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As-a result of the large number of-creep tests

which have already;been oohducted by the authors on various
types,of materials over a rather large temperature range,
and from purely-theoretical considerétions, they feel that
the factors which may influence the cctusl or the chbserved
creep charactefistics of metallic materi:sls may be listed

as Tollows:

| - Chemicsal Composition

Heat-Treatmént

Recrystallization Temnerature
Grain Size. ,
' . lMelting Prectice

Method of enufacture < Casting Prectice

: ‘Fabrication

Testing Procedure ’

Previous Deformation _

Many of these factors are overlapnins and it is

difficult to consider one without one or rore of the others.
fspecially is this true of recrystallization temnerature and

chemical composition, and to & somewhat lesser extent, of

rsrain size and heat-tresatment, or of method of wsnufacture,

heat-treatment, and previous deformation.



In previous reports, the authors hLnve considered
in detail the effect of recrystallizatioh temperature and
egrain size on the resulting crecp characteristics of a
seriés”of'non-ferrous alloys, and a papner on this subject
is being presehted before the June 1932 meeting of the
American Society-for Testing Materiéls.

Vefy little is availabie in the literature as to
the efféct of the various other factors, with the possible
'exceptidn.of chémical'composition, and 1% is for this nur-
pose'ihét a series of'investigatioﬁs,are being undertaken
to throw ahditiénalvlight on these various factors.

| The work hefein reportedbconcerns the seffects of
previousvdefonnation on the resulting crecp characteristics
x&nd,.inSQfaf as the authors are aware, it is the first in-
v formatibnvwhich is available on this question. 1In addition
to the créepvtests, the hardnéss, the metallbgraphic struc-
:tﬁre and ﬁhe’xfraykpattérns of the materisls have been deter-
mined voth vefore and after the creep tests. The results ob-

tained are presented in the following sections.
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SULIZARY OF CONCLUSIONS

'The results obtained from creep tests conducted
at 600, 850 and 1000°F. on specivens of Grade B steel in
the "as received" condition end after havinr been deformed
6 énd lz‘per_cenf, show the material in the "as received”
condition to possess the maximumbcreep resistance at each
of the temperatures considered. |
| ' Hardness tests and a metallographic and x-ray
examination was conducted on each of the specimens, both
before and aftér‘the creep tests in an attempnt to determine
~an explanation for the ofsérved results. The results of
thése tests, as well as of the creep tests, nre»summariZed
in Table I. |
The differences in tﬁe crezp characteristics at
600°F, areiobservéd to bhe very sli;ht,'but the magnitude of
the differences increaSes as the temperature is increased.
o differehces could be observed in the metallographic struc-
tures even thoughithe examinations were made at 1000 diameters.
Neither did the hardness values §how any decided
differences other thaﬁ a slight increase at 600°F. followed
by a gradual soffening as the temperature was increased. A

marked difference was obtained, however, by the x-ray study.
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The X~ruy pattern of the waterial in ths “as
received"” condition srowed the struéture te be free fTrom
rtrain, and also that no marked chances were hroliaecsd in
the structure by the crecp tests. The deformed snecimens,
on the cher hand, were observed to »oscess a stroined
structure in the "as deforied” coﬁ@ition'and this strusture
wae found to'be unstabvie st all of the tenneratures usad in
the creep tests.,

On the basis 5? thése findinze, it 1e, trerefore,
bélieved that the observea differénces in creep character-
istics are due to the "as recoived" matericl hevine a more
stalle structure at the tenneratures emoloyed in the creep
tests than has the deformed specimens. ..n unstoble struc-
ture impiies that ths crystals are in 2o ereater stiate of
mobility and will, therefors, deform wore readily under an

applied stress than i7 they were less mobile.



