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ABSTRACT

ToinvestigatethetensiledeformationbehaviorofhighstrengthantiＧseismicsteelwithmultiＧphasemicroＧ
structure,tensiletestswithstrainsof００５,０１２and０２２wereperformedatroomtemperature．MicroＧ
structureoftestedsteelswasobservedbymeansofopticalmicroscopy(OM),transmissionelectronmiＧ
croscopy(TEM)andscanningelectronmicroscopy(SEM)．Tensilemechanicalpropertiesoftestedsteels
wereobtained,andtheinfluenceofbainitecontentondeformationbehaviorwasalsodiscussed．MeanＧ
while,thedeformationmechanismofsteelwiththreekindsofmicrostructuresofbainite,pearliteandferＧ
ritewasanalyzed．Resultsshowthattestedsteelwithhighvolumefractionofbainiteexhibitsacontinuous
deformationbehavior,andthismaybeattributedtoahigherbainitevolumefractionandalowermobile
dislocationdensity．Themorphologyofmicrostructurewillinfluencethemechanicalpropertiesoftested
steels．Anincreasingcontentofbainitecanimprovethetensilestrength, butreducetheplasticityand
toughnessofthetestedsteels．Inthedeformationprocessof００３９Nbsteel,theferriteandbainitehave
prioritiestodeform,andthedeformationexhibitscoＧdeformationofallmicrostructuresinthelaterstage
ofdeformation．Inthedeformationprocessof００２４NbＧ００３２Vsteel,theferriteandpearlitehaveprioriＧ
tiestodeform,andthedeformationexhibitscoＧdeformationofallmicrostructuresinthelaterstageofdeＧ
formation．

１．Introduction
　Asoneofthecommonandunpredictablenatural
disasters, manycasualtiesandenormousproperty
damageswerecausedbyearthquake．Thus, more
attentionsonantiＧseismicpropertyhavebeenpaidto
buildingstructures[１] ．AntiＧseismicsteel,whichplaysa
vitalroleinreinforcedconcretestructures,hasbeen
widelyusedintheconstructionindustry．SteelsunＧ
dergoextremelygreatalternatingloadsandcanbe
destroyedeasilywhentheearthquakehappens．The
failuremodelsofsteelsduringstrongearthquakes
areoftenhighstrainlowcyclefatigueandstrainagＧ
ingbrittleness．ShengandGong[２] verifiedthatlow
cyclefatiguewasthefailuremodelofconcretebuildＧ
ingstructuralsteelsunderearthquakeloadsbyinＧ
vestigatingtheseismicruinofTangshanhappened
in１９７６inChina．TheantiＧseismicpropertyofsteel
isdirectlyrelatedtothesafetyofpeople′slifeand
propertyintheearthquakearea．Therefore, itis
verynecessarytodevelopnewtypesofantiＧseismic

steelsandimprovetheantiＧseismicpropertyofthese
typesofsteels．ThemainantiＧseismicpropertiesof
steelconsistofahighratiooftensilestrengthverＧ
susyieldstrength,auniformyieldstrength,along
uniformdeformationperiodafteryielding, andan
optimumcombinationofstrengthandplasticity．BeＧ
sides,strainagingsensibilityandweldingproperty
aresuggestedtodeterminetheantiＧseismicproperＧ
tiesofsteel[３] ．Inaddition,accordingtotheChinese
nationalstandardGB１４９９２—２００７, theantiＧseisＧ
micpropertyof５００MPagradesteelmustalsomeet
thefollowingrequirements: (１)theratioofmeasured
tensilestrengthversusmeasuredyieldstrengthof
steelisnolessthan１２５; (２)theratioofmeasured
yield strength versus the eigenvalues of yield
strengthstipulatedbythenationalstandardofsteel
islessthan１３０; (３) theelongationofsteelat
maximumforceisnolessthan９０％．
　ToachievethegoalofimprovingtheantiＧseismic
propertyofsteel,idealmicrostructurecombination
isneeded．Nowadays,thecombinationofmicroＧalＧ
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loyingtechnologywithcontrolledrollingandconＧ
trolledcoolingmethodtoobtainmultiＧphasemicroＧ
structurehasbeen mainlyadoptedtoimprovethe
antiＧseismicproperty ofsteels．The presence of
bainiteinthemicrostructureviatheadditionofNb
elementcanachieveoptimumantiＧseismicproperty
whencompared withtraditionalantiＧseismicsteel
with microstructure offerrite and pearlite．By
meansofNb, V orNbＧV microＧalloying method
withcontrolledrollingandcontrolledcoolingtechＧ
nologyinplainＧcarbonＧbasedsteel,themicrostrucＧ
turecombinationofsteelwithferrite,pearliteanda
smallamountofbainiteexhibitsexcellentantiＧseisＧ
micproperty．Basedonamountsofstudies,itwas
foundthatdifferentNbcontents[４] , differentmicroＧ
structurecombinationand microstructurecontent[５Ｇ７] ,
the morphology[８] anddistributionof microstrucＧ
ture[５Ｇ７,９] wouldinfluencethedeformationbehavior
ofsteels．GarciaＧMateoandCaballero[８]analyzedthe
deformation mechanism ofultraＧhighＧstrengthbaiＧ
niticsteelandpointedoutthattheexcellentcombiＧ
nation of yield strength and ultimate tensile
strengthwasrelatedtotheexistenceoffinebainitic
platesandretainedaustenite．Choietal[１０] considＧ
eredthatthebainiteformationandthebalanceofall
phasesobviouslyinfluencedtensiledeformationbeＧ
haviorofFeＧ１０MnＧ００９CsteelwithmultiＧphasemiＧ

