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ABSTRACT

 Br'ittie .fi"aeruJ'es qf' tSre hnli strticttu'e  craMse  serious  ,ytruc/tittul,  .fiital aprd  envitz]nnTeiitag  cZ:iitiage  oiice  th(v, hampen.

7Vierqtb' re,  ships  are  basical(y dlesigned atid  consti'ucted  in sttc,k a  }vdo'  lo preveiit bt'itde crac'ks,fi'ont  occitrt'ing.  Furthep,

ef b.}, cbtinee  a  bi'ittle c]uck.  occurs,  it is essentiag4}'  and  extrentebt  iiuportant tltat a  baclatp hi'i;tle trra[,k  crriwsling

.fimction i,y proi,ided to ari'est  iis propagatioit and  to ensui'e  str'ticturtul reXiability.

 As an  ei,aiuation  niethod  ofan'esi toughrtess, sevei'at  test methody  hat,e been dei]elopect' RobeiVson tes1 (i95S), LISSO

test (J 955), L)ouble tensioii test (195S) andotJters.  ilt t7te ition?ent  tenq)ei'atttre, ihe  g}'adienr ope ESSO  test is the most

popiilaJ' method.fbi'  the determtnation (lf'  tke afi'est  totrghnas's ofi}taterial u.ved  be['au,se oj'iis ['ons,enience.  Hbivei,er,

rhere is no  code  or  srandZird  Ess() lest clespite  ils long histotl)t hi this  i'eport,  vvit]i the  goat ql'dei,etoj)ing' a  stantlard  Qf'

itssO tesL c672ictg of testing cotiditiens  - thai is, tbickne,ss c?f' inb ?plate Mny'dth qf rab plape  distance bet",een pins,

iempei'attt}'e gJ"adient and  ei'ack  length - on  the evaXuated  K.. vaiues  ca'e  i.nvaTtigaled bn,esligation is basedon  JnaFlj" gatlge

sc'ale  eiwck  anres't  tasts rvith  1 6, 50 and  80 n7m  ihiek lb"･' :arboi7  steefplates  ttondiieted  b.y.1?)ur research  groiq)s in .Jopan.

 77iis research  has beeJi conthicted  tvJ the researeh  c'ommitlee  qf'the Nipaoti 1<aij'i K.voftai ('ClctssJVK) and  its resitrls

hat'e been summarized  and  incooporated in their 
'`Guideli"es

 vn  Brittte Crack .4  rrest  Design ",
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l. JNTRODVCTION
1.1 Review  ofwide  plate test methods  forarrest

    teughness  determination

 The uvo  principal phi]osophies for the  avoidafice  oF  brit't]e

fracture are  <i) to prcvent the initiation of  cracks  and  (ji) to

select  materia}s  which  wi]]  arrest  brittle running  cracks

fo11owi]ig c]'ack initiation. The brittle crack  arrest  concept  in

uddition  to brittle crack  iitllitttion controt  rnakes  it possib]e to

achjeve  
'double

 integ.rity' by  preventing bot]1 biittie crack

initiatien aiid propagation This cencept  is etTective  andi

essentia1ly  imix)rtant for the  integrily of  sorne  large sta'Ltclun'es

whose  accidental  fa"ure may  involve significanl  seeial  damages.

The  cloul)le integrity concept  can  be applied  te the low

tefnp¢ ialure  stor[tge  taiiks of  liqueficd gases, such  as  LNG  or

LPq  penstocks  ofhydraul  ic power  plants, lars,e scale  ships,  etc.

 In order  to evaluate  the arrest  toughness  eE' imaterials,  vark}us

test methods  ",ere  tieveloped, In partic-lar. full-scale

component  testing, tlie most  realistic  way  of  assessing,  is,

however, neither  econoniic  nor  practical fi)r mest  steel

conslructions.  A  nlore  practical way  ls to car])J out  large-s<,ale,

strucku'allyrepresentative.wideplatetests.

