DESCRIPTION

SHIP-TYPE STRUCTURE AND METHOD FOR DESIGNING SHIP-TYPE

STRUCTURE

Technical Field
[0001]

The present invention relates to a ship-type struc
andamethodfordesigningaship-type structure ha
constitution shared between a tanker and a floating

storage structure.

Background Art
[0002]

Recently, a floating ocean petroleum/gas productio
storageandoffloadingsystemcalledFPSOandaflo
petroleum/gasstorageoffloadingsystemcalledFSO
development and use of submarine energy resources.
[0003]

This FPSO is a facility for producing petroleum/ga
the ocean, storing a product in a tank in the facil
directly offloading it on a tanker, and the FSO is
nothavingafacility of producingpetroleum/gasbu
for storage and offloading on the ocean and a facil
receiving a crude oil produced in afixed producing
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asaTLP(tensionlegplatform)oranonshoreprodu
or the like and storing it in a tank in the facilit
offloading it to a transport tanker. Here, they ar
collectively referred to as a floating offshore sto
structure.

[0004]

As illustrated in Figs. 7 and 8, the floating offs
storage structure for storing petroleum, a liquefie
gas and the like on the ocean has a structure for s
extremely similar to a hull structure of a tanker f
transportingpetroleumorpetroleumproductsasill
Figs. 9 and 10 in an aspect that a liquid cargo is
a structure floating on the ocean.

[0005]

The “floating offshore storage structure” here mea
structurefloatingontheoceannothavingapropel
for self-navigation, such as atankeris provided,

a cargo tank for storing a liquid cargo such as pet
liquefied natural gas and the like as FPSO and FSO.
[0006]

Then, as illustrated in Fig. 7, in a floating offs
storage structure 1X, in addition to a superstructu
anaccommodation section, anassociated gas combust
31, aproducing facility (process, topside) 32 such
treatmentfacility,agastreatmentfacility,awat
facility, a power generation facility, a crane 33,

facility (turret) 34 to which a mooring rope connec
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anchor on a tip end side and a riser pipe (flow lin e) are

connected, a heliport (not shown) and the like are provided,
while as illustrated in Fig. 9, a tanker 1Y is prov ided with
anengineroom20onarearpartofahulll0anda superstructure
30 having a bridge and an accommodation space and i s also
provided with a propeller 41, a rudder 42 and the | ike for
navigation.

[0007]

Onthe other hand, asillustrated in Figs. 8 and 1 0, if
the floating offshore storage structure 1X and the tanker 1Y
are large-sized, both are constituted by including a center
cargo tank 11, a wing cargo tank 12, a ship-side-an d-bottom
compartment 13 used for a ballast tank or a void sp ace,anda
slop tank 14, in the hull 10. In a small-sized tan ker, its
structuredoesnothavethecentercargotank11in manycases.
[0008]

In building of these tankers and floating offshore

storage structures, each is made by a custom-made

built-to-order manufacturing method, in which a nav igation
function and a loading function are given importanc e for the
tankers, while a production function, a storage fun ction,and
the loading function are given importance for the f loating
offshore storage structures, and the tankers or flo ating
offshore storage structures each having a structure with
individually optimized a deadweight, a voyage speed , a
propelling performance, a stability performance, se aworthy
performance and the like are provided in accordance with the



respective applications.
[0009]

In building of the floating offshore storage struc
moored on the ocean and not intended for navigation
classification(NK,ABSandthelike)rulesdiffere
forthenavigatingtankersare appliedtohullstru
a rule for a floating offshore storage structure is
instead of the rule for a tanker applied to a tanke
[0010]

On the other hand, the tankers and floating offsho
storagestructuresarebothmanufacturedbythebui
manufacturingmethod,butcommercialcustomsaredi
thetankerhasaperiodoftwotoseveralyearsfro
to delivery, while the period from the order receip
delivery of the floating offshore storage structure
extremely short as one to less than two years.

[0011]

Since the delivery period of this floating offshor
storage structure is extremely short, in order to r
designperiod, there canbe ameasure of makingthe
ofthetankerandthefloatingoffshorestoragestr
inadvancesothatastructuraldesignforatanker
forthefloatingoffshorestoragestructureortot
the structural design for the floating offshore sto
structure can be used for the tanker.

[0012]

However, if the structural design for the floating
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offshore storage structure not navigating on the oc
be usedforatanker, sinceitisdifferentfromth
ofthetankerwiththe mostimportancegiventotra
efficiency,thereisaproblemthatitcannotbeus
Particularly, unlike the tankers, in the floating o
storage structure or particularly in the floating o
storage structure performing production, since ala
structure such as arefining facility (plant) and t
mounted on an upper deck, the center of gravity is
stability (performance to endure without turning ov
restore to an original attitude when the hull is in
deteriorates, and a drastic design change is requir
ensuring stability when the hull is damaged.

[0013]

Regarding the problem of stability when the hull i

damaged, in the floating offshore storage structure
premiseofnotnavigatingontheoceanwithnoneed
the damage on the hull from a lower side, that is,
ship-bottomsectionmuchbutthedamageontheship
is given importance, while in the tanker on the pre
navigatingontheocean,duetoariskofstranding
onthe ship-bottom sectionis givenimportanceina
the damage on the ship-side section.
[0014]

Thus, if a second-hand tanker is to be converted i
floating offshore storage structure or particularly

provided with a production facility, since a gigant
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production structure is mounted on an upper deck, d

conversion is needed in some cases such as meeting
ruleforthefloating offshorestoragestructureby

a compartment for a tank and the like.

[0015]

Ontheotherhand,ifthestructuraldesignfora
offshorestorage structure notnavigatingonthe oc
structural design for a tanker are made different i
and designs and building methods are made different
other,twodesignsandbuildingmethodsneedtobe
a similar hull structure, whereby alarge number of
and costs are required.

