
Lecture 15

Nonlinear Application Models



Application Procedure

1. Consider conditions by corner
• Stress
• Defects
• Material behavior

2. Determine type of safety required
• Safe life
• Fail safe
• Leak before break
• Failure analyses diagrams

3. Gather information

4. Do required analysis









Application Methodologies

1 Crack drive based
• J/K based
• CTOD design curve

2 Failure analyses curves
• R-6, DPFAD
• PD 6493, BS 7910
• API 579

3 Example, pressurized thermal shock

4 European Methodologies, FITNET, SINTAP
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ASME Boiler and Pressure Vessel 
Code – Use of FM

1. Section III, Appendix G – 
• Use of KIc and KIR curves

2. Section IX – Rules for in-service 
inspection of nuclear power plant 
components

• KIc and KIa

• da/dN vs ΔK reference curves







To as an ASME Reference Curve

1. Use To instead of RTNDT as the reference 
temperature

2. The KIR is a lower bound, the master 
curve is a median

3. Shift the master curve by 35 °F to 
recover the lower bound concept
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European Application 
Methodologies

1. FITNET - FITNET is a 4-year European 
thematic network with the objective of 
developing and extending the use of 
fitness-for-service procedures throughout 
Europe. (www.eurofitnet.org/) 

2. SINTAP – Structural INTegrity 
Assessment Procedures for European 
Industry 
(www.eurofitnet.org/sintap_index.html 



API 579-1/ASME FFS-1

• Fitness for Service Standard for pressure 
containing equipment in the refining and 
petrochemical industries

• API standard first issued in 2000

• Influenced by BSI 7910?

• Designed to be cookbook in nature?



NASGRO

• Fracture Mechanics and Fatigue Crack Growth Analysis 
Software

•       analyze fatigue crack growth and fracture

•       Perform assessments of structural life

•       Process and store fatigue crack growth properties

•       Analyze fatigue crack formation (initiation) 



NASGRO

• NASGRO was originally developed at the NASA Johnson 
Space Center to perform fracture control analysis on 
NASA space systems. A growing interest in NASGRO 
among a variety of industrial users motivated NASA to 
develop a new partnership with industry. In July of 2000, 
NASA and Southwest Research Institute® (SwRI®) 
signed a Space Act Agreement under which SwRI 
formed and manages a consortium to provide guidance 
and support for future NASGRO development and user 
services. The NASGRO Consortium is now in its third 
three-year cycle (2007-2010).



Other FM Software

• AFGROW - The official home page of the AFGROW 
Fracture Mechanics program. This site contains all of the 
information one needs to use AFGROW effectively.

• NASGROW - Analyze fatigue crack growth and fracture, 
Perform assessments of structural life, Process and 
store fatigue crack growth properties, Analyze fatigue 
crack formation(initiation), and Compute stresses. 
Airframe Guide for Certification of Part 23 Airplanes.

• CRACKS2000 - CRACKS2000 is a state-of-the-art crack 
growth analysis software system based on linear elastic 
fracture mechanics technology.



Other (cont)

• RAPID - Repair Assessment Procedure and Integrated Design. 
Effect of structural repairs on aircraft structural integrity is one of the 
critical issues that needs to be properly addressed to assure the 
aircraft continuing airworthiness and operational safety

• .
• FRANC2DL - FRANC2D/L is a highly interactive finite element 

program for the small deformation analysis of two-dimensional 
structures. As such, it is useful for engineering calculations or for 
instruction in finite element and fracture courses.

• FRANC3D AND OSM - FRANC3D is a work-station based FRacture 
ANalysis Code for simulating arbitrary non-planar 3D crack growth 
that has been under development since 1987.  OSM (Object Solid 
Modeler) is a pre-processor to FRANC3D for building the initial 
geometric modeled.
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