The material ctosen for this investication was
the ordinary commercial grade of Grade I steel. It vaos
obtained by The Detroit %dison Comﬁany fron the liational
Tube Company in the form of a‘seamiess tube with a wall
thicknéss of 3/4 inches. |

| The chemical composition of this metericl is
riven in Table II,
Table II
Chemical Composition of Grade B Ceamless Lteel Pipe

Designation Chemical Comnosition, 7er Cent
v Carbon .anganese oilicon (ulphur Phosphorus

Grade B 0,408 0,917 = 0.2 0,031 7.014

The tensile properties at room tempnerature were as follows:

Table TII

Tensile Provperties at 80°F, of Crade 3 leamless lteel Pipe

Tensile Yield Prop. reduc-
Strength Point Lirit Zlongation tion of
Lesicnation Lb/sg.In, Lh/og.In. Lh/ig.In. ¢ in 2 In. iTrea--
specified 62,000 35,000 25,0
48 Received 90,300 43,000 30,000 23,0 46.4



The materiél was cubjzacted to creep tésts at
600, 150 and 1000°F, in the "as received" condition and
after ha#ing been plastically'deformed & and 12 per cent
&t room temperature previous tc the nctual creen test.
Thevdeformﬁtion was accomplished on machined, standard
0,205 inch Qiameter_test specinens an: the deformetion
referred to, that is, 6 and 12 per cent, was that which
was obtained over the two-inch gage section of the test
piece. In other words, the deformution refers to the in-
crease in ;ength of the test plece rather than to its red-
uction in area.

- A1l the specimens were subjected to metallographic
and X=-ray examinatioﬁ, both before and after the creep tests
at the various temperatures. -The x-ray method of examina-
tion was used as this is more sensitive than the metallo-
grsﬁhic test iﬁ»détacting the presénce of strains within a
métallic material. 'All the\exmninatibns were conducted on
longifudinal specimens.

Herdness values were also taken in all cases to
detenniné.whether or not the creep test onroduced any chaonge
in the hardness of the.oririnal-specimens.

In the creepbtesfs.at the various temperatures,

only one loacd was used in eacn case and this load was so



selected that a definite rate of crecp would be obiuined.

nmiination of the complehe creen churoctariciics » t Ny “iven
temperature, but it wae believed thaut t1is ethod veuld
clearly bring out uny ¢ifferences in ereen chariciiristics

vhich micht exist due to ‘he aount of ovrevioas deferaticn

vhiech the zcioeciwen had underrone.

The results of the creep tests, the hourdness tests,
and the metalloecraphic and z-'2y exanlinction arc civen in

the following sections.

~

Creen Tests.

is stated oreviously creep tests were conducted ab

~

600, 850 and 1000°F, on Srade B stecl in the "as racsived”

(
C
o
—
v
joh
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condition and after havins been sreviously deformsd
pér cent at room temperatures,

Tests at £00°", The cresp tests at 600° , were
conducted on each of the threc specinens under a stress.of
24,200 pounds per square inch and the tests were continusd
for 570 hours. The results which were obt ined are iven in

Tigure 1.
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Trom the figure it is evident that wll three
specirens underweht the samne clastic deformation upon the
anplication of the loai; but thersafter the amount of def-
ormation obtained varied. The specimen in the "as reccived”
condition suffered the least amount of totnl deformation,
while that deformed 12 per cent sossessed the rreatest, The
differences were not sreat, for that of the "as received”
specien was D.70133” inches per inch, ihat of the snecimen
deformed 6 per cent was 0,001476 and that of the =
deformed 12 pef cent was . ,0C01380,

4s for the uveragze rate §f crer) ohtained for £ o
different snecimens during the latter part of the tesi, it
will be observed from the figuré that whils the ""as recoived”
specirien was creepinx at 5 rate of 0.01% ner cent ner 1000
hours, the’corresponding values for the spscirtens deforaed
6 and 12 pver cent, were 2,018 and 0,220 ner cent resnectiively.
igain, the differences betwecn the three specimens 1s not
very grqat, but the "as receivéd” specimen does »Hossess the
ﬁaximum creep résistance, and the soecilen with the greater
amount of previous deformation, the lowest.

