompanylng draw:x.ng i

which.

. FIG. 1 is a perspective cross-sectional view of a

20 prior art all-steel double hull oil tanker which includes a
unidirectional girder system and stiffened steel hull
plates; '

FIG. 2 is a plan view of a prior art double hull
tanker illustrating the general arrangement of cargo and

25 Dballast compartments;

FIG. 3 is a cross-sectional view of a prior art
double Imll tanker midsection taken at a transverse bulkhead
illustrating the structural members and stiffener system;

' FIG. 4 is a cross-sectional view of a double hull

30 midséction taken at a transverse bulkhead constructed with
composite panels according to the present invention;

FIG. 5 is a partial cross-section view of a cargo
hold of a double hull vessel constructed with composite
panels according to the present invention;

35 _ . : FIG. 6 is a cutaway cross-section view of a double
hull vessel transverse bulkhead construction with composite
panels according to the present invention;

FIG. 7 is a cutaway cross section view of a crack



8 arrest detail for a transverse bul khead according to the pr esent

I nventi on; FIG 8 is a cross-section view of a conposite
panel Const W@H8&d023ccording to the present invention; 5 PCT/IBYTARRE, - 9
Is a cross-section view of the inner hugl and bul khead constructed with
conposite panels according to the present invention; FI G

10 i s a caovzestsedetanlview af trhnsvense buitkheadoatceordimg wmdcBapporting

menber s CBQégéﬂﬁtﬁﬂv@hEﬁoﬁOHDOSite 10 panels according to the present
i nventi on; G 11 is a cross-section view taken along |line

11-11 in Fig. 10, sF3Gi-n§ &8tai FEOBE-BACTEPRSYHAEr OB COMPOBEREI ng t he
crack arrgghetUbtifitructed accordingFt& tAé bPedefit OShveRELId®N View of a

conposite 15 panel _under gonstruction according to_the present _invention;
and ° ~ FPEG-18 8 2 £¥B88-SECHIGh ViEW OF the 17ReY Rt

bul khead and boiREskbecspscenctadswivht edmpbsbreopanels eaccordiumeg! so
accordi ng ho L_e¢gr§sent iﬁvengion. 20 DETAI LED DESCRI PTI ON

The teachf 85p FEER bPX?Q t%hvention are applicable to any structure,

vessel , tanker, bul FIGariDeisoa crosshispcthonhviéwi ofi sheletimed awdcont ai n

th t TR Ld : k
of - " TPhERFLEPIR Bnn, SUpREFERAR AbuBRrh EORSTPPSa VAN coliitpite TN
the cdft epangladageredhnsl tei Fheapkepsnt ThBYENEkPRied in the art wll

readi |y appreciate ey the §8aghtpgssOketb®on vilwCELREn VORI PIngan be
I ncorporated_into the structgral 30 conflgura ion tion of other

, con
vessel s, Bariicafr Fébs, 18y cShowypg detaaig PEatNG eRtRFEAMeY PIUZars and
storage t gak3ing the crabR exrektngudesugns, research, rules and

age 3 excasin: | | .
have general |y been aProdfedst8 SFPSr BBFESR CORNCRE ) rePmPSHhSI o hul | S

and ad%anpededoubderhgbhstrukctdon ackovdmnngstantherpresentl invehnttom
gi rder doyblse hulls. A typi cal conventional double hull (CDH) design

as illustrated in Figs. 2 and 3, for exanple, for a 40,000 DWI
(deadwei ght ©  PFIG. 13 is a cross-section view of the inner hull,

bulkhuad and composite spacer constructed with composite
 panels-~according to the present invention.
20 2
DETATELED DESCRIPTION
The teachings of the present invention are
appliéable to any structure, vessel, tanker, bulk carrier or
ship in which it is desired to contain the contents during
25 an extreme or accidental load event. For the sake of
illustration only, the present invention will be discussed
in the cvontext of double hull oil tankers. Those skilled in
the aft_will readily appreciate how the teachings of the
presént invention can be incorporated into the structural
30 configuration of other vessels, bulk carriers, etc., such
as, f6EE'vehic1es, rail cars and storage tanks.
’ : In existing designs, research, rules and
regﬁf'w:?ﬁs'and congtruction for impact resistance and
surﬁfﬁé%ﬁlity have generally been directed to all-steel
véntidnal double hulls and advanced double hulls, also
knoWn b uUnidirectional stiffened girder double hulls. A
typical conventional double hull (CDH) design as illustrated
in Figs. 2 and 3, for example, for a 40,000 DWT (deadweight

35 convent




9 tons) tanker is characterized by an inner hull 10 and an out er
hul | 12, with an orthogonally stiffened bottom 1, transverse web franes
2 and | ongi YHA8P2%i rders 3. Hul | plates 4 are wel ded or EGTABYH4AE -
attached to the 5 longitudinal girders 3. Wb franes 2, oriented

transversely to_the longitudinal girders 3, are attached _between
| ongi t udi H@MSQ F@@P‘éi%ltso‘ﬁ%étréicﬁeéﬂﬁggt ¥ Bz PPRE g'f"ﬁger‘l? a‘ﬂ%?}anThe pl an

view of Fl@re?z hdlustipat eath aypiorthdgenallyf stiffeactablbetomating an outer
hull 12 and an inner huyll_10 in_the 13 car,qo .cont ai_ni E% go?io%ﬁﬁ out er
&5, ut

hul | 12. Fkensverg FHATSS Ze AR LORHSNGRES ST fAer 10 are
separ at edphyutles kheads weldedear ovhetrwibe? attached: dof thm t he cargo

hol ds 13, .may .Serv S tan i | gwer, ... r . 15
Typi call y,lof’ég‘%lugé%‘a?'ar#{%dneﬁgﬁacﬁ%f gtlja?%es dl Iorlentggdtt&gc Tv%?g{%g 4 and
5, respectiovahe lamgithelined gicdenson, aref phpashedabgtyesny espectively,

gfﬂ kheads 1%@'1%&@5:&% %is‘?l:d%rl\xfs 3 td Kteasrdnd) stha®iaddi! ikpe gfix%‘éirfsf eners

as shown 1°n 3. Nunerous stiffeners 7 are re%glre t o strengthen
hull 20 piRat e§Fhe Flapiianed FiiG ndldvesrates & FPiealafdyeudy tor

pl ates 5. Addinkcindavilid fANHifcernAulINQeN and amlismerowndl 10 dmn gheders
3, bul kheads 6, franes and Iq_j.rders 3. t:le%:%’glll recqQgni zed that this type

of cord r FEEHEGHh GRRFAISLNE POTTIRN i QY gt stant for

acci dent alecaipsotitetttalizddahmpetcldauall dn gheudtinegs hald Adl leirs ons. An
advanced doybl.e . hul.] yste L0ard lah-l ongi LAl

uni di r ect iXFFA"% eéfribrfg AD%]t}@/eEge%d%uf'er @%%}dﬁulﬁ)ﬁg’ %%(’a.:%lbgrﬁ:(f\fgﬁnced
doubl e hulthehamrgagmdlidsaritd y Maynsgenvessy daddast tanksedsn the lower

advanced g%q.tg Wile 4gS, have transverse 30 bul kheads 6 between cargo
conpart nmernts 1g.iéqanc?ma S'lh

bal | ask5 conpart nent sT]ﬂR;é:alai/Yerl d é&%ﬁ%@%ﬁr{r{i%ﬁﬁ%ﬁ@%ﬁg V\rﬁﬁﬂl s.
doubl e hul T ar ool e bormanent e | oot o 1 el 35 P s
St i ffenersérf“ﬁ? t%garé‘ijr]fja'cglpeoﬁp?cfﬁi‘bq 'qu{%ea éc&?%%r%’rﬁd;e%%e P're
Recent st uticrseaded oy efiecddit iom ok reriffangyact7, as ghowmdiiny BEEGbot h
conventi orga.l %mcﬁgiﬁénéf§e$ eﬁoé’tllé'quired to strengthen hull
20 plates 4 of both the inner and outer hulls 10, 12 and deck
plates 5. RAdditional stiffeners, not shown, are also found
on girders 3, bulkheads G,. frames 2 and girders 3. It is
recognized that this type of construction may not be
designed to be impact resistant for accidental or extreme
25 load events such as groundings and collisions. An advanced
- double hull (ADH) system has primarily longitudinal
unidirectional framing between outer and inner hulls. The
advanced double hull has significantly fewer transverse
members, but the advanced double hull does have transverse
30 bulkheads 6 between cargo compartments 13, and may have
transverse f£loor frames 11 between ballast compartments 102
located between the inner and outer hulls. Like
conventional double hulls, the carrying capacity of advanced
double hull steel plate components is enhanced by fixing
35 numerous stiffeners 7 to the surface of the plate steel
componsnts.
Recent studies of the effect of high energy impact
. grounding on both conventional and advanced all steel double



10 hul | construction systens denonstrates that the outer hull 12
will generally r gture longitudinally as a result of exceedi ng t he

maxi mum st r WOP292%enbr ane action of the steel plate 9 bef 7/01426 -

| ongi tudi nal girders 3, and that rupturl® of 5 the inner hull 10 is
initiated by vertical crack propagation fromtransverse franes 2, 11
and bul kh&add eonsmmgctnomuswstems|§emnnstaa§aSbyhanethapouterohulhe out er
hul | 12 a 0 a 1.aSHC tbgkkheads 6,

fl oors 52 %1&3 ?eneraﬁ%?“%ﬁ%ﬁ%%eﬁ%?? éﬁgﬁlg 1%} 8Pe? %e% }ec?klnto the 10
vessel ' s ﬁmﬂﬁeaéﬂﬁbﬁhﬁoﬁﬁéﬂmﬂmeStﬁﬁép anrmembraeepasﬁéen of th@apgeel

("Lll ftefl'l' bl%ltteher b@ttw@kehe%nge&he@haw garaaes 3, hAdr Eﬂaﬂgrﬁﬁtﬁﬁé o@r
I nalrrec Su or
ndi gt by SHRROLL TPHACLS, ;3460 280 by, eS8 Bher PR abnadb s 2,

i nner hul lFxbm m::amve%er Erames @paat arneabuaxhéaasr 8. asThigeihr aaenunt i |

a transverse nenbe 1 arn n 0.f urth Lnwar d

novenent , f huafl e I'ned, “causi ng
Yaiet uyy s B rude, G Ehe Sk el OnlfiiThp ot Bk BRak

extreme rm;rxiammrwter gspberst 2, 6or ldeasucheabochuilkhestist he Fhooudi by

obj ect. The. gxLLREE 520 '&"’%‘h%”‘inis: 83%nt bEIGCES EghnbbbéhtCFﬁEF ¢Rbt her '“

t he transverse nenb restraining t I nne

or di Adct MgsEell e huddtr & PeFtisecihghie jngex Iyll 10 Péaﬂuﬁgeﬂo |nner

hul'l 10 r ypkiher (I“tmf%eae'r)eléalthréxr eguerie@cc conaktawsBhl kngroof tanker

bottonrstnucture nus .be desr low "lift" an |nelasthc nenbrane
def or nmat i gREEFH %qﬁnep irs t SRR Feembers, suc
achi eve t [ficy pwappde, i hddogdades 8i,t Im:t €@ cor fmameemtl whyeht ien, a crack

arrest |ayer NC.oO.RQr in t || st ure at | east
at or nea %ﬁﬁéégé S%ﬁﬁlgrEg%ﬂ%%gﬁﬂ%lgghgﬁggg Y or xa#ﬁpg% pg%# frames 24
and 15 bpliektesds42dn Wine pmpRetalsinea mayudleform he enmembraug| until
structureg WHaheNRrdd Hended 11 restrains thel AnbRe #i,3§UsHi epemherein for

pur poses of orientation, when "inner’, is used wth respect to 35

conponent £urntheg invgdice maviepents e e Sb'co%ﬁéﬁen9§ t&eainperyhull ¢ oser to
the cargoplelté a4 tike rergelinedevaugingy ' exlt&'eme maamarfret btrresaeet ato a

Isrgrr;)gctel clﬁt avlz\4 la{[nn% neraI I A ef of ele tt%e intru 1ng %l ngThhe C%r%m hol d.

