TRANSFER METHOD AND BARGE FOR USE IN THE METHOD The present invention

quates to a transfer method and barge for use in the method. Flat top

barjeés are exten5|vely used through the world, both at sea and in rivers,

for transport of a w de variety of goods. There are.al so variants such as
subnersi bl e barges used for the transport of floatlng pl ant and naqwa,qL [% —
speci al purpose craft such as crane barges, work barges, accomfodat

barges and so on. Typically, subnmerging of the barge is controlled by

bal | asti ng/ debal | asti ng of tanks provided in the hull of the barge. A
conventional shiplift, whether, whether opérated by w nches, hydraulic rans
or. any ot her nechani sm |s alma S de3|oned SO that t he -Iatforntls

hori zontal during R METHOR ANB BARGE FOR USE INTH; THOX
onshore transfer system Th|s in turn nmeans that the whole area utilised
for working on or storage of vessels which have been brought ashore nust

al so be horizontal, o av0|d hi | ocal | oads i,ndyced i.n a shi
hul| during the tran F‘%ﬁﬂ? e%tp sing B@g‘ﬁ @gwetﬁéﬁ‘éﬁewh{é

hori zont al but dtend naturally to slope down to the water, whether a
river bank or 5‘3 ‘coast. Additional cost nust then be |ncurred during

the installation of ﬁaﬁ%ﬂ‘hﬁ&teh maéxtensively used through the world, both at sea and in

rivers, for transport of a wide variety of goods. There are also variants such as

submersible barges used for the transport of floating plant and many special
purpose craft such as crane barges, work barges, acc_:ommodatidn barges and so
on. Typically, Submerging of the barge is controlled by ballasting/deballasting of
tanks provided in the hull of the barge

A conventional shiplift, whether whether operated by winches, hydraulic

. rams of any other mechamsm, is. always designed so that the platform is horizontal

during the transfer of a vessel between the platform and the onshore transfer
system. This in turn means that the whole area utilised for workmg on or storage
of vessels which have been brought ashore must also be honzonta] to avmd hlgh
local loads being induced in a ship's hull dming the transfer operation.
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shiplift, particularly at ‘an existing site. Drainage of a perfectly |evel
site al so beconmes a problem and the inevitable pools of rainwater, P
particularly in regions of high rainfall, significantly reduce _
operational efficiency in ship repair and ship building activities. In
existing sites where it is proposed to install a shiplift workshops wll
al ready exist at certain levels. |If an entire site has to be raised to
this level a large ambunt of land-fill material will be required or access |
-between a shop and the site will be hanpered, particularly for vehicles.
When such a site i.s raised the heigi2 of the waterfront above the sea level
may wel | be excessive and in any case will require the shiplift to have a
| onger vertjcal travel than is necessary. Accordingly there is a need for a
“shi pli f tems gRabprradisr BPafions vAPYR %P cblel et fuedhedb@ % edsonabl e
gradient, such as 1 in 200 to.1 in 50, so that the natural site |levels need
2 i ni MEHVEE ARk AT Gh SERI SRS eavARALRLRPALCOSHe Mt KhER 1R kept as
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shiplift, particularly at an exiéting éite. Drainagé'of
a perfectly level site also becomes a problem and the
inevitable'pobls'ofiréinwéter, parficﬁiaiiy-ih'fegiﬁﬁs:of
high”féinféli,.Sigﬁificantly'réﬁuéé_aﬁefafiphal
efficiencY-in'shiﬁ'réﬁéir:and éhipiﬁ#iléiﬁé'éctivitiés;
| ”Iniékistih§ sités’whéfévit'i§:§;6§aééd'fd install
a shiplift wbrkshops will alreadjféiiét ét:éertain
levels. If an entire site has to be raised to this level
a large amount of iand}fill'matérial'ﬁiliﬁbe required or
access between a sﬁdp'énd thé éité3ﬁiii Eé haﬁpered,
particularly for véhiclés. When SuChﬁéréite is réiSea
the height of the waterfront above the sea level may well
be excessive and in any caée‘Will réquiré'thé'shiplift to
have a longer vertical:fravel than is'ﬁeéeséary. - , ';‘y
Acco:dingly there is a need for é Shiplift barge :
or other platform which is easily_trimﬁed:to a reasonable
gradient, such as 1 in 200 to 1 in 56,1so_tha£ the
natural site levels need a minimum of.aiterétioh and the
seaward limit of the'site can be kept as:lbw as possible
to make fhe fullest use of the available Sudyancy of the

g 8
barge.



3 According to the invention there is provided a nethod of transferring a
|l oad to or froma barge having a subnersible hull with floodabl e ball ast

t ankKs and seabed engaging | egs the nethod conprising the steps of i.
monitoring the forces on the legs while ii. transferring the | oad and
L. bal | asti ng or deballasting the ballast tanks to keep the forces on
the legs within predetermned limts. Typically three to six spuds are
arranged at the sides of the barge. The spuds may be operated by, for
exanpl e, hydraulic rans, jacks, screws. The spuds ensure stability during
bal | asting/ debal | asti ng operations during subnerging and raising of the
barge hull. Control of the novenent of the spuds can be synchronised with
that of the ballasting system Means for eferting a controlled and
controllable force on the seabed are thus provi ded. The spuds are not
merely | ocked in position as with-some oil rigs. Preferably the total lift

21 Towt ng. the. hul |t BORRg Kt miemiek Jeesis PPVIATLA TERER of GRITRIFAE drhc
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associated Wi th g engaging legs' the method comprising the steps of , . '

i monitoring the forces on the legs while -

i transferring the load and

iii. ballasting or deballasting the ballast tanks to keep the forces on

the legs within predetermined limits.

