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Elevated-Temperature Properties
of Basic-Oxygen Steel

By C.E. SPAEDER, JR.!
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ABSTRACT: Because of the relatively limited amount of test data
available on steels made by the hasic-oxygen process and to supply
information on which a decision could be made to include the basic-
oxygen process in certain ASTM specifications, the ASTM author-
ized a Task Group to determine the properties of carbon steels made
by this process.

The results of this investigation and information available from
previous investigations indicate that the basic-oxygen A 201 and
A 212 steels in the hot-rolled condition and in the normalized and
tempered condition in comparison with these steels made by the
open-hearth process have about the same tensile properties in the
range 80 to 1000 F, notch toughness in the range —10 to 110 F, and
creep and creep-rupture properties in the range 800 to 1000 F. In
addition, the strain-aging characteristics, weldability, steel quality,
and microstructures of the steels made by the two processes are
similar.

REFERENCE: C. E. Spaeder. Jr.. Elevated-Temperature Properties
of Buasic-Oxygen Steel, ASTM STP 387, Am. Soc. Testing Mats.,
1965.

Because the basic-oxygen? process has gained prominence only in the
past few years, the available data on mechanical properties of steels made
by this process are relatively limited. Until sufficient data showed that
the mechanical properties of the steel made by this process are equiva-
lent to the properties of the same steel produced by the open-hearth or
the electric-furnace process, ASTM deferred approval of the basic-
oxygen steelmaking process in certain ASTM specifications.

Accordingly, the ASTM Committee A-1 on Steel authorized a Task
Group?® to determine the properties of carbon steels produced by the
basic-oxygen process. For comparison, companion open-hearth heats of

1 Research metallurgist, Stainless Steel Products, Applied Research Laboratory, United
States Steel Corp., Monroeville, Pa,

2 The basic-oxygen steelmaking process refers to the process in which molten steel is

refined under a basic slag by directing a jet of high-purity oxygen onto the surface of the
hot-metal bath.

Copyright © 1965 by ASTM International www.astm.org



2 ELEVATED-TEMPERATURE PROPERTIES OF BASIC-OXYGEN STEEL

each of the stcels to be studied were included also in the investigation.
The investigation comprised three separate projects: Project A, an in-
vestigation of ASTM A 285 (Grade C) steel; Project B, an investigation
of ASTM A 201 (Grade A) and A 212 (Grade B) steels; and Project C,
an investigation of ASTM A 442 (Grades 55 and 70) steels.!

Projects A and C included an investigation of steels made by both the
open-hearth and basic-oxygen processes to determine their room- and
elevated-tcmperature tensile properties, impact properties, steel quality
{as measured by bend and homogeneity tests), weldability, microstruc-
ture, and strain-aging characteristics. The results of this investigation,
which have already been reported [/].” indicate that the propertiés of the
ASTM A 285 (Grade C) and ASTM A 442 (Grades 55 and 70) steels
made by the basic-oxygen and open-hearth processes were equivalent.
Project B was similar to Projects A and C except that it included a de-
termination of the creep and creep-rupture properties of the A 201 and
A 212 steels. ASTM A 201 and A 212 steels were selected for extensive
investigation of the elevated-temperature properties because a large
amount of data on the creep and creep-rupture properties of these steels
made by'the open-hearth process were available from previous investiga-
tions [2, 3]. Hence, the creep and crcep-rupture properties of the open-
hearth A 201 and A 212 steels were not determined in this investigation.

The present paper summarizes the results obtained under Project B on
A 201 and A 212 steels made by the basic-oxygen and open-hearth proc-
esses. Because this paper is primarily concerned with the elevated-
temperature properties of the basic-oxygen A 201 and A 212 steels,
results other than the elevated-temperature properties are presented in
the Appendix.

MATERIALS AND EXPERIMENTAL WORK

As shown in Table 1, the four steels used in the investigation are within
the chemical composition limits required by the pertinent ASTM specifi-
cation. These steels were made by Kaiser Steel Corp. in accordance with
firebox-quality coarse-grain practice and were then processed to 1-in.-
thick plate. One heat of each steel was produced by the basic-oxygen
process, and one heat of each steel was produced by the open-hearth
process. The 1-in.-thick plates were tested both in the hot-rolled condi-
tion and in the normalized (1625 F for 1 hr) and tempered (1150 F
for 1 hr) condition.

From the midthickness of the 1-in.-thick plate, standard longitudinal
tension specimens were machined from the basic-oxygen A 201 and

3 The Task Group comprised the following members: C. L. Kent (chairman), H. E.
Berger, J. E. Carney, G. T. Jones, J. R. LeCron, T. B, Linn, E. E. Powell, J. J. B.

Rutherford, and L. H. Wilson. In addition, J. S. Worth, P. W, Marshall, M. Korchynsky,
and R. F. Miller assisted the Task Group.

1 The following companies participated in the investigation: The American Oil Co.,
Armco Steel Corp., Bethlehem Steel Co., Kaiser Steel Corp., Jones and Laughlin Steel
Corp., Republic Steel Corp., Sharon Steel Corp., and United States Steel Corp.

% The italic numbers in brackets refer to the list of references appended to this paper.
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A 212 steels. Transverse tension specimens were also prepared for the
basic-oxygen A 212 steel. The room- and elevated-temperature tension
tests on the basic-oxygen A 201 and A 212 steels were. conducted at
75, 200, 400, 500, 600, 800, and 1000 F on 0.505-in.-diameter speci-
mens with a 2-in. gage length. For the opcn-hearth A 201-and A. 212
steels; the room- and elevated-temperature tension tests were conducted
at these temperatures but on 0.250-in.:diameter specimens with a 1-in.
gage length. Because elongation in 1 in. and reduction. of area- obtained
on a 0.250-in.-diameter specimen are equivalent to the elongation in 2 in.
and reduction of area of 0.505-in.-diameter tension specimens, the elon-
gation and reduction-of-area values obtained for the basic-oxygen- and
-open-hearth steels can be.readily compared [4]. The tension tests were
conducted in accordance with ASTM Recommended Practice for Short-
Time Elevated-Temperature Tension Tests of Materials (E 21-58 T).

Longitudinal creep and creep-rupture test specimens were also ma-
chined from the midthickness of the I-in.-thick plate both in the hot-
rolled and in the normalized and tempered conditions. The creep and
creep-rupture tests were conducted at 800, 900, and 1000 F on 0.252-in.-
diameter specimens of the A 201 steel and on either 0.357- or 0.505-in.-
diameter specimens of the A 212 steel. Both tests.were conducted in
accordance with Recommended Practice for Conducting Creép and Time
for Rupture Tension Tests of Materials (E 139-58 T).

Metallographic studies were conducted on the steels before and: after
long-time creep and creep-rupture testing. The microstructures were
examined after: being’ etched both in nital -and picral reagents to reveal
primarily the ferrite and the pearlite structure, respectively.

RESULTS AND DISCUSSION
Tensile Properties of A 201 (Grade A) Steel:

The room- and elevated-temperature tensile properties are shown .in
Table 2 for basic-oxygen A 201 steels both in the hot-rolled and in the
.normalized and tempered conditions and in Table 3 for open-hearth
A 201 steels in both conditions. The properties shown in Tables 2 and 3
are also shown graphically in Figs. 1-4. The modulus-of-elasticity data
derived from the stress-strain curves are also presented in Table 2. In
addition to the yield strength determined at 0.2 per cent offset of the
stress-strain curve, the yield strength at 0.01 per cent offset was also
determined for the basic-oxygen steel, Table 2. At the lower test tempera-
:tures (75, 200, and 400 F in the hot-rolled condition and 75, 200, 400,
500, and 600 F in the normalized and tempered condition), the yield
strength determined at the 0.01 per cent offset was hlgher than the yield
strength at the 0.2 per cent offset.

