
CREEPCREEP FAILUREFAILURE

�� TheThe startstart ofof tertiarytertiary creepcreep indicatesindicates thatthat damagedamage inin thethe metalmetal hadhad occurred,occurred,

whichwhich willwill endend inin creepcreep failurefailure..

�� “But“But whywhy shouldshould tertiarytertiary creepcreep occuroccur atat all?”all?”

�� ItIt hashas beenbeen shownshown thatthat inin steadysteady--statestate creepcreep therethere isis aa balancebalance betweenbetween twotwo

opposingopposing tendenciestendencies:: TheThe trendtrend forfor thethe strengthstrength ofof thethe materialmaterial toto increaseincrease

duringduring creepcreep byby strainstrain hardeninghardening andand thethe trendtrend forfor thethe strengthstrength toto decreasedecrease byby

recoveryrecovery..

�� ““ WhatWhat happenshappens toto upsetupset thisthis balancebalance whenwhen tertiarytertiary creepcreep begins?”begins?”



CREEPCREEP FAILUREFAILURE

�� SteadySteady--statestate creepcreep isis onlyonly aa metastablemetastable statestate thatthat cancan bebe broughtbrought toto anan endend byby

irreversibleirreversible changeschanges

�� TheThe onsetonset ofof creepcreep isis anan indicationindication thatthat voidsvoids oror crackscracks areare formingforming inin thethe

material,material, thethe numbernumber ofof thesethese voidsvoids increasesincreases withwith strainstrain andand timetime.. ByBy reducingreducing

thethe netnet crosscross--sectionalsectional areaarea ofof loadload bearingbearing material,material, thesethese voidsvoids mustmust weakenweakenthethe netnet crosscross--sectionalsectional areaarea ofof loadload bearingbearing material,material, thesethese voidsvoids mustmust weakenweaken

thethe materialmaterial andand helphelp toto induceinduce tertiarytertiary creepcreep..

�� TwoTwo typestypes ofof voidsvoids havehave beenbeen mainlymainly observedobserved inin alloysalloys afterafter creepcreep:: roundround andand

wedgewedge shapedshaped voidsvoids

�� TheThe mechanismmechanism ofof voidvoid formationformation involvesinvolves graingrain boundaryboundary slidingsliding



• Wedge crack:

� Initiate mostly at grain boundaries which are aligned for max shear.

• Round or elliptical cavities (r-cracks)

� form in the grain boundaries that are aligned normal to the tensile 

stress



PresentingPresenting CreepCreep DataData

�� CreepCreep deformationdeformation involvesinvolves 44 majormajor variablesvariables:: stress,stress, strain,strain, timetime andand

temperaturetemperature

�� TheThe methodmethod ofof presentingpresenting datadata usedused dependsdepends onon thethe particularparticular questionquestion toto whichwhich

aa designdesign engineerengineer requiresrequires anan answeransweraa designdesign engineerengineer requiresrequires anan answeranswer

�� OneOne importantimportant informationinformation isis thethe timetime itit willwill taketake aa specimenspecimen ofof aa materialmaterial toto

reachreach aa particularparticular creepcreep strainstrain atat aa specifiedspecified temperaturetemperature

�� ThisThis isis providedprovided byby plottingplotting isometricisometric stressstress--timetime curvescurves



Strain
(iv) > (iii) > (ii) > (i)

Isometric stressIsometric stress--time curves for different strainstime curves for different strains



Isochronous stressIsochronous stress--temperature curves temperature curves 

for the time to produce 0.2% creep for the time to produce 0.2% creep 

strain for Nimonic 80A alloystrain for Nimonic 80A alloy

�� OtherOther importantimportant questionquestion anan

engineerengineer mightmight askask isis::

�� MyMy componentcomponent mustmust notnot exceedexceed aa

creepcreep strainstrain ofof 00..11%% inin 500500 hours,hours,

WhatWhat isis thethe maximummaximum stressstress thethe

materialmaterial willwill supportsupport atat 10001000 K?K?

�� InIn thisthis casecase wewe useuse IsochronousIsochronous�� InIn thisthis casecase wewe useuse IsochronousIsochronous

stressstress--temperaturetemperature curvescurves



• For long-time creep and stress rupture data

�1% deformation in 100,000 h (11.4 years!!!) 