Typically three to six spuds are arranged at the sides of the barge. The
spuds may be operated by, for examl;le, hydraulic rams, jacks, screws. The spuds
eﬁa&esmbﬁﬁydudpghmﬂwﬂhqyddnﬂaﬂhﬁ;opmmﬁbngdﬁﬁngsubnmngngand
raising of the barge hull Control of the movement of the spuds can be
synchronised with that of the ballasting system. Means for exerting a controlled’
and controllable force. on the seabed are thus.provided. T-lle-ééuds are- no£ ;rxéféiy
locked in poﬁﬁon as with some oil rigs. Preferably the total lift available from the
spudsexmﬂxhtheenqmy“mhﬂn(ﬁﬁhebm@p,ﬂuudnrdkwﬁngthehuﬂuabeﬁﬁed
entirely out of the water for maintenance and repair. The spuds may also be used
to maintain accurate control of the attitude of the barge during roll-on, roll-off

operations, including those associated with



4 transferring heavy l-oads such as another vessel, off-shore structures and
so on to or fromthe shore. Preferably the barge hull possesses nore than -.
one water ballast tank to allow for adjustnment of the attitude of the Eéa
barge, the total capacity of such water ballast .tanks being such as ‘to "
allow the craft to be conpletely subnerged in order to all ow enbarkation or
di senbarkation of other craft or any form of floatable cargo. Ballasting
and debal | asting of water to or.fromthe tanks may be carried out by punps
or conpressed air as appropriate, using suitable valves and piping systens

5 The above and ot her aspects of the present invention will now be
illustrated by way of exanple with reference to the acconpanying draw ngs .
in which: Figure 1 illustrates in side4levation a preferred enbodi nent of *
‘the barge in accordance with a first aspect of the present invention;

Figure 2 is a plan view of the enbodinment of Figure 1; Figure 3 is a plan .,
secti onal V|ew along |line A-A of Fi ure 1, F| ure 4 |IIustrates inviews T
to 13, the &ensf %swydpw loas omngmrﬁemmtnent of |
Figure 1 to transfer a vessel fron1one S|te to another; Figure 5 is a

di gg ram s hgg\,frﬁgx ﬁéhgrgﬂ Prefergply the barge hull possesses more than one \%ater ballast o

tank to allow for adjustment of the attltude of the barge the total capacity of such
water ballast tanks being such asto allow the craft to bes:_ _completely submerged in
order to allow embarkation or disembarkation of other ctaft or any form of |

' .ﬂoateble cargo: ‘ Ballasting and .deballasting' of water.'te' e,r from the tanks may be U
carried out by pumps or compressed air as-a;ipfopﬁaie,-- usmg suitable valves and

piping systems.

©



6 buoyancy and centre of gravity of a vessel. As shown in Figure 5A a
flpating vessel can be regarded as having a centre of gravity G through
WHTh its melght acts and a counter-bal anci ng upward force acting through
its centre of buoyancy. The axes intersect at Mthe netacentric point.
Were Mis above Gthere is arighting armZ tending to right the vessel.
Any heeling of the vessel will shift the centre of buoyancy to a new
position B with a different righting armas shown in Figure 5B. \Wen one
attenpts to sink controllably a barge stability tends to be |lost. M noves
closer and closer to G reducing the righting armas buoyancy is |ost. Wen
they are coinciding there is no-self-righting capability and where Gis
above Mthe vessel is inherently unstable.5A result is that it can be
extrenely difficult to subnmerge controllably a conventional subnersible
barge. The barge ofthe invention does not suffer fromthese difficulties to

Spuds or 1 ensi on | e e RbOUARH L Asbecet e e s ﬁw@ﬁaﬂmﬁr 2y pstierlos
o e O Sl TRt B LoSOA B el S 2l 1
Figure 1 illustrates in side elevation a preferred embodiment of the barge in
accordance with a first aspect of the present invention;
Figure 2 is a plan view of the embodiment of Figure 1;
L ‘Figure 3 is a plan sectional view along line A-A of Figure 1;
Figure 4 illustrates, in views 1 to 13, the sequence of operations followed
when using the embodiment of Figure 1 to transfer a vessel from one site to
munha |

Flgure 5i isa dxagram showing the centre of ;



subnergence can be readily controlled. Figure | illustrates an enbodi nent

of a barge in accordance with the present invention being the developnent ,
of a conventional submersible barge with the addition of a "jack-up" el
capability which increases the versatility of the basic flat top barge o
wi t hout” unduly adding to the conplexity of the craft. As shown, the barge.

i s non-propelled, but various propul sion systens may be |ncorporated as -
desired. The dimensions of the barge, in particular draught, are simlar to
other flat top barges allow ng the barge to operate in shallow rivers and

cl ose inshore, being particularly designed for ocean towi ng and for .
push-towing in sheltered waters. This barge conprises ahull 10 two pairs

of spuds 12, one pair positioned along 8ach of two sides of the hull 10 and”
an el evated control room 14. The control room 14 is conveniently raised

Wi th respect to the upper surface of the hull 1O such that when the hull is .
subner ged bﬁ)l Qw t he ter qfeveI e corl1trol room remains above the water
level 1O TIHYYHCEAPEFL otpgressel.g s d|V|ded|ntoanunber of

Shovn,  each spud %“%WB@ lgi‘errii‘«%@rﬂ’om”%%‘ﬁssgfreﬁba?é’ﬁ SE T
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acting through its centre of buoyancy. The axes intersect at M the metacentric -
point. Where_M is. aB_ove Ghereisa righting arm Z tending to right the vessel.
Any heeling of thevessel will shift the cemre-efbuoyancy-tq a new position B' with = | C
a different righting arm as shown in Figure 5B. B
“When one attempts to sink comrollably a barge stabnhty tends to.be lost. M
moves closer and closer to G reducing the nghtmg arm as buoyancy is lost When
: they are comcxdmg there is no self-righting capab:hty and where G is above M the
v&wdlsumemmﬂyunﬂabk
A result is that it can be extremely difficult to submerge controllably a -
conventional submers:ble barge. The barge of the invention does not suﬂ‘er from
these difficulties to such an extent. In accordance with the invention 2 barge

provided with spuds or tension legs is anchored to the sea bed and buoyancy can

C

be lost as required to lower the deck. The sea-bed engaging spud feet substantially
- reduce any capsizing tendency and |