The higher values for the 0.01 per cent yield strength for these steels
are due to the presence of both upper and lower yield points. The presence
of an upper and lower yield point is due to an interaction of carbon and
nitrogen with dislocations [5].

The curves showing the effect of test temperatures on the yield (0 2
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per cent offset) and tensile strengths of the A 201 basic-oxygen and open-
hearth steels are presented in Fig. 1 for the hot-rolled condition and in
Fig. 2 for the normalized and tempered condition.

A comparison of the yield and tensile strengths for the basic-oxygen
A 201 steel with the properties for thc open-hearth A 201 steel, Figs. 1
and 2, indicates that their tensile properties are about the same with the
exception that the yield strength of the hot-rolled open-hearth steel is
somewhat higher.than that of the basic-oxygen stecl. Because of the scat-
ter in tensile properties. observed for most stecls, the difference in the
yield strength for the hot-rolled basic-oxygen and open-hearth A 201
steels is not significant.

As shown in Figs. 1 and 2, the tcnsile strength decreases first as the
test temperature is increased from room temperature to 200 F, then in-
creases to a maximum at 400 F, whereupon it decreases again with in-
creasing temperature. The maximum tcnsile strength usually observed in
the range 400 to 600 F is due to strain aging [6]. Thc temperature at
which the maximum tensile strength occurs for a particular steel depends
primarily on the strain rate during tension testing.

The yield-strength curves, Figs. 1 and 2, indicate that the yield strength
decreased with increasing temperature above 400 F. However, in the
range room temperatures to 400 F, the effect of temperature on the yield
strcngth was not consistent. This inconsistent behavior is probably as-
sociated with strain aging. .

The effect of temperature on the elongation and reduction of area for
the two steels in the hot-rolled condition is shown in Fig. 3 and for both
steels in the normalized and tempercd condition in Fig. 4. These. prop-
erties of the basic-oxygen A 201 and open-hearth A 201 steels do not
differ significantly in the range 80 to 1000 F.

The elongation and reduction-of-arca curves, Figs. 3 and 4, show
minima at about 400 F, that is, at the same temperature at which the
maximum in the tensile-strcngth curve occurs. For example, the elonga-
tion of the hot-rolled basic-oxygen A 201 steel, Fig. 3, decreases from
42 per cent at 75 F to 22 per cent at 400 F. As the test temperature is
increased further the elongation increases to 52 per cent at 1000 F, the
highest test temperature.

Tensile Properties of A 212 (Grade B) Steel:

The longitudinal and transverse room- and elevated-temperature ten-
sile properties of the basic-oxygen A 212 steel in the hot-rolled condition
and in the normalized and tempered conditions are shown in Tables 4 and
5. Shown in Table 6 are the longitudinal room- and elevated-temperature
tensile properties for the open-hearth A 212 steel in the same eonditions.
The longitudinal tensile properties of basic-oxygen and open-hearth
A 212 steel are shown graphically in Figs. 5-8.

The yield and tensile strength of the basic-oxygen A 212 stecl both in
the hot-rolled and in the normalized and tempered conditions arc some-
what higher than those of the open-hearth steel. However, these differ-
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ences are within the scatter normally observed in tensile-property data
and are not considered significant.

The maximum tensile strength was observed in the expected tempera-
ture range (500 to 600 F) for the hot-rolled basic-oxygen and open-
hearth A 212 steels. The maximum occurred at 500 F, Fig 5. For the
normalized and tempered condition, Fig. 6, the temperature of the maxi-
mum was 600 F for the basic-oxygen steel and 500 F for the open-hearth
steel. The yield-strength curves for the basic-oxygen and open-hearth
A 212 steels in the hot-rolled condition, Fig. 5, reveal a maximum at
about 500 F. This behavior probably is associated with strain aging.
For the normalized and tempered basic-oxygen and open-hearth A 212
steels, Fig. 6, the yield-strength curves decrease continuously with increas-
ing temperature.

The effect of temperature on the elongation and reduction of area for
the two steels is depicted in Fig. 7 for the hot-rolled condition and in Fig.
8 for the normalized and tempered condition. For both conditions the
elongation and reduction-of-area values for the open-hearth steel tended
to be somewhat higher than those for the basic-oxygen steel. The higher
ductility values for the open-hearth steel would be expected because of
its lower yield and tensile strengths compared with those of the basic-
oxygen steel.

The elongation and reduction-of-area curves show a minimum at about
500 F, approximately the same test temperature at which the maximum
in the tensile-strength curve occurs.

Creep and Creep-Rupture Properties:

The results of creep and creep-rupture tests conducted in this investiga-
tion on basic-oxygen steels only are compared with the results previously
reported by Miller [2, 7] and Worth [3].

‘Miller’s paper contains 1000 F creep and creep-rupture test data for
ASTM A 201 (Grade B) steel produced in accordance with both fine-
grain and coarse-grain practice. These data were obtained on 1-in.-thick
plate in the hot-rolled and stress-relieved condition. Worth’s paper con-
tains 800, 900, and 1000 F creep and creep-rupture test data for ASTM
A 212 (Grade B) steel produced in accordance with coarse-grain prac-
tice. These data were obtained on 1-in.-thick plate in both the hot-rolled
and stress-relieved condition and in the normalized and tempered condi-
tion along with 800, 900, and 1000 F creep and creep-rupture test data
for 3-in.-thick plate in the normalized and tempered condition.

ASTM A 201 Steel: The 800, 900, and 1000 F creep and creep-
rupture test data for the hot-rolled and for the normalized and tempered
A 201 steels made by the basic-oxygen process are shown in Tables 7 and
8 and are plotted in Fig. 9-12. The 1000-hr creep-rupture strength for
the hot-rolled A 201 steel at 800, 900, and 1000 F are 29,000, 16,000,
and 9200 psi, respectively (Fig. 9). About the same properties were ex-
hibited by the normalized and tempered A 201 steel (Fig. 10); the 800,
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900, and 1000 F creep-rupture strengths are 30,000, 16,000, and 9000
p51 respectively.

Stress versus minimum creep-rate curves for the A 201 steel in the
hot-rolled condition and in the normalized and tempered condition are

-shown in Figs. 11 and 12. For the 800, 900, and 1000 F, the stresses for
a-creep rate of 0.0001 per cent per hr for-the hot-rolled 'steel are 23,000,

. 6600, and 3700 psi, respectively, compared with 23,000, 8500, and
4600 psi for the normalized and tempered steel. Many .of the strain-
versus-time curves from which the minimum creep rates were derived
exhibited changes in slope during second-stage creep [8]. These changes

“in slope made it difficult to establish accurate minimum creep rates;
hence, the observed differences in creep strength for the hot-rolled and
for the normalized and tempered A 201 steels probably do not represent
true differences in.the creep strength of the steels.

