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T.L. Anderson. Chap.3 Elastic-plastic Fracture Mechanics
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FIGURE 3.1

Crack tip opening displacement (CTOD). An initially sharp crack blunts with plastic deformation, resulting in
a finite displacement (8) at the crack tip.

Wells, A.A., Unstable crack propagation in metals: Cleavage and fast fracture. Proceedings of the
Crack Propagation Symposium, Vol. 1, Paper 84, Cranfield, UK, 1961.
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CTOD: Crack tip opening displacement

TABLE 2.2

Crack Tip Displacement Fields for Modes [ and II (Linear Elastic, Isotropic Material)

Model Mode II
U, K LCOS[E] }c_1+2smz[ﬁ] Ka 11—sin[gj K+1+2{:052(—]
' 2u N 2r 2 2] 2u V2 2
Yy K [r 9 )] Ko [r 9 0
—L —sin(—] K—I—l—ZCOSZ[—] - —cos(—) K—1—25'1112(—J
2u '\ 2r 2 2/ 2u \ 2n 2 2

Note:  is the shear modulus; ¥ =3 — 4v (plane strain); k = (3 —=Vv)/(1 + v) (plane stress).

In mode I:

u, = %\/22[1&1] at 6 =7 with k=3-4vin PE and x =(3-v)/(1+v) in PS
n\2n
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=P7L CTOD: Crack tip opening displacement

CTOD using the Irwin estimation of the plastic zone size, r,

Plastic zone

FIGURE 3.2

Estimation of CTOD from the displacement of the effective crack in the Irwin plastic zone correction.
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=P7L CTOD: Crack tip opening displacement

CTOD using the Yield strip model with a plastic zone size p
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FIGURE 3.3
Estimation of CTOD from the strip yield model.

0= 2i thus G = %SGYS [J/mz] with G, the energy release rate
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=P7L CTOD: Crack tip opening displacement

CTOD can be measured on edge-cracked specimens loaded in 3 point bending

N

FIGURE 3.5

The hinge model for estimating CTOD from three-point bend specimens.
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Crack mouth opening displacement

FIGURE 3.6

Determination of the plastic component of the crack mouth opening displacement.

V=V, +V,

K} r,(W=a)V,

0=0,4+0, = ~+
moysE” n(W-a)+a

r. =0.44 (plastic rotational factor)
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=P7L CTOD: Crack tip opening displacement
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Initiation

Crack blunting

Crack extension

FIGURE 3.19
Schematic | resistance curve for a ductile material.

Typical J resistance curve for a ductile material. In the initial stages of deformation, the R

curve is relatively steep; there is a small amount of apparent crack growth due to blunting.

As J increases, the material at the crack tip fails locally and the crack advances further.
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