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-Steel power plants

-Oil refineries

-Chemical plants

High operating temperatures

Engine jet ----1400oC

Steam turbine power plants: pipes carry steam 

(~566oC, pressure ~ 3500 psi)

High temperature applications

(~566oC, pressure ~ 3500 psi)

surface reentry temperature ~ 2800oC (e.g. Apollo rocket)

…Temperatures generated within the hottest area during 

ballistic reentry may exceed 11,100°C 



Strength becomes………

very dependent to strain rate and time of 
exposure

What happen to the strength at 

elevated temperature 

Called

Creep



MECHANICAL FAILURE -

CREEP



ISSUES TO ADDRESS...ISSUES TO ADDRESS...ISSUES TO ADDRESS...ISSUES TO ADDRESS...

•  Creep curve

•  Revisit dislocations

•  Revisit diffusion

MECHANICAL FAILURE – CREEP

•  Revisit diffusion

•  Creep testing

•  Creep failure

•  Larson-Miller parameter



• Many engineering components are exposed to high 

temperature for a long period of  time.

• Changes within the component due to this (at constant 

stress) is called Creep.

• e.g. Turbine blade within a jet engine, steam generator.

World trade center, WTC collapsed, due to creep
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World trade center, WTC collapsed, due to creep



WHAT IS CREEP?WHAT IS CREEP?

–– TimeTime –– dependentdependent permanentpermanent plasticplastic deformation,deformation, whichwhich generallygenerally occursoccurs atat
highhigh temperaturestemperatures (T(T >> 00..44TTmm),), underunder aa constantconstant loadload oror stressstress..

• It can also happened at room temperature for soft metals 

such as Lead.

• It is a slow process, where deformation changes 

with time.

CreepCreep isis importantimportant inin applicationsapplications suchsuch asas:: turbineturbine bladesblades (jet(jet engines),engines),
gasgas turbines,turbines, powerpower plantsplants (boilers(boilers andand steamsteam lines)lines) whichwhich mustmust operateoperate
atat highhigh stressesstresses andand highhigh temperaturestemperatures withoutwithout anyany changeschanges inin
dimensionsdimensions..

THEORYTHEORY OFOF CREEPCREEP

CreepCreep behaviourbehaviour ofof aa metalmetal isis determineddetermined byby measuringmeasuring thethe strainstrain
((εε)) deformationdeformation asas functionfunction ofof timetime underunder constantconstant stressstress



tertiary

INCREASING T

strain, ε

σ,ε
σ

time
elastic

primary secondary

tertiary

T < 0.4 Tm

0

0 t



CREEP
• Creep occurs even with high strength materials with high 

heat resistant.

• At high temperature atomic bonding starts to fail, causing 

movement of  atoms and atomic planes.

• Restructuring of  atoms also occur at high temperature.

• Movements of  dislocations also more likely at high 

temperature through diffusion.

Creep is dangerous as an unanticipated failure could prove fatal.

Typical creep rate:

Jet engine: 1% in 10,000 hours.

Steam generator: 1% at 100,000 hours.

Special test required!!!!!!!!!!
To evaluate performance of materials at high temperature



CREEP CURVECREEP CURVE

1.1. Stage IStage I: Primary Creep: Primary Creep

�� StrainStrain raterate decreasesdecreases asas strainstrain increasesincreases..

ResistanceResistance toto plasticplastic deformationdeformation:: strainstrain

hardeninghardening

22.. StageStage IIII:: SecondarySecondary (steady(steady--state)state) CreepCreep

(used(used asas designdesign tool)tool)
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Typical Creep Curve

�� StrainStrain raterate minimumminimum andand constantconstant

�� BalanceBalance betweenbetween recoveryrecovery == strainstrain

hardeninghardening.. FractureFracture willwill notnot occuroccur..