[0016]

Examples of this compartmentin a tanker include a

structure of an oil tanker as described in Japanese

Laid-OpenNo.7-2165andahullstructureofoilan

tankers as described in Japanese Patent Laid-Open N

2003-81177, for example. Moreover, as described in
PatentLaid-OpenNo0.11-115875, forexample,anoil
whichahullismadeadoubleshellstructureforme
shellmemberand aninnershellmemberinorderto
apparentrise of aposition ofthe center of gravit

an influence of a free water surface of ballast wat
ensurestabilityofthehull,aU-shapedballastta
andformedonanoutersideofacargooiltank,an

tank portions juxtaposed in a longitudinal directio

partitionedbyapartitionmemberextendinginthe
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directionalternatelyatapositiononaportside andaposition

on a starboard side so that movement of the ballast water in
the divided ballast tanks located on a side opposit etoa
inclining side is prevented by the partition member when the

hull is inclined, is proposed.

Citation List

Patent Literature

[0017]
PTL 1: Japanese Patent Laid-Open No. 7-2165
PTL 2: Japanese Patent Laid-Open No. 2003-81177
PTL 3: Japanese Patent Laid-Open No. 11-115875

Summary of Invention
Technical Problem
[0018]

In view of the aforementioned circumstances, the

inventors had afinding that, in order to prepare a ship-type
structure having a structure shared between a tanke rand a
floatingoffshorestoragestructure,compartmentati onofatank
foracargo,aballasttank,avoidspaceandthel ikeinahull
isimportant,andinordertosatisfythe classific ationrules
forboththetankerandthefloatingoffshorestora gestructure
and to enable sharing by the both at the same time, it is
important to arrange a bulkhead so that a capacity of a
compartmentinanexpecteddamagerangeisminimize dbymaking
thenumberofwingcargotanksononesidelargert hanthenumber



ofcentercargotanksforsegmentationmorethanth
tanker structure and by reducing the capacity per w
tank susceptible to damage caused by an accident su
collision of a ship to this ship-type structure or

[0019]

Thepresentinventionhasbeenmadeinviewofthi
andhasanobjecttoprovideaship-typestructure
fordesigningaship-type structurewhichhasastr
acompartmentarrangementthatcanbealsousedfor
offshore storage structure as it is while usability
competitivenessasatankeraremaintainedandwhic
adesigningcostorshortenaleadtimeandcanpro
offshore storage structure inexpensively and quickl
planningthecompartmentarrangementparticularlyr
ship-side damage withoutincreasing the number oft
resultsinthe costincrease, thatis,anareaofa
bulkhead partitioning the tank as much as possible.
Solution to Problem
[0020]

A ship-type structure of the presentinventionin
toachieve the aforementioned objectis aship-type
havingatankconstitutionprovidedwithcentercar
wing cargo tanks on both sides thereof symmetricall
transverse direction, ship-side-and-bottom compartm
asaballasttankoravoidspaceare providedouts
cargo tanks, and in the number of tanks or compartm

excluding the slop tanks, the number of the wing ca
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ononesideismadelargerthanthenumberofcente rcargotanks.
[0021]

That is, the wing cargo tanks located inside the
ship-side-and-bottom compartments are segmented and made
smallersoastoreduceatotalvolumeofthetank tobedamaged
so that excessive inclining or sinking is not cause d in the
ship-type structure but sufficient stability at dam agecanbe
maintained even if the ship-type structure is damag edinan
accidentalsituationsuchasacollisionofaship orthelike,
andthecentercargotankwhichishardlyincluded inthedamage
range is made larger as much as possible soastor educe the
number and an area of a watertight bulkhead resulti ngin an
increase of the number of processes or a cost.

[0022]

Thesloptankisatankfortemporarilystoringan dlieaving
oil sewage having cleaned aninside ofthe cargota nkasitis
and for separating oil and water and is a tank not used as a
normal cargo tank.

[0023]

According to this constitution, even if the
ship-side-and-bottom compartments of the ship-type structure
aredamagedacrosstwocompartmentsduetoacollis ionofaship

orthelike,andanouterlongitudinalbulkheadof
tankoratransverse bulkheadforwingcargotankp

the wing cargo tank in the longitudinal directioni
since the number of the wing cargo tanks is increas

capacity per wing cargo tank is reduced, stability

thewingcargo
artitioning
sdamaged,
ed and a
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ship-type structure when the ship-side is damaged c

increased, and outflow of the cargointhewing car
be reduced.
[0024]

Moreover,sincethe numberofcentercargotanksi
smallerthanthenumberofwingcargotanksonone
tothenumbersimilartothatofaprior-arttanker
of transverse bulkheads for center cargo tanks divi
center cargotankinthe longitudinal direction whi
inanincreaseofthenumberofmanufacturingproce
weight, that is, the number and an area of the wate
bulkheads are not increased, whereby a cost increas
suppressed while usability as the tanker is maintai
[0025]

Thatis, by keepingthe numberofcentercargotan
inthe damage range atdamage onthe hullas small
andbyincreasingthe numberofwing cargotanks,t
of the transverse bulkheads which increases a cost
suppressed,andcompartmentarrangementresistantt
on the ship-side can be realized. As a result, whe
atanker,thecompartmentarrangementthatcanbea
itisforthefloating offshore storage structure s
andFSOcanberealizedwhileusabilityandcostco
as the tanker is maintained, a design cost or a lea
be reduced and moreover, when used as the floating
storage structure, a floating offshore storage stru

be supplied inexpensively and quickly.
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[0026]

Asaresult,theship-typestructuresatisfyingre
ofboththetankerandthefloating offshore storag
or the ship-type structure that can be design-chang
converted from the tanker to the floating offshore
structureeasilyorthatcanbedesign-changedorc
the floating offshore storage structure to the tank
canbeeasilyprovided. Thatistheship-typestr
atankconstitutionsharedbetweenthetankerandt
offshore storage structure can be provided.