 Thc  first ",ide  plate crack  aiTest  test was  developed by

Rebertson  (1953) at  the UK  Naval  Construction Researclt

EstELblishment. A  typica] test method  is drawn in Fig.1 . The test

plate is coolect  te the terllperature  ofinteTest  and  subject  te  the

maximum  design stress. A  rtmning  erack  is then  injtiuted by
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impacting the  notched  
`ear'

 ofthe  test plate. The test result  is

sirnply  a statenient  whether  a  rLmning  crack  is arrested  (-ne

ge') or  not  Cgo'), Frequently. gradient temperature  tests have

been canied  out  in which  an  jncreasing temperature  fie]d was

imposed  on  the specimen  by  eoeling  olle  end  and  heating tlie

ethen  in this set-up,  the crack  arrest  temperatu;e is defined,

tcr £

ewp-"e

inlpti-Ne T-ewh Ema.,.
twmai"-eeesijent

pm--"-f`-pt

lcri "ptkekdidw#Ndelenk

     Figure 1 Principle and  geemetry  ofRobertson  test

                   (Wiesner, 1995)

 A  second  widely  used  wide  plute crack  arrest  test  is the ESSO

test, w]iich  was  developed in the 1950s {Feely et  al.,19S5)  as  a

modificatien  oi' the Robertson test fo]Iewjng the failure of  two

gtorage  tarrks eperated  by Standard Oil Development Company

(]ater ESSO). The princip]e ef  tlie test is shown  in Fig. 2, The

hrittle erack  is initiated by  dTiving a  vvedge  iii!o a  Vshaped  s!et

which  has a fine saw  cllt at its reot,  A  duplex technique is alse

employed  where  a brittle crack  starter  plate is attached  te the

test matedal  proper  which  acts  as  the  crack  jnitiator, see  Fis,. 3.

The  ESSO  test is the  rnest  commen  piethod  of  evaiuation  of

arrest  toughness  at the moment  in Japaii because of  its

convenlence.
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Figure 2 Principle and  geomemty ofESSO  test
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           Figure3 Duplextypewicteplatetest

 The doubte tension test, ",hieh  was  developed in Japan  by

Ybshiki and  Ka]azawa  (.1958}, avejds  the comp]ication  of  !he

impact blow which  is necessary  to initiate the brittle craek  iii

Rohcrrtsen test and  ESSO  tests, Instead, the erack  is iniriated by

64

applying  a  subsidiwy  ]oad to t]le edge  of  the plate yia  a

secondary  leading tab, see  Fig. 4. As  in the  Robertsoti and

ESSO  tests, thg isothemnal set-up  wil]  lead to a  
'go'

 1 `no

 go"

resu"  and  thc temperature  gradient set-up  will  reslllt crack

arresttelnperat-'e.
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   Figure 4 Principle and  geemets>f ofdouble  tension test

         (Koshiga, lmazawa and  Talcehana, IP63)

 ln most  regent  studies,  after  the  work  of  Ybsltiki and

Kamazawa  (1963), the test results  are  analyzed  not  oniy  in

tenns  of  a given applied  stress  but alse  to calciLlate  tite app]ied

stress  intensity t'uctor at  arrest.  i.e. the  crfick  arrest  toughness:

K,,. =: crVJill･y  e}

 Wltere a  is the appjied  stres$, a  the arrested  c]'ack  length and  Y

fi dimenslonle$s fimctlon ofplate  seometry and  crack  length.

 Alsa, in the case  of  the tgmpeTature  gradie"t test. K..  is

generally repi'esented  as  an  Arrhenius  type function ef  arrest

temperature  (absolute lemperature),  TL, i.e. the crack  arrest

toughness:.

K.. 
==

 aV)Ill･y=K,  exp(-  ft. 
-)
 

(2)

 Where ?(b, Zi are  the material  constants

1.2 Limited scope  oftesting  parameter ofwide

     plate arrest  tests

 Wlien those witie  plate tests are  conducted.  varjous  testing

conditiolls  should  be set. Sorne vesearchers  have peinted  out

that these testing condiiions  mtty  jnfiuence the test results.

