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Research andDevelopmentofMega-float

t t;-de'4-svewh"..z/":

 
'/-"ttl"

 
"

       ･. tw  p-

The  research  and  development  of Mega-tloat is attracting  a  great deal of  attention  to maritime  aftairs in Japan.
A  Mega-float airpo  rt is just one  concept  under  consideration  for the future devejopment.

Background  to research  and

development of  Mega-float
    s an  isLancl  nation  with  ]imitedA    land resources,Japan  has lodig
resoTted  to  the  reclamation  of  land by

land ft11ing and  clraining,  The f'irst

recorded  instance of  land reclamation
was  at Fukuhara  (now in Kobe)

during the Heian era  (12th century).
Subsequendy there  have been many

instances of  land reclamation  [or
increasing the  area  of  useable  land,

paTticularly during the Edo  period
(1603-]867 AD.). Reclamation

continued  evcn  after  the TL4eiji era, bu+
it was  only  after  World  War  II and

i
 duringJapan'speriodofeconomic

, development Lhat extensive  land

 reclamation  was  carried  out  in urban
i

 areas,  such  as  Tokyo  Bay and  Osaka

 Bay. With  increased socjo-economic  l

 developrnent, the  need  for utilizing  l
 ocean  spaces  js likely to increase even

 further M  the future, and  most

 shallow-water  areas  inJapan that  can

 be utilizecl  have already  been
i
 reclaimecl. The  country  is therefore

l being cotnpelled  ro embark  on  the

 developnient and  utiltzation  of  deep-
lt
 water  offshore  areas as weLl  as other

I ocean  areas  with  a soft  seabed.  gince

i reclamatien  of  such  areas is di[Ticult '

compai'ed  to conventional  reclamation

methods,  tonsideration  is being gix'en
to the utilization  of  veb'  large noating

structures,  or  Mega-fioats.

  To lhis  end,  a  technical  association

was  esLablished,  The  Technological

Rescarch Association of  Mega-Float. as

it ",as  namecl,  is made  up  of sexenteen

shipbuilders  and  sLeel  manuE'acturers,

which  are  carrying  out  J'oint research

and  developmenL for the creation  of  a

large-scale fioatjng structure. The

term,  pt'Tega-floaL, whicli  is Japantzed
English, was  coined  by the Ministr>, ol
Transport at the association's

inauguration in March  1995.
                     '
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Characteristics of  Mega-float

   ig  1 shows  the main  componentsF   typically associatcd  with  a  fl oaung
structurc.  Unul  now,  producnon,
storage  and  service facilities of vamous

types  have been built almost
exclusivcly  on  land wiLh  its many

advantages,  wh]ch  may  be regarded  as

a 
tplaLfonn'

 for these  activiues.

However,  shortages  tn avadablc  land

have demandedaturn to the  sca  for
ncw  

'plarform'

 sLtes  
-
 fiTst by

reclaimmg  land from various  shal1ow

water  areas,  and  now  b>･ the

development  o[independent  otf-shore

structures  such  as  Mcga-float to

provide stable 
'platforms'

 on  the

surface  of  the  sea  itself. Airnmg  to help

meet  ever  growing construcnon  needs,

Mega-fioat offers  a promismg
alternatwe  to land-bascd platforrns,
and  a  range  ot other  potential
advantages  m  addition  to the

requirement  for space  alone.  A

number  of di[ferent advantages  and

items  needing  to be addrcsscd  with

1 regard  to Mcga-float vis-a-vis  the  two

i other  types  ofplatforms,ie  land and  1

i reclaimed
 
Iand,

 
can

 
be

 presentcd as

  shown  below.1'1･

 (1) Some  characte-sncs  ofMega-float

! as a sea-based  platform as opposed  Lo 
i

! [and-based plattorms
                               1
! ebreedom  in  deciding upon  its size

   andlocation  1

  -Faci[ities  which  make  usc  of the sea i

   or sca water  can  be easily  utTlized  on  !
   Lhe strucrure,  1
  

-Although
 some  costs  may  be !/

   Tncurred  the  unhzation  of  ocean
         

'
1

i
 space  m  urban  areas has greater
                               /
/ economic  bencfits than  constructmg