The barge may be conpletely subnerged by flooding all the ballast tanks 15
and the attitude of the vessel throughout this operation can be accurately
céitrolled by use of spuds which allow the barge to rest on the bottom 12
The barge may be conpletely subnerged by flooding all the ballast tanks 15
and the attitude of the vessel. throughout this operation can be accurately
controll ed by use of spuds which allow the barge to rest on the bottom 12
or to be halted at a suitable internediate depth. By use of nore than one
bal | ast tank 15 selective flooding allows the attitude of the barge to be
vari ed. The conbi nati on of spuds and bal |l ast adjustnent allows both the

hei ght above or bel ow the water | evel and the trimof the barge to be
accurately adjusted and maintai ned during Transfer of |ong and heavy itens
of cargo to and fromthe barge. Use of the spuds and ballast allows the
barge hull to be held at an appropriate depth under water to permt the
enbar kat i on/ di senbar ki on of anqther craft or any other type of fl oatable
cargo. Spud op8thmersencgicanbe raadily centeolled. i ne control of depth and attitude
during the initial contact wth the keel of vessel being trangported. The
barge nmay al so be t%ﬂgﬂ‘ﬁ% ﬂg’&“@ﬁ?&?“&ﬂg"‘ﬁm""‘t abateen acperd qw‘%b s

subrrer ged whi | ot L GE bR e YRS BR NS S5t NE sl BpE Vi "

the addition of a "jack-up" capability which increases the versatility of the basic flat
top barge without unduly adding to the complexity of the craft. As shown, the
barge is non-propelléd, but various propulsion systems may be incorporated as
desired. The dimensions of the barge, in particular draught, are similar to other flat
top barges allowing thé barge to operate in shallow rivers and close inshore, being
particularly designed for ocean towir;g and for push-towing in sheltered waters.

: Tl'ui,s.jba,rgé;;omprigqs;aghuﬂ 10, two pairs of spuds 12, ;>ﬁe-pair positioned along
each of ﬁo sides of ti;e huil 10 and an elevated control room 14. The control

- ‘room 14 is conveniently raised with respect to the upper surface of the hull 10 such

. that when the hull is sﬁbm‘erged below the wé,ter level, thé cdﬁ:trdl roo;n remams

above the water level 11. The interior of the hull 10



such as oil rig jackets to be launched into the sea. This faci'lity may al so
be used to launch and recover elenments of a pontoon bridge to link the o
barge to the shore where the water depths are too shallowto allow the — ‘S
barge to be berthed alongside a jetty or close to a river bank. Contr ol " of
the ballasting and spud operation is nornally carried out fromthe el evated
platformof the control room 14 which remains above water |evel throughout
the operation. The length of the spuds and the travel of the hydraulic rans
or other systems for control of the spuds nmay be nodified, within _
reasonable limts to suit for water depths likely to be encountered.- The
preferred enbodi nent of the barge is equi pped with four spuds which ' .
t oget her enabl e nore stable attitudez;thtnent and enabl e the barge to be -
lifted entlrely ouf of the f or maint nce. an oth r ap |cat|ons

Furt her, by‘stfg‘é‘ I, & NYRPELSO: flah?h“%éﬁ‘!k&é? EH T gi¢as l adapted to .

serve as a shi |ft to transfer ve sel nder gl n%ﬁ alrs to and fromthe ° -

shore or toSPREFAMd 5200y ARFbPYI, Qrme Y§USHCD 8he deck of t he
barge woul dpgé il 'aﬁ))por%y\ﬁ'muhca]ﬂrn&" %arﬁgal.l cﬁ‘ivlex?ra%m The ram can be

extended until the foot 17 of .the ram rests. on the sea‘or En_ver bed 12, .

_'I_‘he___bargc may -bé completely subrnerged' by ﬂoo’gii_ng all the ballast tanks 15
and the attitude of the vessel throughout this operatibn .can be accurately )
eon_t__rolle__d by use of spuds which allow rhe barge to rest .:,_on'the bottom 12 . . | | U

.~ Thebarge may be completely submerged by ﬂooding all the ballast tanks 15
and the attxtude of the vessel throughout this operation can be accurately -
controlled by use of spuds whlch allow the barge to rest on the bottom 12 or to be
. halted at a surtable mtermedlate depth. By use of more than one ballast tank 15
selective ﬂoodmg a]lows the atutude of the barge to be vaned The combination of
- spuds and ballast adjustment allows both the height above or below the water level
and the tnm of the barge to be accurately adjusted and mamtamed dunng transfer :
of long and heavy i 1tems of cargo to and ﬁ'om the barge ‘Use of the spuds and
ballast allows the barge hull to be held at an appropnate depth under water to
permit the embarkatlon/drsembarkanon of another craft or any other type of

floatable cargo. Spud operation also facilitates a ﬁne' centrbl of depth and attitude
during the 1mt1al contact with the keel of a vessel being transported. The barge

" may also be trimined so that one



carriage supports a series of

cradles of th ' :

do the hull shape of the vessel being Iifteg aggr?ﬁr{ﬁéeczggpgfto conform
, a

convent i.onal
shiplift or sllpmay Wher eas the conventional shiplift

and unl oadi ng extends th
[l e range of sit whi ili
and un' g ites ich may be
e devg}gbggnlgnnunt of earth nmoving is neededymhenuthglﬁgalgn? el o
_ accommpdate craft oMshore. To ensure that thelrgi:s
S or

guides on the barge are i - :
, preci sel i
Jsrechani cal | ocks woul d be |ncorpgrgiggn:ﬁdm%LP those on the shore,

transter Opgildf Nt he /fﬁutlhelacuualsumers@daﬁﬂﬁgigﬁg&e*h bffeduiddd ne

e 1I's carried out independ a vessel to or
novenent s pendently of shore
shore trangP% ali A%C sbloves den dpysl, we@b@“}ﬁﬁn°?§tPé&uﬁ¥§§% |df SSazgbese
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This facility may also be used to launch and recover
elements of a pontoon bridge to 1ink the barge to the
shore where the water depths are too shallow to allow the
barge to be berthed alongside a jetty or close to a

S river bank. Control of the ballasting and spud operation
is normally carried out from the elevated platform of the
control room 14 which remains above water level
throughout the operat1on.

The length of the spuds and the travel of the
hydraulic rams OT other systems for control of the spuds
may be modified, within reasonable limits to suit far
water depths l1ikely to be encountered. The preferred
embodiment of the barge is equipped with four spuds which
together enable more stable attitude adjustment and
enable the barge to be lifted entirely out of the water
for maintenance and other app11cations.

