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Toughness

Wethencontinueloadinguntilfailure whereW is workexpendedin fracturingmaterialover da
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energy dissipatedperunitvolumeofmaterialuptofailure is toughness

Ductile us Brittle

Ductile producesnonlinearstress strainresponse warningbeforefracture

toughness definitionstillthesamebut strainenergychangespostelasticlimittoyEy

no warningbeforefracture



Oncematerialhasplasticallydeformed elasticstrainenergy is theenergy recoveredwhenthe
material is unloaded

Inelasticstrainenergy is energy absorbedbymaterialthroughplastic deformation Uinelastic

Elasticstrainenergy U candrivecracktogrow

Onceamaterialhasfailed areaunderstress straincurves indicateslevelof dissipation absorption
perunitvolume

Imperfections

Defects Haus limitpotentialelasticstrainenergythatcanbestored bymaterial

However extradeformation strain priortofailuremakesmaterial tougher

eg dislocationsin crystallinestructureresultsinslipplanes
extra energystoredwhencrystalline structureslides t plasticdeformation

Dark linesare dislocations



Microvoidformation growth coalescence

Easilyformed at inclusions intermetallic or secondphaseparticles
andgrainboundaries
Theseare pocketsof air or foreign particleswith little tono
bondstrength
Growth coalescenceofmicrovoidsprogress as localapplied
loadincreases

A
plastic
deformation

Fractography studyof fracturesurfaces

sees

DuctileFracture

Underuniaxialtensileforceinductilematerials
Neckingcausedbydislocationmovements or
polymerchainsliding

Atomicbonding andmicrovoids

eventuallypropagate in
directionnormal to
tensile axis

these coalesce Ijoin
toformlargercracks



Ductilefracturemuchlesscritical in engineering

failurecanbedetected before fromobservable plasticdeformation

forround coupons cracks eventually propagate along shearplane at450 0 cup conepattern

MicrovoidShape

Equiaxeddimples

Elongated parabolicpainting in
opposite directions onmatchingfracturesurfaces

pointing in same directions

BrittleFracture

Processofdevage fracture 3 steps

1 Plasticdeformationtoproducedislocationpileups
2 Crackinitiation
3 Crackpropagationtofailure

Distinct characteristicsofbrittlefracturesurfaces
P Absenceofgrossplasticdeformation2 Grainyorfaceted texture
3 Rivermarking or stresslines

Fractography in Metals

Cleragefracture is breakingofatomicbonds
along crystallographicplanes transgranular

pSurface rough textured withriver
featherpatterns transgranular

Moderate tohighstrengthbrittlefracturemode Ithroughgrains



Insomemetalalloys cracksform
alonggrainboundaries intergranular

Surface Sharp 3Dfaceted
grains

Moderateto lowenergybrittle T
fracturemode intergranular

betweengrains

Idealus RealMaterials

Strain stressbehaviour roomtemp

b
theory

d
reality

Why Sizeeffects Asize Aprobabilityof defects
Flawsintroducestressconcentrations

GriffithCrack

a cracksize
Pt radiusof curvature
Oo appliedstress

on stressatcracktip

CharacterisationofTransitionTemp If
Impact loadingunderlow temperatures

Severe testingcase
Makesmaterialmorebrittle
Decreases toughness



Ductile Brittle Transition Behaviour

Mtempallowsmore
slipsystemsto operate
yielding generalplastic
deformation tooccurprior

tofailure

oppose

OtherTypesofFailure
Fatiguefailure
fracturebyslowcrackgrowth
whenpartsubjectedtomanyrepetitionsofstressbelowthatforstaticcrackgrowth

Corrosionfatiguefailure
Combinedactionof cyclicstress corrosiveenvironment

Nfatigueresistance with Achemicalenv evenwatercanhaveeffect

Stresscorrosioncracking
similarto corrosionfatigue mechanical t chemicalfailure
stressNOTCYCLIC butbelowyieldstressformetal

Creep stressrupturefailure
resultofstaticloadappliedoverlongperiodsoftime