The 1000 F creep and creep-rupture test data for six heats of A 201
-(Grade B) open-hearth steel are plotted along with the data obtained
on theé-A 201 basic-oxygen steel (Grade A) in the present investigation,
Fig. 13. The only difference :between the A 201 Grades A .and B steels is
the .somewhat higher room-temperature yield and tensile strengths of
Grade B. The time-to-rupture and minimum creep data for the basic-
oxygen A 201 (Grade A) steel may be, therefore, compared with the data

. for the open-hearth A 201. (Grade B) steel. For both steelmaking proc-
esses the creep and creep-rupture data are within a:single scatter band, an
indication that the creep and creep-rupture properties of the basic-oxygen
and open-hearth A 201 steels are the same at 1000 F.

ASTM A 212 Steel: The 800, 900, and 1000 F creep and creep-
_Tupture test data for the hot-rolled and for the normalized and. tempered
A 212 steel,are shown in Tables 9 and 10 and are plotted in Figs. 14-16.
For the hot-rolled steel, at 800, 900, and 1000 F, the 1000-hr creep-
_rupture strengths, are 37,000, 20,000, and 11,000 psi, respectively,
. (Fig. 14) compared with 41,000, 25,000, and 11,000 psi, respectively,
for the normalized and tempered material (Fig. 15). For the same steel
made by the same process and heat-treated in the same way, the differ-
ences in creep-rupture strength between the A 212 steel in the hot-rolled
and in the normalized and tempered conditions are not considered
,significant.

The stress versus minimum creep-rate curves for the A 212 steel in
. the normalized and tempered and in the hot- rolled. conditions, Fig. 16,
were derived from combined data for these conditions. The limited num-
ber of test points available made it impossible to accurately define a curve
when the data for each condition were plotted separately. The stresses for
a creep rate of 0.0001 per'cent per hr for the hot-rolled and fot the
normalized and tempered A 212 steel at 800, 900, and 1000 F are
25,000, 10,000, and 4300 psi, respectively.
" A comparison between the 800, 900, and 1000 F creep-rupture test
'data for the basic-oxygen and the open-hearth A 212 steels, Fig. 17,
reveals a single scatterbard for both steelmaking practices.
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. Similarly, a single scatterband is obtained when plotting the creep-test
data for the A 212 steel (tested at 800, 900, and 1000 F) made by the
basic-oxygen and the open-hearth steelmaking processes, Fig.18. Thus,
the creep and creep-rupture properties of A 212 steel made by the basic-
oxygen and by the open-hearth steelmaking processes are equivalent.

Summary of the Creep and Creep-Rupture Properties of the Basic-
Oxygen ASTM A 201 and A 212 Steels: The results of these creep and
creep-rupture tests are summarized in Table 11. These data indicate that
the creep and creep-rupture strengths for the A 212 steel are generally
superior to that of the A 201 steel. For example, the 1000-hr creep-
rupture strengths for the hot-rolled A 201 steél at 800, 900, and 1000 F
are 29,000, 16,000, and 9200 psi, respectively, whereas the 1000-hr
creep-rupture strength for the hot-rolled A 212 steel are 37,000, 20,000,
and 11,000 psi, respectively. The higher creep and creep-rupture strengths
of the A 212 steel are expected because of the higher carbon content of
the A 212 steel.

Metallographic Studles

The microstructure of the hot-rolled A 201 steel before and after creep-
rupture testing are shown in Figs. 19 and 20. The photomicrographs
shown in Fig. 19 were obtained on samplcs that were etched in picral
reagent, and those in Fig. 20 were obtained on the same samples after
being repolished andetched in nital reagent.

The initial microstructure of the steel consisted of femte and pearllte
Fig. 19a. After long-time testing (4478.1 hr) at 800 F, Fig. 196, some
of thé fine detail in the pearlite lamella is lost because of some agglomera-
tion of the carbide platelets. The microstructure after 900 F (3663.1 hr)
testing, Fig. 19¢, is similar to the 800 F microstructure except that ag-
glomeration. has progressed to much greater extent than at 800 F. After
long-time testing at 1000 F (3816 hr), Fig. 19d; spheroidization and
graphitization have occurred. The formation of graphitc [9] in'carbon
steel of similar carbon content has been observed previously at 1000 F.

The same microstructures are shown in Figs. 20a, b, ¢, and d but
etched with nital reagent; these photomicrographs show the development
of a substructure in the ferrite after long-time testing at 800, 900, and
1000 F. Thc formation |70] of a substructure is oftcn obscrved after
creep-rupturc testing and is due to dislocation climb during high-tem-
perature deformation.

The microstructures of the normalized and tempered A 201 steel before
and after long-time creep-rupture testing at 800, 900, and 1000 F, Figs.
21a, b, ¢, and d, were about the same as those of the hot-rolled material.

Microstructural studies were conducted on the hot-rolled and normal-
ized and tempered A 212 stcel, Figs. 22 and 23. As was true for the
A 201 steel, the microstructure of the steel before exposure consisted of
ferrite and pearlite, Figs. 22a and 23a. Some of thc ferritc is present in
a Widmanstitten pattern. For the hot-rolled material, long-time exposure
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at 800 F (2878.8 hr) and 900 F 876 hr) resulted in some agglomera-
tion of the earbides in the pearlite, Figs. 22b and c¢. As would be expeeted,
the tendency for agglomeration was mueh greater at 900 F than at 800 F.
After long-time testing of the hot-rolled material at 1000 F (1354.5 hr),
Fig. 224, appreciable agglomeration had oecurred. However, compared
with the hot-rolled material, the extent of the agglomeration is mueh less
for the normalized and tempered material after 4500 hr at 800, 900,
and 1000 F, Figs. 23b, ¢, and d. The differenee in the tendeney to ag-
glomerate is due to the large differenee in the amount of deformation
that oeeurred during ereep and ereep-rupture testing. The normalized
and tempered A 212 steel speeimens were tested for longer times but at
relatively low stresses resulting in little deformation (these tests were
designed to obtain ereep data only), whereas the hot-rolled steel speei-
mens were tested at stresses resulting in rupture. Beeause deformation
aeeelerates mierostruetural ehanges, more agglomeration of the hot-rolled
A 212 steel is expected.

As was true for the A 201 steel, by repolishing and etehing these A 212
steel specimens in nital reagent, a substrueture was observed in the hot-
rolled speeimens after long-time testing at 800, 900, and 1000 F. As
would be expeeted, because of the small amount of deformation that
oeeurred during the ereep tests, no substrueture was deteeted in-the
normalized and tempered A 212 steel.

A eomparison of the microstructures of the A 201 and A 212 steels
after long-time exposure indieates that the ehanges in mierostrueture were
greater for the A 201 steel. For example, despite the higher earbon
eontent (0.29 per eent) of the A 212 steel eompared with that (0.15 per
eent) of the A 201! steel, no graphite was formed in the A 212 steel. The
differenees in the mierostruetural echanges may be the result of the differ-
enees in the exposure eondition for the A 212 steel. As was already
mentioned, the hot-rolled A 201 stecl was tested for longer times than the
hot-rolled A 212 steel. Although the exposure times were similar for the
normalized and tempered material, the A 201 steel was tested under high
stresses that resulted in extensive deformation, whereas speeimens of the
A 212 steel were tested under low stresses, and, eonsequently, the amount
of deformation was very small.

Supplementary Testing:

The Appendix shows the results of supplementary tests eondueted by
Kaiser Steel Corp. on the basie-oxygen and open-hearth A 201 and A 212
steels used in the investigation of the elevated-temperature properties of
these steels. The results presented in the Appendix may be summarized
as follows:

1. The longitudinal and transverse room-temperature tensile prop-
erties of the basie-oxygen and open-hearth A 201 and A 212 steels in the
hot-rolled and in the normalized and tempered eonditions are shown in
Tables 12 and 13. These results show that the steels investigated exhibit
the tensile properties required by the pertinent ASTM speeifications. A
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comparison of the tensile properties of the two steels made by the basic-
oxygen process with those of the open-hearth steels indicates that the
tensile properties are essentially the same.

