



































































































































Plastic Zone Size for PlaneStress

thestressintensityfactor

K FS a S K Tx Kiffincosts I smOsm3Ok
F Y dia

Ty KIyzanCos012 It smOsm3Ok

c planestressOz O

0 0 Ox Ty andTz are principal normalstresses yielding occurs at Tx Ty To

Tx Ty K To
I stir

i To K s pop 12 2ror taffo II 2Iror Ans

This is the distance aheadof thecracktip
where theelasticstressdistributionexceeds
the yield criterion for plane stress

gym
theoretical elasticstress

To

no g
yielded redistributedstress

7
2ror

x

1
plastic zone

Yielding within theplasticzone

The stresses are lower than the values from the elastic stressfieldequations

The yieldedmaterial offless resistance than expected

Large deformations occur

i for 2ror








































































































































PlasticZoneSizefor PlaneStrain

Why 2roEC 2kg






































































































































Ez O Tx Ty KI Ez Tz HTxity
Htt L

iplanestrain

i Tz w Tyto 2wJx
Applying nonMises

To g CTJs coz035 030,5 s 0 0 s
T Tx D Ty 03 22Tx

gz Tx Og t Coy 22051 220 0 5 s
i i

TxTg Tx

Yp 12.0
2 I2272

L
I 2W Tx

i Ox To
1 zu

Toif we apply u as a typicalvalue D 0.3 Tx_Ty oy
25To

1 2 0.3 Ans

t a Cbal h Z 2bC I cplanestrain

However the more refined estimate by GRIrwin suggests that
this effectis somewhatsmaller

with yielding around Ty_13To 1.700 Ans

t Tx D3 To K
d2troe

2 s 2ror tuffoTi zroe 113Th Koo
Ans

planestrain planestress






































































































































Plasticity Limitations on LEFM

Practically fro is generally considered to beefficient

4 times theplastic zonesize
Hoo Zroe

2roo ku 1kg5

v

fro 411T Kloof a Cba h Z 4 1 05 LEFMappicable

t a Cba h Z 2.51 05 planestrain
















































































































Example A centercracked plate

2014 1651Al To 41514Pa ya S
x x x x x

x 12 50mm
la a lo mm LEFM is valid 1 5mmin

theplasticzone size large hh
v vt 5mm b fomm k 17.714Padm 10 50kN
d se b e

t

v v v v v
a Cb a h Z Kyo5 CLEFMapplicable

tipradius p DE

t a b a h 22.5 Kaf planestrain

t
b 10 40 largeh Z 2.5 17.714PaFm f

41514Pa

0.0045M 45mm
Ans

planestrain LETTY are applicable

17.7MPaFm I 0.19mmi 2roe
3 Kp5 Itu 415,4Pa Ans

b Ac_16.3 mm

t 5mm b50mm K 2414Padm

t a b a h 22.5 Kaf planestrain

b 16.3337 largeh Z 2.5 2414PaFm f f4mm
41514Pa Ans

planestrain isNOTapplicable
a Cb a h Z 5 LEFMapplicable

M LEFM is applicable
16.3 33.7 largeh Z 44L 24MPaFm I 4.3mmAng41514Pa

i 2ror i f 5 1a 244,1 arm5 106mm
Ans


