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A penny-shaped (circular) crack embedded
in a solid subjected to a remote tensile stress.




(aals) & 5 line

~_

Euis 8 las (anw 53) =S
oslizal ¢l 5 1y Eais § Hlas (& 1u) (Orowan) olsg,l 5 Arwiny o551 <
]m-w» o 5t 5 6 Sy S ) 5 315053

(2E (Y, +7,)
O,=

wa
Shre anw g O8I s ZMal G Sype a4 Sl Gl Eoiy 8 sl <

1/2
5 - ZE%}
7\ ma
S 5K 5 SNy e ok 1 S Sl S (65 W

Ll b g 0 03le 5l b clite Szl s 9

ST 0aSliils ~Olgins  gnis oKl 5 S SIS

350335 65 5 SN #1 gl b slge lo (sl p Sy S




(aals) & 5 line

~_

Colus 65— ¢S50 5 Llaoleisl GlacS 5 50 Wlg o s g5, <

3,5 503 ey —dms e 1 b

Crack Propagation | Plastic Deformation I

>

"j/': ¥s * }//)

(b)

— True Area
~ "*{ Projected Area

(©)
Crack propagation in various types of materials, with the corresponding fracture

energy. (a) ideally brittle material, (b) quasi-brittle elastic-plastic material and, (c)
brittle material with crack meandering and branching.

ST 0aSliils ~Olgins  gnis oKl 6 S SIS



(aals) Es § jlns

~_

Colus 65— ¢S50 5 Llaoleisl GlacS 5 50 Wlg o s g5, <

3,5 53 ey —das e 1 b

Crack Propagation | Plastic Deformation I

>

"j/': ¥s * }//)

(b)

— True Area
~ "*{ Projected Area

(©)
Crack propagation in various types of materials, with the corresponding fracture

energy. (a) ideally brittle material, (b) quasi-brittle elastic-plastic material and, (c)
brittle material with crack meandering and branching.
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E :The total energy

IT :The potential energy of an elastic body
F: The work done by external forces

U : The strain energy stored in the body

W, : The work required to create new surfaces

Irwin defined an energy release rate G, which is a measure of the
energy available for an increment of crack extension:

dII

dA
Since G is obtained from the derivative of a potential, it is also called
the crack extension force or the crack driving force.
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» crack extension occurs when G reaches a critical value, 1.e.,
dw
dA

where G_is a measure of the fracture toughness of the material.

» The potential energy of an elastic body, /7, is defined as follows:

1=U -F
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load controlled : Consider a cracked plate that is dead loaded, since
the load is fixed at 2, the structure is said to be /oad controlled

y/ F'=PA
- } U=2{pda=F2
77, Ry A — 20 2

T=U-F=-"==-U
2

% G:_dnzl(duj :P(dAj
A&> dA B\da / 2B\da/;

Displacement

(a) (b)
Cracked plate at a fixed load ~.
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/// Load F :O
' I7=U —-F =U
= 5 _ dn
| f dA
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//%—f Displacement B da A ZB da A

(a) (b)

Cracked plate at a fixed displacement A.
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The compliance : the inverse of the plate stiffness cal
P

For both load control and displacement control: G =——

(@) {w)
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Double cantilever beam (DCB) specimen.
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Instability and the R curve R e 5 gl <
R : the material resistance to crack extension

Crack extension occurs when G = 2w/, ; but crack growth may be
stable or unstable, depending on how G and w;vary with crack size.

A plot of Rvs. crack extension is called a resistance curve or R curve.
The corresponding plot of G vs. crack extension is the ariving force curve.
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(a) (b)

Schematic driving force vs. R curve diagrams (a) flat / curve and (b) rising /R curve.



—~_ R o 5 olulit

A A 2
Instability o-
G.R G.R -
)
G - — — — — Y% R
Unstable
QC e e \ q I
Stable R hY | o
I
an > i"o ac >
Crack Size Crack Size

(a) (b)
The conditions for stable crack growth can be expressed as follows:

G R and dG sd R
da da

dG . dR

Unstable crack growth occurs when da da
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