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Elevated-Temperature Properties 
of Basic-Oxygen Steel 

BY C. E. SPAEDER, JR.1 

KEY WORDS: carbon steel, creep and creep-rupture properties, 
room- and elevated-temperature tensile properties, impact properties, 
transition temperature, strain aging, microstructural changes. 

ABSTRACT: Because of the relatively limited amount of test data 
available on steels made by the basic-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 Basic-Oxygen Steel, ASTM STP 387, Am. Soc. Testing Mats., 
1965. 

Because the basic-oxygen2 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-l on Steel authorized a Task 
Group3 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. 
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KINEMATIC VISCOSITY AT 210F, CS 

V.I. 2.00 2.01 2.02 2.03 2.04 2.05 2.06 2.07 2.08 2.09 

KINEMATIC VISCOSITY AT 100F, CS 

0 8.376 8.444 8.511 8.579 8.647 8.715 8.784 8.853 8.922 8.991 
1 8.359 8.426 8.493 8.561 8.629 8.697 8.766 8.834 8.903 8.972 
2 8.341 8.409 8.475 8.543 8.611 8.679 8.747 8.816 8.885 8.953 
3 8.324 8.391 8.458 8.525 8.593 8.660 8.729 8.797 8.866 8.934 
4 8.306 8.374 8.440 8.507 8.575 8.642 8.710 8.779 8.847 8.915 

5 8.289 8.356 8.422 8.489 8.557 8.624 8.692 8.760 8.828 8.897 
6 8.271 8.338 8.404 8.471 8.539 8.606 8.674 8.742 8.810 8.878 
7 8.254 8.321 8.387 8.454 8.520 8.587 8.655 8.723 8.791 8.859 
8 8.236 8.303 8.369 8.436 8.502 8.569 8.637 8.705 8.772 8.840 
9 8.219 8.286 8.351 8.418 8.484 8.551 8.618 8.686 8.754 8.821 

10 8.202 8.268 8.333 8.400 8.466 8.533 8.600 8.667 8.735 8.802 
11 8.184 8.250 8.316 8.382 8.448 8.514 8.582 8.649 8.716 8.783 
12 8.167 8.233 8.298 8.364 8.430 8.496 8.563 8.630 8.697 8.764 
13 8.149 8.215 8.280 8.346 8.412 8.478 8.545 8.612 8.679 8.746 
14 8.132 8.197 8.262 8.328 8.394 8.460 8.526 8.593 8.660 8.727 

15 8.114 8.180 8.245 8.310 8.376 8.442 8.508 8.575 8.641 8.708 
16 8.097 8.162 8.227 8.292 8.358 8.423 8.490 8.556 8.622 8.689 
17 8.079 8.145 8.209 8.274 8.340 8.405 8.471 8.537 8.604 8.670 
18 8.062 8.127 8.191 8.256 8.322 8.387 8.453 8.519 8.585 8.651 
19 8.044 8.109 8.174 8.239 8.303 8.369 8.434 8.500 8.566 8.632 

20 8.027 8.092 8.156 8.221 8.285 8.350 8.416 8.482 8.548 8.613 
21 8.010 8.074 8.138 8.203 8.267 8.332 8.398 8.463 8.529 8.595 
22 7.992 8.057 8.120 8.185 8.249 8.314 8.379 8.445 8.510 8.576 
23 7.975 8.039 8.103 8.167 8.231 8.296 8.361 8.426 8.491 8.557 
24 7.957 8.021 8.085 8.149 8.213 8.277 8.342 8.408 8.473 8.538 

25 7.940 8.004 8.067 8.131 8.195 8.259 8.324 8.389 8.454 8.519 
26 7.922 7.986 8.049 8.113 8.177 8.241 8.306 8.370 8.435 8.500 
27 7.905 7.969 8.031 8.095 8.159 8.223 8.287 8.352 8.417 8.481 
28 7.887 7.951 8.014 8.077 8.141 8.205 8.269 8.333 8.398 8.462 
29 7.870 7.933 7.996 8.059 8.123 8.186 8.250 8.315 8.379 8.443 