Kanazauva et al. (1 97l) repQrted  one  important finding, tltat is,

fer lonBer arrested  crack  length, a load drep occttrred  close  to

t]ie crack  patli prior to arrest,  They  proposed scaling  the  crack

arrest  toughness  vftlue  lising  the ratio  of  dynamically measured

Ioad at  airest  to initia] Ioad, which  imptoved the applicability  hi

the results.  However, large-scale tests should  be riesigned te

avoid  such  complications.  Stress waves,  which  emanate  from

the propagating  craek  tip, are  refiected  at the Ioading

boLmdaries of  the tcst specimen  and  may  influence a  cTack

arrest  event  wlign  thcy rettrm  to the crack  tip region  (Remzi,

 1985). Therefore, to ensure  sttuctural]y  representative

             ClassNKTECIINICALBULLETIN2010
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eonditions,  the crack  arrest  event  should  occur  prioT to the titne

t,,, which  js needed  for t]ie stress  waves  to t'ravel to the

specimen  boundarics and  back. A]i esti]"ation  of  this lime has

been  by  Wiilous, hby and  Wbod  (19g4):

fs2Lfc  (3) ".

 Where  L is the  distanee to the neaTest  louded boundary  <the

refiections  frorn the top and  the botlom edge  of  the  test plate

ai'e  ignored) and  c the stress  wave  veloeity  (t>vically 58aO nx/s

in stee]). In oreer  to avoid  the stress  wave  issue, a  sufi'ici{mtly

long and  wide  speeinien  is reguired  compared  with  the length

of  arrested  erack.  However,  practical limitation of  specitnen

dimensions  or  tab plate dimesisions have  siot  been  tevealed  yet.

 On  the ot]ier  hand, Ailittra et al. 099S) jnyestigareel that

temperatu]/e gradient influenees arrest  test results  very  rnuch  by

the ditfbrence ot' thickriess of  the  sidc  ligament behind  the

ruiming  crack  tip. Howcver. practjcal ]iniitation of  temperatui'e

gradients has not  been  res,ealed  yet.

 In 1'his brief report,  the llSSO  test is chusen  as  the afrest

toughness  test and  ai'rest toughness  data obtaineci  by a lot ef

ESSO  tests is verified  with  the airn  of  quantitative defiAition oi'

experimenta1limitationoftestingconditions.

2. Effk:ct ofthickness  and  width  oftab  plate

   on  Kca evaluated  by a temperature

   gradient type  ESSO  test

 In mosL  ESSO  tests. the specimen  is not  directly eennected  fo

the test rig  Reusable tab  plates are  usualJy  iised  between the

specimen  and  tcst rig  for sttving  the  Msed  amount  of  inaterial

tested. Hewever. the comieetion  bounclaiy to  tab  p]alc

sometimes  becomes a  i'esource  oC' rei]ection  ofstress  wave.  In

this chapte"  the  ellktct of  {he diniensions ef  tub  plates on  arrest

toughiiessevaluationsisquantitativelyevaluatett.

2.1 skeelused

 Thickness, chemical  cornpositiens  and  mechanical  propcrties

are  sho-ii  in Tables l atid 2, respectively.  Steel is manufaclured

by'normalizing, Chaipy impact va]ue  is me(  in EH  grade

requil'ement.

Table]Chemicalcomositionofstee]used{masb'e/e]

Chemicaleornesitiens
SteelThickne$s[mm]csiMnPs

Norma-1 16 O.06e.131.37a.ee6O,OO16

Table2Mechaniealproperties,ofsteelused

Tensilep[eperty
Charpyimpact

roperty
SteelYP[Ntmm2]TSNJmrn2]EL[e/olvE.4oJ]vTrs[deg.C]

Norma-13214483B.8355-94

22  
'Ik]stingcenditiens

 Fig. 5 shows  the general methed  of  testifig, A specimen  is

connected  with  a  tab plate ut  both ends  by welcling.  Dynamic

change  of  strain  and  displacemeAt  aTe  measured  riuring crack

nirming.  Crack  speed  is also  nicusured  by a  crack  gttuge.

T{rmperature gradient Ss contix]lled  on  the speciinen  by ceoling

the staTt side  and  keating the other.  In ordei'  to evaluate  the

efi'ect  oflhe  dimensions  ofthe  tab p]ate, 8 specimens  are  tested.