20 membrane stress triggers an initial crack, either in the
transverse member 2, 6, 11 restraining the inner hull plate
14, or directly in the resfrained inner hull plate 14,
leading to inner hull 10 rupture. It is generally required
that a =spill proof tanker bottom structure must be designed

25 to allow "lift" and inelastic membrane deformation of the
inner hull 10 without rupture. .

To achieve this purpose, in accordance with the

present invention, a crack arrest layer 15 (FIG. 4) is
incorporated in the hull structure at least at or near all

30 transverse members, such as for example floor frames 24 and
bulkheads 26, but preferably throughout the entire hull
structure, wherever practical.

' In the discussions herein for purposes of

orientation, when “inner” is used with respect to

35 components, it will generally refer to components relatively
cloger to the cargo hold of the vessel. When “inner” is
ugsed with respect to a surface, it will generally refer to a
surface facing the cargo hold. In particular, the inner



11 surface 63 (FIG 8) of the inner nmetal plate or |ayer 34 of t he
inner hull 20 faces and is generally exposed to the cargo_hol d 68. Wen
"outer” is NR¥BHTh respect to conmponents, it will genergpFQB?@F@F to
conponents relatively 5 further fromthika cargo hold. Wen "outer” is used
W th respect to a surface, it will generally refer to a surface

faci ng awagputfanet hd ¢ELGo Bdl gf the inner metaRepdatengr nbaved FECPf4
which illu h e [ nk Lo o] n se
constructlg% 1%ﬁﬁe& ﬁul%o?bbggpés Qﬂﬁ ié enérf?ﬂ? & ig§ %%n§§§ucted with
a unldlrecﬁa§ﬁélh§ééb§§ huWhe§an6 GH pFﬂtBs§9sVéﬁ¥(EE$E$€§

I?Co[po{atfémﬁch@FGB 'Eﬁaﬁﬁll?§éﬁé§§}lyukéfé§ £6"REREENGht s relatlv?ly

st eel - el astoner-s osite p SuppRor operly

det ai | ef cSPF&B?FbE§°@tFEEtG?Eg° gﬂid Fnofoﬁgeﬁhl¥ﬂ “%?daﬁ Bﬁbe of
CO”D?Siag Qéﬂ@bcﬁon&taushrgaCE, 1tREEE1rgagefam?yorsggnr605adshefaca?osite
panel s re. se tal plate spaced apart from
and %?ﬁ&ngna agpfk Eﬁ p?%?ég §°l fe i nner and outer netal

pl at es belng bonded Refemringenowdtet EI€Ladt whichcoildugBrakesAnhénner hul
ol d 65, " APASaR o iayelEiohy 2 MakPoptEe Banc) JRLEEY dastRUER1BaTH 10
78 to &Possyskem §probuildipge éargsxn@paeasa Aaa&ﬁkhéaasgsuaFEQawhtbnd of

the cargo unha&&eéﬁlbﬁaqoaaagnedhhmltBanawdea ﬁﬂaeadsisteﬁn@ubhspbvttOm
25 76 and deck 40, to substanti al

é ¢ t ﬁ &gsg car)gHP a | d 68.

An outer haPCOXBOKAFLRg3t 7OUS dé@P §taf 589 anb BoFPHRPES P spaced
gpart fronB?aéleth@tFmerrespeatcmmp¢31te phFelemessdppoiﬁeanHy78 ﬁnd
ottom 76 of inn er 28 i nnec the i nner
hul I 20 by P&Q) 85 ¥ gﬁtﬁéiggrgoﬁ%gpaagf FS%éF%BE?na?°§§r gréfgzggnd

t ransv@bsewhichf mayr aflegnbe 2£. campbedte phaelngenskyhct2onis constructed

of COWDOSih% ?Qghéé%gg Fﬁ ?@?Eys t@ﬁe‘@@ﬁbogﬁkh ﬁgnels 19U5§éVhU|| 28,

| ongi t udi na ramés heads are
constructeGOWPré@#§o§ﬁténp&ﬁ@ﬁ§ E@ta#hélﬁGevéﬁl§E§c69nﬁBﬁEEt§r°%h§Pﬁer nmade

of conpOSIEaca%@eh& Bter metaquagméeB%IO&@b ihﬁﬁkeaﬁhabﬁtéteﬁbta&e
connect e {0E e el norlikdBi=gL ke haiaE R A5 2Reh, AERR 3ot "

20 An immer hull having two opposite sides 74 and 78, and a
bottom 76, forms a cargo hold 68. A deck 40 extends £rom
the top of side 74 to the.top of side 78 to close the top of
the cargo hold 68. A bulkhead 26 at each end of the cargo
hold 68 is connected to the sides 74 and 78, and the bottom

25 76 and deck 40, to substantially completely enclose cargo
hold 68. An outer hull 28 having two sides 80 and 82 and a
bottom 84, is spaced apart from and encloses, respectively,
the two sides 74 and 78 and bottom 76 of inner hull 20. The
outer hull 28 is connected to the inner hull 20 by support

30 members including longitudinal girders 22 and transverse
floor frames 24. At least the inner hull 20 is constructed
of composite panels 18. Preferably, the inner hull 20,
outer:-hull 28, longitudinal girders 22, floor frames 24 and
bulkheads 26 are constructed of composite panels 18. The

35 various components, whether made of composite panels 18 or
of conventional single plate steel are connected together by
welding or by other conventional means, with certain
allowances, discussed below, necessary to accommodate the



12 el astomer core 38 of the conposite panel 18. The UDHSPS

wi Il significantly enhance survivability of the inner car cont ai ni ng
hul | 20 in WRA&821028yent of a collision or grounding, and si d’%—]@&ﬂ?ﬁ"?@/
reduces, if not elimnates, the outflow2f oil during such an eVent,
parti cuI arly in conparison to conventional double hul | count erparts.

The UDHSPgliastomest coceed 8t @fbeﬂnaveomoaite paneitl @8npde under acci dent al
or extrene | oads anq. Uﬁ?{%@rsbwnlt %q_ Q}é ?oggﬁ?hegl asti c nmenbr ane
as

action of the 10 corrp03| t e panel ormati on of
convent i ogarvivabiddsly ofd g@@@m éaaspoﬁ@mgﬂﬁépgcbﬁvbés?Pelﬁaﬁép

suppor ti ngel-eMeit & b2 17sliod 8% Yrofndingdt anal blgaatheaml cargo hol d
crack or tear: pr opg&at I on I S Rf event ed., ri,n or &%r acki ng

o
as a node X6 ﬁﬁ-né!:telserr@hleog’&tg\-}@ﬁt ot Sbéosaﬂﬂg gh

dihssi Eat | Qi @fvétdte parﬂlrama@tﬂ@fnam;cot@ambm zed cbnvengagnag dsubleh of
the ship

consequené‘éﬂ(}f %II&"SI B % I . tt}%en%b}ff I Onlsl(‘)r‘:ﬁ%ls%%?l?hgﬁaf:g béfa gl t"ggé Egr

20 dursdfizr Meonindeernlae:tsdam:adomemd';emhéoalablsaﬁd to ebhsoltb
desi gned . Pge SR Nnia s itA bR LrE YR 10n oFOERAPETali ona

| oads t han éexi convernt1 ona advanc doubl_e hul |
vesselld desmpesd tec pangilnguld end @lastic defeamegd onasfskenwensional

Cr 0SS- SeCigreRa) a‘iiﬂ/%ixl dredll %1a%to%éﬂ-@%e%tle%lon@|o@att@n§ané§eeI hull gi rder
22 according to %rg__séceynt | nvent,i gn has an ,i nner e 34 and
eéteé{ n

I
an outer EuPFI?é%‘%-lnSpl &P IR RE %oﬁélg%nﬁﬁepPés Pf"'m ent
bendi ng, iim:fyo vl d WrSickDIr Vet Pudpagardonid sa previented. trbl n -wal | ed
box beam cap ab 3__ vmthstoandl n 13&% cal or 0 ge §t L ¢_and dynam c
| oads sucl? D5 ettt d:ié:&' taﬁ r?%xga& Pﬁ 8ELBE.  These
| oads lisnclextereimsy load evarits, sthddrpiEtcsr aln@ads-ﬁSd-pjltdoakpﬁgtheads t her mal
| oads, ) h highls
sl oshi ng ‘é?nq | qu%%%ge@s%ag{@g%%ﬁﬁ glta%liwgo%% b \%gvghsel glrt)l i)' nertia
| oads, | a@fcmarpidne vay tihienFalddasion @ groundizng .ng In dodagds Sog| m ng,
forced vi Q!ciiéé?ﬁ;erfdé Idsicin diftflow APwidiidzed, if notFe®EBmitatied 6

i |l 'ust rate a do%the hul | m dshi p section 42 and transverse bul khead 26
for a doufst
20 o Insofar as oil tankers are concerned, the UDHSPS

can be designed to provide equivalent or greater strength
for operational loads than existing conventional or advanced
all- steel double hull vessels designed according to current
standards. As shown in cross-sectional detail in FIG. 5,

25 the steel-elastomer-steel hull girder 22 according to the
present invention has an inner metal plate 34 and an outer
metal plate 36 on an elastomer core 38 to provide sufficient
bending, shear and torsional strength to act as a hollow
thin~walled box beam capable of withstanding typical or

30 extreme static and dynamic loads such as those associated
with“ﬁﬁéfating a cargo vessel. These loads include for
examﬁle, still water loads, dry docking loads, thermal
1oads, Wave-induced dynamic pressure distributions on the
hull,-sloshing of liguid cargoes, green-seas on the deck,

35 wavers¥ap, inertia loads, launching and berthing loads, ice
bresking loads, slamming, forced vibration, collision and
grounding. FIGS. 4 and 6 illustrate a double hull
midship section 42 and transverse bulkhead 26 for a double




13 hul | tanker constructed with conposite steel-el astoner-steel

panel s 18. ‘Both the inner and outer hulls 20 and 28, resp are
constructed Pr%%npom te steel - el ast oner - st eel panel s fé*}é%"e“’iﬁ“
desi gned and di nensioned 5 for a vessel3of a particular size and purpose.
The transverse bul kheads 26 shown in Figs. 6, 7 and 9 are al so

const r uct éurldf teaessiqansiiramtasd a@{téxmmtqomes‘t -gd astomaypEdiasdd by
both hori éﬁfﬁeﬁl's and vg&ﬂx@@dnéfv%rmxata@ﬁ Huedd hu11s320 @Sty Vel Y whi ch

may al so De of conpgsite panel 18 10 construction.

