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Fig. 17 Structure Found in three-quarter-in-diameter specimen of 4330V (Mod Si) steel cut from three-in-diameter specimen tempered at 600 F 

ing specimen size from 0.505 inch to 3.00 inches is practically 
nihil. 

8 The higher values of fracture toughness of the individually 
heat-treated specimens in comparison with the specimens cut 
from the three-inch diameter round may be ascribed to non-
martensitic decomposition products. 

9 For steels having a yield strength of approximately 200,000 
psi, a 0.500-in. diameter circumferentially notched round may be 
adequate if the sources of error were better understood. In the 
light of present knowledge a 0.750-in. diameter circumferentially 
notched round is preferred. 
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D I S C U S S I O N 
W. F. Brown, Jr.2 

This is a very interesting paper in that it provides information 

concerning both plane strain fracture toughness values and the 
effects of specimen size for a variety of high-strength steels. All 
of these alloys are of current interest to the aircraft and missile 
designer. The authors imply that much of the published round 
bar notch data are ambiguous because the notches were not 
sufficiently sharp. This is quite true and was recognized 15 years 
ago by Sachs and his co-workers [12], who employed specimens 
with notch radii less than 0.001 inch to evaluate low alloy con-
structional steels. At that time it was very difficult to convince 
anyone that such tests had meaning to either the alloy producer 
or the designer. More recently the need for ultrahigh-strength 
alloys in military applications has revived interest in sharp notch 
tests and the work of Irwin has put the results of such tests in 
closer contact with practical problems. 

Regarding the specimen size effect, it is rather surprising that 
the 0.75-in-diameter specimens yielded consistently higher Kc 

values than 0.505 in. specimens. This is in contrast to the 
authors' conclusions based on an analysis of the data for SAE 4330 
tested over a wide range of sizes. Also it is noted, that the K/e 

data for SAE 4330 presented in Fig. 4 at 600 and 850 deg F tem-
per does not agree with that shown for the individually heat-
treated specimens in Fig. 13. Would the authors care to com-
ment on these two points? 

It should be noted that unintentional variations in the notch 
radius could result in variations in the notch strength and 
KIc values. Thus, the strength of circumferentially round 
notch bars for some steels decreases with notch radius in the 
range between fatigue cracks and 0.001-in. radius notches [13]. 
It is not possible to assess this radius effect for the authors' steel 
without fatigue crack data. However, it may account for some 
of the scatter, and the Kj c values reported may be higher than 
those characteristic of fatigue cracks. 

The authors conclude that 0.75-in-diameter notched bars are 
more suitable than 0.500-in-diameter bars for evaluating steels at 
approximately 200,000 psi yield strength level. This may be true; 
however, the authors' data do not prove the superiority of the 
larger specimens. Proof of this nature would require tests which 
showed the KIc values for both specimens to be equal when the 
yield strength was in excess of 200,000 psi and unequal at strength 
levels of 200,000 psi or lower. On the other hand, it is most en-
couraging to see the 0.500-in. specimen in all cases defines the 
regions of temper embrittlement as well as the 0.75-in. specimen. 
Thus it may be concluded that the smaller specimen should be 
quite adequate for screening high strength steels of the types re-
ported in this paper. 

2 Chief, Strength of Materials Branch, NASA Lewis Research 
Center, Cleveland, Ohio. 
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regard to the higher values of plane strain fracture toughness 
observed for the 0.750-in-diameter notched specimens attention 
is directed to Table 3. The <T„/<rys ratios tabulated here are for 
the 0.750-in-diameter notched specimens and show values which 

approach unity. The <j„/<jyE ratios for the 0.505 diameter 
notched rounds were in general greater than unity. It has been 
observed in the case of plane strain fracture, when the plastic 
strain zone ahead of crack front just envelopes the specimen 
{cn/crVB approaches unity) a relatively high value of KIc is meas-
ured. Since the <r„/<Tsa values for the 0.505-in-diameter speci-
mens are greater than unity somewhat more extensive plastic de-
formation has occurred in these specimens as compared with the 
0.750-in-diameter specimens. It may be argued that the values 
of K,c reported for the 0.750-in-diameter specimens represent 
this peak value of plain strain fracture toughness. 

The fracture toughness values reported in Fig. 4 were obtained 
from one-inch forgings and the data reported in Fig. 13 were for a 
six-inch forging. It is felt that the greater degree of fibering in 
the one-inch forging can account for this difference in plane strain 
fracture toughness. 
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