
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 Fracture Mechanics and other Methods for Fatigue and 
Fracture Analysis of Pressure Equipment (MC150) 

 
A Practical, Case Study-based Training Program  

Led by: 
 

 J. Robert ‘Bob’ Sims 
 

15 Hours • 1.5 CEUs • 15 PDHs 
 
 
About this Master Class 

 

Fatigue is one of the most common failure modes in pressure equipment.  It is important to understand 
the strengths and weaknesses of the various methods of fatigue analysis in both new construction and 
post construction (in-service) codes and standards.  This two-day Master Class focuses on the fracture 
mechanics method of analysis, which is the best available method when crack-like flaws have been 
discovered in pressure equipment that is in service.   
 
Fracture mechanics can also be used to determine the design fatigue life of pressurized components for 
new construction of pressure vessels constructed to ASME Section VIII, Division 3 (Div. 3) and, in fact, 
is required by Div. 3 in many cases.  However, there are other methods of fatigue analysis that are 
appropriate in many cases that will also be discussed.  This class will provide detailed instruction on the 
application of fracture mechanics and, to a more limited extent, other methods so that attendees will be 
able to select the appropriate technique for each situation.  The technical basis for this Master Class is 
API 579-1/ASME FFS-1, Fitness-For-Service and ASME Section VIII, Division 3, Alternative Rules for 
Construction of High Pressure Vessels.  This is not a course in the theory of fracture, but focuses on 
practical applications. 
  

 
    For more information and to register, visit 

 go.asme.org/mc150   
 

          



The ASME Master Class Series focuses on applications and case studies of a particular topic.  
Each Master Class is led by an ASME Master, an expert in his professional discipline, who brings 
a wealth of knowledge and practical examples to the forum. Participants are expected to have 
prior knowledge of the topic area to gain the most from this interactive environment. 

 

Sessions are focused on real world examples and case studies, with active class discussion 
and analysis. 
 

 
 

About this Master Class 
 
This two-day MasterClass provides practical methodology for 
fracture mechanics analysis of pressure equipment for 
determining integrity in the presence of a known flaw that has 
been identified during an inspection.  Application of fracture 
mechanics to determine the remaining fatigue life of a 
component will be discussed in depth, as well as use of fracture 
mechanics to determine the design fatigue life of pressurized 
components for new construction of pressure vessels 
constructed to ASME Section VIII, Division 3.  This is not a 
course in the theory of fracture, but focuses on practical 
applications. 
 
Upon completion, attendees will be able to 
• Identify the best method to determine the fatigue life of 

cyclically pressurized components 
• Perform a fatigue analysis in accordance with the 

appropriate Codes and Standards 
• Perform a linear-elastic fracture mechanics analysis in 

accordance with API 579-1/ASME FFS-1 and ASME Section 
VIII, Division 3 (Div. 3) to determine crack stability and 
remaining life for in-service equipment with a crack-like flaw 
or for new construction to Div. 3. 
 

Who Should Attend 
Engineers working for Pressure Vessel Manufacturers, 
Owner/User firms and EPC firms who, design, specify, procure 
or are responsible for inspection, maintenance or repair of 
pressure equipment in cyclic service 
 
MasterClass Requirements 
This MasterClass is structured on the assumption that 
participants have a basic understanding of fracture mechanics 
and API 579-1/ASME FFS-1. 
 
 
 

About this ASME Master 
 

J. Robert ‘Bob’ Sims,  
is an internationally recognized 
authority in risk-based 
technologies for optimizing 
inspection and maintenance 
decisions, design and analysis 
of high pressure equipment, 
including high pressure, high  
temperature (HPHT)  
equipment for oil and gas exploration and production.  He also has 
extensive experience in mechanical integrity evaluations of 
existing equipment and Fitness-For-Service analyses.  

Mr. Sims, an ASME Fellow and member of the Industry Advisory 
Board, has been extremely active as an ASME volunteer during 
his 35 years as a member.  He held office as ASME President 
from 2014-2015, and previous to that, has served in a variety of 
leadership positions, including Board of Governors member, 
senior vice president for Standards and Certification, vice 
president for the Council on Codes and Standards, chair of the 
Board on Pressure Technology, and a host of ASME Codes and 
Standards boards, groups, committees and sub-committees. He 
has more than 20 publications and two patents and is a frequent 
speaker and chairman in technical forums. He was responsible for 
developing the ASME “Guide to Life Cycle Management of 
Pressure Equipment Integrity”.  

