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RFFECT OF METHOD OF LOADING
on
THE RESULTIWNG CREZP CHARACTERISTICS
of
PLAIN CARBON STREELS AT 850°F.

In the present report the results are given of an
investigation to determine the effect.of testing procedure
on the observed resulting creep characteristics. As the
usual creep test is now conducted, there are three possible
ways in which the loed may be applied. Thet is, either the
single-step, fhe up-step, or the down-step method may be uséd°

In the single-step method, a given fixed load is
applied and this is maintained constant for the entire dur-
ation of the test, In the up-step method, the original load
is only maintained constant until the creep has either stopped,
at least within the sensitivity of the measuring epparatus em-
ployed, or until it has progressed at a constant rate for a
given period of time. Then the load is increased and the pnro-
cess repeated. The down-step method differs from the up-step
in thet the original load is relatively large, and after the
rate of creep has been determined, the load is decreased
rather than increased.

The down-step method of loading may be conducted ac-
cording to either one.of two procedures. EREitrer the initially

applied, relativély large load may be maintained constant for



a sufficient period of time for the rate of creep to be
agetermined, or else it may be mcintained constant for only
a fe& hours and the first rate of creep determined only
after the load has been reduced.

Although various claims have been made &s to the
relative merits of these three procedures, very little if
any vork has been done to actually determine the effect of
the method ofvloading on the resulting creep éharactefistics.
Accordingly, the work herein repdrted was undertaken to throw
light on this question.

. Also, attempts ére to be msde to determine the in-
fluence of the method of loading on the "Time-Yield" value .
of Dr. Hatfield. In a previous report entitled "Comparative
Phyéical,Characteristics of Grades A and B Seamless Steel
Pipe at Normal Temperatures and at 850°F.," it was shown
that the values obtained for Hatfield's "Time-Yield" values$,
when the up-step method of loading was used, wefe consideradbly
below those reported by Dr. Hatfield for similar steels. It
was later learned that‘Dr. Hatfield employed the single-step,
rather than the up-step method of loading in his tésts, and,
accordingly, the results~herein reportedbshould show what in-

fluénce the method of loading has on the "Time-Vield" values.



The results given in this report are not complete
as only two steels have been considered, namely, two plain
carbon steels containing 0.18 and 0.41 per cent carbon res-
pectively, and only-one temperature has been considered, |
which was 850°F., It is entirely possible that the findings
obtained for these two steels at this temperature may not
show the seme relationships as would be obtained for steels
of other types at this same temperature, nor is it entirely
possible that the same relationships would be found to exist
for these two same steels at other temperatures. Results
will have to be available from other tests which are now in

progreés before the findings herein given may be extended°

SUM

=]

IARY OF COHCLUSIONS

Creep tests undertaken on Grades A and B carbon
steel at 850°F. by three different methods of loading, that
is, the up-step, the single-step, usnd the down-step methods,
- show the higher carbon steel (Grade B) to poscsess the max-
imum creep characteristics in all cases.

It was likewise found that the resulting observed
creep charaqteristics varied appreciably depending upon the

testing procedure employed. ith both steels the lowest



values for a rate of creep of 2,01 ner cent per 1000 hours
(1.0 per cent per 123,000 hours) were obtained with the up-
step method of testing, while the maximum values were ob-
tained with the down-step method. The explunation for this
is believed to be as follows. In the up-step method suffic-
ient time is not allowed for the msterial to assume its nin-
imun rate of flow and the raté reported is, tierefore, some-
vhat high. In the down-step method? the materiael has under-
¢one considerable stroin hardening under the relatively lurge
initial’load, and, therefore, assumes its minimun rate of
creecp more rapidly when the load is reduced to any ~iven
valﬁe. The observed creep characteristics chtained by these
three different methods of loading arev'iﬁen in Table I.
Because of the greater speed with which results
can be cbtained by the up-step method, and because the results
obtained by this method are always oh the safe or lower side,
it is felt that this procedure does have & practiczl iinport-
ance. It 1s believed, however, that the maximum actual creep
characteristics cun best be obtained by the sincle-step method,
or by the up-step method in which the time under each load is

increased to at least 650 hours, and preferably 1000 hours.