[0027]

Inthe aforementioned ship-type structure, atrans
bulkhead for side compartment partitioning
ship-side-and-bottom compartments with respect to a
longitudinal directionis constituted to be provide
shifted by a preset distance with respect to the tr
bulkhead for wing cargo tank partitioning the longi
direction of the wing cargo tank.

[0028]

According to this constitution, even if
ship-side-and-bottom compartments of the ship-type
aredamagedacrosstwocompartmentsduetoacollis
or the like, a possibility that the damage on the w
tankadjacenttothemremainsinonecompartmentin
thus, stability at damage on the ship-side of the s

structurecanbeincreased,andoutflowofthecarg

cargo tank can be reduced.
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[0029]

Asthispresetdistance,assumingthatafreeboard
of the ship-type structure is L, if itis a length
of the smaller of “L
ofthe distance between the two transverse bulkhead
cargo tank, it is preferable since the damage is mo
to remain in the one wing cargo tank. Thatis beca
is less than the aforementioned length Ls, when the
portion becomes long, the possibility the damage re
two wing cargo tanks becomes larger.

[0030]

Intheaforementionedship-typestructure,ifthe
ofship-side-and-bottomcompartmentsononesideis
than the number of center cargo tanks, by this cons
eveniftheship-side-and-bottomcompartmentsofth
structure are damaged across two compartments by a
ofashiporthelike,sincethenumberofship-sid
compartments is increased and the capacity
ship-side-and-bottom compartment is reduced, stabil
damage onthe ship-side ofthe ship-type structure
larger.

[0031]

Intheaforementionedship-typestructure bysett
number of ship-side-and-bottom compartments on one
lessthanthe number ofthewing cargotanksonone

number of tanks or compartments excluding the slop

means of this constitution, even if the ship-side-a
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compartmentsoftheship-typestructurearedamaged
compartments by a collision of a ship or the like,
number of ship-side-and-bottom compartments is incr
the capacity per ship-side-and-bottomcompartmenti
stabilityatdamageontheship-sideoftheship-ty

can be made larger.

[0032]

Intheaforementionedship-typestructure,bysett
number of the wing cargo tanks on one side 1.5 time
and twice or less of the number of the center cargo
the number of tanks or compartments excluding the s
astructuraldifferencefromtheprior-arttankeri
most of the structural design of the prior-art tank
used, and design changes can be small.

[0033]

Intheaforementionedship-typestructure,aposit
thetransverse direction ofthelongitudinal bulkhe
the center cargotank andthe wing cargotankis se
ashipwidthatthe positioninthe shiplongitudin
isBs,withinarangefrommorethan“20%Bs”insid
to “30% Bs” or less inside the side shell. Accordi
constitution,whilestabilityatdamagerequiredas
is sufficiently ensured, in a floating offshore sto
structureonwhichagiganticplantismountedona
avolumeofthewingcargotanksusceptibletoship
can be made smaller.

[0034]
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Ifthispositionofthelongitudinalbulkheadbetw eenthe
center cargotank and the wing cargotankissetto aposition
of*20%Bs"orless,apossibilityofdamageonthi slongitudinal
bulkhead is caused by an accidental situation such as a
collision of a ship or the like, which is not prefe rable, or
if larger than “30% Bs”, an effect to suppress redu ction of
stability obtained by reducing the capacity of the wing cargo
tankandaneffectofenlargingthecentercargota nkarereduced,
which is not preferable.

[0035]

In the prior-art technology, the position of the
longitudinalbulkheadbetweenthecentercargotank andthewing
cargo tank is at a position “distance Bt of the lon gitudinal
bulkhead from the ship-side = (Bs — 2 xB1)/3+B1"="“Bs
+B1)/3"obtainedbydividingasumofthewidths ofthecenter
cargotankandthewingcargotank(Bs—2 x Bl)inashipwidth
BsexcludingawidthBloftheship-side-and-bottom compartment
into substantially three equal parts with respect t o the
transverse direction and is constituted such that t he
capacitiesofthe centercargotankandthewingca rgotankare
substantially equal.  With respect to this prior-ar t
constitution, the aforementioned constitution of th e present
invention can reduce an influence at damage by maki ng the
capacity of the wing cargo tank smaller.

[0036]

Intheaforementionedship-typestructure,regardi ngthe

ship longitudinal direction, one of the ship-side-a nd-bottom

14



compartments adjacent to the transverse bulkhead fo r side

compartment dividing the ship-side-and-bottom compa rtmentis
formedbyaU-shapedcompartmentstructureformedo faU-shaped
compartment covering alower side portion of the ce nter cargo
tank,andalowerside portionandanouterside po rtionofthe
wing cargotankincommunication, andthe othersid eisformed
by a J-shaped compartment structure formed of a pai r of two
J-shapedcompartments,eachcoveringthelowerside portionof
thecentercargotank,andthelowersideportiona ndtheouter
sideportionofthewingcargotankincommunicatio nandhaving
a ship-bottom longitudinal bulkhead on the lower si de of the
centertank,andregardingtheshiplongitudinaldi rection,the
ship-side-and-bottom compartments are constituted b y
alternately arranging the U-shaped compartment stru cture and

the J-shaped compartment structure.
[0037]

In this U-shaped compartment structure, since the

ship-side-and-bottom compartment on the port side a nd the
ship-side-and-bottom compartment on the starboard s ide
communicate with each otherin a ship-bottom portio n, evenif
theballastwaterintheship-side-and-bottomcompa rtmentflows
out due to damage on the one side, or even if seawa ter flows
intotheship-side-and-bottomcompartment,itreach estheboth
sides. Thus,aninfluence ofthe outflow ofthe ba llastwater

or the inflow of the seawater on heeling of the hul | can be
reduced.