conposi t e HeARECE 1Melyon RERFERIhe Trom comﬂﬂﬂmedl%eeéorrponent s, such
aS for emraﬁt%méwétdan@amélﬂs 18 suiteony RsEynd8 agid den®riddonud kheads

etc. can ubse nt .y be Shlp assenbled into
sub aséentf'll\,n L& fespel, °£r?plpéq§" gpﬁ%ﬁp B di fT& ent ways. The
i nner tarstheudree ntlithgaddd &6 Fhowrd 136 RigsG &) ofamad Goramesiaﬂso
anel 18 t| nship to
Form a ca ity S ethih foith iy Wl Bt Shide), padd a0 P, 0
enbodi nentsuppartathdy datio harizmnted ndlvetslald aed :Péart@@pé@c ansly, are
steel . QRES regpetitiivAlle NRIAIS iRY %d'TR o5 Wttt R4RAP11%

st ai nl ess steel_ for “high corrosion applications, or afum num for |ight
wei ghtmaprﬂqr’@&%mBecause the conposite panels 18 are significantly

stronger than singl erhd aidinﬁ&ﬁ:ﬁie pidEls 9 tein Pe hiREadeuRidalagmy be

dt t FI.G
or of er abl S H Ao IR eEs o SHah, 26 o SRR PRI L FHRE Tt al
| ayers 34 fArubrB&rames S?.tmalgﬂt:aieml 2z, smﬂf}ﬂreaaiﬁmﬁ et ,( wdatercEh
ded t 3 The: 30
Cpacer el SHEREHHERY 1o dipdll o dleltidl LDNP i Ssltiptles' U
al t er ddt i elgpNets MeEsel erighta AURREY (Qfmﬂhfsfe,erent WAV -pl é‘hﬁwcﬁfmﬁmjal

spacer Nenhey uidAnadh a;smiﬂsy I A Ve (FIR! I or H&MRRAAe 44 can be
made of netal _or. any ot her uitable material that is ﬁl aced between the

metal i nnd20d W5 é?°ﬁ%§ﬂé?%e%4i%rﬁil FPPIEART 1G5& &Pl Y4 may be
wel ded or dElieibrighigheco nfwdm anoritoptss (FIG) 1HyeforB4he el&ﬁto’ifér

P ef or bl Yot PSR! S LS GO MBSIMIAL, ene Lk BRIV N0
20 metal plates 34 and 36 respectively, are steel. Other
sultable metals may be used, such as for example, gstainless
steel for high corrosion applications, or aluminum for light
weight applications. Because the composite panels 18 are
significantly stronger than single plate metal, other softer
25 types of metal may be used to construct composite panels.
As shown in FIG. 8, preferably the appropriate
spacing between the inner and outer metal layers 34 and 36
is maintained by spacer elements 44 (“spacers”) provided
between the inner and outer metal layers 34 and 36. The
30 spacer element 44 may comprise a continuous strip-like
. member, or alternatively the spacer element 44 can comprise
. multiple individual spacer members arranged randomly or in a
.pattern. The spacers 44 can be made of metal or any other
.'suitable material that is placed between the metal inner and
35 outer layers 34 and 36. The spacer elements 44 may be
welded or bonded to the inmer and/or outer metal layer 34
and 36, Preferably, the spacers 44 are continuous strip-
. like members having opposite longitudinal edges 46 and 50.



14 The spacers 44 are wel ded on one | ongitudinal edge 46 with fillet
welds 48 to the outer netal plate 36 at points al ong the md-|i q? of the
pl ate 36 amiOg¥R®RAl |y m d-way between | ongi t udi nal gi r d&CL/BY/01426
Preferably the spacers run 5 generallyianly in the |ongitudinal direction
with respect to the hull construction, but may also run in a transverse
d|rectlOnTerépaaéﬁgssarareTheldeﬂeonnemall¢¢ngudfhthndge 46twﬂnh

o'ates sotihlet  HeifH) b Eand Catb e el MR AT a6 ar RO URIITI 2 |
abutting theemigdlaine &B8athedpldbe 36 aadlgmmhlywefg-‘mé f%?ﬁ't%ﬁnedge 50.
The edge fgggitﬁafga%tgigaganegé "B SELYENDT Ené\BpREdrd Opuid acent edges

52 and s 18a an pacer el enent e%g
50 act$§ aseaems&&YbaGkYngnbéhe %9@56F9¢h3a¥h€1¥ﬁﬁ%+°ﬂé¥%ﬁhlfﬁs?%@%r Dl at es

18a and '9h§”hhhlbﬁhhs@§h€t§5n'5bﬁ€ﬁﬁh9t3ﬂso runThﬁ épﬁﬁﬁmsféfment 44
acting as _a backing bar al so establish

e i RV o Yl
n1n|n1zesd%ﬁﬁﬂtéPépﬁhﬁFFoﬁecessa e bEPF HBpRgT %EE%%UP e edges
52 and 54nafre subpaBaksaile and s8het Dehhehedgd wHALh éjmensldﬂs ase 20

| ast d [ 18
and 185 t FPBUGHCAPCRERLs BYBEER oRe AARor2bfritil BPadbeldl sp 2SS 200
36, ragpechevelges 52 and 54 of The sputbtingl enaarspma,tﬁaylaat@m@aﬁbel y be

premenul aghyh el 0L, 0186Rh EhaokiREyobhl;S sl DiekagaSshogseeher

t her noset et ween
Al t er nat | ephgert 44 BBICERFVeaRShe ﬁEPEP&FnéQrb9dJacenFoPdﬁﬁﬁnﬁ?eang

nanufactughngﬂ %%uﬂ@ﬁﬁ@ ?@ @istH%a'Bﬁarléﬁd The Qﬂ&@érpéaéﬁen84edgd 36
respectlvely, spacCe relatlonsh orn1core o vity 56

until the 9I§§F@n§ﬁ éovelso &P§9ppﬂ¥vd§3pgﬁﬁ gﬂ?e& € inner me
Prefengbllay@&epyaﬁégld@d atdmekenintilsbohtawellde55 isl coppletedal girders

e I T

conposite = manu on a v ssel under
const r uct iemta®d i at pimv@ar weld gapy aﬂ'@smmlﬁgzﬁﬁewﬁﬂﬁeprﬁﬁéréﬁﬁgﬁ st eel

plates 34qpangs 34 Qfe\%l 32 trgaeﬁirﬁr;é{ HC%%%%@I tﬁb bh@e@egygaaaegzz of | ocation

for that conponent a suitab care %aV|ty 56 between
t he pl at ega@e]{%é_%m‘%&b torffhe edge 50 of spacer 44.T

20 elastomer core 38 may be added subsequent to welding of the
plates 18a and 18b through apertures 70 in the inner or
outér metal plates 34 and 36, respectively.

The spacer elements 44 may altermatively be
premanufactured or precast elastomer strips or blocks,

25 bonded or thermoset into position between the metal layers
34 and 36. Alternatively, the spacing may be maintained by,
for example, a manufacturing jig which holds the inner and
outer plate, 34 and 36 respectively, in a spaced apart
relationship to form core cavity 56 until the elastomer core

30 38 is provided and cured.

Preferably, the individual components, such as the
longitudinal girders 22, floor frames 24, bulkheads 26,
inner and outer hull 20 and 28 and composite hull panels 18
are’ integrally manufactured on a vessel under construction

35 by at least partially fastening the inner and outer steel
plates 34 and 36 of a particular component at the designated
location for that component, while maintaining a suitable

. core cavity 56 between the plates of the component. The



15 el astonmer is subsequently placed in the core cavity between t he
I nner and outer netal plates 34 and 36 by flow ng or injecting it in a
liquid or viVé@B8821029 ate, and al | owi ng or causi ng t he el apcamBy7/a1d26cast

in place in the core cavity. 5 The el ast®nmer can alternatively be placed in
the core t hrough a tube or tubes cross-sectionally dinensioned to

ent er the edgetoneEnr daubisequentiypdaaed unf ddecwedecdgyity betwelen

component v e e eI & rbdadN e ADLG 9 6eBYPE1 owinkheydl mensi ons

of the conponen astoner ente thro es i1 nto the cavity
to fill tHalestdmeitedn a licnddian adsaawe :aﬁ@%ﬂ-ﬁ@ﬂ&%ﬁ OThe

el ast oner éa%is%gorthe elldif dnfytdf daif Qi <;l>1aldé iR $heaserkheatig.cavity
56, in ﬁar is cast. Alternativel e el.ast Onﬁ&t can be pl aced
in the ord& "’E%FQS‘}F‘T rﬁ%tﬁjﬁrﬁ@a@v Yné’ec i3 &O%Fertures or
ports 70 (tﬁix@ug?ﬁ Proubelesk iguddie d:mw sectlwnaqutyeﬁlmhallonbdt &® 34 and
36. The preferre Iocatron of 2ﬂ%ate ertures 7Q _are .on .t he inner

nmet al pl atEEx SMRYY%e qﬁﬁ%rcahvlﬁqy & Gt é‘PfREF?rPeEr 59@936’ of the
i nner tiha Iccﬁmcraaw frhmEm teyess lred rigo dfha d.wngrtdhe santabdenmtot emter20

away from hreeglédl%&{eqfq:[r&o co}%‘?ﬁ%hﬁ at g ARG ‘ﬁér?%ntg gare t hen

sealed w t ‘el ast omer pl aced in the’

core ddvi tohmsig ﬁhﬁhﬁﬂhﬁﬁallntl) than savidy &9 Fdddotbet yoid besweedct i on of

the hull ¢ne &fl%é‘ssset%e Yubed &eréwﬂrmﬁmﬁf AN 158 kit €Ak ot
construct ed wrth an e%g core cavi é 56 between i nner and outer plates

34 and 36t EXMRoidte Etdubde IGRS5e the qarec caVitkyt B cdfe cavity
56. Once theLdH anphie @lsast ormrternaumenytrmg:@lemm&yciﬁ blehe el ast oner

core 38 is.cu for exal ap | heat The
preferred lﬁ%qiﬂe:g tgfe ST J aw;% %Wn@rxpa%crf n °5utf&P"’§PgerthFé’§‘§F‘s 34 and
36 rarlges ;ﬂradm atpnrtmaaamlcer; ;_Bmus 70 t{FIHmTA) pixcvitd@dmioo hdieddmaegran i deal
t hi ckness ge

r equi rerrencfs andrvﬁu?%l ﬁanges in t*e&&ars{]oe ﬂ%%ﬁ%@é{:‘x‘%ﬁ ggc %g%?rpalgeﬁr al s
enpl oyed. the Blate apgipruresit i ane Qpdde 1m’¥9d9rrmeitér1 wlage B¢ &f t hat

the inner @apd ity WEl@l2d Ayl The ouvterPrMERH ?ﬂ.%q:en@'fs *&%V%hledqfiir!é‘zm
t hi ckness d| r:rlerasr ons and need not be de o e or %ual ity

of metal . away from exposure to the outside env1ro ent
20 away from exposure to the cargo. These plate apertures 70
are then sealed with threaded metal plugs 72. The elastomer
can be placed in the core -cavity 56 of individual

construction components as construction of the hull

progresses, or large sections or an entire hull can be

25 constructed with an empty core cavity 56 between inner and
outer plates 34 and 36, and elastomer can subsequently be
placed in the core cavity 56. " Once the flowable elastomer
is in the core cavity 56, the elastomer core 38 is cured by,
for example, applying heat.

30 : The preferred thickness of each of the inner and
outéf'éteel-layers 34 and 36 ranges from, for example, &mm
to 25mm, with 10mm considered an ideal thickness. These
dimexsions will change with service or component
‘requirements, and with changes in the type or quality of

35 the materials employed. It will be appreciated by those
familiar with the art that the inner and outer metal layers
34 and 36 need not have identical thickness dimensions and

. need not be made of the same type or quality of metal.