Table I

Effect of Method of Loading
on the , -
Observed Creep Characteristics of Grades i1 and B Steel at 850°F,

Stress for Designated Rate of Creep
Rate = Per Cent ner 1000 Hours

Metinod of lLoading N.01 0,10 1.00

Grade 4 Steel

Up-Step | 6,900 10,500 16, 000
Single-itep 9,800 12,900 16,900
Dovn-ster (1) 11,500 14, 000 16, 900
Dovn-sten (2) 11,706 13,500 15,800

srade B teel

Up-Ztep 12,000 16,900 27, 500

.ingle-Step 2,000 18,800 27, 000
Down-Step (1) 14,500 19,000 24,500
Down-sitep (2) 14,500 12,000 24, 500

(1) Criginal load maintauined constant for at least 590 hours.
(2) Original lomd maintained constant for only 24 hours.



Likewise, it was found that the method of testing
influenced the total amount of plastié deformation which
was obtained under any given load. In the majority of cases,
the largest amount was obtained with the singlé—step me thod
of loadiné, and this method also required the greater time
period before creep would proceed at a given constant rate.
If, however, in the other two methods oY testing, that is,
the up-step and down-step methods; allowance was made for
the plastic deformation which had occurred under the‘preced-
ing stresses, the total amount of plastic defomation in the
three cases would be more nearly equal.

The effect of the method of loading on the Hatfield
"Time-Yield" value was also considered. 4Again it was found
that in practically every case this value would be lower when v
the single-step method of loading was used than with the up-
step or down-step methods. This is again due to the greater
‘amount of plastic deformation obtained, especially during the

early stages of the test, with the single-step method of test-

ing.



PROCEDURE

The steels used in this investigation were the
same as those considered in the previous report on the "Qom-
parative Physioal’Characteristics of Gredes A and B Seamless
Steel Pipe at Normal Temperatures and at 850°F." The steels
were furnished in the form of seamless steel pipe and their

compositions are given in Table II.

Table II

Chemical Compositions of Grades A and B Seamless Steel Plpe

Chemical Composition, Per Cent

Designation Carbon !'anganese Silicon Sulphur hosphorus
Grade A 0.180 0.493 0.01 0.017 0.009
Grade B 0.408 0.917  0.21 0.031 0.014

The two steels differ primarily in their carbon,

silicon and manganese contents, with the Grade B material

containing the higher amount of these three elements in each
case. On the basis of the silicon content, the Grade A mater-
ial is of the rimmed or open type, while the Grade B steel is
of the killed type.

The only tests which were considered in this invest-

igation were the creep tests. The apparatus used in these



tests has been fully described in the literature.1 An op-
tical system which is sensitive to 2.8 millionths (0.00000283)
of an inch is employed for measuring the elongation of the
specimen and the temperature of the specimens is controlled
to within #2°F, Even with this degree of temperature con-
trél, however, the measuring system is sufficiently accurate
to recoéd the elongation and contraction of the specimen pro-
duced by the temperature variations. The elongation readings
recorded on the time-elongation curves given in this réport
are the average of the elongation and contraction ranges.

Three different procedures were used in the creep
tests. One consisted of the so-called up-step method of load-
ing. This consists of applying an initial loed of rather
small magnitude and maintaining this load constant until flow
has either stopned, at least within the sensitivity of the
measuring apparatgs employed, or until it has proceeded at a
definite fixed rate for a given period of time, this time
period geneérally being about 200 hours. Then the load is
increased and the process repeated.

