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DISCUSSION 

S. T. Rolfe 1 (written discussion)--As the authors well know, I agree com- 
pletely with their conclusion that existing linear elastic fracture mechanics 
technology is applicable to medium-strength steels. This fact has been well 
documented, not only by the work of the authors and their colleagues at 
Westinghouse, but also by numerous investigations at the Applied Research 
Laboratory of U.S. Steel Corp. 2-7 In fact, research in progress 8 indicates that, 
providing certain conditions of restraint are satisfied, the usefulness of the 
fracture mechanics approach may be extended even further than the authors 
propose. The data shown in Fig. 4 that are invalid according to the criteria 
for plane strain behavior substantiate this fact. Thus, the authors' conclusion 
regarding the general applicability of fracture mechanics to medium- (and 
low-) strength steels is well founded. 

The authors correctly note that there is no correlation between yield 
strength and K ~  for the alloys studied. However, the K~c data shown in 
Fig. 5, along with test results of five structural steels having room-tempera- 
ture yield strengths in the range 39 to 246 ksi, have been analyzed by Barsom 
and Rolfe ~ to develop an empirical correlation between slow-bend K~o test 
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results and standard Charpy V-notch (CVN) impact test results in the transi- 
tion-temperature region. This empirical correlation is shown in Fig. 18. It  
should be emphasized that this correlation, as well a previously published 
upper-shelf Kic-Charpy V-notch correlation based on results obtained on 
eleven steels having yield strengths in the range of 1 10 to 246 ksi 2,~, are both 
empirical.9 Because of differences in loading rate and notch acuity between the 
KI,  and Charpy tests, no theoretical justification for the correlation currently 
exists. However, various investigations 1~ have shown that for the particu- 
lar geometry of the Charpy V-notch test specimen, maximum constraint 
exists at the tip of the notch. Therefore, it is not unreasonable to expect 
that the conditions of  constraint ahead of the notch in the Charpy V-notch 
and KIo test specimens are similar. Thus, although the authors state that 
there is no correlation between yield strength and K1 c ,an empirical correlation 
that is based in part  on their data does exist between Charpy V-notch impact 
energy and KI o. 

The authors'  example problem is extremely useful in demonstrating the 
application of fracture mechanics to problems involving fatigue loading. A 
similar analytical procedure for relating subcritical crack growth to inspec- 
tion requirements that involves both fatigue and stress corrosion has been 
presented by Sinclair and Rolfe. 13 In this procedure, various assumptions 
regarding the frequency of loading of structures were made so that crack- 
size/time curves could be developed to predict the life of a structural member. 
This procedure, as well as the example problem described by the authors, 
demonstrates the relative importance of stress level, yield strength, material 
properties, and initial crack size with respect to the time required for a crack 
to grow to a given size. 

In conclusion, the authors'  paper, as well as numerous other studies of the 
fracture and fatigue behavior of  medium-strength steels, conclusively dem- 
onstrates the usefulness of  the fracture mechanics approach as a quantita- 
tive tool that can be used for the prevention of failure of structures fabricated 
from medium-strength steels. For  this, the authors are to be complimented. 
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FIG. 18--Relation between Kz~ and CVN values in the transition-temperature region. 




