
NIPPON KAIJI KYOKAI (ClassNK)

NII-Electronic Library Service

NIPPONKAIJIKYOKAI  {ClassNK)

Development of  
"Guidelines

 onBrittle  Crack Arrest Design"

}loshlya }lrmaguchi*, 7bshlyuki Matsumoto'*,Kczaayuki  Matsumoto  
*

1. INTRODUCTION

 In addition  to the globalization ofmarkcts  and  the continuous

increase in the volumc  of  marinc  transportation on  a glebal

scale,  the demand  for larger, bettcr pcrfonnancc ships  has

grown  because of  the need  to reduce  both cnvironmcnta1

burdens and  operating  costs.  This is cspecially  noticcable  with

regards  to the  increased size  of  container  carriers,  and  LLItra

largc colltainer  carriers  jn the IO,OOOTEU  class ure  bcing

constmcted  wort[Iwide.  i)･ 2)

 The  hull girder longitudinal strength  of  a  containcr  carrier

rnust  bc ensured  using  a  limited number  of  ]ongitudinal

stiffbning  members  because of  the large openings  in the

strength  deck; therefore, thick steel  plates have bcen uscd  in the

past for the strength  deck structures  (hatch side  coaming,

strength  deck, sheer  strakc,  uppermost  strakc  of  the

longitudinal bulkhead). For this rcason,  extremely  thick plates

exceeding  50 mm  in thickness are  being used  in vcry  large

container  carriers.  The most  important  topic in the use  of  such

extremely  thick steel  plates is the prevention  of  brittle fracture

leading  to large-scale fa{]ure.

 In order  to prcvent  brittle fractures, current  classification  rules

take both brittle crack  arrest  and  brittLe crack  prevention  into

considerution.  As  a  result, even  if a  brittle crack  eccurs

unexpectedly,  the worst  condition,  including large-scale fai}ure

ef  hul]. can  be avoidcd  by atresting  crack  at the appropriate

]ocation. 
3)

 However, rceent  rcsearch  has shown  that even  for extremely

thick plates, past research  related  to preventing propagation of

brittle cracks  cannot  be directly applied,  and  further, large-scale

model  test results  show  that it may  not  be possible to arrest

crack  propagai{on.  This suggests  that even  if the hull stmctLrre

using  extremcly  thick steel  plate$, as  in large container  carriers,

satisfies  the steel  material  grade required  by the current  Rules

for the Survey and  Construction of  Stecl Ships, ifa brittle crack

occurred  unexpectedly,  the crack  would  propagate at a very

high speed  and  could  lcad te dangcrous results,  such  as  a

largc-scale failur¢ . Establishing technical standards  to prevent

brittle fracture in the application  of  extremely  thick stee]  plates

in large container  carriers  is, therefore, an  urgent  issue.

 In response  to this situatjon,  ClassNK  establ{shed  the Brittle

Crack  Arrest Design  Committee  as  part of  a  Research  arrd

Development Project conducted  in 2007  and  2008  and  studied

the behavior ef  brittle crack  prepugation  of  extreme]y  thick

stcel  platcs uscd  in Largc containcr  carriers.  This  decument

reports  an  everview  ofthe  
"Guidelines

 on  Brittlc Crack Arrcst

DcsignT', which  summarizes  the findings ofthe  said  committee.

Figure 1 Guide]ines on  brittle crack  arrest  design

2. Historyofdevelopmentofthe

     
"Guidelines

 on  Brittle Crack  Arrest

     Design"

 Brittle fracture of  thc hull stmcture  may  lead to large-scale

failure and  must  be $trictly  prevented. Thus, preventing the

initiation of  brittle erack  is of  primary importance  if brittle

fracture of  the ship  stmcture  is to be prcvented. Currently,

separate  from  the structural  strengtb  requirerncnts,

classification  society  rules  aim  te prevent the initiation ot'

brittle crack  by estabtishing  the specification  of  steel  muterials

to be used,  the app]jcatien  of  steels  (appropriate distribu.tion of

material  grades with  different toughness  tevels in structural

membcrs)  and  the toughness  levels ofwelded  joints.

