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MeCllanicalCharacteristicsof

aDuctileMaterial

-OnCreepRecoveryofASARCO281-

Takeshi lTo

1． Introduction

ASARCO281 isakindofverysoft alloywhichhasbeenmanufacturedfrom

AmericanSmeltingAndRefiningCompanyandbeenusedinwideareaasaneasy

moldingmaterialatlowmeltingpoint・ Besidesthisisaductile-typematerialnot

seeninsuchanironalloy・ Thiskindofmaterialwill beneededhighenergyfor

itsplasticdeformationinordertohavelatentcrackgrowth､1)Forthisreason,itis

necessarytoincreaseanappliedforcefordevelopingthecracks・ Creepisaphy-

sicalphenomenonparticipatinginonesidephaseofthischaracter.

Ingeneral, steelandlightalloyshowa large creeponlyat hightemperatUre

(over250｡C)． However,ASARCO281showedalargedeformationunderacompres-

sivestress, andductileflowlikeasoft solidwasobservedevenat roomtempera-

tureandinashort time・ Itbecomesamatterofgreatconcerntoclarifythecreep

characteristics,2),3)experimentsweremadeonASARCO281cylindricalspecimenswith

anuniaxialcompressiveloading・ Alargeamountof !1recovery"ofplasticstrainwas

observedintestsbuttherewasnosuddenchangeinplasticstrain・ Several laboratory

mechanicalbehaviorofASARCO281conductedeqautionsofcreep(whichmeanshere

negativecreep, but itwillbenamedsimplycreepinsubsequentsections)strain

timerelations・Thisisapreliminaryreport onanexperimer'tal studyof elastic

after-effectofaductile-typematerial.

／

2． SpecimensandTestProcedure

Specimensare2inchesindiameterand4incheslong, andrightanglesurface.

Thecompositonofthisalloyis58%bismusand42%tin・Themeltingpoint is281o

F(138｡C).Theyaretestedbyaconventionalcompressiontestthroughanordinary

testingmachine(Riehle380,0001bs)withaseathavinghardenedplatens.Thetesting

machinemeasuresthesumofthehydraulic loadonthe specimenandalsodraws

thelongitudinalstrainthat ispickedupbyL.V、D.T.system(electricgauge)on

thedatasheet;Fiveloadingsandunloadingsarerepeated. Afterfinalunloading,

stressisreleasedandimmediatelycreeprecoveryismeasured ineachtimeinter-

val・ Selectedstress level ismainly intherangesofOto2,5001bs/in2 andOto
5,0001bs/in2.Thesetestswerecarriedout at roomtemperature(22.C)and ina

shorttime(=60minutes).
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3． AnalysiSofExperimentalReSultandDiscuSSion

Recoveredstrainwascelibratedfromthe testingmachine record, andcreep

recoverywasalsocalculatedfromtheload-strainchartaftereachtimeinterval.

Inthiscase, ifthetotalstrainisassumedase=ep+ee, inwhichePistotal

plastiCstrainandeeiselasticstrain, thetotalplasticstrainisrepresentedasfollows:

eP=ePl+ep2+eP8+eP4+eP5 ･ （ 1 ）

Similarly, recoveredstrainisexpressedas:

4e=24sj
（2）J

Now,wedefineherem-thcreeprecoveryas:
In

24Sj
｡

』＝1
（3 ）Rc(m)==

Zepi
i＝l

InFig.1,Rcisindicatedinpercent (%).episaconstantineachtest,4eisa

variablewithrespecttotime・ Onecanseethetwogroupsof creeprecovery-time

relations3 1nthis figure, theupperoneconsistsof small total strainandslight

steepslopelines, theotherismadeupwithsomegentleslopelines.
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Fig.1 CreepRecoveryTimeRelationships

Themainreasonoftistendencyisbasedonhowfastplasticstrainisrecovered

dUringnormalstress(o)isreleaSed.Thiswillbeexplainedlater.

Asisseeninthefigure, simpleexperimental formulaewereobtainedrelating

''Rc"andtime,'t"(inminute)fortwogroups.
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Rc=cY+610gt ､ (4)
cMandParematerial~constants, thesewerefoundtobe:

α,）＝10．9， α2）＝3.60, β,）＝0.308, β2）＝0.298.

1)and 2)aregroupsuffix・ Thustheeq.(4)becomes

Rcl)=10.9+0.3081ogt
｝ （， ）Rc2)=3.60+0．2981ogt

IfoneconsidersafterlOOminutes, therelationmaybeassumedinthefollowing

generalform,insteadofeq.(4),as :

Rc=q+610gt+7t6 （6）

wherej'and6arematerialconstantstobedeterminedfromachart. Morelong

periodoftimetestsappeartobenecessarytodetermine7and6．

Plasticstrainaftert-minuteisgivenby

4e
（7）ep ==

α+61ogt

Ifrecoveredstrainisverylarge,eq． (7)becomes

ep=4e Or ep= Se （8）

butmostcases, sp>4e.

Toaditferentstresslevel, aninterestingtendencyappearedasshowninFig. 2

whichdescribestherelationofepandloadingcycle(N). Inthe figure, (1) and (2)

arestresslevelsintherangesofapproximateOto2,5001bs/in2andto5,0001bs/in2.