Further, by use of the spuds and ballast tanks the
barge may be adapted to serve as a ship11ft to transfer
vessels undergoing repairs to and from the shore or to

% _launch newly bu11t craft. For this application, the deck

of the barge would be equipped with 10ng1tudina1 rails or



operate this barge as a ship lift and hence transfer may take place at any
point along an entire site frontage provided that |ongitudinal rails or 2
guides are installed at a suitable point. This facility el i mi nat es t he '
need to provide side transfer arrangenents at a great nmajority of" =
onshore | ocations, saving costs and increasing the space available for shlp
repair or construction work. Onshore and water front installations are very
much sinpler and cheaper than those required for a conventional lift or:
slipway, so if devel opnments necessitate a change of |ocation for.a ship-
repair facility the cost and time recqqgred for relocation are mnimsed.
The barge can perform many of the tasks usually associated with a workbarge ..
and in addition, the spuds main use can be to locate the barge precisely -
when pi | gudided og Whidh |d isett foifak afiaisf P ptaeoi agesi s hedpggedcan ' al so
operate in the jacked up node. In the dredglng field, the spuds may largely e
repl ace a:lmcrmlsl.forTlhecaiamayets'eppargs a m:wm of lidddists ngft o gi ve
partial or

the approprlate shape to conform to the hull shape of the-
vessel being 11_fted-, as in the ca__se_-_ of a conventional
shiplift orjsiiﬁway; Whereas the eqnventional shiplift
platforms are horizontal, the. ab'i'lliti_':-bf the "__ba'r'ge in

‘accordance with the present invention-tbibe*trimmed and-

O

held-atgatpreeiseutrim.during:loading'and unloading.
extends-the.range'Of'Sites which may be-utiliSed'and
‘ensures that the minimum amount of.earthimoving-is needed-
when the new site is being developed tO'accommOdate craft
onShore; To ensure that the rails’ or gu1des on the barge
are. prec1se1y aligned w1th those on the shore, mechanical-
1ocks would be- 1ncorporated and put .into operation durlng'
the transfer qperatxon. ~-As the actual loadlng and‘
unloading of a 9essel~te or from thenba;géﬂiS'carried out
independently of shore facilit:.es, : 'these'- ‘movements may | W
take place in deeper water than is requlred for barge to . o
shore transfer, reducing the requ1rement for dredging at-
the site to a minimum “ﬁo”fixed jetties“are required to
operate th1s barge as a ship lift and hence transfer may :
take place at any point along an entlre szte'-frnntage
E_Ptov1ded_that longitudinal rails or.gu;deSgare instalied

at a suitable point. This'facility eliminates the need



conpl ete subnergence allows other craft such as hopper barges to be | oaded
onvdeck for a nobilisation voyage and refloated at the destination. The
béﬁﬁe may be deployed as a tenporary jetty during construction works. Its
roll-on roll-off capability neans that cranes or other equipnent may easily
be enbarked and the jetty can be linked to the shore with a pontoon bridge
carried on board, or by a 12 link span as appropriate. The spuds woul d
be used to locate the jetty but during the berthing operation of a |large
vessel it would be necessary to |ift these clear of the sea bed to avoid
damage, unl ess separate nooring dol phinsllare installed to protect the
jetty. The spuds may al so jack up the entire jetty to be clear of wave
action or to maintain a constant height relative to the shore if this is a
requi r emrent ol preyige isddeo transfarc @rnangagnenkal afy 3 dreah Rajorvty, the
spuds and bal | asting capabilities of the barge may be utilised to adjust
thé rel ati veEhetBharer hogatdionsy (seniagd ¢Pstse@ng | &perepsipgcitheat e

this operation. The s s. may. be ipcorporated into a new barge during
fabri cati onSPEFemAY ALl SR B aRBLR R9BRL baidfe CRRBEFRCHLPR HThres the

sequence of oaRG A O03d WaEse BrSSt Witk ¢0P1 0t 1%hs are very mucn

simpler and cheaper than those required for a
conventional 1ift or.slipway, so if deveiopments
necessitate a change of location for a ship repair

gﬁ facility the cost and time required for relocation are
mihimised.

The barge can perform many 6f the taSks usually
associated with a workbarge and in éddition, the spuds
main use can bé.to iocate the barge precisely when pile
d:iving or driliing. For certain applications the barge
can also operate in théljécked up'mode. In the dredgiﬁg
field, the spuds may largely replace anchors for locétion
of the.barge. Selectivé bailasting to give partial or

- &j complete submergence allows other craft such as hopper
| barges to be loaded on deck for a mobilisation voyage and
refloated at the destination. |
The barge may be deployed as a temporary jetty
during éonstruction works. Its roll-onlroll-off-
capability means that cranes or other'equipment may
'vgésily be embarked and the jetty can be linked to the

shore with a pontoon bridge carried on board, or by a

.



aspect of the present invention to transfer a vessel or other floating body
froma ship repair or construction site, or other suitable water front
| ocation, to the water, either inmediately adjacent to the site or after N
being towed to a new | ocation. The exanple assunes that rails to support =
sone formof transfer carriage are laid directly on the deck of the bar ge.
and these conformto tracks ashore, flush with the ground surface. It is

13 however adaptable to any method of transfer (wheeled, tracked, skates
and so on) which may be flush with the ground or deck or raised or possibly
inclined relative to these. Figure 4(1)l2shows a barge approaching a water’
front (sea or river wall). It should be possible to ballast and trimthe .
barge such {ihkaspanas apprdpriate. | Ehesspuds whultibe used tarlotate the jetty butduringacks or -
rails on land are not horizontal then the barge may be trinmed so that the
deck or on shebeathmtmrzmoeqfﬂlusevgssﬁbtwsldhmeyesswsn@ﬁethmmaeo Fi gure
4(2) |IIustrat es the barge noored at the water fyront, water having been 3
punped i nt o tResep gtq,avqxgéargge, HQPW%H?@‘WBWW%Q‘WPW@GMU so that the

k
deck is protect the jetty. The spuds may also jack up the entlre jetty to be clear of wave