On the busis of the results at this te:nerature,

it may be sald that previous deformation decre-ses tc 2
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slight extent the ability of this steel to resist crecp,
4t least when stressed tc = load of 24,200 pounds per sguare
inch,

‘Tests at 850°F, The creep tests at 2707, vere

-

conducted on each of the threc specimens under a stress of

), 055 pounds per square inch and the tests were continued

10]

1

(4

Tfor periods from 583 hours to 6°3 hours. The results which
were obtalned are given in Ficgure 2. |

As was the case at 600¢%,, 2ll threc specimens
underwent practically the sume elastic deformation upon the
~application of the load, but thercafter the "as received"
specimen sufferad'the least, and the more severely deformed
specimen the greatest, elastic plus vplastic deformation.
"hhe differences between the three specimens is much more
marked at this temperature than was true at the temnonerature
previously considered. Ior example, the total elastic plus
plastic deformations suffered by the "as received" énd fhe
specimens deformed 6 and 12 Der cent were, at the end of
' 550 hours, 0,002450, 7,004130 and 0,005040 inches ner inch
resnectively.

Also, if the average rate of crecp occurrin: dur-
in:s the lattérvportion of the test be considered, it will

he found that while, in the case of the "as received”
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specimen, the rate of crecp &as 0.10 psr cent per 1000
hours, the corresponding values for the ¢ and 12 per cent
deformed specimens were 0.198 and 0.295 ver cent ner 1000
hours.

| On the bhasis of the results at this temoerature,
it nay, therefore,.again be saild that previous deformation
decreases to a rather mnrked extent the ability of this
steel to resist creep, at least when the stress considered
is'19,055 pounds per square inch,

Tests ot 1000°F, The creep tests at 1000°F. were
conducted on each of the three specimens under a stress of
£,000 pounds per square inch and the tests were continued
for neriods verying from 525 hours to 670 hours. The results
v':ich were obtained are given in Figure 3.

As was true at the two temperatures previously con-
sidered, the "as received" materiasl undergoes the least amount
of elastic »lus pléstic deformation, while the more severely
deformed specimen suffers the greatest amount., TFor examonle,
the respective amounts of élastic olus plastic deformstion
obtained during 9525 houfs with the "as recceived" and the 6
and 12 pef cent deformed specinens were respectively 0.000980,

0.002600 and 0,003330 inches per inch respectively.
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IT the nverége rate of creep occurring during
the latter portions of these tests be considered, & some-
what different condition will be found to sxist thun was
true éf the previqusly §OLsidered temperatures. In the
other cases,‘ﬁhe rate of creep inercased with iicrc%sing
amounts of previous defor:ation;. A1 This tesserature, hoﬁ-j
ever, 1005°F., it is found that vhile the "as reczived”
material still possesses thg lowest rate of creep, the
maximum is possessed not by the spéciman deformed 12 zer
cent, but by that deformed & per cert, Tﬁe thres rotes of
crecp obltained are 0.152, 2,274, snd 0,325 per cent ner

000 hours.,.

The curve répraseﬁuing the recults obtoined on
the specimen deformed 12 ner cent, houcver, is father ir-
regular and there are certuin portions which show = mueh
higher creep rate than the averase which is reportec, The

ES

irregularities in the curve are not felt to bLe due to exper=-
irental defects, but rather to marked recrystallization which
is vithout doubt oceurrins within the snecimen, This soint

will be concsidered later in the report.



Hardnzsss Tests,

The hardness of each specinen was determined
both before and after the creep tests at the verious ten-
peratureé. The Rockwell machine was used, snd in the ecase
of the compléted ereen test soscimens, readings wers tuken
"both on the’shoulders énd over the pooe section.‘ The
results obtained are ~iven in Table ITV. |

It will be observed that, in the ‘cose of spec-
imens before beiny subjected to the craep tests, the deflor-
ﬂaﬁions emplpyedsresqlts in only a very slicht incre=se in

he hardness. Tor example, the materiz:l in the "as received®

xardneSS‘values of the spébimens deforJed O and 12 »er cent
were only 86.1 and 87,3 reshectivel .