The second method used was the down-step method,

and this differs from the up-step only in that the initial

‘lA.?.Thite, C.l.Clark, and L.Thomassen, "An Apparatus for
the Determination of Creep at Klevated Terperatures,” A.5.Y.7%.,
Fuels and Steam Power, Vol., 52, No. 27, p. 347, 193C. '



load is relatively large, and the loed 1is decreased rather
than increased, after the creep charactefistics have been
determined for any given stress. Two procedures were used
in this method of testing. In one case the initiclly ap-
- plied load was maintained constant for a sufficient period
of time to allow the fate of creep produced by this load
to.bg determined. In the second case the initially applied
load was held constant for only 24 hours and then decreaséd.
The first rate of creep obtained by this second method was,
therefore, that which occurred after the first reduction of
stress.,

The third, and last, method was that known as the
single-stép method. This differs from the preceding two in

that a dffferent specimen is used for each of the loads.
RESULTS
The creep results obtained by the different methods

of loading on the two carbon steels at 850°F. are given in

Figures 1 to 10 inclusive and in Teble III through VI.

Creep Tests'gg Grade A Stecl

As stated previously the three:types of load appli-

cation which were employed in the creep test on this material
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were the up-step, the single-step and the down-step method.
The down-step method was conducted according to tﬁo proced-
ures, In one case the original load was maintained constant
for 600 hours before it was decreased, while in the other

it was maintained constant for only 24 hours. The results
obtained on the Grade A material are given in Figures 1
through 5 and in Tables III and IV. Figures 1 through 4
sive the time elongation curves which were obtained, while
in Figure 5, the stress and the corrssponding rate of creep
ére plotted on logarithmic coordinates.

Table IIT summarizes the results which were ob-
tained., It is seen that four stresses were employed in the
up-ste> method of loadirg, five in the single-step method,
and three in each of the down-step methods. The stresses
employed ranged from 7,500 to 16,795 pounds per square inch,
and the time of test employed for each load varied from 340
to 890 hours.

The results obtained on this material indicate
that there is a considerable difference in the observed creep
Eharacteristics depending upon the method of loading which
is employed. It should be emphasized that sincé a given hesat

of steel should possess a definite set of creep characteristics
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at any gi?en temperature that the differences obtained are
not actual but only observed differsnces and are entirely
due to the different creep testing procedures which were
employsed. ‘It is also felt that many of the observed differ-
ences may be accounted for either on thejbasis of the time
_ factor or on the fact that in certain of the testing pro-
cedures useq the material was praviousl& placel in a
strained condition.

| | The effect of the time factor is well shown by

the results which were obtained from the two lowest stresses
employed in the single-step method of loading. The test |
under a strgss of 7500 pounds per square inch was continued
for 340 hours and the rate of creep during this time was
0.0iﬁ per cent per théusand hours. %With the stress at 9,225
pounds per square inch, the test was continued for 605 hours.
and the rate of creep obtained was 0.006 per cent per thous-
and hours. It is impossible for a higher stress to produce
a lower rate of creep phan does a lower stress and the differ-
rence‘obtained is, without doudbt, due to the variation in time.
.In obhéf words, it is believed that if the test under the
lower.sfress had been continued for a period of 600 hours or

longer, the rate of creep would have continued to decrease
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and would have Become less than 0.006 per cent pér thousahd
hours. Since, however, 340 hours is a time period commonly
used in the up-étep method of testing, it is believed that
the value of 0.0lﬁ'per cent per thousand hours thus obtained'
should be used as representative of results obtainable with
this type of loading.

From Table III it is evident that the down-step
nmethod of loeding yields the highest observed creep char-
acteristics, while the up¥step method ylelds the lowest.