-,

action or to maintain a constant helght relative to the shore ifthisisa requrrement
Ifcargo is to be loaded or unloaded by roll on roll oﬂ" the spuds and ballastmg
capabrhtles of the barge may be utilised to ad_]ust the relative herghts of the slups
deck and the jetty level to facrhtate thrs operatlon o | U
The spuds may be mcorporated into a new barge dunng fabncahon, or may "
be added to an exrstmg barge. _ | _ |
- Flgure 4 ﬂlustrates the sequence of operatxons in accordance w:th the ﬁrst
| aspect of’; the present urven’aon to transfer a vessel or other ﬂoatmg body from a
ship repaxr or constructron site, or other suitable water ﬁ'ont location, to the water .
either nnmedlately adjacent to the site or aﬁer bemg towed toa new locatron The. R
ple assumes that raxls to support some form of transfer carnage are lald o
| dlrectly on the deck of the barge and these conform to tracks ashore ﬂush with the
ground surfa__ce. Ttis



slightly below the sea wall and at. the sane declivity as the land site at
kigh water on the chosen date. As shown in Figure 4(3) the spuds are

| dwéred until "they contact the sea bed and maxi mum downward force is then
applied to them (typically by hydraulic rans) to bed themin. Typically
this will lift the barge by about 50cm I ndividual spuds may be noved
relative to one another if the sea bed is not wuniformand can be adjusted
as necessary. At a perrmanent site, it nmay be preferable to provide hard
points (e.g. pile caps at bed level) to support the spuds and to prevent
rel ati ve novenent. 14 Final adjustnmepg can then be made to the spud rams
and ball asting such that the barge is at the correct height and declivity
wi th each spud about 50% | oaded. At sone sites it is possible to make a

ri gid connagdweirert Oahagtamemtb Wiy amekabll 06fhaiaed Riwhse18d,0t hers
there may be a short link span of rails. Figure 4(4) illustrates a vessel

21°| oaded aftarkedNsskatesr Bhdded dhy ol whdghonay bee fAigle. whitht RBesanme
time water is punped out of the ballast tanks to conpensate for the

addi ti onal gwowid ariddeck cot heabsedeor Thesspbily taclanedmredatdéve ltar ge
vari ati on between the buoyance and wei ght during this
these. _ |
Figure 4(1) shdws a barge approaching a water
front (sea or :iver wall)f It should be possible to
ballast and trim the barge such that the deck is level
with the water front. If the tracks or rails on land are
not horizontal then the barge may be trimmed so that the
deck or on board rails are of the same declivity as those
ashore. Figure 4(2) il;ustrates thg barge mogred at the
water front, water having been pumped into various of the
ballast tanks to trim the bafge hull so that the deck is
slightly below the sea wall and at the same declivity as
the land site at high water on the chosen date. As shown
in Figure 4(3) the spuds are iowered until they contact
L the sea bed and maximum downward force is then applied to
them (typically by hydraﬁlic rams) to bed them in.
Typically this will 1ift the barge by about 50cm.
Individual spuds may be moved relative to one another if
the sea bed is not uniform and can be adjusted as
necessary. At a permanent site, it may bé preferable to
.fgyovide ha:d'points (e.g. pile caps at bed level) to

support the spuds and to prevent relative movement.

RS



operation, thereby redu0|ng the necessity for exact control of deballasting
(typically about one third of the dead weight of a barge can be supported .
on spuds alone). Load detector are provided on each spud. The | oad detecteﬁJ
may be di spl ayed continuously in the control roomthereby allowing the .-
operator to adjust the punping or |oad novenent to keep within the linits
of spud capacity. This adjustment may be carried out automatically. Once -
the | oad has been conpletely transferred onto the barge, spud ranms are used
to raise the landward end of the barge slightly to enable the pins, if any,
to be withdrawn (Figure 4(5)). If necessary, further deballasting may be
done at this tine - 15 if water depth at the water front is very
restricted. The spuds can then be fuIIy14etracted (Figure 4(6)) and the
barge noved as required. If the b ggg is tg be.towe aﬂ at se final '

bal I asting ripal adinstmentganthen bg therspud gams ang haflasting;sye W&t?hPee board. e
waer 11 ont DAESH 8“&%?0&%&5 Se%éﬁ%%ﬁe@&ﬂ%&& 3 ess?@(riﬁg%di e~
vessel is 10 be disgharaetab Q001155 balkboa Fo S Bl Sl i B © 7).
horizontal pins. At others there may be a short lmk span of rails. | '
Figure 4(4) mustrates 2 vessel 21 loaded onto transfer ca.mages 22 rollmg
~ onto the barge. ‘At the same time water is pumped out of the ballast tanks to

a compensate for the additional welght added to the barge The spuds can

O

accommodate a large variation between the buoyance and wetght durmg this
operation, thereby reducmg the nece351ty for exact control of deballastmg (typxeally
about one third of the dead welght ofa barge can be supported on spuds alone)
Load detector are prowded on each spud. The load detected may be displayed |
' oontmuously m the control room thereby allowmg the operator to adJust the
* pumping or ‘load movement to keep within the limits of spud capaclty. This
adjustment may be carried Out-autoﬂtaticallyi" Once the load has been completely
transferred onto the barge, 'spud rams are used to raise the landward end of tlte |
| barge shghtly to enable the | pms, if any, to be thhdrawn (Flgure 4(5)) b -
' necessary, ﬁu'ther deballastxng may be done at this time o



dlscharge site ballasting of the barge is comenced to reduce freeboard
@Ty for subnergence. - Wen the barge is ballasted down to a few
entinetres freeboard, the spuds are | owered, applying naxi ruml|oad to each

(Flgure 4(8)). Any rel ative novement is taken up with the ranms and the

| oadi ng reduced to about 50% on each spud. Ballasting is continued (Figure

4(9)) until the deck is subnmerged wth the spuds held at about half | oad.

Al t hough there is conplete | oss of inherent stability at this point,

stability is assured by the spuds. The pressure of each spud is reduced,

control valves ensuring that the flow ofjgydraulic fluid is the sane from
each spud so that the barge sinks uniformy (Figure 4(10)). Sinking
continues until the hull of the vessel being 16 carried enters the water
and begi ns tif pwakenp dumynngy. the thatebalfmait ngsoc@isys rés@rietadti ve
manner so that the barge takes up approximately the same trimas that of
the vessel Vil épdy adhoihepFibpurfulilylyptraciedd (Figumedeh) 3 and
adjusted to keep the pressure on each spud

the barge moved as required. If the barge is to be towed

at sea, final ballasting may now be made to achieve the

best towing trim and free board.

The subsequent Figures illustrate discharge of
the vessel away from the water front. Figures 4(1) to
4(6) can be followed in reverse if the vessel is to be

~ discharged at another land site.

