



































































































































Fracture Mechanics

The presence of acrack failsbelowTy
why FractureMechanics

Crack as stress Raiser

ya S Oy S It 2Ee s stress concentration
x x x xx

S 11 21 1 a tipradius p d

i stress concentrationfactor fat Tygvd i
b of idealcrack

Ty l r
v v u v realcrack why

ductile material large plasticdeformationblunttip

x

plasticzone

the crack tip T s O Oy plasticzone sharp tip becomes blunt 0 0 X






































































































































Stress Analysis of Crack Stress Intensity Factor K

For certain cracked configuration
under external forces
isotropic
Linearelastic
a polarcoordinate axes Corgin is at the cracktip

Oig jkr figio t EAmrmkg.IMco a WestergaardSneddon Williams

k a constant
fig a dimensionlessfunction ofO

Jyy Eachmode ofloading produces the Grsingularity
yya n atthecracktip

y Fxx

r s
v k fig depend on the mode

KI KI KI
TO K kd2TT

thestressintensityfacton

Model

T KI cos012 I smog 30g t Ozz O planestress
tsar

Tyy
gYp

cos012 I SMOGsin30 1 Ozz WCFxx Tyg Cplanestrain s Ezz o

Thy KI cosOg smog 30g 1 TyzTEX O
12th

on thecrackplanet
0 0 Fxx Ayy KI

ya 12th
Tyg

by vn
r s Fxx Tx

v KI t.infoOy12Th
Westergaardsolution f FgfTuaAnderson'stextbook

Appendix2A3.2
Stressintensity hasunits ofstressI length






































































































































Griffith Stress

Assumption Theelastic energy in the elliptical area is released
when the crack with length2A is introduced

infinite plate

x x x x x x x x x x
7

L Bthickness

Let's consider a crackof length2A in an infiniteplate

s
za

v v v v v v v v v v
E TI Ws

Total Energy Potential Energy Worktocreate NEWSURFACE

E IT 1 Ws Js 151ms surface energy
TL U F Js 2aBx2 4m38s

DEGA dT4dAtdW9dA Pg Po
F the workdonebyexternalforcesPo U Ue thestrainenergy2

dTYdA DUDA
Ue Ozz Volume E

on
a LTE ETCDE TIE TLEB

elasticregion
Ue TZE Volume

A 2aB UETZECHEB Ws 4aBTs
dAda 2B dUqdaThe 2TaB dwsida4B.rs

i.dk
dA

ddUffddaa FECTa1 dWs1da

28sdEdA dTYdAtdW9dn Fetal 1 Its O C EnergyBalance f 2Ers
Tca

of ZEE
Ans






































































































































Thefracturetoughness ko

t K the stressintensityfactor CLEFM
2 Kc the fracture toughness varywidely
3 KIC the planestrain fracturetoughness material'sability

ya S
x x x x xx K SfTca Aab

For a given material andthicknesswithKc
b s

Sc Kc
Itaa

v
s

v r v v v That Kygo

At lq.lkgo5 At thetransition cracklength

mycracksize At

brittlefracture rather yielding

N N Tohighstress Stress
S S

TUT

Jolow

7
At cracklength At Ai cracklength

a internalflaws Ca

polymer ceramics






































































































































Example

A centercracked plate

ya S
x x x x x

x b 50mm
1 5mma

h large h
v v

d se b s e F 50kW
t

v v v v v

tipradius p dZ

As K when A 10mm
the stress intensity factor

bi A 30mm
y
KIC_2414PaFm

C Ac for 2014 1651 Aluminum F is a dimensionlessfunctionthatdepends on
thegeometryandloading configuration

at K FSgdTLA fg P 150km oompa
2bt 2 50mm 5mm

X Ab 10mm 0.2 L0.4 F T
50mm

K I 10014Pa CTL 10mm 17 7 MPadmAns

b K FSgdTLa a Sg looMPa

d Ab
30mm 0.670.4 f I O52 0.3262
bOmm

d 1 x

e K 1.292 110014Pa ft 30mm 39.714Padm Ang
1292






































































































































C Table 2014 1651Aluminum KIC241412dm

Wedon't know a assume that tab so 4 F I K Sgdta

Hsg dta withthe toxapproximation

a kq.LKsg5 Yq 24MPaFmf 0.0183M 18.3mmAng10014Pa

Double check 2 4 183mm 0.37 50.4 F I
50mm okay






































































































































Example

A pressure vessel ASTM A517 Fsteel
RT KIC 18714PaFm
t 50mm To 76014Pa
A surface crack Asemiellipticalshape
surface length 2e 40mm
depth A_10mm
Sz 30014Pa normal to thecrackplane
Sx 15014Pa parallel to thecrackplane

crack

1
i

t

Safety Factor

SF KIC 18714PaFm
49.214PaFm

3 fo
k Ans

K Kp FDSToya c lommyzomm 0.5 Ct

Q l 14.4641 c 1.466

ALL 10min15mm 0.250.3 Fb21.12

i k I 12 30014Pa Il 0.010M

I 1.466
49.214Pa






































































































































Example

Asphericalpressure vessel CASTMASM Fsteel
din 1bm b
t 10mm KIC 187MPadnt

p 614Pa To 760Mpa

theleak beforebreak condition
SF C KlKia
SF Tito crack LeakBeforeBreak Design

a thinwalledpressure vessel with acrack growing
1
Too Kt t Thecrackwillgraduallyextendandpenetrate wall

2 Sudden brittlefracture beforeleaking
explosiverelease

Tt Prgy
KMPa 1750mm

2 Clomm
22514Pa

K FSdta s F i

p the
leakbeforebreakcondition ismet

Cc Ya k 5 ke f 18714PaFm f 0.220M 220mm
Ang22514Pa

if the vessel leaks

K FS a I 22514Pa ft 0.01M 39.914PaFm

i SF KIC 18714PaFm
39.9Mpafm 4.6gK Ans

SF 76014Pa
22514Pa

3.3g
Ans


