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REFERENCE: Smith, G. V., "Supplemental Report on 
the Elevated Temperature Properties of Chromium- 
Molybdenum Steels (An Evaluation of 2%Cr-lMo 
Steel)," ASM DATA SERIES. PS 6S2. American Soci- 
ety for Testing and Materials, 1971. 

ABSTRACT: This report offers evaluations of ele- 
vated temperature strength properties of 2%Cr-lMo 
steel in various conditions of heat treatment and 
for diverse product forms. The data evaluated in- 
clude test results previously included in ASTM 
Data Series DS 6 (1953) and DS 6S1 (1966), as well 
as newly generated data gathered by the Metal Pro- 
perties Council. 

The data for wrought material are separated 
into a number of strength categories corresponding 
to current specifications for annealed, normalized 
and tempered, and quenched and tempered grades. 
Data for castings and for weld-metal are evaluated 
separately. 

Rupture strength and creep strength have been 
evaluated at two levels, respectively, as the 
stresses to cause rupture in 10,000 or 100,000 
hours and as the stresses corresponding to secon- 
dary creep rates of 0.1 and 0.01 percent 1000 
hours. The temperature dependencies of these pro- 
perties as well as of yield strength (0.2 percent 
offset) and tensile strength are developed in such 
a form as to be useful for establishing allowable 
working stresses. Elongation and reduction of area 
data, although not of direct usefulness in setting 
stresses, are also included. 

The body of the report provides in tables,text, 
and figures, details concerning the indentification 
of the individual lots of material, the evaluation 
procedures, and the results.Several summary figures 
immediately following this abstract, Figs. 1-5, 
depict the temperature dependence of important 
strength properties for a number of grades of prac- 
tical interest. Figure 6 provides a comparison of 
the temperature dependence of yield and tensile 
strength, expressed in the form of strength ratios, 
for several conditions of heat treatment and pro- 
duct form. 

KEY WORDS: elevated temperature, tensile strength, 
yield strength, creep strength, rupture strength, 
elongation, reduction of area, alloy steel, mechan- 
ical properties, data evaluation. 
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Figure 1 - Effect of temperature on yield strength, tensile 
strength, creep strength (O.Ol # per 1000 hours) and rupture 
strength (100,000 hours) of annealed 2 l/k  Cr - 1 Mo steel in 
wrought or cast form.  Yield and tensile strengths have been 
adjusted to 30 and 60 ksi at 75 F. Creep and rupture strengths 
are averages of available data. 

 



Figure 2 - Effect of temperature on yield strength and tensile 
strength of normalized and tempered 2 l/k  Cr - 1 Mo steel. 
Yield and tensile strengths have been adjusted to 45 and 75 ksi 
at 75 F. 
adjusted to 30 and 60 ksi at 75 F.  Creep and rupture strengths 
are averages of available data. 
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Figure 3 - Effect of temperature on yield strength, tensile 
strength, creep strength (.01 % per 1000 hours) and rupture 
strength (100,000 hours) of quenched and tempered material. 
Yield and tensile strengths have been adjusted to 100 and 115 
kai at 75 F| creep and rupture strengths represent averages of 
data adjusted to a specified tensile strength of 115 ksi at 75 P 
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Figure 4 - Effect of temperature on yield Btrength, tensile 
strength, and rupture strength (100,000 hours) of quenched and 
tempered material. Yield and tensile strengths have been ad- 
justed to 75 and 95 ksi at 75 Fj rupture strength represents 
averages of data adjusted to a specified tensile strength of 
95 ksi at 75 *. 
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Figure 5 - Effect of temperature on yield strength and tensile 
strength of normalized-and-tempered and quenched-and-tempered 
cast 2 1/4 Cr - 1 Mo steel, adjusted to 55  and 85 ksi at 75 P. 
jusiiea -co 73 ana y^ KSI ax  75 rj  rupture strengtn represents 
averages of data adjusted to a specified tensile strength of 
95 ksi at 75 P. 
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Figure 6 - Comparison of the temperature dependencies of yield 
and tensile strengths, expressed as strength ratios, for 
annealed (A), normalized and tempered (NT), and quenched and 
tempered (QT) wrought material and normalised and tempered 
and quenched and tempered caBt material (C)» 

 



INTRODUCTION Yield Strength and Tensile Strength 

Since publication in 1966 of ASTM Data Series 
Publication DS 6S1 "Supplemental Report on the 
Elevated-Temperature Properties of Chromium- 
Molybdenum Steels," not only have additional data 
on 2-1/4 Cr-1 Mo steel become available, but also, 
considerable interest has developed in the use of 
this material at the higher strength levels, 
ranging up to tensile strengths of 135 ksi, that 
can be achieved by normalizing or quenching 
followed by tempering at relatively low tempera- 
tures. It has therefore seemed desirable for the 
Metal Properties Council (MPC) to undertake a re- 
evaluation of the elevated temperature properties 
of this popular grade of steel and, in particular, 
to assess the effects of heat treatment and product 
form upon the basic trends of behavior. 

The evaluation covers data gathered by MPC 
from industrial and other laboratories, and from 
published literature, as well as the data previous- 
ly included in ASTM's Data Series Publica- 
tions/*^,^) A coding key is provided in Table I 
to the data from the ASTM Data Series, and the 
newly gathered data are appended to this report. 
The data are identified in Tables I and II, as to 
specification, heat treatment, product form and 
size, chemical composition, and source. Some of 
the data sets from DS6 and DS6-S1 were excluded 
from the evaluation owing to inadequate identifi- 
cation, and nonconformity with specifications, 
including the use of unconventional heat treat- 
ments. A distinction has been preserved in the 
early stages of the evaluation as to product form 
although such differences later proved to be 
unimportant in a number of instances. In a few 
instances, steel produced to a specific specifica- 
tion was tested in another form, as when material 
produced to a pipe specification was actually 
tested in the form of bar. Also, when, in a few 
instances, material was identified only as wrought, 
it was arbitrarily categorized as bar. 

The properties that have been evaluated in 
this report include yield and tensile strengths, 
and creep and rupture strengths. The latter two 
properties have been evaluated at two levels each: 
as the stresses causing a secondary creep rate of 
0.1% or 0.01% per 1000 hours and causing rupture 
in 10,000 or 100,000 hours. These latter properties 
are of interest for setting allowable stresses for 
boiler and pressure vessel systems in the range of 
temperatures in which creep is important, whereas 
yield and tensile strengths are employed in 
establishing allowable stresses at lower tempera- 
tures. No attempt was made to assess creep strength 
in terms of the stress causing a specific creep 
strain in a given time interval as stipulated in a 
number of foreign codes, for the reason that the 
available data are unsuitable for that purpose. 

Although not directly useful to designers, 
elongation and reduction of area at fracture in 
the tensile and rupture tests are included in this 
report, where available, and some comments are 
offered concerning the trends of behavior. Since 
the individual strength properties needed for set- 
ting allowable stresses are each required over the 
temperature range in which they may govern, an 
effort has been made to develop the evaluations 
in terms of trend curves defining the variation 
of strength with temperature, rather than in terms 
of strengths at individual temperatures. 

The original tensile test results, not 
previously reported in the ASTM Data Series 
publications, are tabulated in Table III, sepa- 
rated according to product form. As with previous 
evaluations, the tests are presumed to have been 
conducted generally at strain rates within the 
limits permitted by ASTM recommended practice E 21. 
The yield strengths are known in nearly all 
instances to correspond to 0.2% offset, or to the 
lower yield point for materials exhibiting a yield 
point. The tabulated elongation values were 
measured on a 2-inch gage length and the test 
specimens were taken from the quarter thickness 
position unless otherwise noted. 

In previous reports covering wrought ,,_ 2fi, 
austenitic stainless steels and carbon steel,  * 
it has proved helpful in evaluating yield and 
tensile strengths to normalize the test results by 
ratioing the elevated temperature strengths of 
individual lots to the corresponding strengths of 
the same lots at room temperature, and then to 
establish by the method of least squares the 
regression curve of best fit -- the trend curve — 
for the variation of strength ratio with tempera- 
ture. This same procedure has been employed in 
the present evaluations, and its effectiveness in 
normalizing the data will again be apparent. 

In assessing the effect of strength level 
upon yield and tensile strength of 2-1/4 Cr-1 Mo 
steel at elevated temperatures, it has proved 
convenient to adopt for the wrought products a 
categorization that reflects current plate steel 
specifications: 

Category 1: All annealed material, what- 
ever the strength level, and 
normalized and tempered 
material having a tensile 
strength at room temperature 
less than 75 ksi. 

Category 2: Normalized and tempered 
material having a tensile 
strength at room temperature 
greater than 75 ksi (ASTM 
Spec. 387, Grade D). 

Category 3: Quenched and tempered material 
having a tensile strength at 
room temperature less than 115 
ksi (ASTM Spec. 542, Classes 
1 and 3). 

Category 4: Quenched and tempered material 
having a tensile strength at 
room temperature of 115 ksi or 
more (ASTM Spec. 542, Class 2). 

A few data for forgings reported to have been 
quenched and tempered corresponded better with 
levels to be expected of normalized and tempered 
plate material, and were so categorized. After it 
was discovered that the strength ratios of quenched 
and tempered material are essentially independent 
of strength level (as also appears to be true with- 
in the other categories, as well) (27)y  a few data 
not meeting the minimum tensile strength of current 
specifications (95 ksi) were included in category 
3, and a few data exceeding the maximum of current 

 



specifications (135 ksi) were included in category 
4. However, in the latter instance, ductility 
data were not incorporated into the plots. 

The few data for quenched and tempered cast- 
ings having a tensile strength greater than 105 
ksi were first considered separately from those 
for normalized and tempered castings, but when the 
resulting regression curves proved to be essenti- 
ally identical, the two sets of data were combined 
into a common category. The elongation and 
reduction of area results for quenched and tempered 
castings fell within the scatter band of the other 
data. 

Data representing weld metal that had 
received a post weld heat treatment were evaluated 
as a separate category. Data representing tests 
of weldments, i.e. of specimens including weld 
metal, base metal and heat affected zone, were not 
evaluated, owing to the basic inhomogeneous 
character of this type of test specimen, and the 
dependence of the results upon geometrical and 
other factors. 

Finally, a few data became available after 
the regression analyses had been completed, and 
whereas these data are included in the tabulation 
and plots, the regression analyses may not have 
been rerun, when inspection indicated that any 
change in the regression result would be incon- 
sequential . 

The tensile test results for the different 
categories are plotted as dependent upon tempera- 
ture in figures 7 through 12.  In each figure, 
part (a) charts yield strength and yield strength 
ratio, part (b) charts tensile strength and tensile 
strength ratio, and part (c) charts elongation and 
reduction of area. In the plots for the four 
wrought categories, data for the different product 
forms, plate, pipe and tube, bar, and forging have 
been differentiated. However, relatively few 
data representing bar or forgings were available, 
and most of the data in the normalized and tempered 
or quenched and tempered categories represented 
plate materials. Inspection of the ratio plots 
does not suggest the need to distinguish amongst 
the wrought product forms of a particular strength 
category, but clearly the sample sizes are limited. 

The ratioing procedure proved generally 
effective in reducing the scatter of results in 
the strength plots, especially for the tensile 
strength of the wrought products at temperatures 
below about 500°F. At higher temperatures, there 
is reason to believe that the scatter may reflect 
structural changes within the material, sensitive 
to composition and prior treatment, that in turn 
result in differences in strength ratio. The 
rise in tensile strength ratio exhibited by the 
annealed category at intermediate temperatures is 
characteristic of materials that exhibit dynamic 
strain aging, and it seems probable that the 
scatter of strength ratios in this range for this 
category may therefore reflect differences in 
susceptibility to such aging. Normalized and 
tempered as well as quenched and tempered materials 
do not exhibit dynamic strain aging, at least to 
the extent of a rise in tensile strength at inter- 
mediate temperatures. However, the leveling of 
tensile strength of the normalized and tempered 
material, as well as the increased scatter, 
cited above, may reflect some tendency to dynamic 
aging.(27) in any event, the scatter does not 
appear to be related to differences in strength 
level, as revealed by plots of strength ratio at 
individual elevated temperatures, e.g. 800°F, in 

(27) 
dependence upon strength at room temperature. 

The scatter in yield strength ratios is 
substantially greater than for tensile strength 
ratios, but whereas some of the scatter may be 
associated with the same factors causing scatter 
of tensile strength ratios, a significant portion 
is certainly inherent, reflecting testing diffi- 
culties in the measurement of yield strength, the 
possible presence of residual straightening 
stresses, and possibly differences in strain rate, 
factors which are less important in measuring 
tensile strength. 

A question of interest to some engineers is 
whether there is an effect of section thickness 
upon the behavior, particularly in plate, and 
accordingly the test results were examined in 
this respect. The available data represented 
sections ranging upwards to more than 7 inches. 
The reported observation(27) that strength ratio 
at elevated temperature is independent of strength 
level, within a specific heat treatment category, 
indicates that although there might be expected 
to be a dependence of strength, measured at a 
specific subsurface location, upon section size, 
owing to the dependence of cooling rate upon 
section size, there should not be any effect upon 
strength ratio. A comparison of individual strength 
ratios at 800°F in different section sizes, for 
both normalized and tempered and quenched and 
tempered plate failed to reveal any dependence of 
ratio upon section size. 

Except for weld metal the ratio plots were 
evaluated by the method of least squares, and with 
no distinction as to product form for the wrought 
materials, to establish the best-fit curves 
defining the dependence of strength ratio upon 
temperature.  The resulting "trend curves" have 
been superimposed upon the plots, and tabulated 
in Table V.  Because the trend curves for the two 
categories of quenched and tempered material were 
essentially identical, a ratio trend curve was 
developed for the combined groups and is given also 
in Table V. A graphical comparison of the ratio 
trend curves is given in Figure 6 (following the 
abstract) for the following categories: annealed, 
normalized and tempered, quenched and tempered, 
and castings. 

The trend curves for annealed material are 
strikingly different than those for the other 
categories, particularly for tensile strength. 
As indicated previously, the maximum in tensile 
strength of annealed material at intermediate 
temperatures is characteristic of materials that 
exhibit dynamic strain aging. The shift in peak 
temperature from the range 400 to 500°F observed 
for carbon steel to 700 to 800°F for 2-1/4 Cr-1 
Mo steel is to be associated with the presence 
of strong carbide forming elements.(27) The trend 
curves for the remaining categories are essentially 
similar in form. Differences are somewhat greater 
for yield strength than for tensile strength. As 
a matter of possible interest all of the data 
excepting the annealed category have been grouped 
together to develop common ratio trend curves; 
the ratios are tabulated in Table V. 

With the dependence of strength upon tempera- 
ture expressed in terms of strength ratios, it is 
possible to compute absolute values of strength, 
adjusted to any specific level within the limits 
encompassed by the original data. Summary Figures 
1-5, referred to in the Abstract of this report, 
include plots showing the variation of yield and 
tensile strength with temperature, adjusted to the 
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specified minimum levels of several purchase speci- 
fications of general interest. 

Although there are too few data available for 
weld metal, especially at temperatures between 75 
and 800°F, to warrant an attempt to develop trend 
curves, the ratio trend curves developed for cast 
steel have been superimposed over the ratio plots 
for the weld metal to provide a basis for assess- 
ment of weld metal, Figure 12 a and b. Examina- 
tion of these plots suggest that the available 
data are not inconsistent with the trend curves 
for cast steel. 

Elongation and reduction of area of the 
annealed material fall off slightly at intermediate 
temperatures, possibly reflecting the dynamic 
strain aging, mentioned earlier, and then increase 
progressively to the maximum temperature for which 
there were data, 1300°F. The normalized and 
tempered, the quenched and tempered, and the cast 
materials also exhibit a slight loss in ductility 
at intermediate temperatures. The ductility 
scatter bands of the various categories overlapped 
extensively especially for reduction of area. How- 
ever, annealed material did exhibit somewhat 
greater elongation at room and slightly higher 
temperatures than did the other categories, and the 
quenched and tempered material having a tensile 
strength of 115 ksi or greater exhibited elonga- 
tion slightly inferior on the whole to the other 
categories. 

Creep and Rupture Properties 

The original data not previously reported in 
DS 6 and DS 6S1 (References 1 and 2) are tabulated 
in Table IV, separated according to product form. 
The data are plotted in various groupings in 
Figures 13-20. 

The creep and rupture data have been evaluated 
with the primary objective of developing best 
current assessments of these properties in a form 
directly useful by Code groups for establishing 
allowable stresses.  In the ASME Boiler and Pressure 
Vessel Code, the criteria for setting stresses in 
the "creep" range of temperatures include the 
average and minimum stresses to cause rupture in 
100,000 hours, reduced by appropriate fractional 
factors, the purpose of which is to insure a 
reasonably long safe period of usefulness.  The 
allowable stress is also limited in the ASME Code 
to the average stress to produce a secondary creep 
rate of 0.01 percent per 1000 hours, which corre- 
sponds to a rate of 1 percent per 100,000 hours, 
if the rate were to remain unchanged. The stress 
for rupture in 100,000 hours can ordinarily be 
developed only by extrapolation of the results of 
tests of shorter duration, since tests lasting 
100,000 hours are seldom made. Determination of 
the stress causing a secondary creep rate of 0.01 
percent per 1000 hours may require extrapolation, 
but may be obtained by interpolation. 

The data have been evaluated also for the 
stress to cause rupture in 10,000 hours, which 
frequently involved the need for extrapolation, 
and for the stress to cause a secondary creep of 
0.1 percent per 1000 hours. Rupture and creep 
strengths for still shorter rupture times and 
faster creep rates have not been explicitly 
assessed, but can be readily approximated by 
inspection of the scatter band data plots. 

Past evaluations in this series have been 
concerned with annealed material or material norma- 
lized and tempered at relatively high temperatures 

to produce relatively soft material, and it has 
been generally common practice in such evaluations 
to ignore a possible dependence of creep and 
rupture strength upon microstructure, which is 
known to have an important influence upon strength 
at room temperature. In the present evaluation, 
a possible dependence of creep and rupture strength 
on microstructure has also been ignored, and all 
data for annealed material, including material 
normalized and tempered at a relatively high tempera- 
ture, have been grouped together without distinction 
as to strength level. In fact, in the present 
instance, as frequently true, room temperature 
strength data are so generally lacking as to pre- 
clude the possibility of assessing the dependence 
of creep rupture strength on room temperature 
strength. However, it is clear that the creep and 
rupture strengths of the higher strength categories 
of 2-1/4 Cr-1 Mo steel are not independent of 
room-temperature strength, certainly in the range 
of greatest practical interest, 800 to 900°F, 
or slightly higher. Consequently, the creep and 
rupture strengths of the higher strength grades 
have been evaluated in such a way as to recognize 
their dependence upon strength level. 

For extrapolating time-for-rupture data to 
permit assessing the stress to produce rupture in 
100,000 hours, there are two broad types of 
procedures.  In the first, or direct procedure, 
the relation between log stress and log time-for- 
rupture at constant temperature is extended to 
100,000 hours.  In the second procedure, extra- 
polation is effected indirectly by means of one 
or another time-temperature parameter.  Both 
procedures have been employed in the present 
evaluation. 

Annealed Material - Direct Extrapolation 

It is possible to effect direct extrapolation 
either by treating different lots individually, or 
alternatively by defining and then extending the 
best fit curve for the scatter band of all data. 
The merits of the alternatives have been reviewed 
in the prior evaluations of the current series as 
well as in published literature.C2!>-28) To permit 

comparisons, both procedures have been employed 
in evaluating the rupture strength of annealed 
material, but for reasons given in the cited 
references, principal emphasis is placed on 
individual lot extrapolations. To show both the 
volume and the scatter of the data, all of the 
data, including applicable data from DS 6 and 
DS 6Sl(l»2J, are shown in isothermal scatter 
band plots of log stress versus log time for 
rupture (Fig. 13 a,b,c and d); of log stress 
versus log of secondary creep rate (Fig. 14 a,b, 
and c); and of percent elongation and reduction 
of area at rupture versus log time for rupture 
(Fig. 15 a,b,c,d and e). In each figure, data 
for different product forms are differentiated, 
although in the end it does not seem reasonable 
to attempt to distinguish amongst product forms. 
Data for weld metal are considered separately in 
a later section. 