30 7.853 7.916 7.978 8.041 8.105 8.168 8.232 8.296 8.360 8.425 
31 7.835 7.898 7.960 8.023 8.087 8.150 8.214 8.278 8.342 8.406 
32 7.818 7.880 7.943 8.006 8.068 8.132 8.195 8.259 8.323 8.387 
33 7.800 7.863 7.925 7.988 8.050 8.113 8.177 8.241 8.304 8.368 
34 7.783 7.845 7.907 7.970 8.032 8.095 8.158 8.222 8.286 8.349 

35 7.765 7.828 7.889 7.952 8.014 8.077 8.140 8.203 8.267 8.330 
36 7.748 7.810 7.872 7.934 7.996 8.059 8.122 8.185 8.248 8.311 
37 7.730 7.792 7.854 7.916 7.978 8.040 8.103 8.166 8.229 8.292 
38 7.713 7.775 7.836 7.898 7.960 8.022 8.085 8.148 8.211 8.274 
39 7.695 7.757 7.818 7.880 7.942 8.004 8.066 8.129 8.192 8.255 

40 7.678 7.740 7.801 7.862 7.924 7.986 8.048 8.111 8.173 8.236 
41 7.661 7.722 7.783 7.844 7.906 7.968 8.030 8.092 8.154 8.217 
42 7.643 7.704 7.765 7.826 7.888 7.949 8.011 8.073 8.136 8.198 
43 7.626 7.687 7.747 7.808 7.870 7.931 7.993 8.055 8.117 8.179 
44 7.608 7.669 7.730 7.791 7.851 7.913 7.974 8.036 8.098 8.160 

45 7.591 7.652 7.712 7.'773 7.833 7.895 7.956 8.018 8.080 8.141 
46 7.573 7.634 7.694 7.755 7.815 7.876 7.938 7.999 8.061 8.123 
47 7.556 7.616 7.676 7.737 7.797 7.858 7.919 7.981 8.042 8.104 
48 7.538 7.599 7.659 7.719 7.779 7.840 7.901 7.962 8.023 8.085 
49 7.521 7.581 7.641 7.701 7.761 7.822 7.882 7.944 8.005 8.066 

50 7.504 7.564 7.623 7.683 7.743 7.804 7.864 7.925 7.986 8.047 
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2    ELEVATED-TEMPERATURE PROPERTIES OF BASIC-OXYGEN STEEL 

each of the steels 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-temperature 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 properties 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 bythe open-hearth process were available from previous investiga- 
tions [2, 3]. Hence, the creep and creep-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 l-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 l-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. 

J 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. 

r' 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 open-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. 
avnd 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 l-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 Fon 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 Creep 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 higher than the yield 
.strength at the 0.2 per cent offset. 

The higher values for trie 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 the 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 steel. Because of the scat- 
ter in tensile properties observed for most steels, 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 tensile 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 tensile strength usually observed in 
the range 400 to 600 F is due to strain aging [6]. The 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 
strength 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 tempered 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-area curves, Figs. 3 and 4, show 
minima at about 400 F, that is, at the same temperature at which the 
maximum in the tensile-strength 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 conditions. 
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 steel both in 
the hot-rolled and in the normalized and tempered conditions are 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 
psi, 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 the A 201 basic-oxygen steel (Grade A) in the present investigation, 
Fig. 13. The only differenceibetween 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- 
rupture test data for the hot-rolled and for the normalized and tempered 
A 212 steelsare 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 for 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 scatterband 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 steel 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 Studies: 

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 samples that were etched in picral 
reagent, and those in Fig. 20 were obtained on the same samples after 
being repolished and etched in nital reagent. 

The initial microstructure of the steel consisted of ferrite and pearlite. 
Fig. 19a. After long-time testing (4478.1 hr) at 800 F, Fig. 19b, some 
of the 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. 19c, 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. 19o\ spheroidization and 
graphitization have occurred. The formation of graphite [9j in carbon 
steel of similar carbon content has been observed previously at 1000 F. 