}The creep test at 800°7, under 5 stress of 24,200
pounds per square 1ﬁch resulted in a sli-iit increase»in nard-
néss in the gage Section o® each of the s»Heci ens. This con=-
dition is comﬁonly observed whan cold vorked materials are
slichtly heated and is bhelieved to be due to an &ge-hardeninq
effect, Again, at this terneraturs, the »reviously deforred

specimens are sliohtly herder than the "os racsived” one,
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Teble IV

Effect of Previous Deforuation and Cresp Tests
at Indicated Temnperatures
on X
The Hardness of Grade E Steel

Temp. of Tie of Rockwell "7" Tardnesc™

_ Crecp Test Cresp Test 1/16" sll, 100 To.iocad
Condition Deg,Fahr, Hours Choulder GSage Shoulder
As Received ‘ 84,0
6~ Deformed 26,1

k4

127 Deformed 7,3
is Teceived 600 70 82.5 27,0 80,0
67> Deformed 600 570 26,3 01,2 PE.0
127 -Deformed 600 ' 570 86,7 4,1 82,0
8 Received 850 673 7¢.0 RO ,3 77,0
67 Deformed - 850 583 R1.3 R7.3 72,0
127 DHefored 850 603 26,3 Q0,7 80.3
s Received 1000 £70 D3 75,0 7259
6 Deformed 1000 520 VAN £2.9 74,0
127, Deformed 1000 670 7R,Z R2.3 76,3

&
Values are the averaze of ot least Tive rzadings,



The creep test at RH0°F, resulted in a slickt
softening of the specimens, 2s compured to the values
obtained at 600°F., but the hardness vulues of the prev-
_iously deformed snecimen are still somewhnt higher than
what they were before bein: sﬁbjected to the crecp test.
'In.nq case; however, is ths observea change very :arked,
The creep test at 100077, has resulted in a

further influencing of each of the specimens =nd all of
the values are now lover than what they were before the
creep test. =ven thoush these tests were conducted for Z256
hours or ﬁore, the hardness values of the »reviously de-
formed snecimnens are still hicher than thét cf the material

in the "as received" condition. Both of the deformed spec-

imens, however, possesc the same hardness.

Vetallographic ixamination,

?he metallographic structures of each of the threc
specinens were examined hoth before and after the cresp tests
at the variousvtemperatures. "The results obtained are shown
in:Photomicrographs 1 throush 12, 1In ordef to be h;tter able
to detect any structural chaunges, the examinations were rade

st a magnification of 1000 diameters.
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Photomiceroaranths 1 to O inelusive ghow the g1 uc-
ture of the steel in the "as reccived” conuibtion and (Tter

havine ben deformed . 6 nnd 12 »Her cent, wren at the o=

o)
Py
M
o
L
Q
¥
i

nification used no =oHnrecinhle strein hardenin- is dous

abie even in the spnecimen defowied the rreatest mount,

It does anperr, however, that the pearlite in the doTorned
specimens is sonewhat more diétinctly laomine ted than whot
it is in the ":s reccived” condition.

Photonicrogranhs 4 to 6 show the correspending
structures after the s»nacimens had been subjiectel to orsown
tests at $00°F, for 570 hours., o visible struectural crinrses
have occurred during the creep tests at this temurature,

Photomicrogranhs 7 to O show‘tho structures af cer
the specimens had becn subjected to crecp tests at 70077,
‘for periods ranging from 783 tb 638 hours. agoin, no visiblsz
structure change has occurred,

Phpotomicrosranhs 10 to 12 <low the structures after
the 'specimen had becn subhjected to creen tests at 120277, for
periods rahging from 525 to 670 hours, .fter this test, the
; 1 .
pearlite of the stecl in the "as reccived” conclition scenms 10
he somewhat less distinctly laminated than vas true after the
previous tests; but the deformed snecirens still nossess =&

distinctly laminated structure.
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Consldering these nhotomlerosrashs ng & vhole
it way be said that no marked structurael ~hanr-es wers -y

v

duced, eithar br the deformations of & and 12 ner cent =

roon temnerature, or hy the creep tests to whiech they vers

«ftervards subjectad,

-

It is felt Lhat this sh uld not he toren tH —con

however, that no chianses are actunlly oceurrire, for cory

nay be takin- nlace which are of :uch o tybe, or of ruch
order cf magnitude, thet the nmetellosraphic erxaninatinmg

not able to detect thern.