As shown in Figure 4(7), on arrival at the
discharge site ballasting of the barge is commenced to
reduce freeboard ready for submergence. When the barge
is ballasted down to a few centimetres freeboard, the
spuds are lowered,'applying maximum load to each (Figure
4(8)). Any relative movement is taken up with the rams
and the loading reduced to about 50% on each spud.

W, Ballasting is continued (Figure 4(9)) until the deck is
submerged with the spuds held at about half load.
Although there is complete loss of inherent stability at
this point, stability is assured by the spuds, The
pressure of each Spﬁd is reduced, control valves ensuring

that the flow of hydraulic fluid is the.same from each

“

P _ spud so that the barge sinks uniformly (Figure 4(10)).

Sinking continues until the hull of the vessel being



at about 50% full 1oad, so ensuring that stability is maintained during
this phase of the operation. Once the barge has subnerged sufficiently,

the vessel can float off and nay be towed clear (Figure 4(12)). °~ The sparé’
capacity of the spud rans may now be used to return the barge to the’ 7
surface, which increases the rate of punping of water ballast (Figure
4(13)). Punping is continued until buoyancy of the barge.is sufficient

for the spuds to be retracted and the desired freeboard is reached for the
next task. Clearly if the next tas.k is to |load a vessel onto the barge,
either in a shiplift node or as a deckg cargo, the barge remains subnerged

rather than returning to the surface, until the new vessel is floated into .

position overhead. The spuds will then be used to facilitate initial

contact karwded it gthandatse &eel bagihki toveaN .uFEXBEdyandy. Way of
exanpl e cal cul ati ons were made to denonstrate the load occurring if a 480
t onne ve§m¢kher:ﬁhllasting'qccurS'in a selective manner so that

the barge takes up approximately thE'Saﬁe;trim-as that of
the vessel when-fully_afloatt(Figure.4(11))-- SPud:ram'
movements are adjusted to keep the pressure on each spud
at aboﬁt 50%'full.laadf'so.ensuring'that stability is
maintainedﬁduring this phase of-the operation. - Once the
barge=has_submergadisufficieﬁtly,,the;tessél can float
off and may be-towad clear (Figuré 4(12)). Thé apare-.
capacity of the spud rams may now be used to return the-
barge to the surface, whlch increases the rate . of pumping
of water,ballast (Figure 4(13)). Pumping is continued
until buoyandy of the barge is.sﬁffiCient for - the spuﬁs;
to be retracted and the desired freeboa:d is reached far
the next task. Clearly if the next task is to load a
vessel onto the barge, either in-a:shiﬁlift:mode or as a
~deck cargo, the barga remains submergéd rathet than '\H
returning to the surface, until the new vessel is floated
into position overhéad‘ The spuds will then be used to
facilitate 1nit1a1 contact between the harge and the keel
of this vessel
‘Example
By way of example calculations wete made to

demonstrate the load occurring if a 480 tonne vessel

s

=
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borne on a 40m cradle were | oaded on a spud equi pped barge of the invention
54 §.17 X 3.05m The spuds are situated 10mfromthe barge ends. The
bargé has a mass of 520 tonne and a potential buoyancy of 1300 tonne at the
assulred draught. The barge and certain key di nensions are shown at Figure 3
and Table 1 and 2. In the initial state each spud provides a thrust of 55
tonne and the ballast tanks filled to 1000 tonne. The barge as a whol e thus
is in equilibriumand is held firmy but gently in situ by the forces on
the spuds. The initial ballasting conditions are shown in Table 2. The
cradle is then rolled Smonto the barge. e load on the front pairs of
spuds [err] increases to a total of 183 tonne and that at the rear PA
decreases to a total of 97 tonne. The centre of gravity will be 41.50m from

PA. 75 tonne fs4-h@shnl Sadwﬁh%rz%ﬂlém@r@a%meaa%ﬁ 2Ps8ud Ui peql oad
onvthe front spuds is now a total of 24 tonne and on the rear onne.

The cradl e | vdryd effO0khe fiHvdiiidOns4r @sul® g3 0skbe cx&r&rgp@ésga@él ty
being 34m from PA. The |l oad on the aft spuds is unchanged and that on the

forward incresisasaticd 11dmt spom. thenlbalge sentddal | Thectareep il y mass by
104 tonne and the load on the front pair of spuds -
~of 520 tonne and a potential buoyancy of 1300 tonne at
the assumed draught. The barge énd certain key
dimensions are shown at Figure 3 and Table 1 and 2. In
the initial state each spud provides a thrust of 55 tonne
and the ballast tanks filled to 1000 tonne. The barge as
a whole thus is in equilibrium and is held firmly but
gently in situ by the forces on the spuds. The initial
ballasting conditions are shown in Table 2.

The cradle is then rolled 5m'onto-the barge. The
load on the front pairs of spuds Py increases to a total
of 183 tonne and that at the rear Pp deﬁrEases to a total
of 97 tonne._-The centre of gravity will be 41.50m from
Pp. 75 tonne ballast is discharged from each of tanks 3P

1\ and 35. The load on the front spﬁds is now a total of 24
tonne and on the rear 106 tonne.

The cradle ié rolled on a further 10m resulting in
the centre of gravity being 34m from P,. The load on the
aft spuds is unchanged and.that on the forward increases
to 144 tonne. Tank 3C is deballasted coﬁpletely i.e. by