33.. StageStage IIIIII:: TertiaryTertiary CreepCreep (failure(failure--rupture)rupture)

�� StrainStrain raterate increasesincreases.. reductionreduction inin crosscross--

sectionalsectional areaarea duedue toto voids,voids, neckingnecking

reducereduce

Stage III

Stage II

Stage I



Creep Curve

• The slope of creep curve is referred to ‘creep 
rate’ (dε/dt)

• instantaneous deformation : elastic 
deformation due to applied load and occurs at T deformation due to applied load and occurs at T 
< 0.4 Tm.

• During the creep test, applied load is 
constant, thus the specimen will elongate and it 
cross sectional area will decrease.  



1.1. Stage IStage I: Primary Creep: Primary Creep

–– StrainStrain raterate decreasesdecreases asas strainstrain increasesincreases.. ResistanceResistance toto plasticplastic deformationdeformation::
strainstrain hardeninghardening

� deformation becomes more difficult as the material is strained.

22.. StageStage IIII:: SecondarySecondary (steady(steady--state)state) CreepCreep (used(used asas designdesign tool)tool)

–– StrainStrain raterate minimumminimum andand constantconstant

–– BalanceBalance betweenbetween recoveryrecovery == strainstrain hardeninghardening.. FractureFracture willwill notnot occuroccur.. TheThe–– BalanceBalance betweenbetween recoveryrecovery == strainstrain hardeninghardening.. FractureFracture willwill notnot occuroccur.. TheThe
materialsmaterials becomebecome softersofter andand retainsretains itsits abilityability toto experienceexperience deformationdeformation

33.. StageStage IIIIII:: TertiaryTertiary CreepCreep (failure(failure--rupture)rupture)

–– StrainStrain raterate increasesincreases.. reductionreduction inin crosscross--sectionalsectional..

–– Failure,Failure, duedue toto microstructuremicrostructure and/orand/or metallurgicalmetallurgical changeschanges ee..gg.. graingrain
boundaryboundary separationseparation andand thethe formationformation ofof internalinternal cracks,cracks, cavitiescavities andand voidsvoids..



• Specimen geometry:

Creep test is conducted in uniaxial tension using 
specimen having the same geometry as for 
tensile test. 

For brittle materials : uniaxial 

compression test more appropriate.



For long-life application e.g. nuclear power plant components, is scheduled to 
be use for several decades and when failure or too much strain are not the 
options.

For short life application: e.g. turbine blade in military aircraft and rocket 
motor nozzles

- time to rupture or the rupture lifetime, t is the dominant design - time to rupture or the rupture lifetime, tr is the dominant design 
consideration

- Thus, creep characteristics of a material allow the design engineer to 
choose right materials to suit a specific application.



• At temperature below 0.4 Tm and after the initial deformation, 
the strain is virtually independent of time. 

• With increasing stress or temperature:

1.The instantaneous strain at the time of stress 
application increases

Stress and temperature effects

application increases

2.The steady state creep rate is increased

3.The rupture lifetime is diminished





Effect of STRESS and TEMPERATURE on SteadyEffect of STRESS and TEMPERATURE on Steady--State CreepState Creep

1.1. Temperature constantTemperature constant

�� SteadySteady--statestate creepcreep datadata followsfollows::

CC andand nn areare materialmaterial constantsconstants

(some(some reference,reference, replacereplace CC withwith K)K)

22.. StressStress ConstantConstant

d
dt

n
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�� SteadySteady--statestate creepcreep followsfollows::

AA:: constant,constant, QQ:: activationactivation energy,energy, RR:: gasgas constant,constant, TT:: absoluteabsolute temperaturetemperature

�� SteadySteady--statestate creepcreep (with(with bothboth TT andand σσ)) isis thereforetherefore::
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• Principal deformation process at elevated temperature:

Structural changes during creep

1.Slip
2.Sub-grain formation2.Sub-grain formation
3.Grain boundary sliding



• In large grains specimens, local region may undergo lattice 
rotations -----� produce misorientation