The same microstructures are shown in Figs. 20a, b, c, 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. The formation \I0\ of a substructure is often observed after 
creep-rupture 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, c, 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 steel, 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 the ferrite is present in 
a Widmanstatten 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 carbides in the pearlite, Figs. 22b and c. As would be expected, 
the tendency for agglomeration was much greater at 900 F than at 800 F. 
After long-time testing of the hot-rolled material at 1000 F (1354.5 hr), 
Fig. 22d, appreciable agglomeration had occurred. However, compared 
with the hot-rolled material, the extent of the agglomeration is much less 
for the normalized and tempered material after 4500 hr at 800, 900, 
and 1000 F, Figs. 23b, c, and d. The difference in the tendency to ag- 
glomerate is due to the large difference in the amount of deformation 
that occurred during creep and creep-rupture testing. The normalized 
and tempered A 212 steel specimens were tested for longer times but at 
relatively low stresses resulting in little deformation (these tests were 
designed to obtain creep data only), whereas the hot-rolled steel speci- 
mens were tested at stresses resulting in rupture. Because deformation 
accelerates microstructural changes, more agglomeration of the hot-rolled 
A 212 steel is expected. 

As was true for the A 201 steel, by repolishing and etching these A 2 12 
steel specimens in nital reagent, a substructure was observed in the hot- 
rolled specimens after long-time testing at 800, 900, and 1000 F. As 
would be expected, because of the small amount of deformation that 
occurred during the creep tests, no substructure was detected in the 
normalized and tempered A 212 steel. 

A comparison of the microstructures of the A 201 and A 212 steels 
after long-time exposure indicates that the changes in microstructure were 
greater for the A 201 steel. For example, despite the higher carbon 
content (0.29 per cent) of the A 212 steel compared with that (0.15 per 
cent) of the A 201 steel, no graphite was formed in the A 212 steel. The 
differences in the microstructural changes may be the result of the differ- 
ences in the exposure condition for the A 212 steel. As was already 
mentioned, the hot-rolled A 201 steel 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 specimens of the 
A 212 steel were tested under low stresses, and, consequently, the amount 
of deformation was very small. 

Supplementary Testing: 

The Appendix shows the results of supplementary tests conducted by 
Kaiser Steel Corp. on the basic-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 basic-oxygen and open-hearth A 201 and A 212 steels in the 
hot-rolled and in the normalized and tempered conditions are shown in 
Tables 12 and 13. These results show that the steels investigated exhibit 
the tensile properties required by the pertinent ASTM specifications. 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 these 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 steels 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 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 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   (GRADE  A) AND E£ 
A 212 (GRADE B) STEELS INVESTIGATED, PER CENT. >  __ _ Q 

Heat Steel StprjJ££n* C Mn P S Si Cu Ni Cr V Mo Al N • 
O z 

310453. 
42835. . 
200039. 

LADLE ANALYSES 

< > 
88244         A 212      open hearth        0.20      0.70      0.009      0.025      0.22      0.08 ... ... ... m 

C i 
H m 

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      0.001 g 

A 201 basic oxygon 0.13 0.51 0.007 o.oia 0.19 0.07 
A 201 open hearth 0.14 0.54 0.009 0.025 0.19 0.07 
A 212 basic oxygen 0.28 0 78 0.010 0.014 0.25 0.08 
A 212 open hearth 0.20 0.70 0.009 

CHECK 

0.025 

ANALYSE 

0.22 0.08 

A 201 basic oxygen 0.15 0 51 0.008 0.022 0.19 0.13 0.01 0 oio 0 005 0 005 
A 201 open hearth 0.15 0.50 0.011 0.031 0.19 0.07 0.01 0 .028 0 .005 0 .005 
A 212 basic oxygen 0.29 0.80 0.009 0.016 0.25 0. 12 0.01 0 011 0 .005 0 005 
A 212 open hearth 0.29 0.78 0.018 0.027 0.23 0.07 0.02 0. 027 0 005 0. 005 

A: VALVSIS" REOI'IHED HY PERTINENT ASTM SPECIFICATION 

A 201 0.20 
max 

0.80 
max 

0.035 
max 

0.04 
max 

0.13 t. ii 0.33 

A 212 0.31 
max 

0.80 
max 

0.035 
max 

0.04 
max 

0   13 to 0.33 

88244        A 212      open hearth        0.29      0.78      0.018      0.027      0.23      0.07      0.02      0.027      0.005      0.005       0 005      0 00 

m 

42835        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      0 007 "0 
209939        A212       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 £ > 

H 
C 
73 
m 
-0 
73 o 
73 
H 
re Firebox-<iuality steel. 

 



TABLE 2—LONGITUDINAL ROOM- AND  ELEVATED-TEMPERATURE TENSILE  PROPERTIES  REPORTED  BY  THE 
AMERICAN OIL CO.  FOR ASTM A 201  STEEL  (GRADE A)  MADE BY THE BASIC-OXYGEN  PROCESS,  HEAT 310453. 

