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Fig. 3.

0.40, 0.83 and 1.19; C materials when a polynomial
fit is attempted. Furthermore, from Table 2 it can
be seen that the confidence levels of the polynomial
fit exceed 959, and, in fact, are effectively 1009, for
all three cases. It is apparent, therefore, that the
strain to fracture-pressure data for the annealed 0.40,
0.83 and 1.19; C materials are best described by a
polynomial rather than a linear relationship.

Several other points are important to note in con-
nection with Fig. 3. In the case of the materials ex-
hibiting a linear relationship, the slope (B) progres-
sively decreased with increasing carbon content.
Similarly, if one assumes a linear relationship be-
tween strain to fracture and pressure for the remain-
ing materials rather than a polynomial fit, they also
exhibited a decrease in slope (B) with increasing car-
bon content. The significance of this result with
respect to the relationship between the pressure
coefficient of ductility and strain hardening coef-
ficient will be discussed subsequently.

A second important point concerns the form of the
curve for the annealed 0.40, 0.83 and 1.19; C ma-
terials. In these materials, the pressure at the be-
ginning of substantial deviation from linearity in-
creased with increasing carbon content.

Finally, in the case of the materials exhibiting a
nonlinear relationship between pressure and strain
to fracture, the slope or pressure coefficient of duc-
tility at the higher pressures tended to approach that
for the spheroidized materials of the same carbon
level. Thisis readily seen in the case of the annealed
0.40 and 0.839, C materials. It is likely that the
slope of the annealed 1.19; C material would also
approach that of the spheroidized materials at higher
superposed pressures.
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Duectility vs pressure for Fe — C materials.

In summary then, the effects of pressure upon the
true strain to fracture was found to be highly struc-
ture sensitive, both in terms of the slope B and the
form of the relationship between strain to fracture
and pressure. Annealed 0.0049, C and spheroidized
materials exhibited a linear relationship between
pressure and strain to fracture, whereas the annealed
materials containing substantial carbon exhibited a
definite nonlinear polynomial relationship with B
increasing with increasing pressure. The slopes of
the curves B all decrease with increasing carbon con-
tent. In the case of the annealed carbon containing
materials, the slope at high pressure approached that
for the spheroidized materials of equivalent carbon
content.

As previously discussed, Bridgman primarily used
materials that were in the “as-received”” or quenched
and tempered condition. Of all of his data, two
plain carbon steels, that were supposedly in the an-
nealed and/or spheroidized condition (the actual
structure is unknown), can be used for comparison
with the results of this current investigation. These
data of Bridgman are shown in Fig. 4, along with the
pertinent curves from our investigation. Bridge-
man’s actual data points are shown and the best
fit curves drawn through these points. For sim-
plicity, the data points from the current investigation
have been omitted with the points shown being used
only in order to identify the curves. The curves
from the current work are dashed with those from
Bridgman being solid.

It can be seen in Fig. 4 that the best fit curves for
Bridgman’s data are not linear as he has stated, but
deviate considerably from linearity. In the case of
his annealed 0.909, C material, the agreement is
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Fig. 4. Ductility vs pressure for Fe — C materials including Bridgman’s data.
quite good with our data obtained for the 0.839, C  elongation with increasing pressure. These ma-

material. The slope is slightly lower due to the
higher carbon content, but B increases with pressure
in the same manner. Bridgman’s data for the an-
nealed 0.45%, C material is quite linear at lower pres-
sures, but B decreases at higher pressures rather than
increases as we have found. His spheroidized 0.909,
C material exhibits nonlinearity with B increasing
with increasing pressure, which is in contrast to the
fact that linearity was obtained for all of the sphe-
roidized material in this work. It should be noted,
however, that there is a small number of data points
available to describe Bridgman’s curves and, in most
cases, they are not uniformly distributed with re-
spect to pressure. Based on the data available,
however, it is obvious that these materials do not ex-
hibit a linear relationship between pressure and
strain to fracture and the forms of the curves vary
considerably both from material to material and as
a function of microstructure. KExcept for the an-
nealed 0.909, C material, the agreement with the re-
sults of the present investigation is not good. This
may be accounted for by the lack of knowledge of the
actual microstructure of his materials and, as pre-
viously stated, the lack of usable data.

EFFECTS OF PRESSURE UPON ELONGATION

Elongation as a function of pressure is plotted in
Fig. 5 for the materials investigated.

In the case of the most ductile of the materials in-
vestigated, that is, the annealed 0.004 and 0.409, C,
and spheroidized 0.409, C materials, the elongation
increased slightly at lower pressures, then rapidly
leveled off with no further observed increase in
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terials undergo substantial necking even at at-
mospheric pressure. Pressure does not, in this case,
affect the uniform strain, but only enhances the
amount of reduction in area obtained in the necked
region. Thus, as the reduction in area in the necked
region becomes greater as a result of increasing pres-
sure, its contribution to the over-all elongation be-
comes less significant. This, then, accounts for the
effective insensitivity of elongation to pressure at
the higher pressures.

In the lower ductility annealed 0.839;, C and
spheroidized 0.83 and 1.19%, C materials, the increase
in elongation with pressure was much more extensive
and only tended to level off at quite high pressures.
This is a manifestation of the smaller amount of
necking obtained at atmospheric pressure for these
steels. As a result, there is a greater contribution of
the reduction in area in the necked region to the over-
all elongation as the pressureisinereased. Thelevel-
ing off in elongation observed at high pressure is at-
tributed to the increased degree of necking as pre-
viously discussed for the more ductile materials.

For the relatively brittle annealed 1.19; C ma-
terial, there was a large and continuous increase in
elongation with increased pressure with no signs of
leveling off. This is likely due to a two-fold effect.
First, since there was very little, if any, necking ob-
served for this material at atmospheric pressure,
there was a large contribution to the elongation re-
sulting from the substantial necking that occurs
under pressure, as will be subsequently shown. The
second contribution was due to the fact that this ma-
terial fractured at very low plastic strains at low or
atmospheric pressure. It is, therefore, likely that
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