16 Nuner ous conbi nations and variations are possi ble w thout

deviating fromthe spirit or scope of the invention. The

di mensi onal MO8&#%%8ss of the conposite panel can be sel cRETARITNP1I426 - -
adj usted during assenbly of the laminatié 5 to achieve desired structural
strength requirements for vari ous conponents and applications. The

di mensi onlmerounsi cembigabiongcandf varbathoes ane pog2iblketwlthPutes 34 and

36 and/ord&bﬁaehﬁﬁt eUBfh eaées§§r§anobesaa§ée@lfa@ﬁ@rﬂw&qé,@o@ particul ar
requirenment. Furtherpore, | am nat e gane s 18 10 can be, constructed to

_have di mensional | y FH?CQ%W@BS SRat enfc BEBBORE PR FORRPFLER BRA®St nent of

StFUCtUrabaﬁtbénﬁéMectlveI?eadgﬁﬁﬁéﬁoﬂﬁkiﬂgt@sskﬁbgﬁ obrethenahinapanel can
be the 38 provi ded Qg varyi ng

opacer Sel BALRELARVE: ABRLFBs SERRREHER pHEGSRYF o SRR CRIERER QY 1 he Spacer
el emrent avamdotibecbmpghbnos ahd sppticationsl enEine, d;menmrbm@lconp05|te

ls 18 I hj
PP okened SHAERpL8s' BE Bach oF 'AKTERRRr(phd B3 LY Sudeal WARIETIA I Y
i nner 3§n§ndﬁﬁﬁrthaEéQSB@maﬁdcgseoﬁstﬂ@ncbﬂpﬁérléd gecording to aThe
e'aStO”Erph%tﬁ&ﬁiﬁ&akb&uﬁréﬂéhﬁnse?ﬁkﬁﬂeiﬁ@fa, tthlE&Qﬁét& p¥REEd TRY

require héat to cure the material and onbl ete the Casting process. The
prefeipedcﬁﬁl?Br69ﬁ§ﬁ€u0tedeFasPBHBrgi@ﬁFélﬁFa%%ﬁpEFhF%?%gdoPa%SbrOX|nately

20[ err] C gBkeibhs. for 1Besidual haghstmenttoe verdiogral serdefents wil |
provide heat art cularlé}near t he_wel d

t f
joints. HES’@& ?.rrnebgEp}qaﬁéyopﬁ?ﬁgeggpepggw Ehgen b¢ HiEe from
the wel d resnls wifl b thdukeeedpplastbmen obre BssprVEﬂedthy aryimgheat .
The heat 3 b dt th
'nner - and°Bacer srehlphsd, difiensjolad8hihar ef?c%?r% g End GHbET T
met al 15 o§|&hesspacawdeésmﬂntlaieaaltyetlangﬁhtoﬁhb ﬁeﬁPa@%rthe

el ast omer ¢3@mRtt,h re%alﬁgwbmpéélﬁe pafel gt §80@§Ehn9a9§.able the
el ast oner . Alterna ively, an ast oner can be sel ecte flows at

reduced othCEPSPEd 1 @F&FGF@?lYanHh8u9é§93?19§aéH¥|Eh%c¥%ﬂ$ér8?ﬁ?%s.
After theceaar egesalit ¥rom thitkkehétdgwbEhoskastobeth of SBe meyaapenheres 70

in the in§%d7§ﬁq?%ubigtggtg4 Qkatgg g% the ggﬂpggléée sealed with threaded

met al ptugs
20

The elastomer is preferably a thermosetting type
of plastic, which may require heat to cure the material and
complete the casting proceés. The preferred polyurethane
elastomers cure at temperatures of approximately 20°C-60°C.
Resgidual heat from the welding of components will provide a
25 portion of the casting heat, particularly near the weld

joints. However, portions of the core cavity 56 that are
remote from the weld joints will require application of
supplemental curing heat. The heat necessary to cure the
elastomer core 38 can be provided to the inner and outer
30 metal plates 34 and 36 of the composite panel 18. The metal
plates 34 and 36 will readily transmit the heat to the
- elastomer 38 in the core cavity 56 to complete casting of
the elastomer. Alternatively, an elastomer can be selected
that flows at reduced or elevated temperatures, and cures at
35 ambient temperatures.
After the core cavity 56 is filled with elastomer
38, any apertures 70 in the inner and outer metal plates 34
.and 36 are sealed with threaded metal plugs 72. The



17 apertures 70 are preferably on the inner plate 34 of the out er
hul | 28, away from exposure to the outside environment, and on the outer
plate 36 of WhAMPer hul | 20, away from exposure to the ESFERPTOHAS,
the apertures 70 and 5 plugs 72 are gentral |y exposed to the void between

t he inner hul | 20 and outer hull 28, where inspection and mai ntenance

i s readi | agmssites 70 are preferabiiye agoibendaness pdatiey 3¢ 6fedds s

repeated t 5 e d Higt i radj-@ Qh@g&q@gg@ents as the vessel
10 COﬂStI‘él}ltfl on’ pi%g%sse‘&sh? The aésaési)dg‘ﬂy rret o s di scussed herein are
merely il lenqkzhnNant OanRd Rt Suer, edad) & HAgre Mdddwt%and are

cont enpl atReh-ASE R gt irdfed the cady cﬁsel'm'mls)meiel @pertures 70 and

Because struct.ural or "adhesi v char act eé{l sti ééS eI ected .el ast oner
may be TarRIRHEE bi2 13RS IHSRe Rl \ﬂi‘(,?r & %’&

conponent smiBe 2m chrikB lowiter fmﬁtlermi wheﬂly isspdiatg oaf tamd trad ddemenmeer 38
Is in placge bet | nner and outer plates, 34 and 36, a wel ding

t he
margi n 58 ]rﬁ,us]fevgfﬂf)é)ﬁ%’&h]ueed The wel ding margin 58 is a suitably 20
di mensi oned portion Te tdmmument: AdgemBy pundess o repeatgdit®t to be

| ded, t ' f fg@r. A
V\rrﬁr g?n 58 c?nt;%ppr oxXl1 n%[aajffa%ﬂ o ad%flirltgln;ﬁdn rf&%bel (r%sovt\:/eﬁlzédég :
suf fi ci®ntconsprestien mreesses to Thee %%ﬁ@%@%@l%ed

tenper at urgs,dpn ad rxﬂé&@lfﬁll@é.@lra@iﬁ arcftzﬁ_&rl%{eadﬂda@wwebwler rjc
while the terrperature

0 steel at or the weld jo

si gni fi carfg85embly Rgm O‘ﬂ?t%‘?‘?%l%ﬁ‘iﬁ“ﬁ}fs‘q‘ﬁi dtdtqéoﬁlthednd
?Lt er pge_p@?iénﬂaa;lsnmmhsuffl ciently, }‘or texarrpl e to 150 [err] C,

e void in e we in.c e r.ou It 1L
provi ded for that pﬂéeb‘g% ?P‘f]ﬂ%g‘%%%elb %1 (ﬂ’ |‘}r)1&n§egr}‘a & ou e%ﬂ‘i(?%cz pl at es
34 andi36.a @élemhedlamwom@e may leldimagedityl 188 heatomE ogdsiman can
be filled | r W SRRGnant .
It is- conte fa?g%ﬁ{lﬁartma% a%%%?re‘?o érgts%lég %Imeghedcﬁgt h baqndi ng
capabi | it i®% ‘Sﬁl@hmeaf’é?rt\%e ngtastemer 38 i in place RPHRS? W al

plates 34 fpfeBbandl é@t@ﬁtpyﬁas, 34 St & tw@mhng agaryin &8 ﬂaesmsed to

prorote adiestoni9la. wASNSSABS UL EENSEH 49 DLl astomer o the

20 dimensioned portion of the core cavity 56 proximal to a
joint to be welded, which margin 58 is at least initially
. devoid of elastomer. A margin 58 of approximately 75 mm
-from the joint being welded is sufficient to prevent damage
to the elastomer core 38. Steel temperatures 75 mm from a
25 weld joint are generally about 150°C while the temperature
of the steel at or close to the weld joint is significantly
higher. After completion of the welding operation, and

after the joint has cooled sufficiently, for example, to
150°C, the void in the welding margin can be f£illed through
30 apertures 70 provided for that purpose in the component
inngr-and outer metal plates 34 and 36. Alternatively, the
: weiéiﬁg margin 58 of one component can be f£illed through the
‘ffem§£§‘core cavity 56 of an adjacent component.
s It is.contemplated that an elastomer will be
35 selécted with bonding capabilities suitable for the metal of
the inher and outer metal plates 34 and 36. Alternatively,
suitable bonding agents can be used to promote adhesion, or
. adhesive can be used to bond the elastomer to the metal



18 pl ates. The netal "skin" plates can al so, by known neans, be
mechani cally or chemcally bonded to a pre-cast el astoner core. Spacers
of an approéﬁ"? a¥927 nensi on may be pl aced bet ween the "skPRTIBITHES t o
maintain the proper spacing 5 during bb&ding operations.

Al t hough a variety of materials are suitable and contenpl ated for the
core of tlplates! - cThetmetal stelein” platwpan @lithe Dy oW gleansed

el ast omer EQrm%&ﬁ‘aﬁ:Péﬁl?} éf'echeml PBdReeny d %&-@&@tmé‘i@stomer
pol yur et hane el ast omer Havi ng I&?‘F ropriate chenical an plPﬁ sic
din

propert i esCOBPHeci FPRCETS @k a?ql sa? IF’rﬂf-ei NSRS INR MY,
Engi neer edhetwdéh cthel Skt boDkt e8/0d ¢! mita Eht g i tiee ipritp el @paicing 1988 ASM

Interng%i 0 aliﬁlv@c | S |ncor% orated herein by reference. Ther noset

pol yur e hafer HPE REARY CRAFENt T Heered material 15 with, for exanple, the
foll ow ng range of physhoagh a yaopetry S naiterches et isstitedle @nsl | e
strength 5 h 7 gation of
100- %g}?@#‘%(%?%? fé@ I&% Oé,%"k?f q?gési% el cZzﬁass o?nrga%nm t%g'n

t enper at ur@omposimetpan@}erme: prafexred elemstsqmefon dhe Pne:Qfertdeur e
f1 exi bili té’m:qé@é‘it":@”ﬁ&ﬁé‘i ug an&)@&mééwrgsﬁyurechar@ge 1Ol ild V-

tear/cut resistance resi stance, good elasticity an
r ebount? o%}EFPéOP‘é%@%?a%%mmal b Physieal AEeREtHRE + elfRaciiice

resi st ancegedhiese relaem@etél SFa S Gl imef Wiy be Enyiadadged in 25

pol yur ot nfRECHAT BrEF b LOLCTHRY et Fpess Lt RMASSAEE e S8 10t o1

wheel s, exIwteomaphondk)ll whlio]borby incoyppotatedyhrain by edferedrdee belts,

i nj ection/ t
(Comer o7 TR o rar i W et £ A R RO TEES 1
3nm t hl%k)Wltltlubffhg exauplepvehe fobbewingceangsiok phvsicad

protecti Vepf@ﬁ!@féleghﬁn@r@H&féé@érﬁé'@'z.&é‘ar a@éﬁéil% '§t9réHgth oiCW&' ally
avai | abl e ‘pol’yuret hane e] astoners ca tailored for a particular

appl i cat i B3 ar §RAget RRTEBERA AT s?%/ t‘?—’oq%'r RIRAA O ¢ Thave
her et of or es0E%, bEPaxural Useduivs ot 0ZPosi| 1@ @i ginas thramdiddicki ns for

o T AR 5 UL e Bl B Kl Brrance, 20w 1118

20 temperature flexibility, low-temperature impact strength,
longétefm flexibility, tear/cut resistance, fuel and oil
resigtance, good elasticiﬁy and rebound, ozone resistance,
weather registance and temperature resistance. These
properties are defined and can be characterized in

25 accordance with applicable ASTM standards. Commercial
applications of polyurethane elastomers include load bearing
industrial rollers, caster wheels, exterior painted autobody
parts, hydraulic seals, drive belts, injection/blow-molded
dugt shields, injection molded grease boots {covers), blow

30 and flat die extruded film and sheet products (0.03 mm to
3md thick) , tubing, hose covers, sport shoes, wire and cable
prétective covers. The properties and characteristics of
éoﬁﬁércially available polyurethane elastomers can be
tailored for a particular application by varying the

35 cﬂémistry. Polyurethane elastomers have heretofore not been
used in a composite sandwich with metal skins for
containment vessels such as double hull oil tankers.

It is evident that the elastomeric core material



109 of a structural conposite panel 18 nust adhere securely to bot h

netal skin plates 34 and 36 in order to support oper ati onal | oads.