The magnitude of the relative creep characteristics yielded
by the three méthods is better shown in Figure ©. 1In this
figure logarithmic coordinates are used and the rate of creep
is plotted against the stress which produces it. This method
of plotting 1is used because under mahy conditions of tempers-
ture and stress a straight-line relationship is obtained be-
tween stress and rate of creep. Results taken from this
figure are given in Table IV,

Figure 5 and fable IV show that the differences in
the observed creep charascteristics obtained by the different
methods of loading are greater at the lower rates of creep
than what they are at the larger. For example, the stresses
required to produce creep at the rate of .0l per cent per

thousand hours ranged from 6,900 pounds for the up-step method
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Table IV

Effect of Method of Loading
on the
Observed Creep Characteristics of Grade A Steel at 850°F,

Stress for Desi gnated Rate of Creep
Rate = Per Cent per 1000 Hours

Method 6f Loading - 0.01 0.10 - 1.00
Up-Step » 6,900 10, 500 16,000
Single-Step 9,800 12,900 16, 900
Down-Step (1) 11,500 14,000 16,900
Down-Step (2) 11,700 13, 500 15, 800

(1) Original load of 16,725 pounds held constant for 600 hours.
(2) Original load of 16,725 pounds held constant for 24 hours.

to 11,700 pounds for the down step method. However, the
stresses required to produce creep at the rate of 1.0 per
cent‘per thousand hours dnly ranged from 15,800 pounds to
16,900 pounds.

’ ' The fact that the up-step method of loading yields
the lowest observed creep characteristics is believed to be
due to the time factor. It is felt that in this method of
testing sufficient time is not allowed under any given stress
for the metal tokassume its minimum creep value. The fact
that the down-step method‘produced maximum values may be ex-
plained on the assumption that sufficient strain hardening

occurred under the original large load to enable the metal
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to assume its minimum creep rate in a shorter period of
‘time. Certain date in Table III substentiate this clainm.
For examplé, it is seen that with the down-step method of
loading the time required for the material to assume a
cdnstant rate of creep only ranged from 0 to 30 hours.
%With the other methods of loading the corresponding time
ranged from 70 to 575 hours. /

It is also to be observed that the down-step
method in which the original load was held constant for
600 hours gives a slightly greater resistance to creep

~after the first reduction of stress, that is, with a load
of 14,250 pounds, than does the method whereby the original
stress is maintained constant for only 24 hours, while at
the lowest stress employed, 11,700 pounds per square inch,
the converse is true. |

The explanation for the first of the above ob-
servations is believed to be as follows. "hen the spec-
imen is subjected to the relatively ﬁigh stress fTor the
longer period of time, a greater resistance to continuous
deformation is built up and thus when the stress is some-
what reduced it deforms at a smeller rate. This statement
is supported by the shape of the time-~elongation curve which

shows that when the original stress is only maintained for
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24 hours, considerable plastic deformation occurs at a
decreasing rate when the stress is first reduced before
creep proceeds at a constaht rate. When the original
stress is maintained for 600 hours, creep occurred at a
constant rate immediately upon the reduction of stress.

The second of‘the above observation§ may be ex-
plained on the assumption that for the lower rates of creep,
the ratevof recrystallization assumed greater importance,
and that since the specimen which had been held under the
Voriginal‘stress for 600 hours has undercone greater defor-

mation, it will also recrystallize at a more rapid rate.

Creep Tests on Grade B Steel

Tests similar to those above were also conducted
on Grade B steel at 850°F. The results obtained are shown
in Figures 6 through 10 and in Tables V and VI. Figures 6
to 9 inclusive give the time-elohgation curves which were
obtained, while Figufe 10 shows the results plotted to log-
arithmic coordinates. |

‘The results are summarized in Table V. Six
stresses were employed in the up-step method of ioading,
six in the single-step method, two in one down-step method,

and three in the other dowvn-step method. The stresses em-
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nloyed ranged from 7500 tb 19,055 pounds per square inch and
the time periods for each test varied from 305 to 785 hours.

| The resuits indicate Grade B stezl to be consider-
ably more resistaﬁt to creep at this temperature than Crade

A steel. In fact, in the up-step method of loading, this
material was able to withstand a stress of 11,700 pounds with-
out continuous creep. In the single-step method a stress of
14,250 pounds did not proéuce continuous creep.