1 facilmes on  land m  ad]omtng  areas.

  eA  calm-water  area  is crealed  between
1
   the  structure  and  land
i
  -Means  of  access  to the  ftoating
l structure  must  bc provided, ,

1 eFffectsofverylongwavesortsunami

1 needtobeconsidered

! (2) Characteristics of  Mcga-f[oaL as a

i
 ftoatmg structure  compared  witha  I

structure built on  reclaimed  land as  a

platform tor vamous  facihnes/

eFloanng  structures  can  be shifted  to

 different IocaLLons, though  a

 moonng  arrangemcnt  must  be

 provided
-The  [loating structure  can  bc easily

 extended,  expanded,  or scrapped

eEffects  of  water  dopth and  consistency

 of  the seabed  are  relanvely  msignifTcant,

eBecause  earth  and  sand  are  not

 required  for construction,  the

 problems related to gathermg  and

 transportmg  them  to  the sne  are

 ehminated

eThe  floatmg structure  is free from

 damage b>･ earLhguakes  and  ground

 hquefaction phenomena,
eThe  lotal period of  construcnon  can

 bc signthcantly  shortened  by

 constructmg  the mdimdual  units  and

 upper  tacihties of the fioatmg

 structuresimultaneously

-The  sections  betow  the  dcck ot  rhe

 tloating structure  can  be effectively
 utihzed
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Fig.1Main  components  typically associated  with  a  floating structure
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-Quality  is more  easily  assuTed,

 because the tloating structure  can be

 manufactured  iti a factory with  good

 quality control  system.

ewriile  environmental  infiuence and

 pollution due to water  flow antl

 consrruction  are  minimaL,  other

 environniental  changes  may  occur

 beneath the  fioaLing structure.

-A  fioating structure  as  an  artificial

 platform can  be constructed

 inexpensively a]though  maintenance

 and  upkeep  cosls  must  be consj  dered.
eX･'i'brations  and  derlections induced

 by waves  and  displacemenL due to

 load variations  will  act  on  a fioaLing

 structure,  even  though  they  may  be

 minbnal.

-The  fioating structure  can  move

 vertically  with  the tnotion  of  the  sea

 surface  as  the tide changes,  but its

 absolttte  heighr varies.
.There  Ls a  limit to the durability of

 the  struct.ure.

While  rhe term  
'fioating

 body'

immediately brings the  words  
'pitch'

and  
'roll'

 to mind,  the Mega-Iloat will

be niassive in comparison  to  the

waves  that cause  pitching and  rolling.

A more  realistic  way  of  imagining  the

Mega-fioat is as  a  shtp  in ve-'  small

waves  or  ripples.  It is unlil<ely,

therefore, to pitch and  roll  to  any

signMcant  extent,  For this reason,  the

structure  is expected  ro be able'. to

provide a  stable  base for building
facilittes offshore  instead of  on  land.

Mega-float research  topics

   loating structures  are  "qdely  usedIRiiD   in  var!ous  types  of  tacilmes, such

as  petToleum storage and  oil drilling

and  production units,  fioating I)iers,

and  so  on.  Howevcr,  there  is no

exaniple  of  a floati"g structure

constructed  as  a replacement  ibr

facilities on  reclaimed  tand - especially

a  massive  structurc  spanning  several

1 kilometers in length such  as  the Mega-  ,
i tloat. In view  o[  Lhe paucity of  data

 related  Lo such  structures,  the
Itl
 association  decided t.o use  a  Iarge
l experimentalmodelofthe  floating
I structure  with  a  leiigth of300  meters

 and  breadth of 60 meters,  f'ormed by /

 joining al sea  nine  independent  i
 fioating units  (Ftg. 2) each  measuring
                               i
  1 OO meters  in length, 20  meters  in

 breaclth, and  2 meters  in clepth,  as  i

 well  as  to  carry  out  demonstration /

 lests and  research  to compensate  fer
 the  lack of  available  data. The  research
i'
 topics include notonly  problems with
l construction  techniques  for such  a

i large structure,  but also user problems
 associated  with  its massive  size.  The
ii
 main  topics of  research  are  described
/
 below.