 At the same  time, considering  the magnitude  of  accidents  te

ships  caused  by brittle fraeture and  to prepare  for the
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unexpectcd  initiation of  a  brittle crack,  the formulation of

proccdurcs to am'est  propagation of  brittle crack  at uppropriatc

locations is equally  important to the prevention ot' initiation of

brittle erack,  and  may  be thought  of  as  a  backup funetion to

prevent  large-scale failure of  the hull structurc.

 Assuming  thc uncxpectcd  Lnitiation of  a brittle crack,

classification  rules  specify  thc provision ofhigh  teughncss  stccl

plutes in the  sheer  strakes  and  the deck  stringer  plates, as  crack

arrestors  for arresting  the propagation of  britt]e crucks.  Fig. 2

shows  the arrangement  ofcrack  arrestors  thigh toughness  steel

plates havLng the  -ridth  requirement)  from the  application  of

stccl  gradcs to hull structural  mcmbcrs  spccificd  in IACS

Unified Requirement S6. Even  if a brittle crack  occurs

unexpected]y,  the crack  can  be arrested  by the high toughness,

and  worst  case  scenarios  such  as  large-scale failure ofthe  hull

can  bc avoidcd.

 Th ¢  classification  rulcs  rclated  to  arrcsting  brittlc crack

propagation are  based  on  the systematic  research  carried  out

jojntly by Japanese universities,  shipbuilders,  stcel  milLs,

research  organizations  and  a  classification  society.  As  a result

of  thcsc rcscarch  activitics,  thc gencral fimdings below were

obtaincd  conceuning  brittle crack  arrestability  of  high tensile

plates for the huLl with  thickness of  about  35 mm  used  in hull

structures  ef  ]arge ships  at  that time  and  thc welded  joints of

thcscplatcs.a)･5)

(1)

(2)

42

Results  ofstudies  by  lurge-scalc ai'rest  tests  ofwcldcd

joints showed  a high possibility of  arresting  brittIe crack

propagated along  the weldedjoint  by  diverting into the

steel  platc basc mctal  due to etlects  such  as  weld  residual

stress.

The value  for brittle crack  arrest  toughness  K,. required

for arresting  propagation of  long britt]e crack  that occurs

in hull stmctural  mcmbcrs  is 4,OOO to 6.000 Nmm]"i  or

greater.

                      1

     Strength Deck I

                    1

Figure 2 Example of  urrtmgement  of  crack  arrcstors

                (IACSURS6)

En this way,  the existing  elassification  rules  system  is

considered  to be  effective  not  only  in preventing the initiation

ofbrittle  cracks  but also  in arresting  the propagation ef  brittle

cracks.

 However,  recent  research  has suggested  that 
"the

 cxisting

ru]es  systein  cannot  bc said  te guarantce the  arrest  of  brittle

crack  propagation always  for extremely  thick steel plates

cxcccding  thc rccord  of  usc  until  now'b.  More  specifically,  large

scale  model  test results  have reported  that ''brittle

 craek  that has

occurred  may  propagate straight  ahead  without  arrest  even  if

high toughness  EH  steel  grade tbat satisfies  existing  class

requirements  has been used''.  This tlnding differs from

convcntiona]  knowlcdgc  on  thicker  stcc]  plates used  in ]arge

eontainer  carriers.  6)

 This  suggcsts  that  even  if thc hull strueturc  using  extrcmely

thick steel  plates satisties  the steel  grade  required  by existing

rule  requirements,  if a  brittle crack  occurs  unexpectedly,  the

crack  prepagates at high speed,  and  there is a risk  oflarge-scale

failure to occur.