Fur t her nor e, wbhgnroas ed el astoneric core mat eri al 38 nust PCIEBIH01426 - - -
suitable structural 5 characteristics, gych as sufficient density, tensile
strength, ductility, shear strength and conpressive strength to provide

t hel POWPQS&feap@ﬂﬁhcé&?a»it&bxﬁﬂS@sﬁ@ﬁ%ﬁéE%s ntxuéiﬁse%cfll?élieg é;jébqu?l@;[' Redui | di ng
appiication, sucn. , or ex e . Streqn an uctitlity,

dur abi | i t Y&y B {5k r@s‘?rs?%?i% 3id g%%’d%rﬂ’%f{gbrt%)&q%q oad events

li ke grepetitbon®dl Todds Si dnsctlemmape; | yhd crukddieithstonpnt iiradwmne

el ast oner possesses., ot Suj . C ' ., such as water and
oil resi st@%%%l%ﬁd:i g w%ter#’a%é%rgesgiss‘%%‘%‘%??o%%%*é% on. 15 The
el ast on®er charad8evisthes copelsias suffficiant demmitsy,s dmrissideontri butes in

carrying t%@¥ ti Rﬂgﬁgi SV Newsa .@ﬁﬁ @Q%g%
devel oped be 8\/\12@?1&'[ hg@cé st blr%rllenah%r aﬁé i%Jt.er plé;dt‘ Seﬁéi{,}ﬁ% 3 amhe
el astoner B8 Provije,ehe sCOrRFLR@ANY B YHSN rdIummansriins net al
plates 20 3dgPrshBe ihad M%@m&nfrﬁlmw& hogfi G epndeaggi ng
ose
{H

nonments and elimnates the need for_c , Space , 1 ongit udi pal
sti ff ener SYRTRERN BHEN | BHERRUR BRA f %lltzlg' durgby i &R 1 igiPRSosel v

Spacegu(o]I onﬁéiﬂdi:md:egimcbwi&&tal &e@g&keﬁ@aﬁ&%ﬁfﬁra cmﬁ 38 is f

provided wth jpcal 2 operties and i-n dimensions suitable to transfer

suffici entgrougg%z%g %"ét‘a%lg%l%)lhoe % hn %%%P%&%rf]%? arp?%t es 34 and 36 to

enhance t Ipolyexethanstebagtoner pdesessss otheowitalils es 34 and 36.

The inner and-ouieriplabes Sdopnt Sall: e o1 RN RPN 18, because
e n i1 nes nore

of their separat]on, provi approxi mately te exur al
strengt h tERgregphtresistanggfentinslationl e metal plates 14 with the sane

total 15 plate-thi ckRESS1as¥Smér FESte t39fof hensi cithddSadk |paddOhes
strength of a conposite co nent when co red to a correspondj ng
ingl e pl SFIEBTPGRLAR , COBREHRYTES RO IS5-ne RRETAL 115 1o,
| ongi t udi nedévegrallewayf?2, Fiestes He aadhesion kdwewsitopdd stwaem yreeed
furt her ap&ééef”di{)ﬂgé L5aeE, L sglaéf&%ie%m FE Lhe ”E%Kee’eﬁ%&ﬁélp '
conposi te conponent s require signiticantly fewer or no Stiffeners 7.
Ther ef or e,prevents local buckling of the relatively thin metal plates
20 34 and 36 that would occur under normal hogging and sagging
moments and eliminates the need for closely spaced
longitudinal stiffeners between the longitudinal girders 22
or the need for closely spaced longitudinal girders 22.
Seccnd, the elastomer core 38 is provided with physical
25 properties and in dimensions suitable to transfer sufficient
shear between the inner and outer metal plates 34 and 36 to
enhance the flexural strength of the inner and outer plates
34 and 36. The inner and outer plates 34 and 36 of the
composite panel 18, because of their separation, provide
30 appfbiimately ten times more flexural strength than that of
conventional single metal plates 14 with the same total
_ plaﬁe;thickness. As a result of the significantly higher
‘gtréngth of a composite component when compared to a
cdﬁféépOnding gingle plate component, composite components
35 such &g, for example, longitudinal girders 22, frames 24 or
buikheads 26, can be spaced further apart and thus fewer are
regquired. Furthermore, the stronger composite components
- require significantly fewer or no stiffeners 7. Therefore,



20 Wi t hout increasing the total weight of the steel required to

build the vessel, steel normally used for the additional | ongi t udi nal
girders 3, W983P2911 and 2, and plate stiffeners 7 requRCEIBINNAL426 Or
art steel double hulls can be 5 reallocgged to the conposite hull plates 17
and 18 and structural nenbers such as girders 22, floors 24, bul kheads
26 and \(/j\/ehﬁ.t:‘lﬁ)uﬂ (ilm-hi@lsnr@t rmfwﬁtfoﬂr?[ldiweh@h@ ofopensnkel reqadpall eo?;]

i mproved str al _per mance -w_t ho creasi st.eel .costs. e

el astomrwg@ ‘P sd%S’ 198" éﬁ‘rly Sﬁ’&%t 58Fn5ﬂgsﬁ§§?£f'?§ﬁ fer

bet ween the:ngmtaxd:ia:rd girdenser3 nﬂimlmqs,atle_sa&d 2ndaB@ pllatke conposite

panel £t metgaal 3 é:‘dﬁldx%d 1*1?[;%11‘?}:9%&4s@'é@l?’ﬁohﬂlggﬁ{:ih.gu%:ﬁg ?et he

el asti c se ence MOMENt resi stance anker
as a whl eealdeustad dmerthe qanpas tendudde platespddkrrAgl8apadi ty of the

hul T struGihgsrdda® dRsivd 4 'sﬁﬂzh as ?1 deRE 03, ¢183R8! 218 oaoRakEUG! ed of
two thi nner st eel ri_%lates 6 separ te hy and bonded to a

structural2® andg|waks FP qtlﬁa%qqétp’%qr’@rerarlpdévﬁgpélt RPEREPCRLEe| pl at e,
a tear or dafpibie dﬁﬂ:@memtddru@:m @e&ﬁoaina@c@o&htﬁauteqw valent to or

| ower than, conven.tlon onstructl si,nc | at.e _may not
have to boitarRaag Sheel Hedrs. | Y AiFshomen £hEs, 26 pabvivRs
di strilut |anf1‘infc:ﬁtéra: t]kongarmxi;mal sifeatrh & riams feire et peaticth@4 iandr3&ndn t he

conposite £ LSi.Li.Qut tqQ. optimze
25 struct uosgqb%l n%Tﬁ:ormfnce and?' dura %éj%% 16‘?:?)1;é %%H\F%%igb éﬁhgﬂ i@ %P

exanpl e, IW]@@rﬂngﬁ:a&i@|Rl'5&t%ﬁhc¥4c@rn%§|60ﬁ0al¢@ntrlb§§ea§poﬁhﬁes| st ance.
The SUbSt'él&é@ﬂ: Yedt Fort RRRBIUS R Henk? ft@lre mome?x%mf:%ﬁibﬁaﬁbesb?e' plate

in the hull conmpgnents, such as for 30 exanpl e, ,hull panel s
| ongi t udi rte driaHess 3§ Grvhleres The @@S&r%‘e&ul%&%e%tgﬁgﬁhﬁ%ant |y
I ncr eawes ﬁdtﬂ:ﬁiﬂ@r@ﬁa@ity of tth@ammdls\ﬁxﬁh&hﬁwl | syoepbRERtatdand t he hull

overal |, a#r}l ' aél ws for ductl n_i d;c}fft hlckn SS %f tI% ellnner and
outer st edtie couitsfRE palef! 1F7 Aalinld o ) R FRiRatk, el 0
signi fi carplateiici4 amd 86 reepardisyd dy and domded |t@na.l shoerbktueadt r uct i on
empares wtng? a0, S5 IUSAG S TR et lNee.
. a tear or rupture resistant hull 1s achieved at a cost '
20 equivalent to or lower than conventional construction, since
the steel plate may not have to be specified as a more
costly notch tough steel. The distribution of the thickness
of the two steel plates 34 and 36 in the composite panel 18
is not prescribed and can be distributed to optimize
25 structural performance and durability for factors such as,
for example, load bearing capacity, and corrosion and
abrasion resistance.
- The substitution of the composite panel 18 for
convertional steel plate in the hull components, such as for
30 example, hull panels 17, longitudinal girders floor frames
24 and bulkheads 26 significantly increases the strength of
these individual hull components and the hull overall, and
allows for a reduction in the thickness of the inner and
outer:‘Bteel plates 34 and 36 in the composite hull panels
35 18,7and a significant reduction in the number of
conventicnal hull construction components, such as
stiffening elements 7, frames 11 and support members 2, 3
. required to carry the in-plane service loads, such as, for



21 exanpl e, the service | oads that cause hoggi ng and saggi ng.
Substitution of the stronger conposite panel 18 for conventi onal steel
pl at es and womsemaventi onal frame and support nenbers alperseniaé i-es
the supporting structure. 5 The stronggr conposite panels 18 all ow
construction with significantly fewer structural menbers, which in turn

si gni fi capkhiptieduens tBevibBebebagk EhéHCEHﬁéé hoggiﬁéeéﬁécééggfn such as,
for exanple Iongltudlna stgass rou oor frames 24, bu?kheads

26, franeSBRECHFYERERSOE0 ﬁo?t§gﬁﬁﬁf c?WPBgFE@ BrBekeld fRBt shown), etc.
The r ednotnoiohalssteelupahtest andeebroséniént Ubhal efeRs ahe

mb tail d t di mb f
ot oue 1 arERpRl vREPSLy, ¥TaBlbieliERes: Pher LrupoBREing abructiTE cauces
t he ch&nc@hetEaroagerachmppshtprppagase1&5a1boWheohsueuchﬂbh @dthn an
acci dent §iﬁH§% Qntﬁytg er sgg?czpﬁaio 8%é£§ p&ﬁi@hs¥ﬁt€H}ﬁonb'ned W th

i nnovat i ve ava arc Yire rovi des &n Fesi st ant
tough str@ioniéicanslyuredusesethpl ausbes of ﬁhEUCtur%bnp05|te panel 18

acts as alhaé§seeeisﬁblvguaaaagngf89 suhfBEe. 1dR81£hABHE %Qéfn 8 absorbs

ener gy, ﬁ 8 % % %ransverse | oads t o the inner stee ate 34 and
provi des SRFOUIRALPRYEO §aﬂﬁﬁh2ékoﬁHéFPSﬂdPhQFnafrﬁ@gl%B@h?r%%h%Fﬁne The
|n3er19te¢hoplahewﬁ¥ atsmp?EngeBraakétbaKﬂoﬁ;ghéﬁﬁ)ye?tc W@ﬁéhgg sur f ace,
and carri MR or of . t he in jnelastic nenbrane
action. ﬁédggﬁaﬂpcﬁnc%ﬁ Fuﬁﬁﬂogggersng?o?ﬁelﬁpt?ﬁﬁn¥%$ €2 btRFon of
steel | aysumbeickfiiefatigue senbikiwet Hetailsranddthanesrséspdn@inges 34 and