[0038]

15



Ontheotherhand,intheJ-shapedcompartmentstr
sincetheship-side-and-bottomcompartmentonthep
theship-side-and-bottomcompartmentonthestarboa
partitioned in the ship-bottom portion and shut off
theballastwaterintheship-side-and-bottomcompa
out due to damage on the one side, or even if seawa
intothe ship-side-and-bottom compartment, itremai
oneside,andthoughheelingofthehulloccursdue
ofthe ballastwater or the inflow ofthe seawater,
amountoftheballastwaterandaninflowamountof
remainsonlyontheoneside,andaninfluenceona
of the hull can be reduced.

[0039]

Thus,byarrangingtheU-shapedcompartmentstruct
the J-shaped compartmentstructure alternately, the
of damage on the two compartments by a collision of
thelikecanbedistributedwithagoodbalanceto
effect of the influence on the sinking amount in th
compartmentandstabilityandaninfluenceonahee
andcomprehensivehandlingofthedamagecanbeimp
damage is not applied, heeling can be adjusted by p
ballast water only into one of the right and left J
compartments, but if only the U-shaped compartments
provided, this adjustment of heeling cannot be made
[0040]

In the aforementioned ship-type structure, in the

ship-side-and-bottom compartment, a ship-bottom cen
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compartmentis provided on the lower side of the ce
tankandbetweentheship-bottomlongitudinalbulkh

the structure is used as the tanker, the ship-botto
compartment is used as a compartment with the balla
whileifitisusedasthefloatingoffshorestorag

the ship-bottom center compartment is used as a com
without the ballast water.

[0041]

According to this constitution, when the structure
used asthe floating offshore storage structure, by
the ship-bottom center compartmentwithoutthe ball
itcan be keptalmostin a maintenance-free state a
with the case with the ballast water, and maintenan
extremely simplified. Moreover, in the floating of
storage structure not on the premise of navigation,
noneedtoconsiderdamageontheshipbottomunlik
onthepremiseofnavigation,andthisportioncan
acargotank,andbyhavingthisship-bottomcenter
communicate with the center cargo tank in conversio
capacity of the cargo tank can be increased extreme
[0042]

The method for designing a ship-type structure of
present invention in order to achieve the aforement
objectsisamethodfordesigningaship-type struc
atankconstitution,inwhichthecentercargotank
cargotanksonthebothsidesthereofareprovided

to the transverse direction, the ship-side-and-bott
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compartment used ag the ballast tank or the void space is
provided on the outer side of the wing cargo tank, and in the
number of tanks or compartments excluding the slop tanks, the
number of the wing cargo tanks on one side is made larger than
the number of the center cargo tanks.

[0043]

Acéording‘to this method, the ship-type structure which
can exert the aforementioned effects can be easily designed.
[0043a]

In view of the above, according to a first aspect of the
pregent disclosure, there is provided a ship-type structure
having a tank constitution, comprising: center cargo tanks and
wing cargo tanks on both sides thereof symmetrically to a
trangverse direction; and ship-gide-and-bottom compartments
used as a ballast tank or a void space on an outer side of the
wing cargo tanks, wherein in the number of tanks or compartments
excluding slop tankg, the number of the wing cargo tanks on one
gide is made larger than the number of the center cargo tanks,
wherein regarding the ship longitudinal direction, one of the
ship-side-and-bottom compartments adjacent to one side of one
of a plurality of transverse bulkheads for side compartment
dividing the ship-side-and-bottom compartment is formed by a
U-shaped compartment structure formed of a U-shaped compartment
covering a lower side portion of the center cargo tank, and a
lower side portion and an outer side portion of the wing cargo
tank in communication, and one of the ship-side-and-bottom

compartments adjacent to another side of the one of the

18



plurality of transverse bulkheads for side compartment dividing
the ship-side-and-bottom compartment is formed by a J-shaped
compartment structure formed of a pair of two J-shaped
compartments, each covering the lower side portion of the center
cargo tank, and the lower side portion and the outer side portion
of the wing cargo tank in communication and having a ship-bottom
longitudinal bulkhead on the lower side of the center tank; and
regarding the ship longitudinal direction, the
ship-side-and-bottom compartments are constituted by
alternately arranging the U-shaped compartment structure and
the J-shaped compartment structure.

[0043Db]

According to a gsecond aspect of the present disclosure,
there igs provided a method for designing a ship-type structure
having a tank constitution, wherein center cargo tanks and wing
cargo tanks on the both sides thereof are provided symmetrically
to the transverse direction, ship-side-and-bottom compartment
used as a ballast tank or a void space is provided on an outer
side of the wing cargo tank, wherein in the number of tanks or
compartments excluding the slop tanks, the number of the wing
cargo tanks on one gide is made larger than the number of the
center cargo tanks, and wherein regarding the ship longitudinal
direction, one of the ship-side-and-bottom compartments
adjacent to one side of one of a plurality of transverse
bulkheads for gide compartment dividing the
ship-side-and-bottom compartment is formed by a U-ghaped

compartment structure formed of a U-shaped compartment covering
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a lower side portion of the center cargo tank, and a lower side
portion and an outer gside portion of the wing cargo tank in
communication, and one of the ship-gide-and-bottom
compartments adjacent to another side of the one of the
plurality of transverse bulkheads for gide compartment dividing
the ship-side-and-bottom compartment is formed by a J-shaped
compartment structure formed of a pair of two J-shaped
compartments, each covering the lower side portion of the center
cargo tank, and the lower gide portion and the outer side portion
of the wing cargo tank in communication and having a ship-bottom
longitudinal bulkhead on the lower side of the center tank; and
regarding the ship longitudinal direction, the
ship-side-and-bottom  compartments are constituted by
alternately arranging the U-shaped compartment structure and

the J-shaped compartment structure.