‘H}94 tonne and the load on the front pair of spuds

decreases to 38 tonne and that at the rear increases to

T



decreases to 38 tonne and that at the rear increases to 18 108 tonne.
Loading the cradle a further |O noves the centre of gravity to 24mfrom. -
[err] and the load on [err] changes to 143 tonne and on [err] to 123 tonnéé
No change in ballasting is required. Loading a further 5mnoves the centrge
of gravity to 16.5mfrom[err] and changes the load to 174 tonne on PA and
152 tonne on [err] Discharge of 50 tonnes of ballast fromeach of tanks 1P
~and IS and 25 tonnes fromeach of 3P and 3S changes the | oad on the spuds

to 71 tonne on [err] and 105 tonne on [err] The cradle can be advanced a

further Onso as to place the cradlqaconpletely on board. The centre of.
gravity is then 9mfrom PA and the [N'cad at P 159 tonne and at [err] 137 .
tonne. It is therefore readily apparent that spuds of relatively |ow | oad

limt capgperdssd. - Cearly during, loading in practice debal]asting wll
occur at nore frequent intervals or even continuously for exanple %
under ”1Qr0pr00§§é@ingcﬁﬁérékadle a further 10m moves the centre | )
of gravity to 24m . from P, and the_loa§?on PAﬂchangés;to.
143 tonne and on Py to 1231tonne.:;Nc_change in
ballasting is required. Loading a- further 5m moves the
centre of.gfavity.to.16;5m from Pa and ﬁhanges.the load_
to 174 tonne on Pp and 152 tonne on. Py. o
“Discharge of 50 tonnes_ of ballast ,-f.r_om_ﬁeach.l_of
tanks 1P aﬁd'ls and 25 tonnes froﬁ_egch of73P.and-3s
changes the load on-fhe spuds.to.71:t6nn§ on Pp and,lOSi
tonne on Pp. The cradle can be advanced a further 10m
so as to place the cradle completely on board. The
centre of ‘gravity is then 9m from PA and;the-1oad.at ?A.
159 tonhe.and-at Pp 137-tonne. It is therefore readily
apparent that spuds of relatively low. load liﬁit cén be
used. Clear-iy- during. lecading in practice -deba__-l],-asting
will occur  at m§re -frequent .interials or even -
continuously for example under micrbprdéessor; control | |
which would serve to reduce changes in spud load and in
some caées.the maximum.spud load. '_
Thé'load on the forward spudsréould then be
increased to allow disehgagement'from thé-ﬁock,énd-then
. all the-spuds.raised; The barge woulé;theﬁ}floatmfreely

with an estimated aft draught of 2.26m'and_f6rward



whi ch woul d serve to reduce changes in spud load and in sone cases the
naflnunlspud | oad. The |l oad on the forward spuds could then be increased to
ow di sengagenent fromthe dock and then all the spuds raised. The barge
mould then float freely with an estimted aft draught of 2.26m and forward
19 draught of 1.44m Discharge of 109 tonnes from each of tanks 1P and 1S
would trimthe barge to an estimted aft draught of 1.47m and forward
draught of 1.75m The cradle could be centred on the barge trimmng it 89
cmby the stern i.e. draughts of 1.92mat the stern and 1.30m at the bow.
For transport the barge m ght conveniegbly be trimred to about 30 cm by the
sstern by discharging 61 tonnes fromtank 1C giving a draught of 1.71m at
the stern and 1.37m at the head. To discharge the cargo the barge is first
brought t cdzangiverokekl4#y.addi ng 134 tonne to 3C The tanks will then be
vin the state shown in Table 3.

Discharge of 109 tonnes from each of tanks 1P and
1S would trim the barge to an estimated aft draught of
1.47m and forward draught of 1.75m. The cradle could be
centred on the barge trimming it 89 cm by the stern i.e.
draughts of 1.92m at the stern and 1.30m at the bow.

For transport the barge might conveniently be
trimmed to about 30 cm by the stern by discharging 61
tonnes from tank 1C giving a draught of 1.71m at the
stern and 1.37m at the head.

To discharge the cargo the barge is_first brought
to an even keel by adﬁing 134 tonhe.to 3C. The tanks

will then be in the state shown in Table 3.



20 Table 1 D nension a 10 M b : 14.89 m.:

c 2.11 md : 17.00 m B (tanks, enpty) 47
1300 tonnes W (Tanks enpty) 520 tonnes Table 3 Tank No ; Y,
State Bal | ast/t onne "~ Maxi mum Capacity/tonne 1p _ ' Sl ack '
159 251 1C Ful | 261 - 261
1S Slack - 159 251 2P Enpt y
0 225 25 Enpty 0 - 225 3P

- Sl ack 159 251 3C _ Sl ack . 104

- 261 3S ' Sl ack 15920 o 251 .

Table 1

- Dimension R ¥
a lO,m =:
E 14.89 m
c . : ,_2_11 m
a . o -.17,ob m
B (tanks empty) | -1300.tégnes'. B
W.(Tanks-empty)  - 520 ténﬁes- ~
Table 3.
Tank No State Ballast/tonne " Maximum |
o ' : - : '. j Capacity/tonne
ipP e Slack -~ 159 o 258 -,
1C Full - 261 261 o
1s _ Slack ' 159 ' 251
2 | Empty 0 225
25 ' Empty 0o 225 . -;;
3P Slack 159 - 251 |
clo Slack 104 261

38 Slack 159 251

1001 e 1976



1001 1976 21 Table 3 Tank No State

alr | ast/tonne 1P _ Enpty : 0 1C
= A 261 1S " Enpty 0 2P
Enpty 0 2C Enpt y 0 2S
Enpt y 0 3P Sl ack 59 3C
Sl ack 134 3S Sl ack 59 513 |f

desired the | oad bearing ability of the ground can be tested by applying a
| arge spud | oad. Tanks 1P + 1S are filled with 250 tonne each 3P + 3S are

filled with 191 tonne each and 3C fill wth 127 tonne. The draught wl|
then be 2.84m on an even keel. A total ud | oad of 200 tonne is applied
and the draught
Table 3
. Tank No State Ballast/tonne
1P . Empty 0
iC Full 261
1S Empty 0
2p Empty 0
_ 2C Empty 0
/
2S ' Empty 0
3p Slack 59
3C Slack - 134
3s Slack - ' 59
513
If desired the load bearing ability of the ground
can be tested by applying a large spud load.
Tanks 1P + 1S are filled with 250 tonne each 3P +
N 3S are filled with 191 tonne each and 3C filled with 127

tonne. The draught will then be 2.84m on an even keel.
A total spud load of 200 tonne is applied and the draught
reduces to 2.62m. Tanks 2P and 2S are each filled with
225 fonne. The spud load is monitored during filling.
The deck will be awash when about 398 tonﬁe of ballast is
E_Egken aboard.' The spud pressure is increased to hold the

deck awash during filling to a total spud pressure of



reduces to 2.62m Tanks 2P and 2S are each filled with 225 tonne. The
spud load is nonitored during filling. The deck will be awash when about ,;j
398 tonne of ballast is taken aboard. The spud pressure is increased to :
hol d the deck awash during filling to a total spud pressure of 22 about -
.252 tonne. The spud load is relaxed back to about 200 tonne. The deck w ||
initirally sink rapidly until the buoyancy of the |oad begins to take '

effect.  The spuds are allowed to rise under control naintaining a total

| oad of about 200 tonne while filling 2C by 269 tonne. The |oad vessel
then has 321 tonne of buoyancy. The spyd pressure is allowed to reduce
slowy. Wen it reaches 159 tonne the [oad vessel will be afloat. The barge

i's allowed to sink a little further say 0.3mto enable the load to be towed-
clear. Theappyd bgadtpbankncreased to 200 tonne and the barge will then have
~a free board of 16.1 cm and a nmean draught of 2.89m 269 tonne is

discharged from 1¢hei ¥pdd load is relaxed back to about 200 tonne.