 ClassNK  cstablishcd  thc Brjttle Crack Arrest Design

Cemmittee mude  up  ofmembers  from universities,  shipbuilders,

steel  mills  and  research  orgunizations  as  part of  thc abeve  noted

Researeh and  Development Project. This Committee

irnplemented seyeral  large-scale tests and  numerical  analyses,

and  carried  out  studics  on  thc  behavior of  brittle crack

propagation  of  extremely  thick steel  plates used  in very  large

eontainer  carriers.  The  Committee  sumrriaTizcd  the  results  of

the studics  on  very  large container  carriers  usillg  extremely

thick steel  plates in the hull structure and  dcveloped thc

necessary  technical rcquirernents  as  the  
''Guidelines

 on  Brittle

Crack Arrest Design". This document is the first in the world  to

specify  clistinctive, functienal, and  detailed requirements

related  to arresting  brittle crack  propagution, which  has not

previously been clearty  specified  in the dcsign of  hull

structures.

3. Guidelines on  brittle crack  arrest  design

      and  technical background

3.1 Out]ines ofbrittle crack  arrest  design

(1) Purpose ofbrittle  crack  arrest  desigri

      Thc purpose of  brittl.e crack  arrest  design is ''to

 prev¢ nt

     large-scale J'ailure of  the hull structure  by arresting  the

     brittLe crack  at appropriate  locations in th¢  hu]] wben

     such  a  brittlc crack  oceurs  unexpectedly".  Consequently,

     the sening  of  the 
''scenario'"

 such  as  
"'the

 location of

     initiation ofbrittle  crack,  and  where  to arrest  that brittle

     crack''  becomcs iinportant in brittle crack  arrest  design.

      Fig,3  shows  the sccnario  sct  in these guidelines. A
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(2)

container  carrier  with  standard  structurat  form was

assurned  in thcsc guidelines. 1[Wo scenarios  wcre

considered  namel.y  
"arrest

 the brittlc crack  that has

occurred  in the hatch side  coaming  at the strength  deck

(scenario 1)'" and  
"prevent

 the propagation ot' brittte crack

that has occurred  in the strength  deck to thc hatch side

coaming  (scenario 2)".

atchsidecoaming

Scenario2

 Figure 3 Scenarios for brittle crack  initiation and  its arrest

Scope of  applicability

 The  members  to which  these guidelines are  applicuble

were  taken as  those longitudinal membcrs  around  the

strength  deck thatch side  coaming,  strength  deck, sheer

strake,  uppermost  strake  ef  longitudinal bulkhead) which

may  be eonsidered  for the hull girder strength  (hull
transverse section  modulus)  and  which  exceed  plate

thicl<ness of5O  mm,

 Rcgarding  the  thickness of  applicability  of  these

guidelines, extremely  thick steel  platcs of  thickness

exceeding  50 mm  were  taken to fa11 within  the scepe  of

the guidelines, owing  to the  reasons  mentioned  below:

- In existing  cla$sification  rules,  stccl material

     specifications  and  application  of  steel  grades to hull

     structural  members  should  dithr when  plate

     thickness of  50 rnm  is takcn as  the boundary

-
 For plates of  thickness below 50 mm,  a  number  ef

     safety  records  ofusage  ofthe  same  should  exist  in

     hul I structure  including large ships

 For steel  plates of  thickness below 50mm  also,  the

requircments  of  these  guidelines can  be applied  on  the

safe  sidc.  However,  censidering  that brittle fracture

accidents  have not  occurred  in ships  with  service  record

using  steel  plates of  thiclcness below 50 mm,  excepting  
'

special  cases  such  as  welding  nonconformities  in hull

extellsion  work  of  the ship  in service,  aggressive  use  of

these  in arrest  design as  comprehensive  requirements

may  be limited for the time  being only  for plates of

thickncss above  5O mm.
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 Ships within  the scepe  of  applicability  in which

extreincly  thick plates of  thickncss  greater than  50 mm

are used  in the hu[1 structure are  mainly  very  large

container  carriers.  Additionally, container  carriers  have

]arge hatches; therefore, redundancy  against  unexpected

brittle crack  initiation is very  small.  This is thc rcason

large contuiner  carriers  wcrc  sclccted  as  the scope  for this

guideline.