Because there was no evidence either in the 
scatter bands or in the individual lots that log 
stress and log time-for-rupture were related other 
than linearly, at least at temperatures below 
1150CF, the time-for-rupture data, whether con- 
sidered as individual lots or as scatter bands, 
were extended linearly to 100,000 hours.  (See 
also prior discussion of this question in 
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references 25-28). On the other hand, log 
secondary creep rate tended often to vary curvi- 
linearly with log stress in the range below 0.1 
percent per 1000 hours; the variables were so 
treated, either for interpolation or extrapolation. 
The secondary creep rate data were evaluated only 
in terms of individual lots not as scatter bands. 
The individual lot extrapolations for both rupture 
and creep strength were developed visually, giving 
weight to the longer-time or slower-rate data. 

The results of the individual-lot extrapola- 
tions or interpolations, which were made on 
individual plots too numerous to include here, are 
tabulated in Tables VI-IX, along with similar 
results for the high strength categories, to be 
discussed later. The results have also been 
plotted in Figs. 21 and 22 as dependent upon temper- 
ature.  Semi logarithmic coordinates were chosen for 
the plots of Figs. 21 and 22 because in past 
evaluations they have frequently tended to 
linearize the relation between the variables. Most 
of the data plotted in Fig. 21 and 22 represent 
pipe and tube. The few data representing bar and 
castings appear to agree reasonably well with the 
overall scatter and, in the further evaluation, 
are treated as belonging to the same sample popula- 
tion. There were no data for annealed plate. 

The isothermal scatter bands, except those 
at 1150 and 1250°F, for which there were few 
results, were evaluated by the method of least 
squares, and the mean curve of best fit extended 
to 100,000 hours. In these evaluations the longer- 
time test results were weighted by arbitrarily 
excluding rupture times less than 40 hours, and 
time was taken as the independent variable, for 
reasons given previously.C^o)  in the regression 
analyses, no significant improvement in variance 
was observed in going beyond a linear dependence 
between log stress and log time-for-rupture, 
except at 1200°F. At this temperature, an improve- 
ment in variance was realized by assuming a second 
or even a third order dependency, but the number 
and character of the data are such as to inhibit 
placing complete confidence in the regression 
result. The best fit lines from the least squares 
analyses are superimposed upon the individual iso- 
thermal scatter bands, and the values of 100,000 
hour rupture strength obtained by extending the 
regression lines are included in Tables X and XI 
for later comparison with strengths developed by 
other evaluation procedures. 

The family of linear isothermal regression 
lines, shown in Fig. 23, reveal that the slope 
for the data at 1050°F is greater than those for 
1000 and 1100°F, such that the 1000 and 1050°F 
lines intersect at about 100 hours, and the 1050 
and 1100°F curves would intersect shortly beyond 
100,000 hours.  It might be argued that the near 
identity of strengths at 100,000 hours is not 
possible. Yet there can be no question that the 
scatter bands of actual test results at 1000 and 
1050°F do overlap at 100 hours, and it is not 
unknown for a material to exhibit the same strength 
at two or even three temperatures (see, for 
example, Fig. 7b). Alternatively, it might be 
argued that the data at 1050°F represent a unique 
population, but this seems unlikely since relatively 
few heats were tested only at 1050°F and not at 
another temperature. Still another possibility is 
that the 1050°F slope breaks upwards, or that the 
1100°F slope breaks downward (or both). Some 
support for the view that the 1050°F slope does 
break upwards is found if data less than 500 hours 
are excluded from the regression analyses. The 

extended regression line for 1050°F then inter- 
sects the 100,000 hour abscissae at 8.87 ksi 
instead of 7.67 ksi ; the extended regression lines 
for 1000 and 1100°F are altered only slightly by 
the exclusion of data less than 500 hours (to 
11.87 and 7.25 ksi respectively). This general 
problem, particularly with respect to the linearity 
of the isothermal relations, has been considered 
at some length in another publication^?) and the 
conclusion drawn that the behavior must be accepted 
at face value, pending the availability of further 
test results that would provide a more positive 
basis for disputing the observed behavior. 

The perturbation apparent in the family of 
isothermal regression lines is also evident, though 
less prominently, in the results of the individual- 
lot extrapolations, plotted in Figures 21 and 22. 
Particularly for rupture in 100,000 hours, Figure 
22, the rupture strength values for 1100°F mass 
above the line of best fit for the data at 1000, 
1050 and 1200°F, or considered alternatively, the 
data at 1050CF lie on the low side. This behavior 
is evident also in Figure 21 for rupture in 10,000 
hours, but less prominently.  Inspection of Fig. 22 
reveals that the results at 1050°F are weighted 
importantly by the three lowest values but no 
valid reason could be found for rejecting these 
values; attention might also be called to the 
weighting on the high side at 1050°F, resulting 
from three sets of data for bar. Note also the 
weighting for rupture in 10,000 hours, Figure 21. 
And, of course, the trend evident in Figure 22 
receives support from the regression analysis of 
the isothermal scatter bands, Figure 23. The mean 
regression lines drawn on the rupture data of 
Figures 21 and 22 represent best fits for the data 
and correspond to equations of third degree. 
Minimum curves at a confidence level of 90% have 
also been developed from the mean curves on the 
assumptions that the data exhibit a log normal 
distribution in strength, that the mean curve is 
without error in slope and that the variance is 
independent of temperatures. At a confidence 
level of 90%, 95% of the individual values should 
lie above the minimum, which is at least approxi- 
mately true. The mean and minimum values defined 
by the regression lines in Figures 21 and 22 are 
included in Tables X and XI. The arithmetic means 
of the individual values at the different tempera- 
tures are also included in Tables X and XI, along 
with minimum values at the 90% confidence level, 
on the assumption of a normal distribution in 
strength. 

The stresses to cause secondary creep rates 
of 0.1 and 0.01 percent per 1000 hours have also 
been plotted in Figs. 21 and 22.  Unfortunately, 
the distribution of the data points suggests that 
the relation between log strength and temperature 
may be nonlinear, as was true for rupture strength. 
Thus, in Figure 22, the strengths at 1050°F fall 
within the scatter band of strengths at 1000°F. 
Moreover, inspection of the plots of log stress 
versus log secondary creep rate, Figure 14, reveals 
extensive overlapping of the scatter bands. How- 
ever, since there are only about one third as 
many data at 1050 as at 1000 or 1100°F, it seemed 
possible that the 1050CF data sample might be 
unrepresentative. Examination of the temperature 
dependence of the strength of individual heats 
showed that the highest two values at 1050°F, 
Figure 22, corresponded with the highest individual 
values at 1000 and 1100°F, respectively, indicating 
that the data at 1050°F are, in fact, unrepresenta- 
tive. 
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In view of the character of the data, it has 
not seemed appropriate to develop the trend curve 
by regression analysis.* Instead, pending the 
availability of sufficient additional data that 
would preclude the need for subjective judgment, 
it has seemed best to define the "trend curve" of 
creep strength, on Figures 21 and 22, by a linear 
line connecting the averages at 1000 and 1100°F, 
and another linear line between the averages at 
1100 and 1200°F. The creep strengths so defined 
are tabulated in Table XII. Further, owing to 
the character of the data, it has not seemed 
appropriate to attempt to develop minimum values. 
(These are not required for setting stresses in 
the ASME Code.) Approximate minimum values may 
be estimated by inspection of the plots of Figs. 
21 and 22. 

Annealed Material -- Indirect (Parameter) 
Extrapolation 

It is commonly agreed that extrapolation by 
time-temperature parameter should preferably be 
undertaken on an individual heat basis, but to 
do this requires more data, particularly at 
different temperatures, than are generally availa- 
ble for the data collected by the Metal Properties 
Council. However, it is possible to adopt a 
"universalized" approach, which assumes values 
for the parameter constants, and to "parameterize" 
and evaluate all of the data on a scatter band 
basis. In spite of inherent reservations concern- 
ing such an approach, all of the data, for rupture 
times exceeding 5 hours, were evaluated by this 
procedure employing both the well-known Larson- 
Miller parameter, with an assumed value of 20 for 
the constant: 

T(20 + log t) FX(S) 

A scatter band plot showing the variation of 
log stress with L-M parameter for the annealed 
material is shown in Fig. 24. Values of the 
parameter corresponding to 100,000 hours at lOOo, 
1050 and 1100°F are marked on the figure. Thf> data 
plotted in Fig. 24 were evaluated by the method of 
least squares to define the mean curve of-best fit., 
which corresponds to an equation of second order; 
temperature was taken as the independent variable 
for the regression analysis. The mean curve is 
drawn on the plot together with a minimum curve 
(90% confidence,level) derived from the mean curve. 
The mean and minimum values for rupture in 10,000 
and 100,000 hours are included in Tables X and XI. 
It is of interest to note in Fig. 24 that the 
portion of the data encompassing parameter v;'.!'er> 
that define 100,000 hour rupture strength at 
temperatures above 1000°F represents only a small 
fraction of the total volume of data, and that the 
position of the regression line in this range is 
importantly dependent upon the mass of data at 
lower parameter values. 

A scatter band plot for the Manson compromise 
parameter has not been prepared, but it is pre sunn i 
that the plot would resemble Fig. 24.  However, the 
mean and minimum values resulting from regression 
analysis of the Manson compromise parameter are 
plotted in Fig. 25, and 10,000-hour and 100,000-hour 
strengths are included in Tables X and XI. 

A number of features of the parameter scatter 
band approach to the evaluation of data for 2-1/4 
Cr-1 Mo steel are considered at length in another 
publication(27)t  and are not repeated here. How- 
ever, the important observation was made that if 
rupture strength actually varies in the complex 
manner, that is depicted in Fig. 22, then the 
universalized parameter procedure, by its inherent 
nature, is incapable of giving correct values. 

No effort was made to evaluate creep strength 
by parameter evaluation procedures. 

and the recently proposed Manson compromise** 
parameter:C^9) Annealed Material -- Comparison of Rupture Strengths 

for Different Evaluation Procedures ~~" 

1 ,  2,. 
0g X *  40 0g t 

40,000 . F ,~, 
T+460 " *2^> 

In either parameter T is temperature in degrees 
Rankin, t is the time for rupture in hours, and 

and F„(S) denote that the parameters are FjCS) F2(S) 

different functions of the stress S. 

*Such an analysis of the data on the assumption 
of a linear relation between log stress and 
temperature, resulted in a mean value at 1000°F 
that was significantly above the average of the 
values at 1000°F. 

**The compromise is between the Larson-Miller 
and Manson-Haferd parameters, the one sometimes 
tending to be nonconservative, the other too 
conservative. 

Reflecting the limitation associated with 
one of its inherent characteristics (trading off 
of higher temperature tests for long time at lower 
temperature), the parameter procedures do not give 
100,000 hour strengths at 1150 and 1200°F (unless 
a questionable extrapolation of the regression 
lines to higher parameter values is made). The 
parameter procedures do provide rupture strengths 
at 950 and 900°F, and even lower, but there were 
too few tests at 950 and 900°F to permit assessing 
strength by the direct procedures. Consequently 
across-the-board comparisons of 100,000 hour rupture 
strength can be made only at 1000, 1050, and 11C0°F. 
When compared to the 100,000 hour rupture strengths 
obtained by the several direct procedures, the 
Larson-Miller procedure gives a lower value at 
1100°F, and higher values at 1000 and 1050°F, as 
predictable.(27)  On the other hand, the more 
conservative Manson compromise parameter gives a 
lower strength at all temperatures, except for 
1050°F in the case of the procedure involving 
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extension of the isothermal scatter band regression 
line. The most favorable comparisons are afforded 
by the means of the individual extrapolations and 
the values developed by regression of the individual- 
lot strengths as dependent upon temperature. The 
latter procedure has the advantage that the data 
can be considered as a whole, thereby also pro- 
viding a better basis for interpolation, as at 
1150°F.  It is of interest to note that both of 
these direct procedures lead to a more reasonable 
difference between the strengths at 1050 and 1100°F 
than that indicated by extending the isothermal 
scatter band regression lines. This observation 
offers further evidence, as argued in an earlier 
publication,(28) that a scatter band may mask 
individual differences. 

The differences between the results of the two 
parameter procedures were always less than 10 per 
cent, and neither parameter result differed more 
than about this same amount from the strength- 
temperature regression result. The Larson-Mi Her 
parameter results agreed slightly better with the 
strength-temperature regression result, except at 
1050°F, where the compromise parameter result was 
in exact agreement. All factors considered, it 
seems best to give greatest weight to the values 
developed by the strength-temperature regression, 
and these values have therefore been employed in 
summary Figure 1. A graphical comparison of the 
results by this procedure with those by the two 
parameter procedures is provided in Figure 26, and 
the similarity of the various results is evident. 

The parameter procedures do permit an assess- 
ment of 10,000 hour rupture strength at 1150 and 
1200°F, and hence across-the-board comparisons 
can be made throughout the range 1000 to 1200°F. 
Since some of the test results extended to 10,000 
hours, whereas none had extended to 100,000 hours, 
there should be an increased confidence in the 
results of the direct extrapolations, relative to 
the parameter extrapolations. Study of Table X 
reveals that when compared to the strength-tempera- 
ture regression results, the Larson-Miller 
procedure resulted in higher values at all tempera- 
tures, except at 1150°F.  Interestingly, the 
Manson compromise parameter, though more conserva- 
tive than the Larson-Miller parameter, also gave 
higher values at 1000, 1050 and 1200°F. 

Normalized-and-Tempered and Quenched-and-Tempered 
Material 

Since the high room-temperature strength of 
these materials is achieved by employing tempering 
temperatures which may be as low as 1150°F for the 
normalized material and as low as 1050°F for 
quenched material, it is to be expected that the 
associated finer microstructure will be inherently 
less stable than that of annealed material or of 
material tempered at higher temperature. Moreover, 
a dependence of rupture and creep strength upon 
room-temperature strength, at least in the range 
of temperatures of practical interest (perhaps 
800 to 1000°F), has been shown in published 
literature, and is corraborated by the present data. 

Because of the dependence of rupture strength 
of these higher strength materials upon room tempera- 
ture strength, any evaluation procedure, direct 
or indirect, that involves the scatter band of all 

data cannot be contemplated.* Furthermore, 
parameter methods would seem to be inappropriate, 
even if applied to the data from individual heats, 
owing to the increased probability of significant 
microstructural instability, associated with the 
finer microstructure. 

Because scatter band evaluations are inap- 
propriate, the rupture time and creep rate plots 
of Figs. 16 and 17 covering wrought material, 
mostly plate, are provided only to convey an 
impression of the volume of available data. No 
creep and rupture data were available for quenched 
and tempered castings; the few data for weld metal 
are considered in a separate section. Rupture 
strength and creep strength for individual lots of 
normalized and tempered or quenched and tempered 
material have been derived by individual-lot, 
direct, visual extrapolation or interpolation on 
log-log plots too numerous to include here, with 
weighting of the longer time results. The results 
are included in Tables 6-9. Although it is 
possible that the plots of log stress vs. log 
rupture time may develop curvilinearity at long 
times, no clear instances of such behavior were 
observed, and the rupture extrapolations were 
therefore performed on the assumption of linearity. 
Curvilinearity was evident in the plots of log 
stress vs. log secondary creep rate. 

The dependence of rupture and creep strength 
of these higher strength materials upon tensile 
strength at room temperature becomes evident when 
the results are plotted as in Figure 27. Data for 
both quenched and tempered material and for norma- 
lized and tempered material (relatively few), 
distinguished by symbol, are included in the plots, 
since they appear to belong to the same family. 
Also, all of the data available for quenched and 
tempered material are included in the plots, even 
though some of the lots have a room temperature 
tensile strength less than or greater than permitted 
by current ASTM specifications.  Examination of 
the plots of Fig. 27 a-d reveals that creep and 
rupture strengths increase approximately linearly 
with tensile strength at 800, 850 and 900°F, the 
dependence decreasing with increasing test tempera- 
ture; at 1000°F the dependence has essentially dis- 
appeared. The data for the individual temperatures 
have been evaluated by the method of least squares, 
with tensile strength as the independent variable, 
assuming a linear relation between the variables; 
the resulting lines of best fit have been super- 
imposed upon the plots, and values corresponding 
to specified minimum tensile strengths of a number 
of specifications of current interest have been 
included in Tables X-XII.** 

*In principle, it would be possible, though hardly 
practicable, to develop scatter bands for restricted 
ranges of room temperature strength. 

**A few apparent inconsistencies are evident (e.g. 
the same stress for a secondary creep rate of 
0.1 percent per hour for 95 ksi material at 800 
and 850°F); these are presumably to be attributed 
to uncertainties in the positions and slopes of 
the regression lines. 
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Comparison of the average 100,000 hour 
rupture strength for quenched and tempered material 
at 1000°F, where it is essentially independent of 
room temperature strength, Fig. 27c, with the 
average 100,000 hour rupture strength of annealed 
material at 1000°F, Fig. 22 reveals an interesting 
and surprising gap (approximately 21 ksi vs. 12 
ksi). Significant differences may also be noted 
in the stresses for rupture in 10,000 hours and 
for secondary creep rates of 0.1 and 0.01 percent 
per 1000 hours. One possible reason for the 
differences may be the generally higher carbon 
content of the quenched and tempered or normalized 
and tempered material compared to the annealed 
material (see Tables I and II).  It is also 
possible, of course, that the log-log relation at 
1000CF curves downward beyond the limit of the 
available data, and, if so, the difference in 
100,000 hour rupture strength relative to the 
annealed material may be less than now indicated. 

Rupture Ductility 

The elongation and reduction of area at 
rupture of the annealed material, Figures 15 a-e, 
exhibited extensive scatter, especially for tests 
at 1100°F. At no temperature was there evident 
in the scatter band a well-defined trend with 
increasing time-for-rupture, although it is 
possible to discern in some of the plots, e.g. at 
1100 and 1200°F, some tendency for reduced 
ductility at longer times.  It is possible that 
changes in fracture mode from transgranular to 
intergranular with increasing time for rupture, as 
well as environmental effects, may contribute to 
the scatter, but information that would permit con- 
sideration in such terms is lacking. 

For the normalized-and-tempered and quenched- 
and-tempered materials, Fig. 18 a-e, rupture 
ductility exhibited somewhat less scatter, but the 
number of data was substantially less. Elongation 
was generally low at 800°F, a reasonable expecta- 
tion for high strength material, and exhibited no 
trend with time for rupture, nor any evident 
difference amongst the three categories distinguished 
in the plots. At 850°F, the few data exhibited a 
suggestion of decreased ductility at longer time. 
At 900°F the average trend of elongation remained 
essentially unchanged, but with scatter increasing 
beyond 1000 hours. At 1000°F, a number of low 
elongation values (less than 10 percent) may be 
noted for rupture times beyond 1000 hours, with a 
few specimens fracturing at gage punch marks, all 
suggesting a tendency for notch sensitivity. The 
low elongation values have their reflection in 
reductions of area less than 10%. 

Creep and Rupture of Weld Metal 

Unfortunately, it has not been possible to 
identify adequately many of the lots of weld metal 
for which creep and rupture test results are 
available, and the relatively few data are there- 
fore considered separately. As with yield and 
tensile strength, data for weldments have not been 
considered. The creep and rupture data for weld 
metal may be divided into two categories. The data 
for lots numbered W 16 and higher were generated 
at temperatures of 800 to 900°F, and represent 
quenched and tempered or tempered material. Data 
for lots having lower code numbers were generated 

at temperatures of 1000°F and higher and may be 
compared with the annealed category of wrought 
and cast material. 

The time-for-rupture, secondary creep rate, 
and ductility data for the two foregoing categories 
are plotted in Figs. 19 and 20, and where possible, 
estimated 10,000 hour and 100,000 hour rupture 
strengths, and .1 and .01 percent per 1000 hour 
creep strengths have been developed and are 
included in Tables VI to IX.  Because of the 
character of the data, no attempt has been made 
to develop trend curves for weld metal.  However, 
it is of interest to compare by inspection the 
weld metal results with those developed earlier 
in this report. Comparing first the strengths for 
Codes numbered W 15 or lower with the scatter bands 
of Fig. 22, it may be seen that with respect to 
creep strength, three of the four lots of weld 
metal fall within the scatter band, and one lot 
(at. 1000°F) falls slightly below. With respect 
to 100,000 hour rupture strength, five data for 
weld metal fall essentially within the scatter 
band, and two lie significantly below. 

