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This report sebs forth results obbtelned from

ruphbure tests, ol sporoximately L hours

the stesls used by batbelle demorial Ing:
1‘ ibion of tne influence of manufscturlong verisbles on the creap
f@*lsbajce of steels.

4% each of tne temperatures considered, sustenltic grain

s8ize, as proouced by ueat~tfeabmepb as the same general influence

&

9

on the 10 hour rupture strength 8 on the creep raLf as deternined
in 50O hour tests, For the given heut-treatments, MOW@very the
atio of the creep rates of the fine and cozrse Muﬁteniule gpe ined

steels renged from 2.41 to 47.33, while the corresponumﬁ& range in
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the ratio of tie 10 nour rupture strength of the [ine and coarge
sustenitic gralned steels wss from 0.65 to 0.90.

o

These rssults therefore indicate variations Iin austen-
itic grain size to nave a more uniform influence eﬁ tue 1O hour
rupture strength then on the 500 nour creap rates. In fact, In
the cese of the rugtﬁfe strength, the range in this ratio be-

comes even less when proper consideration is given to the max-

inum va tion in tue austenitlc grein size ol the steels being
compared,

TNTRODICTION

'1' . 3 3
A report” was presented before the 1988 lnnueal Convene

tion of the 4.5.T.i., on the effects of munufwcturing vaviubles on

the creep resistance of steels. The ciief varilable conside
thils study weas the asustenitic grain size and, on the basis ol H0(
ﬂ&ur'creep tests, it was found that for guch of the 12 steels con-
sicered the coarse«grained sustenitic steels possessed a lower
ereep rate, that is, & greater‘creag strength, than the correspond-
ing fine-grained steels at the temperatures employed.

4t this sawme Convention & reportg w&s llxewise presented
wuich indicated that short-tioe rupture tests offeres & poss 1ni31vJ

of repidly classiifying steels of the sane tygse with respect to

Cle  Mgtudy of bffects of Menufacturing Veriebles on the Creep

Resistance of Steels.® H., C, Cross wnce J. G, Lowther,

£. Maccepbability Tests for High Temperature Charwcteristics.”
Lo B, White =zund C, L. Clarx.



rneir relative order of creep strength. On the basls of this
workL, however, U100 cefinite conclmsibns were not permissible as
only fiﬁe steels were consldered znd, furthermore, the creep
resistance of only three of these steels was known.

In order to obtain further information withh respect o
the relative merits of the short-time ruplture test Lt was D~

L

g...‘u
o

eved advisable to subject o this test certuln of the ste
uged in the study of manufsciuring varlables. Silnce the creep
characteristics of these steels were elrvesay known Lt could thus

be determined whether or not the steels would |

same relative order on the basis of the two tesis

‘wpnica have been obtalned sre contained in the present veport.

STERELS INVESTTGLTED

Tne steels used in this investigeation were obtulned
from bhattelle Memorisl Institute in the form of one inch bars.
Information with respect to thelr chemical composition, nelting

practice, melting process and deuaid-Elin grein size are given

@

in Teble I. With one exception, the steels are of the plain
carbon type, conteining 0.55 to 0.8l per cent carbon. Steel 353

likewise contains 0.18 per cent vanaolium,



Table I

Chemical Composition of Steels Used in scceptabllity Tests

pteel o

vesig- Caemnlcal Composltion, Per Cent al. Acuﬁm detuald- ﬁhﬁ

gitjon [ Jn 2 8 i ¥V zlon, & . Process _Grain fig
oL 0.46 0.54 0,016 0.030 0.8 =ww= 0,105 casic 0.d. 5 to 7
be 0.51 0.7% 0,018 0.03% 0.21 -~~~ 0,10 Lasic 0.1, b to 7
828 0,87 0,70 wowww wowme 0,16 0,18 —wee cocvnmnn 5
£=20 0,35 0.55 0.016 0.030 0.19 -www 0.06 Lasic J.d, 7 to 8