 Furthermore, the purpose of  britt]c crack  arrest  desjgn is
'"to

 prevent 1argc-scalc failure ol' hull stmcturc  by

arresting  the brittle crack  at  appropriate  locations in the

hull'', so  the strength  to be studied  was  limited to hull

girderstrcngth.

 Howcvcr, thc effectiveness  oi' existing  ruLes  (upper lirnit

of  thickness) for arresting  brittle crack  propagation in

steel  plates ofthickness  below  50  mm  is one  of  the issues

to be validated.

Assumed  applied  stress  and  design temperature

 The applicd  stress  assumed  at  ]ocatien fbr arresting

brittle crack  was  considered  as  257 Nfmm2,  which  is the

allowable  longitudinal bending stress  forY?40  steels.

 Whcn  thc  location t'or arresting  brittle crack  is

considered  to  be the strcngth  deck, the longitudinal

bending strength  of  the hatch side  coarming  top can  also

be applied  generally to container  carriers  designed based

on  YP47  stccl.

 Compared  to thc brittle erack  velocity  greatcr than

500 mlsec., the cycle  of  fiuctuation of  hull girder stress  is

a  few seconds  (4 to 5scconds). For this reason,  the

change  in longitudinal bending stress  accompanying  the

changc  in thc hul1 transverse section  rnodulus  coefficient

due to crack  propagation is considered  not  to occur  t'rom

initiation ofbrittle  crack  until  its arrest.

 The design temperature  was  taken  as  -100C, which  is

the assurned  environment  temperature  in the cxisting

classification  rules  system.

Basic requirements  of  brittle crack  arrest

designBasic

 concept  ofbrittlc  crack  arrest design

  The  basic concept  of  arrest  design is ensuring  that the

 
"rnaterial

 resjstance  to brittle crack  propagation'" is largeT

 than  tbe "dtiving
 i'orce oJ'brittle  crack  propagation",

  Qualitatively, the fo11owing method  and  pTocedure  may

be  considered:

 (a) Arrange niaterial  with  la:ge resistance  to britt]e

     crack  propagation, and  arTest  the brittle crack  that

     penetrates the  material.  (Material arrest)

                                             43
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(2)

(b) Ensure that the brinle crack  does not  propagute by

    eliminating  continuity  ofthe  crack  propagation

    route.  (Structural discontinuity arrcst)

(c) By  combining  (a) and  (b), the brittle erack

    propagation  driving force can  be reduccd,  and

    conscquently,  brittlc craek  can  be arrested  by smal]

    materialresistartce.

 TYpical examples  of  (b) include rivet joint and  stop  hole

installation, but these are  impractieal for use  in the hull

structurcs  of  existing  large container  carriers,  (a) or  (c) is

considered  to be a  practical method  used  in the brittle

crack arrest design of  large container carriers.  For

instance, in case  ofbrittlc  crack  propagation and  arrest  in

the fi11et weldcd  structurat  part ut  the  joint ef  thc  hatch

side  coaming  and  strcngth  dcck, (c) can  be anticipated  to

yie]d the  combined  effects  of  (a) and  (b) above.

Scenario for brjttle crack  arrest  desigti

 As mcntioncd  abovc,  two  scenarios  were  set for

developing these guidelines, namely:  
''arrest

 the brittle

crack  !hat has occurred  in the hatch  side  coaining  at  the

strength  deck (scenario 1)'' and  
''prevent

 the  propagation

of  brittle crack  that has occurred  in the strength  deek to

the  hatch side  coaming  (scenarie 2)".