Test 
Temperature, F 

Yield Strength 
0.01% Offset, psi 

Yield Strength 
0.2% Offset, psi 

Tensile 
Strength, psi 

Elongation 
in 2 in., per cent 

42 
29 
22 
32 
38 
47 

42 
31 
24 
30 
40 
40 
64 

Reduction of 
Area, per cent 

HOT-ROLLED CONDITION 

75  34 300 33 100 60 700 
200  31 500 30 500 58 700 
400  31 400 29 900 74 200 
500  26 200 26 700 73 800 
600  19 400 23 000 66 000 
800  14 200 21 700 47 800 

1000  12 000 17 800 28 600 

NORMALIZED  AND  TEMPERED  CONDITION 

75  39 200 38 000 61  200 
200  35 800 34 000 59 000 
400  33 800 30 400 72   100 
500  30 400 29 000 71 000 
600  22 500 22 400 65 600 
800  15 700 19 800 47 400 

1000  11 200 16 300 27 900 

NOTE—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. Tlie modulus of elasticity was determined from the stress-strain curve. 

05 
02 
48 
52 
63 
74 

(57 
64 
56 
00 
1)5 
77 
85 

Modul us of 
Elasticity 

millions ol psi 

31 1 
29 0 

27. 3 
28 (1 
25. 6 
18. 6 

33. 0 
30 .0 
30 .0 
25 . 0 
25. 8 
24 • > 

19 2 

m r m < > 
H 
tn 
O i 
H m 
2 
-o 
m 
JO > 
H 
c 
m 
-0 
50 
O 
*o 
m 
5C 
H 
m 
c/> 
O 
-n 
03 > 

o x 
•< 
o 
m 
z 
oo 
H 
m m 
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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 1 in., of Area, 

psi                          psi                    per cent per cent 

HOT-ROLLED CONDITION 

75                32 600                  60 100                    38 65 
200                33 300                  58 900                    24 64 
400                33 300                  77 400                    22 51 
500                32 800                  74 000                    28 51 
600                29 800                  68 100                    33 61 
800                 29 500                   48 500                      40 73 

1000                21100                  30 300                    51 70 

NORMALIZED AND TEMPERED CONDITION 

75                36 500                  61  100                    45 68 
200               34 000                 59 900                   28 63 
400                35 000                  75 900                    22 50 
500                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 

NOTE—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  A 212  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 

HOT-R,OLLED CONDITION 

75                 40 400                    87 500                      30 53 
200                 38 300                    81800                      27 53 
400                 44 300                    92 500                      18 38 
500                 45600                    95 700                      14 30 
600                 43 200                   94 800                      21 30 
800                 39 400                    76 800                      27 63 

1000                 31  600                    49 900                      2.8 66 

NORMALIZED AND TEMPERED CONDITION 

75                 46 900                    84  100                      32 56 
200                43 800                  78 700                    30 56 
400                42 000                  90 100                     19 41 
500                 40 700                    91800                      18 37 
600                 38 700                    92 600                      26 44 
800                34  100                  73 600                    29 67 

1000                27  100                  47 300                    37 84 

NOTE—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   A 212    (GRADE    B)    STEEL    MADE    BY 
THE   BASIC-OXYGEN   PROCESS,   HEAT   209939. 

Test Temperature, F 
Yield Strength Tensile Elongation Reduction 

0.2% Offset, Strength, in 2 in., of Area, 
PSl PSl per cent per cent 

HOT-ROLLED CONDITION 

75                43 900                   86 800 29 50 
200                 41800                    81700 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 

75                 42 200                    83  100 33 53 
200                 42 400                    78 200 29 54 
400                41900                   89 300 18 37 
500                 42 200                    92  100 18 35 
600                39 700                  91600 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   A 212   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                            psi                      per cent per cent 

HOT-ROLLED CONDITION 

75                 39  100                    78 000                      29 58 
200                 36 300                    74 200                      26 57 
400                 39 200                    88  100                      17 37 
500                42 900                  91000                     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 

75                 43 900                    76 800                      32 59 
200                 42 300                    71600                      28 59 
400                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 

—NOTE—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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TABIJO   7—CREEP    AND   CREEP-RUPTURE   TEST    DATA    REPORTED    BY 
U.   S.   STEEI,   FOR   HOT-ROLLED   HASI('-()XY(iEN   ASTM 

A 201   STEEL,   HEAT   31045:). 