• In metal at elevated temperature, secondary deformation 
which occurs such as:

�Formation of coarse slip band

�Grain boundary migration



• At elevated temperature : new slip system 
may become operative

• E.g. Al –FCC system 
At above 500oF , slip planes – { 111}, {100} or {211}

1. Deformation by slip

At above 500oF , slip planes – { 111}, {100} or {211}

Zn, Mg – HCP 

may undergoes non basal plane slip

• Slip bands produced at high temperature are coarser and more 
widely spaced than for room temperature deformation



• Creep deformation is quite inhomogeneous –
more lattice bending e.g. near grain 
boundaries

- Bending results in the formation of excess dislocation such as 
dislocation climb phenomenon

- The dislocations arrange themselves into a low-angle grain 

2. Subgrain formation 

- The dislocations arrange themselves into a low-angle grain 
boundary

The formation of sub-grain has been studied by x-rays, 
metallography, and thin film electron microscopy

Size of subgrain depends on: stress, temperature

large subgrain produced by high temperature, low stress 

or low creep rate



• At elevated temperature: the grains in 
polycrystalline metals are able to move 
relative to each other

3. Grain boundary sliding

• Boundary sliding is a shear process which 
occurs in the direction of the grain boundary.

• Promoted by : increasing the temperature or 
decreasing the strain rate



MECHANISMS OF CREEPMECHANISMS OF CREEP

�� Mechanisms for creep in metals include:Mechanisms for creep in metals include:

1.1. Dislocation Slip and Dislocation ClimbDislocation Slip and Dislocation Climb

2.2. Grain Boundary SlidingGrain Boundary Sliding

Diffusion Creep and dislocation creepDiffusion Creep and dislocation creep3.3. Diffusion Creep and dislocation creepDiffusion Creep and dislocation creep

More than one creep mechanism will operate at the same time 
(In parallel), but they operate independently each other.

∑=
i

idtd
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d
)/( ε

ε

The fastest mechanism will control the creep behavior, the slowest 

mechanism will control the creep deformation



1.1. Dislocation Slip and Dislocation ClimbDislocation Slip and Dislocation Climb

–– CreepCreep deformationdeformation isis aa thermallythermally activatedactivated processprocess:: asas temperaturetemperature increasesincreases
thethe stressstress requiredrequired toto produceproduce plasticplastic deformationdeformation decreasesdecreases..

–– AtAt lowlow temperatures,temperatures, dislocationdislocation slipslip dominatesdominates.. (high(high temptemp.. diffusiondiffusion isis
dominates)dominates)

–– SlipSlip isis aa conservativeconservative motionmotion::

-- DislocationDislocation movesmoves inin thethe surfacesurface thatthat containscontains bothboth itsits lineline andand burgersburgers

Mechanisms for creep in metals (1)Mechanisms for creep in metals (1)

vectorvector (slip(slip plane)plane)



�� AtAt intermediateintermediate andand higherhigher temperaturestemperatures (at(at highhigh stresses),stresses), dislocationdislocation climbclimb

dominatesdominates

�� ClimbClimb isis aa nonnon--conservativeconservative motionmotion.. DislocationDislocation movesmoves outout ofof thethe slipslip planeplane

�� DislocationDislocation climbclimb involvesinvolves migrationmigration (diffusion)(diffusion) ofof atomsatoms withinwithin thethe lattice,lattice,

describeddescribed byby FicksFicks LawLaw::

�� DiffusionDiffusion controlledcontrolled mechanismsmechanisms havehave significantsignificant effectseffects onon highhigh temperaturetemperature

mechanicalmechanical propertiesproperties andand performancesperformances..

�� DislocationDislocation climbclimb isis thethe mechanismmechanism responsibleresponsible toto achieveachieve thethe desireddesired balancebalance

betweenbetween recoveryrecovery andand strainstrain hardeninghardening duringduring secondarysecondary creepcreep..