Mr. Sims has been recognized by his peers in the industry as a 
leader, having received the J. Hall Taylor Codes and Standards 
medal in 2004, and the Melvin R. Green Codes and Standards 
medal in 2006.  Prior to joining Becht Engineering in 1998, he 
worked for more than thirty years with Exxon (now ExxonMobil), 
the last ten years as a pressure equipment specialist with Exxon 
Research and Engineering Company. 

https://www.asme.org/about-asme/news/asme-news/j-robert-sims-becomes-133rd-president
https://www.asme.org/about-asme/news/asme-news/j-robert-sims-becomes-133rd-president


Fracture Mechanics and other Methods for Fatigue and Fracture Analysis of 
Pressure Equipment (MC150)  

AGENDA 
The contents are presented in sections tentatively organized as shown below. The two-day schedule allows 
for ample discussion and interaction with attendees. The instructor reserves the right to modify the content 
to address the audience’s needs and preferences. 

Day One: 8:00am – 5:00pm 
 

1. Overview of Fatigue Analysis Methods 
a. Fatigue Curves (S-N method) 
b. Structural Stress Method for Welded joints 
c. Fracture Mechanics 

 
2. Introduction to Fracture Mechanics 

a. Why do cracks initiate and propagate? 
b. Concept of plastic zone 
c. Concept of constraint to yielding 
d. Crack growth under cyclic loading 
e. Crack growth due to environmental effects 
f. Fast fracture (brittle fracture) 

 
3. Discussion of Initial Flaw Size 

a. Minimum detectable flaw size using NDE 
b. Sizing known flaws 

 
4. Characterization of Flaws (cracks) 

a. Flaw depth and length 
b. Branched cracks 
c. Multiple flaws in close proximity 
d. Flaw recategorization 
e. Inspection techniques and sizing 

 
5. Level 1 Assessment 

a. Screening Curves 
 

6. Level 2 Assessment 
a. Determining partial safety factors (PSFs) 
b. General procedure for computing stress intensity and reference stress 

i. Primary, secondary and residual stress 
c. Determining load and toughness ratios 

i. Plasticity interaction factors 
 

7. Failure Assessment Diagram (FAD) 
a. Construction and use of the FAD 

 



 

Fracture Mechanics and other Methods for Fatigue and Fracture Analysis of Pressure Equipment 
AGENDA (cont’d) 
 

Day Two: 8:00am – 5:00pm 
 

8. Determining Crack Tip Stress Intensity and Reference Stress 
a. Stress Intensity solutions based on closed form equations for plates and shells 
b. Finite Element Analysis Requirements for a Fracture Mechanics Analysis 
c. Stress intensity factor solutions using third or fourth order polynomial curve fits 
d. Stress intensity factor solutions using Weight Function methods 
e. Solutions for reference stress in the un-cracked ligament 

9. Determination of Fracture Toughness 
a. Fracture toughness parameters and inter-relationships 
b. Relation of fracture toughness to Charpy V-Notch impact values 
c. Fracture toughness testing 
d. Charpy V-Notch testing 

i. Sub-size specimens 
e. Conversion of Charpy V-Notch energy to fracture toughness 
f. Concept of Transition Temperature 
g. Calculation of lower bound fracture toughness when test results are not available. 
h. Concept of static and dynamic fracture toughness (loading rate effects) 
i. Effect of environment (e.g. hydrogen charging) on apparent fracture toughness 
j. Effect of aging (embrittlement) on fracture toughness 

10. Determination of crack growth rates 
k. Fatigue crack growth 
l. Crack growth by stress corrosion cracking 
m. Crack growth by hydrogen assisted cracking 
n. Corrosion fatigue 
o. Paris’ law and its variants 
p. Fatigue crack growth data in API 579-1/ASME FFS-1 
q. Threshold stress intensity for crack growth 

 
11. Summary and Wrap-up 

 
 
 
 
 
 
 
 
 

         