Thickness of  tab  plate, to and  width  of  tab p]ale, Bo, are  varied,

as  shown  in Tbble 3.imt"/,t"/rv/tn/-t,t''Z/･.ttelttm't.rtpmTrittt../t,/.t,tgt.T,to.te/st.ltt,\ttt"t"ri=v.!nt

['/･t.P.1/t,-gt't ;t,/pttbl,'.,,/".,tls//

..tt- t--

/[.J

ta/tt,//

!t-///i,oer-

nv

tt,t.1PF.ti.e,tt/,el'310tttttr.t//E,1,t/s/tli

tttt.P,nttt/s"tt,t//ttn'ttttttt

-tt:1

kt"･t'-titicto//'･t,,',eo

t"

t/.,EttTd･,t,Eo-t

¢/1･,t-//tt./e,/h-/.,tal

t'

           
tF/[::/t,e

Fig"re 5 Dirnension ofspecinien  and  general t')fdynamic

               lneasurelnent

Tes('inu-ble3 conditiong,ot'brittlecrackarrtsttoughnessK,.testforeva]uationoftheeffectofthicknesg,und-vidlheftabpla

MarkDistance
betweenpinsLpmm

Thickness
oftabpiatetomm

WidthoftabplateBommThicknessi,lLengthofiWidthofIAimedtemperature
efsp:lt//menl[fAvk,{]I.spe:l2.menll SPeii61.M,en/i･[dg.dr

g

aldcy[fes",t.1

TM-Nl-a1500 16 "6irt.OI500t500I O.25,..
tttntLU500''"'S'6b''''''''' ,-,w.--."TM-Nl:ipt'1500"'rt6 'di'innii-6'-"m'rv't"'k':-o""i'''5'b6'""'r36oi'o.2s

TM-Nri-3lseo 24nt, 500500''".w-.-1-Qrm.rm....i･..L,･i5t..;-.5P.Q...,t,-in....5-O-Q.mu.nvi-.-.-.-,.-.,9..-2.-5.",,.nv...H
i1.5,500l.500i O.25

"i-M"---nii'L'E'"M'nvh'so6M'
24 16 l

TM-Nrt-51500 50--mL. --ri6----;i-grl[}l---i.･･-g:g･-･--･-il--:-oog,･----l.･---･o･2s........'T'M'-Ni-6''asoo'50T"--'500''66o
16 O.25

TM-Nrt-7t500 24- fi6l.1.si,.,soo,..ifiooI o.2s......fi"m,...1000-rm,-.･tooo w''

TM-Mm81500 24
. ･.1.-..･

46l'Ti"Isool,sool,･ o,2s
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2.3 
'fest'

 results

 Fig. 6 shows  the exutnple  of  the specimen  afier  testing. The

acrested  crack  length is defined as  tlie distanee fi'om the  edge  at

start slde  to the deepest poini of  brittle fracture surface.  A)so,

[ke  arrested  temperature  is determined by an  inlerpolative

calculation  from  the temperature  vecord.  In the aiTest  toughness,

K.,, ]s calculated  by Eq. <4) in which  the  configumtion  ef  the

ESSO  test specim,en  is considered.

                   z

 Flgure6  Definitienofarrestedcrackleneth(ex.TM-Nl-4)

 ESSO  {est resulrs  are  pletted on  ar!  Arrhenius  reSationship  in

which  the  horizontal axis  is the  i]werse number  olr  the

temperature  afid  thevertical axjs  is the ]ogarithm rrumber  oi'K...