 Floating structure  designtechnology  l

 Calculation techniques  that compute  :,
 the  effects  of  very  small  detlections are  l
 indispensable M  the design of the

 Mega-float, similar  to the requiremenL

 of  accurately  calculating  very  small  ･

 deflections in huge structures  such  as

: high-rise buildings. Precision design

l 
technigues

 
wlll

 
be

 
established

 
by

 .
 prepanng  va-ous  programs, carrymg
1i

 out  model  tests in testing tanks  and

l verit'ying  these programs through

i

/Fig,2

denionstration rests using  largc

experimental  models  at Lhe site.

Results will  be presented as  graphic

displays (Fig. 3) for easy

understanding.  External forces, such

as  the  forces of  "rind  and  waves,  are

not  applied  unifortnly  on  a ver>r  large

structure  but vaiy  depending on  the

location. Technology  ior com'ectly

estirnating  such  external  forces must

also be developed.

Offshore construction  technology

Tbe completion  of  such  a  massive

structure that  carinoL  to be

accommodated  wtthin  a dockyard
rec{uires  the  construction  of  several

independent iloating units  in a

building dock  and  then  later.ioining

them  at sea.  IJewever, thejoitiing  of

indel)endent floating untts  "'hile  they

arc  being rockecl  by waves,  no  matter

how snialt the n)otion,  requires  the

estab]jshment  ofspecial  construction

technology  that  Ls highly reliable  and

efficient. For this purpose,
demonstration tests were  carried  ouL

in which  independent floating units

were  joined at sea,  and  results  ol  the

tesLs sN'ere analyzed  fbr establishing

raLional  offshore  construction

technology.

Cress sectien  of one  of the fleating units  comprising  the large experimental  
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Example  of the advanced  graphic display program  for fioating structure  desEgn technology

Technology  for ensuring  long-

term durability
Various methods  may  be considered
for durable use  of the floatmg
structure  overa  long pcnod,  such  as  a

hundred  >,ears. However  du-ng the

present research  worl<,  studies  wM  be
caTried  out  related  to the apphcation

of  ncw  matenals  with  semi-permanent

corrosion  resistance  as  well  as  a

maintenance  control  system  Lhat

mtegratcs  mon]tormg  equtpment  for
early  detccnon of  the  location of

damagc and  repair  equipment  for
repainng  damaged parts These

materials  and  systems  will  be tested
and  verified,  and  the  technology  for

ensurmg  long-term durabihty of  the

structure  wtll  be developed as  a  result.

Tbchnology for ensuring  the

operational  functions of  facilities
on  the floating structure
In pmnciple, a  variety  of facilities

/1//1/1/1'11ii

1ii

:

Welding ofindependent  floating units during
being rocked  by waves

/1i11111

/

/

ellts 
-

could  be installed on  the Mega-[loat as

an  artificial platfomn and  these  wil]  be
expected  to perform the same
operationallunctlons  as similar

faalities on  land Lt will  be neccssary

to eliminatc  the adverse  effects from
very  small  deflecuons, vibrauons,

noise,  and  temperature  in  the [loating

structure  Focusingonspecthc

examplcs  of  facihties, the  assoaanon

will  develop the Lechnology  for
ensu-ng  operational  tuncnons of Lhe

facilmes on  the Mega-float, This will

be done by studyng  the functions
requircd  for these  ['acilMes,

developing equipment  for eiisu-ng
these  functions, and  carbqng  out

demonsrration tcsts of  prototypes on

the large experimental  model.

Environmental assessment  technology

Floatmg structures are generally
considered  to have comparatively  little

etfect on  the  enmronmcnt,  but this
assumpnon  needs  to  be verthed.  Thc

absence  of  adverse  cffects  on  the

envlronment  in the  case  of  the Mega-

float needs  to  be conilrmed  to ensure

its viabihty,  Techniques for predictmg
changes  m  the  ffow around  Lhe

floating structure  and  any  impact on

the eeosystem  will  be studied  usmg

modcl  tcsts and  large expenmental
mode]s  at the actuat  site.