Test 
Temperature, 

F 
Streaa, 

psi 

Time to 
Rupture, 

Elongation 
in 1 in., 
per cent 

Reduction 
of Area, 
per cent 

Minimum 
Creep Rate, 

per cent per lir 

800. 40 000 5.7 34 61 
35 000 140.1 38 69 
35 000 194.4 31 58 0.049 
30 000 1784.X 40 67 0.00294 
25 000 4478.1 40 73 0.00042 

900. 25 000 25.3 51 80 
20 000 216.0 52 80 0.038 
15 000 1942 56 75 0.0081 
13 000 3663.1 50 74 
10 000 (4000) test in progress 0.00094 

7 000 ..." 0 00020 

1000. 15 
12 

000 
000 

40.5 
219.3 

65 
70 

87 
82 0.061 

9 000 1204.6 62 75 
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 
Temperature, 

F 
Stress, 

psi 

Time to 
Rupture, 

Elongation 
in 1 in., 
per cent 

Reduction 
of Area, 
per cent 

Minimum 
Creep Rate, 

per cent per nr 

800. 

900. 

1000. 

40 000 50 30 54 
35 000 249.2 30 60 0.025 
30 000 2159.9 36 70 0.00194 
25 000 3900 46 74 0.00044 

25 000 59.3 43 73 
20 000 278.8 48 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 

15 000 25 60 83 
10 000 594.6 67 77 0.014 

7 000 3989.6 50 66 0.00284 
5 000 5973 test in progress 0.000105 

NOTE—The steel was normalized at 1625 F for 1 hr and then tempered at 1150 F 
for 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  2099:59. 

Test 
Temperature, 

F 
Stress, 

psi 
Time to 
Rupture, 

Elongation 
in 1.5 in., 
per cent 

Reduction 
of Area, 
per cent 

Minimum 
Creep Rate, 

per cent per hr 

H ETHLEHEM  STEEL  CO.   DATA 

son 00 000 0.5 2(i 64 
50 000 19 10 33 
48 000 251 23 46 
45 000 295 22 5N 
44 000 3 IS 21 50 
40 000 799 23 57 
35 000 17S2 

AMERICAN OIL 

15 

Co. DATA 

53 

800 30 000 2878. S 50" 02 0 0005 
20 000 (6000) test in progress 0 000004 
If) 000 

B 

(0000) 

ETHI.EHEM  STE 

test in p 

EL CO. DATA 

•ogress 0 000038 

900 45 000 2.4 27 40 
45 000 4.9 13 34 
40 000 20 17 45 
35 000 40 19 57 
28 000 120 19 63 
25 000 20S 15 3S 
23 000 021 20 57 

25 000 

AMEKICAN On, Co. DATA 

70 0 900 234.0 62" Oil 
20 000 870 01" 68 0 0028 
13 000 (0000) test in progress 0 0005 

B ETHLEHEM STEEL CO. DATA 

1000 23 000 13 34 78 
20 000 30 34 74 
15 000 214 30 79 
10 000 2105 41 69 

AMERICAN OIL CO. DATA 

1000 10 000 1354.5 86° 89 0 002 
4 500 (6000) test in process 0 00012 

" Elongation in 2 in. 
NOTE—The American Oil Co. tests were conducted on 0.505-in.-diameter specimens, 

and the Bethlehem Steel Co. tests were conducted on 0.357-in.-diameter specimens. 

 



SPAEDER ON ELEVATED-TEMPERATURE PROPERTIES 17 

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 
Temperature, 

F 
Stress, 

psi 
Time to 
Rupture, 

Elongation 
in 1.5 in., 
per cent 

Reduction 
of Area, 
per cent 

Minimum 
Creep Rate, 

per cent per hr 

800. 

900. 

1000. 