36 Of 1 NenunpbeOBRORLEEahaNeh1 18:L8 PROVI gyt BECHRS! FLILET ERb, SELHGE UM @

system Tﬁe ther el T RSl at I ng Rroper |es e eras oner
provi de aMGHPREF ahoprsAduAest bhenhehanges thakla cracktelBd prnopagaperting

strucngratostﬁél ifheFEALS1 SYCIna8n ackeght Wipahtgbhders 22 and floor
frames 24, allow ng | ess costly |ower fracture tough

of
steel. In an ach%@nFawpﬁﬁléﬁtPéﬁEel%&Etﬁﬁnﬁ?ﬂprEdt%% tRuctil e el astomer
35 core 3Bnnbvabtveonpoalt arphiieect8rendecas®s phevDAESt & eimpaesi st ance

o L1 | hsBoR ol bIuBLILGS “huglyeR, srefh HLFRBAR L v,
def or m oveempogpbet pagel 18 acts as a hard protective wearing
20 surface. The elastomer core 38 absorbs energy, dissipates
transverse loads to the inner steel plate 34 and provides a
continuous high elongation thermal resistant membrane. The
inner steel plate 34 also serves as a hard protective
wearing surface, and carries the majority of the impact load
25 in inelastic membrane action. The sandwich concept allows
for the optimum distribution of steel layer thicknesses
between the outer and inner steel plates 34 and 36 of the
composite panel 18 to provide the most efficient structural
system. The thermal insulating properties of the elastomer
30 core 38 provide a warmer environment to the inner steel
plate 3% and supporting structural steel elements, such as
l_ﬁlongitﬁ&inal girders 22 and floor frames 24, allowing for
- the,; use:of -less costly lower fracture tough steel. In an
'*faccidéﬁﬁal,or extreme load condition, the ductile elastomer
35 core 38 Of the composite panel 18 increases the puncture
- resistdiite of the inner and outer metal plates 34 and 36,
Creates more uniform strain fields within the inner and
cuter metal plates 34 and 36 as they deform over supporting



22 el ements, such as longitudinal girders 22 and floor franes 24,

decreases | ocalized shear deformations, and, in the case of i npact

| oads, greamO98@1B2nces t he resi stance of the i nner and REKAAITAHRE! - -
plates 34 and 36 to tearing at 5 transyerse support elenments. The el astoner
core 38 within the inner hull 20 conposite panel 18 provides an

ef fecti ve el emeditagk s@rdhe&ts hengt thainetngtbaeest 22 éﬂdilfﬂ&arbf)i'me”sor si de
structure that neraII tal anmag gurln a_col e} c

gr oundi ng2%an#SHFESY ﬁﬁe éFe§|5 8§r3§e lPﬂﬁeraﬁé hﬁ?l 56 ﬁﬁ?%h li ne

t he car godfadkpacthiloadsacigreatdyt enhgaces thenresagtasceoofwehé ot her
crack arr ggndebald iitel ldera1 pibfBkl haa0hkhy3ECHUCEebiEnbi kI i hoOd of or

even el i mna woul'd occur from crac propagati ng
into t®¥e tranﬂﬂ%;ﬁ&zﬂﬂ@Pﬂﬂ&nﬁﬂﬁ@enﬁﬁbur@héfeiﬁﬁt@mﬁ§rcﬁﬁﬁl33181 hln

The si npl 'tfl'ieeq_rﬁie&u%ﬂrlalzosﬁ%h%@s'i%el ﬁﬁﬁel 18C9989§a§§ aﬁnéfﬂe&f‘.ﬁrés flat
surfaces, It is easier to mai ntai n Erotectl

coatings (@& [rrest é@%ﬁrh§95W§§Ed5%ﬁ PEtSEnQP&FIQSnDEPt FmBR £HA8r eas
whi ch stirerctiddd Gt ien2eae3y, steehiag Bhrayadaugide a&f cbivpgesnor 20

fl b h h Lgi nal

appl i cati OFF HRP B b EE oA ek S5 AR LA8E: 13 OF the HEBAANCe
applid&li@mﬂJaBQ(hhﬁbhnﬂnme Bheacasgbheanks.cofpdsi teapknatregst aybas | ess
surface auea d Pty wirn LARES 3apxl 89ve80 BLeRIPLALt Y191 corrosion

probl ens and an eased serv nitial cost
to build tsHenddiissuitly neshice the én&gﬂéh@pdspéeprpaﬁen gbiminangl pil

structure gyt #1888 tizadn dot\ﬁd occurd¢irbinobab bl ptbpabattihgf ened phate
counterpart. The cost of the elastoner core natérial, installation and

addi t i onalcaRFondiadh § T8 Sdiea FUBtHEen OfhEheo RpEEFt Budhmel s is of fset by
the elygr nation of &‘k!:‘dltﬁ.tn@ltllfdlednlsltﬁﬁbtﬁfraﬁoayelﬁbmoﬁlm legs steel plate

tiff 7 t, f t h f | e,
ol L ar ol SFgest sbmAnd MRy 125 HIBBC b tpseli ok a8 SEPAREVEPse franme,
floor or bqtﬂbeadnﬁgeaummmhaenmmain prrdtektivei poastings bhgsebstantia
surf ace 1535 AU G21EERER3Y RS chffidh” $aPELBBL n

ene t

ed
nalntenance her cost S are‘rea |ncreaseg servi ce
life and BRedifEinult FaRFce@sgosuch as the underside of flanges or

20 flange web intersections (not shown), where the original
coating application may be inadequate and subsequent coating
maintenance applications are difficult. Because the
compesite panel system has less surface area to protect,
there is a reduced probability of corrosion problems and an

25 increased service life.

The initial cost to build the composite steel-
elastomer-steel panel double hull structure is less than its
traditional all-steel stiffened plate counterpart. The cost
of the elastomer core material, installation and additional

30 welding associated with the composite panels is offset by
the elimination of a substantial number of conventional
steel’ plate stiffeners 7, the elimination of support
members, such as, for example, collar plates or compensating
lugs at longitudinal transverse frame, floor or bulkhead

35 interdections, and the elimination of substantial surface
areas which in conventional hulls require painting and
maintenance. Further cost benefits are realized in
increased service life and lower liability and cargo



23 I nsurance costs and | ower operating costs that result froma

lighter vesse | ower heating costs of oil during t r pegithe7/01426 - - -
The fundaPF’t’a‘?ﬂ’éﬂ{?j eason for double hull qil tankers 5 is to mnimnmze the

probability of oil outflow in the case 20f accidental or extrene |oad
events such as_groundi or collisions, In_thi r ' ntive
systen1prb9?ﬂ€§gce §ﬁﬁggi%Pdp%?VS?nﬁﬂﬁﬁagbn%r?%ﬁtir%ﬁ%€§$%%ér€ LRSS
Large scaleghteunvesgelesnd baweri beatihgboososn ad obllduxirgi ons i ndicate
t hat rupteégngi.the interior hull of current steel double hul
alternatives mnFF occur as a result of crack propagatiop fromthe
initial rupture of The fundawestat rersonefer deubhe %éiﬁrP%& LRPEEFRt i on
into the 35 chUhinmifYz8 EREKpPELALNEEtPLbeChili SutEB6wt hanthdecaepanhti on
15 distance,between the inner ind outer hulls. 1t becqges essenti al
to isol at 8CEhECEERLOOFaREERFRR L0RAaENCFFe8IFRRS ITRPRTEYi BR 1 ayer 15.
Figs. 7-lgollhpsbhate thethis ragardonbhet inwentivaesysogosprevideés pl ates
18 with the . conposite_transyer u e the conposite floor frame
20 24 anﬂ“?ﬁ5185n§§§?93mﬁ838i?%dpﬁngg%ggeagigsn%he conposi te
| ongi t udi nal girder La2gexsealle guvaundingdteshaconspwioh ane botte®nposite
floor fra 4 :he s S e agde2 i £o10RG1L 1 ugdgna
edgesléf ﬂﬁ%glg%g??%%?ngpiékéggrE%ééafgghhggcgﬁngg?eén%%?e%tIy only to the
i nner pl acerzgnsf steelodoubleshull| a2gezpativesoltet PFEYE 388 df the inner
hul I 20. f8guir cEP@eack ﬂ:oﬁhtgﬁ%&bﬁnﬁﬁm\/\k?agﬂnigﬁamOﬁﬁﬁfé pfatRel8 of
e i nner hu so tha re._.locate et ween
| ongi t udi ﬁ&FséFiFd@%’i 22 EVRB; é'rfr Fﬁ‘é ?‘SPE P%s?eﬁgb?-'%ﬁ%“ ”\Qg?i FP&t weld 48
fastens eHgR146bef at keckpareothért obtjeeti,nder 188s shahatbe68eparahdonut er
plate. 36 qf _the I nper || - a Lngl e.. t d tens the
edgeslgz §ﬁEE§R°§fa%%ﬁ§én tﬂgh&ﬁﬁ |nﬁgP Sﬁg?géﬁggggéngg SB?é?égéectively,
and edge BSsehtial ggadeolate thencaygch&ankspathi secprakedrsRStABYI
Conpos'teggotégﬂygn %%yéyhﬁgq qupbhfWQQGNQHQuQEEQtEStBéQ configured for 35
r an

ease of fabrication to facilifate autonaalon of melglng operations. -
The pl acehBfersonnestdon of shecompositecbull platfBehs WatPoRlft udinal 3
gi rders 22comppeatbitianserde hulktead 265nithei compasickefilaore fGa@men t he

roorZBragi a%@?%hép%omposite longitudinal girder 22. The composite
longitudinal girder 22 extends toward and connects with the
composite floor frame 24 beneath the transverse bulkhead 26.
The longitudinal edges of the longitudinal girder 22 are
connected directly only to the inner plate 34 of the outer
25 hull 28 and the outer plate 36 of the inmer hull 20. The
spacers 44 are arranged within the composite plate 18 of the

inner hull 20 so that they are located midway between
longitudinal girders 22. Referring to Fig. 8, a simple
fillet weld 48 fastens edge 46 of the spacer 44 to the inner
30 surface 66 of the outer plate 36 of the inner hull 20, and a
single butt weld 55 fastens the edges 52 and 54 of inner
hull inner plates 35a and 35b, respectively, and edge 50 of
spacer 44, joining the respective plates of the composite
panel 18. These simplified weld details are configured for
35 ease of fabrication and to facilitate automation of welding
operaticns. The placement of spacers 44 at mid distance
between the longitudinal girders 22, in combination with the
semi-circular clearance 60 in the floor frame 24 at the



24 transverse bul khead 26 adj acent to the |ocation of the spacer 44
in the mg@; 4 panel 20 provides an effective crack gdyaboiuagri-er.
Fi gs. c?ear y illustrate that 4 e only direct, netal -to-netal
contact between the inner 5 netal |ayer 34 and the outer metal | ayer 36 of

the innet ,nfllse?@uh i&uteg%. SRAGR, atn ?:TtES Eﬂ@eioEH{:koﬁooPaéh@f fectively

been isolated from crack propagati.on e placi ng spacer 44 at a
si gni f i caPRCETSB4nda theminged hydiln@anel éer€P¥1§25 @tﬂdeﬁﬁeﬁFbV?dl ng a

cl ear anC%r@Qﬂd Rrrfded@ Halrd iR 10 F%spr @xmabltearwelwﬁatraaeothaaacer 44 in
the inner _ hull conposi te panel 18. .Cracks Egggg&éhnggfromthe out er

hul | the Gigh Tondetang o desal Gongar BptBRBY t he
el ast gemetelie 138 é]:ﬂ Fdhernd e fmﬂtlarZ&Let@laahyepr 8pagéft thg innefromt he

out er hr, h fI ra 4. 0r 0O
otruct ur & lﬁer#S’D o el 4¢ " pferthiTy 29 pRbTRERRCEIDATYTI ST
t he propager drecdfated from mk mmwatépaceﬁfmtsobyhplaﬁhgg pl ate 34 of

the Innerfé) cedUd A9-a fignificant diHtent@Nerol' dhahitaliganrance 60 is a
typi cal structur al continuity that is used to’term nat (Eﬁcr acks in
oxr

struct ur - ERHR A2 + A0S Rk RRVPAYRT 6h deaTegFafigds. TAo PBE 62 fills

the sQm 2 hds@imtl s allee 1651:at1ihm wm@p@&er 44han phei pheeal hillanges 64
on either side of the fJl oo whi.ch create ter ti ﬁ
8ut859 11

conpar t MR HH-5 BESS Gf‘r?epd:iq?@gr?ﬁﬂ' ng; §FOm &
Cast - nl mtaag@ airﬁﬁm:grert;he 1orfgittlmlnginlotglmdar§spe§ aﬁ:eplsMQS’Padeby the
cont enpl at.e
téc;{‘l Ve y | soq are 3{1{%]1 ‘%qu{dl%/l t%"?l ust“:ly ks tq_ﬁbgo tank

68 is means ur et | ast onmer
core 38 ffrcmlnlthm ower whib 28 rmtﬁh@u% i aare fé'ﬁFfs;e (?rl4l"e(;°9: %her

met a' é%&ﬁ] af PRGHEV O bl MRS LNE inkiMeriBt aﬂermlaata%e%t of the inner
hul | an e rest of the ship structure, t he spacer enents 44
bet Ween i FHRATIRCE AR erehbRChiv Yrﬂ”%ﬁ‘é%nté'ﬁlgaﬁ‘e\s@%?&%tl e %gl

As illustéaiee thirdugh Spaddie bulddedte Hnrer 3 atfeaSuendd ting \wlrm::ng or

ot her ne ns]0]g02¢ he inner plate 34 of i nner hull 20. Bel ow the inner
hul | , ranme 24 supports bul khead 26 and is fastened by wel di ng
or ot her neans The t dembieircplar ccBmrgngen i isuld ©WPicele el ast omer

20 structural discontinuity that is used to terminate cracks in
structures subject to crack propagation due to fatigue. A
plug 62 fills the semi-circular clearance 60. The plug 62
has peripheral flanges 64 on either side of the floor frame
24 which create water tight compartments on either side.

