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MODULAR CAI SSONS FOR USE | N CONSTRUCTI NG, EXPANDI NG AND

MODERNt ZI NG PORTS AND HARBORS =~ BACKGROUND OF THE | NVENTI ON The
present invention relates generally to nodul ar caissons for use in

constructing, expandi ng and noderni zi ng ports and harbors,
particularly tovVeS#A8%Y cai ssons which are constructed, in mg’F%%’ﬁ’ﬁ”

part, onshore and then floated to a preselected site, trinmed and bal | asted
down, and conbined with other caissons to formmarine structures and

|ntegrated mari ne structures/rrarlnetermnas r is a grow ng
need to construct ne FB‘W’P&’* QQN Wﬁn F £ Ni ze exi sting
ports and harbors. Fo "é’%&ﬁﬁf“é rgrng mar countries, there is the

need for construction of new nodern port and harbor faci I|t|es. For
mlitary and ngxekertp ofchraei snveNaxoN need for prefabricated, "instant™

ports for the rapt d depluTeaboghe [ivai1oRINEPIBAL qidraaigosst | ocat i ons
|

where port facilities are equat e aor non-exi st éts and

har bors nust b@°§’é¥?’6cﬁ%ﬂ°§‘sdif%’ag‘ﬁ? i r?&i“ﬁf‘ﬁ\“ﬁt%%m 8Pé and
there i s a hei gbtenstkiawpperessand harbansyi aodnmalpmngelﬂ-érbﬁbs’éfd by
contam nat ed dpgdQfaFBdds¥ins WHiSh drk donRtriatedLVial @hyle or in

part, onshore and then floated to a preselected site,
trimmed and ballasted down, and combined with other
caissons to form marine structures and integrated marine
structures/marine terminals.

There is a growing need to construct new ports
and harbors and to expand or modernize existing ports and
harbors. For example, in emerging market countries, there
is the need for construction of new modern port and harbor
facilities. For military and naval use, there is also a -
need for prefabricated, "instant" ports for the rapid.
deployment of forces, equipment and cargo at locations
where port facilities are inadeguate or non-existent.
Existing pofts and harbors must be periodically dredged to
maintain them operational, and there is a heightened
awareness of the environmental dangers posed by
contaminated dredge material. This, in turn, has severely
restricted the dredging of ports and harbors and has
prevented the expansion and modernization of port and
harbof facilities. There are now worldwide concerns, as
well as international laws, prohibiting the dumping of
contaminated dredge materiéls in the open ocean.

An example of the environmental and economic
significance of contaminated dredge material recently
occurred in New York Harbor. Having just completed
construction of the Howland Hook Container Terminal, it was
found that the material from dredging down the dock was so
heavily contaminated with heavy metals, PCB's, dioxins,
etc., that the only solution to disposing of this material
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restricted the dredging of ports and harbors and has prevented the
expansi on and noderni zation of port and harbor facilities. There are now
wor | dwi'de concerns, as well as international |aws, prohibiting the dunping
of "contami nated dredge materials in the open ocean. An exanpl e of
the environnental and econom c significance of contam nated dredge materi al

recently occurr | w York Harbor. Having just conpleted caonstruction of
t he How and moﬁga?),%tszlgner Ternminal, it was found that the nat&ffUsP/i9Bemm

dredgi ng down {ReLHoskeNBScssh Mimping aentankaat 8u18kéd afey HR! Aohdon
PCB' s, di oxi NSy ete. éhat tth.e o’nlwy sg_l ughon tg di sposi ng of Bﬁls rlraterlal
WO 97/ 21875 Dumping Convention) was to'ship 1 L SO S F IR h open
ocean dunpi ng Ybahomelistanoedlimver 2060 vhlies awaypialy aCERAMti on) was to

ship it by _traé:@cééaﬁmg_tgﬁbd/bww,ya%ddmt avEe b eupds AW phdvavugtyy at a
cost exceedi ng ‘%"Eﬂ?ﬂ/ﬁcﬁ |?c%_%/tarag%ﬂ-- Quer 58mt irrlreswat\she ‘pr]gl_wbﬂuesl y avail abl e
cost when oceah eg N 8578 ping VO ade patterns are
changi ng rapidly in the W{osid dolade pattpons anelchanginggapiddiyt dnntbe
tges$ Changi n Mtcﬁﬂd@-ﬂ/&::,: gfi% riﬁaasgeiaig@gépr esaait Jillthe8e -
(D) Trene: Poot B ot e 1°SE 30808 POPLUNE R AR LRI CL Y
Paci fic and western Atl ait)i c TraasnPagificherade wokl rfan epcged, and
continue to grow more rapidly, than trans-Atlantic trade.

(2) North/South trades in the western Pacific
and western Atlantic oceans will become dominant trade
routes in their own right. o

_ (3) As a;result of (1) and (2), there will be
relatively less need to transit the Suez and Panama Canals,
especially the Panama Canal with its relatively shallow 40
foot draft constraint.

These changing world trade patterns will result,
from a marine standpoint, in the need to: .

(1) Expand and/or modernize many older ports in
industrialized nations if they are to remain competitive.
This includes the United States where ports such as New
York are increasingly outmoded by modern standards.

(2) Construct new ports in emerging market

. countries such as China, Indonesia, India, Brazil,
Argentina and the countries of the former Soviet Union
including Estonia, Ukraine, Georgia and Russia itself.

Many of these potential port sites lie in remote areas away
from industrial centers.

Ports and harbors have traditionally been
constructed as stand-alone, one-of-a-kind, projects. First
breakwaters, piers, wharves etc. are constructed and
subsequently marine cargo terminals are erected on these
marine structures, etc. No standardized methods have been
developed to alter this relatively high cost, one-of-a-
kingd, method of construction. '



routes in their own right. : (3) As aresult of (1) and (2), there

will be relatively less need to transit the Suez and Pananma Canal s,
especially the Panama Canal with its relatively shallow 40 foot draft .
constraint. These changing world trade patterns will result, from
a marine standpoint, in the need to: (1) Expand and/or noderni ze

many ol der portswowrzisisstrialized nations if they are to renmaiwcrusosri9seo
conpetitive. This includes the United States where ports such as New York
are increasingly outnoded Mpderndeahishapfiaetier port citieg2)(whipaetdepthsew

ports in energi N BRIl SO £heS46UEEeBSaldl 48 tddtdaragitacohBdiainBe agt |
Argentina and U’E countr (-a QE” th?If%mer Sé)v ?ue%m %rﬁa;lgzl g_gl H?reEsst nia,
Ukr ai ne, Geor gi a- dhdH%i d H25 £1 KRR he 8 HSPUREEL TRIFTEET 1 64 e
in. renpte ar eas tawanew =mek degperi whternsifes if they arepgpt Eemadh har bors
have traditionaldomdetqt i9@NSt ek els 5o A dealyo @ i@NAaPf s@eki Ndror
projects. First breakwaters, piers @har es etc. are const ctgd and .
subsequent |y marFXre fr’g%g‘teepﬁfﬁa?g 7% %‘?@Etl@d % 1?3@55 ﬁé\ij‘? neo stTuet{f es,
etc. No standar diheedargieistdfuhdyel baded deardiadged sbinbt éprt hankexs htname| y
hi gh cost, one- gy a&tafigdda GBENOLeshi €ONSHV iKYy ispent $250 million in an
s attempt to deepen the Kill Van Kull channel leading to its
largest container port and almost all of its oil terminals.
This massive expenditure in dredging funds was mostly
wasted as the Kull still remains too shallow by today's
standards.

_ The problem is compounded by the port being
originally sited on a shallow estuary and further
compounded by a relativelyfshallow offshore continental
shelf. For the Port of New York to find a deep-water site
for a port may well involve moving offshore to a man-made
island, much as the Port of Rotterdam did when it built the
"island" of Maasvlacht in the North Sea. _ .

. In certain cases, even in emerging countries, the
problems of modernizing an existing major port are
compounded by the original port having been located on
relatively shallow water. For example, Tanjung Priock, the
port of Jakarta on the island of Java, is one such case.
Any modernization of this port will have to be undertaken
out in the Java Sea because of the shallow shelf lying off
the north coast of the island of Java. '

With respect to the construction of new ports in
emerging market countries, the problem is not so much the
shortage of land with potential for deep-water port sites,
but rather their remote location. For example, the two
planned ports on the Kra Isthmus between Malaysia and
Thailand are a case in point. Such sites are far from
centers where port construction equipment, supplies and the
necessary amount of skilled labor are available, and port
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Moder ni zation of ol der port cities (whose depths were geared to the 40
feet and 45 feet draft constraints of the pre-Wrld War Il Panama and Suez
Canal s) requires them to now seek deeper water sites if they are to remain
conpetitive. This is not as easy as it my seem For exanple, the Port of

New York is no wgggefg7abl e to receive the largest fully | oadq,%zé%%ﬂ%iﬁer

ships (or tankers) now in standard use, despite having spent | on

in an attenpt dgh=4eeRR1chNRaKl LEadowidudill el hasdingnténéive | argest

contai ner port and _al gost al f it oil_ terrd S JIh nassi.ve. .
expenditure i n%&@‘&&aﬁgnﬁndéegﬁ? n%s}ﬁ I%/orti/vé)s?t eQ%I'“agaPBeh%ﬂIYasst?ﬂ“? etfhi ns
t oo shal | ow by Wedamams itswaadands.similarly remefepregiem i s conpounded by

the port being originall¥pShigehr b aSRA |RAEHEHaljdky ad@dgisiikgr conpounded

by a relatively shallow of fshore cont,inental shelf. For the Pprt of New
York to find a%ﬁgg’g%fe”gi 2 ?ngera tRe r?é’f%\xélffefzg§g?(/elﬁoﬁ ng of f shore
to a man- nade necgssaryuth develrp Ry tinstuskaiedigem vethofefoXt built the

"island” of Magenkaelbtifg) Nexpiidihgar modernizing! Poftél@hd KRARSrs EVEN
I n enmerging coxntrl esy th %io Iemsv Qf r;lro?dernl Z|nn§ an emiil n‘? rp’a or port
are conpounded®By £HE o?‘?gﬁ’ t BBV Hav RS 58eSPFERRFET BH (%t Xi%ely
shal | ow wat er. fBddowingpl e, Tanjung Priok, the port of Jakarta on the

i sland of Java, is one syg) CAsf ANBHGALIaZEAEhORahrd NiwidiPrdnav 1| have
to be undertaken Olft in the Java Sea becau: ebof.cte\g sya”oyg shelf lying off
the north coasPCOPLIRReCPRPERRNLT PRifg Pre-tabricatpd 1n QAISLING | he

construction ofhapyapést andfer mirigvardnkyret facihities onshoxgobl emis not
so nuch the shortage of [and midth thel ebuabrf ebnperent@ivy NBdtadiless, but

rather their rSHﬁl}aﬁax';S?Qtrian@- R nei"%@%h?—e LRg hyespl aé%’i‘rfﬂa%%f'tns on the Kra
Isthrmus bet ween I'aysi a anaall'haﬁ and aré a case I'n pornt. Uich%ites are
far from configuration that enables them to be towed (and/or pushed)
o by sea~going tugs, without other assistance, to
installation sites, both near and far even under Beaufort
Scale 4-5 conditions. ' '

{3) That the single modular components are
designed to be constructed either as monolithic structures
(for use where draft constraints do not present a problem):;
or as sections that can be assembled one with another (for
use at locations were draft constraints do present a
problen). o

(4) That the modular components be ballastable
down and up and also precisely trimmable through the use of
internal trim and ballast tanks and internal pumps, motors,
piping and computer controls - thus cbviating any need to
use floating dry-dock type facilities in their launching or
for their deployment to, or at, installation sites.

(5) That the modular components be designed and
constructed so as to be capable of combining, within single
integrated modules at installation sites, all of the
following functions: Wave and weather protection: marine
structure requirements; and intermodal (and/or intramodal)
cargo handling, storage and transfer facilities for all
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centers where port construction equi pnent, supplies and the necessary
amount of skilled | abor are avail able, and port
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PCT/ US96/ 19869 construction has traditionally been a |abor intensive
undertaki ng. Before the port of Cam Ranh Bay was built in Vietnamit was in
a simlarly renotworsggisos. In order to solve such nmajsFrnadEhosso
growi ng problens, and in order to be cost-effective, it is necessary to
devel op an i ndustypesd iofedtarejdsad for constructing, expandi ng or noderni zi ng
ports and harbors. Any SUC&T%RWE&%% thewﬁa&&lapa&x&&mm@sabﬁhl th t he

fol | ow ng: I't ,be nodu I n nature, {
conponents bei ng“b‘?'é”f‘bbrﬁ"té‘l"e&nl"l’rrem“g?}:?ugi% iﬁ?ﬁ}ﬁ:redé"aé‘ﬁ‘&f'(br Cgﬂgﬁw‘ﬁ ?é/pe

facilities onskmma;erials includ@iay Ebatamtnatnﬁhﬁnﬁdg@Omp@#@ﬂ@é beither

floatable, and r@]a R Ehi bABhLE" Al /BY £ 0BsReARHES
configuration that ena hemto be towed (and/or pushe by sea-goi ng
tugs, wi thout ot JRGFOTLA 88' to installation sites, both near and far
even under BeaufSIMMARYalOF THE CHNEBNTIONS. (3) That the single

modul ar conponents are  gnpe object of the present invention is to provide
madular caissons which can be used in constructing,
expanding and modernizing of ports and harbors and which
overcome the aforementioned problems associated with the
prior art methods.

Another object of the present invention is to

" provide modular caissons which can be constructed under
cost-controlled conditions: in shipyards, floated and towed
out to a desired site, precisely trimmed, ballasted down
and assembled in different_combinations_to constitute .a
wide array of marine structures such as breakwaters, _
breakwater piers, bulkhead wharves, wharves and piers.

A further object of the present invention is to
provide trimmable, ballastable, modular caissons which can
be precisely trimmed, ballasted down and assembled in“
different combinations to constitute a wide array of marine
structures such as breakwaters, breakwater piers, bulkhead
wharves, wharves and piers. _

A further object of the present invention is to
provide trimmable, ballastable, modular caissons which can
be precisely trimmed and ballasted down and combined with
other caissons to form integrated marine structures/marine
cargo terminals.

Another object of the present invention is to
provide a set of modular caissons of different but
compatible constructions which can be precisely trimmed and
ballasted down and, yhen necessary for realignment, etc.,
and which also can be precisely trimmable and ballastable

up.



designed to be constructed either as nonolithic structures (for use where
draft constraints do not present a problem; or as sections that can be
assenbled one with another (for use at |ocations were draft constraints do
present a problemn). . (4) That the nodul ar conmponents be

bal | ast abl e down and up and al so precisely trimmuable through the use of

i nternal trim swxb7pasrsast tanks and internal punps, notors, pipi
OISRy

conputer controls - thus obviating any need to use floating

facilities in their |aufidgeng@weldr ashethedepbigriesit featwrestand
installation §&5§§tages of the(fQVéBQibntB?en@éﬂlé“eé"ﬁ?“¥¥ﬁﬁfﬁﬂﬂ% desi gned
and constructe s to qg&ﬁ d ﬁ rur%% hi S|n Ie I nt egrat ed
nodul es at i nBt%F %rPgléaé? € BPAPRAT 1 BRIV "ftffrFrcil Wave and
weat her proteccmstwuauﬂdrnnshnn;ot@n&hﬁsqmnruheh@sorewniHaﬂﬂbrﬂmwaﬁ tand/ or

I Zt ranodal ) caégyrmrgﬂﬂél%ozswﬁgananﬂai—saflsé&ssmﬁﬂldd LLexpAhsdbh or
PCT/ US96/ 1986‘§°der'i’;ﬁ%"s‘°6¥' eregigely trimmed ang\ballastad, down, apd
conponent s beassgnbled igontififierent aaAmb AN ¢ beme riiqu| fiorms grad@enanner ,

cont am nat ed g As arfayldidlimeeeaéém e Btk WGt Rl atineebhpgs for

| ong-term "ent onbnent " Subse
9- termlna s to construct greaﬁbaters, breakwater piers,

bulkhead wharves, wharves and piers.
The breakwaters and/of breakwater piers are
arranged to form a protected port or harbor and are
- designed to withstand maximum force waves and winds at the"
harbor site. As an integral part of the breakwater piers,
modular caissons are assembled to form marine cargo.
terminals, such as 11quid bulk terminals and LNG/LPG

terminals.
Oon the leeward side of the breakwaters and/or

breakwater piers, other modular caissons are assembled to
form a wide variety of marine structures {such as bulkhead
wharves, wharves and piers) and/or integrated marine
structures/marine cargo terminals (such as dry bulk and
liguid bulk terminals, container terminals, general cargo
terminals, roll-on/roll-off terminals and the like).