“~ray Sxaminetion.

In order to Cetemine whether or not chanses vore

ectuclly taking nlace that could rot be detected v etllo-

grephic means, specimens of the stesl in the "ug recuive

condltion and after hevin: heen deformed ¢ andg 12 ser cent

were subjected to x-roy exuning tion, bhoth before snd afte

the creep tests, at the various temneroiures,

g

vy

L

nmethod of examinaticon is much ore sensitive thon the metell

graphie one, and i any chances un cceur, they shcoull he
to be detceted by x-rav exemirn tion even thou~h *“hey are
glirbt., The results obteined are shovn in Tiures 4 and

.
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Figure 4

X-Ray Patterns of Grade T Steel
Before and After Creep Tests at 600°F,

w

"As Recelved”

Deformed &

= Deformed 12%

"As Received" Creep Test at 600°F,
6% Deformed, Creep Test ut 600°F,
12% Deformed, Creep Test =t 600°F,

HD QN Yy
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Figure S

X-Ray Patterns of Grade B Steel
After Creep Tests at 850 and 1000°F,.

As Received, Creep Test at 850°F.
6% Deformed, Creep Test at 850°F,
127 Deformed, Creep Test at 850°F,
As Received, Creep Test at 1000°F,
6% Deformed, Creep Test st 1000°F,
12% Deformed, Creep Test at 1000°F,



From these two figures it is evident that cer-
tain changéS‘have occurred within the specimén due hoth
to the defdrmation at room temperéture and to the creep.
tasts to'ﬁﬁidh the-speciuens vere aftervwards subjected.
It Will‘be observed that with the material in the "as
received“ conditioh, k—rayvdoublets are éigtinct and
sharply defined, thus denbtin@,the ébsence:of “ny apprec-
“iable straiﬁ Wiihiﬁ the material. . In the case of the spec-
imens:whi§h ha#e been deformed, h0wever, the doublets-are
not distincf1& defined, thus denotihg the presence of

stf@in.
| With theispecimeﬁé subjécted to the creep tests
at'600°F., the doﬁblets gre dgain clearly defined in the

case 6f,the.sas rééeived"'matériél and indistinct in the
case'of‘thQSe which were ofiginall& deformed., The doublets
of thé'defqrmed spécimens,?hoWever, are not quite as in-
definife‘aévthey were in the "as defofﬁed" coﬁditipn. This
Shows,tﬁé fgcts:a firét, that the stress employed, fhnt is,
24;200 pq@nds, w&s not sufficient at this temnerature to
Jproducq apprecigblekstrain hardening within the "as received"
speciﬁen_and second, that'the temperature and stress condi-
tioné'wéféfnotnsuitable fo pfoduce very mﬁch recrystallization

in thé'previously'deformed'specimens.
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"With the'specihens subjected to the creep tests
at ‘850°F., the doublets obtuined with the "as received"
matérial»aré again clear and distinct. Thbse from the
previouély deformed s?ecimens are much clearer and more
distinct than what they were after the 60JCTW, test, but
&re'no£ as definite as those obtained from the material
in thé "as received" condition. This in@iCateé that some
recrystallization has occurred at this temperature, but
that‘the’recrysﬁallization has not been complete.

-Aftér the creep tests at lOOO°F.,'£he x-ray doub-

leté obtained’from all three‘specimens‘are exactly similar, .
andbare:very éharp and distinct. This indicates that suf-
ficient recrystallization has O§curred to remove all the
strains which were'originally ﬁroduced by the deformationé

of 6 and 12 per cent ap room temperature.