 Fig.4 shows  a  caEculation  example  of  reduction  in

lengitudinal strength  corresponding  to the failure status

of  the longitudinal members  around  the strength  deck of

an  8,OOOTEU  container  canier,  Considering that the

probability ofbrittle  crack  to generate simultaneously  on

both sides  is extremely  low, brittle cracks  are  assumcd  to

occur  only  on  one  side.  The reduction  in longitudinul

strength  indicatcd hcrc  is not  in the brittlc crack

propagation state, but it is thc reduct{on  in longitudinal

strength  after  the brittle crack  propagation has becn

arrested  at a  certain  Iocation.

 As  shown  in Casel (Scenariol) and  Casc2

(Scenarie 2) in Flg. 4, if arrest  design is carried  out  to

satisfy  the two  scenarios  assumed  in these  guidelines, the

longitudinal bending stress  in the  hatch sidc  coaming  tep

of  the sound  sidc  fa11s becomes less than the specificd

yicld point ot' thc material  used,  and  Sarge-scale failure

can  be prevcnted. Here, evcn  if a  brittlc erack  that has

occurred  in either  the strength  deck, sheer  strake,  or  the

uppermost  strake  of  the longitudinal bulkhcad has not

been arrested  at the-butt joint (butt weld  joint in the same

line), it was  cQnsidered  to be arrested  based on  findings

in the past sincc  the plate thickness becemes smaller  than

35 mm  below the sheer  strake  and  thc  uppcnnost  strake

of  the longitudinal buEkhead and  the  hull girder stress

rcduces,

 [n contrust,  as  shown  in Case 3, when  the hatch side

coaming,  strength  deck, sheer  stralcc  or  the upperrnost

strakc  of  thc longitudina] bulkhead fails, the longitudinal

bending stress  (maximum design stress)  in thc hatch side

coaming  top on  the sound  side  excceds  tiie specified  yield

peint of  the material  used.  Tbc  longitudinaL bending

stress  in the ship's  bottom becomes 11O%  of  thc intact

condition  stress,  and  the buckling of  the bottom shell  in

the hogging condition  becomes the cause  of  concern,  In

this way,  in tlie conditioll  of  Case 3, yield of  the member

at thc deck side,  buckling ofmember  in the bottom side

occur,  leading to risk  ef  large-sealc fajlure of  the hull

structure,

Case  1:Case
 2:Case3:

  Case1

(Scenario1)
  Case2

(Scenario2)
Case  3

      

      

      

Only  hatchside ceaming  failed {one side)
Strength  deck, sheerstrake,  uppermost  strake  of  longitudina1 bulkhead  failed (one side)
Hatchside  coaming,  strength  deck, sheer  strake,  uppermost  strake  of  longitudinel bulkhead  failed (one sid

   Figure 4 Study of  scenarios  of  bTittlc crack  arrest  design (Study example  of  8,OOOTEU  container  carrier)

e)
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(3)

 That is, to prevent large-scalc failure of  the hull structure,

the propagation of  the brittle crack  that has eccurred  in

the hatch side  coaming  should  be arrestcd  at least at the

strength  deck (Scenario 1), and  propagation  of  the brittle

crack  that has eccurred  in the strength  deck sheuld  be

arrcsted  at least at  the hatch side  coaming  (Sccnarie 2),

 In view  of  the above,  arrest  design according  to the

guidelines requires  that the fo11owing two sccnarios  be

satisfied:  
"brittle

 crack  that has occurred  at the hatch side

coaming  should  be arrested  at the strength deck

CSeenario O" and  
'"propagation

 of  the brittle crack  that has

occurred  at  the strength  deck to the  hatch side  coaming

should  be prevcntcd (Scenario 2)".