The various marine structure and integrated
marine structures/marine cargo terminals may be
disassembled and the caissons ballasted up and towed away
for use at another port and harbor site. The rapid
deployment and assembly potential of the marine
structures/marine terminals as well as their potential for
rapid disassembly and removal to another site makes the
modular caissons ideally suited for many naval and military

applications.
The foregoing as well as other objects, features

and advantages of the invention will become apparent to
those of ordinary skill in the art upon a reading of the
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decontam nation. SUVMARY OF THE | NVENTI ON One obj ect of the
present _invention is to provide nodul ar cai ssons which can be used in
constructing, expandi ng and noderni zi ng of ports and harbors and which
overcone the aforenmenti oned probl ens associated with the prior art nethods.
Anot her obj ect of the present invention is to provide nodul ar cai ssons

whi ch can be conwaereissd under cost-controlled conditions in shidgdogFeseo
floated and towed out to a desired site, precisely trimed, ballasted down
and assenbl ed i nEQh¥einshdetaidpdadLoFEiRl bRk i% anyeptdenyhey mgad
‘marine structur efn SEjurctibhakidehetse deampmiyEngpidenyingak khead wharves,
wharves and pi er. u OdX At the present invention is
to provide trirnéhﬁ%{ q&%FF%E?QB&@éﬁgﬁgilar cévgions whi ch can be precisely
trimed, ballasted down afd9asdedB| @R huaggative legrBrngfi one ¢xpwple

constitute a W Gff Pordy al AArboe Sicilitiess comsitrastedeakvwad bssons

breakuat er pi ef 3o KA AHRL VD MIHUPS AR PEERBone inveneiod f urther

obj ect of the present vention 1s to provide trimmable al | ast abl e,
modul ar cai ssons whi ch cafife pri%ianIsnd Mifve@fapdPFSRKYRESE RS and
conbi ned wi th otdadissoni, sshoent pafolyndcuti-egrayt @domgr saet $6n utine e+421dim ne
cargo termnal Spiq. 1. Anot her object of the present invention is to
provi de a set of'ﬁhdurar cai ssons of different but conBatibIe constructions
whi ch can be precisely trFifed ahtl 3hieus VdGYd8fn2aRbec iRy Sary for
real i gnnent, eteaisspfl, Wbhehn abasotarcute-awagcaiohy sectimb| Blrend-3 in
bal l astable up. pig4. 1;

’

Fig. 4 is an end. view of a bulkhead/wharf
caisson, shown partly cut-away along section line 4-4.in
Fig. 1: .

Fig. 5 is an end view a bulkhead/wharf caisson,
shown partly cut-away along section line 5-5 in Fig. 1;

Fig. 6 is an end view of a pier caisson, shown
partly cut-away along section line 6-6 in Fig. 1; .

Fig. 7 is an end view of a bulk/wharf caisson,
shown partly cut-away along section line 7-7 in Fig. 1;

Fig. 8 is an end view of a bulkhead/wharf
caisson, shown partly cut-away along section line 8-8 in
Fig. 1; .
Fig. 9 is an end view of a wharf caisson, shown
partly cut-away along section line 9-9 in Fig. 1:

Fig. 10 is an end view of a pier caisson, shown
partly cut-away along section line 10-10 in Fig. 1;

Fig. 11 is an end view of a pier caisson, shown
partly cut-away along section line 11-11 in Fig. 1;

Fig. 12 is an end view of a breakwater/pier
caisson, shown partly cut-away along section line 12-12 in
Fig. 1:

Fig. 13 is an end view of a breakwater/pier
caisson, shown partly cut-away along section line 13-13 in
Fig. 1:; and
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These as well as other objects, features and advantages of the invention

are -achieved by providing a plurality of floatable nodul ar cai ssons which
aré constructed onshore, either in whole or in part, towed to a desired

site for port and harbor construction, expansion or nodernization,

preci sely trinyRslomgighsbal | asted down, and assenbled in diffe
conbinations to formmarine structures and/or integrated nar f’tﬁ'@‘)swwsw

'structures/ mari ne cargoFriger nisasssc ronaid witewsr efkaabeeskwhteakwat er

‘piers, bul khead s%?;r Vgﬁowwhgéiléfy a&ﬂt.ﬁg‘,ﬁ{}ﬁ -along sectionNEiRk g{y?afib

‘and/ or breakwater piérs are arranged to forma protected port and
are designed 39 thst and maxi mum force waves and winds at the harbor site.
As an integral part of Fbe blapktpief ililerstraticn,aFigai ssehs awre mstsenbl ed

to form mari ngi§ay9q he&ﬁ1gﬁe saﬁ%“§h§¥%l iquid bulk term nals and LNG LPG

“term nal s ewar d e of the breakwaters and/or

br eakwat er pi PETAIZERPESSREPEION HE STHE BWENFIONh| ed to form a wi de
variety of marine structheeprésemncth asenticneaelahasvgsperdElyeso &k pi ers)

ands or 1 nt ear gedofRhlae SkTUEIGH T i CRhGey emaa'éxé%mﬁn%'y

bul k and |1 contalner termna 9 eral car
term nal s, roWPdSHFFBFFlﬁFf°fé??ﬁ?ﬁﬂ@94aﬁﬁrpﬁgsl|k@?r 1 “Stratlthe vari ous
mari ne struct pImpasdm ahkyr atlmi mseme: dinveatdoeswirhl i e desamildesYy it S

may be di SassehledngRledoné 3hAdnHPLERA A MRY, AUBYGdiGly USe at
anot her port agg ﬁ %r srﬁ‘a e rap %?gg_a ?1 rrent and “assenb a’Iy po?‘r nti al
of the mari ne¥h erstood that the ca1sson co uctlons and layout shown

in the drawings are for illustrative purposes only and
merely represent several of the multitude of different
caisson constructions and layouts that can be realized
according to the present invention. Thus the present
invention is in no way limited or restricted to the
particular caisson constructions and layouts illustrated in

the drawings. :
As used throughout the specification and claims,

the term "caisson" or "modular caisson" refers to and means
a stand-alone structure which may be manufactured either as
a single, monolithic¢, floatable box-like structure, or as a
plurality of caisson sections. The term "caisson section"
refers to and means a box-like structure which is
combinable on site with one or more other box-like
structures to form a caisson, wherein each box-like
structure is manufactured either as a single, monolithie,
floatable structure, or as a combination of caisson

~ sectional components. The term "caisson sectional
component" refers tec and means a floatable structural
component, such as a side wall, end wall, or bottom, which
is combinable on site with other caisson sectional
components to form a caisson section. All of the floatable
parts, whether caissons, caisson sections or caisson
sectional components, are provided with computer-controlled



structures/marine termnals as well as their potential for rapid

di sassenbly and renoval to another site nmakes the nodul ar cai ssons ideally

suited Tor nmany naval and military applications. The foregoing as
wel’l as other objects, features and advantages of the invention will becone
apparent to those of ordinary skill in the art upon a reading of the
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PCT/ US96/ 19869 - follomnn detail ed description of the inventj] n read
in conjunction wW¥Heiand g??édr?&&n;ﬁaﬁ‘é‘sdm\/\?ﬁﬁ‘éls%ﬂ B PESAR 'I1|°6{€I ®THE
DRAW NGS partsifpr kdwsir byl ftugkr oi Yiee | kaahar clonsmtgustdepl gitef
port and harbor fagidd e;szeécfém %Eneqnafb&ﬁiéé@r@xe atdme parthe

principles of the pres nvent i on IS an nd vieM/of a

2
br eakwat er pi er %E}E%CﬁFSQHRiMh°EaFPFy°Eb?5%Nw§F%ﬁ£§ﬂf FPHE 2-2 in
Fig. 1; comporients ito mmndaussmsfamdm:eaim /mlsertloaﬁ-sgc)n

shown partly CUt?EWEﬁyﬁﬂﬁz %Blg 8¢ £he é&hégdhs-ko form breakafSrs

is an end view o I sson, artl ey X
section line 4- 4p+9pqq§y ;Fves and other marlne str ctures and/ o for

integrated marine structures/marine cargo terminals.
The caissons have internal spaces (dedicated by
location within the caisson) to fulfill one or more of

three specific functions:
{1) Large, enclosed storage spaces or

compartments S,, located within the caisson, expressly for
-large volume storage of bulk materials and/or other cargos
including containerized carge and/or for housing large
volume processing equipment and/or large volume power

generation equipment, etec.;
(2) small spaces or compartments §;, located

along caisson sides and/or bottoms, preferably between
double walls in the caissons, expressly for housing the
trim and ballast tanks, equipment, etc. for the ballasting
and precise trimming of the caissons; and

(3) sSmall auxiliary spaces or compartments S,,
located anywhere within the caisson not occupied by
structural components or by spaces S; and S,, expressly for
housing auxiliary equipment or functions that support and
assist in operating the caissons as integrated marine
structures/marine terminals, and/or processing facilities

and/or power generation plants, etc.
For ease of description, the compartments or

spaces S,, S, and S; will be referred to hereinafter as
simply "spaces®™.

The caissons are designed with a mass
distribution effective to maintain the stability and
structural integrity of the caissons even when the internal
voids or spaces thereof are empty or substantially empty.

-



Fig. 5is an end view a bul khead/ wharf cai sson, shown partly cut-away al ong
section line 5-5in Fig. 1; Fig. 6 is an end view of a pier

cai sson, shown partly cut-away along section line 6-6 in Fig. 1;

Fig. 7 is an end view of a bul k/wharf caisson, shown partly cut-away al ong
section line 7-7 in Fig. 1, Fig. 8 is an end view of a

bul khead/ whar f | shown partly cut-away al ong section I|ne -

Fig. 1; Wégﬁ?fg%%Q is an end view of a wharf caisson, sﬁ“ﬁ’r’f’f’%/

cut-away al ongpsaahiieiohl Net 9aRohiy Mbd- no]bed that unl::.Eég»::oi@ei'@an?é1 al view
|y cut section line 10-10 in Fig.

of a pier cais rt

1; §d°h1§ Fssaﬁgeﬂﬁ %F%M?f%“%?ﬁﬁ tg@aﬁ?%%ﬁi OLRoh Wity
cut-away al ongofSerflam members-ig remHingd in order to ippart (stiuctaradnd
view of a br eak‘\&abealcpl €b QﬁéSﬁ@tﬁbeQO\Mhep%t&h)étQHhiai\ﬁﬁe@fﬂm seaineon |ine

12-12 in Fig | SN e ter/pier
cai sson, shomﬁ%ﬁ???? &ﬁtmao&\ﬁ a’a“%‘% eé‘ctlon %ge€%£’£ ‘9%—'{,@ ; and
-7- space?/ 9,87 and S thereof are empty or substantlally

PCT/ US96/ 1986@mpty. Figs. l1l4a-14c are end views of a breakwater

The modular caissons can be combined in various
configurations to form marine structures of various types,
such as breakwaters, piers and wharves readily adaptable to
the site conditions and requirements of the ports and
harbors at which they are deployed.

Whatever the comblnatlon of caissons eventually
installed, those marine structure caissons and those
integrated marine structure/marine terminal caissons can be
instélled, when necessary, on rubble mound beds and can be
"armored" on their weather sides, when necessary, with
traditional wave defense rubble mounds. Such wave defense
rubble mounds usually contain a core of sand and/or gravel,
one or two layers of underlayer armor of quarry rock, and
one or two layers of outer layer armor, such as dolos,
tetrapods, etc. If CORE-LOC armor as developed by the U.S.
Army Corps of Engineers is used because of its greater
stability, this outer layer armor needs only to be one
layer thick, resulting in significant cost savings.

Maximum economic advantage is gained where the
caissons can be manufactured as floatable monolithic
modules in shipyards or shipyard-type facilities onshore.
However, in cases where draft or other constraints prevent
such monolithic manufacture, the modular caissons can be
manufactured in one or more floatable caisson sections,
which are assembled on rubble mound beds and/or one atop
another on site.

In the case of sectionai construction, a
floatable base section is towed to the site and ballasted
down into place. If draft and other conditions permit, a



cai sson, shown partly cut-away al ong section |ine 14-14 in Fig. 1.

For clarity of illustration, Figs. 1-14 are not all drawn to the sane
scal e. DETAI LED DESCRI PTI ON OF THE | NVENTI ON . The present
invention relates generally to the use of nodul ar caissons in the
construction, expansion and nodernization of ports and harbors. For
illustrative purwosesisenly, the present invention will be deschpicRfi§odoaid
reference to one typical port and harbor |ayout, it being understood that

t he cai sson corsgaanst fdeatabde| agotion hivtdued ke §hawehbs and baklasted
i[lustrative ptﬂdaﬁﬁ%%t@nlt)seaaaseeéed:mdrepraiejurnae\ieeay,oﬁhéhbasml titude of

di fferent cai sson constructlons e y4 rdin
to the present mvé‘rﬂnl SRY TRGEES %Q r%%%r#ﬁctrg\%ht gﬁt?.grﬁ %f &t @ﬁ?@ tedg

or restricted t@nﬂt@qﬁnphcmfatheaﬁw RO efi She ﬁﬂéls$%‘3'/eut
i1l ustrated inQnbndcd@dmic advantage)S tieedlobtanybonasée rweetrmné i cation

and cl ai ns, the ter %ahsi‘ggacg% manul ar h&%ﬁ?ﬁno#gﬁ%ﬁaf' ﬁ&fk nmeans a

st and- al one struct re wh
monol i t hic, fl d&cdBliis&ybershpke %Er%tfthee maecrlmesl draftr avii%lfl?ﬂre &t St

sections. The tfacili&y ananifesthon gataiosr s:nraanamdlaeanﬁg af s -thadee
structure whi c%ac%lcggbinamlg élére h\/grthh e_t?r nore ot her box-Ilike
a .

structures to forma calsson ere ke structure is
manuf act ured either as alalhbqiecaﬁﬁ)mﬁ |°caﬁ+s€'°nﬁl paryubaetured cinvhols oxs a

conbi nat i on o]f indbagenreemt eaﬁ&mfc@ame;am cEﬂﬁthﬁtlﬁk"Cﬁd%bn&ﬂ.Ci@lﬁnm

e vl |, end S| SnoPRaoRoRs, Shet-SAeeIyy HARMED mERNRRNERpg) ] 2

cai sson sect i oﬁapuééﬁpeﬁe'ﬁll% m@‘#%%@&'ﬂ%?@ﬁssék?r ofesylt igf aaisson

f1 oat abl e part secthehher conpssaiss HRItS2an BECEloatedramhitanam $BC iuesal

cormponents, ar%opﬁﬂﬁkgfgaﬁiéﬁlééggﬁﬂfirhqgggrghh?donly when this is not
feasible, should sectional components be designed to be
transported to the installation sites by heavy lift vessels
and/or crane ships. The cbjective in both instances is to
maximize construction under cost-controlied conditions in
shipyards or shipyard-type facilities onshore, and minimize
construction offshore. .

