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strength  deck, sheer  stiakes,  and  longitudinal buikheads, in

order  to accommodate  greater loads, These  plates can

exceed  70 mm  in thickness,  with  some  piates reaching  thick-

nesses  of  up  to  1OO  mm,  sizes  previously un[ommon  in ship-

building. Such thick steel  p[ates are  used  in the construction

of  containerships  in order  te satisfy the  requirements  for
longitudinal hull girder strength,  especially  in light of  the

open  deck design of  these  ships.  Theopen  deck design

tTon, etc.) of  welded  JoEnts on  extremeiy  thick plates.

lnordertoaddresstheseconcerns,ClassNKhascooperated

with  Nippon  Steei and  Mitsubishi  Heevy  industries  in the

development  and  pra[ticai application  of a new  grade of

higher tensiie steel plate with  a specified  yield point of 47

kgffmm2, known  as  YP47 steel  plate, since  2001. This has Ied

to the  [onstruction  of  the  MOL  CR  EA TtOAi, a 8,1 1O TEU
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Ensuring  the safety  of  ultra Farge containerships
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The MOL  CRE4  TJON,  the first ship in the world  to use  YP47  in its censtruction

containership  built at the  Mitsubishi Heavy industries Naga-

saki  Shipyard &  Machinery Works in 2007  to NK  dass  as  the

fi rst ship in the world  to utMze  the new  YP47  high  strength

steei  plating, Five sister  ships  using  YP47  steel  plate have
alreadybeendelivered,andanumberefotherothercontain-

erships  are scheduled  be built in japan and  overseas  using

the new  material.  YP47  steel  plate is tougher  and  stronger

yet less thickthan  comparable  types  of  steel  used  until  now,

Fu rther, as YP47 incorporates britt:e crack  arrest  as  part ofits
design, the use of YP47 steel not  only  contributes  to weight

reduction  and  improved  fuei effcien[y  but also  helps to
increase the  reliability  of  the  ship's  hulL

Another result  of  this cooperation  was  the  publication of

Guidelines on  theAppiication  of  YP47  Sree/ PJates  in the

Strength Deck  Consrruction of  UItra Large  Container Sh ips

by ClassNK. The Guideiines ser  forth requirements  for four

majorareas:

 
e
 the hull structure, inciuding hull girder  strength  and

  highertensilesteelfactoTs,fatiguestrength,applicationof

  steel grades  to hull structurel  members,  and  brittle crack

  arrestdesign;

 
.
 steel  material  requirements  and  approval  of  manufactur-

  ingprocesses,indudingtheapprovalofsteelmaterials;

 - welding  work,  welding  proceduresinduding welding  joint
  requirements,  and  welding  materiais; and

 
. inspections  with  particular focus on  non-destructive

  inspectEons.  
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Thickness/m  Up  to 50mmC:::=]Above5emmUpto70mm  -Above70mm

Fig. a/ Example  of strength deck structures of ultra  1arge centainerships  (applicat]on of YP47  steel plates).



NIPPON KAIJI KYOKAI (ClassNK)

NII-Electronic Library Service

IJIKYOKAI{ClassNK)

-

op ClassNK has a:so  been conducting  practlcal resear[h  stud-

ies in cooperation  with  industry  partners on  the  app[ication

of  higher strength  steei  plates of  heavy thlckness  in 1 O,OOO

TEU to 12,OOO TEU ciass containerships.  In these  studies,

particular attention  has been paid  to the  brittle fracture

toughness  of  the steel  p[ates, brittie crack  arrestabi[ity,  and

thequalityofweldedjoints.

Preventing brittle fracture and  ensuring  brittle crack  arresta-

bility are  of  primary importance  in ensuring  the  structural

reliabi1ity  of  containerships,  C[assification society  rules  have

prescribed stringent  toughness  requlremenrs  as  a major

aspectinthespecificationsofstee[pjate,materialsele[tlon,

toughness  of  we  fded joints, and  the like, with  a view  to

preventing the  initiation of  brittle fracture. Recent  large-

scale  model  tests have  shown  that  the  introduction of

backup  brittle crackarresting  elements  ln strength  deck

constructionisoneofthemosteffectivewaysofpreventing

crack  propegation, As a  result,  CIassNK has developed and

included special requirements  for steels  with  brittle crack

arrest  properties in its technical  rules  since  2006. These

requirements  have been verlfied  by [arge-scale tests and

have been applied  in the  use  of  high strength  YP47  steel  in

the  construction  ofthe  first ultra  iarge container  vessels  in

the  world  to use  this material,

Of speciakoncern  is the fact that  when  brittle cracl<s  occur

in the  we]ds  of  very  thick  steel  plates, they propagate in

ways  that  are  contrary  to conventiona]  wisdom.  Recent

testing shows  that  brittle cracks  in very  thick  steel  plates

propagate  in straight  Iines, wlthout  swerving  or  deviation,

Moreover,  such  cra[ks  may  not  stop  and  may  continue  propa-

gating even  after  penetrating the  parent material.  This

suggests  that ifa brittle crack  does in fact occur  in a hu]i

stru[ture  using  very  thick steei  plates, there  is a risk that  such

a crack  could  propagate at  high speed  and  cause  a  major  or

catastrophic  a[cident,  induding failure or  collapse  of  the hull'

structure.  Thus, the proper  study  of  the brittle crack propaga-

tion and  behavior in very  thick steel  plates and  the  establish-

ment  of  suitable  technical  standards  to prevent  the occur-

rence  of  brittle fracture accidents  should  be considered  a

criticaimatterofconcern.

Since February  2007,  ClassNK  has been  conducting  a

research  and  development project aimed  at  developing tech-

nica]  requirements  and  design methodoiogies  for arresting
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Fig. 2/ Flow for evaluatien  of application of YP47  steel plates.
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Bth Meetimg of  the NK  Brjttle Craek Arrest Comm]ttee La  rge  scale  crack  arrest  test (Crack arrest  design)

brittie cracks  in the  thi[k  steel  plates used  in ultra  lnrge

containerships.  This project is the  iatest in a series of studies

started several years ago  by the  Society on  the  safe  appiica-

tion of  new  thickand  heavy, high-strength steel  plates used

in container  ship  construction.  The current  project has been

conducted  in cooperation  with  major  shipbullders,  steei

mills  and  other  interested parties in Japan Csix shipbuiiders,

four steel  mills, two  universlties,  and  two  institutes).

The  project has been focused on  the  foilowlng main  tasks:

 . the  conduct  of  iarge-scale medel  tests to establish  te[hni-

  ca[  standards  relating  to the  brittle crack  propagation

   behav[or of  very  thick steel  piates based on  the  Iatest

  cutting  edge  knowledge;

･
 the  study  ofdesign  methods  that  are  effective  ln arrest-

 ing the propagation of brittle cracks based on  rhe knowl-

 edge  obtained  from the  above  tests; and

.
 tke  deveiopment oftechnical  standards  fordesigns incor-

 porating suitabee  brittle crack  arrest  techniques,  and  at

 the  same  time  study  the  establishment  of related  rule

 requwements.

Research is slated  to conclude  at  the  end  of  2008  and  it is

expectedthattheoutcomeofthisprojectwillgreatlycontrib-

ute  to enhancing  the  structural  integrity of  large and  uItra

large container  ships  classed  with  CiassNK. The outcome  will

be used  to upgrade  NK's own  technical rules  and  provided to

IACSinordertodeveiopappiicableIACSURs.
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Fig. 3/ Brittle fracture arrest design (example>.