Comparing the results for lots numbered W 16 
and higher with the 100,000 hour rupture strength 
data of Fig. 27c, the four data at 800°F fall 
slightly below the scatter band; four of the data 
at 850°F fall within the scatter band, and the 
remaining point falls only slightly below the 
scatter band; at 900°F, two data fall within the 
scatter band, and the remaining three fall only 
slightly below the band. Thus, these limited 
data indicate weld metal rupture strengths trend- 
ing less than those for base metal. There are no 
data for creep strength (0.01 percent per 1000 
hours). 

The rupture ductility of weld metal tended 
to fall on the low side of the scatter band, and 
in some cases below the scatter band, observed for 
corresponding categories considered earlier in 
this report. 
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Table I P 

Identification of 2-1/4 Cr-1 Mo Plate Steels 

Code  Spec. 
No.   No. 

Deoxid. 
Pract. 

Heat(1) 

Treatment 

(2) (3) 
ASTMV ' Prod. *• ' 
Grain 
Size 

Size 
(in.) 

(4) Data 
Source 

Source 
Code No. 

p-1 - 
P-2 - 
P-3 - 
P-4 - 
P-5 - 

P-6 - 
P-7a - 
P-7b - 
P-8a A387D 
P-8b A542 
P-9a A387D 
P-9b A387D 
P-lOa A387D 
P-lOb n 

P-lOc A542 
P-lOd 11 

P-ll A387D 

P-12 tl 

P-13 11 

P-14a A542 
P-14b II 

P-15a fl 

P-15b A542 
P-15c II 

P-15d It 

P-15e It 

P-16 II 

P-17 11 

P-18 A542 
P-19 II 

P-20 It 

P-21 II 

P-22 It 

P-23 II 

P-24a II 

N1675, T1250+ 
II II     i 

N1675, T1350 

N1700, 
T1300+ 

N1675, 
N1765, 
Q1765, 
N1725, 
N1725, 
N1725, 
N1725, 
Q1725, 
Q1725, 
N1700, 
T1275 

Q1725, 
Q1725, 
Q1725, 
Q1700, 

II 

Q1725, 
Q1750, 
Q1725, 
Q1725, 
Q1750, 

N1700, 

"  + 
+ 

T1350+ 
T1300 
T1160 
T1250 
T1300 
T1250 
T1300 
T1200 
T1150 
T1325, 

T1150 
T1200 
T1150 
Q1150 

II 

A1275 
A1325 
T1125 
T1125 
T1125 

Q1675, T1150 
Q1800, T1150 
Q1775, T1125 
Q1775, T1075 

13x13x7-1/4 DS6-S1 
II II 

13x13x4.6 
13x13x4.7 
13x13x5.4 

13x13x5.2 
13x13x5.2 
13x13x4.8 

6-1/4    Ref. 3 
6-1/4 

1(1/2T)    Ref. 4 

4-1/8 

4-1/8 11 

4-1/8 II 

4 II 

4 II 

6-1/4 II 

6-1/2 Ref.   16 
II It 

11 II 

4 II 

7-1/2 Ref.    4 
7-1/2(1/2T) II 

2 Ref.    5 
2 II 

2 II 

4(1/2T) 11 

6(1/2T) II 

-(1/2T) II 

7-1/2 II 

7-65 
7-66 
7-67 
7-68 
7-69 

7-70 
7~71a 
7-71b 

E 
F 
G 
H,B1 
I 
Bl 
B2 

(1) HR-Hot Rolled; T-Tempered; N-Normalized; A-Annealed; CD-Cold Drawn; 
Q-Quenched 

(2) Actual grain size except when identified as M for McQuaid-Ehn 
(3) Specimens from 1/4 thickness position unless otherwise noted 
(4) DS6-ASTM Spec. Tech. Pub. No. 151 (1953): DS6-S1-ASTM Data Series 

Supplement (1966) 
+  Plus several stress relief cycles—refer to DS6-S1 
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Cont. Table I P 

Code Spec. 
No. . No. 

P-24b A542 
P-25 A387D 
P-26 11 

P-27 II 

P-28 II 

P-29 II 

P-30a II 

P-30b II 

P-31a It 

P-31b II 

P-32a A387D 
P-32b II 

P-33 A542 
P-34 A542 
P-35 A542 
P-36a A542 
P-36b II 

P-36c II 

P-37 fl 

P-38 A542 

P-39 A542 

(1) ASTM(2) Prod.(3) (4) 

Grain 
Size 

Size 
(in.) 

Data 
Source 

Source 
Code No. 

P-40 

P-41 

P-42 

P-43 
P-44 
P-45 
P-46 
P-47 
P-48 
P-49 
P-50 
P-51 
P-52a 

P-S2b 
P-52c 

A542 

A387 

A387 

A542 

A542 

F.G. 

F.G. 

Q1775, T1100 
N1750, T1300 
N1650, T1350 
N1700, T1300 
N1750, T1300, 
T1230 

II II 

N1750, T1325, 
T1250 

II II 

N1750, T1360 
N1750, T1420 
A1650 
N1650, T1400 
Q1750, T1125 
Q1700, T1150 
Q1775, T1075 
Q1725, T1125 

Q1750,   T1100 
Q+T at mill; 
T975,   T1080 
Q1750,   T1150, 
T975,   T1085 
Q1775,   T1060, 
T1125(6h) 
Q1775,   T1060, 
T1150(10h) 
Q1775,   T1060, 
T1275(15h) 
Q1750,   T1050 
Q1750,   T1200 
Q1750,   T1350 
Q1750,   T1100 
Q1750,   T1150 
Q1750,   T1200 
Q1650,   T1250 
Q1750,   T1250 
Q1750,   T1300 
Q1725,    T1125, 
Q172S,    T112S.T1150 
Q1725,    T1125.T12S0 

7-1/2 
6 

1-1/4 
6-1/4 
6-1/4 

1-1/4 

7-1/2* 

3-1/4** 

7-5/8 

Ref. 
Ref. 

5 
17 

6-1/4 II 

6-1/4 II 

1 Ref. 18 
1 II 

7-13/16 Ref. 16 
1 Ref. 7 

7-1/2 Ref. 8 
6 II 

4 II 

2 tl 

4-7/16 II 

7-1/4 Ref. 9 

7-1/4 Ref. 9 

4-5/8 Ref. 10 

Ref. 11 

Ref. 11 

Ref. 12 

Ref. 30 

B3 

•Samples heat treated in 1" thick slabs removed from plate. 
**Samples heat treated in 3/4" round to simulate cooling rate at center of 

10" thick plate. 
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Table I T 

Identification of 2-1/4 Cr-1 Mo Pipe and Tube Steels 

Code 
No. 

Spec. Deoxid.  Heat^ 
No.   Pract.   Treatment 

ASTM(2) Prod.(3) 

Grain 
Size 

Size 
(in.) 

Data 
Source 

Source 
Code No. 

A213 
A213 
A213 

T-l 
T-2 
T-3 
T-4a 
T-4b 

T-5 
T-6 
T-7 
T-8 

T-9 
T-10 

T-ll 

T-12a 

T-12b 
T-13a 

T-l 3b 

T-13c 
T-14  A335 

T-15 A335 
T-16 A335 
T-17 A335 
T-18 A213 

T-19  A335 
T-20  A213 
T-21 
T-22a A213 
T-22b 
T-22c 
T-22d 

A1600/1675 
N1650, T1300 
A1650 

Al(l/2 lb)N1725, T1250 
N1725, T1250, 
A1500 
N1725, T1250 
A1575 
A1650 
CD, T1375 

CD, A1650 
CD, T1375 

CD, A1650 

CD, A1650 

_ II 

A1650 

4-6 
6-8M 
6 M 
2-5 M 

l(bar) 

Sch. 160 
150Dx8ID 

DS 6 

180Dxl8ID   " 
7.50Dxl.71W DS 6 SI 
2-1/40D x   " 
.48W 

II II 

2-1/80D  x 
• 53W 
2-1/80D x 
.375W 
2.60D x 
.59W 

II II 

2.810D x 
.66W 
5-3/40D x 
.855W 

2 
3 
5 
17A 
17B 

18 
19 
7-72 
7-74 

7-75 
7-76 

7-77 

7-78a 

7-78b 
7-79a 

7-79b 

tl - II II 7-79c 
A(as per spec.) — 10.5OD  x 

1.75W 
II 7-80 

M - II II 7-81 
M - II 11 7-82 
ii - II It 7-83 
ii — 4-1/20D x 

.5W 
11 7-84a 

n - 60Dx.5W II 7-84b 
M - 3/4  bar II 7-85a 

NT (as per spec.) - II 11 7-85b 
A(as per spec.) - - DS   6 SI 7-86a 

ii - - II 7-86b 
NT (as per spec.) - - II 7-86c 

ii - - II 7-86d 

(1) HR-Hot Rolled; T-Tempered; N-Normalized; A-Annealed; CD-Cold Drawn; 
Q-Quenched 

(2) Actual grain size except when identified as M for McQuaid-Ehn 
(3) Specimens from 1/4 thickness position unless otherwise noted 
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Cont. Table I T 

Code Spec. Deoxid. Heat(1)      ASTM(2) Prod.(3) Data Source 
No. NO. Pract. Treatment    Grain 

Size 
Size 
(in.) 

Source Code No. 

T-23 A199 - Subcrit.       - 
Anneal 

4.87X.454 DS6-S1 7-87 

T-24a A213 - A(as per spec.) - 2X.358 It 7-88a 
T-24b V - M                           _ 2x.460 II 7-88b 
T-25 — — CD, A1650 2-1/8 x 

.428 
Ref. 19 — 

T-26 - - »                         _. 2.26x.59 II - 
T-27 - - II                           _ 2.26X.59 tl - 
T-28 — — II                           __ 2-1/8 x 

.342 
II — 

T-29 
T-30 
T-31 
T-32 
T-33 

T-34 
T-35 
T-36 
T-37 

T-38 
T-39 
T-40 
T-41 
T-42 
T-43 
T-44 
T-45 
T-46 
T-47 
T-48 

T-49 
T-50 
T-51 
T-52 
T-53 
T-54 
T-55 
T-56 
T-57 
T-58 
T-59 
T-60 
T-61 
T-62 

A213 

A1550 

CD, A1650 

A1750 

A1650 
A1650 
N1600, T1325 
N1675, T1275 
N1650, T1400 

N1650, T1400 
A1600* 

A1600** 

2-1/2 x 
.523 
5.75X.855 

II 

2.5X.48 
Hollow 
Forging 

Ref. 12 

Ref. 19 

Ref. 12 

8.x.16 
8.x.16 
18x1-5/16 

II 

13.50D x 
• 358W 
1.315X.787 
2.x.388 

2x.36 

Ref. 20 
Ref. 20 
Ref. 17 

Q1775, T1100 - 5-7/8 wall Ref. 5 A 
II II - fl              II B 
It tl - II              II C 

Q1750, T1125 - 7 wall D 

*  Continuous anneal in zone furnace: 
** Continuous anneal in zone furnace: 

1600, 1300, 1375°F 
1600, 1200°F 

20 

 



Cont. Table I T 

Code Spec. Deoxid. Heatvi' ASTMV '   Prod.vo' Data Source 
No. No. Pract. Treatment Grain 

Size 
Size 
(in.) 

Source Code No. 

T-63 A213 - A1650 - 2.1250D  x 
.375W 

Ref.   6 - 

T-64 ii - II - tt II - 
T-65 ii - II - 2.125X.360 it - 
T-66 
T-67 
T-68 
T-69 
T-70 
T-71 
T-72 
T-73 
T-74 
T-75 
T-76 
T-77 
T-78 
T-79 
T-80 
T-81 
T-82 
T-83 
T-84 
T-85 
T-86 
T-87 
T-88 
T-89 
T-90 
T-91 
T-92 
T-93 
T-94 
T-95 
T-96 
T-97 
T-98 
T-99 
T-100 
T-101 
T-102 
T-103 
T-104 
T-105 
T-106 
T-107 
T-108 
T-109 

A213 A1650 

A335 A1700 7-8 

2.125X.360 II 

2.00X.165 
II 

II 

II 

2.125X.360 II 

II II 

2.00X.480 
II 

II 

II 

2.125X.300 II 

II II 

2.125X.340 II 

2.125X.300 II 

2.125X.333 II 

2.00X.400 II 

2.125X.378 II 

2.00x.444 II 

2.00x.444 II 

II II 

II II 

2.00x.511 II 

2.00x.400 II 

2.00X.400 II 

2.00X.355 II 

2.00X.320 II 

2.125X.375 II 

2.00X.40 II 

2.50X.20 II 

II II 

2.00X.300 II 

2.125X.375 II 

It II 

2.500X.148 tl 

1.875X.378 II 

2.50X.18 II 

2.50X.203 II 

2.125X.320 II 

2.50X.203 II 

1.875X.375 II 

II It 

2.50x.203 II 

2.50X.148 II 

10x1.97W Ref.   15 
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Table I - B 

Identification of 2-1/4 Cr-1 Mo Bar Steels 

Code 
No. 

Spec. Deoxid.  Heat 
No.   Pract.   Treatment 

(2) (2) ASTIVT   ;   Productv   ;Data 
Grain 
Size 

Size Source 
Source 
Code No. 

B-l 

B-2 
B-3 
B-4 
B-5a 
B-5b 
B-6 

Si-Al A1550 8 1 
(1-1/4) 
Si-Al(1) N1650, T1300F 4-6M - 
Si-Al(1) N1650, T1380 9 - 

- N1675, T1100 - 3/4 
- N1700, T1290 - 11 

- N1920, T1290 - If 

- CD, A1350 - 3/4 

DS6 

Ref. 12 

4 
15 

F-l 

F-2 

A182- 
F22 

F-3 It - 
F-4 A182- Fine- 

F22 Grain 

F-5 » •I 

F-6 II ii 

F-7 II H 

F-8 II H 

cation of 2-*l/4 Cr-1 Mo Steels - Forgings* 

N1640, T1250, 7 M 31-1/20D x Ref. 21 
T1225 12-1/2ID x 

22 Wide 

N1640, T1240 - 130Dxl5ID x 
12 Wide 

11 

N1700, T1150 6-7 56Dxl0t II 

Q1750, T1275, 7-8 11 x 11 Ref. 22 
T1225, T1075, 
T1290 
N1730, T1225, 11 13 x 13 II 

T1075, T1250 
N1730, T1315, II II II 

T1250 
Q1750, T1275 II 12 x 12 II 

Q1775, T1225, 6-7 - II 

T1225, T1075 

*Electric furnace, vacuum degassed.  Specimens were taken from extra metal 
on forgins. 
(1) HR-Hot Rolled; T-Tempered; N-Normalized; A-Annealed; CD-Cold Drawn; 

Q-Quenched. 
(2) Actual grain size except when identified as M for McQuaid-Ehn 
(3) Specimens from 1/4 thickness position unless otherwise noted. 
(4) DS6-ASTM Spec. Tech. Pub. No. 151 (1953) : DS6-S1-ASTM Data Series 

Supplement (1966). 
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Table I 

Code 
No. 

Identification of 2-1/4 Cr-1 Mo Cast Steels 

Spec.    Deoxid.   Heat Treatment( ' ASTM Prod.  ' Data 
No.      Pract. Grain Size     Source 

Size 

Source 
Code No. 

C-l 
C-2 
C-3 

C-4 

C-5 

C-6 

C-7 
C-8 N 
C-8 Q 
C-9 N 
C-9 Q 
C-10N 
C-10Q 
C-ll 
C-12 
C-13 
C-14 
C-15 

A217 

A487-8N 
A487-8Q 
A487-8N 
A487-8Q 
A487-8N 
A487-8Q 
A356-10 
A356-10 
A356-10 
A356-10 

Si-Al(2.7) 

Al(2) 

Al(2) 

Al(2-1/2) 

N1650, 
N1825, 
N1800, 
T1300 
N1750, 
T1300 
N1800, 
T1250 
N1775, 
T1300 
N1700, 
N1700, 
Q1700, 
N1700, 
Q1700, 
N1700, 
Q1700, 
Q1700, 

T1300 
T1250 
N1700, 

N1675, 

N1630, 

N1700, 

T1300 
T1340 
T1225 
T1340 
T1225 
T1340 
T1225 
T1300 

DS6 
7x1x1 

6x9x9 
8x9x9 
12x36x36 

DS6-S1 
Ref.   23 

(6) 
(8) 
(9) 

(20) 

(21) 

(22) 

7-73 

Al(2) 
AK1/2) 

N1700, T1350 
N1700, T1350 

Ref. 24 

(1) HR-Hot Rolled; T-Tempered; N-Normalized; A-Annealed; CD-Cold Drawn; 
Q-Quenched 

(2) Actual grain size except when identified as M for McQuaid-Ehn 
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Table  I 

Code No . Process Preheat Post Heat1 ' Electrode Electrode Data Source 
Temp.°F Treatment Size Type Source Code No. 

