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MicromechanicalBehaviorandFailureMechanismofF/B
MultiＧphaseHighPerformanceSteel
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Abstract:ThedeformationandmicroＧvoidsformationmechanismsinferrite/bainite(F/B)multiＧphasesteelwiththe
volumefractionofbainitelessthan５０％ werestudiedbynumericalsimulationandexperimentalobservation．ThereＧ
sultsshowthatthemicroＧstrainconcentratesatthesoft/hardphase(F/B)interfaceinthemultiＧphasesteel,which
shouldbecorrelatedwiththemechanismofincoordinatedeformation．Duringtheneckingofthesteel,themicroＧ
voidsinitiallyformaroundtheF/Binterface,whichalsoforminferriteandbainitewiththeseverestrain．ThemicroＧ
voidsinbainitearemoredenseandfinerthanthoseinferrite．Thefailuremechanismofbainiteisthecoalescenceof
microＧvoids,andthefailuremechanismofferriteisthegrowthandtearingofmicroＧvoids．DuetothedifferentfailＧ
uremechanismsofferriteandbainite,asuitablepartofsoftphasewouldbebeneficialtothecapabilityofantiＧfailure
ofF/BmultiＧphasesteelduringtheductilefracture．
Keywords:ferrite/bainitemultiＧphasesteel;numericalsimulation;ferrite/bainiteinterface;microＧstrain;microＧ
void;failuremechanism;softphase

　　Inordertoincreasethetransportationefficiency
andreducetheconstructioncost,thepipelineproＧ
jectisheadingtothedevelopmentofhighergrade,
higherpressurelevelandlargerdiameter．TheSecＧ
ondWestＧEastGasPipelineProjecthasbeenconstructed
inChina．ThegradeofX８０pipelinesteelwasusedin
themainlinewiththediameterof１２１９mmandthe
pressureof１２MPa[１,２]．However,withtheincreasＧ
ingdemandsofnaturalgasinChina,pipelineproＧ
jectswithmoreefficiencyandmuchhighertransporＧ
tationcapacityareunderplanninganddesigning．
ConventionalX８０,X９０,X１００andX１２０pipelinesteels
aremostlycomposedoflowcarbonbainiticmicroＧ
structure[３Ｇ６]．Thelowcarbonbainiticmicrostructure
isbeneficialtohighstrengthandgoodtoughnessof
thesteel[３,４],buthasadverseeffectsonuniformelonＧ
gation,yieldratio,strainagingsensitivityandso
on[３,７]．Theconventionalpipelinesteelcannotmeet
highersafetyrequirement．Inordertoimprovethe
safetyofhighergradepipeline,akindofthirdgenＧ
erationpipelinesteelhasbeendevelopedbytheconＧ
ceptofcontrolmultiＧphase(softandhardphase)by

TMCP (thermoＧmechanicalcontrolledprocessing)[６,８]．
Themicrostructureofthethirdgenerationpipeline
steeliscomposedofferrite(soft)phaseandbainite/
martensite(hard)phase,whichcanensurethelow
yieldratioandhighuniformelongation[８,９]．Ferrite
actsasasoftphase,whichcandeformfirstlyinthe
deformationprocessandcontributetoahighuniＧ
form elongationandalow strainagingsensibiliＧ
ty[３,１０]．Bainite/martensiteactsasa hard phase,
whichcontributestoahightensilestrength．
　　Currently,multiＧphaseX７０,X８０,evenX１００
gradepipelinesteelshavebeendevelopedinChina
fornewpipelineprojects[１１]．Generally,deformation
behaviorandcollapse/failurephenomenonof multiＧ
phasesteelsaremuchmorecorrelatedwiththesafeＧ
tycriteriaofthepipeline．Therefore,thedeformaＧ
tionbehaviorandfailuremechanismofmultiＧphase
steelsshouldbestudiedintensively．Inthepresent
work,thedeformationbehaviorandfailuremechanism
ofF/B (ferrite/bainite)multiＧphasesteelwiththe
volumefractionofbainitelessthan５０％ (X８０grade)
wereinvestigatedby micromechanicalanalysisand



experimentalobservation．

１　ExperimentalandSimulationMethod
１􀆰１　ChemicalcompositionsandmicrostructureofexperiＧ
mentalsteel
　　AlowcarbonmicroＧalloyedsteelwasemployed
toinvestigatethedeformationbehaviorandfailure
mechanism．Thechemicalcompositions(mass％)of
theexperimentalsteelwereasfollows:C０􀆰０４,Mn
１􀆰７５,Si０􀆰２２,Nb０􀆰１０,(Cu＋Cr＋Ni)０􀆰５andFe
forbalance．Theexperimentalsteelwasobtainedby

TMCP．Cylindricaltensilespecimensformechanical
propertiestestingwerecutinthelongitudinaldirecＧ
tionofthesteelplate．Metallographicspecimens
weregroundandpolishedfirstly,thenetchedbya５
vol􀆰％nitricacidalcoholsolutionforafewseconds．
Themechanicalpropertiesofthesteelarelistedin
Table１．ThesteelreachesthegradeofX８０,andthe
maincomponentsofthesteelareacicularferrite,
bainiteandafewquasiＧpolygonalferrite,asshownin
Fig􀆰１．Thevolumefractionofbainitewasobtainedby
measuringtheareafractionofbainiteinopticalmicroＧ

Table１　Volumefractionofbainiteandmechanicalpropertiesofexperimentalsteel(engineeringvalue)

Volumefraction
ofbainite/％

Yieldstrength
(Rt０􀆰５)/MPa

Tensilestrength
(Rm)/MPa

Yieldratio
(Rt０􀆰５/Rm)

Uniformelongation
(UEL)/％

Totalelongation
(TEL)/％

４７􀆰０ ５６０ ８４８ ０􀆰６６ ９􀆰０ ２８􀆰９

Fig􀆰１　Opticalmicrostructureofexperimentalsteel

structure(OM)ofthesteel．

１􀆰２　FEMsimulationmethodbySHAmodel
　　MicroＧstraindistributionintheexperimentalsteel
hasbeenstudiedbySHA (stackedhexagonalarray)

model[１２,１３]．SHA modelisonekindofRVE (repreＧ
sentativevolumeelement)model．ThemacroＧscopic
structureofthesteelcanbeestablishedbyfinite
numbersofperiodicallyarrangedunitcellsinRVE
model,andthe micromechanicalbehaviorofthe
steelischaracterizedbytheunitcell．Meanwhile,
thestressＧstraincurveofthesteelwasobtainedby
homogeneous method[１４,１５],whichcanbeusedto
comparewiththeexperimentalstressＧstraincurve．
ThestructureofSHA modelisapproximatelyperiＧ
odichoneycomb,ascanbeseeninFig􀆰２(a)．Theunit
cellofSHA modelisshowninFig􀆰２(b),whichis
approximatedtoacylinderwiththecoreofsecond
phase．Meanwhile,thecrosssectionofSHA model
canbeseeninFig􀆰２(c)．TherearethreebasicpaＧ
rametersinSHA modelknownastheaspectratio
(Ra),theneighboringfactor(Nf)andthevolume
fractionofsecondphase(VS)．ThemeaningsofRa

(a)PeriodichoneycombstructureofSHAmodel;　 (b)AneighthofunitcellinSHAmodel;　 (c)CrosssectionofSHAmodel．
Fig􀆰２　SchematicofSHAmodel
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