Fromthefigure, thestrainratiobetweentwostresslevelsischilnginginexpOnential
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inproportionasnincreases・ With tl,e limit of tl,isexperiment, thediagram

indicatestherelationwhichmaybeexpectedbyasimpleequationsuchas
K=/(W)N(n'-n2) (nl>n2) （9）

whereKisamagnificationbetweenlargedeformationandsmalldeformationin

respectingthestresslevelsandloadingcycles,WisafunctionofKanddepending
uponweightratio,n,andn2areconstantsdependinguponwhetherthedeformation

islargeorsmall. Todeterminetheratioofthedeformation, theeq.(Omight be

solvedexperimentally.

Considerthevariationofrateof recoveredstrain(et)． It dependshighlyon
timeespeciallywhenalargecreeprecoveredatthebeginningofrelaxationofstress.

Therelationcanl)eexpressedas:

1oget = 1og似一klogt （10）

where"andkarematerial constants. Theexperimental resultswhichwere

obtainedinthewaydescribedaboveareshowninFig、 3． Inthiscase,"average
andkaresolvedas18.75and0.675, thus

18．75
st＝ （11）

；/~『了

Byusinge上=4e/t,eq. (10)becomestothefollowinggeneralform.
〃4e= （12）tk_1

Fromeq・例andeq．⑫, recoveredstrainmaybeexpressedintheformof

ep={似t-(k-1)}(cr+6109t)-】 （13）

Accordingtothisequation,wecanestimateappropriatecreeprecoveryifwe

takeproper",k,"andPineachcase.Theapproximationsofplasticstrains"y
bemadedependinguponwhetherthetimeisshort or long・ Ifamaterialhaga

ケー･j

largedeformation, theplasticstrainrecOveryratewillbefast. ThisalSO-tellsils

thatat lowstressandminimumtime, asmall Creep recoyerY…Will beraised・ It

seemstobequiteallrighttoconsiderthat it ishardtodeformthematerial bya

small creeprecovery. Therefore,Rccanbechangedcontiniouslybyoperatingthe
testingmachineatanytime. InthiSexperiment,Rcisdevidedintotwostages

concerninget/owhichisanindexofwhetherthematereialdeformationishardor

easy,becausest/oeqaulstoep/o･tandl/E･t (complianceperunit time).-It is to

saythatthelowerstageishardfordeformationinFig、 4,andwhichsuggeststhat

thetwostagesarebasedroughlyonfollowingtentativeboundaries.

一 To upperstage,RC>25%;.･9t/o<2.0
｝ （'4）To lowerstage,Rc<15%; et/o>2．0

Fromaboveanalysis,Rccanberewritteninthefollowingform.

〃
Rc=--F= （15）

t(k-1)ep

creeprecoveryrateisgivenbydifferentiatingtheeq. id.

dRc － β
●

Rc=－－－－ （ 16）
dt t

【

I

し

昭和47年1月



94 Takeshi lTO

' ≠Plasticstrainrateisalsoexpressedas:

e;="{(4=42+ETLgg-β｝P 色

tk (cI+61OgtJ

= {"(1-kl一βfep.t(k~1)} ep ( 17)
似 t

Similarly,wefindanequationofrecoveredstrainrateas:

"｡=~Fg=T(1-k)=(1=k) 4｡
〃

（18）
t

CombiningaboveeqUations,weobtainageneralequationofthefollowing .

form:

● ● ●

ep - 4e Rc
（19）

ep 4e Rc

● ． ●

Consequently, creeprecoveryrateisfoundinrelatingRc,4e, ep,4eandep.

Obiviously, thevalueof creeprecoveredratecannot beconstant, althoughthe

plasticstrainwillremainconstantaccordingtoloadingcycleineachexperiment.
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Fig． 4 TwoStagesoftheDeformability

AreliableconcluSion'cannotbedrawnduetoaninsufficientnumberofexpe-

rimentalsamples,buttheinvestigationtoASARCO281,asatemporarystandard,

indicatesthepossibilityoftheanalysisofductile-typematerials.
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4. ConcluSionS

Forunderstandingcreep,itseemsnecessarytoexplainthemechanicalbehavior

of thematerial・ Thepresent investigation isessentiallyanexplorationof this
idea・ Thispapersuggestedsomeeqautions forcreep characteristics inthecase

ofuniaxial compressivestress. BysomepreliminarycreeprecoveryexPeriments,
itwasdeduced that thebehaviorofASARCO281 testedindicatedapproximate

agreement toanordinaryelasticafter-effect of organicmaterialsevenatroom

temperatureandinashorttime,althoughcreepisstronglyinfluencedbytemperature

andtime.Thesameideamightbeappliedtocomparewiththecaseoftensionand

torsiontestsorotherductiletypematerials.Furtherresearchisnecessaryforvalue

analysisinrespecttolaboratorytestingforcriterionforcreepof longperiodof

timeanddifferenttemperatures.

Ac陶伽0""dgf"2"/s.T"gα"t肋γ"is〃幼tha"ルPro/gssOγR， E、 Good沈α",""/"ef's"yo/

Cα"んγ〃jg,Beγﾙgley, Depαγ伽e"to/C"〃E"gi"ee""g,んγ'"'αγi"gオルge"gγ伽e"fs.

T舵j""2S地α"0”γg加γtedj"ｵ〃sdoc泌沈g"ｵ"as h如伽ys"ggesfedbyh畑ｫogγαsp thg

characte"s"csorASARCO281.He〃αdasか0"gi"/I"g"“0〃 オ脈sγesearc〃α"〃〃αs

eSpeciα"yhel〃"〃〃〃zαﾙﾒ"g#hge"gγ畑e7z/s.
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