2. The results of standard longitudinal and transverse Charpy V-notch
impact tests conducted in the range — 10 to 110 F are shown graphically
in Figs. 24-39. From the curves presented in thcse figures showing the
effect of test temperature on the energy absorbed and the per cent shear
fracture, the transition temperatures at the 15 ft-lb energy absorption
level and at 50 per cent shear fracture were obtained. These transition
temperatures are shown in Table 14 for the A 201 steel and in Table 15
for the A 212 steel. A comparison of the transition temperatures for the
basic-oxygen with the open-hearth A 201 and A212 steels in the hot-
rolled condition and in the normalized and tempered condition indicates
that the transition temperatures generally are not markedly affected by the
steelmaking process. The generally lower transition temperatures of these
steels in the normalized and tempered condition compared with the hot-
rolled condition are a result of the smaller grain size of the normalized
and tempered material.

3. The results of ferrite and austenite grain-size measurements for the
A 201 and A 212 basic-oxygen and open-hearth steels, Table 16, are
typical for these steels made in accordance with coarse-grain practice.
The ferrite-grain size of the hot-rolled A 201 and A 212 steels is larger
than that of the steels in the normalized and tempered condition. The
differences in grain size for the two conditions are due to grain refinement
that occurred when these steels were normalized.

4. The results of tension and impact tests on the hot-rolled basic-
oxygen and open-hearth A 201 and A 212 steels that had been strain-
aged are shown in Table 17. The strain-aging treatment consisted of
elongating the steel 10 per cent at room temperature and aging the steel
at 450 F for 2 hr. A comparison of the tension and impact test results
indicates that the strain-aging characteristics of the steels made by the
basic-oxygen or open-hearth process are about the same.

5. The results of welding-qualification tests conducted in accordance
with the procedures outlined by the American Soc. Mechanical Engrs.
(ASME) Boiler and Pressure Vessel Code, Section IX, Welding Qualifi-
cations, are shown in Table 18. The results of macroetch, tension, and
bend tests on plates welded by the manual shielded-metal arc process with
American Welding Soc. (AWS) E7018 electrodes indicate that the per-
formance of such a weld in the basic-oxygen A 201 and A 212 steels is
satisfactory by the ASME standards and equivalent to that customarily
observed with these steels made by the open-hearth process.

6. The results of homogeneity and bend tests conducted in accordance
with ASTM General Requirements for the Delivery of Rolled Steel
Plates of Flange and Firebox Qualities (A 20-63T) indicate that the
material met all the qualification requirements set forth by this specifica-
tion, The results of the homogeneity and bend tests are shown in
Figs. 40-42.
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SUMMARY AND CONCLUSIONS'

An investigation has been conducted to compare the mechanical prop-
erties of steels made by either the basic-oxygen or open-hearth process.
The results of this investigation and information available from previous
investigations indicate that the basic-oxygen A 201 and A 212 steéls in
the hot-rolled condition and in the normalized and tempered condition in
comparison with the steels made by the open-hearth process have about
the same tensile properties in the range 80 to lOOO F, notch toughness in
the range —10 to 110 F, and creep and creep-rupture properties in the
range 800 to 1000 F. In addition, the strain-aging characteristics and
the weldability of the A 201 and A 212 steels made by the two processes
are similar.
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TABLE 1—CHEMICAL COMPOSITION REPORTED BY KAISER STEEL FOR ASTM A 201
A 212 (GRADE B) STEELS INVESTIGATED, PER CENT.

(GRADE A) AND

Heat Steel ~ Stglmaking oy P s i Cu N Cr \ Mo Al N
TLADLE ANALYSES
310453, ... ... ... A 201 basic oxygen 0.13 0.31 0.007 0.019 0.19 0.07
2835, ... A 201 open hearth 0.14 0.54 0009 0.025 0.19 0.07
200939, ... ... A 212 basic oxygen 0.28 078 0.016 0.014 0.25 0.08
NN244 A 212 open hearth 0.26  0.76 0.009 0.025 0.22 0.08
(CHECK ANALYSES
314053, ... ... A 201 basic oxygen 0.15 0.51 0.008 0.022 0.19 0.13 0.01 0.010 0 005 0 005 0.005 0.004
2835, . A 201 open hearth 0.15 0.50 0.011 0.031 0.19 0.07 0.01 0.028 0.005 0.005 0 005 O 007
200039, ... ... A 212 basic oxygen 0.29 0.80 0.009 0.016 0.25 0.12 0.01 0.011 0.005 0 005 0 005 0 006
N8244. A 212 open hearth 0.29 0.78 0.018 0.027 0.23 0.07 0.02 0.027 0.005 (3.005 005 0 0oy
ANALYSIS? RE'.)(‘]RE_ll BY PErRTINENT ASTM SpPECIFICATION
Agor L 0.20 0.80 0.035 0.04 .13 to 0.33
max max max max
A2l oL 0.31 0.80 0.035 0.04 0.13100.33
max max max max
o Fircbox-quality steel.
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TABLE 2—LONGITUDINAL ROOM- AND ELEVATED-TEMPERATURE TENSILE PROPERTIES REPORTED BY THL
AMERICAN OIL (0. FOR ASTM A 201 STEEL (GRADE A) MADE BY THE BASIC-OXYGEN PROCESY, HEAT 310453.

Modulus of

Test Yield Strength Yield Strength Tensile . Elongation Reduction of Flasticity
Temperature, F 0.019%, Ofiset, psi 0.2% Ofiset, psi Strength, psi in 2 in., per cent Area, per cent miltions of i)si
Hor-RorLep CONDITION
T 34 300 33 100 60 700 42 63 314
200, ... 31 500 30 500 58 700 29 62 29 0
400 .. 31 400 29 900 74 200 22 45 277
S500.. ... 26 200 26 700 73 800 32 52 27.3
6OO. ... ... 19 400 23 000 66 000 38 63 28.0
800. ... ... ... ... ... 14 200 21 700 47 800 47 74 25.6
1000. . ... ... 12 000 17 800 28 600 52 72 18.6
NORMALIZED AND TEMPERED CONDITION
[ 39 200 3% 000 61 200 42 67 33.0
200, 35 800 34 000 59 000 31 64 30.0
400. ... ... oo 33 800 30 400 72 100 24 56 30.0
S00. ... ..o 30 400 29 000 71 000 36 60 25.6
600. . ... ... 22 500 22 400 65 600 40 65 258
8O0, .. ... ... 15 700 19 800 47 400 46 77 242
1000, .. ... ... 11 200 16 300 27 900 64 85 19 .2

Nore—1. These results are the averages of duplicate tests.
2. The steel was normalized at 1625 F for 1 hr and then tempered at 1150 F for 1 hr.
3. The modulus of elasticity was determined from the stress-strain curve.
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TABLE 3—LONGITUDINAL ROOM- AND ELEVATED-TEMPERATURE
TENSILE PROPERTIES REPORTED BY JONES & LAUGHLIN STEEL
CORP. FOR ASTM A 201 STEEL (GRADE A) MADE BY
THE OPEN-HEARTH PROCESS, HEAT 42835.