The caissons can be constructed using traditional
materials, preferably concrete (made from cement, sand anad
gravel or crushed Stone aggregates) and steel for
structural reinforcement. The caissons can also be
caonstructed using newer materials, including polymer
concretes and composites, especially those that also
provide added corrosion resistance to the caissons in a
salt water environment. The use of these new materials,
which are lighter and stronger than traditional materials,
can contribute greatly to reducing the weight (and draft)
of the caissons, thereby increasing their utility,
especially at locations where draft constraints exist.

The floatable caissons, caisson sections and
caisson sectional components are designed to be constructed
with single walls, double walls, or a combination of both.
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WO 97/ 21875 PCT/ US96/ 19869 trim and
bal l ast tanks to precisely trimthe floatable parts for towng by tugs to
t he harbor construction site and to precisely trimand ballast the

fl oatabl e parts during assenbly of the caisson sections and secti onal
conponents to form cai ssons and/or during positioning, alignment and
assenbly of theygas, jﬁ@?ps to formbreakwaters, piers, wharves and other
marine structures and/or to formintegrated nmarine structures/rEUSHA%86 oo

term nal s. While, urddéer e xudns cordd tiohe| naingperoasnl I dedistaued iby
| ocation withi Estﬁ'ésf@aﬁf&”)d&ﬁle‘ibfaPh' cgﬂgt%c@?&’? o éfof%‘i»a%‘i%C lehi-C
functions: , _encl ose Oorage spaces Qr artnents

Slerr], IocateﬂeVﬁ¥4ﬂrF?4ﬁPWﬁm sédd, °§?ﬁFe§§F?g? e%@ﬁgﬁ?“ﬁﬂfuﬁ@ §rugdlof
bul k mat eri al Scaﬁﬁitmcﬁ&mraMW@OEornstndnggrccmissmerammtmmtgo::and&ﬁh for
housi ng | ar ge [ n n ¢ I r
generation equ n”en% pg% iy 1% €18 838 é 4 ‘%ﬁ és%é’%gcf\%ﬁuggnggptenents
S[err], |ocat e@r%a wtsréﬁﬂ iz ae'smahawo?n%d?mﬁs NGk fdeasrsEenGeen

double walls lmtthaa P SfYed @epigns! ¥héocatwssiag the trimand bal | ast
tanks, equi pnegt; LhLE- sé&@%@eapﬂ?: EQEL&{&‘Q S0k PLGOI %%mtpfoh'a’ﬂ‘tgg 8le!

cai ssons; and {&fes or artnents S[erﬂ
| ocated anywhedeukiemall H’@sé-&F‘syéﬁhnb’E‘t%E’é%Pp ThyAngk PG&P-GF&I tEB}?ﬁonent s
or by spaces mrdbetivbken.err], expressly for

The caissons preferably have double-wall
construction longitudinally in the side walls and bottom
and preferably have single-wall construction in the end
walls and transverse bulkhead walls. The reasons for this
distinction are that:

(1) The double longitudinal walls enable the
optimal placement, and provide for the necessary structure,
to house the trim and ballast tanks and equipment while
also providing no greater longitudinal structural strength
to the caisson than is absolutely required, thus minimizing
construction costs.

(2) The single end walls and transverse walls
enable maximization of the volume of, and thus maximization
of the revenue earning capacity of, the caisson while also
providing no greater transverse structural strength to the
caisson than is absolutely reguired, thus again minimizing
construction costs.

The various floatable parts (caissons, caisson
sections and caisson sectional components) are provided
with trim and ballast tanks, which are preferably
vertically spaced in columns and horizontally spaced in
rows. The tanks in the several top rows constitute trim
tanks and the tanks in the remaining rows constitute
ballast and/or storage tanks. Suitable piping, pumps,
motors, valves and controls are housed within each of the

‘floatable parts and, under control of a computer,

L .28



housi ng auxiliary equi pnment or functions that support and assist in
operating the caissons as integrated marine structures/marine termnals,
and/or processing facilities and/or power generation plants, etc.

For ease of description, the conpartnents or spaces S[err], S[err] and S3

will be referred to hereinafter as sinply "spaces". The cai ssons
are designed w t Wao78% di stribution effective to maintain thep&taiisioky
and structural integrit§ of the cai ssons even when the internal voids or

spaces thereof APCTORPRFTBIISELE AMIZARLPCER5EY, Selectively and
-9- iNAiviAAARTF pump fluids (typically seawater) irnto and out

PCT/ US96/ 19869 antﬁ@d't%mnaﬂatbé{ﬂ&l@ t%ke.otlﬂd tlaahtyan&& mrt&rdéms in

whi ch the sand or grave nteriors of the cof am nenbers i s

required in ord@FeF&SPﬁﬁaFFlﬂtF%%tiﬁqgtqbﬂFeQPFFﬁ PBdtﬁg t5 thep down
structural integnidt ypolint hheceasmons Exampiiest afnedissens wioed ddisssaort er nal

voi ds or Spacessékeashs%ﬁiéﬂ, R bd Gidels &Ee&sei #hé &@t%@rpfé&ﬂtant Lally

cal SsQns, can De CO I ne I n varil ous

enpty. .
configurations &8VEBFAPHaRFRILIFIRSS &8 8PPIAPABHSS | PFBsIN IR tignal
br eakwat er s, pi applicdtibarmesl isdedi IDecasbptradl 1994 t Wnwiayr (Inteomeitiiomad and

requirenents of pLl¢iBREISn &Y. wo 94/28253, which is incorporated herein
by reference. _
The importance of the exact alignment of
caissons, one to another, cannot be over emphasized.
Caissons are large structures, and a tilt or "list" of even
as little as 1° or 2° can result in one end of such a large
structure being as much as 10 feet or more lower in the
water than the other end. When it is realized that the
depth of water available for floating such a caisson may be
as little as 40 feet, a tilt of 10 feet (or 25%) towards
one end can effectively eliminate use of such a caisson in
practice. Gross ballasting alone cannot provide .
sufficiently precise trimming of such large structurés,
especially if they are to be used in such limited depths of
water.

There is, however, an equally important
additional reason to equip large caissons with precise
trimming ability. It is the trimming ability that enables
caissons to be precisely leveled one adjoining another.
This is essential in order to keep transportation corridors
(running down a length of caissons and between adjoining
caissons and used for pipelines, conveyor belts, cables,
etc.) in alignment.

In areas where earth tremors are prevalent, for
example around the Pacific Rim where many of the new ports
will be located, and/or where silt conditions prevail, the
ability to refloat and realign caissons by ballasting up
and precisely trimming in order to maintain alignment of
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har bors at which they are depl oyed. What ever the conbi nation of
cai ssons eventually installed, those marine structure caissons and those
integrated marine structure/ marine term nal caissons can be installed, when
necessary, on rubble nound beds and can be "arnored" on their weather

si des, when necessary, with traditional wave defense rubble nmounds. Such
wave defense rybhbg,gunds usual ly contain a core of sand and/g?ngravel

one or two layers of underlayer arnor of quarry rock, and one Bvers
of outer |ayer adymeiranspebtasidnl osrriddrapedsecdt thel ta tbEbnt Xakedn as

devel oped by t ps of Engineers is used because of its
greater stablllgt%dgd ﬁm§£ Sgéfa er_arnor needs only to be one | ayer thick,

resulting in S|gn|f|cantTBBsF Qatahip caissons, caWEﬁPﬁuﬁFEEbﬂ%%1%m%dvantage
I S gai ned wher eaiBeonasaathonanncdepdrastitisaairer mdnasa&tonéabnlmdémnol ithic

modul es i n Sh'R%ﬁ&gérgélsh53¥@rgoﬁ&?ﬁiféﬂ”éo?ﬁi%ﬁoﬂ? ?ﬂrShﬁég !N cases

where draft or condtraints_prevent such nono acture t he
modul ar cai ssofBiB¥ArSctyaAufaciliies PnsheTsr apsr Ehenofleated @iitsson

sections, whiclkogea 86SeahdecdssHemiilddlat Hhengdobedsrandltibdr ofenstai R her

on site. 'Pﬁﬁ@ec fé&bégtfﬁﬁﬁééﬂﬂaégﬁQgékéugﬁé0@51&%44‘%?éﬁ%ﬁﬁg ase

section is towSdtEo tha SI e an
ot her condi t i ofSmBeR@RES are finely trlmmgdgypgig7ge1ng ballasted down,

PCT/ US96/ | 9869which enables precise positioning and alignment of the
caissons. The caissons are interconnected in desired
configurations to construct a full range of marine
structures and/or integrated marine structures/marine cargo
terminals. Due to the provision of computer-controlled
trim and ballast tanks, the caissons, caisson sections and
caisson sectional components can be accurately positioned
while being ballasted down or up at the installation site,
enabling either on~site realignment, or removal for use at
another location, scrapping, etc.

Adjoining caissons are interconnected by any
suitable connecting means. Preferably, the facing ends of
adjoining caissons are provided with connectors, such as
interlocking connectors or other suitable means, to enable
connection and disconnection of adjoining caissons. Shock
absorbing means, such as fenders, bumpers and the like, are
interposed between adjoining caissons to absorb and
distribute impact forces between the caissons and, where
necessary, to prevent the passage of water between the
caissons.

An illustrative layout of various marine:
structures and integrated marine structures/marine
terminals used to construct civil and naval/military port
and harbor facilities is shown in Fig. 1. The port and
harbor facilities include a breakwater pier A, bulkhead
wharves B, a pier ¢, bulkhead wharves D, a wharf E, piers F

and G, a breakwater pier H, and a breakwater I. These
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second fl oatable section is towed to the site and ball asted down onto the
base section. Alternatively, the base section nmay serve as a construction
platformfor on-site construction of the upper portion of the caisson.

For maxi num econoni ¢ advant age, the fl oatabl e base sections shoul d be
manuf actured at a shipyard or shipyard-type facility onshore up to the
maxi mum draft avaoeuessat t hat facility and in a navigation gkpidRhoss

| eadi ng fromt hat facility to the port or harbor site. I'n t%e
case of cai ssonvamirufsachcriee shrubixesrare qeah desgmibaisinrmexe tdefiail

corrp?ne?tsg to ﬁsa;agputi%ht %'Qis.ﬁei:ﬁ ’E@etr@t’ﬁt tl%gta'n@; lt:aatsi:yﬂcaw@er,m this
manuf acturing s : .t he_nhaxi jum.ext ent. po r . caj.sson
sectional conpo USSRV aﬁaﬁgu?}-lo eec}ma?r%:d atn?mlé’(?r ?rt gg‘gk%%é?ensé?aaﬁ ation
assenbly sites dagnded pywhba bheakwatewtpienssidbpad Hhoand thethrsaliwvater

conponents be dasi gAes thebBriirRster tedkddingan khkabipétbiosidexny heavy
lift vessels and/or._ crane ﬁi gs. The objective in both instances is-to

maxi m ze constr&'@ﬁlg‘r‘fmuﬁﬁgﬁ &6st¥%ontrol I ed conditions in shi pyards or

shi pyard-type facilities Bhehbreakwakenripiian 2e isosonstrucerd 75§ shdrime of

The cai 5Sonsdca?jr’%@kﬁﬁﬂéiyﬁﬁéﬁdﬁé@é%&é rl&ﬂivﬁ-ﬂi&ﬁabr &gﬁi ShSwa 18] eyl Y
ConereLe (e LhaTeRRTE on At AR pColREY ot P A0
construct ed usi Ajenbwenkwater/pier daisispnisngOpdngiudectve reaissans 10a
Cormgsi tes, espegiighl &olhaesextz%flaén ﬁr&@rfﬁrdgt\éhdgiadgadb@m rﬁaﬁmﬁs\?vsi st ance
materiale, whi ol oAREREFohPr T Sret A g o o B, HEBeRe et ) Sty ena
contribute greaStpripdr BAecPYRAYGS Ay IsubSaAdeRE aF¥3nesh ipRenty ibys §asker
t hereby increaskng/bleby pipéiine. eaprcilduidabul RCpiddunst s\whieie bd aftt any
constraints exi %%pe such as ¥ ale%t %Q%%%%ESSQQ%?&?&,S%gx%s%el‘:tf"u%'is, and
cai sson secti ongl o s A o tard e 0112 ana’ons 11k Y the two
’

endmost caissons 10b in the line of caissons 10 constitute
a ligquid bulk gas terminal for receiving ligquid gasfby
tanker and for refrigerated storage and subsequent
transshipment as gas by pipeline and/or as liquid gas by
tanker. The liquid bulk gases may be of any type, such as
liguified natural gas (LNG), ligquified petroleum gas (LPG),
etc. The other caissons 10 are docking caissons and have a
profile similar to that of the caissons 10a and 10b.

Fig. 2 is an end view, partly cut-away along line
2-2 in Fig. 1, of a caisson 10a of the liquid bulk products
terminal. The caisson 10a has a vertical weather or
windward side 14 and a vertical leeward side 15. A
breakwater 20 is provided on the windward side along the
entire length of the line of caissons 10. The breakwater
20 may be of any type known in the art and, in the
illustrated example, comprises an armored rubble mound
breakwater comprised of core material 21 of sand, gravel
and the like, one or more underlayers 22, and one or more
outer armor layers 23 deposited over the underlayer 22.
The vertical leeward side 15 enables vessels to dock as

~15=



with single walls, double walls, or a conbination of both. WO
97/ 21875 PCT/ US96/ 19869 Wi |l e, under
certain conditions, single-wall construction is desirable, double-wall
construction is pref erable for several reasons. Al other things being
equal , doubl e-wall construction al lows for stronger caisson construction,
Wth greater e wy the use and cost of materials, and greater control
in trinmmng an al astl ng the caissons. In the pref erred des?ﬁT{"S%ﬁﬂam

cai ssons, cai ssarosfaa@t lagnpoaBdblai asongsidd | thealtermipangnivaibaval so

double-vel | deshan Ml LALELDRL LhGIA0 A And ARKSybBE ebed veen.

The cai ssons pre caonstruction 8|tu inally in the

side walls and Hﬁﬂﬁ?ﬁﬁdaBF@PeFéb?ﬁt?Eﬂﬁa%%9ﬂﬂ<§hﬁaFFeEBﬁ tFRei bh 3 t he
~end wal | s and temabdear thebupklinrall pracementhe f eatersal ohandl ngli stincti on

are that: eq’uz\?mggml:) aIBeﬁQQUPégs P r@'éﬁé&idﬁat‘i@hl SofPERLE aﬁ] péﬂéml

pI acenent, and e necessary structure ouse |m and

bal | ast tanks &ﬁd‘gé&uf’ﬁrﬁéh? Rrerivateln B8R iddi nd™n Shé’f’eﬁ’t‘%‘qu’%ﬂg’ftudl nal
structural streogtible hbsecaassier tanis Kizplalcebbly alopd rete dpwom 16

'[nr gln;nvé:'gg \igr?hﬁu%%kggegoéﬁé or more flex(J.@leTlﬂ%saknﬂéf %MJ‘ﬁfﬁfd
liquid bulk products from a tanker 18 to internal,
compartmentalized storage spaces S, within the caisson 10a.
While only one storage space S, is shown in Fig. 2, a
plurality of storage spaces S; are normally provided along
the length of the modular caissons used in the present
invention. The storage spaces S, are typically located
between adjoining pairs of transverse bulkheads that extend
transversely of the caissons, in spaced-apart relation from
one another, along the length of the caissons.

In this example, the caisson 10a has a double-~
wall construction, and an array of trim tanks 25 and:
ballast tanks 26 are disposed between the two spaced-apart
walls in spaces S,. Motor-driven pumps (not shown) are
connected through suitable piping and valving (not shown)
to the trim and ballast tanks 25 and 26 to control the flow
of liquid into and out of the tanks. In Figs. 2-14, the
trim and ballast tanks are shown through, and behind, the
X~shaped structural members in the spaces S,. A set of
pumps P are driven by motors M and connected through
suitable piping and valving, all of which components are
housed in a space S;, for directing and regulating the flow
of liquid bulk products between the tankers and the
compartmentalized storage spaces S,, between the
compartmentalized spaces themselves, as well as between
adjacent caissons via pipeline corridors.