W-la Met. Arc 350 None 5/32" Ref. 13 1 
W-lb " 1350F, AC - 1 
W-2 - None - 2 
W-3a - None - 3 
W-3b - 1350F, AC - 3 
W-4 - None - 4 
W-5 350 1350F, AC - 5 
W-6 400 None - 6 
W-7 300 None E9015 7 
W-8 450 1350F, FC 3/16 E10016 8 
W-9 400 1350F, FC 1/8 - 9 
W-10 600 1325F 5/32 - 10 
W-ll - 600 1325F 5/32 - 11 
W-12a - - 1350F - - 12 
W-12b - - N1725, T1350 - - 12 
W-12c - - A1575 - - 12 
W-13 Met. Arc - 1350F 5/32 - 13 
W-14 11 300 1350F 5/32 E9015 15 
W-15 it - A1675 - - 19 
W-16 Elect. Slag - Q1750, T1125 1/8 - Ref. 4 - 
W-17 Met. Arc 300 975, 1080F, - - Ref. 9 - 

FC 
W-18 Sub. Arc 300 Q1750, 1150, - - II - 

1075, FC 
W-19 Met. Arc 300 tt 11 - - II - 
W-20 Elect. Slag - II II - - II - 
W-21 Sub. Arc - 1075F, FC - - Ref. 5, 14 Wl 
W-22 " - Q1675, T1100 - - II W2 
W-23 Elect. Slag - T1050F , FC - - II W3 
W-24 Sub. Arc - T1075F - - Ref. 14 1216 
W-25 Elect. Slag - Q1675, 

T1075 
T1135 t     ~ - ii 1237 

(1)  HR -Hot Rolled; T-Tempered; N-Normalized; A-Annealed; CD -Cold Drawn; 
Q- Quer iched 
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Table II-P 

Chemical Composition of 2-1/4 Cr-1 Mo Plate Steels 

Code No. C Mn P S Si Cr Mo Ni Cu Al N 

P-8a,b .14 .40 .010 .019 .37 2.38 1 .06 .007 .012 
P-9a,b .13 .57 .010 .020 .19 2.42 .90 
P-lOabcd .14 .41 .010 .022 .24 2.48 .98 
P-ll .12 .41 .010 .017 .21 2.18 .95 
P-12 .13 .42 .017 .020 .27 2.29 .91 
P-13 .15 .52 .018 .024 .28 2.28 .95 
P-14a,b .15 .42 .009 .018 .21 1.99 .98 
P-15a-e .15 .40 .013 .020 .32 2.39 .96 .23 .25 .018 
P-16 .11 .44 .013 .019 .29 2.20 .97 
P-17 .11 .44 .012 .019 .29 2.25 .98 
P-18 .10 .46 .017 .013 .41 2.12 .98 
P-19 .09 .46 .015 .016 .37 2.37 1 .02 
P-20 .11 .46 .018 .020 .32 2.17 1 .02 
P-21 .14 .44 .009 .024 .26 2.09 .88 
P-22 .13 .34 .010 .016 .20 2.23 .90 
P-23 .12 .49 .017 .017 .40 2.29 1 .03 
P-24a,b .14 .46 .020 .010 .28 2.35 .99 
P-25 .14 .47 .007 .015 .40 2.40 1 .02 
P-26 .09 .45 .008 .013 .28 2.35 1 .00 .14 .05 
P-27 .13 .43 .008 .015 .34 2.38 1 .08 .22 
P-28 .12 .45 - - .40 2.25 1 .00 
P-29 .15 .58 - - .47 2.45 1 .08 .23 
P-30a,b .14 .48 - - .40 2.33 1 .06 .23 

V P-31a,b .14 .54 - - .42 2.44 1 .02 .23 
P-32a,b .12 .50 .010 .018 .21 2.16 .97 .08 .19 .026 
P-33 .14 .46 .010 .020 .28 2.35 .99 
P-34 .11 .37 .010 .010 .26 2.20 .96 
P-35 .14 .46 .020 .010 .28 2.35 .99 
P-36abc .08 .47 .016 .023 .33 2.15 1 .02 
P-37 .12 .45 .010 .015 .25 2.12 .97 .11 .11 
P-38 .11 .47 .016 .030 .19 2.23 1 .00 Sn P-39 .12 .47 .013 .026 .32 2.24 .93 
P-40 .13 .43 .015 .024 .20 2.14 .94 .14 .20 .013 .01 
P-41, .13 .47 .012 .018 .21 2.10 .93 .20 .23 .013 .01 
P-42 
P-43- .12 .43 .010 .018 .26 2.34 .98 .20 
P-45 
P-46- .14 .51 .013 .016 .27 2.27 .96 
P-48 
P-49 .15 .38 .012 .014 .20 2.16 .95 
P-50, .14 .42 .010 .022 .15 2.21 .92 
P-51 M 
P-52a,b,c .11 .44 .012 .019 .29 2.23 .98 .20 .15 .056 
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Table II 

Chemical Composition of 2-1/4 Cr-1 Mo Pipe-Tube Steels 

Code No. C Mn P S Si Cr Mo Ni Cu       Al        N 

T-25 .08 .42 .011 .020 .29 2.34 .95 .19 .13 
T-26 .10 .41 .011 .020 .26 2.18 .97 .15 .14 
T-27 .10 .43 .010 .018 .34 2.29 .98 .12 .11 
T-28 .11 .37 .011 .014 .33 2.21 .95 .25 .11 
T-29 .09 .43 .012 .014 .29 2.24 .97 .16 .11 
T-30 .09 .43 .009 .016 .35 2.35 1.03 .17 .12 
T-31 .09 .50 .016 .025 .27 2.31 1.01 .23 .13 
T-32 .09 .38 .013 .022 .31 2.21 .98 .12 .13 
T-33 .08 .44 .025 .020 .29 2.12 .97 .10 -* 
T-34 .09 .43 .009 .016 .35 2.35 1.03 .17 ~ 
T-35 .10 .41 .008 .013 .34 2.2 8 .98 .18 ~ 
T-36 .09 .40 .010 .012 .34 2.27 1.00 .10 ~ 
T-37 .12 .45 .031 .017 .33 2.35 1.04 .14 .11 
T-38 .08 .41 .027 .017 .26 2.15 .93 .17 .10 
T-39 .11 .41 .025 .016 .48 2.25 1.04 .14 .11 
T-40 .09 .48 .029 .017 .34 2.10 1.04 .14 .11 
T-41 .10 .57 .021 .017 .27 2.30 .92 .12 .17 
T-42 .11 .47 .023 .021 .37 2.09 .94 .16 .15 
T-43 .10 .44 .016 .024 .31 2.18 .96 .16 .10 
T-44 .09 .62 .005 .026 .09 2.22 .97 _ 
T-45 .13 .57 .020 .020 .34 2.00 1.03 _ _ 
T-46 .09 .44 .017 .026 .27 2.34 .96 _ — 
T-47 .08 .43 .013 .015 .29 2.18 1.02 _ __ 
T-48 .09 .38 .013 .018 .26 2.25 .99 _ _ 
T-49 .08 .47 .016 .019 .21 2.23 .94 _ _ 
T-50 .08 .41 .011 .021 .23 2.20 .96 _ _ 
T-51 .09 .45 .015 .027 .25 2.25 .97 _ _ 
T-52 .08 ,42 .018 .017 .23 2,19 .98 _ _ 
T-53 .10 .40 .012 .019 .26 2.21 .95 .10 -     .037 
T-54 .09 .40 .012 .017 .27 2.20 .95 .068 -     .036 
T-55 .12 .41 .013 .016 .30 2.24 .92 .11 -     .038 
T-56 .12 .41 .013 .017 .24 2.33 1.02 .089 -     .045 
T-57 .09 .40 .010 .016 .28 2.20 - .067 -     .036 
T-58 .11 .43 .011 .016 .34 2.16 .95 .087 -     .049 
T-59 .11 .47 .019 .014 .41 2.25 1.00 - _ 
T-60 .11 .42 .019 .013 .33 2.24 .96 — _ 
T-61 .10 .46 .021 .012 .36 2.40 1.03 _ „ 

T-62 .12 .47 .029 .022 .45 2.43 1.02 _ _ 
T-63 .09 .38 .010 .015 .41 2.31 .99 .14 _ 
T-64 .10 .42 .011 .021 .37 2.25 .98 .15 — 
T-65 .12 .39 .010 .015 .38 2.19 .97 .19 _ 
T-66 .09 .38 .010 .015 .41 2.31 .99 .14 _ 
T-67 .10 .41 .009 .015 .36 2.18 .90 .12 _ 
T-68 .10 .42 .011 .021 .37 2.25 .98 .15 _ 
T-69 .10 .41 .008 .014 .41 2.24 .96 .14 _ 
T-7 0 .10 .37 .010 .014 .39 2.32 .99 .11 _ 
T-71 .10 .41 .009 .015 .36 2.18 .90 .12 _ 
T-72 .10 .34 .011 .014 .40 2.50 .96 .13 _ 
T-73 .12 .47 .009 .014 .39 2.31 .97 .23 - 
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Cont. Table   II 

Code No. C Mn P S Si Cr Mo Ni 

T-74 .12 .39 .009 .015 .38 2.21 .95 .24 
T-75 .09 .38 .010 .015 .41 2.31 .99 .14 
T-76 .11 .50 .011 .020 .37 2.45 1.00 .16 
T-77 .12 .41 .009 .015 .37 2.24 1.00 .15 
T-78 .11 .50 .011 .020 .37 2.45 1.00 .16 
T-79 .11 .41 .011 .016 .43 2.34 1.00 .15 
T-80 .08 .38 .010 .015 .40 2.36 .97 .14 
T-81 .09 .38 .010 .015 .41 2.31 .99 .14 
T-82 .09 .40 .010 .013 .38 2.37 .98 .20 
T-83 .10 .42 .011 .021 .37 2.25 .98 .15 
T-84 .09 .38 .010 .015 .41 2.31 .99 .14 
T-85 .10 .50 .011 .012 .28 2.20 .97 .16 
T-86 .11 .41 .011 .016 .43 2.34 1.00 .15 
T-87 . .10 .40 .011 .020 .39 2.34 1.00 .22 
T-88 .10 .42 .011 .021 .37 2.25 .98 .15 
T-89 .10 .41 .008 .014 .41 2.24 .96 .14 
T-90 .10 .42 .011 .021 .37 2.25 .98 .15 
T-91 .10 .43 .010 .022 .38 2.33 .97 .16 
T-92 .09 .43 .010 .024 .36 2.25 .99 .17 
T-93 .08 .50 .009 .020 .32 2.37 1.02 .14 
T-94 .09 .41 .015 .015 .31 2.19 .99 .10 
T-95 .09 .39 .011 .018 .39 2.20 .97 .15 
T-96 .09 .43 .010 .024 .36 2.25 .99 .17 
T-97 .10 .43 .010 .022 .38 2.33 .97 .16 
T-98 .10 .40 .011 .020 .39 2.34 1.00 .22 
T-98 .10 .36 .009 .019 .38 2.21 .98 .16 
T-100 .09 .40 .008 .014 .42 2.39 1.00 .13 
T-101 .09 .39 .011 .018 .39 2.20 .97 .15 
T-102 .09 .39 .011 .021 .39 2.25 .98 .20 
T-103 .09 .41 .009 .015 .42 2.34 .98 .14 
T-104 .10 .36 .009 .019 .38 2.21 .98 .16 
T-105 .09 .39 .011 .021 .39 2.25 .98 .20 
T-106 .12 .44 .008 .016 .39 2.23 .98 .10 
T-107 .09 .41 .015 .015 .31 2.19 .99 .10 
T-108 .12 .41 .010 .012 .42 2.21 .96 .21 
T-109 .14 .52 .013 .40 2.17 .94 

Cu Al 

.30 .007 
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Table II - B 

Chemical Composition of 2-1/4 Cr-1 Mo Bar Steels 

Code. No.   C   Mn   P    S    Si    Cr Mo Ni Cu   Al   N 

2.36 .99 
2.17 .87 .17 .16 
2.20 .98 .15 .12 

Table II - F 

Chemical Composition of 2-1/4 Cr-1 Mo Forging Steels 

Code No.   C   Mn   P    S    Si    Cr Mo Ni V   Cu 

B-4 .12 .45 .008 .013 .37 
B-5 a,b .11 .39 .017 .022 .28 
B-6 .12 .47 .016 .018 .35 

F-l .10 .40 .013 .017  .27 2.14 .96 
F-2 .09 .42 .011 .013  .25 2.26 1, .02 
F-3 .13 .47 .013 .018  .28 2.20 r. .00 
F-4 .11 .49 .016 .012  .21 2.24 .98 .13 .04 .07 
F-5 .12 .52 .012 .011  .22 2.40 l. .01 .01 .10 
F-6 .12 .59 .015 .007  .19 2.44 .98 .05 .05 .10 
F-7 .13 .56 .008 .010  .28 2.15 .96 .17 .05 .08 
F-8 .122 .53 .010 .012' .24 

Table II 

2.14 

- C 

.92 .05 .03 .06 

Chemical Composition of 2-1/4 Cr-1 Mo Cast Steels 

Cu   Al Code NO. C Mn S P Si Cr Mo Ni 

C-8 IS I/Q .16 .63 .014 .015 .47 2.42 1.04 .04 
C-9 K r#Q .17 .57 .011 .014 .46 2.19 1.00 .20 
C-10 N,Q .16 .59 .010 .011 .48 2.19 1.03 .10 
C-ll .21 .59 .018 .010 .57 2.43 1.19 
C-12 .15 .67 .010 .007 .43 2.18 1.06 
C-13 .15 .43 .016 .011 .31 2.11 1.00 
C-14 .17 .55 .015 .013 .36 2.25 .96 
C-15 .18 .60 .013 .014 .36 2.32 .94 

.023 
,011 

Table II - W 

Chemical Composition of 2-1/4 Cr-1 Mo Weld Metal 

Code No. C Mn P S Si Cr Mo Ni Cu 

W-16 .09 .55 .008 .018 .22 2.40 .95 
W-17 .07 1.06 .017 .022 .33 2.16 1.00 
W-18 .095 .98 .021 .018 .38 2.23 1.02 
W-19 .10 .94 .019 .020 .34 2.27 1.05 
W-20 .14 .71 .019 .022 .19 2.38 1.00 
W-21 .073 .90 .019 .011 .53 2.20 1.00 .13 .27 
W-22 .11 .96 .016 .020 .41 2.23 1.00 .08 .33 
W-23 .14 .68 .021 .017 .20 2.39 1.02 .14 .28 
W-24 .08 .81 .026 .012 .43 2.16 1.00 .19 .47 
W-25 .15 .74 .023 .019 .17 2.23 .99 .13 .25 
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Table III - P 

Short-Time Tensile Properties of 2-1/4 Cr-1 Mo Steel - Plate 

1000 psi Per Cent 

Code No.  Test      Yield Strength Tensile Strength  Elong.  Red. Area 
Temp.°F 

P-8a 

P-8b 

P-9a 

P-9b 

P-lOa 

P-lOb 

P-lOc 

P-lOd 

80 74. 
500 66. 
700 64. 
800 62. 
900 59. 

1000 55. 

80 102. 
500 90. 
700 88. 
800 86. 
900 82. 

1000 78. 

75 74.8 
750 56.1 
850 50.7 
950 47.5 

75 67.3 
750 46.6 
850 48.1 
950 44.5 

75 83.5 
750 63.7 
850 61.0 
950 53.6 

75 72.9 
750 52.5 
850 51.7 
950 48.5 

75 105.8 
750 80.8 
850 78.7 
950 73.1 

75 122.1 
750 93.2 
850 91.6 
950 87.4 

95. 23. 72 
81. 21. 70 
79. 18. 62 
76. 18. 60 
70. 21. 71 
65. 22. 79 

119. 20. 68 
106. 18. 68 
103. 19. 68 
100. 17. 67 
94. 19. 69 
88. 20. 77 

89.9 28. 72 
68.5 21. 73 
68.6 22. 71 
57.4 26. 76 

86.6 29. 72 
68.8 23. 68 
70.1 24. 71 
53.8 30. 76 

95.9 25. 72 
82.7 20. 65 
75.5 18. 66 
59.4 22. 79 

82.7 27. 73 
75.4 22. 69 
71.0 20. 65 
55.3 25. 78 

119.2 22. 71 
94.7 18. 67 
92.2 19. 69 
80.6 23. 74 

132.2 20. 68 
106.4 18. 65 
104.7 19. 64 
97.5 21. 69 
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Code No- Test 
Temp.°F 

Yield Str< 

P-ll 75 49.8 
300 41.3 
500 35.8 
650 34.9 
750 - 
800 35.2 
850 39.2 
900 32.7 
950 33.2 

P-12 75 67.0 
300 55.9 
500 54.8 
650 54.4 
750 50.6 
800 52.3 
850 52.0 
900 49.8 
950 48.7 

P-13 75 79.8 
300 64.3 
500 61.7 
650 63.1 
750 62.0 
800 60.5 
850 58.2 
900 - 
950 55.2 

P-14a 75 114.6 
750 83.5 
850 79.8 
950 75.0 

P-14b 75 101.2 
750 77.0 
850 73.0 
950 70.2 

P-15a 75 102.0 
200 96.5 
400 90.6 
600 86.6 
800 78.5 
850 79.8 
900 78.5 

Cont. Table III - P 

1000 psi Per Cent 

Yield Strength Tensile Strength Elong.  Red. Area 

75.9 30. 75 
65.0 28. 79 
62.0 29. 78 
61.5 25. 74 
63.3 24. 69 
63.3 24. 70 
60.3 25. 71 
56.5 26. 76 
54.3 29. 79 

85.0 30. 75 
73.9 24. 72 
72.0 22. 65 
71.5 22. 69 
68.5 22. 69 
68.0 22. 69 
66.5 22. 71 
62.5 23. 73 
60.2 24. 74 

94.2 24. 69 
82.5 22. 67 
78.7 20. 62 
78.5 20. 63 
78.7 20. 59 
76.0 20. 63 
74.0 21. 67 
70. 20. 63 
67.5 23. 67 

123.7 21. 64 
100.5 20. 65 
94.3 21. 66 
89.1 21. 67 

111.3 22. 69 
93.9 19. 57 
86.5 22. 68 
82.8 20. 70 

120.0 19. 60 
113.0 19. 66 
108.0 17. 64 
104.2 16. 56 
95.2 19. 68 
90.3 18. 70 
88.3 20. 68 
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Code No. Test 
Temp.°F 

Yield Str( 

P-15b 80 108.3 
900 85.2 

1000 78.7 
1100 73.3 

P-15c 80 104.2 
900 80.3 

1000 75.2 
1100 64.7 

P-15d 80 83.5 
900 65.1 

1000 60.2 
1100 54.0 

P-15e 80 65.0 
850 52.3 
900 49.4 

1000 46.5 

P-16 75 109.0 
500 108.0 
650 105.7 
725 102.0 
800 89.3 
850 89.4 
925 88.7 
975 87.7 

P-17 75 113.8 
500 104.0 
650 102.2 
725 103.5 
800 97.3 
850 88.8 
925 83.8 

P-18 75 119.3 
200 119.5 
400 111.9 
600 109.9 
700 106.8 

Cont. Table III - P 

1000 psi Per Cent 

Yield Strength  Tensile Strength  Elong.  Red. Area 

123.3 21. 64 
93.2 18. 64 
83.7 23. 70 
75.3 22. 76 

122.2 22. 72 
86.5 19. 72 
80.2 22. 77 
66.7 24. 81 

103.9 22. 68 
82.2 22. 65 
68.1 25. 72 
57.0 21. 77 

87.3 29. 71 
75.4 23. 63 
70.3 23. 65 
61.8 25. 70 

126.6 19. 64 
122.3 17. 57 
127.0 16. 59 
122.8 17. 61 
110.8 17. 63 
107.0 19. 65 
102.3 17. 64 
101.5 18. 66 

130.8 19. 57 
125.1 16. 56 
124.9 16. 54 
122.6 15. 55 
113.3 16. 57 
107.2 18. 56 
101,3 18. 61 

132.6 18. 70 
130.5 15. 68 
124.2 16. 67 
121.8 13. 63 
118.3 15. 68 
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Cont.  Table III - p 

1000 psi Per Cent 

Code No.  Test     Yield Strength Tensile Strength  Elong.  Red. Area 
Temp.°F 

P-19        75 123.6 138.5 
200 115.6 128.8 
400 110.6 122.6 
600 106.9 119.1 
700 103.9 115.9 

P-20        75 115.8 131.7 
200 112.4 125.7 
400 104.0 117.7 
700 100.6 113.6 

P-21        75 98.5 114.5 
250 96.8 110.5 
650 90.0 102.0 
750 89.3 100.3 
850 84.5 94.0 
900 84.8 93.5 

P-22        75 104.0 118.5 
200 102.5 116.5 
400 97.0 111.3 
600 91.5 105.5 
750 91.5 103.5 
800 88.0 102.5 
850 86.5 98.5 
900 - 96.4 
950 82.5 93.6 

P-23        75 128.0 142.0 

P-24a       75 130.5 149.5 

P-24b       75 117.0 130.5 

P-25        70 68.7 89.9 
700 60.0 78.1 
800 58.7 73.4 

P-26        80 54.0 76.8 
600 44.3 68.1 
700 45.1 71.3 
800 39.7 68.1 
900 43.3 65.9 

19. 70 
17. 68 
17. 68 
13. 67 
14. 68 

20. 67 
17. 68 
17. 67 
17. 65 

22. 70 
19. 74 
19. 67 
19. 68 
17. 71 
19. 72 

20. 68 
20. 66 
19. 67 
19. 66 
17. 64 
17. 69 
17. 66 
17. 61 
19. 67 

14. 45 

21. 62 

18.5 66 

26. 65 
18. 57 
15. 48 

29. - 
23. 73 
- 72 

24. 72 
24. 76 
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Cont. Table III - P 

1000 psi Per Cent 

Code  No. Test     Yield Strength Tensile Strength   Elong.  Red. Area 

P-27 

P-28' 

P-29 

P-30a 

P-30b 

P-31a 

P-31b 

P-32a 

No. Test     Y ield Str. 
Temp.°F 

300 67.7 
400 65.8 
450 65.3 
500 63.8 
550 63.8 
600 62.4 
650 62.9 
700 63.9 
750 62.2 
800 60.5 
850 60.5 
900 59.3 
950 57.1 

1000 57.6 

80 63.0 
700 45.2 

80 69.6 
700 58.8 

80 78.6 
700 69.1 

80 71.1 
700 66.4 

80 63.7 
500 50.3 
700 51.5 
800 50.0 
860 47.0 
900 35.0 

80 57.4 
500 46.4 
700 45.0 
800 42.7 
860 41.6 
900 40.0 

75 40.3 
200 36.4 
300 36.5 
400 35.4 
500 39.1 
600 39.4 
700 39.7 

86.1 22. 70 
83.9 21. 71 
83.0 20. 70 
82.0 21. 69 
82.0 21. 68 
80.7 21. 71 
82.0 20. 66 
83.4 20. 66 
81.7 20. 66 
79.0 21. 68 
77.4 21. 64 
72.4 23. 72 
70.5 23. 75 
67.0 24. 76 

78.0 26. 73 
67.8 21. 70 

90.8 26. 67 
78.0 18. 63 

98.4 25. 72 
88.5 20. 66 

97.0 24. 71 
85.3 19. 64 

84.4 26. 72 
72.2 25. 70 
74.5 22. 65 
71.4 23. 65 
66.2 23. 71 
65.7 24. 71 

80.6 29. 72 
69.2 27. 71 
71.5 26. 65 
68.7 23. 62 
66.3 26. 66 
64.0 25. 70 

78.5 27. 55 
72.1 26. 55 
70.0 25. 54 
68.8 23. 50 
69.6 20. 50 
72.8 17. 44 
75.2 17. 44 
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Cont. Table III 

Code No. Test 
Temp.°F 

1000 psi Per Cent 

Yield Strength  Tensile Strength  Elong.  Red. Area 

P-32a 

P-32b 

P-33 

P-34 

P-35 

P-36a 

P-36b 

P-36c 

800 
900 

1000 
1100 

75 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 

75 
900 

75 

75 
750 
850 
950 

80 
400 
600 
800 

1000 

80 
400 
600 
800 

1000 

80 
400 
600 
800 

1000 

37.8 
36.6 
36.3 
35.8 

71.1 
66.8 
64.6 
62.8 
61.9 
63.6 
60.6 
60.6 
57.2 
53.6 
50.9 

96.7 
78.6 

119.0 

130.0 
109.7 
105.2 
98.5 

75.6 19. 49 
72.8 19. 51 
68.0 19. 55 
56.3 23. 65 

87.9 25. 63 
82.8 23. 63 
80.5 21. 60 
79.3 21. 59 
79.0 21. 60 
80.8 18. 57 
82.0 20. 56 
80.0 18. 53 
74.6 17. 58 
68.1 18. 59 
57.9 19. 69 

15.2 21. * 65 
88.8 18.6* 67 

137.0 25. 70. 