�� DuringDuring strainstrain hardeninghardening dislocationdislocation densitydensity increasesincreases

resultingresulting inin dislocationdislocation interaction,interaction, whichwhich maymay leadlead toto

immobileimmobile (sessile(sessile)) dislocationsdislocations ..

**sessile**sessile dislocationdislocation isis referrefer toto lowlow mobilitymobility dislocation,dislocation, producedproduced byby dislocationdislocation

reactionreaction .. DoDo notnot lielie onon thethe slipslip planeplane andand actact asas barrierbarrier toto dislocationdislocation

motionmotion untiluntil thethe stressstress isis increasedincreased toto highhigh levellevel toto breakbreak downdown thethe barrierbarrier..

****e****e..gg.. ofof dislocationdislocation reactionreaction:: formationformation ofof LomerLomer--CottrellCottrell barriersbarriers inin FCCFCC****e****e..gg.. ofof dislocationdislocation reactionreaction:: formationformation ofof LomerLomer--CottrellCottrell barriersbarriers inin FCCFCC

metalsmetals byby slipslip onon intersectingintersecting {{111111}} planesplanes

�� ThisThis inin turnturn willwill leadlead toto dislocationdislocation pilepile--upup onon slipslip planeplane

atat barriersbarriers suchsuch asas graingrain boundaries,boundaries, secondsecond phasesphases

�� WhenWhen thethe metalmetal isis strainstrain hardened,hardened, thethe strainstrain energyenergy

storedstored isis alsoalso highhigh..



–– DuringDuring steadysteady--state,state, thethe highhigh strainstrain energyenergy storedstored combinedcombined withwith thethe
increasedincreased temperaturetemperature provideprovide thethe drivingdriving forceforce forfor RecoveryRecovery..

–– RecoveryRecovery involvesinvolves reductionreduction inin dislocationdislocation densitydensity (and(and loweringlowering
energy)energy).. InIn orderorder toto achieveachieve this,this, dislocationsdislocations mustmust escapeescape fromfrom tangledtangledenergy)energy).. InIn orderorder toto achieveachieve this,this, dislocationsdislocations mustmust escapeescape fromfrom tangledtangled
regionsregions byby aa processprocess calledcalled dislocationdislocation climbclimb..



• A steady state creep occurs when, the rate of recovery is fast 
enough and the rate of strain hardening is slow enough, then 
a balance is reached between these competing factors
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h = rate of strain hardening 

r = rate of thermal recovery by rearrangement and 

annihilation of dislocations

εσ ∂∂ /hdt



�� BeforeBefore anan atomatom cancan diffuse,diffuse, itit mustmust havehave thethe energyenergy requiredrequired toto jumpjump
intointo aa neighbouringneighbouring site,site, andand thatthat thisthis sitesite mustmust bebe vacantvacant..

E E Ed m f= + = e(-Em/RT) = e(-Ef/RT)

Mechanism of self-

�� AsAs thethe temperaturetemperature increasesincreases,, diffusiondiffusion raterate increasesincreases becausebecause thethe
energyenergy requiredrequired toto movemove anan atomatom toto aa neighbouringneighbouring sitesite decreasesdecreases andand
thethe numbernumber ofof vacanciesvacancies increasesincreases..

Vacancy V A

Mechanism of self-

diffusion: Atom A jumps

into the vacancy, V



�� TheThe raterate controllingcontrolling processprocess inin steadysteady--statestate creepcreep isis climbclimb wherebywhereby edgeedge dislocationsdislocations climbclimb outout ofof
theirtheir slipslip planesplanes byby absorbingabsorbing oror emittingemitting vacanciesvacancies..

�� TheThe leftleft--handhand dislocationdislocation mustmust climbclimb “down”“down” andand thethe rightright--handhand oneone mustmust climbclimb “up”“up” untiluntil theythey bothboth
reachreach aa commoncommon slipslip planeplane.. TheyThey thenthen movemove towardstowards oneone anotheranother byby slipslip andand annihilateannihilate oneone anotheranother
(because(because theythey areare ofof oppositeopposite sign)sign)..