25 The plug may, for example, be a cast-in-place elastomer,
although other types of plugs are contemplated. Figs. 8, 9
and 10 clearly illustrate that the cargo tank 68 is
effectively isolated, by means of the polyurethane elastomer
core 38, from the outer ship structure, with the only direct

30 metal-to-metal connection between the inner metal plate 34
of the imner hull 20 and the rest of the ship structure
being the spacer elements 44 between inner and outer metal
plates 34 and 36 shown in Fig. 8.

Az illustrated in Fig. 9, the bulkhead 26 is

35 fastened by welding or other means to the inner plate 34 of
inner hull 20. BRelow the inner hull 20, floor frame 24
supports bulkhead 26 and is fastened by welding or other
means to the outer plate 36 of inner hull 20. The elastomer



25 | ayer 38 forns a crack arrest |ayer 15 between the fl oor frame 24
and the bul khead 26. In order to ensure that there Is no-direct netal to
met al cont 30 &2A0ken the inner plate 34 and the outer plBtHIBEOLR6 [e

i nner hull 20, where the 5 inner hull 28 passes between the floor frane 24
and the bul khead 26, a gap 67 (FIG 13) may be provided in the

| ongi t udi npay éﬁa@@rfdﬁmésmomnaékomraestdbayeemlSnbEtGEem3;he fhkere it

passes bet,ge%,getgf {189 BFBRdaandst herhubkieadro cRBuaBdrRKteRHLDS 2

short di st 0 transver se conBonents as nar ked on
page 20. Addlmmomhrect mehéloﬁ@rm%F%%e¢@nﬁﬁ9theEW§€€d PeahBRErsPLRbS he

| ongi t udi a gk Ainaporhit hgo, héQ@rthEaﬁE 24
bnd t he. burkrER4°EhS GdreEoylaceRsbrof BRE Pred wi

67 f || th
el ast onBr . lEE©IGHUl% %@b@@ﬁﬁ@ﬁtb9twsen.thdf&P3% SF&@%iﬁélangth

Steel thatVipraeadcas) 8 §ap007 (FIEAILS) rmﬁ?'s?ﬁ?ﬁ?ﬂdﬁg’é’aw o 0 Si do
structure B?nghEuﬁﬁP?f spacer 44 ?S£ gﬁﬁ?t?oﬁlés Vﬁ Bt e crggk a?pestlng,

t he presen#héﬁelﬂuepassesabebwpenvtﬂesflnoreﬁseﬂeeﬁergydabberpuﬂ&headpacity
over that. ﬁé&*%} eé%tbngesﬁb EeﬁlggﬁﬁgﬁtEatégﬂth §Eﬁ%lo§ @ ate

mat eri al s coup ed W be avi or
characnerusransverseheompeaenésaesomgrkgée@n Pagesaﬁdmnéﬁdé§ﬁépalsuch as

| ncreased é§£g58ﬂegngﬂéeéra“ﬂa§5b@'ﬁiabedr%baagdb&aep&@pehbles of the

el ast oner, ocal “plasticit mg. decr eases Iocallzed
bendi ng 1°aﬁ§t§ﬁéaﬁlsSPépﬁ§SaF6uHE°¥HQPpaoﬁegﬁa rg3Rd 2peNE $heing

?ﬂth |Fn?'EﬂgbﬂakrgmédﬁasahhathérBudRﬁFaﬂgdst0 PFQ§EQQéhtyt° wemain%n |
crunpl e) under __ac¢cCl ge e oads, W maxLnmze erlia
def or mi ng 8APpPIstFc ﬁghﬁﬁaﬁét ﬁaﬁ,ome ‘ma PR 9d tfeS H&P@ﬂ?ﬁ%&ﬁﬂﬁgontact
with the olanmbasmunkemastomenri Thig elfifectivedlyayisclaties ttihet icarasf
tearing and §?§§a8kg p%§§&§¥t§?§°%ﬂ&h%§h?%&%?b%%eiT@%akﬁiﬁ%} is a

t ough skln reat resi stance to 35 I'npact
| oads. To Easul§ fmpmlaabpﬂﬂﬂylomhefoanoﬁbﬁweNﬁ&§81 ingesithee®i9® mai nt ai n

hul | 9'rdehtkﬂhﬁﬁkbtﬁfaEh%rhﬁﬂi probabl e accidental or extrene |oad

event. The . simplification of the structural arrag&sggnteﬁgnu¥§%én

In addition to innate crack arre

20 invention also provides increased energy absorption capacity
over. that of CDH or ADH. ~ The higher concentration of steel
plate material in the hull plates coupled with the physical
and.behavior characteristics of the steel-elastomer-steel
-sandwich panel, such as increased section modulus and

25 elastic rebounding properties of the elastomer, tend to
spread local plasticity, e.g. decreases localized bending
and shear strains around sharp or small load points, and
with longitudinal girders that are designed to plastically
deform (crumple) under accidental or extreme loads, will

30 maximize the material deforming in plastic membrane action,
maximize the material in contact with the object struck or

K striking object, delay the initiation of tearing and

-}; iﬁﬁféase_the energy absorption capacity. The result is a

..+ tough- skin hull and an oil tanker with greater resistance to

js'_imggﬁt loads. To ensure survivability, the oil tanker is
designed to maintain hull girder integrity after any
probable accidental or extreme load event. The
simplification of the structural arrangement reduces the



26 nunber of intersections of perpendicular fram ng el enents and the

nunber of fatigue prone details. As a result of row‘ﬂ
sinmplifi edws® 9821028 al systemillustrated above, there i sP f‘?aoe
area to be 5 coated and protected fromegorrosion, and the surface area

t hat does exist is predomnantly flat and unobstructed. The application,

i nspect i orh@méﬁr&imtlmdﬁlqus)tcﬁfc@awendmﬁﬁm@ahéngw@rlemﬁmiseasi er.
All of these f rs.work t | construction costs,
i n-servi c@p t % ejg Qf(?‘s g:&%néﬂl%ééy e

(RCT S8s6 e potential service I|fe of
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steel and ossjbilitg

tle fracture | oads. For
the insi d@H‘Rﬁ%"at ony pi E?Fe'i'm arl?filﬂ‘%&r%?flarréccﬁuc% Ote%e costs
associ at edcc?étlﬁgé hi  eghiengf ofe tdwsiidt. caAb ofh tth@seuﬁactors work to The
el ast oner el ected, t e f o égﬁﬂ% and i nperneabl e
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pl at esi0 0 mm:mnms cests and increagerthe porentipl t3rreiestbiie of | |

pr event th,_eh% g%]g*atlon of water, fuel or oil between the inner and outer
her

plates of ei in the event where coryrosion or abrasi on causes a
hole in any part of Bae ©rermal ncharactepigkses of the polyure®haneyentjve

syst em hasgDegfofesi dlﬁ@ubatéotﬁ@nﬁﬁﬁéﬁtpmeeaaﬂ ﬂ@éto@mimlmm]/b to

build d t t h
i gl:orpgpat'ége ngiar‘]?g% PELERE nb%s%‘?et]ﬁ‘éﬂ)r ‘gg{&’? nf7 ﬁg ‘g‘h&{r@%’bﬁ%&%ﬁ%ﬁ and
descriped hesgi dnbibaesetekpétaturestmechrascafior eesiahyle, oflbviankenay
other varied e”gg%'%glfzg;f %%gtwéQEﬁé?%é&foﬁQesfe&éciﬁélc&é'gﬁot@ﬁ' of whi ch

are wit hi n°PRg® resen
toughness requlrements for the steel and the possibility of

brittle fracture under impact loads. For the inside hull,
this’ thermal insulation reduces in-service costs associated
20 with heating of the oil cargo in transit. '
The elastomer may be selected to be fuel and oil
regigtant, and impermeablé to water. The selected elastomer
should fully adhere to the steel plates to which it is cast.
If properly selected, the elastomer will prevent the
25 migration of water, fuel or oil between the immner and outer
plates of either hull in the event where corrosion or
abrasion causes a hole in any part of one of the hull
plates.
| The inventive system has been designed to be
30 constructable and cost competitive to build and to maintain.
Although a single embodiment which incorporates
the teachings of the present invention has been shown and
"described herein, those skilled in the art can readily
devime many other varied embodiment that incorporate these
35 teachings, all of which are within the scope of the present
invention.



Cl ai s 1. A structural |am nate nmenber conpri sing: a first
nmetal 'l ayer having a first inner surface and a first outer surface;

a second meWQIP8RM¥Rr having a second inner surface and a secgﬁd’%ﬂfae?%
surface, the second netal |ayer being spg@ted apart fromthe said first

netal |ayer; and an internedi ate | ayer conprised oﬂlm”wslmm”m
plastic nalHATal HOIMED ot ween and adhered to said fir (

i nner surfaces to prevent |ocal buckling of the structural ™| &mi fhat & nenier .
2. A structural |am nate nmenber conpr.i sing a first netal |ayer
havitng a first inner surf&céagﬁﬂaaefﬂﬂﬂgLnﬁQﬁ Qﬁﬁf%ﬁx?he constructdon g
netal |ayepthaviceataineeond vieasel S@@‘i@qmdaaasm Wonprivirgce, the
secqQnd netal |ayer being acg& 5p“§% the first netal |ayer; and

an nternediate | ayer conﬁ% ﬁgd plastic material |ocated
bet ween and adhered to saiath inher aetadedaykr;nreard surfaces such that
undgr | 0ad, ‘energy is absarbed il S YSAlLd AT AE FRIP Yo Y

conbi nation of strain dissipation, TNcreased puncture resis ance: and

i nebasti c femsrapsdacuiter oetale layenmt @aishbatermegiiate lJayar uct ur al

| annat e S fyirst netal layer having a first
|nggr sur?§§§§§n§q§B¥F} t outé}n?ﬁﬁ agg a second netal |ayer
having a second inner surface and a second outer surface, the second netal

| ayer bgl ng sloaced apart fﬁkffﬂlfaﬁ’rﬁ.nfatrefstpa”fﬁlakfﬂ Aedim alnehurther and
i nt nedl| at e ayer Orrprl se 0 n unrt oang astic ri | ocat e
- B oy R B e R A L L S L T

cragk fornddner mexadfl lalyerf.irst and second netal |ayers is prevented from

propagating to the other of said first and second netal |ayers. 4, A
structural |am nate nenber according to any one of the preceding clains,
wheiei n sai @ -pl aShiec hamigatg paneln of skairerl wherein sajd

Zt rgetural ohagi-nad & niRiFaRia RGP NHVAE (ol d dB4ha WSHRIF Btk SBSEOIR!r 1S

1 : 4.  The laminate panel of claim 2 wherein said

2 plastlc intermediate layer comprises a polyurethane plastic.
1 5. The laminate panel of claim 3, wherein said
2 outer metal layer comprises steel.

