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Abstract:ThecombinedeffectsofmartensiteＧaustenite(MA)constituentandpearlitecolonyoncleavagecrackinitiaＧ
tioninthesimulatedcoarseＧgrainedheatＧaffectedzone(CGHAZ)ofVＧNＧTimicroalloyedoffshoreplatformsteelunＧ
derdifferentheatinputswereinvestigated．Theresultsofweldingsimulation,instrumentedimpacttest,andquantiＧ
tativeanalysisindicatedthatthesizeoftheMAconstituentdecreasedwiththeincreaseincoolingtime,andbyconＧ
trast,thesizeofthepearlitecolonyincreased．AccordingtoGriffiththeory,thecriticalsizesofcleavagemicrocracks
werecalculated．Withtheincreaseofcoolingtime,thecalculatedmicrocracksizecouldbecharacterizedbythesizeof
theMAconstituentfirst,andthenfittedwiththesizeofthepearlitecolony．Moreover,thecalculatedmicrocrack
sizevariationwasoppositetothemicrocrackinitiationenergy．Thisphenomenonisprobablyduetothecombined
effectsoftheMAconstituentandpearlitecolonywithincreasingthecoolingtimeofthespecimen′stemperaturefrom
８００to５００℃．
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　　OneofthedevelopmentprospectsofmicroalＧ
loyedsteelwithhighmechanicalpropertiesformodＧ
ernoffshoreplatformapplicationistoimprovethe
highheatinputweldability[１]．HighheatinputweldＧ
ingcouldpromotetheweldingefficiencyaswellas
minimizetheconstructionperiodofoffshoreplatＧ
forms[２]．However,severetoughnessdeterioration
couldoccurontheheatＧaffectedzone(HAZ)ofthe
weldingjoint．Specifically,thecoarseＧgrainedheat
affectedzone(CGHAZ)showsconspicuousembritＧ
tlement,whichisalsoreferredtothelocalbrittle
zone(LBZ),hasdrawntheattentionofnumerous
researchers[３Ｇ５]．Duringweldingsimulation,theCGHAZ
experiencesapeaktemperaturenearthe melting
pointandsubsequentlyamediumcoolingraterange．
HighpeaktemperaturecausesthefailureoftheparＧ
ticlepinningeffect,therebyresultinginpriorausＧ
tenitegraincoarsening．Thebrittlemicrostructures,
includinggrainboundaryferrite,sideＧplateferrite,
coarselathＧ/granularＧbainite,and second phases

(MAconstituent,pearlitecolony,etc．)areformed
eventuallyintheCGHAZbecauseofthe medium
coolingrateandcoarseＧgrainedprioraustenite[６,７]．
　 　 The VＧNＧTi microalloyed offshoreplatform
steelisspeciallydesignedforhighheatinputweldＧ
ingthroughprecipitationstrengtheningandgrainreＧ
finingstrengtheningtoguaranteethetoughnessof
CGHAZ．However,manyaspectsofCGHAZtoughness
stilldeservefurtherinvestigation．Accordingtothe
studyofLiandBaker[８],thepresenceofMAconＧ
stituentratherthancarbidenorinclusion,playsa
majorinitiationroleofcleavagefractureintheinterＧ
criticallyＧreheatedcoarseＧgrainedheatＧaffectedzone
(ICCGHAZ)．Lanetal[９]statedthatthesizeof
MAconstituentscancharacterizethenucleationsize
ofcleavagecracks,whichfurtherconfirmsthedeteＧ
riorationeffectof MA constituentonthe HAZ
toughness．Huetal[１０]noticedthatthepearlitecolＧ
onyisalsothecracksource,whichcouldsignificantＧ
lydecreasethecrackinitiationenergyandcrack



propagationenergyofCGHAZ．Chenand Yan[１１]

