
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 kt = 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, cr =  0.00438 in = 0.1113 
mm



Review of Equations





Calculations

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

• ys = 600/210,000 = 0.00286

• /ys = 0.00643/0.00286 = 2.25

• Graph:  = 2.0 = cr/(2ys a)

• acr = 0.1113/(2.0x2xx0.00286) = 3.10 mm



PD 6493 (BSI 710) Problem

• Above problem no hole, no Residual Stress

•  = 350 MPa, ys = 600, CCT model, a = 3.1 mm, KIc = 80 MPa

• K = a = 350 ( 0.0031) = 34.5 MPa

• Sr = 350/600 = 0.58 < 0.8

• Kr = 34.5/80 = 0.43 < 0.707

•  Safe at level 1

•  





Second Problem

• Try with  = 450, a = 6.2mm

• K = 450 (0.0062 = 62.8

• Sr = 450/600 = 0.75,  just OK

• Kr = 62.8/80 = 0.785 not OK

•  



Next Step Level 2

• lnsec( )]-1⁄2

• Sr
  = 0.75 

• Graphical Point, Kr = 0.85 > 0.785

• Point is inside R-6, okay

•  



Level 2 for acr

• Level 2 for K = 0.85, K = (0.85x80) = 
68.8

• Let 68.8 = 450 (a , acr = 0.00744 m

• So acr = 7.74 mm could be okay by 
level2

• Do not have level 3 Equations here

•  



Level 2 R-6 Diagram
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