�Impractical to collect data from normal laboratory test.

�Therefore, we need to perform creep test/creep 

rupture test at temperatures in excess, and making 

suitable extrapolation to the in-service condition.

Prediction of long-time properties

suitable extrapolation to the in-service condition.



LarsonLarson--MillerMiller ParameterParameter

�� StressStress rupturerupture oror failurefailure datadata forfor highhigh temperaturetemperature resistantresistant alloysalloys areare oftenoften

plottedplotted asas loglog stressstress toto rupturerupture vsvs.. aa combinationcombination ofof loglog timetime toto rupturerupture andand

temperaturetemperature.. TheThe LarsonLarson--MillerMiller (LM)(LM) parameterparameter isis mostmost widelywidely usedused..

P(LarsonP(Larson--Miller)parameter = T(log Miller)parameter = T(log ttrr + C)+ C)

�� InIn termsterms ofof KK--hourshours::

P(LM) = {T(0C) + 273(20 + log P(LM) = {T(0C) + 273(20 + log trtr)})}

�� AccordingAccording toto thethe LarsonLarson--MillerMiller parameter,parameter, atat aa givengiven stressstress levellevel thethe loglog timetime toto

stressstress rupturerupture (failure)(failure) plusplus aa constantconstant multipliedmultiplied byby thethe temperaturetemperature remainsremains

constantconstant forfor aa givengiven materialmaterial..

•• T,  is the temperature in K.T,  is the temperature in K.

•• ttrr,  stress,  stress--rupture time, hoursrupture time, hours

•• C, constant, is assumed to have a C, constant, is assumed to have a 

value of 20.value of 20.



CREEPCREEP CONTROLCONTROL

�� TheThe objectivesobjectives ofof creepcreep controlcontrol areare toto produceproduce (use)(use) aa materialmaterial thatthat isis stablestable

underunder specifiedspecified levelslevels ofof stress,stress, temperaturetemperature andand environmentenvironment..

�� TheThe materialmaterial shouldshould notnot changechange itsits dimensionsdimensions (or(or creep)creep) andand shouldshould notnot loselose

itsits integrityintegrity oror fracturefracture..

�� InIn practicepractice truetrue stabilitystability atat highhigh temperaturetemperature hashas nevernever beenbeen achievedachieved andand thethe

developmentdevelopment ofof alloysalloys isis aa mattermatter ofof tryingtrying toto retardretard inevitableinevitable changeschanges inin thethe

materialmaterial

�� ““ThereThere isis aa finitefinite lifetimelifetime forfor aa componentcomponent inin serviceservice underunder stressstress atat highhigh

temperaturetemperature””



ExampleExample:: turbineturbine bladesblades forfor jetjet enginesengines

�� TheThe strategystrategy usedused toto developdevelop NickelNickel--basedbased superalloyssuperalloys forfor turbineturbine bladesblades hashas

33 aimsaims::

11.. toto inhibitinhibit thethe oxidationoxidation ofof thethe alloyalloy (add(add Chromium)Chromium)

22.. toto inhibitinhibit thethe deformationdeformation ofof thethe grainsgrains (add(add AliminiumAliminium andand titanium)titanium)22.. toto inhibitinhibit thethe deformationdeformation ofof thethe grainsgrains (add(add AliminiumAliminium andand titanium)titanium)

33.. toto inhibitinhibit thethe deformationdeformation betweenbetween thethe grainsgrains..

�� IntroduceIntroduce precipitatesprecipitates atat thethe graingrain boundariesboundaries (carbides)(carbides) whichwhich

reducereduce graingrain boundaryboundary slidingsliding

�� AlignAlign thethe graingrain parallelparallel toto thethe appliedapplied stressstress (directional(directional solidification)solidification)

�� CompletelyCompletely removeremove thethe graingrain boundariesboundaries (single(single crystalcrystal turbines)turbines)



Comparison of creep properties at 980Comparison of creep properties at 980ooC  and 207 MPa of MARC  and 207 MPa of MAR--M200 in  M200 in  

equiaxed casting, DS and SC turbine bladesequiaxed casting, DS and SC turbine blades
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