149.2 20. 63 
131.5 16. 58 
129.5 17.5 59 
117.5 18.2 58 

122.8 21. 63 
115.0 19.5 64 
114.8 18.5 59 
111.5 17.5 59 
102.4 17. 65 

101.0 24. 76 
91.6 20. 74 
88.7 19.5 73 
87.5 17.5 70 
77.2 20.5 74 

108.0 25. 75 
101.0 18. 72 
99.5 18. 69 
97.8 19. 70 
86.5 20. 73 

*1" gage length 
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Cont. Table III - P 

1000 psi Per Cent 

Code No.  Test     Yield Strength  Tensile Strength  Elong.  Red. Area 
Temp.° F 

P-37        70 120.1 
600 93.8 
700 93.2 
800 93.2 
900 92.2 

1000 87.0 

P-38        75 101.5 
750 95.1 
800 93.1 

P-39        75 105.7 
750 99.0 
800 93.5 

P-40*       75 103.7 
800 79.2 

1000 73.0 

P-41        75 94.5 
200 92.5 
300 88.5 
400 85.3 
500 85.2 
600 84.0 
700 82.0 
800 79.1 
900 74.8 

1000 69.5 

P-42        75 71.0 
800 57.8 

1000 53.2 

P-43        75 160.0 
200 146.0 
400 141.6 
600 144.0 
700 133.0 
800 115.6 
900 115.1 

1000 108.0 

*Specimens from mid-thickness position 

134.0 17.5 63 
108.3 18.5 66 
108.4 19.5 67 
106.8 18. 67 
103.1 18. 68 
95.3 21. 69 

116.5 20. 66 
101.1 17. 64 
99.4 16. 61 

120.1 20. 65 
108.5 15. 55 
105.0 13. 58 

120.5 20. 66 
91.8 18. 59 
78.9 22. 65 

111.5 22. 65 
107.5 17.8 56 
102.7 17.5 58 
99.7 17.5 59 

100.2 15.7 51 
97.4 17.2 63 
95.4 17.2 60 
91.5 19. 62 
84.1 20.5 64 
75.5 23. 67 

89.2 24. 66 
69.9 19.5 65 
56.4 22.5 65 

167.0 16. 61 
161.6 19. 64 
155.2 15. 55 
158.8 15. 53 
149.0 16. 61 
145.6 16. 56 
140.8 15. 59 
131.2 14. 58 
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Cont. Table III ^ P 

1000 psi Per Cent 

Code No.  Test     Yield Strength Tensile Strength Elong.  Red. Area 
Temp.°F 

P-44       75 102.0 
200 99.2 
400 93.6 
600 88.8 
700 84.0 
800 80.4 
900 75.2 

1000 

P-45        75 72.0 
200 67.6 
400 65.8 
600 63.6 
700 59.2 
800 56.4 
900 55.2 

1000 48.0 

P-46        75 101.5 
650 95.5 
800 99.0 
900 94.5 

1000 84.0 

P-47       75 92.0 
650 75.5 
800 75.0 
900 69.0 

1000 66.0 

P-48        75 85.5 
650 76.0 
800 70.5 
900 67.3 

1000 65.5 

P-49        75 74.2 
300 67.5 
500 64.5 
700 63.7 
900 59.0 

P-50        75 75.2 
200 
400 69.0 
600 68.2 
700 67.0 

115.0 21. 75 
110.4 21. 76 
103.2 18. 72 
99.4 21. 68 
99.6 18. 67 
94.2 19. 69 
88.6 22. 70 
82.8 25. 73 

90.0 29. 76 
84.4 29. 78 
80.6 25. 75 
81.2 22. 72 
81.0 23. 69 
77.0 23. 72 
73.2 24. 73 
63.6 28. 76 

122.5 20. 66 
113.5 16. 60 
113.7 16. 64 
108.0 16. 65 
101.0 15. 66 

110.0 23. 70 
91.0 19. 67 
85.5 19.5 68 
79.0 18. 73 
72.0 18. 76 

102.5 22. 71 
90.5 20. 65 
83.0 19. 70 
81.5 18. 73 
71.0 20. 76 

93.0 26. 74 
83.7 22. 75 
79.7 22. 75 
78.2 20. 69 
71.2 23. 74 

94.7 23. 68 
88.8 - - 
83.9 20. 68 
81.2 19. '67 
80.3 18. 63 
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Cont.   Table   III 

Code  No. Test 
Temp.°F 

Yield Strength Tensile  Strength Elong. Red.   Are; 

P-50 800 59.5 77.4 21. 63. 
900 62.0 74.4 21. 69. 

1000 58.2 68.0 20. 72. 

P-51 75 60.7 82.0 28. 72. 
200 - 75.8 - - 
400 54.4 70.1 23. 71. 
600 53.5 66.7 21. 69. 
700 52.5 67.0 21. 66. 
800 50.7 65.8 21. 68. 
900 49.2 62.0 21. 69. 

1000 47.0 57.4 24. 72. 

P-S2a 75 131.0 
P-S2b 75 111.0 
P-52c 75 97.0 
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Table III - T 

Short-Time Tensile Properties of 2-1/4 Cr-1 Mo Steels - Pipe and Tube 

Code No.  Test 
Temp.°F 

1000 psi Per Cent 

Yield Strength Tensile Strength Elong.  Red. Area 

T-34 

T-35 

T-36 

T-46 

T-47* 

75 
300 
500 
700 
900 

1000 
1100 

75 
300 
500 
700 
900 

1000 
1100 

75 
300 
500 
700 
900 

1000 
1100 

75 
900 

1050 
1200 

75 
900 

1050 
1200 

42.0 
33.0 
36.4 
34.5 
31.5 
25.6 
26.0 

42. 
35. 
37. 
34. 
35.0 
28.5 
25.3 

41.2 
35.4 
36.6 
34.5 
30.0 
25.2 
23.5 

32.6 
21.9 
20.4 
16.8 

41.8 
40.8 
40.5 
26.1 

72.8 34. 76 
65.0 30. 75 
67.5 26. 70 
73.6 24. 66 
67.1 23. 74 
58.0 26.0 82 
45.5 37. 90 

71.6 34. 76 
62.9 33. 77 
64.1 28. 79 
67.8 26. 74 
59.9 26. 76 
51.9 31. 81 
41.1 40. 90 

70.0 31. 75 
60.2 36. 76 
62.0 26. 72 
66.2 26. 69 
56.6 28. 64 
47.7 32. 71 
38.2 55. 88 

66.3 40. 76 
51.8 34. 78 
36.3 50. 89 
23.3 66. 95 

87.8 33. 62 
100.0 23. 76 
77.5 33. 69 
36.2 45. 89 

*Data appear unreasonable, and have been excluded from the evaluations. 

T-48 70 
300 
500 
700 
900 

1100 
1200 
1300 

44. 
38. 
37. 
31.8 
30 
28 

72.3 33. 78. 
63.7 31. 79. 
63.0 27. 78. 
67.3 24. 73. 
60.8 29. 78. 
46.2 29. 83. 

22.9 
17.8 

37.5 
21.8 

54. 89. 
95. 
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Code No. Test 
Temp.°F 

Yield Str< 

T-49 70 44.1 
300 37.2 
500 34.4 
700 33.8 
900 26.8 

1100 21.7 
1200 17.8 
1300 14.7 

T-50 70 44.4 
300 40.7 
500 44.1 
700 42.7 
900 41.2 

1100 31.9 
1200 20.6 
1300 15.5 

T-51 70 50.1 
300 42.2 
500 44.4 
700 38.7 
900 32.7 

1100 25.5 
1200 20.6 
1300 16.6 

T-52 70 40.8 
300 39.5 
500 44.2 
700 43.6 
900 39.1 

1100 30.9 
1200 23.5 
1300 16.0 

T-53 70 30.4 
200 28.2 
400 28.0 
600 29.6 
800 29.3 

1000 27.2 
1050 27.3 
1100 25.8 

Cont. Table III - T 

1000 psi Per Cent 

th. Tensile Strength.  Elong. Red. Area 

63.5 38. 80 
55.0 35. 81 
55.7 29. 79 
60.8 27. 75 
54.6 31. 77 
36.4 30. 83 
27.4 63. 90 
18.4 97. 95 

75.8 34. 80 
66.6 32. 76 
70.2 27. 76 
79.6 25. 66 
73.9 25. 70 
47.8 45. 83 
34.5 54. 87 
21.4 44. 91 

70.4 35. 79 
63.7 31. 80 
69.4 26. 75 
74.2 25. 71 
68.1 27. 77 
45.5 43. 85 
32.5 52. 90 
22.1 61. 91 

72.6 34. 75 
64.7 32. 77 
69.8 26. 72 
78.8 24. 71 
73.4 25. 76 
49.0 42. 82 
35.0 61. 88 
21.8 80. 90 

70.2 37. 72 
64.9 35. 72 
61.7 31. 68 
69.6 23. 66 
77.1 23. 66 
66.2 21. 63 
62.9 33. . 73 
52.2 38. 78 

39 

 



Code No. Test 
Temp.°F 

Yield Stn 

T-54 70 30.8 
200 28.8 
400 27.6 
600 30.6 
800 28.9 

1000 26.9 
1050 27.0 
1100 24.6 

T-55 70 31.2 
200 27.3 
400 28.7 
600 30.8 
800 29.7 

1000 28.2 
1050 28.1 
1100 25.4 

T-56 70 32.1 
200 30.1 
400 29.7 
600 32.3 
800 30.1 

1000 29.7 
1050 28.6 
1100 26.9 

T-57 70 27.6 
200 25.5 
400 25.4 
600 27.1 
800 28.9 

1000 26.0 
1050 24.1 
1100 24.3 

T-58 70 33.8 
200 33.9 
400 28.9 
600 31.4 
800 29.9 

1000 30.5 
1050 28.1 
1100 27.7 

Cont. Table III - T 

1000 psi Per Cent 

th Tensile Strength  Elong.  Red. Area 

71.0 36. 72 
65.4 35. 72 
61.6 32. 72 
7 0.5 25. 67 
78.2 26. 68 
65.3 25. 71 
60.4 36. 76 
49.8 42. 80 

77.8 34. 76 
71.4 32. 66 
67.2 30. 68 
76.6 22. 61 
84.2 23. 66 
69.6 — 64 
63.8 34. 70 
54.6 41. 75 

76.3 34. 67 
71.3 34. 65 
67.1 31. 67 
74.5 23. 64 
84.6 24. 63 
73.9 24. 61 
66.6 35. 74 
52.9 42. 80 

71.1 37. 68 
65.0 34. 72 
61.8 31. 70 
69.3 25. 68 
79.9 25. 65 
70.3 24. 65 
63.1 35. 75 
52.0 41. 80 

78.2 33. 66 
71.8 33. 66 
68.2 31. 65 
76.1 23. 60 
85.5 23. 65 
73.9 31. 70 
63.9 37. 73 
57.1 26. 72 
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Cont.   Table   III 

• 100( ) psi Per Cent 

Code No. Test 
Temp.°F 

Yield Strength Tensile Strength Elong. Red. Area 

T-59 75 106.5 132.0 20. 66. 
800 98.5 116.0 18.5 65. 
850 91.5 116.7 17. 67. 
900 97.5 111.5 18.5 67. 

T-60 75 110.5 130.5 22. 69. 
800 105.0 118.0 18.5 69. 
850 - 111.2 22. 70. 
900 90.7 107.7 18.5 69. 

T-61 75 106.0 125.5 21. 67. 
800 97.5 117.0 19. 69. 
850 - 108.5 19. 70. 
900 - 113.3 20. 70. 

T-62 75 128.6 145.7 20. 62. 
200 124.8 139.5 19.5 61. 
300 117.9 136.3 18. 58. 
400 113.6 134.8 18. 58. 
650 - 132.5 19. 64. 

T-109 75 38.0 75.0 32.7 67.2 
200 33.0 69.7 31. 67.2 
400 29.0 65.4 28.5 65.9 
600 29.3 69.7 22. 60.8 
800 27.7 66.6 27.5 66.1 
900 27.0 58.8 31.5 72.5 
950 26.0 54.2 34. 75. 

1000 25.3 48.8 37. 81.8 
1050 24.8 42.9 41.5 86.1 
1100 23.4 37.5 49. 90.7 
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Table III - F 

Short-Time Tensile Properties of 2-1/4 Cr-1 Mo Steel - Forgings 

1000 psi Per Cent 

Code No.  Test Yield Strength Tensile Strength Elong. Red. Area 
Temp.°F 

F-l        75 60.5 
800 41.5 
850 40.0 

F-2        75 43.5 
750 30.0 

F-3        75 87.5 
750 74.0 

F-4        75 69.0 
800 58.3 

F-5        75 54.8 
810 46.0 

F-6        75 50.2 
810 41.9 

F-7        75 71.0 
800 59.1 

F-8        75 72.2 
850 60.1 

82.8 27. 75 
65.5 23. 72 
64.2 23. 72 

75.5 31. 77 
61.0 27. 71 

106.5 23. 69 
89.0 21. 71 

88.0 24. 78 
69.5 21. 76 

81.0 27. 75 
65.5 22. 71 

78.3 28. 75 
65.3 23. 71 

88.0 25. 78 
71.9 18. 72 

90.2 23. 72 
71.5 21. 72 
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Table III - C 

Short Time Tensile Properties of 2-1/4 Cr-1 Mo Steel-Castings 

1000 psi Per Cent 

Yield Strength Tensile Strength Elong.  Red. Area Code No. Test 
Temp.°F 

Yield Stn 

C-8 N 75 67.5 
300 60.0 
500 57.7 
700 57.6 

C-8 Q 75 93.0 
300 73.7 
500 75.0 
700 76.0 

C-9 N 75 75.0 
300 6.9.1 
500 67.2 
700 64.5 

C-9 Q 75 103.0 
300 95.5 
500 89.6 
700 79.6 

C-10 N 75 72.0 
300 66.7 
500 66.0 
700 63.7 

C-10 Q 75 97.5 
300 92.2 
500 90.7 
700 88.5 

C-ll 75 72. 
200 66. 
300 63.5 
400 60.5 
500 59. 
600 60.5 
650 60. 
700 57. 
750 54.5 
950 48.5 

90.5 28. 64 
88.8 24. 63 
79.83 22. 62 
82.3 19.5 54 

110.0 21. 57 
103.0 18.8 61 
97.5 18.5 57 
95.0 17.3 53 

96.0 26. 70 
89.4 21. 64 
88.0 23. 65 
88.4 20. 59 

121.5 22.5 69 
110.0 18.8 64 
105.5 20.0 66 
107.2 19.8 64 

95.0 24. 68 
87.5 24. 65 
86.0 22. 64 
88.5 22. 57 

116.5 21. 58 
106.5 19.5 64 
105.5 17.5 58 
103.7 20. 57 

98. 25. ' 55 
89.5 25. 53 
86.5 23. 57 
84.0 20. 56 
84. 19. 50 
86.3 18. 52 
85.5 16. 45 
84. 17. 47 
82. 18. 45 
64.5 27. 59 
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Code No. Test 
Temp.° F 

Yield Str< 

C-12 75 64.5 
200 60.0 
300 57.5 
400 57.5 
500 53.3 
600 55.0 
650 54.0 
700 53.0 
750 52. 
850 48.5 
950 46.5 

C-13 75 62.0 
200 58.5 
300 57. 
400 55.5 
500 54. 

C-13 600 52.5 
650 52.5 
700 53.0 
750 51. 
850 48.5 
950 44.5 

C-14 75 58.4 
800 47.5 
900 45.7 

1050 41.2 

C-15 75 56.6 
800 46.8 
900 44.6 

1050 39.8 

Cont. Table III - C 

1000 psi Per Cent 

Yield Strength  Tensile Strength  Elong. Red. Area 

89.5 28. 68 
82.5 24. 65 
79.5 27. 70 
78.5 23. 67 
76.5 22. 66 
77.0 20. 65 
76.5 18.5 62 
77.0 20. 61 
75. 22. 59 
69.0 27. 64 
60. 26. 70 

87.5 27. 66 
82. 24. 59 
77.5 24. 65 
76.5 23. 63 
74.5 22. 57 

73.5 17. 57 
74.0 18.5 48 
74. 18. 56 
72. 18. 53 
67. 25. 56 
39. 27. 64 

85.3 26. 50 
71. 25. 55 
63.8 24. 45 
50.6 40. 80 

85.2 27. 52 
69.8 24. 54 
62.6 24. 48 
48.9 38. 78 
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Table III - W 

Short Time Tensile Properties of 2-1/4 Cr-1 Mo Steel Weld Metal 

1000 psi Per Cent 

Code No.  Test    Test      Yield      Tensile     Elong.    Red. Area 
Temp.°F Location  Strength  Strength 

W-16 75 S 89.8 108.2 21.* 70. 
11 1/4T 94.7 110.1 23.* 68. 
II 1/2T 89.6 106.6 23.* 71. 

850 S 75.3 85.3 18.5 65. 
II 1/2T 77.6 84.7 18. 67. 

900 S 74.5 81.6 19.8 64. 
tl 1/2T 76.1 81.3 19.6 66. 

W-17 75 119.5 130.5 19. 59. 
800 101.5 111.5 16. 50. 

W-18 75 105.5 116.5 18. 61. 
750 93.5 108.2 15. 63. 
800 89.0 99.5 14. 50. 

W-19 75 107.5 121.0 19. 60. 
800 90.5 103.0 13.5 48. 

W-20 75 103.0 117.0 20. 62. 
750 91.0 101.0 16.5 59. 
850 89.0 99.2 16. 40. 

W-21 75 128.0 142.0 14. 45. 

W-22 75 114.0 127.7 23. 61. 

W-23 75 112.7 128.0 19.5 63. 

W-2 4 75 118.0 135.0 19. 57. 

W~2 5 75 99.1 115.5 21. 67. 