It .is weil  known  that  the test results  ef  each  materiELI  are

ljnear!y plotted on  this chai't (Eq. (4)). As  shown  in Fig. 7,
'results

 of  TM-Nl-i--2. 3-4 and  7--8 are  located in almost  the

same  band; howevcr, only  that the results  of  TM-Nl-5-6  afe

higher than the other  is obvieus.  This overest{mati(m  of

TM-Nl-5-6  is thouglit to be caused  by unioading  stress wave  at

the beundary between the specimeii  and  tab plate cttiTiiig crack

numing.  This possibly mettns  that eva]uatien  by uslng  a thick tab

plate tends  ta be un  inaccurate evaluation.  It ean  be cencluded,

at Ieast, that thickness ot' the tab plate is allowect  tq be increased

witil  1 ,5 times the  thickness  of  the specimen.  Also, it can  be

said  that to use  up  to 2 times a  wi'der  tab plate than the width  of

the test plate has li ttle eff'ect Qn  the  result,

          20000
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3.6 3,8 4

 looOfrk[Ki]
liSSO  test result4.2

3. Ethet ofdistance  between pins on  Keft

   evaluated  by a  temperature  gradient type
   ESSO  test

 During  crack  running,  test rig elastically  defomis the

speeimen  at  constant  displacement through  pins. That is, if the

distance betweell pins is very  short.  arL unleading  stress  wave

conveys  from crack  face to test rig  and  ffna]ly the crack

become easy  to  ai:rest. Ui tl]is chapter,  the limitation scope  of

the distunce between pins is investigaled.

3.1 Steel used

 Normalized I6 mm  thick steel  plate (Tlables 1 and  2) is used

as  welt  as  in the previous chapter.

3.2 [Ristingeenditiens

 Basic tesling condition  measureinent  system  is also  the same

as  in lhe prevjous chapter,  as  shown  in Fig. 5. Ibble 4 sbows

test conditions  in whieh  the distatice between pins is set  to

3500 rnm  to compare  to the 1500 mm  in the previeus chapter.

3.3 [fest results

 Fig, 8 shows  the  ESSO  test resutts. The results  of  the 3SOO nmi

conditjon(TM-N  1-9-t 1) are  locatedin almost the same  band as

thal fbr in the previous cliapter's  data, except  t})r the  50 nmi

thick  tab  plate conditicni,  Fuuthermore, in Fig. 9, sjmilar

arrested  crack  length cenditions  ef  the 
`

 1 500 inm'  and  
`3SeO

 mm'

resuJts  are  compared.  The arrested  craek  length ot' both

cenditions  is around  300  mm,  which  is re]atjvely. Ieng. The

upper  chnrt  is the  record  of  the breaking titne of  the erack

gauge. This reco]'d  leads to an  estimated  arresting  time,  The

lawer  chart  shozzss  the dynamic  strain  change  record  aroimd  pi,n,

No  chaiige  happens at the time of  arresting  ef  crack.  That  is,

l500mm  is a surncient  length for the  distance between  the pins
ft'em the viewpoint  ef  the  unloadiRg  stress  wave  effect.

         2oooe

.F"  riMEE2nv
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Tttble 4Ibsling  condition  of  brittle cfack  arTest  toughness  K.,test for eva3uatien  of  ihe effect  of  distance between pins
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4. Effectoftemperaturegradientandcrack

   Iength on  Kca evaluated  by a temperature

   gradient type  ESSO  test

 As  described ill the introductlon. temperature  gradient a]se

exetcises  a major  inguence over  ESSO  test resu]ts  by the

ditik]rence of  developtneiil et' the side  ligELment, Fixing a  valid

range  of  ci'ack length is ktlso  itnportant. Long  crack  rLLtming

may  lead to stress  re]axation  by utileading  stress  wave.  In this

chapter,  using  a thicker plate. effect  ofteruperature  gvadieiit and

crack  lenglh arc  investigated.

4.1 Steelused

 T",o kinds of  steel,  50  and  80  mm  thick,  are  used.  Chemicul

coinpesitions  tmd  mechanical  propei'ties are  sho-m  in Tables 5

and  6, respectit,ely.  Steel is manvfactured  by no"nalizing,

Chaxpy  irnpaet values  are  met'  in ]IH grnde requirement.

Table SChemiva]  conipositions  o{' steel  used  [massD'o'1

Steel
ChemicalcompositiensThiekness[mm]csiMnP

s

Norrna-250O.13O.40ri.43O.Ot4O.O03

Norma-480O.16O,421.5rtO.OMO.O04

Tahle6MechEmicalte)ertiesofsleeluseti

TensllepropertyCharpyimpact
property

SteelYP[Ntmm2]TS[Ntmrn?]vE-40{JlvTrs[deg.Cl

Norma-2364 514 220-72

Nermaal366 532 rt61-35
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4.2 
'festingconctitiens

 ESSO  tests were  cenducted  at thTee dilferent sites in Japan.

festing system  and  general ofdynamic  measturement  are  shQwn

in Figs. 10 to 12, respectively.  