crostructure．Furthermore, moreattentionshavebeen
paidtothestudyofthedeformationbehaviorofsteel
withmultiＧphasemicrostructureinrecentyears．AlＧ
thoughthereareamountsofstudiesonrelationship
betweenmicrostructureanddeformationbehaviorof
dualＧphasesteel, relevantreportsontriplephase
steelduringtensiledeformationprocessarelacked．
　AccordingtothepreviousstudiesonantiＧseismic
propertiesof５００MPagradesteel,itwasfoundthat
steelwith microstructureofferrite, pearliteand
bainite exhibited excellent antiＧseismic property．
However,thedeformationbehavioronsuchkindof
steelwasrarelyreported．Therefore, thepresent
studyaimedtoinvestigatethedeformationbehavior
andmechanismonsteelwiththreekindsofmicroＧ
structuresofbainite, pearliteandferrite．Besides,
theeffectofvolumefractionofbainiteondeformaＧ
tionbehaviorwasalsodiscussed．

２．ExperimentalProcedure
　Theexperimentalmaterialsusedinthisstudy
weretwokindsoflowＧcarbonNbmicroalloyedhotＧ
rolledsteelsproducedbyasteelcompanyinChina,
andbothoftheirdiameterswere２５mm．ThechemＧ
icalcompositionsofthetestedsteelsareillustrated
inTable１．
　Thesteelbilletswereuniformlyheatedintheheating

Table１
Chemicalcompositionsofthetestedsteels(wt％)

Steel C Si Mn S P Ni Cr Cu V Nb
００３９Nb ０２２ ０５３ １４３ ００２２ ００３０ ００１９ ００２１ ００８０ ０００４ ００３９

００２４NbＧ００３２V ０２４ ０５０ １４８ ００２４ ００２７ ００３０ ００８４ ００９０ ００３２ ００２４

furnaceatthetemperatureof１１５０－１１８０°Cfor３０min．
Meanwhile,thecontrolledrollingandcontrolledcooling
technologywasexecutedduringmanufactureprocessＧ
ingofthesteelbillets．Tensiletestswereperformed
inairatroomtemperature,usingauniversaltesting
machineataconstantstrainrateof１０－３ s－１．AcＧ
cordingtotheChinesenationalstandardGB/T２２８—
２００２,thetensilespecimenshadgaugedimensionsof
８mm (diameter)and４０mm (length)．
　Specimensforscanningelectronmicroscopy (SEM)
andtransmissionelectronmicroscopy(TEM)obserＧ
vationweretransverselysectionedinthedeformed
areaofspecimens, andthesurfaceforobservation
wasperpendiculartotherollingdirection．ThespeciＧ
mensforSEM observation were mechanicallypolＧ
ishedandthenetchedin４vol％ nital．ThesubＧ
structuresofferriteandthemorphologyofpearlite
wereobservedbyTEM．ThecorrosionsolutioncomＧ
posedof６vol％ perchloricacidand９４vol％ glacial
aceticacidforTEMspecimenpreparationwasused．
　Twogroupsofspecimensweresubjectedtototal
tensilestrainsof００５, ０１２and０２２respectively．

Thequantitativeanalysisresultsforvolumefraction
ofdifferentmicrostructuresofsteelsweremeasured
preciselybymeansofmetallographicanalysissoftware
ImageTool V３０．VickersmicroＧhardness measureＧ
mentswereconductedontransverseplaneusingmiＧ
croＧhardnesstester．

３．ResultsandAnalysis

３１．Originalopticalmicrostructure

　Fig１showstheoriginalopticalmicrostructuresof
thetestedsteels, andthesetwokindsofsteelsare
composedofferrite,pearliteandbainite．ThemicroＧ
structuresof００３９Nbsteelarecomposedofalarge
volumefractionofbainite,ferriteandasmallvolＧ
umefractionofpearlite, whilethemicrostructures
of００２４NbＧ００３２Vsteelarecomposedofalarge
volumefractionofpearlite,ferriteandasmallvolＧ
umefractionofbainite．From Fig１(a),itcanbe
foundthattheferriteishighlyirregularinshape,
andalargeamountofquasiＧpolygonalferriteanda
smallamountofacicularferritecanbeobserved, while
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