Yield Strength Tensile Elongation Reduction

Test Temperature, F 0.2% Offset Strength, in lin., of Area,

psi psi per cent per cent

Hot-RoLLeEp CoNDITION
75 32 600 60 100 38 65
200.. ..., 33 300 58 900 24 64
400. ... 33 300 77 400 22 51
500.......... L, 32 800 74 000 28 51
600................ 29 800 68 100 33 61
800................ 29 500 48 500 40 73
1000. ............... 21 100 30 300 51 70
NorMALIZED AND TEMPERED CONDITION

T8, 36 500 61 100 45 68
200. ... 34 000 59 900 28 63
400........... ... 35 000 75 900 22 50
500. . ..o ... 28 300 74 100 30 53
600................ 25 300 68 300 35 61
800................ 22 400 48 600 47 76
1000....... ... 17 200 30 600 50 81

Nore—1. These results are based on single tests.
2. The steel was normalized at 1625 F for 1 hr and then tempered at

1150 F for 1 hr.

TABLE 4—LONGITUDINAL ROOM- AND ELEVATED-TEMPERATURE
TENSILE PROPERTIES REPORTED BY ARMCO STEEL CORP.
FOR ASTM A212 STEEL (GRADE B) MADE BY THE
BASIC-OXYGEN PROCESS, HEAT 209939.

Yield Strength Tensile Elongation Reduction
Test Temperature, F 0.2% Offset, Strength, in 2 in,, of Area,
psi psi per cent per cent

Hor-RoLLEDp CONDITION

T8, 40 400 87 500 30 53
200. ... ... 38 300 81 800 27 53
400................ 44 300 92 500 18 38
500................ 45 600 95 700 14 30
600................ 43 200 94 800 21 30
800................ 39 400 76 800 27 63
1000................ 31 600 49 900 28 66

NorMALIZED AND TEMPERED CONDITION

5. 46 900 84 100 32 56
200........ .t 43 800 78 700 30 56
400................ 42 000 90 100 19 41
500................ 40 700 91 800 18 37
600................ 38 700 92 600 26 44
800................ 34 100 73 600 29 67
1000................ 27 100 47 300 37 84"

NoTeE—1. The above values are the averages of duplicate tests.

2: The steel was normalized at 1625 F for 1 hr and then tempered at

1150 F for 1 hr.
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TABLE 5—TRANVERSE ROOM- AND ELEVATED-TEMPERATURE
TENSILE PROPERTIES REPORTED BY ARMCO STEEL CORP.
FOR ASTM AZ212 (GRADE B) STEEL MADE BY
THE BASIC-OXYGEN PROCESS, HEAT 209939.

Yield Strength Tensile Elongation Reduction
Test Temperature, F 0.2% Offset, Strength, in 2 in., of Area,
psi psi per cent per cent

Hot-RoLLEp CONDITION

T8, i 43 900 86 800 29 50
200. ... 41 800 81 700 26 51
400. . ... 44 100 90 800 17 36
500............ ... 44 000 92 800 13 32
600................ 43 500 93 800 22 30
800................ 40 600 76 400 25 60
1000................ 32 300 48 700 27 61

NorMALIZED AND TEMPERED CONDITION

T8, 42 200 83 100 33 53
200. ... 42 400 78 200 29 54
400................ 41 900 89 300 18 37
500................ 42 200 92 100 18 35
600................ 39 700 91 600 25 42
800............... 40 200 72 000 28 63
1000................ 30 000 46 700 36 81

NoTE—1. The above results are the averages of duplicate tests.

2. The steel was normalized at 1625 F for 1 hr and then tempered at
1150 F for 1 hr.

¢

TABLE 6—LONGITUDINAL ROOM- AND ELEVATED-TEMPERATURE
TENSILE PROPERTIES REPORTED BY JONES & LAUGHLIN STEEL
CORP. FOR ASTM A212 STEEL (GRADE B) MADE BY
THE OPEN-HEARTH PROCESS, HEAT 88244.

Yield Strength Tensile Elongation Reduction
Test Temperature, F 0.2%, Offset Strength, in 1 in., of Area,
psi psL per cent per cent

Hor-RoLLEp CoNDITION

5. . . 39 100 78 000 29 58
200................ 36 300 74 200 26 57
400.......... ... ... 39 200 88 100 17 37
500................ 42 900 91 000 20 33
600................ 37 400 83 600 27 43
800................ 34 300 65 100 29 64
1000, ............... 27 800 41 600 28 49

NORMALIZED AND TEMPERED CONDITION

£ T, 43 900 76 800 32 59
20.......... ... 42 300 71 600 28 59
400. .. ... ..ol 40 100 85 600 19 45
500. .. ... 34 300 88 500 23 " 43
600................ 30 300 80 200 29 54
800................ 30 900 64 900 34 70

1000, .. ..., .. 24 600 39 900 41 74

—NoteE—1. These results are based on single tests.

2. The steel was normalized at 1625 F for 1 hr and then tempered
at 1150 F for 1 hr.
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TABLE 7-—-CREEP AND CREEP-RUPTURE TEST DATA REPORTED BY
C. 8. STEEL FOR HOT-ROLLED BASIC-OXYGEN ASTM
A 201 STEEL, HEAT 310453.

Test Time to Elongation Reduction Minimum
Temperature, Stress, Rugture, in 1 in,, of Area, Creep Rate,
F ps1 T per cent per cent per cent per hr
SO0 40 000 5.7 34 (138
35 000 140.1 38 69 ..
35 000 194 .4 31 58 0.049
30 000 1784 .8 40 67 0.00294
25 000 4478 .1 40 73 (1.00042
900, ... 25 000 25.3 51 80 L
20 000 216.0 52 80 0.038
15 000 1942 56 75 0.0081
13 000 3663 .1 50 74 C
10 000 (4000) test in progress 0.00094
7 000 - 0.00020
1000, ... 15 000 40.5 65 87 L
12 000 219.3 70 82 0.061
9 000 1204 .6 62 75 L.
7 000 3816 56 67 0.00126
5 000 (6340) test in progress 0.00050
3 500 ... 0.00008

@ Test discontinued after 4000 hr.

TABLE 8—CREEP AND CREEP-RUPTURE TEST DATA REPORTED BY
U. S. STEEL FOR NORMALIZED AND TEMPERED BASIC-OXYGEN
ASTM A 201 STEEL, HEAT 310453. ’

Test Time to Elongation Reduction Minimum
Temperature, Stress, Rupture, in 1in., of Area, Creep Rate,
F psi %r per cent per cent per cent per hr
8OO............. 40 000 50 30 54 L.
35 000 249.2 30 60 0.025
30 000 2159.9 36 70 0.00194
25 000 3900 46 74 0.00044
Q0. . ... 25 000 59.3 43 73 A
20 000 278.8 438 77 0.0271
15 000 1610 45 73 0.0118
12 000 4740 .7 50 72 0.00095
10 000 4000 test in progress 0.00036
1000, .. ... ... 15 000 25 60 83 L.
10 000 594.6 67 77 0.014
7 000 3989 .6 50 66 0.00284
5 000 5973 test in progress 0.000105

; I\E‘OTE—T}!(‘. steel was normalized at 1625 F for 1 hr and then tempered at 1150 F
or 1 hr.
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TABLE 9—CREEP AND CREEP-RUPTURE TEST DATA REPORTED BY
BETHLEHEM STEEL CO. AND AMERICAN OIL CO. FOR HOT-
ROLLED BASIC-OXYGEN ASTM A 212 STEEL, HEAT 209939.