  The research  into  floating structure

technology  spans  vanous  engmeermg

disciplines. Guidance  and  assistance

from professionals in  various  field$ is

bemg sought  m  carBqng  out  this

research  The  entire research  project is

scheduled  for three  years, from 1995
to 1998, and  all tests  xmll  be carned
out  at  1he  Yokosul<a offshore  area  in

Tokyo  Bay.

NII-Electronic  
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The final demonstration test ef the Mega-float showing  the test condition  for joining units at the site was

performed successfully  on  July 18, 1996. About 550  persons from the press and  various  maritime

related  individuals boardeci the large experimental  model  and  observed  varlous  klnds of experiments.

(above) before joining final structural unit (below) joinlng cempleted

/

i

li

/'l

l/'i

/

Status of  research  and

development
    esearch  is I)rogressing inR    accordancE  with  the  scheduLed

completion  date or  three years.
Roughly  halfof the thi'ee-year period
has elapsed  at the  time  of  writing.

Research on  various  topics related  to

construction  of experimental  models

has been completed,  and  Lhe

remaining  tests forjoining srructural

units  aL  sea  were  completed  in August

1996. Tests carrie(]  out last >'aar
confirmed  the possibiLtL>, ofjoining

units in  waves  as  much  as  O.5 meters

high. This year, research  js being

carried out  to establish other  ra･tional

joiningmethods.
  Research on  topics other  than

o['i'shore  construction  technology  has

also  been progressLng "'elL..Part of the

research  has already  been  successfu1iy

concluded,  and  i'esults  from most  of

the main  research  topic$ are  expected

to  have been  gathered by the  end  of

t]]js year. Substantive results have not

yet been achieved  due to the wLde

range  of  reseai'ch  topics and  Lhe need

foi' numerous  verification  tests to be

carried  ouL, both for ensuring
operational  funcLions of  facilities on

the floaring structure  and  tbr assessing

iLs enviromnental  impact, Examples  of

successfuLly  completed  research  in

disciplines other  than  offshore

construction  are,  however, given below.
ePreparatjon  ofa  program ror

 calculating  general external  forces
-Forrnulation  of  a theorv  for elastic

 rcsponse  analysis

-Preparation  of  a program  fol'

 simplified  elastic  response  analysts

ePreparation  of a graphic simulation

 program
ePreparation  of  a program  [or

 analytical  calculations  of niooring

 characteristics

eOn-site  jeining of  titan-clad steel
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The  Mega-float pro]ect has great potential for utilizing ocean  spaces.  This integrated  distribut)on base  -s one  example  of its utilizatiQn.

Future developments
      ega-floans  a new  creativeM      endeavor  for the country  Its

reahzation  will  create  new  demands  in

vanous  fields and  lead to increased

industnal  development in  the future.
Therefore, the swift  completion  of  the

pr(1cct is eagerly  anmcipated.  Mega-

floars cou[d  be used  as bases for

various  types  of  facilmes in  the future
Faalities difficult to  construct  on

land, those  which  need  to be isolated

bccause they  generate polluuon or
noxious  substances.  faulmes which
need  to  be protected from

earthquake$,  or  which  can  be unhzed
easily  if located m  ocean  spaces,  are

Just some  examples  FLg 4 illustrates
the concept  of  a  Mega-fioat integrated

distribution base. In addition,  port
faciltties, waste  treatment  facihnes,

1

/1i1//'

 E.Isobe.ManagingDirector

 Technologieal Research

/ 
AssociationofMega-fioat

/l

11

/

1

facihnes rclated  to fisherics. and
                              i

sports and  leisure factltties are  also

bemgconsidered We  hopc  thatMega-  !

fioat will  be dcvclopcd for using  ocean  !
spaces  m  novel  ways  and  will  serve  as  1
a  platforun for new  social  and

                              !
economlc  acLlvltles ln the  ftlture
                              1

                              1

                              1

1:1;1I{'1

s
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i;{iiiifJ/1'

The  large expenmental  model  of

Mega-iloat was  classed  by NLppon

KadJt Kyol<ai m  September  l996

ClassNK  is paruapanng m  the

research  on  
"Float]ng

 structure

design technology,"  
"Offshore

construcnon  technology,"  and
'
 Technotogy  for ensurmg  long-
term  durability" as  observer  and

adviser,

                CIassNl<
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