55 000 4 
55 000 31 
50 000 92 
45 000 486 
43 000 577 
25 000 (2000)° 

25 000 (2000)° 
20 000 (2500)° 

45 000 1 
35 000 39 
30 000 195 
28 000 340 
13 000 (2000) 
13 000 (2000) 
10 000 (2500) 

30 000 1.7 
20 000 42 
20 000 51 
15 000 242 
12 500 476 
12 000 601 
4 500 (2000) 

4 500 (4500) 

27 
29 
27 
29 
31 

30 
23 
43 
41 

32 
31 
30 
37 
47 
38 

64 
55 
48 
60 
62 

69 
65 
76 
77 

76 
83 
79 
79 
62 
81 

0.00009 
(0.00024)* 
(0.00004)" 

0.00060 
(0.00050)' 
(0.00010)' 

0.00017 
0.00019 

" These creep tests were discontinued after test times between 2000 and 4500 hr. 
6 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. 

Steel Condition 
Teat 

Temperature, 
Stress for Rupture, psi Stress for Minimum 

Creep Rate, psi 
F 1000 hr 10,000 hr- 100,000 hr« 0.0001% hr 0.00001% hr« 

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 

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 b 25 000' b 

900 25 000 19 000 b 10 000' b 

1000 11 000 7 500 b 4 300' b 

m r w 
< > 
H 
W 
9 
H ra 
•o a 
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H 
C 
7> 
m 
>v 
o 
w 
7> 
H 
W 
CO 

O 
T) 

03 > 
on 
n i 
O x «< o m z 
</3 

tn 
en 
r 

A 201. 

A212. 

° Extrapolated values. 
* Insufficient data. 
' Based on combined data of hot-rolled and normalized product. 
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UJ a. (- 
01 

0 200 400 600 800 1000 1200 
TEST TEMPERATURE, F 

FIG. 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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200    400    600    800    1000   1200 
TEST TEMPERATURE, F 

FIG. 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. 
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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 9—Stress versus time to rupture for hot-rolled ASTM A 201 steel made by 
the basic-oxygen process. 
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FIG.  10—Stress  versus time to  rupture for normalized and tempered ASTM 
A 201 steel made by the basic oxygen process. 
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FIG. 11—Stress versus minimum creep rate for hot-rolled ASTM A 201 steel 
made by the basic-oxygen process. 
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FIG. 12—Stress versus minimum creep rate for normalized and tempered ASTM 
A 201 steel made by the basic-oxygen process. 
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FIG.  13—Comparison of creep and creep-rupture test data for ASTM A 201 steel made by the open-hearth and basic-oxygen processes. 
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FIG. 14—Stress versus time to rupture for hot-rolled ASTM A 212 steel made 
by the basic-oxygen process. 
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FIG. 15—Stress versus time to rupture for normalized and tempered ASTM 
A 212 steel made by the basic-oxygen process. 
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FIG. 16—Stress versus minimum creep rate for normalized and tempered and 
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APPENDIX1 

1 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. 

<»»lmakii«r Yield Tensile Elongation 
Heat TW.•= Orientation Strength," Strength, in 2 in., 

"ocess psi psi percent 

SpECiFiEDb TENSILE PROPERTIES 

longitudinal       30 000 min        55 000 29 min 
to 

07 000' 

HOT-ROLLED CONDITION 

310453      basic oxygen      longitudinal 30 800 01700 34 
transverse 30 500 61  300 32 

42835      open hearth        longitudinal 31  000 01  800 34 
transverse 30 500 01  800 34 

NORMALIZED AND TEMPERED CONDITION 

310453      basic oxygen      longitudinal 31  500 58 500 38 
transverse 37 200 60 500 38 

42835      open hearth        longitudinal 38 500 61900 37 
transverse 38 500 61 600 32 

" Determined at 0.5 per cent total strain. 
' ASTM specification A 201 for Grade A of firebox quality. 
' The 67,000 psi max applies only to firebox quality steel. 
NOTE—The tests were conducted 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. 

Sf„,_„. • _ Yield Tensile Elongation 
Heat P•«„ e Orientation Strength," Strength, in 2 in., rroce8s psi psi per cent 

SPECIFIED6 TENSILE PROPERTIES 

longitudinal        38 000 min        70 000 22 min 
to 

87 000' 

HOT-ROLLED CONDITION 

209939      basic oxygen      longitudinal 42 300 83 800 28 
transverse 42 500 87 600 20 

88244      open hearth        longitudinal 44 800 83 800 27 
transverse 41 400 87 300 27 

NORMALIZED AND TEMPERED CONDITION 

209939      basic oxygen      longitudinal 45 500 85 500 32 
transverse 40 400 83 000 31 