The method of loading exerts the same general effect
on the observed creep characteristics of this steel as were
found with the Grade A material. That is, the up-step method
of loading produced the lowest observed éreep value, while
the down-step méthod yielded the maximum value.

The differences in the observed creep characteristics
as obtained by the different methods of loading can best Dbe
seen from Figure 10 in which the stress and the corresponding
rate of creep are plotted on logarithmic coordinates. Values
taken from this figure are given in Table VI.

From Figure 10 and Téble VI it is evident that as in
the case of Grade A steel there is an appreciable difference
in the observea creep characteristics depending upon the test-

ing procedure employed. In this case, however, the differences
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Table VI

Effect of Method of Loading
on the :
Observed Creep Characteristics of Grade B Steel at 850°F.

Stress for Designated Rate of Creep
Rate = Per Cent per 1000 Hours

Method of loading 0,01 0.10 1.00
Up=-Step 12,000 16,900 23, 500
Single-Step 13,000 18,800 27,000
Down-Step (1) 14,500 19,000 24,500
Down-Step (2) = 14,500 19,000 24,500

(1) Original load of 19,055 pounds maintained constant for

650 hours. -
(2) Original load of 19,055 pounds maintained constant for
24 hours. .

are not aé great at the lower rates of creep, and they are
more uhiform over the entire creep range. The stress
required for a rate‘of éreep of 0,01 per cent.pér thousand
hours ranged from 12,900 pounds for the up-step method to
14,500 pounds for the down-step method; For a rate of creep
.of 1 per cent per thousand hours, the creep sireéses range
from 23,500 to 27,000 pounds. In this latter case, however,
it is the single-step method rather than the down-step which
yields the highest results.

The explanation for the observed differences are be-

lieved to be the same as those discussed under Grade & steel.
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Lffect of-Method of Loading on Hatfield's Time Vield Value

As Dr. Hatfield's "Time-Yield' value is now defined,
it is that stress which, during the 48-hour period immed-
iately following the first 24 hours of the test, »roduces
a total‘plaétic deformation of 481nillionths-(o.000048) of
an inch per inch.

In the following table are given values which show
the deformation occurring during the 48;h0ur period immed-
iately following the first 24-hour period for Steels A and
B when subjected to creep tests by the single-step, the up-
step and the down-step methods of testing. In this tablel
are also given the computed values for the "Tire-Yield" value.

The values in Table VI clearly indicate that .in
practically every caseba larger plastic deformation is ob-
tained in the ?eriod between the 24th and 72nd hour when the
: sinple ~-step mthod is employed than with the up-step or down-
step methodg. According to these values the time-yield value
for Grade A steel at 850°F. would be 6,850 pounds vper square
1néh when the single-step method of loading is employed,
7,800 pounds for the up-step, and 13,500 or 13,300 for the
down~-step method of loading. The corresponding stress for 1
per cent creep per 100,000 hours veries from 6,900 to 11,700
pounds per square inch, depending on the method of loading em-

ployed.
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Table VI

Deformation During 48-Hour Period
Immediately Following First 24-!lour Period

Deformation During
Period from 24th Hatfield's Time-

21'

15, 900

Stress to 72nd Hour Vield Value Creep Stres:
Loading Lb./Sg.In. Inches per Inch Lb./3q.In. 14/100,000 Hr
Grade A Steel
Single-Step 7,500 0.000060
Single-Step 9,225 0.000070
Single-Step 11,700 0.200210 6,850 2,800
Up=-Step ¢,225 0.000085
Up=-Step 11,700 0.000150 7,800 6,900
Down-Step(l) 14,250 0.000060 |
Down-Step(l) 11,700 0.000020 13,800 11,500
Down-Step(2) 12,525 0.000035 |
Down-Step(2) 11,700 0.000020 13,300 11,700
| Grade B Steel
Single-Step 7,500 0.000043
Single-Step 9,225 0.000090
Single-Step 11,700 0,000075
‘Single-Step 14,250 0.000030
Single-Step 16,795 0.000200 10, 500 1%, 000
Up-Step 9,225 0.000053
Up-Step 11,700 0.000054
Uo=-Step 14,250 0.000080
Up-Step 16,795 0.000115 11,500 12,000
Down-Step(1l) 19,055 0.000100
Down-Step(l) 16,795 0.000015 17,700 14,500
Down-Step(2) 16,795 0.000090
Down-Step(2) 15,400 £.000025
- Down-itep(2) 14,250 0.200020 14,500