Fig. 3 is an end view, partly cut—-away along line
3-3 of Fig. 1, of one of the caissons 10b of the liquid
bulk gas terminal. The caisson 10b has a profile similar
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enabl e maxi m zation of the volunme of, and thus maxi m zation of the revenue
earni ng capacity of, the caisson while also providing no greater transverse
structural strength to the caisson than is absolutely required, thus again
m ni m zi ng construction costs. The various floatable parts
(cai ssons, caisson sections and cai sson sectional conponents) are provided
with trimand bawoszig7anks, which are preferably vertically spacwosdiosse
colums and horizontally spaced in rows. The tanks in the severgl top rows
Ararg o

constitute tri mERfRtaRE the CARREONnl 9 AN%Mds e yersiSatoNan
‘bal | ast and/ or shedtigR: tsddes 315Unhaba everrtpicr), lmevasd siter §2 adbngswinich
controls are houggd wd i p846RL001 t BGrdh ORf ablg, &%&ESeﬁaﬂplaDdﬁﬂeSE?tr0|

‘of a conputer, ., - 12-
_97/2187gp internal storage spaces S; are Bp¥kg /}gﬁﬁﬁfted and

‘nicrocontrol | er mefmiguraedc bysar reseigatatisny systen taderatieal tyepunp _
fluids (typically,£8208086h EEBQFQQdoPUfi i Pl bhkesandrhal LasisdMdh i N

a controll ed manner t/o preci se trimthe floatable parts apd to, ball ast
them down  and % 9% Gonelealall %R%ﬁ%ﬁ%ﬁ?%ﬂ“'cépgsgﬁ§maﬁangﬁiggoﬁpd
sections whi ch mallaetutenkisn3caaryi dispoded lim pthesephacesi 8y detwaenathe
described in appqdlﬁ,q_r;'t w%l'i’%-r | BLeEDE & cBlﬂJps, ﬁ,gp_b'&gz'it b@ﬁiﬂb‘biaﬁé h@gjl‘mgbenber
8, 1994 under Internationa . .
(not shown) are provided in the spaces S, between the
.double walls fof controlling the flow of liquid to and from
the trim and ballast tanks 35 and 36. In a space S;, which
extends beneath and alongside the storage spaces S;, are
.disposed pumps P, motors M, piping, valving, etc. for
controlling the flow of liquid bulk gases from tankers
docked alongside the caisson 10b, such as the tanker 38, to
the refrigerated storaqe:spaces S; and from the storage
spaces S, to pipelines or to other tankers for
transshipment. _

Referring again to'Fig. 1, the bulkhead wharves B
are comprised of integrated bulkhead/wharf caissons 40
designed to enable vessels to dock on one side thereof and
act as a bulkhead to retain a filled area on the other side
thereof. The caissons 40 are also designed to provide for
cargo handling and storage. The bulkhead wharves B are
comprised of two lines of bulkhead/wharf caissons 40a
projecting outwardly from the shore, and a third line of
bulkhead/wharf caissons 40b interconnecting the ends of the
two lines of caissons 40a. The confined area bounded by
the caissons 40a and 40b is filled with material dredged
from the surrounding area, rocks, landfill and the like to
define an intermodal dry bulk products terminal.

Fig. 4 is an end view, partly cut-away along line
4-4 of Fig. 1, of one of the caissons 40a of the dry bulk
products terminal. The caisson 40a has a vertical landward

side 41 for confining the fill, and a vertical docking side



Publ i cati on No. WD 94/28253, which is incorporated herein by reference.
The i nportance of the exact alignnent of caissons, one to another, cannot
be over’ enphasi zed. Cai ssons are l.arge structures, and a tilt or "list" of
even as little as 1[err] or 2[err] can result in one end of such a large
structure being as nuch as 10 feet or nore lower in the water than the
other end. WeRyhb,d,57,¢4 €2l i zed that the depth of water available for
floating such a caisson may be as little as 40 feet, a tilt of ClSeAEE9 of
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transport at i orfFh®EtFRge arednrigtisviry PeHymrfucts sesndnahd bERrween

aﬁ'j 0i Ni Ng cai senits exathplegd ther cRiissbhnesa /e IDuHlewalicabl es, etc.) in
al i gnment . reas ek ne n
exanpl e ar ouncf?xﬁgragglf?’d &E%%égeeﬁﬁa%€ 40% %%r?gv%/%g%r 5t?:\éﬁ\i/cmgl %Gb;e{.) ocat ed,
and/ or where $ispas@ddiini §he pPaves| S, beEvaBn the tw¥orvdlbat &he real i gn

cai ssons by baldtastiicig ofp thedcai sbh el §a tHasnliarge, N conpakthant®l Ni&d n

al i gnment  of storage spaces s,'for material storé&é; and auxiliary
spaces S; for housing material transporting means, such as
internal conveyor systems 47, which run lengthwise of the
caisson for transporting material to and from the storage
spaces S, and, when necessary, to and between adjoining
caissons.

The intermodal dry bulk products terminal
receives dry bulk products by bulk carrier and transfers
the products to open, above~the-ground storage areas for
on-going transshipment by rail and/or barge. The dry bulk
products may be of any type, including metallic ores (iron,
mahganese, nickel, etc.), ‘alumina, coal, salt, phosphate,
etc. The transfer of products to above ground storage for
on-going handling by stackers/reclaimers can be done
directly by grab bucket or alternatively by conveyor belts
located in the space S,.

Certain caissons, such as the caisson 40a, have
one or more load bearing members, such as the load bearing
members 48 of the caisson 40a, located longitudinally
within the caissons, to absorb and effectively distribute
any especially heavy loads that may be placed upon the
caisson aprons. For example, these load bearing members
are placed in Figs. 4-7, directly beneath the legs (and
rails) of dry bulk gantry or container cranes; and in Figs.
8, 10 and 12, directly beneath the heavy duty “roadways" of
the civilian and/or military/naval RO/RO and/or LO/LO
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transportation corridors between the cai ssons takes on added i nportance.
The fl 6at abl e cai ssons, cai sson sections and cai sson sectional conponents
are manuf actured under industrial, cost-controlled conditions in shipyards
or shipyard-type facilities onshore and then floated out, towed to, and
assenbl ed at thewpertises harbor construction site. The cai sSORCT/USM/BSSN
sections and cai sson sectional conponents are finely trimred while being
bal | ast ed down, te¥miBAl&nabl es preci se positioning and alignment of the

cai ssons. The cai ssons arxn¢fﬁé¥(xyptem&e@uukhéaéywhdrfc@aﬁsipneﬂthmﬁ to

construct a full hoagggnolt. (garé anh:.%rf yet Iélheg an%g{, bg{-@gj aélggia{m{y 3 ong
struct ures/ mari ne carg t Qvisio

conput er - cont roFPEHmE‘rlH‘%n@'fbeﬂq Fda t&nksThtha?:i?gg ﬂ%b hag & yerddeatons
and cai sson seghhawatdceipe nestuhichn fomcidonsaas| § pabkheashetbr whil e bei ng

bal | ast ed down ggtggng# tf@ﬁifﬁﬁﬁﬁ|aa%@QQﬁéhﬁfdocﬁBﬁQ|éfﬂhfﬂd|E3’ on-site

real i gnnent, or for Use at. anot her cat etc.
Adj oi ni ng cai sséasikitatehe sarldngy ofy vaRselsi ¢ ?ﬁ?ﬁ%é%ﬁgﬂélgéfﬂhﬂﬁ%
Preferably, theafRsriigogtals apratljsn eitendsi 3engtheise mlwigidhenicalisson
connect or s, such, gyl nigL ﬂf#;e EURTELE. S BheOtRELsdh 46 I RARBUEY 8-

enabl e connecti 91 an lon o 0|n|n ca1sso hock absorblng
nmeans, such as Vahlegansexipffelan o@dd B PFE@Y 3 HE

adj oi ni ng cai sspaslast ab@msb sEchrdi iowiskedt éni npecspdmsc@ between the
cai ssons and, wRghg, DeGEPRRr Y ad AnlkeUSlhptBe RS SEME S R haRCLRAN the
cai ssons. ustrative_lay ouF of various marine

storage spaces S,, and materlal transfer means, such as a
gantry 51, is mounted on the top of the caisson 40b to -
transfer dry bulk products from a bulk carrier 52 to the
storage spaces S,. The compartmentalized storage spaces §,
are in the nature of storage silps with funnel-shaped
bottoms through which the dry bulk products are gravity fed
to material transporting means, such as internal conveyor
systems 53 located in auxiliary space S;, for transporting
the products léngthwise along the caisson 40b for movement
by conveyor belt corridors to other silos, to other
caissons, and/or to other out-loading facilities (not
shown) .

The intermodal dry bulk products terminal
comprised of the caissons 40b receives dry bulk products by
bulk carrier and stores the products in storage silos for
subsequent transshipment by vessel, barge, rail, etc. All
types of dry bulk products may be stored and transferred at
the dry bulk products terminal, including sintered metals,
alumina, crushed glass, sand, aggregates, fertilizer
materials, grains, cement, etc. Most dry bulk materials
can be handled by grab bucket and stored in partially
enclosed storage silos. Certain finer materials, such as
grains, cement and the like, require protection from the
weather and must be stored in closed storage silos (not



structures and integrated marine structures/marine termnals used to
construct civil and naval/mlitary port and harbor facilities is shown in
Fig. 1. The port and harbor facilities include a breakwater pier A

bul khead wharves B, a pier C, bul khead wharves D, a wharf E, piers F and G
a breakwater pier H, and a breakwater 1. These
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PCT/ US96/ 19869 varglagﬁs mari ne structures are each descri bed ?%Tmnsn?ﬁlé” Ltail
bel ow Wi th resfigsiny)t 0 Rl Finee ﬁEéeﬁﬂ@Bé r &6 | 5.t damsipairgedl! bystrative

| ayout, the port an har bor faC| lit}es, he_br water piers
A and H, and tfREHRE cans @ #\i a‘?(vvaﬁigog‘ P;étl %c?ﬁgoﬁﬁg
direction of tmﬂchanmquknbn@aspertane means. The breakwat er pler Ais

constrglct e]g of ahl l nﬁ ofrhhr 9&&%&61&%&%@1@6@%1@ Wihehopr pigst
outwardly fromthe sho oug r ri pi I nes,
Ggé efglpﬂc?ﬁ%@ {ﬁ& L e 89&h|cgf% &t

The br eakwat erfHiHOM,j cdi ssons bn3t |?ut e
an internodal an @ndd Vn;@lwkorﬁr oueces the piry qﬁssfcév,seﬁ@. Agd| fgushowul k

products by t gikar rehtShdhl nﬂlbﬁ@ Pinslusis frpFigubacquene &abssshigorent by

Conker sl or (1 BBt ol0E L UL ROk TRy Wl YhebiEE

veget abl e o||5;qmﬂpq$h@1pmgeei¢hgrtg@ﬂe of the pier. The caisson 60 has
a double-wall construction, and trim tanks 63 and ballast
tanks 64 are housed in the spaces S, between the double
walls. The caisson is provided with compartmentalized
interior storage spaces S, for the temporary storage of
containers and/or storage of materials and/or for housing
material processing/treating equipment, and auxiliary
spaces S; for fuel storage, maintenance parts and supplies,
transportation corridors, and other auxiliary support
functions. 1In this example, a container cargo crane 65 is
movable along rails on the top of the caisson 60 primarily
for transferring cargo from a container vessel 66 to a
container barge 68 and vice versa.

The caissons 60 of the pier C constitute an
intramodal marine container terminal which receives
container cargo from one vessel, such as a container vessel
or container jumbo barge, and transfers the container cargo
by crane or other suitable cargo transferring means to
another container jumbo barge or container vessel.

The bulkhead wharves D are comprised of
bulkhead/wharf caissons 70 arranged in a partially closed
loop to define a confined area which is filled with dredge
material, rocks, landfill, soil and the like. Two lines of
caissons 70 extend outwardly from the shore, and the other
ends of the two lines of caissons are interconnected by a
third line of caissons 70. Each of three lines of caissons
constitutes a bulkhead/wharf. For illustrative purposes,
two different types of intermodal container terminals are
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endnost caissons |0b in the line of caissons 10 constitute a |iquid bul k
gas termnal for receiving liquid gas by tanker and for refrigerated
storage and subsequent transshi pnent as gas by pipeline and/or as liquid
gas by tanker. The liquid bulk gases may be of any type, such as liquified

natural gas (LNG, liquified petroleumgas (LPG, etc. The other caissons
10 are docki ng eepesags and have a profile simlar to that of pBEUSRIISSONS
10a and 1 0b. Fig. 2 is an end view, partly cut-away along |ine

2-2 in Fig. 1, &hoyncapsEdest0a ®Mdthe |iquid bul k products ternminal. The
cai sson |a has a vertical rigat heis can Wntlwdiesr sifdené4oanthe sxidsarad 70,

eenard side 15,00R B3KERYCtueladay MM Sl cREohn 1 1L NGVE! £k quon& ot he

entire |length of the fcai r eakwat er

“type known in tABigr Fmﬁﬁﬂlm?ﬁtt hehe I‘?‘Hé‘t‘}e&fié&héfgnﬁ%ss‘&%%p?q s‘éé’eaﬁ:h&r nor ed
rubbl e nound br ealteatenseoaptioe it @fmeher pdkr2d¢abéss@ndso ,gmieh ded

éthe l'i ke, one oy d y. NS eOLaAREENQUERE Y s 23
. deposited over th g?%ﬁ yg g£é§‘§%§ gqﬁﬁ%ﬁ%af Fgemar g%de é%%é%?%%g
. vessels to dockogsdlfferen cqg;gﬂq;ggyﬂgns thereby reduczng the costs of

| PCT/ US96/ 19869 mahasatyuss. poRse htai sHomngei Hast bppbsedi viatt ioshi Isddaks o1
provi di ng necesag&y.,fhel.%ﬁé %wlngagaq ¥@v3§ eA,{mﬂ,;(Fﬂ‘?] s 3R gn 16

- extends al ong the_| eewar enapl es e op I ma acenent of

f naterlal handl i Bl ead to contaln the fill, and the vertlcal docking side
72 enables vessels to be docked closely alongside the
terminal. The caisson 70 is of double-wall construction,
with trim tanks 73 and ballast tanks 74 being disposed in
the spaces S, between the two walls. The interior of the
caisson 70 is divided into compartmentalized storage spaces
S, and S,.

In this example, the intermodal container
terminal receivés container cargo by a container vessel 76
and transfers the cargo by a crane 77 or other suitable
cargo transferring means to an open, above-the-ground
storage area for subsequent transshipment by truck, barge
and/or rail. Alternatively, if sufficient adjoining space
is available for cargo aircraft runways and support
facilities, the terminal may be an intermodal sea-air hub
terminal.

Fig. B8 shows another example of an intermodal
container terminal comprised of the bulkhead/wharf caissons
70. In this example, the intermodal container terminal is
a roll on/roll off (RO/RO) terminal which receives
container cargo by an RO/RO vessel 78 and transfers the
cargo to open, ground level, storage areas by truck for
subsequent- transshipment by truck, barge and/or rail.