EXPLANATION OF RESULTS

Since it is a recognized fact that cold-working
increaseés the strengﬁh bhafaéter;stics of steel at room tem-
perafuré, somg metallurgists have accepted the belief that
such will 4180 be the case at elevated temperatures., In

- fact, one metallurgist has questioned whetherlor not the so-



‘called first stage of creep could not be eli-inated throu-k
previous workings and'thus the cnount of deformation occur-
ring during the creev» testbcould be-considernbl; recuced.

- The results berein»srssented indicate that cold-
working decreases a ste°l’s ‘ability to withstund crecp, at
least at temneratures of 600, 850 and 1000°F,, and with
the loads in question, and it is believed that these find-
ings are consistent_with what should be expected from theor-
etical cpnsidéfations.

As a general rule it may be said thst the material
wrich possesses the most stable structure at tnv Tiven tem-
'peraturs will also possess the greatest creen resistancevat
‘that same temperature. If a metal's structure is unstable
it is implisd_that fhesmolecuiss or crystals are in a mofe
mbbile condition and nossess a'tendency to change into a forn
'ﬁhich_will‘make them more stahle. Because of this greater
mobility,’aﬁy appliéd stress shruld cause the crystals to
deform to-a greater extent than would be the case if they
were already in a stable co»dition.g In other words, if a
,metal's structure is in a strained condition, the crystals
ﬁOSSess‘é'greater,téndency to move, and so can be more easily

displaced by an apnlied stress.
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If now the x-ray patterns of the materials are
referred to, it will be seen that while the structure_bf
the;ﬁéé-:éceived* material is the same both before and after
,the creeﬁ-tests;‘those of the deformed specimens are changed
by tﬁé c?éepftests, even by the ones conducted~ét’600°?.
The re;éﬁionship ﬁetween'the'structure and the creep results
‘is; thérefore,,ih agreeﬁent with the explanation outlined
abave.' o | - | |
_‘The time-e1ongation curves obtained during the

creep te;té,vagd shown in Figures 1 thfouah’s, also indicate
the "és received" ﬁateriallto'possesthhe more stabl~ struc-
ture, It will be.obsérved thaf especially at 600 and 850°-,,
the curve for the "as received" meterial is considerably more
regular and uniform than are those obtained for the previous-
ly deformed specimens., It is felt that this difference is
due to the fact ﬁhat in the case of the "as received" mater-
‘iai, ﬁhe deférmation is entirely due to the apolied stress,
while ih:the case of the previously deformed'specimehs, the
observed changes are due to the applied stress plus structural
bohanges Whicﬁ are-occurring.at more 6r less irregular timé
intervals,

The question now arises as to whether or not the

observed structural changes at 600°7"., are .ue to actual
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recrystallization'within the metal, or to other qhanges.
This question is one which is receiving considerable’atten-
tion at the présent time and on which there is as yet no
égreement. - It 1s felt by many that because of the great
Sensitiﬁity.Qf.the x;ray, the observed changes aré.due to
;SIight reafrangements'Which may occur at temperatures con-
Siderabiy~b910w the recrystallization temperatures. Others
feel:thétfthiskfirst observed change, no matter how slight
it fs, should be considered as the lowest recrystallizétioﬁ
température.' | |

" If this latter view be accepted, it will Ee necess-
ary to deéidedly lower the temberatures which have formerly
been:seIQCted asfrepresenting the lowest temperature of re-
: crystallization. For,eiample,:oﬁ the hasis of the work here-
“in recorded, 1t will be neéessary to place the lowest tempera-

ture of recrystallization of Grade B steel bhelow 000°T,

CONCLUSIONS

Creep tests were undertaken at 600, 850 zand 1000°F,
~on specimens of Grade B stecl in the "as received" condition,
~and after having been previously deformed 6 and 12 per cent.

