Workshop 5

Nonlinear Fracture Mechanics
Applications



CTOD Application

CTOD Design curve can be used to get
critical crack sizes
Problem - A hole in a plate with ki = 3,

has membrane stress of 350 MPa and
residual stress on 0.5 yield strength.

Yield strength is 600 MPa and E = 210
GPa

Lecture 13, 6., = 0.00438 in =0.1113
mm



Review of Equations

CTOD Design Curve —

strain calculation

e = [ky(o, + o) + QI/E

where,

€/e, = strain ratio, horizontal axis
k, = stress concentration factor
0, = primary membrane stress
0}, = primary bend stress

Q = secondary stress, residual, thermal

€/€,=¢€/(0y/E)



NON -DIMENSIONAL CTOD ¢ = 8/2me,0
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(a) DESIGN CURVE FOR CTOD, STRAIN, AND CRACK SIZE RELATIONSHIP AS PROPOSED BY

BURDEKIN AND DAWES



Calculations

* ¢ = (3x350 + 0.5x600)/210,000 = 1350/210,000
= 0.00643

gys = 600/210,000 = 0.00286

e/eys = 0.00643/0.00286 = 2.25

Graph: & = 2.0 = §./(2m &s a)

a = 0.1113/(2.0x2xwx0.00286) = 3.10 mm



PD 6493 (BSI 710) Problem
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Fig. 17. PD 6493 FAD's, Levels 1 and 2.
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Second Problem

*« Triy Witkhoe 256,2Q; @2mb.2mm
s K =4880 (b8P B 78628
S =44686000b 750jdd ofust OK

e K =66 3/80800~280./8 DKot OK



Next Step Level 2
« Ipseck JEhsec( 5,12
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Level 2 for a_

*« Lev& hZdiar Ko850k850185%800 -B68480) =
68.8

+ Let 68.8 =450V (am), a.. = 0.00744 m

> =Cr

* Let 68.8 = 450 (am), a_. = 0.00744 m

* Soa_=7.74 mm could be okay by level2
« Soa_=7.74 mm could be okay by

- |8¥ @& have level 3 Equations here

* Do not have level 3 Equations here



Level 2 R-6 Diagram
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The strip yield failure assessment diagram [23,24].
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