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{(2) A wide variety of steels of less than 120 ksi vield strength could be expected to
demonstrate very high levels of fracture toughness, as deduced from Charpy test data

and armor plate test experience.

(3) Very little specific information was available for plate stee 1s in the range of 130 tc
180 ksi vield strength. The drastic decrease in Cy -SE shown by aircrait lorgings of the
hich end of the strength range implied a serious lack of fracture to ighness.

The rapidly developing interest in the use ol ultrahigh strength steels for submarine
hull fabrication, coupled with the ge neral lack of fracture toughness information regarding
such steels, clearly indicated the need for a research program in this area. Accordingly,
a research plan was developed early in 1960, aimed at evaluating the flaw size - fracture
stress relationships of high strength steels. The established goal was to develop a maxi
mum amount of useful engineering information within the time span of an anticipated
BuShips requirement period of two years. In the absence of any existing practical method
for evaluating the fracture toughness of steels in the strength range of interest, it was
necessary to improvise a “short circuit” approach based on entirely new test methods.
This goal has been met and we are reporting today on the only available practical method
that can be used to provide the information desired by designers or industrial producers.
The findings are not an “end” but merely the first significant step in under standing the
engineering characteristics of the 100 to 200 ksi strength range for plate mate rial.






NAVAL RESEARCH LABORATORY 17

Figure 13 illustrates the performance of HY-220 Maraging steel in the presence of the
92-inch crack. It is obvious that the fracture propagated at elastic levels of load - the plate
remained perfectly flat. An opposite extreme is illustrated by a test of HY-80 plate, Fig. 14,
which resulted in the propagation of a short, 1-inch-long tear for each of 5 successive load
applications. In other words, even with the enlargement of the flaw to almost a 1-foot length
and loading which approached the ultimate strength of the steel (deep bulge), fracture propa-
gation is resisted by this steel.
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1500 ft-1b or less. It is not possible, at this time, to evaluate the degree to which this test
may provide a more accurate correlation with relationships between flaw size and stress
than is provided by the Charpy test. Such an analysis must await the development of addi-
tional flaw-size test data, particularly for steels of low fracture toughness, Irrespective
of such benefits, the test presently provides considerable advantages over the use ol
Charpy tests, as follows:

(1) May be used to evaluate plate thickness effects.

(2) May be used to compare the tearing energies of widely different materials prior
to establishing Charpyv V correlation bases.
(3) Less expensive and time consuming than the Charpy test (plate cutting to test
i ! I I
cycle).

(4) Provides for evaluating materials at temperatures which entail a mixture of
fracture modes. This is not possible for Charpy V tests at the present stage of correla-
tion development.

The correlation of DWTT energy values with Cy -SE values (Fig. 19) is surprisingly
good, as indicated by the data band which encompasses all relationships established to
date. The data pertain solely to Q&T steels with the exception of the Maraging sieels
located at the extreme lower portion of the band. The wide range of tear energy values
developed by the various steels in the 80 to 220 ksi yield strength range is apparent from
the plot. The relative position of the various classes of steels is made evident by the
repeat of the data in Figs. 20 to 23.

One of the important findings illustrated by these data is the wide differences in tear-
ing energy that may be obtained in a given plate as a function of orientation. Figure 20
illustrates HY-80 {as received) steel representing highly cross-rolled and poorly cross-
rolled material. The high ievel of tearing energy generally exhibited by HY-80 causes no












