88244      open hearth       longitudinal 46 400 78 000 31 
transverse 45 000 78 000 29 

a Determined at 0.5 per cent total strain. 
6 ASTM specification A 212-61T for Grade B of firebox quality. 
° The 87,000 psi max applies only to firebox quality steel. 
NOTE—The tests were conducted on 0.505-in.-diameter specimens. 
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TABLE   14—THE  TRANSITION   TEMPERATURES   REPORTED   BY'   KAISER 
STEEL   CORP.   FOR  ASTM   A 201   STEEL   MADE   BY'   THE 

BASIC-OXYGEN  AND   OPEN-HEARTH   PROCESSES. 

Tranaition Temperature, F 
Heat Steelmaking 

Process Orientation 
15 ft-lb 

SO Per Cent 
Shear 

HOT-ROLLED CONDITION 

310453. 

42835.. 

310453. 

42835.. 

basic oxygen longitudinal 35 90 
transverse 40 

open hearth longitudinal 35 80 
transverse 40 

NORMALIZED AND TEMPERED CONDITION 

5 basic oxygen longitudinal 40 
transverse 5 70 

open hearth longitudinal 0 40 
transverse 10 65 

" Insufficient data. 
NOTE—1.   These results are based on impact tests on Charpy V-noteh specimens. 

2.   The steels 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. 

Heat Steelmaking 
Process Orientation 

Transition Temperature, F 
50 Per Cent 

15 ft-lb Shear 

HOT-ROLLED CONDITION 

209939. 

88244.. 

209939. 

88244.. 

basic oxygen longitudinal 80 
transverse 70 

open hearth longitudinal 55 
transverse 60 

NORMALIZED AND TEMPERED CONDITION 

basic oxygen longitudinal 15 
transverse 25 

open hearth longitudinal 10 
transverse; 20 

a Insufficient data. 
NOTE—1.   These results are based on impart tests on ("harpy-V-noteh specimens. 

2.   The steels were normalized  at  1625  F for  1  hr and  then tempered at 
1150 F for 1 hr. 
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TABLE 10—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. 

Heat Grade Steelmaking 
Process 

ASTM Ferrite- 
Grain Size 

ASTM Austenite-" 
Grain Size 

HOT-ROLLED CONDITION 

310453  A 201 basic oxygen 4 to 5 
42835  A 201 open hearth 4 to 5 
209939..  A 212 basic oxygen 5 to 6 
88244  A 212 open hearth 5 to 6 

NORMALIZED AND TEMPERED CONDITION 

310453  A 201 basic oxygen 5 to 6 
42835. , A 201 open hearth 6 to 7 
209939. .     A 212 basic oxygen 7 to 8 
88244  A 212 open hearth 7 to 8 

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

3 to 5 
3 to 5 
2 to 5 
3 to 5 

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. 

Heat Steelmaking 
Process 

Yield 
Strength, 

psi 

Tensile 
Strength, 

psi 

Elongation 
in 2 in., 
per cent 

Charpy V-Notch 
Impact Tests 

Energy Shear 
Absorbed,      Fracture, 

ft-lb per cent 

ASTM A 201 STEEL 

310453      basic oxygen         71000 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 STEEL 

209939      basic oxygen       101000 102 200               12                7,8,8         10,10,10 
88244      open hearth          94 900 98 700               14                5,7,8         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. 

Heat Steel 
Tension Test 

Tensile Strength, 
psi 

Location of 
Failure 

Bend Test 

Type of 
Bend 

Bend-Test 
Results 

310453. A 201 62  100 base metal side 
tee 

sound weld 
sound weld 

209939. A 212 79 700 weld metal side 
tee 

sound weld 
sound weld 

NOTE—1.   The plates were welded in the flat position by manual shielded-metal 
arc process with vertical A-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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 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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FIG. 34—Effect of test temperature on the transverse Charpy V-notch impact 
properties of hot-rolled basic-oxygen A 212 steel.    . 
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FIG. 35—Effect of test temperature on the transverse Charpy V-notch impact 
properties of hot-rolled open-hearth A 212 steel. 
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FIG. 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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FIG. 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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Fio. 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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FIG. 39—Effect of test temperature on the transverse Charpy V-notch impact 
properties of normalized and tempered open-hearth A 212 steel. 
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