Test. Stress Time to Elongation Reduction Minimum
Temperature, 4 st Rugture, in 1.5 in., of Area, Creep Rate,
F p r per cent per cent per cent per hr
Beraienem Steer Co. Data
KOO ..o G0 000 0.5 26 G4
50 000 19 16 33
48 000 251 23 46
45 000 295 22 SN
44 000 318 21 50
40 000 799 23 57
35 000 1782 15 a3
AMerican OrnL Co. Darta
8OO. ... ... .. 30 000 28788 564 62 0.0005
20 000 (6000) test in progress 0.000064
16 000 (6006) test in progress 0.000038
BETHLEHEM STEEL Co. DaTta
900. .......... .. 45 000 2.4 27 40
45 000 4.9 13 34
40 000 26 17 45
35 000 40 19 57
28 000 126 19 63
25 000 208 15 38
23 000 621 20 57
AMpericaN O1L Co. Darta
900............. 25 000 234.6 624 70 0.011
20 000 876 61 68 0.0028
13 000 (6000) test in progress 0.0005
BeETHLEHEM STEEL Co. DaTa
1000............. 23 000 13 34 78
20 000 36 34 74
15 000 214 36 79
10 000 2105 41 69
AMER1cAN O1L Co. DaTta
1000............. 10 000 1354.5 86e 89 0.002
4 500 (6000) test in process 0.00012

a Elongation in 2 in.
Note—The American Oil Co. tests were conducted on 0.505-in.-diameter speciniens,
and the Bethlehem Steel Co. tests were conducted on 0.357-in.-diameter specimens.
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TABLE 10—CREEP AND CREEP-RUPTURE TEST DATA REPORTED BY
THE BETHLEHEM STEEL CO. FOR NORMALIZED AND TEMPERED

BASIC-OXYGEN ASTM A 212 STEEL, HEAT 209939.

Test Stress, Time to Elongation Reduction Minimum
Temperature, A Rupture, in 1.5 in,, of Area, Creep Rate,
F psl ir per cent per cent per cent per hr
800............. 55 000 4 27 64
55 000 31 29 55
50 000 92 27 48
45 000 486 29 60
43 000 577 31 62 L
25 000 (2000)« 0.00009
25 000 (2000)« (0.00024)*
20 000 (2500)¢ (0.00004)?
900, . ........... 45 000 1 30 69
35 000 39 23 65
30 000 195 43 76
28 000 340 41 77 C
13 000 (2000) 0.00060
13 000 (2000) (0.00050)¢
10 000 (2500) (0.00010)¢
1000............. 30 000 1.7 32 76
20 000 42 31 83
20 000 51 30 79
15 000 242 37 79
12 500 476 47 62
12 000 601 38 81 L
4 500 (2000) 0.00017
4 500 (4500) 0.00019

a These creep tests were discontinued after test times between 2000 and 4500 hr.
b The creep results were obtained by conducting the creep tests at a stress of 20,000

psi for 2500 hr and then increasing the stress to 25,000 psi for 2000 hr.

¢ The creep results were obtained by conducting the creep tests at a stress of 10,000

psi for 2500 hr and then increasing the stress to 13,000 psi for 2000 hr.

Note—1. The time in parenthesis indicates the approximate duration of the

creep tests.

2. The steel was normalized at 1625 F for 1 hr and then tempered at

1150 F for 1 hr.

3. The creep tests were conducted on 0.505-in.-diameter specimens, and
the creep-rupture tests were conducted on 0.357-in.-diameter specimens.



TABLE 11—A SUMMARY OF THE CREEP- AND CREEP-RUPTURE PROPERTIES OF ASTM A 201 AND A 212 STEELS
MADE BY THE BASIC-OXYGEN PROCESS.

Test Stress for Rupture, psi Stress for Minimum

Steel Condition Temperature, Creep Rate, psi
F 1000 hr 10,000 hra 100,000 hre 0.0001% hr  0.00001% hre

A201........... hot-rolled 800 29 000 23 000 8 000 23 000 19 500
900 16 000 11 500 8 200 6 600 4 400

1000 9 200 6 200 4 100 3 700 2 500

800 30 000 23 000 18 000 23 000 19 500

normalized and tempered 900 16 000 11 000 7 000 8 500 6 000

1000 9 000 6 400 4 500 4 600 3 200

A212. ... ... hot-rolled 800 37 000 25 000 17 000 25 000 b
900 20 000 13 500 9 200 10 000¢ b

1000 11 000 7 400 5 000 4 300¢ b

normalized and tempered 800 41 000 35 000 LLb 25 000° b

900 25 000 19 000 L b 10 000 L.

1000 11 000 7 500 LLLb 4 300¢ R

o Extrapolated values.
b Insufficient data.
¢ Based on combined data of hot-rolled and normalized product.
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Fic. 1—Effect of testing temperature on the longitudinal yield and tensile
strengths of hot-rolled ASTM A 201 steel produced by the basic-oxygen and
open-hearth processes.
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NORMALIZED AND TEMPERED CONDITION
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Fic. 2—Effect of testing temperature on the longitudinal yield and tensile

strengths of normalized and tempered ASTM A 201 steel produced by the basic-
oxygen and open-hearth processes.




SPAEDER ON ELEVATED-TEMPERATURE PROPERTIES 21

70

50 ~=8

o\\
30—\

ELONGATION, percent
2]
| S
\
\

10
T
H ) S
5§ 70 /%3—_ 8
2 0, % .
< _=0n g7
& \ /,

N

v 50 NN
g HOT-ROLLED CONDITION
<] Oe==0 OPEN-HEARTH STEEL
5 O===pn BASIC-OXYGEN STEEL
2 30
w
&

10

0 200 400 600 800 1000 1200

TEST TEMPERATURE, F

Fic. 3—Effect of testing temperature on the longitudinal elongation and reduc-
tion of area of hot-rolled A 201 steel made by the basic-oxygen and open-hearth
processes.
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Fi16. 4—Effect of testing temperature on the longitudinal elongation and reduc-
tion of area of normalized and tempered A 201 steel produced by the basic-oxygen
and open-hearth processes.
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Fic. 5—Effect of testing temperature on the longitudinal yield and tensile
strengths of hot-rolled ASTM A 212 steel produced by the basic-oxygen and
open-hearth processes.
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Fig. 6—Effect of testing temperature on the longitudinal yield and tensile
strengths of normalized and tempered ASTM A 212 steel produced by the basic-
oxygen and open-hearth processes,
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F1c. 7—Effect of testing temperature on the longitudinal elongation and reduc-
tion of area of hot-rolled A 212 steel made by the basic-oxygen and open-hearth
processes.
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Fi16. 8—Effect of testing temperature on the longitudinal elongation and reduc-
tion of area of normalized and tempered A 212 steel made by the basic-oxygen
and open-hearth processes.
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Fi16. 15—Stress versus time to rupture for normalized and tempered ASTM
A 212 steel made by the basic-oxygen process.
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F16. 16—Stress versus minimum creep rate for normalized and tempered and
for hot-rolled ASTM A 212 steel made by the basic-oxygen process.
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Fi6. 17—Comparison of creep-rupture test data for ASTM A 212 steel made by the open-hearth and basic-oxygen processes.