Advantageous Effects of Invention
[0044] ’

According to the ship-type structure and a method for
designing a ship-type structure according to the present
invention, a compartment arrangement particularly resistant to
ship-side damage is planned with as little increase as possible
in the number of tanks which results in a cost increase, that
ig, 1in the surface area of the watertight bulkheads for
partitioning the tanks, the tanker remains eagy to use, the cost
is kept competitive, and the compartment arrangement can be used
as it is in a floating offshore storage structure, whereby a

floating offshore storage structure that has reduced design
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costs and gshortened lead time can be provided inexpensively and

quickly.

Brief Description of Drawings

[0045]

[Fig. 1] Fig. 1 ig a plan view schematically illustrating
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compartmentation of cargo tanks of a ship-type stru
first embodiment of the present invention.

[Fig.2]Fig.2isaplanviewschematicallyillus
compartmentation of cargo tanks of a ship-type stru
second embodiment of the present invention.

[Fig.3]Fig.3isaplanviewschematicallyillus
compartmentation of cargo tanks of a ship-type stru
third embodiment of the present invention.

[Fig. 4] Fig. 4 is across sectional view schemati
illustrating a U-shaped compartment structure of a
structure of a fourth embodiment of the present inv

[Fig. 5] Fig. 5is a cross sectional view schemati
illustrating a J-shaped compartment structure of a
structure of the fourth embodiment of the present i

[Fig. 6] Fig. 6 is a cross sectional view schemati
illustrating a three-compartment structure of a shi
structure of a fifth embodiment of the present inve

[Fig. 7] Fig. 7 is a side sectional view schematic
illustrating a structure of a prior-art floating of
storage structure.

[Fig.8]Fig.8isaplanviewschematicallyillus
compartmentation of cargo tanks of the prior-art fi
offshore storage structure.

[Fig. 9] Fig. 9 is a side sectional view schematic

illustrating a structure of a prior-art tanker.

[Fig. 10] Fig. 10 is a plan view schematically

illustrating compartmentation of cargotanks ofthe
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tanker.

Description of Embodiments

[0046]

A ship-type structure and a method for designing a

ship-type structure of embodiments according to the
inventionwillbe describedbelowbyreferringtot
drawings.

[0047]

present

heattached

First, a ship-type structure of a first embodiment

according to the present invention will be describe
referring to Fig. 1. A ship-type structure 1A of t
embodiment according to the presentinvention is a
structure having a tank constitution shared between
and a floating offshore storage structure. The “fl
offshore storage structure” here means a structure
cargo tank for storing a liquid cargo such as petro
liquefied gas or the like but not having a propelli
forself-navigation,suchasatankerisprovided,

on the ocean such as FPSO and FSO.

[0048]

AsillustratedinFig. 1, this ship-type structure
constituted to be provided with center cargo tanks
symmetrically to a transverse direction and wing ca
12 on both sides thereof and to be provided
ship-side-and-bottomcompartments13usedasaball

avoid space onouter sides of the wing cargo tanks
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rows of the ship-side-and-bottom compartments 13, t

cargotanks12,thecentercargotanks11,thewing
12, and the ship-side-and-bottom compartments 13 ju
transversely are arranged in a ship longitudinal di

[0049]

Moreover, a transverse bulkhead 14a for a slop tan

providedandpartitionedonaportionofarearpar
wingcargotank12,andasloptank 14 (indicated b
isprovided. Thissloptankl4isatankfortempo
andleavingoilsewagehavingcleanedinsidesofth
11 and 12 as it is and for separating it to oil and
[0050]

In this slop tank 14, water separated from oil is
to awastewater treatment facility, while oilisre
an oil recovery tank, respectively, and in a tanker
sewage collectedinthe sloptank 14 is separateda
alowerlayerissubjectedtowastewatertreatment
oilconcentrationasnecessaryanddischargedtoan
the ship, whileamixture ofoiland waterremainin
after oil and water cannot be completely separated
and unloaded when calling at a port.

[0051]

Moreover, inthis ship-type structure 1A, inthe n
oftanksorcompartmentsexcludingthesloptanksl
ofthewingcargotanks12ononeside(sixinthe
inFig. 1) Nwisconstitutedsoastobelargertha

ofthecentercargotanks11(threeintheconstitu
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1) Nc. That s, it is set to Nw > Nc.
[0052]

More preferably, the number Ns
ship-side-and-bottom compartments 13 on the one sid
larger than the number Nc of the center cargo tanks
is, itissetto Ns > Nc. Alternatively, the numbe
ship-side-and-bottom compartments 13 on the one sid
equal to or larger than the number Nw of the wing ¢
ontheonesideinthenumberoftanksorcompartme
the slop tanks 14. That is, it is set to Ns
of these constitution, even if the ship-side-and-bo
compartmentsl3oftheship-typestructurelAared
two compartments by a collision of a ship or the li
thenumberofship-side-and-bottomcompartments13
and the capacity per ship-side-and-bottom compartme
decreased, a stability when the ship-side is damage
ship-type structure 1A can be made larger.

[0053]

As aresult, atotal volume of the ship-side-and-b
compartments 13 and tanks of the wing cargo tank 12
therein subjected to damage on the ship-side is red
segmenting, and the center cargo tanks 11 hardly in
thedamagerangeismadeaslargeaspossible,wher
and an area of the watertight bulkheads resulting i
increase of the number of processes and costs are r

[0054]

Moreover,inthenumberofthetanksorthenumber
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compartmentsexcludingthesloptanks 14,thenumbe rNwofthe

wing cargo tanks 12 on the one side is set 1.5 time S or more
and twice orless (1.5 x Nc <Nw <2xNc)ofthe number Nc of

the centercargotanks11. Asaresult, manyofth eprior-art
tanker structural designs can be used with fewer st ructural
differencesfromtheprior-arttankers,anddesign changescan
be few.