~

~Tune steels were glven the ssue neat-ireatments &s e
ployed by Battelle and specie &l cure was tezen to have all the
detells In strict zccordance with those previously used in order
that the resulting grain slizes would be the sane., 4 poftioﬂ of
each steel was heat-trested to produce & Iine wustenitvic grain snd
this treatment consisted oi air cooling from either 1550 or L600°F,
The remuining portion of each steel was heat-treated to produce a
coarse austenitic gfaino The temperatures for this aumaaﬂm-v*yieé

1 1800 to £000°F,

The microstructures of Cherts 1 to 4 show tas sustenibic
grain size for each of the steels in both cehaitienﬁ ol neat-treate
aent and tiese sunme results are sumnarizea in Table IIX,

I1 the results of Table IT be compared %qu those . prev-
‘iaasly reported by Lattelle very goou wgreement will be found +o
exist. Blight differences sre founo in deat £33 in tint the grain
size variations in tie coarsened steel was yreviously rfound to range
Irom & to &5, ena in tue case of Kwﬁﬁf‘tue srevious range was Irom

0 to 3.
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Tsble 1L
austenitic Grain Size haen Subjected to Designsted Irestuents

Steel Heat-Tlreatment .
besisnation : beg. Fahv, sustentitic Orein Sire

HE-1 1BB0, 45 nmin. 6 to 8
HE~E 1800, 45 min. £ to 4
561, 1550, 45 min. 6 to 8
BEmg 1850, 45 min. £ to 4

SdS=1 1600, 1 hr. ) 8 }
S3B~L 2000, 1 hr. & to
£=-£0(1 1550, 45 min. 8
L-204{& 1200, & hr. & 6 hr. 1 o
PROCEDUHE
Uescription of the apparatus and procedure employed in
fue short-time stress-rupture tests were glven in toe eariler

[ .
9 .. D dely st 3o ey o AT e I OV R
relort. £8 9?@Vi0ﬁ$i} stated the test is relatlively simple in

that 1t consists of fracturing « serles or sgpeclpens b ezch Leme

erature unger fixed loads so chosen that the resulting 1
times vary from & few ainutes up to & maximum of 15 hours. The
stresses and corre&oaﬁulu@ fracture times, when plotted to loge
aritomic coordinates, form an agpﬁoximately45t?aigh£«liﬁe reliw-
tionsiip at each of the temperatures. It is ﬁhuS'gOSSibl@"ﬁO_
deternine the stress corresponding o a definite fracture time,
such as 10 hours. |

In tane present Ilnvestigatlon, speciuens ov each of the

rour steels were given botih of tie neat~treabnmntu llstea in Teble
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II. In each case the specimens heat-treated &t the lower tem-

serature posséssed a fine zustenltic grain size and those heat-
treatea at toe nigher temgeratdrg Jossessed & course austenitic
grain slze. The results obtainea will, tnefeforeg indicate the

iniluence oy wustenitic grain size on tne rupture strength.
x) U.Lt ”"

Tiie results obtained from stress-rupture tests of a
maximue of 15 houvrs duration on these four stesls dre shown graphe
feslly in Figufes 1 to 4, Ilnclusive, @nc likewise given in Tﬁbl@g
IIT througn VIII.

The four fig @8, waleh are plotted to logarithuic co-
oruimutes, clearly show the coarse grained zustenitic stscls to

Lo
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the greuter rupture strength at each of fthe temperatures
consicuerec. Tne cllference in strength between theée course and
fine austenitic gralned steels appears to be reletively constant
for Steels Sk, L6 and 325 and of & greauter oruer of magnltuds fof
bteel £~20,

ﬂables III through VI contain, in zddition to the stresse
ana corresponding fracture times, information with respect to the
auctility of tue Irractured SQecimens.v bven though'tne testing time
periods in tnese tests are relatively short, the auctility velues

do give un 1nd10ution of the intluence of time snd stress on both
&



the eloﬁgation and reduction of wresa. Witk 1l the steels ﬁe
guetlility of the course sustenitic grein steels is less thun that
of tiie ine-grained steels. In the cuse of Steel 5% the aiffer-
ence 1s not of « lafga order of ﬂagnitude Aol bs th gruain slzes
would be sald to possess wmple ductllity. With th@ rensining
tﬁree steels, ndwever; tae ductillity of the {ine~gruined struc-
ture is wample but tnat_of‘tue coarse~graimed is lov, the elonga-
tion being below £0 ver cent. Especlally 1s this true with §ﬁe@1
535 at 650°F. ana Steel £-20 at 850°%k,