The wharf E is comprised of wharf caissons 80.
Fig. 9 is an end view of one of the caissons 80, shown
partly cut-away along section line 9-89 in Fig. 1. The
wharf caisson 80 has a vertical landward side 81 which
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equi pnent and provides a transportation corridor along the length of the
breakwater pier A In this exanple, a portable hose carrier 17 is

di spl aceabl e al ong the apron 16 and carries one or nore flexible hoses for -
transferring liquid bulk products froma tanker 18 to internal,
conpartnental i zed storage spaces S[err] within the caisson 10a. Wiile only
one storage sp r] is shown in Fig. 2, a plurality of ces
Slerr] are norﬁ%ﬁ?§h§$OV|ded al ong the Iength of the nodularﬁkgﬁggghggﬁsed
in the presentabuertitieonanthe astiomagertpasesd@eang suce Bgpiteal |y | ocat ed
bet ween adj oi ngfg; PRl de Yhd ra%%\i%ssfbuégmsamf&s;% end eansMgisel y of

the caissons, I n spaced-apart rel afion f anot her. L engt h

of the cai ssorfs. hotizental BT, £ 8%5ﬁ5§ TH??é?Q¥% s@HcTGé%ﬁgségcﬁbﬁ%le

wal | constructside endfrcher cayssbnt 80nte apkav 2k andusaispartatinks 26 are

di sposed bet ‘Qﬂé‘d%h*a%zt WS %C%@rﬁ.eerﬁhmwmﬂ HRmeRte o] mabbioa1 driven
own

punps (not s are connect ed

H SU|tabIe @P % and aIV|§g énot
shown) to the R#hid SsPRenty aﬁRg 285 PP S 3+ kg
liquid into argb s &f doubleamadl tanftyectionigithhdnim wankyg 88l anmdt tanks

are shown thr ,asadﬂctm RS a&Qsogeahﬁpe&xétgpgaw@l ﬁeeda@érs tiHe td%

spaces S[err set of pu are driven b m)tor ct
tﬁrough [sw t!aﬂfaeurﬁ -pi gt g:lpgp\}g[t@mar af | thi %r?poﬁgn? 8 gh P in

a space S[err ]grd‘wfd dievedt,i ageapdovded aintvg:rtd'ie sftioawgef spaqesdsptﬂdr

products betwggp %%k%rfs n3ed &Qfs CORmASE NRIY ﬂdué&ﬂgs;naeagfaf paces
Slerr], betvveen the [Yo) artrrenta | zed, S aces t hensel ves, as well as between
adj acent cai sRFRCFSINGY FrepkRep, pagipLent- Fig. 3is an end view,

partly cut-away along |iImetBi8 ekaFple, Yueftordieoheigbtcaf stbasca tisasi t he

liquid bulk 935 a@ldmchdl rellei¢81§SORal s pth Rirokakersati tre |

- 16- terminal site, the caisson 80 is constructed of two caisson
sections 80a and 80b. During assembly, the lower caisson
base section 80a is towed to the site first, and then
trimmed and ballasted down into position. Then the upper
caisson section 80b is towed to the site, and trimmed and
ballasted down into position atop the caisson base section
80a. The upper caisson section 80b has a large, enclosed
storage shed 88 whose floor is at the same elevation as the
apron 83. The enclosed storage shed 88 has entrance and
exit openings along the opposed vertical sides thereof to
permit cargo to be unloaded from a cargo vessel 89 and
transferred by the cargo crane 84 to the above-the-ground
storage area within the enclosed storage shed of the
caisson 80, where the general cargo is broken down to
smaller units for transshipment by truck, barge and/or
rail. Depending on draft constraints, the upper caisson
section can be set in place without the storage shed, which
can be constructed on the upper caisson section later.

The caissons 80 constitute an intermodal general
cargo/break bulk terminal which receives general cargo by
vessel, transfers the cargo by crane to the enclosed
storage shed where it is broken down to smaller units for
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t he cai sson 10a and has a vertical w ndward or weather side 31, and a
vertical |eeward side 32 along which extends a horizontal apron 33. In this
exanpl e, the internal storage spaces S[err] are suitably insul ated and
refrigerated by a refrigeration systemto enable the refrigerated storage
of liquid bul k gwe®s218fhe cai sson | Ob is of double-wall constr wdrus9s1sss
trimtanks 35 and bal |l ast tanks 36 are disposed in the spaces S2 betmeen
‘the doubl e wal | Subsgquete tyansshippent LY Fpicky éa?ergﬁanf’ﬁar(ﬁ%% shown)
are provided in the spaces'hSZpbetvEeis tdempiniddd ofaplierf caissons 060 i hiké he

fl ow of Iiquid iy Joeamibngoh gtm&fsqagbﬁﬂ(fg%tle&a@kan§5taadb&ﬁmew a

space S3, which exten S beneat h. and h% torage aces S1, are
di sposed punps PRAFFES & FPOBP iR oF 198 hig, CaBR1 r BPYSYRF ¢ HePS | ow
of liquid buI Kk gzaﬁ.ss::hsonnt erkend md(écired cﬁtgm ¢bet hbora| and et itath as

the tanker ‘i‘:e&ﬁE&hQef-éif%ﬁ}ﬁﬁg%tsﬂo%‘k@?l@ eéfuk Bek fcsz%if@ off

st or age spaces S I nes or. to other, tan shi prent .
Referring agaln /ERY. t?gmgﬁ% 1 purhdedy 4 suparrdsu gaﬁig ﬁﬁﬁ%ﬁ?é%dg

i ntegrated bul knagadlyhdlftazaysssesfell) mgsidiiyedraoséanbing vegpsipmeernto fimxk on
one side thereok apdsa¢k @éseepylé@eﬁfbfeo r‘itna‘tﬂealhﬁ!sﬁga@écﬁaeﬁ}nﬁl@ ot her

side thereof. The caissons,40 are al so desi [ OVi

handl i ng and st &R§gRierTRelpurRIRERFath & &s Bvé}émégﬁB?T%eRF?ﬁ & gIlnes of

bul khead/ wharf eguipmast4dpaocl 90. As shown in Fig. 10, which is an end
view of one of the caissons 60 of the pier F, shown partly
cut-away along section line 10-10 in Fig. 1, the top of the
caisson 60 defines a transport apron 67 for transporting
naval/military cargos and equipment, such as a tank 91,
from an RO/RO transport ship 92 docked alongside the
terminal. Similarly, naval/military cargos and equipment
can be transferred from the naval/military pier and
equipment pool 90 to the transport ship 92. The caisson 60
can also be used to transfer naval/military cargos and
equipment from an LO/LO vessel 94 to and from the

naval/military pier and egquipment pool 90.

In this example, the integrated pier caissons 60
comprise an intermodal RO/RO and LO/LO terminal which
receives naval/military cargos and equipment by RO/RO
transport ships and LO/IO vessels for rapid transfer along
the apron of the terminal to shore. A similar integrated
caisson system can be used as a ferry terminal for

passengers, cars, trucks, etc.
Pier and breakwater/pier caissons that can be

used in military/naval rapid deployment situations are
shown in Figs. 10 and 12. Such caissons can be pre-
positioned, for example, at Diego Garcia in the Indian
Ocean, for subsequent rapid deployment anywhere along the
coasts of the Middle East, South Asia, Southeast Asia or
the East Coast of Africa. Such caissons can also be pre-



projecting outwardly fromthe shore, and a third |ine of bul khead/ whar f
cai ssons 40b interconnecting the ends of the two |ines of caissons 40a. The
confinéd area bounded by the caissons 40a and 40b is filled with materi al
dredged fromthe surrounding area, rocks, landfill and the like to define

an internodal dry bul k products term nal. Fig. 4 is an end vi ew,

partly cut-awawoaheigs!|ine 4-4 of Fig. 1, of one of the calsggaﬁl
| an gﬁb de

dry bul k products term nal. The caisson 40a has a vertical
for confini ngsuppliiekdl inabbeasverdge adpadeekisygasd di with
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t he
41

% e vertical dock | abl es vessel s

al ongsi de t he 8Py 1BEPRT pFBATRT S+ EPRi er’ﬁ'é"‘fépy e M8 dos 86HS20a is in
the form of amilintenpnoa and sepmr tfinuitionisalfolratbléei wigeeled prentclemich as
a gantry 43 fagihgaeﬁeﬁéaw ity DUl de RAQAICEBRhE ARG Bopdl des & d | e 44 tO
t he storageaea g{a % 9\% &b%rngdUCts termnal. In this exanple,

cai sson 40a i €58F 8530 22907 157N GRTCRRd tr|n1tanks 45 and ballast
tanks 46 are di sposed iTheheiepdtds S2npetiwednofhtwe vviewr|dasissbns ivooer i or
of the caissopn{OR BREehd! i a COIRAAGRN LAk asdrétorﬂgge SPAGES o @Hd for

material stora and au&ﬁé r s aces Slerr usl.n
transporting ﬁgﬁﬁs,gsﬁﬁﬁ %1 issons 100, sLown partlfl
along section line 11-11 in Fig. 1. The pier

is similar to the breakwater/pier caisson 10a
2 except that in the case of the caisson 100,

mat er 1 al
cut-away

caisson 100
shown in Fig.
the

horizontal aprons on both sides of the caisson are at the
same elevation. The caisson 100 has a pair of opposed
vertical sides 101 and 102 to enable docking of vessels
along either side of the caisson. The caisson 100 has a
double-wall construction, and trim tanks 103 and ballast
tanks 104 are disposed in the spaces S, between the two

walls. Housed within auxiliary space 5; are a

set of pumps

P driven by motors M and connected through suitable piping
and valving for controlling the flow of liquid bulk

products from, for example, a tanker 105 to
compartmentalized storage spaces S; within the

caisson 100,

and from the storage spaces S, to a barge 106 or through
pipelines 107 to storage tanks 108 located on shore. The
pipelines 107 extend along the length of the pier G through
the interior of the caissons 100 in the space S; beneath
the storage spaces S,. Horizontal aprons 110 extend along
both sides of the caisson 100, and portable hose carriers
111 are displaceable along the aprons 110 and carry
flexible hoses for transferring liquid bulk products from

the vessels to the storage spaces S,.

The pier caissons 100 of the pier G constitute an

intermodal liquid bulk products terminal for receipt by
tanker and/or pipeline of liquid bulk products and storage
of the products for subsequent transshipment by barge,
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i nternal conveyor systens 47, which run | engthw se of the caisson for
transporting material to and fromthe storage spaces S1 and, when
necessary, to and between adj oi ni ng cai ssons. The internodal dry
bul k products term nal receives dry bul k products by bulk carrier and
transfers the products to open, above-the-ground storage areas for on-going
transshi pnent bywoawhkisamd/ or barge. The dry bul k products nmay kkeTaiseéivgse

type, including netallic ores (iron, manganese, nickel, etc.), alunna,
coal , salt, phopphalineetetcThelthe fiesdinadf cppolandsetal heXresyifuddauid

E tor agg Lor kon- Bﬁmlgpbaaﬂé:{;élgl fycrs tac ers kheal, ai;ae':sﬁﬁandmdkagaa Jdigiesely
y grab bucket qr _alternative c e ogated in the space
Slerr]. guegkrggfﬁ'%%ﬁ%%éégé' su%%%gél hé5§3r5§§%'40a, have one or
nore | oad bearing nenber sThe jerpakyatier pégy Bedfi R9MREHIRG OUdus tymes

cai sson 40a, | ogat BfedRpitér/hivy |daidsbRsN1Rbe aAd SE20ls, (Thealtsdiszonad

effectivel y di SyLpRULSs e SRACIA |14 UCTYNe! BRERaLIRY R RhlsBiBRd UPON

t he cai sson apr . FOr e éﬁp e,r{ eSe | oad beari ng ers are placed in

Figs. 4-7, direBipgliremaldl tentansySroanghpaptarags tanks A8 Fharoughothe

cont a'i' ner Cran?ééié‘@&'\é n;ﬁ&?ancﬁ,lzbg %Hépﬁghodfrﬁﬁu/eﬁiﬁiw&lﬁﬂﬁe heavy

duty 1 oadvays”, ol the &1 90k k! boR5Y] "B FRIDAI LOLO
constitute an RO/RO and/or LO/LO terminal, and the caissons
120b constitute a deep-water crude oil terminal.

Fig. 12 is an end view of one of the caissons
120a, shown partly cut-away along section line 12-12 in
Fig. 1. The caisson 120a has a sloped windward or weather
side having an upper sloped surface 123 of relatively
gradual rise and a lower sloped surface 124 of relatively
steep rise. The caisson 120a has a vertical docking side
125, which enables vessels to dock alongside the terminal.
A horizontal apron 126 extends lengthwise along the leeward
side of the caisson 120a and serves as a transportation
corridor. The caisson 120a is of double-wall construction,
and trim tanks 127 and ballast tanks 128 are disposed in
the spaces S, between the double walls. The pipelines 121
are disposed in auxiliary space 5; and extend lengthwise.
through the line of caissons 120a and 120b, and the
interior of the caissons above the pipelines 121 is
compartmentalized into storage spaces S,.

In this example, the caissons 100a constitute an
intermodal RO/RO and/or LO/LO terminal which receives
naval/military equipment and cargos by an RO/RO transport
ship 129 or by an LO/LO vessel for rapid transfer along the
apron 105 to shore. In a similar manner, the RO/RO and/or
LO/LO0 terminal may be used to rapidly transfer
naval/military egquipment and cargos from shore to transport

ships and vessels.
Fig. 13 is an end view of one of the caissons



term nal s. Anot her type of bul khead/ wharf caisson 40b is shown in
Fig. 5 which is an end view partly cut-away along section line 5-5 of Fig.
1. The:cai sson 40b has a vertical |andward side 48 which functions as a

bul khead for retaining fill, and a vertical docking side 49 to facilitate

t he docking of vessels alongside the termnal. A horizontal apron 50
extends | engtWoimgR1gTsong t he cai sson on the docking side thererarsoe/ 19369

cai sson 40b has a doubl e- wall construction, and an array of trimtanks 54
and bal l ast tanks 55 are housed in the spaces S[err] between the double
walls. In this exanple, the caisson 40b has open storage spaces S[err], and
mat eri al trardk®0b, FBaNB, Paxkly sutgayakt #lomy sqdigpubiee birkhdntop of the
cai sson 40b trid.r ansf €he deéyiduork 120bdist SimiXap dnbubkstridtion Td to t he

st orage spac r Tag; SO ' g e rein

t he nature oﬁsﬁ%r%g le.'hgi?%s W t%zﬁ%gﬁégﬁgtﬂéﬁ g%‘t@t gﬁggﬁ’??@ﬁ \?\‘/hllsc t he
dry bul k prodliﬁ‘?“&g'e"bﬁ’%i?’il Fakerad Aipensign Mecauss, e LSS, such as

i nternal conveodr depst ot HSlmatkewiin hoxiiartial spaor 8) avexive hera

transporting ¢gReRdEeisn! SOEHMSe AkOBRowA Girf #1850 A0khd QasaRUGMENt by
conveyor belt_ _corcidors 1[,10 oéhe.r I 5;5-30 ot her, C?I sgons, and/or to other
out - | oadi ng N PRFB EhBPE ward side compriSef \Ph AMIHPHry bul k
product s ter rdlnpedcsHpEasedl bk, thdowerssberediginniacei ¥22 and aul k products
by bul k carriwirtdedlssareacé hesr oduehbble wowidgeeakvatef @o fgsequent

L ransshi prento i 142assh, @ avatd =18bCor Alile l0iSBoR" 180y, Dl Product s
&£ ér | k. al,

may be stored and transferred at the u products termn I ncl udi ng

sintered net fFatssopyd?Al, h%?u%ﬁﬁf"df’é%s?(e%‘é?ﬁﬁ S48 &34t BR PN | zer
mat eri al s, greesmlscéoedock cabonddisie tthg bedwkinedt,candl 3 marizentaandl ed by
grab bucket afylo Ah8dsbP €Ré tprdeheRRCbESEGh Sintimevahiffes G4 @ha finer.
! S TR B FASB o2 Eauly LS B BLPLASS 3 from the

are disposed in auxiliary space S; and extend lengthwise '

through the line of caissons 120k, and the interiors of the

caissons above the pipelines are compartmentalized into

storage spaces S,.

In this example, the caissons 120b of the

breakwater pier H constitute an intermodal deep-water

liguid bulk products terminal for receipt by tanker, such

as a tanker 136, of liquid bulk products, such as crude

oil, and transshipment by pipeline to the tanks 108 in the

tank farm on shore. '

The breakwater I is comprised of wave defense

caissons 140, several examples of which are shown in Fig.

14. Fig. 14a is ‘an end view of one of the caissons 140,

shown partly cut-away along section line 14-14 in Fig. 1.

