
 

Criteria for elastic fracture

When the non linear material process zone near the crack tip is small compared
to all other relevant length scales in the problem structure a K annulusexists

and linear elastic fracture mechanis LEFM is applicable This situation is referred

to as small scale yielding

Then what are the conditions required for fracture Discussions are focused

on Mode I here whilerelevantconcepts applyfor other modes

Stress intensity handbooks

Under Mode I conditions there is an equivalence between Ke and G

G

One can use either G or KI to characterize the loading thatleadsto fracture
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There are also a number of ASTMstandard tests such as compacttension see Fracture

Mechanils by AT Zehnder Springer 2012

Initiation under monotonic slow loading

Under ssy situations fracture occurs when

G G or KI Kc
fracturetoughness

The Griffith's problem is a through crack in a glass plate under tension Assumi

planestress G for this problem is
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Griffith used glass taken from testtubes blown into thin walled spheres and cylinder

A glass cutter was used to introduced through cracks in the test sample whichwas

fartherannealed to elaminate any residual stresses due to cutting
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6 Kieran
Kec Pam Gc Jim

6 MPa Aluminum707576 25 7800
4

AISC 10 400
3 Gc 3.251m

Epoxy 0.4 200

Temperature effect Formany materials such as metals andpolymers Kc is

temperature dependent

K The energy needed for fracture
MPaw̅

drops by a factor of 10 at low temperatures
40

Thickness effect For small thickness there is a loss of constraint on

the plastic zone near the crack tip
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Slow loading Time to load to failure is much larger than thetime for

a stress wave to propagate through the material specimen
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K dependency is alsoof importance in viscoelastic poroelasticmaterials

Mixed mode loading If G G is valid 9 9 represents an ellipsoidal

fracture surface in KI KI KI space
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Mode dependent behavior
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Mode dependent critical fracture energy is especially important in the failure

of bimaterial interfaces Furthermore crack loaded predominantly in Mode I tend

to kink out of the crackplane Themechanism is attributed to differences in

the development of the yield process zone in differentmode for ductilemetals

or frictional effects absent in model but present in mode It for brittle interfaces

The simple criteria above let us determine whether a crack will grow

or not butthey do not tell us anything abouthowfast how far or in

what direction the crack will grow These topics are to be address shortly

Crack growth stability how far

We have shown in the analysis of the DCB speciment that Gx a forfixedload
andGu a for fixed displacement The crackgrowth is likely stable in the latter

case since 1 0 There are additional stablizing mechanisms



Loading by compliant systems

In many applications the materialstructure is not under fixed

displacement or fixed force loadings but an intermediate statel

ie a fixed totaldisplacement

I 9 displacement of the body of stiffness Cill
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Youmay find this system is alsoeventually stable as l increases pd

Resistance curve R curve

In some cases crack growth can be stable even when 0 How so

For brittle materials Gc is a constant Forductilematerials particular thin sheets

It is generally found that Gc increases as thecrack grows
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Mixed mode fracture initiation growth Whichdirection

β

Subject to a combination of Mode I and Mode
headings crack will generally not propagate straight

ahead unless 0 0 is a weak interface

Our previous analysis has been on 9 210 0 Whatit 0 0 There are a few

theories such as 0 maximum hoopstress maximum energy release rate



Maximum hoopstress theory Crackwill grow in the direction of maximum

hoopstresswhen Tr600 r 0 1 Constant
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Under pure mode I β o the crack will grow at 70.6 at

a stress intensity factor of KI 0.87Kec Allowing kinking leads to

a slightly smaller KI

Maximumenergy release rate criterion 01050
2 1020 9107 G

O 75.6 at K 0.817KIC under pure Mode I loading



630

I or III
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Why 70 not 45 The presence of crackdisturbs the stressfield The

crack path will evolve to lie along the plane of maximum principle stress

Mode I cyclic loading Fatigue

Under cyclic loading materials can fail due to fatigue at stress levels well

below theirstatic strength
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Experimental methods

In some cases it maynot be practical to determine stress intensityfactors from

analytical or computational methods Forexample perhaps the loading is unknown or

is dynamic Onemay wish to
determine the SIF experimentally based on local measurement

of stress strain and displacement There are a numberof experimental methodsthat

havebeendeveloped including photoelasticity interferometry digital image correlation

strain guages and so on seeChapter5 in FractureMechanics byA T Zehnder

Only strain guages method byDally and Stanford 1987 is discussed here
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