�� ThisThis modelmodel ofof edgeedge dislocationsdislocations undergoingundergoing climbclimb assumesassumes thatthat::

11.. TheThe extraextra halfhalf--planeplane ofof atomsatoms hashas aa straightstraight edgeedge

22.. CClimblimb occursoccurs byby removalremoval ofof aa completecomplete lineline ofof atomsatoms22.. CClimblimb occursoccurs byby removalremoval ofof aa completecomplete lineline ofof atomsatoms

Mechanism of Mechanism of 

recovery due to recovery due to 

movement of positive movement of positive 

and negative edge and negative edge 

dislocationsdislocations

+

-



• In positive climb (vacancy diffusion)

�Atoms are removed from the extra half plane of atoms at a positive edge 
dislocation, so that this extra half plane moves up one atom spacing.

• In negative climb

�A row of atoms is added below the extra half plane so that the dislocation �A row of atoms is added below the extra half plane so that the dislocation 
lines moves down one spacing.



Dislocation climb requires:

• diffusion vacancies or intestitials• diffusion vacancies or intestitials

So the rate is control by atomic 

diffusion



�� However,However, thisthis doesdoes notnot occuroccur asas atomsatoms areare

removedremoved byby diffusiondiffusion..

�� ItIt isis unlikelyunlikely thatthat completecomplete rowsrows ofof atomsatoms areare

removedremoved oror addedadded atat thethe extraextra halfhalf planeplane inin thetheremovedremoved oror addedadded atat thethe extraextra halfhalf planeplane inin thethe

climbclimb processprocess..



–– ClimbClimb takestakes placeplace inin thethe followingfollowing mannermanner::

�� WhenWhen anan atomatom diffusesdiffuses awayaway leavingleaving aa vacancy,vacancy, thethe dislocationdislocation nownow hashas
twotwo stepssteps thatthat areare calledcalled jogsjogs.. AtomsAtoms AA andand BB areare mostmost likelylikely toto diffusediffuse
awayaway intointo thethe crystalcrystal becausebecause theythey havehave fewerfewer neighbourneighbour atomsatoms toto whichwhich
theythey areare bondedbonded.. JogsJogs formform asas aa resultresult ofof dislocationdislocation climbclimb

�� JogsJogs areare stepssteps onon aa dislocationdislocation thatthat movemove (dislocation)(dislocation) fromfrom oneone slipslip planeplane
toto anotheranothertoto anotheranother

�� WhenWhen thisthis occursoccurs thethe jogsjogs movemove alongalong thethe edgeedge dislocationdislocation.. AsAs thethe diffusiondiffusion
ofof thethe atomsatoms fromfrom thethe jogsjogs continuescontinues thethe climbclimb ofof dislocationsdislocations increasesincreases..



• The creation of jogged on dislocation lines has many important implications in the 
theory of the plastic deformation of metals.

• A stable jog represents an increase in the length of the dislocation line, thus 
produce an increase in the energy of the crystal.

• The energy of a jog is less than the energy of a dislocation per atom plane because 
the entire length is lies in the distorted material of the core of the parent 
dislocation (in metal, energy of a jog ~ 0.5-1.0 eV)

Jogs



If the stress is high enough, the jogs strung out (strong effect) 
along the dislocation line can be forced together to form a 
superjog where the step height is 5-30 ‘b’.

For very large superjog, step size ~ 200Å, the distance between 
the two dislocation segments  is large enough to prevent 
mutual interaction. The dislocations behave as separate 
single-ended sources.