[0055]

Subsequently, a ship-type structure of a second

embodimentaccordingtothepresentinventionwill bedescribed
byreferringtoFig.2. Aship-typestructure1Bo fthesecond
embodimentaccordingtothepresentinventionisdi fferentfrom
the ship-type structure 1A of the firstembodiment inapoint

that a transverse bulkhead 13a for side compartment

partitioning the ship-side-and-bottom compartment 1 3 is
constitutedtobeprovidedbybeingshiftedbypres etdistances
LtlandLt2withrespecttothetransversebulkhead 12aforwing
cargo tank partitioning the wing cargo tank 12 in t he
longitudinal direction with respect to the ship lon gitudinal

direction, but the other constitution are the same.

[0056]

As the preset distances Ltl and Lt2, assuming that a
freeboard length of the ship-type structureis L, b y setting
itto the length Ls or more, whichis the smaller o feo @3 3
or “14.5 m” and a half or less of the distance Ltb etween the
two transverse bulkheads 12a for wing cargo tank, i tis
preferable since a possibility that damage on the s hip-side

23



remainsinonewingcargotank 12 becomes high. If
distancesLtlandLt2arelessthanthislengthLs,
portionislong, possibility that the damage reache
cargo tanks 12 becomes high.

[0057]

According to this constitution, even if the
ship-side-and-bottom compartments 13 of the ship-ty
structurelBaredamagedacrosstwocompartmentshy
of a ship or the like, it is likely that submergenc
inonecompartmentoftheadjacentwingcargotanks
stabilityatdamageontheship-sideoftheship-ty
1B can be increased, and the outflow of the cargo i
cargo tank 12 can be reduced.

[0058]

Subsequently,aship-typestructureofathirdemb
according to the present invention will be describe
referring to Fig. 3. A ship-type structure 1C of t
embodimentaccordingtothepresentinventionisdi
the ship-type structure 1A ofthe firstembodiment
following points and the other constitution are the
[0059]

That is, a position in a transverse direction of a
longitudinalbulkhead 11tbetweenthecentercargo
the wing cargo tank 12 is set, assuming that a ship
the positioninits ship longitudinal directionis
arangefrommorethan“20% Bs”inside aside shell

Bs” or less inside the side shell 10a. According t
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constitution,whilestabilityatdamagerequiredas thetanker

is sufficiently ensured, in a floating offshore sto rage
structureonwhichagiganticplantismountedona nupperdeck,
a volume of the wing cargo tank 12 susceptible to s hip-side

damage can be made smaller.

[0060]

Ifthe positionofthelongitudinalbulkheadbetwe enthe
center cargo tank 11 and the wing cargo tank 12 is settoa
position at “20% Bs” or less, possibility occurs th at this
longitudinal bulkhead 11tis damaged by an accident suchasa
collisionofashiporthelike,whichisnotprefe rable,while
ifitissettolargerthan“30%Bs”, the effectof suppressing
reduction of stability at damage and the effect of enlarging
the center cargo tank 11 obtained by reducing the c apacity of
thewingcargotank12ismadesmall,whicharenot preferable.
[0061]

By applying the constitution of the ship-type stru cture
1Cofthethirdembodimenttothe ship-typestructu re1Bofthe
second embodiment, too, the same effects can be obt ained.
[0062]

Subsequently, a ship-type structure of a fourth
embodimentaccordingtothepresentinventionwill bedescribed
by referring to Figs. 1, 4, and 5. A ship-type str ucture 1D
ofthefourthembodimentaccordingtothe presenti nventionis
different from the ship-type structure 1A of the fi rst
embodiment only in the following points, and the ot her

constitution are the same.
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[0063]

Thatis,oneoftheship-side-and-bottomcompartme nts13
(front one, for example) adjacent to the transverse bulkhead
13aforsidecompartmentpartitioningtheship-side -and-bottom
compartment13withrespecttotheshiplongitudina Idirection
is constituted by a U-shaped compartment structure formed by
aU-shapedcompartment13Acoveringalowersidepo rtionofthe
centercargotank11,andalowersideportionand anouterside

portion of the wing cargo tank 12 in communication.
[0064]

Moreover, the other of the ship-side-and-bottom

compartments 13 (rear one, for example) adjacent to the
transverse bulkhead 13a for side compartment is for med by a
J-shapedcompartmentstructureformedofapairof twoJ-shaped
compartments 13B each covering the lower side porti on of the
centercargotank 11, andthe lower side portionan dtheouter
side portion of the wing cargo tank 12 in communica tion and
havingaship-bottomlongitudinalbulkheadl13tont helowerside

of the center tank 11.

[0065]

Asaresult, regarding the ship longitudinal direc tion,
the ship-side-and-bottom compartments 13 are consti tuted by
arrangingthe U-shaped compartmentstructure andth eJ-shaped

compartment structure alternately.
[0066]
In this U-shaped compartment structure, since the

ship-side-and-bottom compartment 13 on the port sid e and the
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ship-side-and-bottom compartment 13 on the starboar
communicate with each otherin a ship-bottom portio
the ballast water in the ship-side-and-bottom compa
flows out due to damage on the one side, or even if
flowsintotheship-side-and-bottomcompartment13,
the both sides. Thus, the influence of the outflow
ballast water or the inflow of the seawater on heel
hull can be reduced.
[0067]

Ontheotherhand,intheJ-shapedcompartmentstr
sincetheship-side-and-bottomcompartment13onth
and the ship-side-and-bottom compartment 13 on the
side are partitioned in the ship-bottom portion and
even if the ballast water in the ship-side-and-bott
compartment13flowsoutduetodamageontheones
ifseawaterflowsintotheship-side-and-bottomcom
itremainsonlyononeside. Thus,thoughheeling
occurs due to the outflow of the ballast water or t
of the seawater, the outflow amount of the ballast
theinflowamountoftheseawaterremainsonlyont
andtheinfluenceonasinkingamountofthehullc
[0068]

Thus,byarrangingtheU-shapedcompartmentstruct
theJ-shaped compartmentstructure alternately, the
of damage on the two compartments by a collision of
the like can be distributed with a good balance to

improvement effect of the influence on the sinking
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thedamaged compartmentandstabilityandtheinflu
heeling amount, and comprehensive handling of the d

be improved. When damage is not applied, heeling c
adjustedbypouringtheballastwateronlyintoone

and left J-shaped compartments 13B, but if only the
compartments 13A are provided, this adjustment of h
cannot be made.