*Elongation in 1" 
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Table IV - P 

Creep and Rupture Data for 2-1/4 Cr-1 Mo Steel—Plate 

(1) 
Code No.  Temp.°F  Stress, ksi  Test       Min. creep  At Rupture-% 

Duration-  Rate-%/hr.  Elong.  Red. Area 
Hours 

P-8a 800 

900 

P-8b 

1000 

800 

900 

1000 

65.9 24.5 
65.9 90.4 T 
56.5 3174. 
56.5 4446.  T 

56.5 44.7 
56.5 55.1 T 
51.8 212. 
51.8 260.  T 
42.0 7690.  T 
37.6 5192. 
37.6 >13,000.  T 

47.1 18.8 
42.0 136. 
37.6 718. 
32.0 4095. 
28.2 10,410. 

95.0 99. 
95.0 49. T 
84.7 5093. 
84.7 7286. T 

80.0 60. 
80.0 11.4 T 
75.0 159.  T 
70.6 583. 
65.0 1809.  T 
61.2 1751. 
55.0 5995. 

55.0 69. 
50.0 343. 
45.0 903.  N 
40.0 1226.  N 

23. 76 
26. 67 
12. 77 
26. 74 

22. 76 
27. 74 
33. 80 
34. 75 
17. 71 
35. 82 

30. 80 
* 73 

31. 79 
- 56 
8.* 44 

10. 64 
15. 63 
30. 70 
26. 63 

22. 72 
20. 67 
21 70 
25. 73 
15. 70 
- 75 
- 68 

22. 78 
12. 66 

(1)  All tests to rupture except those designated C, which were 
discontinued before rupture.  Specimens represent longitudinal 
orientation unless designated T for transverse. 

*  Failed at punch mark. 
N - Failed in notch section of combined test specimen 
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Cont. Table IV 

Code No.  Temp.°F Stress, ksi Test1 ' Min . Creep An Rupture-% 
Duration- Rate-%/hr. Elong. Red. Area 
Hours 

64.0 1.75 2 .58 Not Reported 
64.0 2.6 1 .17 
61.0 26.4 .118 
58.0 46. .106 
55.0 124. .0282 
51.0 482. .0052 
48.0 1010. .0036 

55.0 .3 6 .6 
50.0 10.2 .205 
45.0 64. .121 
42.0 584. .0083 
40.0 439. .0047 
39.0 1464. .0020 

85.0 5.1 1 .03 
79.3 43. .0096 
75.0 152. .0126 
71.2 314. .0095 
69.0 889. .0023 

85.0 .6 6 .93 
76.0 14. .168 
70.0 64. .0774 
65.0 240. .0255 
62.0 484. .0101 
60.0 688. .0078 

70.0 11. .321 _ 
65.0 41. .102 - 
60.0 146. .0324 - 
55.0 421. .0126 - 
50.0 1136.  C .0034 - 
39.0 1000.  C .00023 - 

70.0 96. .030 27.       64. 
65.0 417. .0119 22.       69. 
60.0 1130. .00435 20.       63. 

75.0 0.2 24 .9 21.       71. 
68.0 3.2 1 .095 21.       68. 
64.0 7.6 .537 21.       67. 
60.0 18.7 .441 22.       71. 

60.0 0.9 5 .19 24.       73. 
55.0 1.6 3 .1 26.       74. 
50.0 9.3 .588 22.       42. 
45.0 23. .181 9.8      22. 
45.0 24. .195 14.       31. 
40.0 55. .0702 9.8      14. 
35.0 119. - 8.7*      8.0* 
30.0 242. .0135 6.9     11. 

mark. 

P-12 850 

900 

P-15a 850 

900 

950 

P-15b 900 

1000 

1100 

*Failed at punch mark. 
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Cont. Table IV - P 

Code No. Temp. Stress, ksi Test^ ' Min. Creep At Rupture-% 
Duration- Rate :-%/hr. Elong. Red . Area 
Hours 

78.0 24.3 .144 21. 67. 
70.0 60.9 .0729 22. 64. 
57.0 3289. .00128 21. 44. 
55.0 3962. .0009 19. 55. 
50.0 >13,464. .000245 - - 
40.0 9500. (C) .000018 - - 

63.0 9.5 .456 27. 77. 
57.0 47. .0792 24. 71. 
50.0 198. .0209 17. 39. 
50.0 431. .009 12. 20. 
40.0 2130. .00228 7.* 7.* 

P-15c 900 

1000 

30.0 7642. ,0002 6.5* 8.6* 

1100 60.0 ,43 17.4 27. 79. 

P-15d 900 

1000 

P-15e 

1100 

850 

57.0 .9 5.1 25. 80 
55.0 1.2 4.05 28. 78 
50.0 14. .366 25. 59 
45.0 19.9 .276 20. 44 
35.0 155. .0231 9.3 13 
20.0 2818. .00182 15. 13 

70.0 11.9 .198 21. 66 
60.0 88. .036 22. 71 
55.0 289. .003 29. 72 
47.0 4680. - 35. 66 
45.0 4301. .000126 20. 72 

50.0 20. .249 32. 73 
40.0 371. .0127 26. 74 
55.0 5.1 .855 23. 71 
35.0 1422. .0038 21. 45 
33.0 3216. .0013 16. 34 

40.0 8.6 .618 26. 75 
35.0 113. .0546 24. 51 
30.0 670. .006 15. 28 
20.0 1751. .0015 20. 36 

70.0 14.6 .57 32. 67 
65.0 131. .0456 27. 69 
55.0 847. .00283 32. 72 
52.8 1234. .00117 29. 74 
45.3 3578. .000462 19. 75 
60.3 819. .0027 28. 74 

*Failed at punch mark 
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Cont. Table IV 

Code No. Temp. Stress, ksi Testv ' Min. Creep At Rupture-% 
Duration- Rate-%/hr. Elong. Red. Area 
Hours 

60.0 50. .028 24. 66. 
65.0 10.7 .538 33. 70. 
56.0 131. .0218 28. 71. 
50.0 368. .0109 33. 73. 
42.2 1576. .00198 49. 77. 
40.0 3478. .000985 41. 78. 

90.0 35. _ 16. 66. 
82.0 1169. .00247 17.0 64. 
78.0 2848. .00077 13.0 62. 
78.0 5240. .00058 25. 64. 
70.0 19410. .000281 9.0 37. 

85.0 61. - 20. 76. 
78. 181. - 17.5 69. 
70.0 2345. .00070 17.0 56. 
65.0 4289. .00042 7.0 44. 
60.0 6853. .00020 12. 36. 

65.0 690. .00296 16. 51. 
60.0 1044. .00201 15. 49. 
53.0 2877. .00068 6. 10.9 
50.0 >18,000. - - - 

125.0 2460. .00050 11. 39. 
120. 1453. .00059 10. 42. 
115.0 6076. .000072 1.7 29. 

110.0 444. .0023 11. 55. 
105.0 1637. .00048 10. 45. 
100.0 2127. .0003 13. 37. 
90.0 6855. .0001 10. 49. 
85.0 9633. .00078 11. 49. 

130.0 1425. .00121 8. 17.9 
120.0 13409. .000028 4. 11.6 

P-15e 900 

P-21 800 

850 

P-23 

900 

800 

850 

P-24a 800 

850 110. 3688. ,00028 4. 0.0 

P-24b 800 

850 

100.0 373. .0131 17. 50 
95.0 3658 .00054 11. 50 
90.0 10524. .00018 10. 52 
82.0 21717. .000105 13. 56 

85.0 1704. .000069 12. 57 
80.0 3116. .00032 15. 64 
60.0 25860. .000067 12. 62 
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Cont. Table IV 

Code No.  Temp.°F  Stress, ksi  Test 
Duration- 
Hours 

Min. Creep  At Rupture-% 
Rate-%/hr.  Elong. Red. Area 

P-33** 900 

P-34 900 

77.0 
70.0 
65.0 
60.0 
58.0 

102.0 
100.0 
97.5 
95.0 
90.0 
80.0 

6.8 
41. 

150. 
414. 
517. 

3.7 
88. 

174. 
199. 
801. 

3456. 

450 - 
0738 - 
0263 - 
0085 - 
00657 - 

20.* 
21.* 
18.* 
21.* 
14.* 
12. 

70. 
71. 
63. 
63. 
52. 
51. 

1000 85.0 
85.0 
80.0 
75.0 
70.0 
65.0 
65.0 
60.0 
55.0 
55.0 
49.6 
45.0 
40.0 
35.0 

29.6 
0.6 
8.0 
29.3 

105. 
167. 
91. 

220. 
128. 
222. 
26.5 

300. 
19. 

1711. 

17. 

18. 
16. 
23. 
20. 
13, 
24. 

23. 
33. 

26.* 

66. 
72. 
68. 
65. 
73. 
65. 
56. 
70. 
67. 
72. 

71. 

54. 

1100 

1200 

60.0 
55.0 
50.0 
50.0 
45.0 
40.0 
35.0 
30.0 
25. 
25. 
20. 
20.0 
10.0 

25.0 
20.0 
15.0 
12.0 
6.0 

4.9 
.4 

10.2 
1.1 
6.1 

15.3 
32.2 
71. 

164. 
20.6 

171. 
356. 

4430. 

1.4 
13.2 
86. 

142. 
1319. 

27.* 69. 

* 
** 

- 77. 
27.* 83. 
22.* 80. 
22.* 78. 
28.* 71. 
23.* 67. 
17.* 62. 
34.* - 
35.* - 
- 55. 
- 61. 

31.* 88. 
42.* 88. 
42.* 83. 
42.* 89. 

1 inch gage length 
Tests from 1/2T location 

+  Data appear erratic and have been excluded from evaluations 
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Table IV - P 

Creep and Rupture Data - Plate 

Code No. Temp. Stress, ksi Test Min. Creep At Rupture-% 
Duration- Rate-%/hr. Elong. Red. Area 
Hours 

80.0 1405. .0023 19.5 53. 
78.0 >5100. .000070 
75.0 >9600 .0000035 

70.0 246. .008 23. 60. 
65.0 1606. .00060 19.5 58. 
60.0 2976. .00037 22. 59. 
55.0 >6750. .00014 

40.0 1219. .0023 10.5 17.8 
35.0 3197. .00085 6.5 8.6 
30.0 7195. .00026 

80.0 414. .009 23.5 63. 
75.0 3136. .00062 22. 59. 
75.0 1682. .0011 21.5 56. 
70.0 1822 .00135 25. 62. 
70.0 4510. .00037 25. 63. 
65.0 7656. .00018 21.5 62. 
60.0 5995.C .00004 - - 

60.0 705. .0040 23. 61. 
60.0 336. .0092 28. 76. 
55.0 1075. .0033 24. 62. 
55.0 1189. . 0030 25. 75. 
50.0 6249. .00053 14.5 41. 
50.0 6280. .00051 23. 49. 
47.5 >12,300. .00019 - - 
45.0 4295. c .00011 - - 

45.0 398. .0088 17. 39. 
40.0 1460. .0014 5. 8.9 
35.0 3248. .00054 6.5 8.9 
30.0 8412. .00024 4.5 5.9 

55.0 968. .0029 29. 72. 
50.0 5059. .00047 28. 73. 

40.0 1303. .0028 37. 74. 
35.0 5075. .00083 35. 68. 

40.0 23.2 .153 34. 75. 
35.0 115. .036 34. 77. 
25.0 8227. .00047 23. 48. 
19.7 2625.c .00038 - - 

P-40* 

P-41 

800 

900 

1000 

800 

900 

P-42 

1000 

800 

900 

1000 

Specimens from mid-thickness position 
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Cont. Table IV - P 

Code No. Temp. °F Stress, ksi Test Min. Creep At Rupture-% 
Duration- Rate-%/hr. Elong. Red. Area 
Hours 

P-43 800 144.0 >2058.* - - - 

900 140.0 0.5 _ . 12.0 61. 
130.0 202. - 10.0 57. 

P-44 800 92.0 96. - 19.0 69. 
90.0 181. - 14.0 69. 
85.0 854. - 20.0 70. 

900 86.0 2.2 - 20.0 73. 

P-45 800 74.0 1.2 - 18.0 74. 
72.0 9.2 - 20.0 74. 
70.0 32. - 20.0 72. 
60.0 1495. - 18.0 78. 

900 55.0 41. - 18.0 77. 

P-52a 900 60.0 8919. - 11.0 - 

1000 45.0 568. _ 10.0 - 
30.0 3009. - 4.2 - 

P-*2b 850 65.0 2129. - 20.0 - 
60.0 6400. - 17.0 - 
55.0 16,008. - 19. - 

900 60.0 665. _ 29. - 
55.0 1756. - 17. - 
50.0 5972. - 13. - 
45.0 > 8729. - - - 

P-52c 850 55.0 622. - 25. 
45.0 5626. - 34. 

900 45.0 813. - 27. - 
40.0 4239. - 30. - 

* Test discontinued 
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Table IV - T 

Creep and Rupture Data for 2-1/4 Cr-1 Mo Steel - Pipe and Tube 

Code No. Temp.°F Stress, , ksi Test Min. Creep At Rupture % 
Duration Rate-%/hr. Elong. Red. Area 
Hours 

T- -25 1000 35. .0 11. _ 47. 
28. .0 80. - 64. 
24. .0 257. - 63. 
20. .0 1895. - 70. 

1100 18. ,0 129. - 72. 
16. ,0 387. - 73. 
13. ,0 2037. - 51. 

T- -26 1000 35. .0 4. _ 51. 
28. .0 66. - 54. 
24. ,0 266. - 81. 
20. .0 1381. - - 

T- -27 1000 25. .0 192. - 65. 86. 
19. .0 1354. - 77. 87. 
7, .8 5000. C .000011 - - 

1100 17. .0 92. _ 89. 89. 
12. .0 1009. - 99. 93. 
5. .5 5500. C .000023 - - 

T- -28 1000 34. ,0 101. _ 36. _ 
28. .0 368. - 53. - 

T- -29 1100 20. .0 61. _ 81. _ 
15. .0 396. - 56. - 

T- -30 1100 16. .0 556. _ 60. _ 
16. ,0 564. - 59. - 

T- -31 1100 19. .0 117. _ 54. _ 
16. .0 345. - 58. - 

T- -32 1100 19. .0 71. _ 71. _ 
16. .0 467. - 59. - 

T- -33 1100 15. .0 121. _ 62. _ 
13. .5 498. - 80. - 
11, .5 4267. - 85. - 

T- -37 1000 21. .0 4645. - 20. 46. 
1050 15, .0 10673 .00038 16.5 33. 
1100 15, .0 1930. .0018 22.5 51. 
1150 12, .0 1466. .001 21. 67. 
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Cont. Table IV 

Code No.  Temp.°F ss, ksi Test 
Duration 
Hours 

8.0 2633. 
6.0 1026 

18.0 1400. 
15.0 983. 
13.5 434. 
12.0 231. 
9.0 549. 
7.0 446. 

21.0 2590. 
15.0 7470. 
15.0 1311. 
13.5 697. 
9.0 1087. 
7.0 635. 

18.0 1930. 
15.0 1570. 
13.5 582. 
12.0 326 
9.0 598. 
6.0 979. 

18.0 1781. 
15.0 1667. 
13.0 1371. 
11.5 1089. 
10.0 558. 
8.0 312. 

18.0 3274. , 
15.0 2091. 
14.0 542. 
11.5 675. 
9.5 549. 
7.0 494. 

18.0 5772. 
17.0 969. 
15.0 522. 
12.0 415. 
10.0 346. 
5.0 1157. 

Min. Creep  At Rupture % 
Rate-%/hr.  Elong. Red. Area 

T-37 

T-38 

T-39 

T-39 

T-40 

T-40 

T-41 

1200 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

1000 
1050 
1100 
1150 
12 00 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

0008 36. 
0007 43. 

013 55. 
00127 62. 
0185 42. 
053 49. 
0127 52. 
013 46. 

46. 
00067 13. 
0043 26. 
00583 37. 
0008 26. 
0015 49. 

49. 
52. 

020 47. 
0267 60. 
0025 33. 
00107 39. 

00876 52. 
0076 47. 
0065 37. 
0036 37. 
0095 30. 
0013 38. 

0045 36. 
49. 

021 47. 
012 41. 
00775 30. 
0038 18.5 

0022 22. 
0158 47. 
025 53. 
0258 43. 
0205 46. 
005 48. 

87. 

78. 
82. 
81. 
84. 
87. 

65. 
37. 
62. 
70. 
83. 
86. 

80. 
81. 
82. 
83. 
86. 
90. 

84. 
80. 
82. 
81. 
87. 

80. 
79. 
84. 
84. 
88. 
79. 

71. 
77. 
78. 
79. 
83. 
86. 
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Cont. Table IV 

Code No. Temp. Stress, ksi Test 
Duration 
Hours 

22.0 614. 
16.5 1825. 
15.0 478. 
12.0 767. 
9.5 748. 
6.5 656. 

18.0 4635. 
16.5 1603. 
14.0 879. 
12.0 543. 
10.0 484. 
8.0 216. 

18.0 2710. 
15.0 1658. 
13.5 1013. 
12.0 351. 
10.0 285. 
8.0 239. 

20.0 1149. 
15.0 1634. 
11.74 4687. 
12.0 415 
10.0 311. 
7.0 513. 

50.0 115. 
44.0 694. 
38.0 856. 
35.0 1081. 
30.0 1669. 
26.0 3138. 

36.0 25. 
28.0 114. 
20.0 356. 
15.0 1997. 
12.0 5260. 

30.0 607. 
25.0 46. 
20.0 113. 
15.0 163. 
10.0 49. 

Min. Creep  At Rupture % 
Rate-%/hr.  Elong. Red. Area 

T-41 

T-42 

T-42 

T-43 

T-44 

T-4 5 

1000 
1050 
1100 
1150 
1200 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

1000 
1050 
1100 
1150 
1200 
1250 

1000 

1100 

1000 
1100 
1150 
1200 
1300 

029 57 
00848 45 
0208 56 
010 44 
00375 32 
00428 57 

00303 44 
00791 45 
0141 52 
019 45 
0125 35 
032 50 

0053 53 
51 

0139 50 
038 54 
0315 38 
035 45 

51 
008 51 
00157 39 
0217 36 
026 42 
00425 31 

20 
15 
14 
13 
17 
17 

17 
19 
21 
21 
24 

40 
32 
49 
38 
29 

81. 
79. 
82. 
80. 
83. 
90. 

81. 
79. 
82. 
85. 
87. 
89. 

81. 
82. 
82. 
86. 
86. 
90. 

80. 
85. 
79. 
86. 
89. 
90. 

70. 
75. 
77. 
77. 
83. 
82. 

82. 
85. 
86. 
87. 
79. 

80. 
82. 
83. 
85. 
93. 
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Cont. Table IV 

Code No.  Temp.°F Stress, ksi Test Min. Creep At Rupture % 
Duration Rate-%/hr. Elong. Red. Area 
Hours 

43.9 0.1 — 41. 83. 
35.0 1.9 - 55. 83. 
25.0 38. - 70. 87. 
21.0 155. - 83. 91. 
16.5 926. - 60. 75. 

78.7 1.3 _ 35. 71. 
74.4 4.5 - 34. 89. 
68. 16. - 30. 67. 
56. 45. - 32. 75. 
34. 344. - 45. 83. 
28. 532. - 44. 84. 

71. 0.1 _ 33. 61. 
70.5 5.6 - 31. 62. 
67.1 7.2 - 34. 64. 
56.0 17.2 - 28. 60. 
25.0 701. - 37. 79. 

35.0 12.9 _ 60. _ 
30.0 37. - 68. - 
27.0 99. .224 55. - 
23.0 444. .050 55. - 
20.0 710. .029 50. - 
18.0 1536. .010 45. - 
16.5 3386. .00423 39. - 

30.0 7.6 - 67. - 
27.0 19.5 - 52. - 
20.0 137. .161 60. - 
15.0 982. .144 55. - 
12.0 3567. .0033 46. - 

35.0 1.4 — 51. — 
27.0 19. - 63. - 
23.0 70. .560 60. - 
20.0 184. .309 76. - 
17.0 338. .137 75. - 
15.0 728. .048 86. - 
13.5 1444. .020 75. - 
12.0 3676. .00802 77. - 

27.0 3.2 _ 61. - 
20.0 15.8 - 83. - 
17.0 63. .584 76. - 
15.0 148. .230 80. - 
12.0 768. .048 73. - 
11.0 1091. .028 84. - 
9.0 4319. .00653 46. - 

T-46 1050 

T-47 Long. 1050 

T-47 
Transv. 