The wave defense caisson 140 has a tapered cross section

that tapers outwardly in the downward direction on both the

windward and leeward sides 141 and 142 of the caisson. 1In

this example, the slope of the windward side 141 is the

same as that of the leeward side 142, and the two sides

slope outwardly for a major part of their downward extent.

The top part of the caisson 140 is truncated and has a

generally horizontal ledge 143 connected to the'upper end
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PCT/ US96/ 19869 shown). The finer materials can be transported by pneumatic
means as well as by conveyor belt or other mechanical transporting neans.
The pier Cis constructed of a line of pier caissons 60 extendi ng outwardly
fromthe shore. Fig. 6 is an end view of one of the pier caissons 60 and is
shown partly cut veewey218¥0ng line 6-6 in Fig. 1. The caisson 60 basyenpesad
vertical sides 61 and 62, which enable vessels to dock along either side of

the pier. The c&fs$®e B3rAxard 88| HMlaland eh@PEEEPoR*A9RIPPF IR aHid 63

and bal | ast tankeonkctied ltousrd uppéhedyEces tHeclepwheiwsibde t b2 doubl e
walls. The cais i LQyhkded, it ]ES%HFHH”‘ [ al. [ rd

spaces §S[err] fo%(riq;teh%a@é%ggér?ﬂ\%t%ra e ,otztl(r:g(?r%t Z’!O%rggna%fo‘?&gt%ér %e o%ed
mat eri al s and/ or{asodnddgatad h¥tdashad drinesdsiseyhprEathRgtRWPhrdt, and
auxiliary spacegalisgoh] 140r ik ugénstaIag &€l athiairesand espesp Sssunthaalppl i es,
transportation cprrldors,TﬁQdc£E£$§?§ggﬁIﬂga%# angQEngﬂFCééﬁgﬁﬁfééingS
exanpl e, a container cargd Crane I's movabl'e along rails on e top of

‘the cai sson 60 pPRnkrimyEpBkst faels gy ace §4sPPERTalR o FRAC e P66
to -a contai ner kaegepp8rabbriére otk caisson and ballast tanks 146 are

disposed in the spaces S, between the two walls. The
interior of the caisson 140 is divided into storage spaces
S, for the long-term storage or entombment of contaminated
materials, such as dredge material containing mercury,

lead, dioxins or other contaminants. _
Fig. 14a illustrates the case where the caissons

140 are sufficient, by themselves, to withstand the maximum
hydrodynamic and weather conditions at the site of
installation. Fig. 14b illustrates the case where a rubble .
mound breakwater 20 is provided on -the windward or weather
side of the line of caissons 140, whereby the hydrodynamic
forces to which the caissons would otherwise be subjected
are greatly reduced. As a result, this enables the design
weight and structure, and the corresponding construction
cost, of the caissons to be significantly reduced. 1In Fig.
l4c, rubble mound breakwaters 20 are provided along the
line of caissons 140 on both the windward and leeward sides
thereof. The use of breakwaters on both the windward and
leeward sides would be required at a site having more
severe hydrodynamic and weather conditions than would be
experienced by the systems shown in Figs. 14a and 14b.

The line of caissons 140 which form the
breakwater I constitute a so-called "dumb" terminal for the
long-term storage of material, especially contaminated
material which must be entombed for long periods of time
but which may, if desired, be removed from the storage
spaces S for subseguent processing.

In the port and harbor layout shown in Fig. 1,
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The cai ssons 60 of the pier C constitute an intranodal marine contai ner
term nal which receives container cargo fromone vessel, such as a

cont ai ner vessel or container junbo barge, and transfers the contai ner
cargo by crane or other suitable cargo transferring neans to anot her

cont ai ner junbo barge or container vessel. The bul khead wharves D

. are conprised ead/ wharf caissons 70 arranged in a partially closed
loop to defi newg@élr'#%?ned area which is filled with dredge nalt"@flp%?%’,”“?)cks,

- lﬁndf ihl I, soi Litl?é‘hcbﬁéﬁu}dﬂ&@rd ;waagle'ﬁﬂeﬁ Qitlzﬁaﬂ:ﬁé%ksef alira®eire pd et gaaAbyyf rom
the shore, and the other ends o e t s_of_.cai r

i nt er connect e® BV HE @ PNE nggréls%so%ssé%.c?fc% ) f%ﬁ'ggsﬁaﬁg%ngf

cai ssons constiaxirun L£anfek WiadsnARRf WaYRes Jeneratest aFe ther pe¥ésandwo

di fferent typeafaror rHidid0daheCBpbakWetet €T NEAEEsS thieE maximum weather

- 20- 7/21875 :

PCT/ US96/ 19866"'}/‘\’%%%/{%’2?"2‘%"88 breajyater piers A and fl extend outwardly.w of
one of the caifEmEhmre tengwnapertpshind -Hhenleawerg &46ei 8A Fhfe 7-7 in

Fig. 1. In tHreanadirmant thebebpubkdebdindar ffuldiys prosteéleladndt he same
construction a5, Q%g:e%f gg Qi er 8@!: sglg)&lsh% l%/\,%icqzllv'-%iegesi rable fromthe
F ot t 5P5 P ot erentl S

st andpoi nt of ucing the nunber ) cal sson desi gns
t hereby reducing the cofhe yarious caissons described above with

reference to Figs. 1-14 are comprised of floatable parts,
either caissons, caisson sections or caisson sectional
components, which are provided with trim and ballast tanks.
Suitable piping, pumps, motors, valves and controls are
housed within each of the floatable parts and are
controlled by a computer, microcontroller or microprocessor
to selectively and individually pump fluids into and out of
the trim and ballast tanks in a controlled manner to
precisely trim the floatable parts and to ballast them down |
and up in the water. This enables the caissons to be-
rapidly deployed to a desired site and integrated to form
numerous types of marine terminals. The terminals may be
disassembled by ballasting up and towing away the caissons,
which may then be used at another site. The potential for
rapid deployment and assembly of the terminals and the
potential for rapid disassembly and removal to another site
could find widespread use in many naval and military
applications.

To demonstrate some of the benefits and
advantages realized by the modular caissons of the present
invention, a comparison will be given of a port
construction using the inventive caissons with one using
conventional caissons. For this comparison, the port
construction project currently in progress at Hitachi-~Naka,
Japan, just south of Hitachi city, will be used. This
project has been underway since 1991 and involves the
construction and use of caissons weighing 8,000 tons (100



manuf acture. The cai sson 70 has opposed vertical sides 71 and 72. The
vertical landward side 71 functions as a bulkhead to contain the fill, and
the vertical docking side 72 enables vessels to be docked closely

al ongside the term nal. The caisson 70 is of double-wall construction,
with trimtanks 73 and bal |l ast tanks 74 being disposed in the spaces S2
bet ween the two waldrais7dhe interior of the cai sson 70 I s di vi deskbnisdkdsse
conpartnental i zed stqra aces Slerr] an t hi s

[e
exanpl e, the i nferfodal geaﬁ Bi 2P 1eftidav eFV@sQoﬁ?ﬁFnéﬁ’ I&%Jr‘i}t}:’
contai ner vessel 76 and trhaséecsisdmnsango beying naan€adfuved cdtham sui tabl e

cargo transferripdy Eﬁénéo Qtﬁ«!i'ce :ﬁ!&)\&%rt H%B%Qwéléﬁoéélgfaﬁi@f faOr
subsequent transshl truc Al terpatively,

e an
suf ficient adj OFHPRBS%ESCBr pakugter a%’g BP§5 é??’ﬁ?a‘?‘fl “’an"’&me
support facilitilesatibs.teThismatomposite doreakweteapdis lseanqalhfuﬂtrb ime @i nal .

F:c gt h8 Ehf‘ﬁﬁ ag?kgérofxﬁﬁ’ééf pde %drptl%'m%Er‘?oﬂﬁatH@roﬁ&E TEéEL?tCOWp“ sed
o e bul khea ai sson n e 1 nterno

cont ai ner terni HAF3F 1"N?§?I°€fmlﬁ?ﬁ 1"36’{“1g C’R%"R%? PEr #ﬁ‘ FhitFY %@c&h@@s
cont ai ner car goibyfahlRERbyed st tidhmos wadestand wimdsar gthitso igpen,
ground level, ShBEéﬂ?e%&@:?n@y%ﬁJ%nfeﬁ‘k SHHéeGHénéoﬁé@ﬂ%ﬁd?{W thy st ruck,

barge and/or ra i S co arf cai ssons 80.

Fig. 9 is an enfBr$REWRESY oFRPTGISqHS 55’19598?'?5”8 h‘bg\ﬁ V‘\{}I’SF cut - anay

al ong section | cﬁrel:D/x@arimeFlgqgﬂnecihmg\Mtachnoaogxsom 8theh asorad & eckliagal

l'andward side 81 which  yn this project, the construction/ihktallation
system being used consists of:

{1) Construction of the caissons at the onshore
yvard;

(2) Transfer of the caissons across the yard
onto a floating dry-dock by means of a compressed air slide
system; and | .

(3) _Trénsport of the caissons in the floating
dry-dock to the breakwater installation site.

There are several major problems with this system
that preclude its use other than in the immediate vicinity
of the construction yard, which is the case at Hitachi-
Naka. These problems are:

(1) The draft of the floating dry-dock, once
loaded with a caisson, far exceeds the depth of water
-available at any shipyard, or in any adjacent navigation
channels to a shipyard, anywhere in the world. For
example, the draft of the loaded dry-dock at Hitachi-Naka
is such that it requires a channel depth of 80 feet to
enable it to be towed to the installation site. There is
only one port in the world that has this depth of water
{Rotterdam at Maasvlacht). There are no shipyards in the
world with this float-out depth of water. One has to go to
fjords such as Stavanger in Norway or Come-By-Chance in
Newfoundland to obtain such depths.
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WO 97/ 21875 PCT/ US96/ 19869 abuts the
| and, and a vertical docking side 82 to facilitate the docking of vessels
al-ongside the termnal. A horizontal apron 83 extends | engthw se al ong the
docking side 82 of the caisson 80 to provide a transportation corridor and
to permt the optimal placenent of material handling equi pnent, such as a
cargo crane 8 I sson 80 has a doubl e-wall constructio Lt h trim
tanks 85 and ég F2§¥ﬁfanks 86 di sposed in the spaces S2 betmggﬁ%#ﬁgu?ﬂb

wal I's. In the interior gf thgeCRbESdhtBic deighdephthal Dvagsdumey4 evel ,

ded I t I
ore, brovt 40 el ol oLgde Sediey bl ot LRRADE el °T1 4 T

thi s exanpl ecosddtionshwitbi phnimym (wavesaddowing - anaftﬁﬁer%}%ﬁ¢ﬁgﬁy
shal | ow dept RadksVat ekag ot' hgeter€s i, @hichewealdsbs Blkeby ciomst ruct ed

of two cai sson ction nd 8 sephly I sson
base sectlona'g’@'i‘?l Qgt8§88 cﬁﬁ [%ﬁéégioﬁindQPﬁ 10%Hgd 8%¢a al | ast ed
down into pospuﬂdncaﬁhenetheAap@e?esnﬂﬁaséﬁesé@VFéﬁCBOE fesigiwed to the
site, and trlpq-gegi_uagg bak! asé egof OWhrisHorting theBsahspother Cthas dm base

section 80a. EF ﬁggagagalsigfgsectLfquo%ogg§rafhggge¥a§@c§9§$%%§§orage

shed 88 whos& evation as f encl osed
storage shedtd® paseecatrHitachirNakak. ofbernds Aporgatheedpitedhferti cal
si des ther eokaligsBAENbE ﬁﬁégprééeﬁxaﬂﬂﬁdﬁmiad féO&halﬂaSEﬂlyﬁméﬂ¥aﬁﬂ9 and

W hin he cReRCATH arEranccan F st ot of BhEek GiAbR Phe NAIARE A B2 oo
i s broken doWhetngnahieﬁabm|¢%iﬂﬁﬂnﬂnréﬁ@sﬁ?ﬁﬁéh#lbyyt?Gc%?lﬂﬁi and/ or
floating dry-dock concept with heavier caissons becomes
even more remote. For example, it would require a
navigation channel (between construction yard and
installation site) with a depth of 100 feet to use the
floating dry-dock concept to transport caissons weighing
two-three times that of the Hitachi-Naka caissons.

The caissons of the present invention effectively
overcome the problems associated with the Hitachi-Naka
caissons dQue to the following differences:

(1} The inventive caissons (or caisson sections
or caisson sectional components) have sufficient buoyancy,
especially in their shallow-draft configuration, to be
floated out of construction yards in depths of water (MLW)

of 50 feet or less.
(2) Unlike the Hitachi-Naka caissons, where the

trim and ballast tanks, pumps, motors, piping and computer
controls are mounted in the floating dry-dock, in the
inventive caissons these functions are located in spaces s,
and S; specifically designed in the caissons, preferably

within longitudinal double walls.
(3) The caissons of the present invention have

length-to-width and length-to-height ratios and a
corresponding metacentric height that enables them to be
towed or pushed by sea-going tugs, even in Beaufort Scale
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rail. Depending on draft constraints, the upper caisson section can be set
in place without the storage shed, which can be constructed on the upper
cai sson section |ater. The cai ssons 80 constitute an internoda
general cargo/ break bul k term nal which receives general cargo by vessel
transfers the cargo by crane to the encl osed storage shed where it is

broken down to swabias7sunits for PCT/US96A19869
WO 97/ 21875 . PCT/ US96/ 19869 subsequent
transshi pment #ySt#eRRKItIRAFe and/or rail . The pier Fis

conprised of pier caissorfedi difiterehbeseansedriticainsiroactd bystihespi er C
cai ssons 60 exeeRaIREIEY, e R Rabifly Sobe & Gl HelERen N0 el
roll on/roll ofPnERENGEEIomyend pRdoflPRrEingf ry1degh gystemiatatlitaghin is
particularly snak&bhevéd tfo beawalitiehi bAFYyagsindorjusapiatiey progester thag
o Brent 17 ekt MengraaMals eeplpe 1 IMe [ 1usislen exame,
shown in Fig. 10, which 8% cmtéﬁatrvPeﬁPHS%e“mS‘iW%gﬁ“sg’sﬁé §8Xof the
pi er F, shown pesdiying Waissaynsaboogrdind i tm theepreset® iinvEngiof, cahe top
of the calssog, GPoQaeJéd‘g.% nk! #REPRLLE APEGP Slardlle ! %%”%BBEN 88 in
naval /mlitary cargos and equl prment, such as a tank 91, .

South Korea or Taiwan or Singapore. Such a caisson yard

could produce caissons for towing to new port and harbor

construction sites anywhere in the Far~East, and even to

remote locations in Southeast Asia or South Asia. The

reason for this is simple. as Japanese, Norwegian and

Dutch marine constructors and service fleet operators have

already proved, once large, heavy marine structures are

towed "up-to-speed”, because of their momentum, such

structures can be ﬁowed great distances at relatively low

cost. Thus, while a large caisson yvard for the

standardized production of caissons is capital intensive,

this cost can be written off against a number of such port

projects as against just one. :

The present invention has been described with
reference to one particular port and harbor layout and
particular embodiments of marine terminals. Other layouts
and other types of marine terminals, as well as obvious
variations and modifications to the caissons, will be
readily apparent to those of ordinary skill in the art.