6. The laminate panel of claim 4, wherein said
cuter metal layer comprises steel.

1 7. The laminate panel of claim 1, wherein said
2 outer metal layer comprises steel.
3
1 ) 8. The laminate panel of claim 2, wherein said
2 outer; metal layer comprises steel.

e~ 9. The laminate panel of claim 1, wherein said
2 inner metal layer comprises steel.
1 . 10. The laminate panel of claim 2, wherein said
2 inner metal layer comprises steel.
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6. A structural |am ”atMI‘”HHIH'I!H ﬂlng to any one of the precuedl ng

clainms, wherein each* ofc sai nd second thicknesses are in the
range of frem82108% 25 mm : A struct ural |am nate nmerRSeYIBRERSPY; ng
to any one of the preceding clalns wheRé8i n said plastic naterlal
has a tensile strength in the range of from20 to 55 MPa. S.

stractural |am nate hkrbeThectaminagetpanay oﬁecbﬁlmh%,pwb%@ﬂlﬁgséﬂélns
wherei n I ¢ PBLeriaLlghase@; Shore hardness in the range of
fro%170A ton§85 ﬁbggg gé&éA structurgl ?gn1nate menber according to any one
of the preceding clainms, wherein said plastic material has an

el ﬁggatlon in the range ofmbr Q&iaiﬁﬁté%&ﬁ@% of &Daim &, swhegéiihakaliani nate
er according to anXPone of recedi g cl ai s, wher ei n sai d

pl asti c nafdReg Mghdla V@%uF&Wpﬁﬁﬁ Fu§t?ﬁ the range of from2 to 104 Ma.
11. A ship or vessel |nclud|ng a structural |amnate nmenber according to

f th I 2 ' I
ul 1 conpri si ng a st et afBF LANCRAES. REABE: Ofcebpa 8. hndEalf <du 70 2

clai2ns 1 tdnb@r metdl layaArmevhpdisesnakead.a structur aI Iam nate
conprising the steps of. positioning a first netal |layer and a
second netal layer in a spaced apart relationship such that a core cavity

i s flormed between fadéng Fhef dapdngtet Ranelr of §E§1§eébnﬂhﬁfﬁép Bay&r, each

of the fi r%.tnn@idné%&@”ia%&abohﬁﬂééshétéém a thickness in a range from 6

nnIto 25mMm providing an uncured plastic material to said core
cavity; and curing the uncured plastic material such that the
plagtic nmaterial adh&BeS B0 coneafiameny sesbatesomprtibéngi:r st and second
netal | ayers. t C i,ng to claim 13 wherein one of the
fir and second netal plgﬁe %%e% %8&% a portion adapted to be wel ded,

the 3porti on adapted to beameligae¢rdwkilidingdogakeddat a firsfargin in a part
of the ‘cor ¢,cRdemANeRC s thddd ¢ rRaY 5heB BdrRYeUa12,PBa%Al d8dedndall

"5 comprising a laminate, said laminate comprising:

6 ' an outer metal layer having an inner and

7 outer:surface;

8 ; an inner metal layer having an inner and

9 ‘outer surface;
i0 . a spacer élement between said inmer surface
11 of said outer metal layer and said outer surface of said

12 inder metal layer, sald spacer element arranged to maintain
13 a gecond predetermined distance between said outer and inner
14 metal layers, said spacer contacting said inner surface of
15 said outer wall; and

16 an intermediate layer bonded to both said

17 immer and outer metal layers, said intermediate layer

18 comprising a first plastic material; and

19 ; a plurality of structural members connecting
20 .:jsald outer wall to said outer metal layer of said inner

21 3 s@ach of said support members having a stress relief
22 'clearance adjacent a portion of said outer surface of said
23 - inmer wall outer metal layer, said clearance being opposite
24 a:ﬁﬁiﬁt.where said inner wall outer metal layer inner

25 surface contacts said spacer, said clearance provided to

26 prevent crack propagation directly from said structural
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- 29 - the step of providing a ’Ibm !"éu!!ﬂjmm material to the
core cavity is conducted such inis devoid of
plastic. WO982102% net hod accordi ng to cl ai m 14 wherein t hePEHIBY7@R426 — -
adapted to be welded is a peri phawoal edge. 16. A nethod of
maki ng a double wall ed structure conpri sing: formng a first wall
byzposi t i anemigess f tossahdt dhneaymetapatageapalft saidninneecwadlnet al | ayer
su t hat € ' | en facing surfaces of the first and
seggnd netg7ﬁ§é§%§2¥ﬁ£¥uéﬁ LQ?%?%PEEEgesecond wal | by positioning a third
netal | ayer spaced apart froma fourth metal |ayer such that a core cavity

fornmed between fafsng SHE B6REa2hmERE trabéelaae t:@aahhlgessah:th@yers
ggortrng the first wa osition adjacent to an P&Séﬁ apart from

secondoomEpPYiging ?h@?faﬁméégésﬁlBavrF?lﬁsPaﬁﬁrﬁ&HSEE 1¥he second
mi‘tﬁll | ayegipiihfeshiastivarhnaadihha bbandamebahtliayehipl the second wall;
providing an uncured first plastic material to the core cavity of the frrst
wal I through an aperture in the second netal |ayer of the first wall, the
ape1ture permtting monnumheabbnnabamnnenvebseacoéssla&minﬁ uhemhendouble

an fmcur ect SeoRRERruRPFe Rifar Biirb¥isfr b BeEbh], pidkkic pacertal, Ll ™

through an aperture in the third netal |ayer of the second wal I, the

apeﬁ_t ure permtting i@mm@hsat:baeattﬁmé@envtegeeacsgs%13%' by %etxléfindoum e

ed structure and the core cavit he secon curing the
uncared f|$§%dpfa§FFcPﬁ&FEFFaWa§8€haﬁh&PmPﬁésFFr§tPEﬂX§FF€hﬁEFer|aI adher es
to she fackpggcaméaces of the first and second netal |ayers of the first
wal | ; and curing the uncured second plastic material such that the
second plastic material adheres to the facing surfaces of the third and
fourth netal layers mnf.th®heeconadament védsel of mﬂhﬂndl&cm@emeﬁpt()

i dr ol apeiengebiie’ piAbrRa e p R oo dBts AP GRS Cnane | 70

of 8l'ai ms @3astomdriurther conprising the step of provi di ng an
aperture throUgh;the t hi ckness of one of the first and second netal

1 20. The containment vessel of claim 15 wherein
2 said inner metal layer comprises steel.
1 ~ig~-. 21, The containment vessel of claim 20 wherein
2 said outer metal layer comprises steel.
1 22. The containment vessel of claim 15 wherein
2 said outer metal layer comprises steel.
1 _ 23. The containment vessel of claim 18 wherein
2 said inner metal layer comprises steel.
1 . 24. . The contaimment vessel of claim 23 wherein
2 said outer metal layer comprises steel.
1 25. The containment vessel of claim 18 wherein
2 said cuter metal layer comprises steel.
1 26. The containment vessel of claim 19 wherein
2 said inner metal layer comprises steel.
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| ayers, and wherein th "“H mﬂ" Bﬁﬁ IIH is provided to the core cavity
through the A net hod according to one of

a

clains 16 WO 9821939 t her corrprl si ng *thé step of seal i RS F%%méﬁ’ért ure.
20. A nmet hod according to claim19 wWeerein the aperture is sealed with a
met al pl ug. 21. A nmet hod according to claim?20 wherein the aperture

and_the plug are coaperaﬂheehpntalnmenthweaded of 22aim 24 whelrednaccor di ng
ny on %!ﬁ aho arel, igd htioning is
gpnplisﬁggdb pegﬁF%§ a sp%gg? 3e1rlgg ﬁ§%%|rst netal |ayer and the

second met al | ayer. A nmet hod according to claim22 further
conpri sing the stepygf, a&hecebma&%eaeawssbq of clainPA® @heldadqfirst and
second netal |ayers. accordlng to claim23 further
corfori si ngaise ctex Hﬁté@t&éﬁﬁﬁgcpﬁQréﬁé@eFtﬁﬁ the other of said
first and second netal Iayers A nmet hod according to claim23 or
24 wherei n the spa | h d b l di n %% od accordlng

oXlaim23 or V\%@r‘e 3‘&@%‘ \?I"@ %@H’e(? fld?‘d'ﬂ"ellgeﬁ%
rret:?nod aceraidi wmmmmwﬁsclmtwmltyofb&mmhr ein the spacer |s met aI.
28. A nmet hod according to any one of clains 22 to 26 wherein the spacer
I's plastic. 29. A net hod according to any one of clains 13 to 15
wheérein the core cavditt.y e montainment vessel of claim 15 wherein

2 said spacer element comprises a plurality of spacer members.

1 31. The containment vessel of claim 15 wherein

2 sald ocuter wall comprises a laminate, said laminate

3 compriging: _

4 an outer metal layer having an inner and

5 outer gurface;

6 an inner metal layer having an inner and

7 outer ‘surface;

8 a spacer element between sald inner surface

9 of said outer metal layer and said outer surface of said

10 inner metal layer, said spacer element arranged to maintain
11 a prescribed distance between said outer and inner metal
12 layers, said spacer contacting said inner surface of said
13 outer wall; and

14 an intermediate layer bonded to both said
15 inner and outer metal layers, said intermediate layer

16 comprising a plastic material.

1 32. The containment vessel of claim 31 wherein
2 sazd plastic material comprises polyurethane elastomer.

1 33. The containment vessel of claim 31 wherein
2 ‘saidninner metal layer comprises steel.

1 34, The containment vesgel of claim 33 wherein
2 said outer metal layer comprises steel.

REPLACED
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en ¢ 7 ic i ty through the
e e ond e et o oMM, e
* [ H s *

open end.  {@ggn1e06 Method of making PCBB7I01426 - -
step of:

adhering a precast elastoner core betweeBlfacing surfaces of a first netal

h of the first and second netal |ayers
| ayer and a second I I er, eac
hav?lng a thickness nﬁi éﬁé‘e 4onHiR imaRG VeEBeANof claim 31 wherein

2

said outer metal layer comprises steel.

1 36. The containment vessel of claim 32 wherein
2 said inner metal layer comprises steel.

1 37. The containment vessel of claim 36 wherein
2 said outer metal layer comprises steel.

1 38. The containment vessel of claim 32 wherein
2 said outer metal layer comprises steel.

1 39. A laminate for use in the construction of a
2 containment vessel of the type including an inner wall, an
3 outer wall, and a bplurality of structural members between
4 said immer and outer wall, said inner and outer walls being
5 . spaced a first predetermined distance from each other by

6 said structural members, said laminate comprising:

7 an outer metal layer;

8 an inner metal layer;

L 2 spacer element between said inner and outer
Lo metal layer, said spacer element arranged to maintain a

L1 second predetermined distance between said outer and inner
L2 metal layers;

L3 an intermediate layer bonded to both said
L4 inner and outer metal layers, said intermediate layer

L5 comprising a plastic material; and

L6 wherein each structural member has a stress
L7 relief c¢learance opp091te said spacer element.

1 ' - 40. The laminate panel of claim 5, wherein said
2 inner metal layer comprises steel.

1

" The laminate panel of claim 6, wherein said
’1nner metal layer comprises steel.
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