L e

The deck will initially sink rapidly gntil the buoyancy
of the load.begins to take efféct; The spuds are
allowed to rise undef control mainfaining a total load of
about 200 tonne while filling 2C by 269 tonne. The load
veséél then has 321 tonne of buoyancy.f
The spud pressure is allowed  to .reduCe slowly.
When it reaches 159 tonne the load véssel will be afloat.
The barge is allowed to sink a little.further say 0.3m to
enable the'load.to be towed clear. |
The spud load is increased to 200 tonne and the
barge will then have a free board of 16.1 cm and a mean
' dréught of 2.89m. 269 tonne is dischéréed from 1C giving
a new draught of 2.6m. The spuds are then retracted to
give a stable.vessel'ﬁith a freeboaid of about 0.23m.
In a variation of this embodiment, the place of ‘QJ
the spuds may be taken'by tension legs,'each'in-the form o
of a wire cable tensioned by,,fér-egample, a large
concfete block. The cable can be tensionéd by a winch.
Each tension leg can include a lérée mass for
 examp1e a block of concrete,'iron or-stéél carried on a
'Hf;exible member such as a chain or_hawsér. The mass is

placed on the sea—bed andfthe flexible member put under



a new draught of 2.6m The spuds are then retracted to give a stable

Ygzsel with a freeboard of about 0.23m In a variation of this enbodinent,
pl ace of the spuds may be taken by tension legs, each in the formof a

wire cable tensioned by, for exanple, a |large concrete block. The cable can

be tensioned by a winch. Each tension leg can include a large nmass for

exanpl e a block of concrete, iron or steel carried on a flexible nenber

such as a chain or hawser. The nmass is placed on the sea-bed and the

fl exi bl e menber put under 23 tension. It is not necessary for the mass

to anchor to the seabed by, for exanple flukes. The nmass preferably lies on

the seabed or nay be slightly buried. ThS tension | eg arrangenent operates

‘in a manner simlar to that of the spuds %xcept that the tension | egs pull

t he barge down whereas the spuds push the barge up. to raise the tension

J eg the buoyance of the barge is increased such that the barge and | eg have

B rangenent | Ehpar B bS8 PERE AR i MUHER PR A B P Bl |
typically | eshukdinbliuslBfenlly ed 6 e Qoatedr nfly bSURLIRNY dflal Tmbovever

able to opera e at Spu
tension leg arrangement operates in a manner similar to that of the spuds except

that the tension legs pull the barge down whereas the spuds push the barge up. to
raise the tension leg the buoyance of the barge is increased such that the barge and
leg have positive buoyance and the leg winched in.

In general terms the spud arrangement is preferred in shallow waters since
the mass of a spud is typically less than the mass of a tension leg. A tension leg is

however able to operate at greater dépths than a spud.
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CLAI M5 1. Arrethod of transferring a load to or fr g a N
subnersible hull with floodable ballast tanks and s #gmﬂ gm Bgs the,..-v‘}-'

nmet hod conprising the steps of i. nonitoring the

while ii. transferring the load and iii. bal I asti ng or deballastrng t he
bal | ast tanks to keep the forces on the legs within predetermned limts.

2. A nethod as clainmed in claiml wherein the |egs are tension |egs. 3.
A method as claimed in claiml or claim2 wherein the hull is submerged and -
the load is transferred by raising the subnmerged hul|. 4. Anet hod as
clainmed in claiml or claim2 wherein the hull is floating with the deck
above the waterline and the load is tra erred by subnerging the floating
hul I . 5. A nmethod as clainmed in any 6ne of the preceding clains wherein «

the deck of the barge is inclined at between 1 in 200 and 1 in 50 to the °
horizontal . 6CLAIME nethod of transferring a load substanti.ally as
‘descri bed herern by reference to any one of the frgures

L2}

1. - Amethod of' transferring a load to or from 'a‘-béig'e -having a 'submers.ible

- huil with floodable ballast tanks and seabed engagmg legs the method compnsmg

the steps of | |
L nmoniton'ng the forces on the legs 'while_"

ii. transferring the loadand .~ -~ - R )
~ #i.©  ballasting or deballasting the ballast tanks to keep the forces on ' -
~ the legs within predetermined limits. - |

2., Amethod s clgimed in claim | wherein the legs are tension legs.

3. A method as clamled in claim 1 or claim 2 wherein the hull is submerged
and the load is transferred by raising the submerged hull

4. A method as claimed in claim 1 or claim 2 wherein the hull is floating with
the deck above the waterline and the load is transferred by submerging the ﬂoattng
hull.

5. Amethed as claimed in any one of the preceding- claims wherein the deck
of the barge is inclined at between 1 in 200 and 1 in 50 to the horizontal. |

6. A method of transferring a load substantially as described herein by

reference to any one of the figures.



7. A barge suitable for use in a nethod as cl ai med inc
4 he bargeée conprising a subnersible hull wth ball ast tanks m ',E' ;

& stabilising spuds. 8. A barge as clained in cIa|m6 erelne
is depth adjustable by means of a hydraulic ramindependently of any ot her
spud 9. A barge substantially as hereinbefore described by reference to

any one of the figures

3 s

7. A barge suitable for use in a method as claimed in claim 1 or claim 6 the
barge comprising a submersible hull with ballast tanks and a plurality of stabilising

spuds.

8. A barge as claimed in claim 6 wherein each spud is-depth adjustable by

means of a hydraulic ram independently of any other spud.

9. A barge substantially as herembefore descnbed by reference to any one of
. the, ﬁgures '