Weldline shift

 The guide]ines consider  arrest  design by 
"'brittle

 erack

an'estability  of  matcrial  (material rcsistance  that arrcsts

brittle crack  propagation)'' or  
"combination

 of  structural

discontinuity cffects  und  brittle crack  arrestability  of

material"'.  Accordingly, as  shown  in Fig. 5, at locations

where  brittle crack  is to be arrested,  the propagated britt]e

crack  should  be pcnctrated  by the  base metal:  for this

reason,  the ''butt
 weld  joint ofmernber  to which  the crack

has propagatcd'' and  the 
"'butt

 weLded  joint of  member

which  the crack  is trying to penetrate" sheuld  be separatcd

by more  than a  specified  distance, (Weldlinc sbift)

                               .-' ..-

                              -  /'

  
.i--.-.-Weldedjoint

 
..i:':."-!"

  
--.--I.crackpr

l
Hatch

-

    Figure 5 Examplc ofweldline  shift in strength  deck structure
                                      '
                                      '

     A  standard  value  of  300 mm  was  uscd  as  the required

    weldlinc  shift  as  a  resutt  ofperforming  numerical  analysis

    of  the brittle crack  propagation route  under  various

    conditions.  
7)
 This is the value  on  the safe  side  that

    encompasses  various  crack  propagation  modes,  and  is

    therefore,  taken  as  
"Rule

 Principle'' in these guidelines.

    When  confirming  the validity  ofjoint  arrangement  in each

ClassNK  TECHNICAL  BULLETIN  2009
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design, such  as  in largc-scale fracture tests, this weidine

sh{ft  value  need  not  be taken.

rlYpical

 brittle crack  arrest  design

Brittle crack  arrest  design ofplate  thickness greater

than 50 mm  and  not  more  than 75 mm

 The value  for britLle crack  arrest  toughness K.. required

 for arresting  propagation  of  ]eng brittle crack  that occurs

 in hull stmctural  members  is known  te  be 4,OOO  to

 6,OOONmmr"?  or  greater at  the servicc  temperature,

 according  to past research  results.  These  are  based  on  test

 results  for steel  plates of  thickness of  al)out 35 mm  that

 were  used  on  1arge ships  at that time. in the develepment

 ot' these guidelines, the K.. required  for extremely  thick

 steel  p]ates exceeding  50mm  in thickness and  used  in

 1arge containcr  carriers,  needs  to be  clearly  defined.

  The longer brittlc cracks  becomc, the morc  thc crack

 driving  force responsible  for propagate the brittIe crack

 increascs. For  this reason,  implementation of  ]arge brittle

 fractur¢  tests  that can  be carried  out  on  test specimcns  of

 size  closer  to those on  actual  ships  is necessary  to

 understand  the propagation and  arrest  bchavior when  the

 crack  prepagation distance becomes 1arge (long crack)  as

 in actua]  ships,  Fig. 6 shows  the  1arge test equipment  used

 by the  research  committee.

(a) 8,OOO-ton tensile test (b) 8,OOO-ton tensile test

   equipment  (Nippon Steel equipment  (JIFE Steel

   Corporation) Corporation)

       Figtire 6 Test equipment  used  in large rnodel  tests

 This  research,  in considcration  of  the actual  application

and  the current  manufacturing  ability of  extrernely thick

steel  ptates, conducted  the duplex ESSO  test for

evaluating  the K.. required  for arresting  brittle crack  and

the niedium-scale cruci'forrn  structural  model  tests for

cvaluating  those using  both the brittle crack  arrestability

of  material  and  thc effects  of  structural  discontinujties.

Moreoveg  the u]tra-1arge  constniction  model  ESSO  tests

conducted  modeling  the actual  stmcture  as  dernonstration

tests, are  Mustrated  in Fig. 7, together with  thc shape  of

the model  test specimens  of  mega  structurcs  and  the
         '
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wctding  assembly  sequeace.  The  test  speclmens  were

prcpared  such  that the lower ends  of  the butt welded  part

of  the hatch side  coaming  is penetrated to the strength

deck, similar  te the conditions  ofactual  ships.