�� WhenWhen thethe wholewhole lineline ofof atomsatoms havehave diffuseddiffused away,away, thethe dislocationdislocation willwill havehave

climbedclimbed normalnormal toto itsits slipslip planeplane byby oneone atomicatomic spacingspacing

1.1. TheThe dislocationdislocation willwill thenthen slipslip pastpast thethe obstacleobstacle

2.2. DislocationsDislocations ofof oppositeopposite signsign willwill cancelcancel (annihilate)(annihilate) eacheach otherother

3.3. DislocationsDislocations ofof thethe samesame signsign willwill formform aa dislocationdislocation wallwall



�� TheThe climbclimb process,process, therefore,therefore, hashas twotwo requirementsrequirements::

1.1. ItIt mustmust bebe possiblepossible forfor selfself--diffusiondiffusion toto occuroccur

2.2. TheThe dislocationdislocation mustmust possesspossess suitablesuitable sitessites forfor climb,climb, thatthat isis jogsjogs..

�� Therefore,Therefore, thethe totaltotal activationactivation forfor climbclimb EEcc isis::

E E Ec d j= +

�� SourcesSources ofof JogsJogs areare fromfrom thermalthermal activationactivation ((EEjj)) andand dislocationdislocation interactioninteraction

�� TheThe steadysteady--statestate creepcreep isis basedbased onon aa balancebalance betweenbetween thethe strainstrain hardeninghardening

andand thethe recoveryrecovery whichwhich occursoccurs duringduring creepcreep.. TheThe mechanismmechanism ofof recoveryrecovery isis thethe

climbclimb ofof edgeedge dislocationsdislocations whichwhich occursoccurs byby thethe movementmovement ofof jogsjogs alongalong

dislocationsdislocations.. SinceSince dislocationdislocation intersectionsintersections produceproduce aa largelarge numbernumber ofof jogs,jogs,

thethe raterate--controllingcontrolling stepstep forfor climbclimb isis selfself--diffusiondiffusion..

E E Ec d j= +



Why climb is not possible with screw dislocations ?

•Because there is no extra half plane  of atoms for 
screw dislocations
•Burgers vector of screw dislocation is parallel to the 
dislocation line.
•No diffusion atoms is needed to allow the screw 
dislocation to move on to another slip plane.
•However, a higher stress or activation energy may be •However, a higher stress or activation energy may be 
needed since the resolved shear stress may not be as 
high as on the original slip plane.

Critical resolved shear stress is the component of shear stress, 

resolved in the direction of slip, necessary to initiate slip in a 

grain.

Shear stress: The instantaneous applied shear load divided by the 

cross sectional area across which it is applied.



• Arrhenius-type rate equation:
RTQ

Ae
dt

d /−=
ε

Activation energy for steady-state creep

A: constant, Q: activation energy, R: gas constant, T: A: constant, Q: activation energy, R: gas constant, T: 

absolute temperatureabsolute temperature



• At elevated temperature:

- the grains in polycrystalline metals are able to move relative to each other.

• Grain boundary sliding is a shear process which occurs in the 
direction of the grain boundary. 

Mechanisms for creep in metals (2)Mechanisms for creep in metals (2)

2. Grain boundary sliding

direction of the grain boundary. 
• Occurs due to increasing the temperature and/or decreasing 

the strain rate.
• Most of the sliding occurs along the grain boundary as a bulk 

movement of the two grains.
• Others: sliding also occurs in a softened area away from the 

boundary.
• Grain boundary sliding occurs discontinuously with time and 

the amount of shear displacement is not uniform along the 
grain boundary 



2. Small holes formation on grain boundaries

- especially for boundaries which perpendicular to the tensile axis

- The growth of holes is due to the movement of lattice vacancies. 

Sliding : two types of grain boundary 

failure:

- The growth of holes is due to the movement of lattice vacancies. 