pointedoutthatthepearlitecolonycouldactasthe
nucleusofcleavagefractureinCGHAZ．Although
the MA constituentandpearlitecolonyareoften
preferredasthenucleusofcleavagefracturesin
CGHAZorICCGHAZ,quantitativestudiesofboth
theMAconstituentandpearlitecolonyascleavage
microcracknucleusarerarelyreported．Moreover,
thecombinedeffectsofaforementionedsecondphaＧ
sesonthecleavagemicrocrackintheCGHAZunder
differentheatinputconditionsstillremainunknown．
　　ThepresentworkaimedtodeterminetheinfluＧ
encemechanismofMAconstituentandpearlitecolＧ
onyoncleavagecrackinitiation,andtoascertain
theircombineddeteriorationeffectsofMAconstituＧ
entandpearlitecolonyonthetoughnessinCGHAZ

ofVＧNＧTimicroalloyedsteel．

１　Experimental
　　Table１showsthechemicalcompositionofthe
VＧNＧTimicroalloyedsteel．Thespecimensforthe
weldingthermalsimulationwerecutfromanexperiＧ
mentalsteelplateandmachinedintosampleswith
dimensionsof１０５mm×１０５mm×６５mm．This
thermalsimulationexperimentwasconductedona
Gleeble３８００thermomechanicalsimulator．Thewelding
thermalcirclecurvesareillustratedinFig１．The
specimenswereheatedto１３５０℃at１００℃s－１and
heldfor１s,thencooledwitht８/５ (thecoolingtime
ofthespecimen′stemperaturefrom８００to５００ ℃)
of１０,３０,６０,and１００s,whichweredeterminedby
the２DRykalinmathematicalmodeltocharacterize

　　　　Table１　ChemicalcompositionofVＧNＧTimicroalloyedsteel　　　　　mass％

C Si Mn P S Als Ni Ti V N

０１４７ ０２８ １５５ ０００９ ０００１ ００３６ ０００５ ００１１ ００７４ ０００９

Fig１　Schematicillustrationofweldingthermalcycle
curvesforCGHAZsimulation

thecorrespondingheatinputs．
　　Thespecimensforthemicrostructuralstudies
werewireＧcutfromthesimulatedspecimensalong
thetransversedirection,rightonthethermocouple
spots,andthenpreparedbystandard mechanical
polishingproceduresandetchedina４vol％nitalsoluＧ
tion．Theprocessedspecimensforthemicrostructure
wereobservedusingaHitachiS４３００scanningelecＧ
tronmicroscope(SEM)．ThinfoilspecimensofCGHAZ
fortheFEITecnaiG２F３０transmissionelectronmiＧ
croscope(TEM)investigationwereslicedandmeＧ
chanicallythinnedto５０μm,andthenelectropolished
byatwinＧjetelectropolisherinasolutionof１０vol％
perchloricacidand９０vol％ethanol．
　　Quantitativemicrostructureexaminationwasalso

conductedbySEMtoclearlyidentifytheMAconＧ
stituentandpearlitecolony[１２]．Thesizeandarea
fractionofatleast１０００ MAconstituentsand１００
pearlitecolonieswere measured withSEM microＧ
graphsusingtheImageProPlussoftware．ThesemiＧ
crographswereappropriatelyselectedfrom７０ranＧ
domfieldsforeachspecimen[１３]．
　　StandardCharpyVＧnotch(CVN)sampleswere
obtainedfromthesimulatedCGHAZspecimens．ImＧ
pacttestswereconductedusinganinstrumentedimＧ
pacttester,andatleastthreeimpacttestresultsfor
eachoftheheatinputswererecorded．Thefracture
surfaceoftheCVNsampleswereetchedwith４vol％
nitalsolutionfortheSEMobservationtorevealthe
locationofthecleavage microcrackinitiation．The
CVNsampleswerecut,polished,thenetchedfor
secondary microcrackobservationaftertheimpact
test,asillustratedinFig２．

Fig２　Schematicofspecimencuttingforsecondary
crackobservation
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