            

    "  O
            PortialweLdlng

                                Unit/mm
                1100
                                       60
       -

        Figure 7  ultra-1arge  construction  model  ESSO  tests

               cenducted  modeling  the actual  structure

                (Welding consequence  :Q)  to @)

      The  results  showed  that in both Scenario 1 (brittlc crack

     that has occurred  at  the hatch side  coaming  should  bc

     arrested  at  the strength  dcck) and  Sccnario 2 (propagation

     of  the brittle crack  that has occurred  at  the strength  deck

     to the hatch side  coaming  should  be prevented), the

     material  resistance  (brittle crack  arrest  toughness  K.,

     va]ue)  requireci  for arresting  ]ong brittle crack  after

     considering  structural  discontinuities was  6,eOO NImrn3n.

 (2) Brittle crack  arrest  design ofplate  thickness greater

     than 75 mm

      The use  ef  steel  plates exceeding  75 mm  in thickness in

     the hufl structure  ofcontainer  carriers  is not  common,  so

     the arrcst  design for stee[  plates exceeding  75mrn {n

     thickncss is an  isolated case  and  it was  decided to perforTn

     validation  by individual Iargc-scale ftacture tests.

3.4 Vblidation ofbrittte  crnck  arrest  designs

    other  than the  typica] arrest  design

 As  mentioned  above,  the requirements  related  to typical brittle

crack  arTest  design assign solutions on  the cemprehens{ve

 safety  side  considering  the practicality of  the guidelines. For

this  rcason,  when  implementing brittie crack  arrest  designs

other  than  the typicaL arrest  design in these guidelines, 
''the

validity  of  the arrest  design must  also  bc  verificd  by 1arge seale

brittle t'racture tests of  an  appropriate  size".  This is bccause

va]idation  by  large scale  brittle imcture tests of  an  appropriate

size  is essential  for evaluating  the propagation  and  arrest

behavior of  the long brittle cracks  anticipated  to occur  in actual

ships.46

3.5 Standard  test methed  for assessme"t  of

    brittle erack  toughness (K,. test method)
 The  guidelines spccify  minimum  brittlc crack  arrest  toughness

value  (K., value)  as  a requirement  for typical brittte crack  arrcst

design. Therefore, the materia] with  required K,, value  must  bc

selected,  but a  standardizcd  tcst method  tbr assessing  the K..

val  ue  does not  currently  exist,

 Studies and  fact-fi"ding inquiry weTe  implemented on  the

brittle crack  propagation arrest  tests condncted  by vaTious

organizatiens  on  the effects  of  tcst results  (K., value)

corrcsponding  to changes  in different types of  test conditions.

Based on  the results,  a  test method  that enabled  cornmon  test

results  even  for different test machinery  was  standardized,  and

was  incorporated as  annex  as  the 
"Brittle

 crack  arrest  toughness

Kc.testmethod''.

4. CONCLUSION

 The  development ofa  means  te an'est  britt]e crack  propagation

(brittle crack  arrest  design) aggressively  for large container

carriers  using  extremely  thick steel  plates based on  these

guidelines, in addition  to measures  for preventing brittle crack

initiatjon eusures  double safety,  is considered  to enharice  the

safety  of1arge  oontainer  carr{ers  against  brittle fracture.

 Thcse guidelines may  be considered  the first in the world  to

set  forth clear  functional requirements  and  comprehensive

requirements  r¢ lated to arrcsting  brittle crack  propagation,

 ClassNK continucs  to study  and  investigate issues relatcd  to

extremc]y  thick plates in large container  carriers,  and  is

planning  to further develep the  conteTit  of  these guidelines such

as  more  rational  arrest  design by quarrtitative assessmcnt  ef

stmctural  discontinuities, assessin ¢ nt  method  for britt]e crack

toughness value  by smaller  tests.
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