Attempts were made to expluin the above results through a
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~conmparison of the hardness values, the metallographic
structures, and the x-ray patterns of the specimens both
before and after the creep tests., The following conclu-

sions were reached,

Crecp Tests.

The creep test results showed the "as feceivad"
materiél'toApossess the maximum creep resistance at the
three temperatures Which were considered and the most severe-
'ly deformed.spec1mens to possess the least. lMoreover, the
differéncas between the "as received" and the deformed spec-
1iens were more marked at 850 and 1000°F, than what they

vere at 600°F,

Hardness Tests.

The hardness tests conducted on the spécinens be-
fore and after the creep tests showed very little difference
in hardness to have been produced either by the initial defor-
mation or by the creep tests. The creep tests at 600°F, pro-
duced a slight increase in hardness, while those at 850 and
1000°F, caused a softening, In no case, however, were the

differences very marked.



Metallographic Examination.

The metallographic examination showed no apnrec-
iable structural changes to be caused either by the initial
deformations of 6 ana 12 per cent or by the creep tests,

- even though a magnification of 1000 diameters was employed,

X=ray Examination.

The.x-ray patterns of the "as received™ material
showed 1t to be practically free from initial struins and
also tq'undergo no marked changes during the creep taests.,
The ﬁatterns’of the 6'ahd 12 per cént deformed speclnens
shéw the materials to possess a sﬁruined structure before
the crecp tests and that the creep tests at 6007, »ro-
duced a slight change in the oricinal strﬁcture snd a pro-
nounced changed in the 830°¢F, and 1000°F. tests. In other
words, the étructures of the strained specimené were tend-
ing to return td a stable condition at 600°F. =nd 850°F. and

had returned to such a state at 1000°F,

Explanation of Observed Results.

It is believed that the superior creep resisting
ability of the "as received" materizl at 600, ££0 cnd 1000°T.

is due to the fact that its structure at these temperatures



is in 2 more stable condition than are those of the s;;»elc—
imens defored 38 and 12 per cent. DBecuuse of this condi-
tion, the erystals of the "as recoiired" metericl are in a
less :ﬁobile corndition and will not, therefore, bLe us free
to move under an applied stress as will be the case with

2.

the two deformed specimens,



Conitition

o, 2 Gra=de B Steel : Mo, 3 QGrade = ~tecl

Deformed & (old reformed 127 Cold
#x1000D X1000D



No. 4

Creep Specimen at 600°F.
Previously Defommed 6%

Grade‘Bisteél

Creep Specimen at'600°F.

Tested in is Recelved
Cordition

Toud: 24,200 Tbh./%n,In.

Time: D70 Hours

Load: 24,200 Lb./Sc.In. L

Time:
XlQOOD

570 Hours

" Grade B Steel
" Creep Specimen et

Time:

600°F,
Previously Deformed 12~

Load: 24,200 Lb./Sq.In.

570 Fours

X1000D



No. 7 Grade B tteel
Creep “pecimen at A50°T,
Tested in is Received

o 2
Concitio:
) b

L i

¥

No, 8 Grade B Steel Mo, 9 Grade B Steel
Creap Specimen #t 8L0°F, Creep “pecinen at 85077,
Previously Deformel 67 Previously Deforned 12
Loed: 19,055 Lb./ z.In. Loed: 19,005 Lb./s5c.in.
Tine: 587 Hours . Time: €A7 Yours

X1000D £1000D



No. 10 Grade B Steel
Creep Specimen at 1000°F,
Tested in As Received
Condi tion
Losd: §,000 Lh./Sq.In.
Time: 57% Hours
¥1000D

No, 11 Grade B Steel No. 12 (rade B Steel

Creep Specimen at 1000°F, Creep Specimen at 1000°TW,
Previously Deformed 6% Previously Deformed 129
Load: 5,000 Lb,/Sq.In, Load: 5,000 Lb./cg.in.
Time: 525 Hours Time: 670 Fours

X1000D X1000D
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