[0069]

Iftheconstitutionofthe ship-typestructure1D
fourth embodimentis applied to the ship-type struc
the second embodiment and the ship-type structure 1
third embodiment, too, the same effects can be obta
[0070]

Subsequently,aship-typestructureofafifthemb
according to the present invention will be describe
referring to Figs. 1 and 6. A ship-type structure
fifth embodiment according to the present invention
different from the ship-type structure 1A of the fi
embodiment only in the following points, and the ot
constitution are the same.

[0071]

Thatis,intheship-side-and-bottomcompartmentl
aship-bottomlongitudinalbulkhead13tepartitioni
sideofthecentercargotankl11fromthebroadside
13Cisprovided,andaship-bottomcentercompartme
hatched portion)

is provided between the ship-botto

longitudinal bulkheads 13te of the both broadsides,
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the structure is used as a tanker, this ship-bottom
compartment 13D is used as a compartmentin which t
waterisfilled, whilewhenthisisusedasafloat
storagestructure,the compartmentisusedasacom
which the ballast water is not filled.
[0072]

According to this constitution, when the structure
used asthe floating offshore storage structure, by
the ship-bottom center compartment 13D without the
water, it can be kept almost in a maintenance-free
comparedwiththe casewiththe ballastwater,and
can be extremely simplified. Moreover, in the floa
offshore storage structure not on the premise of na
there is no need to consider damage on the ship bot
the tanker on the premise of navigation, and this p
bealsomadeacargotank,andbyhavingthisship-
compartment 13D communicate with the center cargo t
conversion, the capacity of the cargo tank can be i
extremely easily.
[0073]

Iftheconstitutionoftheship-typestructure 1E
fifth embodiment is applied to the ship-type struct
the second embodiment and the ship-type structure 1
third embodiment, too, the same effects can be obta
[0074]

The method for designing a ship-type structure of

embodimentsaccordingtothepresentinventionisa
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in designing of the ship-type structures 1A, 1B, 1C
1E (hereinafterreferredtoas 1Ato 1E) ofthe afo
first to fifth embodiments and is a method in which
ship-type structure having atank constitution shar
the tanker and the floating offshore storage struct
bedesigned,thecentercargotanks11andthewing
12 onthe both sidesthereofare provided symmetric
transverse direction, the ship-side-and-bottom comp
13 used as the ballast tank or the void space are p
the outer side of the wing cargo tanks 12, and in t
oftanks or the compartments excluding the slop tan
number Nw of the wing cargo tanks 12 on the one sid
larger than the number Nc of the center cargo tanks
[0075]

Accordingtotheship-typestructures1Atol Eof
to fifth embodiments according to the present inven
the aforementioned constitution and the method for
aship-typestructureaccordingtothe presentinve
if the ship-side-and-bottom compartments 13 of the
structures1AtolEaredamagedacrosstwocompartm
longitudinal bulkhead 12t between the wing cargo ta
the ship-side-and-bottom compartment 13 or the tran
bulkheadl2aforwingcargotankforpartitioningt
tank 12 in the longitudinal direction is damaged, t
of the wing cargo tanks 12 is increased, and the ca
wingcargotank 12isdecreased, andthus, stabilit

on the ship-side of the ship-type structures 1A to
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madelarger,andtheoutflowofthecargointhewi
12 can be reduced.
[0076]

Moreover, since the number Nc of the center cargo
11is made smaller than the number Nw of the wing ¢
12 on the one side and kept to the number similar t
the prior-art tanker, the number of the transverse
11afor center cargo tank partitioning the center ¢
1linthelongitudinaldirectionwhichresultsint
ofthe number of manufacturing processes and the hu
that is, the number and the area of the watertight
are not increased, whereby a cost increase can be s
while usability as a tanker is maintained.
[0077]

Thatis,bymakingthenumberNcofthecentercar
11 not within the damage range at damage on the shi
smallaspossibleandbyincreasingthenumberoft
tanks12(2xNw),anincreaseofthetransversebu
results in the cost increase can be suppressed, and
compartment arrangement resistant to damage on the
can be obtained. As a result, when used as a tanke
compartmentarrangementthatcanbe alsousedasit
floating offshore storage structure such as FPSO an
be realized while usability and cost competitivenes
tankerismaintained,adesigncostoraleadtime
and moreover, when used as the floating offshore st

structure, a floating offshore storage structure ca
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supplied inexpensively and quickly.
[0078]

Asaresult,theship-typestructures1AtolEsat
the both requests of the tanker and the floating of
storage structure, the ship-type structures 1Ato 1
be design-changed or converted easily from the tank
floating offshore storage structure, or the ship-ty
structures 1A to 1E that can be design-changed or c
easily from the floating offshore storage structure

tanker can be easily provided.

Industrial Applicability
[0079]

According to the ship-type structure and the metho
designing a ship-type structure of the presentinve
compartmentarrangement can be provided thatcan be
for the floating offshore storage structure as it i
usabilityandcostcompetitivenessasthetankerar

and which can reduce a designing cost or shorten a

and can provide a floating offshore storage structu

inexpensively and quickly by planning the compartme

arrangementparticularlyresistanttoship-sidedam
increasingthenumberoftankswhichresultsinac
thatis,anareaofawatertightbulkheadspartitio

as much as possible, and thus, they can be applied
ship-type structures and the methods for designing

structures for many tankers and floating offshore s
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structures.