(1) Original
(2) Original

load maintained constant for at-least 600 hours.

load maintained constant for only 24 hours.
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¥ith Grade B steel at 857°F. the "Time-Vield"™
value for the single-step method of loading is 10,600
pounds per square inch, with the up-step method 11,500
pounds, and with the down-step method either 17,700 or
15,900 pounds. The corresponding stress for 1 per cent
creep per 100,000 hours varies from 12,000 to 14,500 pounds

per square inch depending on the method of loading employed.

COI'CLUSIONS

Cresp tests conducted on Grades A and B plain
carbon steel at 850°F. by three different testing proced-
ures allow the following general conclusions to be drawn
regarding the effect of method of loading on the‘resulting
creep characteristics.,

The higher carbon steel, that is, the Grade B
material, was found to possess the maximum cresp cﬁaracter-
istics at 850°F,., regardless of whether these values were
determined by the up-step, the single-step, or the down-
step methods. TFor a rate of flow of 0,01 per cent per 1000
hours (1.0 per cent per 100,000 hours); the difference be-
tween the two steels for ény given method of.loading varied

from 2,800 to 5,100 pounds per square inch.
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The observed creep values were also found to
vary considerably deoending upon the method of testing
employed. 1iith both steels, the minimum stress values
for a rate of flow of 0.01 per cent per 1000 hours (1.0
‘per cent per 100,000 hours) were obtained with the up-step
method of testing, and the maximum values were obtained
with the down-step method. In the case of the lower car-
bon Steel, Grade A, these values ranged from 6,900 pounds
for the up-step method to 11,700 pounds for tge down-step
method. The corresponding values for tﬁe higher carbon
steel, Grade B, varied from 12,000 to 14,500 pounds.

The explanation of these app;rent discrepan~
cies in the observed creep characteristics is believed to
be as follows. it this temperature, creep, especially dur-
ing the early stages of the test, is due to a combination
of strain-hardening and recrystallization. The recrystalli-
zation pfocess is necessarily very slow and the rate of
creep vill become constant only after an appreciable ‘amount
of strain hardening has occurred. In the up-step metﬂod of
testing, the initial loads employed are relatively swall and
the rate of skrain hardening is also slight. A considerable
period of time is, therefore, requiréd before the rate of

creep assumes its minimum value. Evidently, the test was
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not continued a sufficient length ofvtime in order for the
rate of creep to be at its minimum value. The results
reported are, therefore, low, ¥ith the down-step method
the conditions are different in that the initial stress

is relatively large and a large degree of strain hardening
occurs in a relatively short period of time. ““hen the load
is, therefore, reduced, creep proceeds at a uniform rate
almost from the start of the test.

The total amount of plastic deformation obtained
also varies depending upon the tbsting procedure which is‘
used, in practically every case, the greatest amount was
obtained with the single-step method. If allowance is made
in the other two methods, however, for the plastic deforma-
tion which occurred under the previous loads, the difference
between the three methods would probably not be very marked.

The effect of the method of loading on the resuth
ing "Time-Yield" wvalue was also determined. Again, it was
found that, becsuse of the relatively large amount of defor-
mation which occurs during the first hﬁndred hours or so of
the single-step tests, the "Time-Yield" vulues obtained by
this method were below those obtained by the up-step or

down-step methods.
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