'festing
 cenditions  are  shown  in

Tgble 7. The duplex ESSO  test )s a]so  conducted  for the

condition  Gf  temperature  grudient 
'O'.

 For  easily  propagation

through the running  plnte and  we]d  meta1,  suitablc  embrittled

plate and  welding  censLimab]es  ut'e appiied  for the constructjon

ofa  dxplex IJ, SSO  test.
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4.3 [Ibstresults

 Tbst results  are  showri  in Tbb!e 7 and  Figs. 13 to ]4. K., values

of  steep  teilrperature gradient eendjtions  show  a  lewer  va]ue

than tliat of  a  gradual ene  in both  Nornia-2 and  Nerma-4. Also,

K.. values  ofO,2S  deg. CImm  conditien  and  K.. Ievel estimatedi

frem resu]ts  ofthe  duplex test are  almost  the  same.  Considering

t]iat in an  actual  strllctuve t]iere is no  teniperatirre gradient, O.50

deg. Clmrn condition  is loo severe  to evaliLate  K., value.

 in ortier to investigate lfre etiect  ef  crack  lengths, results  ef

TM-N2-4  <arrested crack  length==340 nmD  and  
-S

 (emrestea
eraek  iengtlFi70 min)  should  be coinpured.  These two  plets

are  located on  the almost  the  same  line, This  means  that

evaluation  under  the condition  of  erack  length between these

two  lengths is constant  and  valid.
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Tletble 7Tbsting  conditions  anid  test results
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5. Numerical simulatien  foranalysis of

   stress  reflection  at  tab  plate
 ln tlie pfev{ous chapter,  the efi'ects  ef  the  diunensions ot'  tab

plates en  ESSO  test results  ztve shown  by  way  of  experirnent.

These effects  are  caused  by slress  wave  transmission. In this

ehapter,  i'mdings obtained  Z}y lhe  experjgnent  are  verified  by

usins,  un  ana]ytical  approach  {delails are  descT{bed in Ando  et

al., 2e09).
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5.1 Anah,sisconditions        v

 In order  to simulate  an  ESSO  test system  ofexperiments  using

Norma-1  steel, a l71t'-niodel is cTe"Ied,  as  sho-'n  in Fig. I5,

Other  analytica]  condttiotis  are  surnmarized  in Table 8. Crtick

propagation is simuiaLed  as  the  releasing  Qf  constraint  arouiid

ilodes  arrallged  on  a symnietric  t'ace (crack propagutioii palh),

By  a[ljusting  the  rate  of  re]easing  of  comstraint  of  the  nodes,

crack  velocity  can  be varied.  rn this invcstigation. three  paLterns

of  crack  velocity  are  chose,n.  as  sliown  in Fig. 16. `V-ctsanLte'

 is

the sehematic  line based  on  typical actual  crack  ve]ecity  data.

Generally cra ¢ k velecit.v  i'ncreases  jn the  ilrst step  then

decreases until arresting.  Also constant  lhe  velocit>i  conditions,

]OOOnVs and  10or)nVs. ure  investigated for uriderstandjng  the

trend ef  efft cl on  crack  velocity,  Dl'iving foTce for brittle crack

propagation is esescribed Hs  u  stress  inlens{ty t'actor as  welg  as

an  experimenita1  result.  K,v is ea]culated  at each  step  by an

as,erage  value  of  stress  coitiponent  during the  step  time  at  the

position ofr  distance in fi'ont efthe  tip o['the  erack  and  Eq, (S).