The present invention is intended to cover all such obvious
variations and modifications which fall within the spirit

and scope of the appended claims.
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froman RO RO transport ship 92 docked al ongsi de the term
naval /mlitary cargos and equi pnment can be transferred fro !’i ﬂ”mlrmn”"l
naval /mlitary pier and equipnment pool 90 to the transport s

caisson 60 can also be used to transfer naval/mlitary cargos and

equi prent froman LO LO vessel 94 to and fromthe naval/military pier and

equi pment  pool yiQov21875 In this exanple, the integrated ons
60 conprise an Internodal RO RO and LO LO term nal which rece|m\;‘g‘é"5&6?l9‘?‘53

naval /mlitary eaagrs and equi pment by RO RO transport ships and LOLO

vessel s for rapid transfer glonglieapian al ihieal ped 1Al vieshi & A
simlar int egrat ed cai sson SySt em can e Use as a. m n for
relide ek madin

passengers, cBPEt pruBazborigite, comprisipgs, 3nglpf &ai ssons
that can be ugallskBn8i tbhbinddairala mdétd@phnyd‘eobnﬁlgmmtmme shown in

Figs. 10 and :
Diego Garcia f]iﬁff‘ ﬁgcgtd%%s%cn%%&n q]eo S%slfggggﬁy?gﬁﬁgu?fm@rﬁl%gr@\tmer e

al ong the coab?éngfc?h%tﬁm%kﬁdaQ§ﬂﬂﬁe SGUFﬁrRsFé°a§%B tSsia or the East
Coast of Afrlﬁ@ecSHﬁhr@@téécﬁﬁsKﬁMbiﬂnﬂotbaenrén the water to the

Pégl))'/ US96/ 1986@“%3%‘%& ed |s“fFT’1e sl}doreg cg éE %ggggb ?aTt arhavmferornf \(?Art h
more enclosed internal storage spaces S, and hav ri
and ballast tanks for precisely trimming and ballasting the
floatable part to enable precise positioning and alignment
thereof at the installation site.

2. A marine structure according to claim 1:
wherein the trim and ballast tanks are located within the
interior of the floatable part in spaces S, separate from
the one or more storage spacés 8,.

3. A marine structure as claimed in claim 2;
wherein each floatable part has one or more internal
auxiliary spaces S; separate from the spaces S, and 5, for
housing auxiliary equipment.

4. A marine structure as claimed in claim 3;
wherein each caisson has a mass distribution effective to
maintain the stability and structural integrity thereof
even when the one or more storage spaces S, are
substantially empty.

5. A marine structure as claimed in claim 3;
wherein at least one auxiliary space S; is located beneath
the one or more enclosed storage spaces S,.

6. A marine structure as claimed in claim 3;
wherein at least one auxiliary space S; is located
alongside the one or more enclosed storage spaces S,.

7. A marine structure as claimed in claim 1;
wherein at least one caisson has a pipeline extending
therethrough.

8. A marine structure as claimed in claim 1;

wherein at least one caigsson has internal conveying means
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functions for the wheel ed vehicles using the heavy duty "road

topsides to the beachhead al ong t he cai sson aprons. i The pier
is conprised of two pier caissons 100 which extend in a line fromthe
shore. Fig. 11 iwoseaniersd vi ew of one of the caissons 100, showgchPaksei¥sso
cut-away al ong section line 11-11 in Fig. 1. The pier caisson 100 is
simlar to the figregrnering spteniakoip Ma IIWBWTIENORRGOT 2MeRe cHRO¥AAR i n
t he case of thgp@,@'@gs%_ 100, the horizontal aprons on both sides of the
cai sson are at the sa l evation. T | n.10 i pposed
vertical sides 101 and 102 t %%ﬁjb eer%oé%tﬁggofévgéggﬁgéa#)%n%%ﬂ ﬁle'r si de
of the cai ssonwhemeipapssdrasboorrCalsfifibhasnare SEnBeF e cEFOrRIS MPAGESM

tanks 103 and Baldakdnd fiked il aonrdgapedeto i stéie Npaces bil&r r] bet ween
the (W0 va 'S oRURGHst LREnaLL |4 %3028 Bind" £4 £8 el RtBRudRsr 1 ven
or

by notors M an§*Connect e hrough ‘sui tabl e pi ping and val vi ng

control i ng th&of BB EFOmi Hiae dOBRI K FIBEUELOTPEBNTFPRERS Swanpl e, a tanker
105 to conpartnental i zed16l oraorasRcetrcture ast blainéd D@iclsdn 30, and
fromthe stora e [ t r rs ' i 07z, to
storage tanks %ﬁ§§gg§a?tel§ ’g%{ls o‘th-)“"eI.a ti%{h%eng'l’ gie%g%lﬁeé;@{)g&%%g%l al%ﬁge’%‘héy

l ength of the PPEPYE Rewsednvwikeln ihe iiptesiornef cBheseMtSaYY in the space
S3 beneath the storage spacesa Sh#fire stirctapeasdsaplahsed 1ih exdiadmd 13| ong

bot h si des of | SSpn d I I o] CALI :;%ér'

di spl aceabl e aﬁgﬁﬁgﬁeggp}%%%t 1% ac%g's%g?'r ﬁa?l éﬁ? b?% %Fsées ,orl?tre(raraar?gfler ring
liquid bul k pr&8aERgef sPATERSVedBE| Beaps t Fr ionafersgaged igpid pulk

The pier cai ssppsad®bs ofo taea pfrsm @heoBskl butvosa refeigmatied istordgeul k

products term gggcggrsrecei.'pt by tanker and/or pipeline of liquid bulk

products and storage of the products for subsequent_transshi pment bx bar ge, -
12. A marine structure as claimed in claim 11; _

mlitary/naval stores, supplies, amunition and equi prent. Th
spaces S[err] can alternatively be used to house nai ntenance [mﬁﬂlu“ug"l"l
C L *
G

wherein the means for transferring includes pumps driven by
motors housed within the interior of the caisson.

13. A marine structure as claimed in claim 1;
wherein at least one caisson has one or more storage spaces
S, dimensioned and configured to store dry bulk products:
and means for transferring dry bulk products to and from
the one or more storage spaces S,.

24. A marine structure as claimed in claim 13;
wherein the means for transferring includes a conveyor
system located inside the caisson for transferring dry bulk
products to and from the one or more storage spaces S,.

15. A marine structure as claimed in claim 13:
wherein the at least one caisson has one or more storage
spaces 8, having open tops; and the means for transferring
comprises external transferring means located outside the
caisson for transferring dry bulk products to and from the
one or more storage spaces S; through the open tops
thereof, and internal transferring means located inside the
caisson for transferring dry bulk products inside the
caisson to and from the one or more storage spaces S, -
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T us9oy 9609 pipel e, et he termral oan nandie all N AUNIND LI

chenical s, vegetable oils, etc. The breakwater pier His
conprised of two types of breakwater/pier caissons 120a and 120b. The

cai ssons 120a syple7res extend in a line outwardly fromthe shgéf gbﬁellnes
121 extend fromthe storage tanks 108 through the cai ssons 12 s
t hroughout the | engt h ofid.he Aomaxiiwet striuctuise des arldionkdalrowiatheleai ssons

120a const i t utgnan, fOAO AL Onleolchﬁ)s.t.&nnms@lon@r& L Yep3a88 1200s

constitute a deep-water cru t ef m na) g i’'s an end
vi ew of one ofSt ﬂémEQF%QBﬁg 39@ CORMAART S A FEOFE- 5&/8? T‘%ﬁg‘%’éﬁﬂ’l Al i ne
12-12 in Fig. meanﬁéaxalmmnbasoataimdcmgmm @aror fiwemt bbe snee

havi ng an uppegg, %ﬂdﬂ@%&&r QpheasOk, relatively gradual rise and a | ower
sl oped surface 124 of relgtlveP sfee rise. The calssoE iZOa has a

évert|cal docki ng side 129 wﬁ1@ﬁréﬁﬁb tructlixe |as PoﬁbEFBel§he
‘termnal. A hovhiezeniing thep means? Eoex t eanstémnigid viiss @ ixposgdt betsiéaatie si de

“of the caisso rg,q, SERDS sAsracl! AP at i on corridor. The caisson
"120a i s of douai]1 const ugt?onc and trimtanks 127 a&g bal | ast tanks

128 are disposed in the1§pacésmSFéP?]sEEH%ﬁ&ﬁFtQﬁaqiiﬂmeg | FEaimpbs

fplpellnes 121 wherein at least one caisson has an above-the~ground
| enclosed storage shed dimensioned and configured to store
cargo.

19. A marine structure as claimed in claim 18;
wherein the at least one caisson has a docking side facing
the water to enable vessels to dock alongside the caisson,
and an apron extending along the docking side and defining
a transportation corridor.

'20. A marine structure as claimed in claim 1;
wherein each caisson has a mass distribution effective to
maintain the stability and structural integrity thereof
even when the one or more storage spaces S, are
substantially empty.

21. A marine structure as claimed in claim 1:
wherein at least some of the caissons are combined in a
line to define a breakwater pier having a windward side and
a leeward side, the leeward side having a shape effective
to enable vessels to dock alongside the breakwater pier.

22. A marine structure as claimed in claim 21;
wherein the caissons in the line of caissons have an apron
extending along the leeward side thereof defining a
transportation corridor along the length of the breakwater
pier.

23. A marine structure as claimed in claim 21;
including at least one pipeline extending through the line
of caissons.

24. A marine structure as claimed in claim 1;
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are disposed in auxiliary space S[err] and extend | engthw se throu

| i ne of caissons 120a and 120b, and the interior of the cai ssH'ﬂ“‘iﬁﬂml Hm““'

pi pelines 121 is conpartmental i zed into storage spaces S[err]
this exanple, the caissons 100a constitute an internodal RO'RO and/ or LQ LO

term nal which receives naval/mlitary equi pnment and cargos by an RO RO
transport ship 13oew21b3s an LO LO vessel for rapid transfer al operi§gnagson
105 to shore. In a simlar manner, the RO RO and/or LO LO term nal may be

used to rapidly Yhexe¥erath ARAStHSPPEaPS BREi GALTRONH PR CTBYPRIMIBhBr e t o
transport ships e vm&feéﬁne a bulkheafi ghadf haviay endeewawdokiqacanfi ahe

(I;Eél.l./saggg /19869 doci%bg the Pckm? sxdgiarvmg a shag@oﬁgzég%gg§
Fig. 1. The cai s@?ﬁbllezcitﬁﬁs?lﬁ ﬁ'=i°| ﬁF’CFna%%‘F\%"H“iR:t?"r?n bc“d-kf‘ﬁéfi yharfe cai sson

120a except that the cai semn 1a0habiifie astwnictonss ad dilaimed ahecakidi 2@nsi on
because the cai Mé@&ﬂ%%&&g&ﬁeﬂm& gﬂ@%ﬁ@ﬁ%@%@ haVL Oln ! Bpi8H V@

as a transportation corri own | n alLsson as a

sl oped mnndmﬂfcigﬁQﬁp eaﬂ°€ﬁ&ﬁ9 51de thereof eflnlng
corrldor along the length of the bulkhead wharf.

26. A marine structure as claimed in claim 24;
including internal conveying means disposed inside the line
of caissons and extending along the length thereof for
conveying material along the bulkhead wharf.

27. A marine structure as claimed in claim 1:
wherein at least some of the caissons are combined in a
line to define a pier having opposed docking sides, the
docking sides having a shape effective to enable vessels to
dock alongside both sides of the pier.

28. A marine structure as claimed in claim 27;
wherein the caissons in the line of caissons have a flat
top defining an apron extending along the length of the
pier. _ _
29. A marine structure as claimed in claim 1:
wherein at least some of the caissons are combined in a
line to define a wharf having a landward side and a docking
side, the docking side having a shape effective to enable
vessels to dock alongside the whart.

30. A marine structure as claimed in claim 29;
wherein the caissons in the line of caissons have an apron
extending along the docking side thereof defining a
transportation corridor along the length of the wharf.

31. A marine structure as claimed in claim 29;
wherein at least one of the caissons has, as an integral
part thereof, a storage shed.

32. A marine structure as claimed in claim 1;
wherein at least some of the caissons are combined in a
line to define a breakwater having windward and leewarad
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sl oped surface 131, a |l ower sloped surface 132 and a vertica i

A rubbl e nmound breakwater 20 is provided on the w ndward si dglﬁmﬁmmmmm“l
cai sson 120b. The cai sson 120b has a vertical |eeward side 1 O permts »
vessel s to dock alongside the terminal, and a horizontal apron 135 for the
pl acement of equi pnent, vehicles and the |ike which are needed at the
termnal. Thov@PdBT nes 121 are di sposed in auxiliary space PEFAIS19869d
extend | engt hwi se through the |line of caissons 120b, and the interiors of
the cai ssons above the pipelines are conpartmentalized into storage spaces
Slerr]. In this exanple, the caissons 120b of the breakwater pier
H constit ut eSHPIE#mté?errUéaFlWEEépsm alopingi eutwardly dguéhs fevnward for
recei pt by tafegticnich as a tanker 136, of liquid bulk products, such as

crude oil, and transs%prregt Dyspd gleélju@gu;g ibed r;'*g% 1;;8 J‘t?z,tank farm
on shore. br akwat er ri se Wave defense cai ssons
140, several iB‘x'Hﬁ)ii"Lgs aoF“RH?'Eh‘“%‘F’éd IFEHEVRH Fl%""‘?ﬁ’edFPQ Eﬂa is an end

vi ew of one windmrdaisieons tHE, ldimwf gaissgns dlangathel daggskeaf on | i ne

14-14 in Fi ggnd brldikwidee . def ense cai sson 140 has a tapered cross section
that tapers outwardly _ i n the downward direction on bath thf?w ndwar d and

| eeward sides 141 and 22 8f "PRE"R ATEESFIEP 2T TR IEL PP CIRAR $i ope of the
wi ndwar d si deherdin $hehpredaterminethcopfignsat i caigeons2, and the two

sides sl ope euhppigiy droupa BBj €4ifktis ebmbiféd elutiaidtexagpine The top
part of the gﬁ‘%séfqnolr‘éo b'r%aic{;gE&é‘é o4, A5w188 AGAE" Fu1%nlgy! zontal |edge

143 connecte - 26-
wharves, plers and wharves.
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WO 97/ 21875 PCT/ US96/ 19869 of the
w ndward side 141, and a tapered ridge portion 144 connected to the upper
edge of the | eeward side 142. Al ternatively, the:tapered ridge portion
144 can be omtted (as indicated by dashed Iines) so that the top of the
caisson 140 is generally flat across its top surface. The

cai sson 140 is ofwW@9@I®swal | construction, and trimtanks (not mg,,ﬁg@
di sposed in the spaces S[err] at the upper corners of the caisson and

bal I ast tanks 146 are_di sposed in theEsEQes S[err] between the two walls.
The interior of t calsson 140 is diVi 'hto storage spaces S[err] for
the long-terms orage ok entonbnent of contam nated materials, such as

dredge materi C n| ng nmercury, |ead, dioxins or other contam nants.
Fig. 14a ill he\ case where the cai ssons ﬁgg fficient, by
thensel ves, o W l1:'and t he maxi num hydr odynam B cqul

nst a atlon Fig. 14b illustrates the cg \M‘éf’g e
‘nmound br eak er ZO,LS’pT ovi ded on t he w ndwar a&- =NEN
of caissons ~—Wher eby fhe hydrZ# ' h }-,,;/,?“-‘ sons h?
woul d ot herwi se be subj d ar , e t ids enabl

‘the design weight.and ruct 0

‘the site of

th

ong the I|n ééon bolﬂ
l\heredﬂ The use f\breakwaters on_bd Qh
: wonMll be reqwryat\}gtegv i e4
er eondi ti ons than wou be expe i
BULKHEAD ﬁ’“w
WHARVES 3

breakwaters 20 are pr ow
wi ndward and | eeward s'
w ndward and
hydr odynam ¢ an
systens shown |

BREAKWATER
PIER H

BULKHEAD
WHARVES
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The Iine of caissons 140 which formthe breakwater | constitute a so-called
"dunb" termnal for the long-termstorage of material, especially

contam nated material which nmust be entonbed for | ong periods of tine but
which may, if desired, be renoved fromthe storage spaces S for subsequent
processing. In the port and harbor layout shown in Fig. 1

-27- wiG7814721875 PCT/US96/19869

PCT/ US96/ 19869 the breakwater | together with the breakwater piers A and H
constitute a wave defense system capabl e of w thstandi ng maxi mum force

w nds and waves generated at the port angl harbor site. The breakwater |
faces the maxi num weat her arc, and the t breakwat er piers A and H extend
outwardly fromshore to an area behind thelle rd side of the breakwater

|, thereby providing a fully proggcte h d area for port and

har bor activities. The|\yari 5 S| scri bed above with
reference to Figs. 1-14 areoconpfifsed bt arts, either caissons,
cai sson sections or caisson sectidasad P ich are provided with
trimand ballast tanks. Suitabl e{pi DS rs, valves and controls
are housed wthin each of the §T¢4tab 3 e controlled by a
conmput er, microcontroller or mcld

Ley

NGO,

s & S g
Ry

10a
FIG. 2
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——lTTIIIY,
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to selectively and individually punp fluids into and out of the trim and
ball ast tanks in a controlled manner to precisely trimthe floatable parts
and to ballast them down and up in the water. This enabl es the caissons to
be rapidly deployed to a desired site and integrated to form numerous types
of marine termnals. The term nals may be di sassenbl ed by ballasting up and
towi ng away theygahsfsens, which nmay then be used at anot her siPCE/USTHI869
potential for rapid deploynment and assenbly of the term nals and the
potential for rapid disassenbly and renoval to another site could find
wi despread use in many naval and mlitary applications. To
denonstrate sone of the benefits and adva t ges realized by the nodul ar
cai ssons of the present invention, a conp® ﬁson will be given of a port
construction using the inventive caissonsj{wth g Using conventional
cai ssons. For this conparison, the port cénstru project currently in
progress at Hitachi-Naka, Japan, |ust sou hi City, will be used.