TIME TO RUPTURE, hours

TAILS NIDAX()-OISVY 40 SHILYAdOdd FANLYVIAdING [ ~AILVATTH T¢



100

= l | l Pl
L STRESS VERSUS MINIMUM CREEP RATE
50
30 T.u
o sooF ©
20 — e el
o4 ’
N 20 OPEN-HEARTH DATA,(WDRTH PAPER):
o A oo o © CDDE A, NORMALIZED AND TEMPERED
[~ O CDDE B, HOT-ROLLED AND STRESS-RELIEVED
- o © CDDE C, NORMALIZED AND TEMPERED
s [ A CDDE D,NORMALIZED AND TEMPERED
=50 BASIC-OXYGEN STEEL:
& | ® HOT-RDLLED, (AMERICAN OIL CO) [
x ® NORMALIZED AND TEMPERED, (BETHLEHEM STEEL CO)
«» 30 4
|
20 /'//&F
/
Lo l{
ao @mo
10 oo bcmr
[ cAaa
| 2@ A // - 1000 F
s|- ] °
- °
- " °
a0 °
3 ¥
'3
2
| L Ll N 1 L Ll
0.00000I 0.00001 0.000I 0.00I 0.0l

MINIMUM CREEP RATE, percent per hour

FiG. 18—Comparison of creep-test data for ASTM A 212 steel made by the open-hearth and basic-oxygen processes.

SHILYAJONd TINLVIAdNE [ -AFLVATTH NO d3advds



34 ELEVATED-TEMPERATURE PROPERTIES OF BaAsiCc-OXYGEN STEEL

e s g
e _ﬁhﬁ#-.,h .

{a) Prior to testing, hot-rolled condition.

{b) After rupiuring in 4478.1 hr at 800 F, stress—25,000 psi.
{c) After rupturing in 3663.1 hr at 900 F, stress—13,000 psi.
{d) After rupturing in 3816 hr a1 1000 F, stress—7000 psi.

Fi16. 19—Microstructure of hot-rolled basic-oxygen A 201 sieel before and after
long-time creep-rupture testing at 800, 908, and 1000 F (X300), picral reagent.
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(&) Prior to testing, hot-rolled condition.

(b) After rupturing in 4478.1 hr at 800 F, stress—25,000 psi.
{¢) After rupruring in 3663.1 hr at 900 F, stress—13,000 psi.
{d) After rupturing in 3816 hr at 1000 F, stress—7000 psi,

Fig. 20-—Microsiructure of hot-rolled basic oxygen A 201 steel before and afler
long-time creep-rupture testing at 800, 900, and 1006 F (X500), nilal reagent,
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{a) Prior to testing, normalized and tempered condition.
() After rupturing in 3900 hr at 800 F, stress—25,000 psi.
(e} After rupturing in 4740.7 Iir at 900 F, stress—12,000 psi.
() After rupturing in 3989.6 hr at 1000 F, stress—7000 psi.

FiG. 21—Micrastructure of normalized and tempered basic-oxygen A 201 steel
before and after long-time creep-rupture testing at 800, 900, and 1000 F (X500),
picral reagent.
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(a) Prior to testing, hot-rolled condition,

(b) After rupturing in 2878.8 br at 800 F, stress—30,000 psh.
(¢} After rupluring in 876 hr at 900 F, stress—20,0600 psi.

{d) After rupturing in 1354.5 hr at 1000 F, stress— 10,000 psi.

Fia. 22—Microstructure of hot-rolled basic-oxygen A 212 steel before and after
creep-rupture testing at 800, 900, and 1000 F (X300), picral reagent.



38 ELEVATED-TEMPERATURE PROPERTIES OF BASIC-OXYGEN STEEL

ro
ey

w' ‘t ;
%, W
Rl

(a} Prior to testing, noimalized and tempeied condition,

(B) After 800 F creep testing for 2500 hr with a stress of 20,000 psi plus 2000 hr
with a stress of 25,000 psi.

(c) After 900 F creep testing for 2500 hr with A stress of 10,000 psi plus 2000 hr
with a stress of 13,000 psi,

{2} After 1000 F creep testing for 4500 hr with a stress of 4500 psi.

Fi6, 23—Microstructure of normalized and tempered basic-oxypen A 212 steel
before and after creep testing at 800, 900, and 1000 F (X500), picral reagent.
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APPENDIX"

1t Data reported by Kaiser Steel Corp.
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TABLE 12—ROOM-TEMPERATURE TENSILE PROPERTIES REPORTED BY
KAISER STEEL CORP. FOR ASTM A 201 STEEL MADE BY THE
BASIC-OXYGEN AND OPEN HEARTH PROCESSES.

e Yield Tensile Elongatio
Heat St%e:makmu Orientation Strength,= Strength, in 2g 8fn.. "
ocess
ps1 psl per cent
SPECIFIED? TENSILE PROPERTIES
longitudinal 30 000 min 55 000 29 min
to
67 000¢
Hor-RorLLEp CoNDITION
310453. ... .. basic oxygen  longitudinal 30 800 61 700 34
transverse 30 500 61 300 32
42835, ... ... open hearth longitudinal 31 000 61 800 34
transverse 30 500 61 800 34
NorMALIZED AND TEMPERED CONDITION
310453. ... .. basic oxygen longitudinal 31 500 3% 500 38
transverse 37 200 60 500 38
42835, ... ... open hearth longitudinal 38 500 61 900 37
transverse 38 500 61 600 32

e Determined at 0.5 per eent total strain.

5 ASTM specifieation A 201 for Grade A of firebox quality.

¢ The 67,000 psi max applies only to firebox quality steel.
NoTtE—The tests were eonducted on 0.505-in.-diameter specimens.

TABLE 13—ROOM-TEMPERATURE TENSILE PROPERTIES REPORTED BY
KAISER STEEL CORP. FOR ASTM A 212 STEEL MADE BY THE
BASIC-OXYGEN AND OPEN-HEARTH PROCESSES.

. Yield Tensile Elongation
Heat Ste;}:;:g;ng Orientation Strength,a Strength, in 2 in.,
ps1 psi per cent
SpectFiEp® TENSILE PROPERTIES
longitudinal 38 000 min 70 000 22 min
to
87 000¢
Hor-RoLLED CoNDITION
209939. ..... basic oxygen longitudinal 42 300 83 800 28
transverse 42 500 87 600 26
88244, . ..... open hearth longitudinal 44 800 83 800 27
transverse 41 400 87 300 27
NoRMALI1ZED AND TEMPERED CONDITION
209939...... basic oxygen longitudinal 45 500 85 500 32
transverse 46 400 %3 000 31
88244 ... .. .. open hearth longitudinal 46 400 78 000 31
transverse 45 000 78 000 29

¢ Determined at 0.5 per eent total strain.

b ASTM speeification A 212-61T for Grade B of firebox quality.

¢ The 87,000 psi max applies only to firebox quality steel.
NoTe—The tests were eondueted on 0.505-in.-dismeter specimens.
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TABLE 14—THE TRANSITION TEMPERATURES REPORTED BY KAISER
STEEL CORP. FOR ASTM A201 STEEL MADE BY THE
BASIC-OXYGEN AND OPEN-HEARTH PROCESSES.

Transition Temperature, F

Steelmaking . .
Heat Process Orientation 50 Per Cent
15 ft-1b Shear
Hor-RoLLep CoxnpiTiON

310453.......... hasic oxygen longitudinal 35 90
transverse 40 —

42835. ... ....... open hearth longitudinal 35 80
transverse 40 L.