FxY e

Teble VII summarizes the vesults from both the 500 hour
cregp tests and the stress-rupture tests, wnile Table VIII shows
the comparative influ@nce'of austenitic grein size on bobth the

creep and short-tine rupture strength. In tois toble tae

i

ison In the creep strength 1s made on tue ratio of creep ?at,hs

&nd 1m the stress-rupture stronéth, on the rutio of the stresses
requirea for fracture in 10 nours.

The values of Teble VIII show the ratio of the creep
rates to runge fromlz.él to 47,86, The large varistion in this
ratio way be partly due to the fact that the creep rate veries
gs some power of the stress and likewise becsuse certain of the
200 hour creep tests entered the third ut'”@ wnlle others remsined

in tie aecond stage. In other words, certein of these ratios come

pure third stage creep rates with secono stage creep retes snd the

renge would have been consiuersbly less it the “B?D%b&S asd been

$0 chosen that all the specimens remsined in the secona stage.



In tne oaac ol the ruyture strengith, the range in the

-

io is only Irom O.65 to 0.30. lFurtihermore, this observed
range in the ratio is directly gropurtional to the difference
netween tihe extremes of tae Qusubﬂltic grain size considered,
Por ex&ample, in bteels B and 56 the {ine custenitic grain size
nad a reting of 6 to 8 snd the course é rating ol & to 4 or an

Lxd

average difference of 4 grain size numersls. lor both of these
steels tue range 1n the ratio was only from 0.84 to J0.30. Tor
Steel ﬁ—SO,'an EVETr&age wifference of 6 grain size nunerals existed
and tie average ratio was lower, belng approximately 0.67. In
obher woras, as shbuld be expected, the superiority of the coupse
grain structure over the fine grain steel increwses as the rela-

tive spreud between the grain sizes consicered increases.

DISCUSSION OF RESULTS

on the basis of these results it is to be coneluded

that both the 500 hour creep tests ane the 1O hour siress-rupture

{".

tests show the coarse grained austenitic steels to possess the
superior anigh temperature strength &t the terperatures consicered.
The stressvrugture test, nowever, shows the influence of the graln
size effect to be constant in all four steels anc :© each of the
temperatures considerea. On the other hand, the creep tests do
not show & consistent degree of iwmprovement in the high tenyera-

°

ture strength with increasing grain size.
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The stress-rupture test likewise shows tiast even

though increased hilgh temperature strength results from & coarse

wustenitic grain, [ull advantage cannot slweys ve teken of this
fauct veceuse of tie low high temperature Guctility which results

in certain of tie steels considered,



Pable III

Stress-tupture Lata for Steel 5E

o _ o Heductlon
Heat Temperature wiress Tige Llongation 0l Ares
wagber _Deg. fanr. Lb./Sq.In. UHours /o in £ In. i

::)a'i:“l 950 50,250 SoT-Tv ‘. "LZ‘.'.O 83.05
x 280 45,000 0.083 41,5 80.3
280 40,000 0.60 43,0 772

950 26,500 1.40 45,0 76.6
950 £9,000  10.0 45,0 P45
850 63,000 8.T.T.8.  40.5 7.9
850 58,000  0.083 40,5 78 o4
850 43,000  £.88 40.5 76.4
850 45,000 6.4 33.5 76,3

BE-2. 350 61,500 5. T.T.65. 86,0 TE.3
950 41,000  0.63 7.5 68.6
350 82,000  11.7 5.0 63.5
850 67,500  5.T.1,8.  35.0 68.4
850 56,000  0.50 82.0 61.8
850 50,000  4.27 30.0 55,5
850 47,000 14.2 £8.5 56.5

bi-ls  1bBOYF,, 45 min., alr cool (6 to 33.

be~£:  1800%F., 45 win., air cool (£ to 4).