Reference Signs List

[0080]

1A, 1B, 1C, 1D, 1E ship-type structure

10 hull

10a side shell

11 center cargo tank

1la transverse bulkhead for center cargo tank
11t longitudinalbulkheadbetweencentercargotank
cargo tank

12 wing cargo tank

12a transverse bulkhead for wing cargo tank
12t longitudinal bulkhead between wing cargo tank a
ship-side-and-bottom compartment

13 ship-side-and-bottom compartment

13A  U-shaped compartment

13B J-shaped compartment

13C broadside compartment

13D ship-bottom center compartment

13a transverse bulkhead for side compartment
13t, 13te ship-bottom longitudinal bulkhead

14 slop tank

14a transverse bulkhead for slop tank
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CLAIMS

1. A ship-type structure having a tank constitution,
comprising:

center cargo tanks and wing cargo tanks on both sides
thereof symmetrically to a transverse direction; and

ship-gside-and-bottom compartments used as a ballast tank
or a void space on an outer side of the wing cargo tanks, wherein

in the number of tanks or compartments excluding slop
tanks, the number of the wing cargo tanks on one side is made
larger than the number of the center cargo tanks,

wherein regarding the ship longitudinal direction, one
of the ship-side-and-bottom compartments adjacent to one side
of one of a plurality of transverse bulkheads for side
compartment dividing the ship-side-and-bottom compartment is
formed by a U-ghaped compartment structure formed of a U-shaped
compartment covering a lower side portion of the center cargo
tank, and a lower side portion and an outer side portion of the
wing cargo tank in communication, and one of the
ship-side-and-bottom compartments adjacent to another side of
the one of the plurality of transverse bulkheads for side
compartment dividing the ship-side-and-bottom compartment is
formed by a J-shaped compartment structure formed of a pair of
two J-shaped compartments, each covering the lower side portion
of the center cargo tank, and the lower gide portion and the
outer side portion of the wing cargo tank in communication and
having a ship-bottom longitudinal bulkhead on the lower side
of the center tank; and

regarding the ship longitudinal direction, the
ship-side-and-bottom  compartments are constituted Dby
alternately arranging the U-shaped compartment structure and

the J-shaped compartment structure.
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2. The ship-type structure according to claim 1, wherein

a transverge bulkhead for side compartment partitioning
the ship-side-and-bottom compartments with respect to a ship
longitudinal direction is provided by being shifted by a preset
distance with respect to the transverse bulkhead for wing cargo
tank partitioning the longitudinal direction of the wing cargo

tank.

3. The ship-type structure according to claiml oxr 2, wherein
the number of the ship-side-and-bottom compartments on

one gside is made larger than the number of the center cargo tanks.

4. The ship-type structure according to any one of claims
1 to 3, wherein

the number of the ship-side-and-bottom compartments on
the one side ig set to not less than the number of the wing cargo
tanks on the one side in the number of the tanks or compartments

excluding the slop tanks.

5. The ship-type structure according to any one of claims
1 to 4, wherein

the number of the wing cargo tanks on the one side is set
to 1.5 times or more and 2 times or less of the number of the
center cargo tanks in the number of the tanks or compartments

excluding the glop tanks.

6. The ship-type structure according to any one of claims
1 to 5, wherein

a position in the transverse direction of a longitudinal
bulkhead between the center cargo tank and the wing cargo tank
ig set, assuming a ship width at the position in a sghip
longitudinal direction thereof is Bs, within a range from “20%

Bs” to “30% Bs” inside a side ghell.



7. The ship-type structure according to any one of claims
1 to 6, wherein

in the ship-side-and-bottom compartment, a ship-bottom
center compartment is provided on the lower side of the center
cargo tank and between the ship-bottom longitudinal bulkheads
and 1f the structure is used as the tanker, the ship-bottom
center compartment is used as a compartment with the ballast
water, while if the structure is used ag the floating offshore
storage structure, the ship-bottom center compartment is used
as a compartment without the ballast water, wherein the
ghip-side-and-bottom compartment is the J-shaped compartment

structure.

8. Amethod for degigning a ship-type structure having a tank
constitution, wherein

center cargo tanks and wing cargo tanks on the both sides
thereof are provided gsymmetrically to the transverse direction,
ship-side-and-bottom compartment used as a ballast tank or a
void gpace is provided on an outer side of the wing cargo tank,
wherein

in the number of tanksg or compartments excluding the slop
tanks, the number of the wing cargo tanks on one side is made
larger than the number of the center cargo tanks, and

wherein regarding the ship longitudinal direction, one
of the ship-side-and-bottom compartments adjacent to one side
of one of a plurality of transverse bulkheads for side
compartment dividing the ship-side-and-bottom compartment is
formed by a U-shaped compartment structure formed of a U-shaped
compartment covering a lower side portion of the center cargo

tank, and a lower side portion and an outer side portion of the

36



wing cargo tank in communication, and one of the
ship-side-and-bottom compartments adjacent to another side of
the one of the plurality of transverse bulkheads for side
compartment dividing the ship-side-and-bottom compartment is
formed by a J-shaped compartment structure formed of a pair of
two J-shaped compartments, each covering the lower side portion
of the center cargo tank, and the lower side portion and the
outer gide portion of the wing cargo tank in communication and
having a ship-bottom longitudinal bulkhead on the lower side
of the center tank; and

regarding the ghip longitudinal direction, the
ship-side-and-bottom compartments are constituted by
alternately arranging the U-shaped compartment structure and

the J-ghaped compartment structure.
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