NoRMAL1ZED AND TEMPERED ClONDITION

310453. . ..... ... basic oxygen longitudinal 5 40

transverse 5 70

42835........... open hearth longitudinal 0 40

transverse 10 65

¢ Insufficient data.
Note—1. These results are based on imipact tests on Charpy V-notch specimens.

2. The stecls were normalized at 1625 F for 1 hr and then tempered at
1150 F for 1 hr.

TABLE 15—THE TRANSITION TEMPERATURES REPORTED BY KAISER
STEEL CORP. FOR ASTM A 212 STEEL MADE BY THE
BASIC-OXYGEN AND OPEN-HEARTH PROCESSES.

Transition Temperature, F

Steelmaking . .
Heat Process Orientation 50 Per Cent
15 ft-1b Shear
Hor-RovLED CONDITION

209939. . ..... ... basic oxygen longitudinal 30 ...8
transverse 70 —

88244........... open hearth longitudinal 55 ..
transverse 60 ...

NoORMALIZED AND TEMPERED (CONDITION

209939........ .. basic oxygen longitudiial 15 a
transverse 25 .e

88244 .. ... ... ... open hearth longitudinal 10 e
transverse 20 e

e Insuffieient data.
NoTE—1. These results are based on impact tests on Charpy-V-noteh specimens.

2. The stecls were normalized at 1625 I' for 1 hr and then tempered at
1150 F for 1 hr.
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TABLE 16—THE RESULTS OF GRAIN-SIZE DETERMINATIONS REPORTED
BY KAISER STEEL CORP. FOR ASTM A 201 AND A 212
STEELS PRODUCED BY THE BASIC-OXYGEN
AND OPEN-HEARTH PROCESSES.

Steelmaking ASTM Ferrite- ASTM Austenite-a
Heat Grade Process Grain Size Grain Size

Hor-RoLLED CONDITION

310453.......... A 201 basic oxygen 4t0d 3tod
42835........... A 201 open hearth 4tob 3tob
209939.......... A 212 basic oxygen . 5to6 2t05
88244........... = A212 open hearth 5to6 3tob

NORMALIZED AND TEMPERED (CONDITION

310453. .. ....... A 201 basic oxygen 5to6
42835........... A 201 open hearth 6to7
209939.......... A 212 basic oxygen 7to8
88244 . .......... A 212 open hearth 7to8

¢ Determined by the McQuaid-Ehn test (1700 F for 8 hr).

TABLE 17—THE LONGITUDINAL ROOM-TEMPERATURE TENSILE AND
IMPACT PROPERTIES REPORTED BY KAISER STEEL CORP. FOR
STRAIN-AGED ASTM A 201 AND A 212 STEELS MADE

: BY THE BASIC-OXYGEN PROCESS.

Charpy V-Notch

. . : Impact Tests
: Yield Tensile Elongation
Heat Ste;:?c:l:;ng Strength, Strength, in 2 in., Energy Shear
psl psi per cent Absorbed, Fracture,
t-1b per cent

ASTM A 201 STEEL

310453. .. .. basic oxygen 71 000 75 100 19 7,7, 8 10, 10, 10

42835. .. ... open hearth 72 500 76 400 18 8, 8,7 10, 10, 10
ASTM A 212 STrEL

209939. .. .. basic oxygen 101 000 102 200 12 7,8, 8 10, 10, 10

88244, ... .. open hearth 94 900 98 700 14 57,8 10, 10, 10

NoTe—These tests were conducted on hot-rolled steel that was strained 10 per cent
and then aged at 450 F for 2 hr.
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TABLE 18—RESULTS OF WELDING QUALIFICATION TESTS REPORTED
BY KAISER STEEL CORP. FOR ASTM A 201 AND A 212 STEELS PRO-
DUCED BY THE BASIC-OXYGEN PROCESS AND WELDED BY
THE MANUAL SHIELDED-METAL ARC PROCESS.

Tension Test Bend Test
Heat Steel  “Tepsile Strength, Location of Typeof  Bend-Test
psi Failure en Results
310453....... A 201 62 100 base metal side sound weld
tee sound weld
209939....... A 212 79 700 weld metal side sound weld
tee sound weld

Note—1. The plates were welded in the flat position by manual shielded-metal
arc process with vertical f%-in.-diameter AWS E7018 electrodes.

2. The weld joint designs are shown in Figs. Q23-(a) and Q9-(a) of the '"ASME
Boiler and Pressure Vessel Code, Section IX, Welding Qualifications.”

3. The macroetch tests indicated that fusion was complete.
4. The steels were welded in the hot-rolled condition.
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Fic. 24—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of hot-rolled basic-oxygen A 201 steel.
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F1G. 25-—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of hot-rolled open-hearth A 201 steel.
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Fi16. 26—Effect of test temperature on the transverse Charpy V-notch impact
properties of hot-rolled basic-oxygen A 201 steel.
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Fi16. 27—Effect of test temperature on the transverse Charpy V-notch impact
properties of hot-rolled open-hearth A 201 steel,
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Fic. 28—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of normalized and tempered basic-oxygen A 201 steel.
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Fi16. 29-—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of normalized and tempered open-hearth A 201 steel.
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Fi16. 30—Effect of test temperature on the transverse Charpy V-notch impact
properties of normalized and tempered basic-oxygen A 201 steel,
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F16. 31—Effect of test temperature on the transverse Charpy V-notch impact
properties of normalized and tempered open-hearth A 201 steel.
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Fi1G. 32—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of hot-rolled basic-oxygen A 212 steel.
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Fic. 33—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of hot-rolled open-hearth A 212 steel.
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Fic: 34 _Effect of test temperatire on the transverse Charpy V-notch impact
properties of hot-rolled basic-oxygen A 212 steel.
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Fic. ‘35—Effect of test. temperature on the transverse Charpy - V- notch 1mpact
properties of hot-rolled open-hearth A 212 steel. S
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Fic. 36—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of normalized and tempered basic-oxygen A 212 steel.
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Fi6. 37—Effect of test temperature on the longitudinal Charpy V-notch impact
properties of normalized and tempered open-hearth A 212 steel.
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Fic. 38—Effect of test temperature on the transverse Charpy V-notch impact
properties of normalized and tempered basic-oxygen A 212 steel.
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Fic. 39—FEffect of test temperature on the transverse Charpy V-notch impact
properties of normalized and tempered open-hearth A 212 steel.
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{a) Basicroxyzen A 201 steel.
{(£) Open-hearth A 201 steel.
{£) Basic oxvgen A 217 sueel
(d} Open-hearth A 212 si1ecl,

FiG. 40—Results of homogeneity tests on hot-rolled basic-oxvgen and open.
hearth ASTRM A 201 and A 212 steels,
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{rn) Basic-oxygen hot-rolled condition.
{#y Open-hearth hot-rolled condition.
(¢} Buasic-oxygen normalived and lempered condilion.
(¢} Open-hearth nermalized and 1empered condirion.

Fia. 41—Resulis of bend tests on basic-oxyoen and open-hearth ASTM A 201
steels both in the hot-rolled ¢condition and in the parmalized and tempered condition,
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(e} Basic-oxygen hot-rolled condilion.
(&) Open-hearth hot-ralled condition.
{r) Basic-oxygen normalized and temipered condition,
(e} Open-hearth normalized and tempered condition,

I, 42—Results of bend tests on basic-oxygen and open-hearth ASTM A 212
steels both in the hot-rolled condition and in the normalized and tempered condition.
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