         1
tog ff,,,, =: -Tlog(2m')+log K. C-K)
         "
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5.2 Analysisresults

 Transition  of  K,i under  eopditions  of  various  thicknesses

of  a  tab plate is sho"m  in Fig, 17, In these figu]'es, 1<d of

single-eclge-notclied  tension panel (SENT: very  long dimension

for longitudinai directien and  no  consideration  ef  stress

refiection,)  alid  some  kind of  statie stress  intensity factors are

alse  shown  for ecrmparison.  The dot!ed ]jne shows  the result  of

SENT  and  solid  line shows  that of  the actvai  ESSO  test

configtrrution  CActual Modei). K, Kd atid  a  are  expressed  as  the

non-dimensional  parameters, nvoJPP: KLVaNS"PY and  a,'M  The

Kti value  ef  Actual Model  is smaller  than  tliat of  SENT  at aiiy

crack  velocity.  Aceording te the results  oftti  =ti= 16 mni,  there is

no  difTbrence between different loading boundary cendit{ens,

That js, imder  a  conditjott  of  1.5 m  of  distance between pins,
stress  Tefiection  does  not  affecl  Kd value.  Therefo]'e, in ether  tab

plate thjckr]ess conditions,  stress  refiection  at  the bou"daiy

between  specimen  and  tab piate affkcts  a decrease ot'  stress

areund  the crack  tip. Viewing `VchEmge'
 conditioii,  as  crack

velocity  is smallet  at  large atrv  region.  Kriof the Actuni Model

1recomes remarkably  low. This {s because when  cTaek  veloci{y

is small.  dLtration for crack  ttrruning  becotnes  longer und  there is
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more  stress  reflection  effect.  In the case  of  the  50nun tab plute,
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decreELse rate  is 20--3e %.

 These analytica}  results  are  in exceilent  agreemeut  with

experimental  findings described in the  preyious clvapter,
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6. Establishmentofbrittlecrackarrest

    toughness  Kca test method
 ClassNK estabtished  the 

'Guidelines
 on  Brittie Crack iNirest

Design'  in Sep{umber  20e9. ]" this guideline, the 
`Brit'tle

 Crack

itrrest  Tbugliness K,, Test Methed' is included as  a  standard

evaluation  method  t)f arrest  toLtghness. Majer regulatiens

specii"ied  in this g"ideline are  ghown  in Fig. 18, which  k]volves

a]I  eiperimental  and  analytical  resulrs  of  this time

investigation,

Figure18  Majorreguirenientin'`BRSTTLECRACK

  ARREST  TOUGHNE,SS  Kea TEST  METHeD']

7. CONCLUSIONS

 In this repoa't.  with  the goal ef  develvping  a  standard  IISSe

test, £he etfects  of  testing cenditions  
-
 that is, tke thickness of

tab p]ates, width  of  tab plates. distance between pins,

temperatuTe  gradient and  crfick  iorngt1i - en  the evaluthted  K..

yalues  are  iiivestigated, lrwestigatiGn is based  on  many  laree

scale  crack  arrest  tests with  16, 50 alld  80  mm  thick low caTbon

stee]  plates conducted  by  t'eur research  gvoups  in Japan.

 Finally, taking the resulls  of  a nwnericft1  simulation  of  a

d>mamie  FEM  aRd  each  physical rneanins,  into consideratien.

control  ranges  of  such  testing  conditions  werc  ebtained  as

fb]}owsz-

 IZ) use  a Ihicker  tab p]ate thsn the test plaLe is qua]itatix'ely

  on  the unsafe  sjde  ofevuluation:  however. Ltp to a l.5 tinles

  tliicker tal) p]ate than the test p]ate has  little efTkrct on  the

  result,-

 Tb use  up  to a  2 tlmes wider  tab p]ate than the ividih  of  test

  plate has little err'ect on  the Tesult.

-
 Short distmicc between pins tends to bring dowi] ]oad drep ttt

  the Eime  ot'  erack  afi'est. so  distance between  pins shall  be

  tnoTe  than  1 SOO  nim  for 3SO mm  efpropagated  crack  ]ength.

-
 Large amouiit  ol' telnperature  b,raclienT gives a  snialler  K..

  eva]uation,  w'ith the s,radient up  to O.2.E des,. C/mm  cotldition

  K,, vulue  nearly  eq"u]  to that ot' duplex type tost resuils  (no

CIassNKTECHNICAI.  B{JLLETIN  2010

  temperaturegradienttype),

 Obtained tlndings are  invelved in the  newly  establ,ished

standaTd  for evaluation  o{'  urrest  toughiiess, `Brittle
 Crack

Arrest TbLtehness K.  Test Method'.
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