5

Thi s project has been undermaﬁQsLQ. [ s the construction and
use of caissons wei ghing 8,000 ton:
- 28- WD 97/ 21875 i
PCT/ US96/ 19869 feet in length, 951

—

t 72 feet in height).

YOO
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These cai ssons are being manufactured at an onshore construction yard for
installation as part of a conposite breakwater for a new port being built
at the-same |location. This conposite breakwater is being built in 80 feet
of ‘water (at nmean |low water) in the open sea at Hitachi-Naka off the

Paci fic Coast of Japan at a site that 1is fully exposed to typhoon waves
and wi nds. Thi s w&oppistostil e mari ne environnent, and the consPCEASPHIBIS
this breakwater represents the outer edge of existing civil/marine

engi neering technology in the world today. In this project, the
construction/installation system being used consists of: (1)
~Construction of the caissons at the onshore yard, (2) Transfer

. of the caissons across the yard onto a floating dry-dock by neans of a

- conpressed air slide system and (3) Transport of the caissons
~in the floating dry-dock to the breakwater installjation site.

There are several major problens with this systemyjjhat preclude its use
"other than in the imediate vicinity of the constrUckion yard, which is the

. case at Hitachi- Naka. These problens are: ( The draft of the
“floating dry-dock, once | oaded with a caisson, farf exce he depth of
wat er avail able at any shipyard, or ingpny adjacent navi n channels to
a shipyard, anywhere in the world. For<kxanple, the draf t he | oaded
dry-dock at Hitachi-Naka is such t g it\L fUi Feeemaallp epth of 80
feet to enable it to be towed to t gl LE 20 Is only one
port in the world that has this depgi.Q Maasvl acht) .
There are no shipyards in the morlggg @W wat er. One
has to go to fjords such as Stavanggs ance in
Newf oundl and to obtain such dept hsgf <§
. g T
g s
i ;ﬁ 5
:‘:.‘ ] ) XXX - ~r
14 N
yLl SR o)
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- 29- WD 97/ 21875

PCT/ US96/ 19869 (2) The netacentric height of the | oaded dry-
dock i's such that it cannot be used other than in calmconditions with
m'ni rum waves and wind. If the 8,000 ton caisson "cargo” were to shift,

whi ch woul d be lIikely in anything other than cal mconditions, the | oaded

- dry-dock coul dyw@pgiigs As a result, the dry-dock's design precrussassds
use for transporting caissons other than in the inmediate vicinity of the
construction yard (which is the case at Hitachi-Naka). Wien it is realized
that the caissons of the present invention, even in shallowdraft

configuration, can weigh two or three tines the I ght; of the Hitachi-Naka
cai ssons, the feasibility of using the floating [driy-d concept with
heavi er cai ssons becones even nore renote. For exanhpl uld require a
navi gati on channel (between constructiog=yard and ins nsite) wwth a
depth of 100 feet to use the floating dfyrd Y nsport

cai ssons wei ghing two-three tines that f_t_ﬁre Ea L I ssons.

The cai ssons of the present inv i on efffecli vel yRgg e probl ens
associ ated with the Hitachi-Nak&b¥ai sspms| die to t BEgH g differences:

(1) The inventive caissons (or

51
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3
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or caisson sectional conponents) have sufficient buoyancy, especially in
their shallowdraft configuration, to be floated out of construction yards
in depths of water (MW of 50 feet or |ess. (2) Unlike the

Hi t achi - Naka cai ssons, where the trim and ballast tanks, punps, notors,

. piping and conputer controls are nounted in the floating dry-dock, in the

- inventive caiss ﬁ,{ggﬁe functions are | ocated in spaces S| errpPCHUSP6EPSSDI |

- specifically designed in the caissons, preferably wi thin |ongitudinal
doubl e wal | s. _ (3) The caissons of the present invention have
~length-to-width and | ength-to-height ratios and a correspondi ng netacentric
"~ height that enables themto be towed or pushed by sea-going tugs, even in

Beauf ort Scal e - 30- WO
97/ 21875 PCT/ US96/ 19869 4-5
condi tions. These differences are critical from a business
st andpoi nt. The high capital cost of the caisson construction yard and
floating dry-dock systemat Hitachi- Naka have to be witten off agai nst
just one project, the port of Hitachi-Naka i tsdjf. By contrast,
a cai sson construction yard for producing caiss % according to the present
I nvention can
K
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be located in the Far-East, for exanple, in Japan or in South Korea or

Tai wan or Singapore. Such a caisson yard could produce cai ssons for tow ng
to new port and harbor construction sites anywhere in the Far-East, and
even to renote | ocations in Southeast Asia or South Asia. The reason for
this is sinple. As Japanese, Norwegi an and Dutch marine constructors and
service fleet opeoatRrsss have al ready proved, once | arge, heavy P@h}s%mssg
structures are towed "up-to-speed”, because of their nmomentum such
structures can be towed great distances at relatively |low cost. Thus, while
a large caisson yard for the standardi zed production of caissons is capital
I ntensive, this cost can be witten off against a nunber of such port

proj ects as agai nst just one. The present invention has been
described with reference to one particular port and harbor |ayout and
particul ar enbodi nents of marine termnals. O her |ayouts and other types
of marine termnals, as well as obvious variations and nodifications to the
cai ssons, will be readily apparent to those of ordinary skill in the art.
The present invention is intended to cover all such obvious variations and
nodi fications which fall within the spirit and scope of the appended

cl ai ns. - 31-

|
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WD 97/ 21875 PCT/ US96/ 19869 | CLAI M

1. Amarine structure installed in water at a port or harbor site,
conprising: a plurality of nodul ar cai ssons conbined in a predeterm ned
corifiguration to define at | east one marine structure; each nodul ar cai sson
bei ng constructed of one or nore floatable parts preconstructed onshore and
towed in the watwootmsythie installation site; and each fl oat abl eqrarses/iesss ng
one or nore enclosed internal storage spaces S[err] and having trim and
bal | ast tanks for precisely trinmm ng and ballasting the floatable part to
enabl e precise positioning and alignnent thereof at the installation site.
2. A marine structure according to claim1; wherein the trimand ball ast
tanks are located within the interior of the floatable part in spaces S2
separate fromthe one or nore storage spaces S[err]. 3. A marine
structure as clainmed in claim?2; wherein each floatable part has one or
nore internal auxiliary spaces S3 separate fromthe spaces S err] and
S[err] for housing auxiliary equi pnent. 4. A marine structure as
claimed in claim3; wherein each caisson. hals a mass distribution effective
.to maintain the stability and structural inUQg ity thereof even when the
one or nore storage spaces St are substantially e . 5 A
marine structure as clained in claim3; wheriein at st one auxiliary
space S3 is |ocated beneath o
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the one or nore encl osed storage spaces S[err]. 6. A marine
structure as clained in claim3; wherein at |east one auxiliary space
S[err} is located al ongside the one or nore enclosed storage spaces S[err].
7. A marine structure as clainmed in claim1; wherein at |east one caisson
has a pi peline extending therethrough. 8. A marine structure as
clainmed in claiywpdpgherein at | east one cai sson has internal PCOMS/I9867

nmeans - 32- WO 97/ 21875
PCT/ US96/ 19869 for conveying material to or fromthe one or nore storage

spaces S[err]. 9. Amarine structure as clained in claiml
wherein at | east one cai sson has one or nore storage spaces S[err]

di mensi oned and configured to store liquid bulk products; and nmeans for
‘transferring liquid bulk products to and fromthe one or nore storage
spaces S[err]. 10. A marine structure as clainmed in claim?9
wherein the neans for transferring includes punps driven by notors housed
within the interior of the caisson. - {4y 11. A nmarine structure as
claimed in claiml1l; wherein at | east one caiJéon has one or nore
refrigerated storage spaces Serr]; and neans for transferring liquid bulk
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products to and fromthe one or nore refrigerated storage spaces S[err].

12. A marine structure as clainmed in claim11l; wherein the means for
transferring includes punps driven by notors housed within the interior of
t he cai sson. 13. A marine structure as clainmed in claim1;
wherein at | east one cai sson has one or nore storage spaces S[err]

di mensi oned and c®®Y’¢3%%8d to store dry bul k products; and meansl,cf:,mls9
transferring dry bul k products to and fromthe one or nore storage spglég%ﬁg
Slerr]. 14. A marine structure as clainmed in claim13; wherein the
means for transferring includes a conveyor system |l ocated inside the

cai sson for transferring dry bul k products to,and fromthe one or nore

storage spaces Sf[err]. 15. A mari ne'd tructure as clainmed in claim
13; wherein the at | east one cai sson has one r nore st orage spaces S[err]
havi ng open tops; and the neans for transferring co . ses external
transferring means | ocated outside the caissop for t erring dry bul k
products to and fromthe one e nore storage §paces ] through the open
tops thereof, and internal trS’hs’quL syt ocat i de the cai sson
for transferring dry bul k products [iinsTn FJJ{ caiss and fromthe one
or nore storage spaces S[err]. | ! - 33-
WD 97/ 21875 . :'PCT /1 9869
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16. A marine structure as clained in claim1; wherein at |east one caisson
has one or nore storage spaces S[err] dinmensioned and configured to store
cont ai ner cargo; and neans for transferring container cargo to and fromthe

one or nore storage spaces S[err]. 17. A marine structure as
. claimed in claim16; wherein the means for transferring ispgi/dgsenestout side
the caisson on a top surface thereof. 18. A marine structure as

claimed in Gygiope1B75 Wherei n at | east one cai sson has an above-the-ground

encl osed storage shed di nensi oned and configured to store cargo.

19. A marine structure as clainmed in claimis; wherein the at |east one

cai sson has a docking side facing the water to enabl e vessels to dock

al ongsi de the caisson, and an apron extendi ng al ong the docki ng side and

defining a transportation corridor. i ‘ 20. A marine structure as

claimed in claim1l1; wherein each caiss ‘has a mass distribution effective
I

to maintain the stability and structur i nt (ty thereof even when the
one or nore storage space%SS[e ] ar a y enpty. 21. A
mari ne structure as cl ai i n{ql aigriy r | east sone of the

cai ssons are conbined in a lin 0 def ¢ ter pier having a

w ndward side and a | eeward si __L%e I Y d havi ng a shape effective
to enabl e vessels to dock al ongs}de fh ehk pi er. - 22. A
mari ne structure as clainmed i aim 2% r e caissons in the line
of caissons have an apron ext ng &l e rd side thereof defining
a transportation corridor algnglt f re%gyater pi er.

23. A marine structure as clat 1 udicdg at | east one

pi pel i ne extending through_the\i] 0 -
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<3 .
o O

L
[ A8 ]
(Va)
=)

11/14



24. A marine structure as clainmed in claim1;

- 34- WD 97/ 21875

- PCT/ US96/ 19869 wherein at | east sonme of the caissons are conbined in a

line to define a bul khead wharf having a | eeward side and a docki ng si de,

the docking side having a shape effective to enable vessels to dock

al ongsi de t he bylkbgagyswharf. 25. A marine struct ur gchBssslosgsed

in claim?24; wherein the caissons in the |ine of caissons have an apron

extendi ng al ong the docking side thereof defining a corridor along the

| ength of the bul khead wharf. 26. A marine structure as clained

in claim24; including internal conveying neans di sposed inside the |line

of caissons and extending al ong the Iength t hereof for conveying nmateri al

al ong the bul khead wharf. lf marine structure as clained in

claim1l1; wherein at |east sonme of the cad ons re conbined in aline to

define a pier having opposed docking sides, cking sides having a

shape effective to enable veggsels to docK alon , both sides of the pier.

28. A marine structure as cksine a-m.-27; eln t he caissons in the

| i ne of caissons have a fIat\Lop t~t an; a extendlng al ong the

| ength of the pier. :
: d

:
' 8

FIG. 12

4
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29. A marine structure as clained in claim1; wherein at |east sone of the
cai ssons are conbined in a line to define a wharf having a | andward si de
and a docking side, the docking side having a shape effective to enable
vessel s to dock al ongside the wharf. 30. A nmarine structure as
clainmed in claim29; wherein the caissons in the line of caissons have an
apron extendi nowy®pee7s he docki ng side thereof defining a transpoudestdsen

corridor along the length of the wharf. 31l. A marine structure as
claimed in.claim?29; wherein at |east one of the caissons has, as an
integral part thereof, a storage shed. 32. A marine structure as

claimed in claiml; wherein at | east so of the caissons are conbined in a

line to define a breakwater having w nd qc and | eeward
- 35- WD 97/ 21875 :
PCT/ US96/ 19869 sides, the wi ndward si @le isl outwardly in the
downward direction. v33. A marinpe str re as clainmed in claim
32; including a rubble noundﬂbreqf tLL{.:%i n the w ndward si de of
the line of caissons along the |e ] 333
333 s
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34. A marine structure as claimed in claim1;

wherein the predeterm ned configuration of caissons conprises groups of

t he breakwat er.

br eakwat er

nore breakwaters,

cai ss@ns conbi ned together to define one or.

pi ers and wharves.

bul khead whar ves,

pi-ers,
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(57) Abstract
3

A plurality of floatable modular caissons are constructed
onshore, either in whole or in part, towed to a desired site for
port and harbor construction, expansion or modcmization, pre-
cisely trimmed and ballasted down, and assembled in different
combinations to form marine structures andfor integrated ma-
rine structurcs/marine cargo terminals to construct breakwaters,
breakwater piers, bulkhead wharves, wharves and piers. The
breakwaters and/or breakwater piers are arranged to form a pro-
tected port or harbor and are designed to withstand maximum
force waves and winds at the harbor site. As an integral part of
the breakwater piers, modular caissons are assembled to form ma-
rine cargo terminals, such as liquid bulk terminals and LNG/LPG
terminals. On the leeward side of the breakwaters and/or break-
water piers, other modular caissons are assembled to form a wide
variety of marine structures (such as bulkhead wharves, wharves
and piers) and/or integrated marine structures/marine cargo ter-
minals (such as dry bulk and liquid bulk terminals, container
terminals, general cargo terminals, roll-on/roll-off terminals and
the like). The various marine structures and integrated marine
structures/marine cargo terminals may be disassembled and the
caissons ballasted up and towed away for usc at another port and
harbor site. The rapid deployment and assembly potential of the
marine structures/marine terminals as well as their potential for
rapid disassembly and removal to another site makes the modular
caissons ideally suited for many naval and military applications.