How to observe grain boundary sliding 

phenomenon

- Scribing a line on a polished and etched surface and observe the 
shear offset where the line crosses the grain boundary



Principal knowledge about grain boundary:

At room temperature
• more grain boundaries or smaller grains size is gives 

good strength to materials. 
• Boundary become barrier

At high temperature

• Smaller grains size reduce the creep strength

• Because it can create more triple site which leads to 

formation of cracks

• Thus, creep resistance can be improved by increasing the 

grain size or developing a elongated grain structure through 

directional solidification



Mechanisms for creep in metals (3)Mechanisms for creep in metals (3)

3. Dislocation creep and diffusion creep 

Dislocation creep : involves the movement of 
dislocations which overcome barriers by thermal 

Diffusion creep: involves the flow of vacancies and 
interstitial through a crystal under the influence of 
applied stress. Occurs for σ/G < 10-4

dislocations which overcome barriers by thermal 
assisted mechanism involving the diffusion of 
vacancies or interstitial. Occurs for 10-4 <σ/G < 10-2

(G=shear modulus)

Dislocation glide: involves dislocations moving 
along slip planes and overcoming barriers by 
thermal activation. This mechanism occurs at high 
stress, σ/G > 10-2



• Diffusion creep is favored at high temperature and low stresses

• Dislocation creep is more dominant at low temperature and high stresses.

• At high temperature (above 0.6Tm), and low stresses

τ = η.dγ/dt

τ =shear stress, γ = shear strain, 

η=coefficient of viscosity

At higher stress and temperature <0.4T deformation is primarily controlled by dislocation • At higher stress and temperature <0.4Tm deformation is primarily controlled by dislocation 
glide.  Diffusion is considered negligible and does not contribute to deformation process.



• Occurs at stress level are high relative to other creep deformation mechanism.

• The creep rate is established whereby  the dislocations are impeded by obstacles e.g. 
precipitates, solute atoms and other dislocation.

Dislocation glide

Mechanism of showing dislocations Mechanism of showing dislocations 

climb and then slip past an obstacleclimb and then slip past an obstacle



• Occurs by dislocation glide aided by vacancy 
diffusion.

• Physical models of dislocation creep must 
predict the value of h and r.

Dislocation creep

σε ∂∂

where h = rate of strain hardening 

r = rate of thermal recovery by rearrangement 

and annihilation  of dislocations

εσ

σε

∂∂
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−=

/

/ t

h

r

dt

d s



• Weertman suggest: dislocation climb plays a major role in creep

• This model predicts an equation for creep rate in which stress is raised to the third 
power. But experimentally, for metal, the value of n is varies from 3-8, and 5 is 
most common.

• Then the steady state creep rate power-law relation can be written as ( for 
intermediate to high stress level and temperature above 0.5T )

Dislocation creep model by Weertman

intermediate to high stress level and temperature above 0.5Tm)



• Where:

A and n are material constant

G = shear modulus

Dv= bulk or lattice self-diffusion coefficient

b = burgers vector of dislocation

σ = applied stress

k= Boltzmann’s constant

T = absolute temperature

n
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Rearrange creep rate equation:
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n
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• At low stress, below σ/G = 5x10-6, a linear 
dependence on stress (n=1) (Harper-Dorn 
creep). 

due to climb-controlled  creep, where the due to climb-controlled  creep, where the 
dislocation density does not change with the 
stress.

• σ/G > 10-3, power law breaks down and the 
measured creep rate are higher than 
predicted.



• Diffusion creep refers to the deformation of crystalline solids by the diffusion of 
vacancies through their grains. Diffusion creep results in plastic deformation rather 
than brittle failure of the material. 

• Diffusion creep becomes the controlling mechanism at high temperatures and 
relatively low stress, σ/G <10-4 

• Diffusion creep is caused by the migration of crystalline defects through the grains 

Diffusion creep

• Diffusion creep is caused by the migration of crystalline defects through the grains 
such that when a crystal is subjected to a greater degree of compression in one 
direction relative to another, defects migrate to the grains along the direction of 
compression, causing a net mass transfer that shortens the crystal in the direction 
of maximum compression. 

• When vacancies move through the grains (surface of grains), this is called Nabarro 

and Herring creep.
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