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A METASTABLE AUSTENITE WITH PLANE STRESS FRACTURE 

TOUGHNESS NEAR 500,000 psi-in
112 

J-P. Birat arid W. W. Gerberich 

Inorganic Materials Research Division, Lawrence Radiation Laboratory 
Department of Materials Science and Engineering, College of Engineering 

I University of California, Berkeley, California 

Recent tests on one high-strength metastable austenitic steel have 

shown it to possess an unusual combination of properties. This nominal! 

llCr- 8Ni- 2Mo- 0.4Mn- 0.27C steel had a yield strength of 210,)00 psi, 

an ultimate strength of 235,000 psi and an elongation of 47 percent. The 

major difference between this alloy and some other metastable austenites1 

was in the ease of the strain-induced phase transformation which may be 

described by the coefficient, m, in 

l/2 V = me: a' 
(l) 

I 

where V , is the amount of the martensitic phase and e: is the strain. Since 
a 

the alloy content was 3 - 5 percent less, the value of m at room 

temperature was as much as a factor of two greater than m for those 

alloys reported previously. 1 While the alloys of the previous investigation 

had plane stress fracture toughness, K , values in the range of 200,000 
c 

. l/2 . 
to 320,000 psi-ln ,the present result showed K values to range from 

c 

4 4 t . l/2 44 . . l/2 05,000 to 95,000 psi-ln with the average value being 0,000 ps1-1n . 

Keeping in mind that these results were obtained on 3-inch wide single-

edge notch specimens, the plastic zone traversed the remaining plate 

width and so the results can only be considered as rough estimates. 

Nevertheless, no plastic zone correction term was utilized in the 

·t Part of what seems to be scatter is attributable to an adiabatic 
heatin~ effect which i:;> a ;function of crack velocit~ and hence testing 
speed. 

1;1 
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calculation and so this material possibly has a K
6 

greater than 500,000 
. l/2 . 

psi-ln which must be considered very tough for a 210,000 psi yield 

strength steel. To clear up any ambiguity, we currently are running 

some tests on 7-inch wide plates to obtain better K estimates. . c 

To account for the high toughness obtained in this class of steels, 

l it was originally proposed that at the tip of a crack, the invariant 

shear of the phase transformation was a more efficient energy dissipater 

than other plastic deformation processes. To see if the present result 

could be accounted for simply by the increased amount of phase trans­

formation, a calculation similar to what was done befor~1 was made. For 

example,· the contribution of the invariant shear strain, E:IS' may be 

given by 

for an elliptically shaped zone where B is the thickness, R is the 
p 

plastic zone length, and Oa 1 ,0y are the flow stresses for martensite 

and austenite. Further calculations allowed the total energy to be 

given by U "' 4020 R 2 B Lb/in2 . From measurements of the plastic zone p p . . 

height and the relationship between the length and height, a value of 

UP as a function of crack length was determined as shown in Fig. 1. At 

the point of crack instability, au /aa was roughly 64oo Lb/in which, 
p 

from K-: [(aup/aa) E]112 gives a stress intensity of 440,000 psi-in112 , 

As the actual measured value for this specimen was 415,000 psi-i~112 , it 

would indicate that the high toughness achieved in this alloy is directly 

attributable to the large value of m, since au /aa is directly proportional 
p 

to m. Thus, it would appear that a relatively simple method for achieving 

• 
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excellent combinations of strength and toughness might be to make 

metastable austenites as unstable as possible, thereby giving relatively 

large values of m. 

Acknowledgments: This work was supported by the United States Atomic 

Energy Commission. 

REFERENCES 

1. W. W. Gerberich, P. L. Hemmings, V. F. Zackay and E. R. Parker, 

Fracture 1969, ed. by P. L. Pratt, Chapman and H~.l Ltd., London 

(1969) p. 288. 

2. W. W. Gerberich, P, L. Hemmings and V. F. Zackay, "Fracture and 

Fractography of Ultra-High Strength Metastable Austenites," to be 

published, 

• 



en 
.a 
...J .. 

Q; 
:::l 
v) 
(f) 2500 
L&.l 
z 
~ 
u -:z:: 
~ 
~ 2000. 

z 
:::l 

' z 
0 
~ 1500 
ex 
Q. 
(f) 
(f) 

0 

>- 1000 
(.!) 

0:: 
w 
z 
w 
u 

t;; 
ex 
...J 
0.. 

-4- .· UCRL-20341 

I 

~aup 
· - - 6400 Lb/in 

1 aa 
I 

I 
I 

I 
I 

0--------._------L-------~------~----__...J 
1.0 1.2 1.4 1.6 1.8 2.0 

CRACK LENGTH, o, in. 

XBL 7010-6746 

Fig. l. Plastic Energy Dissipation. as a Function of Crack Length. 