T-48 

1050 

1050 

T-49 

1100 

1050 

1100 
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Cont. Table IV - T 

Code No.  Temp.°F Stress, ksi Test Min. Creep At Rupture 
Duration Rate-%/hr. Elong. Red. . Area 
Hours 

45.0 2.2 _ 40.   

35.0 16.8 - 55. - ' 
27.0 113. .296 54. - 
17.0 123 8. .013 55. - 
14.0 4475. .0030 50. - 

27.0 17.2 _ 67. - 
20.0 100. .578 57. - 
15.0 494. .037 50. - 
12.0 1647. .0057 50. - 
11.0 3138. .0023 50. - 

35.0 19.7 - 50. - 
32.0 48. .762 41. - 
25.0 160. .129 55. - 
17.0 1357. .014 57. - 
15.0 2477. .0062 52. - 
14.0 3700. .0037 47. - 

27.0 18.5 _ 50. - 
20.0 77. .381 55. - 
15.0 608. .024 49. - 
12.0 1759. .0062 40. - 
11.0 2757. .0032 40. - 

45.0 4.7 - 40. - 
35.0 28.1 - 45. - 
27.0 79. .491 54. - 
25.0 221. .165 48. - 
17.0 1189. .0137 45. - 
14.0 4626. .0028 40. - 

27.0 21.5 - 55. - 
20.0 123. - 56. - 
15.0 479. .038 57. - 
12.0 2084. .0053 40. - 
11.0 3525. .0024 45. - 

30.0 177. - 30. - 
25.0 361. - 31. - 

20.0 101. - 72. - 
18.0 145. - 74. - 
15.0 316. - 75. - 
14.0 601. - 55. - 

T-50       1050 

1100 

T-51       1050 

1100 

T-52       1050 

1100 

T-53       1050 

1100 
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Cont.. Table IV - T 

Code No. Temp. °F Stress, ksi Test 
Duration 
Hours 

T-54 1050 30.0 96. 
30.0 150. 
25.0 318. 
24.0 402. 
23.0 374. 
19.0 691. 
15.0 2068. 
13.0 3717. 

1100 25.0 62. 
20.0 94. 
18.0 170. 
15.0 377. 
15.0 315. 
13.0 621. 
10.0 3052. 

T-55 1050 30.0 127. 
25.0 306. 
23.0 430. 

1100 20.0 106. 
20.0 87. 
18.0 96. 
15.0 437. 

T-56 1050 30.0 188. 
30.0 181. 
23.0 370. 
20.0 716. 
15.0 3222. 

1100 20.0 193. 
18.0 243. 
15.0 438. 
15.0 400. 
13.0 1134. 
10.0 4961. 

T-57 1050 30.0 242. 
25.0 364. 
23.0 451. 

1100 20.0 129. 
18.0 143. 
15.0 417. 
14.0 498. 

Min. Creep  At Rupture 
Rate-%/hr.  Elong. Red. Area 

087 55 
047 52 
070 53 
058 53 
047 57 
037 78 
012 70 
0041 45 

607 60 
223 64 
379 67 
0439 53 
0474 68 
0300 65 
0043 58 

30 
36 
48 

66 
46 
62 
58 

0723 44 
0654 42 
0130 55 
0052 49 
0047 52 

477 67 
167 66 
044 64 
0506 69 
0152 56 
00178 63 

45 
54 
54 

68 
65 
65 
69 
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Cont. Table IV 

Code No.  Temp.°F  Stress, ksi  Test       Min. Creep  At Rupture 
Duration   Rate-%/hr.  Elong. Red. Area 
Hours 

T-58       1050        45.0      53. -        30. 
35. 
43. 
45. 
38. 
55. 
41. 

1100 20.0     168. - 45. 
63. 
78. 
63. 
53. 
56. 

T-63 1100 

T-64 1100 

T-65 1100 

T-66 1100 

T-67 1100 

T-68 1100 

T-69 1100 

T-70 1100 

T-71 1100 

T-72 1100 

T--73 1100 

45.0 53. 
35.0 160. 
30.0 276. 
25.0 478. 
25.0 465. 
20.0 907. 
15.0 2564. 

20.0 168. 
18.0 253. 
18.0 223. 
15.0 489. 
14.0 769. 
10.0 5307. 

15.5 246. 
13.5 569, 

15.5 373, 
13.5 906, 

15.5 235 
13.5 670 

15.5 255 
13.5 577 

15.5 459 
13.5 1236 

15.5 309 
13.5 806 

15.5 226 
13.5 439 

15.5 164 
13.5 435 

15.5 347 
13.5 778 

15.5 122 
13.5 274 

15.3 218 
13.5 538 
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Cont. Table IV - T 

Code No. Temp.°F  Stress, ksi  Test       Min. Creep  At Rupture 
Duration   Rate-%/hr.  Elong. Red. Area 
Hours 

T-74 1100 

T-75 1100 

T-76 1100 

T-77 1100 

T-78 1100 

T-79 1100 

T-80 1100 

T-81       1100 

T-82 1100 

T-83 1100 

T-84 1100 

T-85 . 11.00 

T-86 1100 

T-87 1100 

T-88 1100 

T-89 1100 

T-90 1100 

15.5 243 
13.5 508 

15.5 124 
13.5 305 

15.5 199 
13.5 457 

15.5 303 
13.5 787 

15.5 239 
13.5 563 

15.5 104 
13.5 347 

15.5 119 
13.5 358 

15.5 129 
13.5 468 

15.5 198 
13.5 465 

15.5 184 
13.5 421 

15.5 163 
13.5 406 

15.5 485 
13.5 1622 

15.5 203 
13.5 438 

15.5 118 
13.5 306 

15.5 168 
13.5 383 

15.5 166 
13.5 378 

'15.5 220 
1*3.5 489 
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Cont. Table IV - T 

Code No.  Temp.°F Stress, ksi Test       Min. Creep  At Rupture 
Duration    Rate-%/hr.  Elong. Red. Area 
Hours 

T-91 1100 15.5 229, 
13.5 533, 

T-92 1100 15.5 252, 
13.5 534, 

T-93 1100 15.5 356 
13.5 801 

T-94 1100 15.5 203 
13.5 419 

T-95 1100 15.5 126 
13.5 308 

T-96 1100 15.5 305 
13.5 655 

T-97 1100 15.5 203 
13.5 470 

T-98 1100 15.5 242 
13.5 266 

T-99 1100 15.5 215 
13.5 583 

T-100 1100 15.5 104 
13.5 283 

T-101 1100 15.5 101 
13.5 312 

T-102 1100 15.5 169 
13.5 394 

T-103 1100 15.5 135 
13.5 376 

T-104 1100 15.5 439 
13.5 1379 

T-105 1100 15.5 217 
13.5 501 

T-106 1100 15.5 211 
13.5 406 

T-107 1100 15.5 680 
13.5 2852 
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Code N". 

T;:ble TV - T 

Stress, ksi  Test 
Duration 
Hours 

Min. Creep 
Rate-%/hr. 

At Rupture 
Elong. Red. Area 

T-J .•:•? 

l. j 'M 

9?n 

100 0 

1100 

15 5 686 
1.3 5 18.19 

32 379 4 
29 5 703 7 
28 n 1151 1 
24 75 3284 5 
23 2 5 4902 0 

40 0 2 90 
29 87 8 
25 44 5 9 
2 3 5 67 5 6 
i 9 12 5 30.13 1 
1". 75 7146 

21 3.13 
.19 58? 
lb 25 4835 
14 25 8014 

29 2 2 
19 87 

49. 
58. 
53. 
53. 
52. 

41. 
47. 
65. 
55. 
57. 
48. 

56. 
49. 
54. 
29. 

47. 
51. 

81. 
83. 
82. 
84. 
85. 

79. 
83. 
87. 
85. 
87. 
85. 

86. 
84. 
80. 
73. 

86. 

115 0 

no.: 

1.4. 329. 

4. 
608. 

44. 

51. 
50. 

85. 

92. 
86. 
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Table IV - B 

Creep and Rupture Data for 2-1/4 Cr-1 Mo Steel-Bar 

Code No.  Temp.°F  Stress, ksi  Test       Min. Creep   At Rupture-% 
Duration   Rate-%/hr.   Elong.  Rf-r!. Area 
Hours 

C-15 

B-4        900       40.0      32520.          - 7.5 

B-5a      1050       30.0        432,          ,0.'C-.7 5.0 
30.0        510.          . 0 •• 4 S 4.3 
25.0       1314.          .00J235 4,0 
23.0       1692.          .0012 4.5 
18.5       4318.          .000345 3.0 

B-5b      1050       30.0        168..          .0210 14.5 
27.0        453.      '   .0060 5-0 
22.0       1606.          . 00u9 3,0 

B-6       1100       14.0       1005.          - 43. 
12.0       2496.          - 34. 
10.0       4792.          - 40. 
8.5      11424.          - 29. 

1200        7.0       1392.          - 30. 

Table IV - C 

Creep and Rupture Data for 2-1/4 Cr-1 Mo - Castings 
C-14       950       36.         129.          .034 40. 

.0045 47. 

.010 45. 

.0042 46. 

28 

950 36. 129. 
28. 1037. 

1000 25. 561. 
21. 1648. 

1050 18, 1157. 

1100 16.5 348. 
12.0 1944. 

1150 13.5 202. 
10.0 1356. 

950 36,0 96. 
28.0 872. 

1000 25.0 363. 
21.0 1430. 

1050 18.0 1103. 

1100 16.5 257. 
12.0 2149. 

1150 13.5 212. 
10.0 1920. 

.026 28, 

.0042 23. 

,049 42. 
.0065 27. 

.049 40, 

.0045 49, 

.015 47. 

.0041 40. 

.0034     58. 

026 57. 
0036 36. 

041 68. 
0041 30, 
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Table IV - W 

Creep and Rupture Data for 2-1/4 Cr-1 Mo - Weld Metal 

Code No.  Temp. Stress, ksi  Test Min. Creep At Rupture-% 
Duration Rate-%/hr. Elong. Red. Area 
Hours 

80. 12.8 .195 __ __ 

70. 135. .0166 - - 
65. 548. .00441 - - 
60. 2840. .00117 - - 

75. 14.6 .206 - • - 
70. 21.3 .134 - - 
65. 56. .055 - - 
60. 295. .0125 - - 
55. 1202. .00345 - - 
70 31.6 - - - 
65. 61. .0549 - - 
60. 286. .0135 - - 
57. 672. .00732 - - 

105. 91. - 9. 41. 
95. 610. .00264 3.4 20. 
90. 1832. .0065 4. 2.7 
80. 4695. .00004 - 7.3 

80. 443. _ 2. * 5. * 
75. 349. .00017 1. * 2.5* 
70. 1107. .00043 * 4. * 
65. 2970. .00015 7. 32. 
55. 3534. .00078 12. 14. 
50. 3921. .00035 15. 38. 
45. 6557. .00021 17. 21.6 

90. 168. .020 13.0 60. 
80. 2517. .00079 15.8 47. 
75. 15807. .00008 8.7 58. 

100. 0.5 _ « 18. 56. 
90. 10. - 15. 57. 
80. 233. .00546 15. 61. 
70. 2318. .00045 17. 63. 
60. 8827. .00014 20. 51. 

60. 1078. .00172 19.0 56. 
55. 2460. .00101 18. 40. 
50. 7150 .00036 13. 15.7 
45. 11218. .00018 5. 8.8 

90. 140. - 19. 57. 
80. 2150. .00141 14. 59. 
75. 6053. .00050 12. 45. 

W-16       850 

900 

W-21       850 

900 

W-22       800 

850 

900 

W-23       800 

•Specimens broke in fillet, outside the gage length. 
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Cont. Table IV - W 

Code No. Temp.°F Stress, ksi  Test Min. Creep At Rupture-% 
Duration Rate%/hr. Elong. Red. Axea 
Hours 

W-23 850 85.0 57. _ 16. 59. 
80.0 236. .0156 17. 49, 
73.0 895. .00382 14. 56. 
65. 4868. .00338 9. 23.6 

900 70.0 170. _ 16. 60. 
65.0 502 .0075 15. 50. 
62.5 1115. .00328 12. 34. 
60.0 1335. .00289 13. 22. 
55.0 3541. .000664 6. 7.5 
50.0 7802. .000194 5. 6. 
45.0 14356. .00013 5. 6. 

W-24 800 110.0 8. - 16. 56. 
106.0 3068. .00017 4. 6. 
103.0 9299. .00026 2. 7.5 
95.0 16946. .00005 3. 11.6 
90.0 18341. .00006 3. 8. 

850 90.0 2794. .00047 4. 14.6 
85.0 4163. .00042 3. 12.4 
80.0 8263. .00007 4. 10.1 

900 65.0 2650. .00038 3. 11.1 
60.0 2862. .00034 3. 11.9 
55.0 4001. .00019 4. 21. 
50.0 6764. .00056 5. 6. 

W-25 800 80.0 397. .00807 14. 57. 
80.0 1014. .00472 19. 62. 
75.0 4830. .000460 17. 63. 
70.0 7899. .000038 14. 56. 
65.0 >15312. - - - 

850 84.0 12. _ 15. 60. 
75.0 181. - 26. 62. 
67.0 1273. .00208 17. 61. 
50.0 >8136. - - - 

900 75.0 19. _ 17. 56. 
65.0 174. - 18. 66. 
55.0 1730. .00231 11. 35. 
55.0 2697 .00117 12. 46. 
45.0 >9096. - - - 
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Table V 

Ratio of Elevated Temperature Yield and Tensile 
Strength to Strengths at Room Temperature* 

Yield Strength Ratio 

Temp.° F  Ann. NT QT QT QT Castings All data 
TS>75 ksi TS<115 ksi TS>115 ksi All data All data except Ann 

75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
100 .980 .978 .990 .985 .987 .980 .982 
200 .926 .917 .965 .957 .960 .924 .935 
300 .902 .870 .941 .934 .937 .895 .902 
400 .895 .850 .920 .917 .918 .877 .881 
500 .899 .826 .900 .903 .902 .861 .866 
'600 .905 .810 .877 .887 .885 .843 .852 
700 .905 .790 .851 .866 .864 .823 .832 
800 .891 .762 .821 .835 .835 .796 .803 
900 .856 .722 .785 .790 .795 .757 .757 

1000 .790 .660 .740 .729 .741 .691 .689 
1100 .688 .577 - - - .575 .594 
1200 .540 - - - - .371 .467 
1300 .338 — ~ — — "~ — 

Tensile Strength Ratio 

75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
100 .980 .980 .985 .988 .986 .980 .985 
200 .920 .921 .949 .958 .953 .941 .935 
300 .882 .889 .923 .938 .930 .899 .908 
400 .882 .875 .905 .925 .912 .877 .896 
500 .915 .870 .891 .914 .905 .873 .889 
600 .962 .864 .876 .901 .892 .873 .881 
700 1.000 .851 .855 .881 .874 .860 .865 
800 1.001 .820 .825 .850 .844 .817 .832 
900 .947 .764 .779 .802 .798 .737 .774 

1000 .828 .673 .715 .734 .731 .625 .685 
1100 .653 .539 - - - .503 .556 
1200 .454 - - - - .423 .380 
1300 .293 - - - - - - 

*Ann. - Annealed; NT-normalized and tempered; QT-quenched and tempered. 
Note: Ann - includes NT data for lots in which TS<75 ksi. 
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Table VI 

Summary of 10,000-Hour Rupture Strengths (ksi) 

Temperature °F 

Code No.   800   850   900   950   1000   1050   1100   1150   1200 

PART A - Annealed 

4.5 

Pipe-Tube 

T- -1 
T- -3 
T- -7 
T- -8 
T- -9 
T- -10 
T- -11 
T- -13a 
T- -13b 
T- -13c 
T- -14 
T- -15 
T- -16 
T- -17 
T- -18 
T- -19 
T- -20 
T- -21 
T- -22a 
T- -22b 
T- -22c 
T- -22d 
T- -23 
T- -24a 
T- -24b 
T- -25 
T- -26 
T- -33 
T- -44 
T- -46 
T- -48 
T- -49 
T- -50 
T- -51 
T- -52 
T- -54 
T- -56 
T- -58 
T- -109 21.2 

16.8 9.7 
16.7 11.0 
16.1 11.1 
16.4 12. .3 7.9 
14.5 10. ,9 8.4 
16.7 13. ,0 10.3 
18.1 10.3 
15.0 10.4 

11.2 
12.0 

17.0 11.0 
15.2 9.8 
14.9 8.6 
18.6 11.2 
14.0 8.9 

9.3 
10.8 
10.0 
7.7 

11.0 
10.2 
10.1 

14.0 8.1 
14.9 8.9 
16.1 9.7 
16.2 10.8 
15.5 

10.6 
20.0 10.8 

12. .2 
14. .1 10.2 
10. .1 8.0 
12, .0 9.0 
11. .4 8.6 
12. .0 9.1 
10. .0 7.8 
11. .3 8.8 
10. .5 8.9 

17.1 13, .9 

4.4 
4.6 
4.4 
4.2 
4.2 

3.7 
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Code No. 

Table VI - Conti 

Temperature °F 

800 850 )00 950 1000 1050 1100 1150 1200 

Bar 

B-2 
B-5a 
B-5b 
B-6 

37.0 16.9 
16.1 
16.2 

4.0 

Cascings 

C-l 
C-2 
C-3 
C-14 
C-15 

9.8 
19.0 
14.0 

21.0   15.9 
20.9   16.7 

8.2 
9.7 
9.7 

7.3 
8.0 

PART B - Normalized and Tempered or Quenched and Tempered 

T-2 
P-8a 54.0 39.0 
P-8b 83.0 52.0 
P-12 41. .0 35.0 
P-15a 61. .0 49.0 
P-15b 52.0 
P-15c 53.0 
P-15d 43.0 
P-15e 40. .0 35.0 
P-21 74.0 59. .0 50.0 
P-23 113.0 85. ,0 
P-24a 120.0 
P-24b 88.0 67. .0 
P-33 48.0 
P-40 74.0 51.0 
P-41 66.0 48.0 
P-42 47.0 33.0 
P-45 55.0 
P-52b 57. 0 47.0 

39.5 
29.0 

29.0 
30.0 

29.0 
28.0 
24.0 

11.5 

15.8 

P-52c 43.0   37.0 

PART C - Weld Metal 

W-5 5.9 
W-9 19.0 12.0 
W-12a 16.0 
W-12b 15.2 
W-12c 15.8 
W-14 7.7 
W-15 10.8 
W-16 56.0 48.0 
W-21 73.0 45.0 
W-22 76. .0 59.0 47.0 
W-23 74. .0 61.0 47.0 
W-24 97. 0 77.0 46.0 
W-25 68. .0 60.0 50.0 

7.1 3.4 
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Table VII 

Summary of Creep Strengths (0.1% per 1000 hours) ksi 

Temperature °F 

Code No. 800 850 )00 950 1000 1050 1100 1150 1200 

PART A - Annealed 

Pipe-Tube 

T-l 
T-3 
T-4a 
T-4b 
T-5 
T-6 
T-18 
T-22c 
T-24a 
T-24b 

36.0 16.0 10.8 
12.5 9.5 

11.0 7.8 
13.5 8.7 

11.4 8.4 
15.8 13.7 9.3 
10.2 6.0 

10.1 
13.9 7.1 
12.2 9.1 

3.1 

3.2 

Bar 

B-3 
B-5a 

12.6 
14.4 

5.6 

Castings 

C-l 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 

12.0 

14.0 
9.6 
9.8 

16.5 

9.0 8.0 
8.8 
6.1 
6.3 
6.0 

PART B - Normalized and Tempered or Quenched and Tempered 

T-2 
P-12 
P-15a 
P-15b 
P-15c 
P-15d 
P-15e 
P-21 
P-23 
P-24a 
P-24b 
P-40 
P-41 
P-42 

65.0 
114.0 
122.0 
86.0 
76.0 
63.0 
45.0 

39.0 
63.0 

42.0 
55.0 
88.0 

64.0 

34.0 

45.0 
45.0 
33.0 
30.0 
41.0 

52.0 
44.0 
28.0 

33.0 

37.0 

8.9 

27.0 
27.0 

26.0 
26.5 

11.0 
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Table VII - Cont. 