Taeble IV

Stress-Hupture Detu for Steel L6

Heauction
Heat  Temperature stress Time Elongation of ares
Nunber Leg. Fanr. Lb./Sq.In. Hours » in & In. N

40,0 80.9
45,0 77.8
41,0 74.5

Lexs
[9p]
.

b=l 350 55,000
950 46,000
950 41,000

s

& D2 = O
<

O &1 83

LT e

950 8,000 . £0.0 WE.B
“y 7 . " "~ s o
ab0 56,000 iz, S8.0 68.2
&60 63,250 BeTeloeBe 560 T34
850 60,000 0.37 70 75.8
850 55,000 L.70 40.0 77,0
850 50,000 217 &80 B G
HE~E @bd 6&,000 Salelola &0 e D
350 0k, 000 e O S E8.O 64,0

950 44,000 4,13 £68.D 56,0
200 40,000 10.67 £7.0 RE,5

8b0 77,0060 S.T.T.S. 740 GHa&

850 ©8,000 Q.87 #ba0, 04,7
850 65,000 1,56 £1.0 47.8
859 62,000 .08 £0.0 42,5
880 60,000 4,38 AU AT
850 . 58,000 16.5 198 41.6

56-1s  1550°K.,. 45 min., &ir cool (6 to 83,
bo-£:  18807%F., .45 min., air cool (& to 4.
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Table V

e (6

Stress~Rupture Data for Steel 5333

Reduction

Heat  Temperature stress Time Elongation of Area
Number _Deg. Fahr. Lb./Sa.in. Houps Z.in 2 In. %
B39&-1 8850 . 68,185 S.T.Ta3s 35,0 TH. 5
' 850 63,000 0,133 6.5 VLN

850 58,000 4.H8 7.0 755
850 56,500 8.12 3.5 74,9
595“’2 850 909000 Se Tc T»lSu . 130@ ‘ﬁ:::go“ﬁ;
850 83,000 0.28 17.0 H0.8
850 79,000 1.48 12.0 19.9
850 76,000 2edb 11.0 17 %
850 70,000 1L.77 7.5 11.5

1600%F., 1 Hr., alr cool (8).
£000°F., 1 Hr., air cool (8 to 5).

£ 3
KR4S
[ e
5
G =
os @8
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Table VI
Stress-Rupture Data for Steel K-20

Reduction

Heat  Temperature Stress Time Blongation of Area
Wumber _Deg. Fahr, Lb./Sq.In. Hours % in 2 In, %

K-20(1) 850 45,000 S.T.T.8. 5HE.D , 72,5

850 40,000 0.40 56.0 79.5

850 36,000 1.67 56.0 7.5

850 32,500 8.30 57.5 T9.8

850 31,000 13.98 53.0 T8.4

750 55,500 8.T.T.S.  49.0 76.8

750 51,000 0.48 49.5 4.5

750 49,000 1.28 BR.H 5.6

750 45,000 6.3 BE . B 7.8

750 435,000 10,33 55.5 T6.9

750 42,000 21,60 55.5 6.6

&”"Kbgko’g} 850 62,750 SoTOTnSo /'7\»0 5600

850 55,000 0.20 RE.0D &8.8

850 53,000 1,80 0.0 54,7

850 50,000 5.68 15.5 30,2

750 76,400 S.T.T.B., 22,5 588

750 692,000 0.95 26,0 49.8

750 67,000 2.19 2deB 48,9

750 65,000 7.8% 20.85 40,4

€-80 (1) 1550% air cocled (8). w
g-20 (2)s  1900° F., £ Hr., air cooled; 1900%F., 6 Hr., air cooled (1
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Comparative Influence of Austenitic Grain Size on the

Table VIIT

Creep and Short-Time Stress-fupture Charecteristics

Steel Temperature

oL - 950
58 850

o6 950

L35 850
A9B -850
E=20 . 850

K20 750

reep Rate®

fracture Stress

G

Creep Rate

Fracture Stresas

w* (R,
(C

oG

)
)

18.18
18.95

*Results based on Battelle's Creep Stress.
#¥Comparison based on stress required for fraciur
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