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INTRODUCTION 

Because of the complexities of fracture testing, and the inability of many labs to conduct a fracture 
toughness test, many labs will simply measure the Charpy impact energy (CVN) and use one of many CVN-K,C 

correlations (rcf 1) to predict the toughness of the material being investigated. This study examines two well- 
known correlations that are applicable in the upper-shelf regime. The two correlations studied are the Rolfe- 
Novak correlation (ref 2) 

(ü*)2 = 5(£™ - 0.05) (1) 

and the Ault-Wald-Bertolo correlation (ref 3) 

(**? = i.37(£^) - 0.045 (2) 
a a 

y* y* 

where a,, is the 0.2 percent yield strength. 

These correlations were developed by compiling a large amount of data and curve-fitting the best linear 
fit to derive these equations. The Rolfe-Novak study included data from steels with yield strengths in excess of 
100 Ksi, while the Ault-Wald-Bertolo study included only ultra-high strength steels (tensile strengths in the range 
of 200 Ksi to 300 Ksi). Although some of the materials utilized in this study do not fit these classifications, the 
correlation is still being investigated. 

Since the materials being considered all possessed relatively high fracture toughness, even at -40°F, full 
J-integral (Jlc) fracture toughness tests were conducted according to ASTM E-813, "Standard Test Method for Jjc, 
A Measure of Fracture Toughness." 

Elastic fracture mechanics (K,c) does not adequately predict the toughness of these materials because we 
cannot meet the Kjc test requirements, per ASTM E-399, "Standard Test Method for Plane-Strain Fracture 
Toughness of Metallic Materials." Therefore, we have utilized elastic-plastic fracture mechanics (J,c) and 
converted the results to K, with the following equation: 

*/ = 
EJ, fc (3) 

Ni- 

These Kj values are believed to be good estimates of KIc. 

RESULTS 

The results of testing can be observed in Table 1. Note that both CVN and K, were evaluated at both 
room temperature (72°F) and -40°F. The data preserved in this table are the result of averaging a minimum of 
three lest results for each condition. 

The results presented in Table 1 are also shown graphically in Figures 1 and 2. The Rolfe-Novak 
correlation conservatively predicts the measured fracture toughness of all materials investigated, except for the 
AF1410. In the case of AF1410, it appears that the Ault-Wald-Bertolo correlation predicts the measured fracture 
response very accurately. 



Figure 3 is significant since it attempts to predict the room temperature fracture toughness response 
based on -40°F CVN.  Again, the Rolfe-Novak correlation does seem to conservatively predict the fracture 
toughness response (with a few outlier, especially at higher toughness values). As seen in Figure 3, the 
PH 13-8 Mo stainless steel is not conservatively predicted at room temperature based on a -40°F CVN. 

CONCLUSIONS 

1. Previous work by Kapp and Underwood (ref 4) indicated that for A723 steel, the Rolfe-Novak 
correlation predicts the fracture toughness response at room temperature reasonably well based on a -40°F CVN. 
This study verifies those findings. We have also found that Rolfe-Novak conservatively predicts the room 
temperature fracture toughness of Inconel 718 and the higher strength levels of AF1410 when based on -40°F 
CVN. However, the PH 13-8 Mo and the lower strength levels of AF1410 do obey this trend. 

2. We have determined that the Rolfe-Novak correlation does not adequately or conservatively 
predict the fracture toughness at room temperature when estimated by room temperature CVN. Under these 
conditions, the Ault-Wald-Bertolo correlation does indeed conservatively predict the fracture toughness for all 
materials investigated. 

3. Rolfe-Novak does conservatively predict the -40°F fracture toughness of A723, Inconel 718, 
and PH 13-8 Mo when based on -40°F CVN. Whereas it does not adequately predict the -40°F fracture 
toughness of AF1410 when based on -40°F CVN. For this material, the Ault-Wald-Bertolo correlation does 
predict accurate fracture toughness. 

4. Based on the findings of this study, it appears that the accuracy of the two correlations studied 
is dependent on material tested, heat treatment condition, and test temperature. One general conclusion that can 
be drawn from this analysis is that the Ault-Wald-Bertolo correlation in most every case studied, conservatively 
estimated the fracture toughness of each of these materials, heat treatments, and test temperatures. However, the 
prediction is extremely conservative in many cases. This suggests that whenever an accurate representation of 
these classes of materials is necessary, a Jlc fracture toughness test must be performed. 
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