Temperature °F 

1150   1200 Code No. 800 850 900 950 1000 1050 1100 

W-9 10.0 7.0 
W-10 10.4 
W-ll 12.5 
W-16 51.0 
W-21 83.0 
W-22 75.0 57.0 41.0 
W-23 69.0 46.0 
W-24 99.0 81.0 47.0 
W-25 71.0 
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Table  VIII 

Summary of  100,000-Hours  Rupture  Strengths   (ksi) 

Temperature   °F 
Code  No.        800        850        900        950        1000        1050        1100        1150        1200 
Part A - Annealed 
Pipe Tube 
T-l 13.4 6.8 2.8 
T-3 
T-7 
T-8 
T-9 
T-10 
T-ll 
T-13a 
T-13b 
T-13c 
T-14 13.1 8.0 2.1 
T-15 11.0 7.4 2.5 
T-16 12.0 6.4 2.7 
T-17 13.3 8.7 2.1 
T-18. 10.0 6.5 2.4 
T-19 
T-20 
T-21 
T-22a 
T-22b 
T-22c 
T-22d 
T-23 10.1 5.7 1.9 
T-24a 
T-24b 
T-25 
T-26 
T-33 
T-44 
T-46 
T-48 
T-49 
T-50 
T-51 
T-52 
T-54 
T-56 
T-58 
T-109 

Bar 
B-2 31.0* 11.7 2.1 
B-5a 
B-5b 
B-6 5.3 

*Longest test less than 1000 hours. 

13.4 6.8 
12.5 
12.4 
11.8 8. .7 4.9 
11.0 8. .1 6.0 

9. ,2 7.5 
13.9 7.6 
11.1 8.1 

8.4 
9.2 

13.1 8.0 
11.0 7.4 
12.0 6.4 
13.3 8.7 
10.0 6.5 

6.0 
7.9 
5.2 
5.3 
7.7 
5.8 
7.3 

10.1 5.7 
9.6 5.6 

11.7 7.1 
12.8 8.2 
12.2 

9.1 
12.0 6.8 

9. .1 
10. .1 7.2 

7. .0 5.8 
8. .1 6.1 
7. .5 5.6 
7. .9 6.0 
5. .9 4.8 
6. .8 5.9 
5. .5 5.7 

6.0   13.0 10. .4 

11. .7 
10, .0 
11. .3 
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Table VIII Cont. 

Code No. 800 850 

Temperature °F 

900   950   1000   1050 1100 1150 1200 

Castings 

C-l 
C-2 
C-3 
C-14 
C-15 

6.1 
14.1 
9.8 5.6 

16.0 

PART B - Normalized and Tempered or Quenched and Tempered 

T-2 
P-8a 
P-8b 
P-12 
P-15a 
P-15b 
P-15c 
P-15d 
P-15e 
P-21 
P-23 
P-24a 
P-24b 
P-40 
P-41 
P-42 
P-45 
P-52b 
P-52c 

50.0 33.0 
78.0 40.0 

35.0 31.0 
55.0 

44.0 
46.0 
37.0 

31.5 27.5 
65.0 49.0 41.0 

100.0 68.0 
110.0 
78.0 50.0 
67.0 39.0 
57.0 40.0 
40.0 26.5 
50.0 

48.0 37.5 
35.0 30.5 

34.0 
24.0 

20.0 
24.0 

20.0 
20.5 
20.0 

7.4 

10.2 

PART C • - Weld Metal 

W-5 
W-12A 12.0 
W-12b 11.4 
W-14 
W-15 
W-16 50.0 41.0 
W-21 56.0 28.0 
W-22 70. .0 45.0 36.0 
W-23 66, .0 52.0 33.0 
W-24 80. .0 59.0 
W-25 54. .0 41.0 

3.3 

4.6 
6.7   4.0 1.42 

72 

 



Table IX 

Summary of Creep Strengths (0.01% per 1000 hours)-ksi 

1100   1150   1200 
Temperature op 

Code No. 800   850 900   950 1000 1050 

PART A - Annealed 

Pipe and Tube 

T-l 22.0 8.0 
T-3 7.2 
T-4a 7.8 
T-4b 8.4 
T-5 8.0 
T-6 10.5 8.8 
T-12a 7.5 
T-12b 8.2 
T-18 7.2 
T-27 7.7 

5.4 2.5 
5.5 
4.6 
5.7 
6.5 
5.0 
5.0 
5.2 
3.5 

Bar 

B-3 — 

Castings 

C-l 6.1    4.6 
C-2 7.1 5.7 
C-3 4.1 
C-4 7.9 
C-6 6.0 
C-7 10.1 2.9 

PART B - Normalized and Tempered or Quenched and Tempered 

T-2 3.8 
P-15a 
P-15c 
P-15d 
P-21 
P-23 
P-24a 
P-24b 
P-40 
P-41 

30. ,0 
37.5 21.0 
26.0 

54.0 41.0 
105.0 68.0 
118.0 
79.0 44.0 
72.0 40.0 19.0 
54.0 38.0 18.0 

73 

 



Table IX - Cont. 

Temperature °F 

Code No.   800   850   900   950   1000   1050   1100   1150   1200 

PART C - Weld Metal 

W-9 
W-10 
W-ll 
W-21 76.0 
W-22 69.0 45.0 30.5 
W-23 37.0 
W-24 81.0 71.0 
W-25 66.0 

6.4 3.2 
6.6 
7.7 
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Table X a 

Summary -  Stress  for Rupture  in  10,000 Hours   (ksi) 
Annealed Material 

Average 
Temp.°F Arith. Mean Linear Ext.   Strength-       Parameter Scatter Band 

of Indiv.   of Isotherm.  Temp. Regress.   Larson-     Manson 
 Extrap. Regress. Line Individ. Extrap. Miller(C=20) Compromise 

900 
950 

1000 16.2 16.19 16.33 
1050 12.42 12.0 12.12 
1100 9.71 9.9 9.47 
1150 (7.8) 7.55 
1200 4.25 4.58* 4.18 

27.3 
21.7 
16.8 
12.8 
9.6 
7.0 
5.1 

28.4 
21.8 
16.5 
12.4 
9.3 
6.9 
5.15 

•Isothermal may be better viewed as quadratic; if so, strength is 4.2 ksi' 
( ) value not well established. 

Minimum - 90% Confidence 

900 
950 

1000 13.52 
1050 8.67 
1100 7.80 
1150 
1200 3.77 

13.12 
9.92 
7.75 
6.18 
3.42 

21.6 22.7 
17.0 17.3 
13.1 13.1 
10.0 9.8 
7.5 7.3 
5.5 5.4 
4.0 4.05 

Table X b 

Average Stress for Rupture in 10,000 Hours (ksi) 
Normalized and Tempered or Quenched and Tempered Material 

(Adjusted to selected levels of specified minimum tensile strength) 

Specified Minimum Tensile Strength (ksi) 

Temp.°F 95 105 115 

800 
850 
900 

1000 

53.0 64.5 76.0 
44.5 52.0 59.5 
38.0 43.5 48.5 
27.0 28.0 29.0 
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Table  XI  a 

Stress  for Rupture  in  100,000 Hours   (ksi) 
Annealed Material 

Average 

Temp.°F Arith. Mean Linear Ext.   Strength-       Parameter Scatter Band 
of Indiv.   of Isotherm.  Temp. Regress.   Larson-     Manson 

 Extrap. Regress. Line Individ. Extrap. Miller(C=20) Compromise 

900 
950 

1000 11.89 12.1 11.82 
1050 8.31 7.67 8.12 
1100 6.77 7.36 6.66 
1150 - (5.5) 4.84 
1200 2.32 2.7* 2.31 

21.0 
16.1 
12.2 
8.9 
6.4 

20.8 
15.4 
11.2 
8.1 
5.85 

*Isothermal may be better viewed as quadratic; if so, strength is 1.85 ksi 
( ) Value not well established. 

Minimum 90% Confidence 

900 
950 

1000 9.65 
1050 5.25 
1100 4.76 
1150 
1200 1.79 

8.87 
6.10 
5.00 
3.6 
1.73 

16.4 16.5 
12.6 12.2 
9.4 8.8 
7.0 6.4 
5.0 4.6 

Table XI b 

Average Stress for Rupture in 100,000 Hours (ksi) 
Normalized and Tempered or Quenched and Tempered Material 

(Adusted to selected levels of specified minimum tensile strength) 

Temp. 

Specified Minimum Tensile Strength (ksi) 

95     105     115 

800 
850 
900 

1000 

47.5 57.5 68.0 
37.0 43.0 48.5 
31.5 36.0 40.0 
22.0 21.5 21.0 
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Table XII 

Summary of Average Creep Strengths (ksi) 

PART A:  Annealed Material 

Temp. 

1000 
1050 
1100 
1150 
1200 

0.1% per 1000 hrs. 

13.0 
10.1 
8.0 

0.01% per 1000 hrs. 

8.0 
6.4 
5.1 
3.6 
2.7 

PART B:  Normalized and Tempered or Quenched and Tempered Material - 
adjusted to selected levels of specified minimum tensile strength 

0.1 per cent per 1000 hours 

Specified minimum tensile strength (ksi) 

Temp. °F 95 105 115_ 

800 
850 
900 

1000 

45.0 58.0 71.5 
45.0 52.5 60.0 
34.0 38.5 43.0 
27.0 27.0 26.5 

0.01 per cent per 1000 hours 

800 
850 
900 

1000 

40.5 

29.0 

57.5 
38.0 
35.5 
18.5 
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Fig. 7b - Variation of tensile strength of annealed 
material with temperature. 
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Fig. 7c - Variation of elongation and reduction of area of 
annealed material with temperature. 
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Pig. 8a - Variation of yield strength of normalized and 
tempered material with temperature. 
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Fig. 8b - Variation of tensile strength of normalized 
and tempered material with temperature. 
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Fig. 9a - Variation of yield strength of quenched and tempered 
material (TS<115 ksi) with temperature. 
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Fig. 9b - Variation of tensile strength of quenched and 
tempered material (TS<115 ksi) with temperature. 
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Pig. 9c - Variation of elongation and reduction of area of 
quenched and tempered material (TS<115 ksi) with temperature. 
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Pig. 10a - Variation of yield strength of quenched and 
tempered material (TS >115 ksi) with temperature. 

88 

 



Fig 10b - Variation of tensile strength of quenched and 
tempered material (TS>115 ksi) with temperature. 

89 

 



1 
: iti 1H1 IffliMnirfltTJ TttHtiltl' 11 i 1111' 1 i"Hi1 i 1111II i 1 MJfl • ffffJEP? frMpfffiffrnff :Tfff 

;gpSl|BB]S TJiJiUt Hln^'f i nl^ritrf itmpml^ffi - ^ffiftfflM^iiffMtiiffi immrffl: :Jm 

-HBEEpffiffiffiBto ffjiHffjffiffmffI 1 i i 11 iff ' TTTTT   11   rTifr':    I     iTnffrninT 

ffm^lffrffltl tejim |-rRfflINIHffiTTT^ Hill              M    1'   H"  1        ITM : -I4T1111 HTffffH^tJtlTTITfnffllTTl i-fffr ;|aj|§iiS jffffiffjffjj-^fFn^Hfltftl' M li'EJ' 'it vLr_i;' L -VST 
' Ti^ltU^jj-l 11 Inltitt fH'rlq-j-jljii]] | j j j | jj'iii if] • -M-[-[-i--j 'n'rl'MT TTTTi   rHli^TPTlTH'nTr 

ititrHlfflTntlff^HTTmftr 
aa^iLjiJffljj|j^|lffl • p'HlinlflfflTP'ftITM Mnfnffri"!liiTi" 

• 4^+Tffi^n:lTfrtiH4li44tm^ 
T     I     i nirD u    "HIHTIIT : itiiitt^^JaamliitfflJ^TOJ^^ffi 

: mxri rfflTlliTrmT^ 
gMj UI^MJjjlMMj ^P^MMf^^^^ 
Tl'H Illfrfi riTT"r{ TP'irnSi ; iB|^KHffi 

•ffi 

~H~H "H "HTH"" \\'\! 1  '  11  11 : j^^^BHB| 
'Htlfll 1 ifff^^ nftfTmi ill TOiitffwfli ̂rrfi \\ l-f-Tp i j -11 FTTI if f~f"l"i : fflffl%4s^ii^|:iiTnfflfflf 
: E^ffifflE[TTJ~jjj \\u\~W ffffffffffFfffftSffflftffP^^pBpf "fitr t flfffsTpffffffi 
WJ$$x$Ttt&i$ffi ̂ t^|^|[-aji|j^p|^p|^g. M •lliii 

ifttti I! I i i 111111 i llllBffffnimJff^ rt'j- :ijTiii'i'iiii'i'if rpiil 11'I1'!Tuhi 1 'n* 1 . JBrtjj-i j|^^ 

nrtriTi llTii itiTi! I r rrff nln ffTn^ J1^1rni'ripM^*i hn nrcnr ;|^^^^Mfflg -ffffi-ftfjffl 
|||||B^^^^B^K 
j^||]]||]j{|^|P]]jjj^^^|p^^ 31 ilvliSi^" JS^'ffi^ "•; "ffi 
\ Hlttlfl 11 -U-TP111II WtlmlG JJlj^ffimlmHiff ii        fTTTfrrPTrmi^rkw 
m        ffffljffMjjffiffl^ 

:5Bfj|[fflfflB8l ff^fflfffrffff EEj| 
-ffjifttjffiijiljjjjtr 
' "rnfftn"! HrnTtiT 

^^M^^^ 
wnTTn^BlTrfflTffiffliIB   JTUuGfflfjiffnf : j jjl ] 11 n MTnl IITP" 

^j^^l.^'^ 

;M|||iM :^^f^!v"?rj|f 
• ^RK tnTnrrrn       r j|s||mjJM •^^8K 

m|tj^^^[|!^|^^^m^^^^ffi Sif : ffiBffimUlttfftt 
-jjj[fTii 111 j1111 inffr11 i11IfjfffffTnfffij] 11111 FT 
ffjTTTnffffnjl   i LLLLUT jjl [1SgBJfajrfcUlU-IJ-lil 

• TITrl-^i+Kl 1 11111  L ^Pli| flllJ 
; Epjffiff^Epl^jlj m ii " iTTTTIiTTn^ll'HIlt' 

iffifflfflSStt jffi 
M|MBH^|J^^M^ "^jff^y Eg 

: HE|yiJ flffffflTfflf TnffirtiTHlirFH TTTlllllllll gBSfflttgi^raa ij^-Hj^[-f[Tti4tH-j-fj i mffffft  "HTH^"Hltm^iTTrr "^raffirc^^ffi 
iBjffijJBJS'ffil ̂ ^^^^^^ffi^^^^^^^sSi+ffi^fflS - fffjffl^Hfflfmm l[^SBi 18888^ 
^•ft^tiifLT t$MSS8MMI#^ itmtjjff If 

Fig. 10c - Variation of elengation and reduction of area of 
quenched and tempered material! (TS> 115 ksi) with temperature. 
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Fig. 11a - Variation of yield strength of normalized-and-tempered 
and quenched-and-tempered cast material with temperature. 
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Fig. lib - Variation of tensile strength of normalized-and-tempered 
and quenched-and-tempered cast material with temperature. 
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Fig. lie Variation of elongation and reduction of area of normalized- 
and-tempered and quenched-and-tempered cast material with temperature, 
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Fig. 12a - Variation of yield strength of weld metal 
with temperature 
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Fig. 12b - Variation of tensile strength of weld 
metal with temperature. 
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Fig. 12c - Variation of elongation and reduction of area 
of weld metal with temperature. 
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Fig.   13a  - Stress vs time  for rupture  for annealed material. 
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Fig, 13b - Stress vs time for rupture for annealed material. 
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Fig. 13c - Stress vs time for rupture for annealed material. 
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Pig.   lk\> - Stress vs  secondary creep rate for annealed material. 
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Fig. l^c - Stress vs secondary creep rate for annealed material. 
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Fig. 15a - Variation of rupture ductility with time for rupture for annealed material. 
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Pig. 15^ - Variation of rupture ductility with time for rupture for annealed material. 
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Fig. 15c - Variation of rupture ductility with time for rupture for annealed material. 
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fig. 15'1 - Variation of  rupture duct.ili:y with time for rupture for annealed material. 
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Fig. 15e - Variation of rupture ductility with time for rupture for annealed material. 
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Pig. l6a - Stress vs time for rupture for normalized-and-tempered 
and quenched-and-tempered material. 
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Pig.   l6t> - Stress vs time for rupture for normalized-and-tempered 
and quenched-and-tempered material. 
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Pig. 16c - Stress vs time for rupture for normalized-and-tempered 
and quenched-and-tempered material. 
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Fig. 17a - Stress vs secondary creep rate for normalized-and- 
tempered and quenched-and-tempered material. 
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Fig.  l?b - Stress vs secondary creep rate for normalized-and- 
tempered and quenched-and-tempered material. 
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Fig.  l?c - Stress vs secondary creep rate for normalized-and- 
tempered and quenched-and-tempered material. 
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Pig. 18t> - Variation of rupture ductility with time for rupture 
for normalised-and-tempered and quenched-and-tempered material. 

 



Pig. 18c - Variation of rupture ductility with time for rupture 
for normalized-and-tempered and quenched-and-tempered material 
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Pig. 18d - Variation of rupture ductility with time for rupture 
for normalized-and-tempered and quenched-and-tempered material. 

 



Fig. 18B - Variation of rupture ductility with time for rupture 
for normalised-and-tempered and quenched-and-tempered material. 
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Pig.  19a - Stress vs time for rupture for annealed weld metal. 
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Fig. 19b - Stress vs time for rupture for annealed weld metal. 
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Fig. 19c - Stress vs secondary creep rate for annealed weld metal. 
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Fig. 19d - Variation of rupture ductility with time for rupture of annealed weld metal. 
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Fig. 19e - Variation of rupture ductility with time for rupture of annealed weld metal. 
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Pig.  20a - Stress vs time for rupture for quenched-and- 
tempered or tempered weld metal. 
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Fig. 20b - Stress vs secondary creep rate for quenched-and- 
tempered or tempered weld metal 

 



Pig. 20o - Variation of rupture ductility with time for rupture 
for quenched-and-tempered or tempered weld metal. 

 



to 
00 

Pig. 20d - Variation of rupture ductility with time for rupture 
for quenched-and-tempered or tempered weld metal. 

 



Fig, 20e - Variation of rupture ductility with time for rupture 
for quenched-and-temp6red or tempered weld metal. 
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Figure 21 - Variation of rupture strength (10,000 hours) and 
creep strength (0.1 %  per 1000 hours) with temperature for 
annealed material. 
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?ig, 23 - Family of regression lines for isothermal log stress v 
log time-for-rupture scatter bands, extended to 100,000 hours. 
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Pig.   24  -  Variation of Larson-Miller parameter with stress 

for rupture of annealed material. 
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Pig.  25 - Variation of Manson compromise parameter with 

stress for rupture of annealed material. 
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Pig. 26 - Comparison of rupture strength (100,000 hours) trend 

curves developed by several evaluation procedures. 
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Fig. 27a - Variation of rupture strength (10,000 hours) of 
normalized-and-tempered and quenched-and-tempered material 
with tensile strength at 75 P. 
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Pig. 27b - Variation of creep strength (0.1 % per 1000 hours) 
of normalized-and-tempered and quenched-and-tempered material 
with tensile strength at 75 P. 
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TENSILE STRENGTH AT ROOM TEMPERATURE - ksi 

Pig. 2?e - Variation of rupture strength (100,000 hourB) of 
normalized-and-tempered and quenched-and-tempered material 
with tensile strength at 75 F. 
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Pig. 27d - Variation of creep strength (0.01 # per 1000 nours) 
of normalized-and-tempered and quenched-and-tempered material 
with tensile strength at 75 F. 

139 

 



 



 


	Related ASTM Publications
	Contents



