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THE ELEVATED-TEMPERATURE PROPERTIES OF STAINLESS STEELS

Issuep UNDER THE AUSPICES OF
THE DATA AND PUBLICATIONS PANEL

THE ASTM—ASME JoiNTt COMMITTEE ON
EFFect OF TEMPERATURE ON THE PROPERTIES OF METALS

PrePARED BY WARD F. SiMMoNs! AN Howarp C. Crosst

This report is essentially a graphical summary of elevated-temperature data for

the commercially produced stainless steels.

Included are summary curves for

tensile strength, 0.2 per cent offset yield strength, per cent elongation, per cent
reduction of area, stresses for rupture in 100, 1000, 10,000, and 100,000 hr, and
stress for creep rates 0.0001 and 0.00001 per cent per hr (1 per cent in 10,000

and 100,000 hr).

An Appendix is included, which contains the primary data from which the
summary curves were drawn. The data sheets in the Appendix also give the
chemical composition, processing data, and other pertinent information about

the steels included in this survey.

In March, 1950, the American Society for Testing
Materials published a report on “The Strength of
Wrought Steels at Elevated Temperatures,” Special
Technical Publication No. 100. The data in this report
were collected by R. F. Miller and ]. J. Heger and made
available to the Data and Publications Panel of the
ASTM-ASME Joint Committee on Effect of Tempera-
ture on the Properties of Metals. This report contains
data for ferritic and austenitic steels and was intended
by the Data and Publications Panel to supply much-
needed information until the present survey reports
became available.

On May 19, 1950, a letter requesting information on
the stainless steels was sent out by Mr. Ernest L. Robin-
son, Chairman of the ASTM—-ASME Joint Committee
on Effect of Temperature on the Properties of Metals.
Since this letter contains the complete background of
this survey in concise language, it is reproduced below:

“The ASTM-ASME Joint Committee on the Effect of
Temperature on the Properties of Metals has been requested
by the Boiler Code Committee of The American Society of
Mechanical Engineers, the Prime Movers Committee of the
Edison Electric Institute, the Committee on Power Genera-
tion of the Association of Edison Illuminating Companies,
and the Air Force to compile high-temperature data on vari-
ous metals and alloys used at elevated tempeartures. The
Civil Aeronautics Administration of the Department of
C(fmmerce, the Research and Development Board, and the
Aircraft Industries Association have also indicated their
desire for a compilation of this type.

“In 1938, the Joint Committee made a compilation of
data then available, which was issued as a Data Book by the

———
*Battelle Memorial Institute, Columbus, Ohio.

Copyright® 1952 by ASTM International

sponsor societies, but which is now out of print. During the
past 12 years, much additional information has accumujated.
The current requests for an up-to-date compilation have
resulted in a decision by the Joint Committee to proceed
with a new survey, the results of which will be published by
the sponsor societies. As in the 1938 Compilation, the in-
dividual contributors will be identified only by number.
Data supplied for the 1938 survey need not be resubmitted.

“While the Joint Committee intends eventually to survey
the high-temperature properties of all types of metals used
for elevated-temperature applications, we have adopted the
policy of ‘limited objectives’ and plan to divide the metals
into several groups. Information on these materials can then
be issued as soon as it becomes available instead of waiting
several years for the compilation of a large book covering
the materials. It is hoped that this approach will make the
task less burdensome both for those supplying the data and
for those who will compile and issue the information.

“It has been agreed that the initial effort will be confined
to the cast and wrought austenitic chromium-nickel alloys.
We would, therefore, appreciate your providing us with any
original information which you may have on chromium-
nickel stainless steels such as those listed below:

18-8

188 Ti
188 Cb
18-8 Mo
188 Mo Cb
25-12

25-20

25-20 Si
25-20 Cb
15-35

“Data compiled from the literature are not solicited at this
time.

“To make this worth-while undertaking a success, your
cooperation in supplying data is earnestly solicited.”

Www.astm.org
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Stress, 1000 psi
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Stress, 1000 psi
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The response to Mr. Robinson’s letter was excellent.
Many companies and institutions gave unselfishly of
their data and time in supplying information for this
compilation. Such a survey as this can be successful
only if it receives the support of all who have informa-
tion on the subject.

The following organizations contributed data on the
stainless steels:

Allegheny Ludlum Steel Corp.
American Brake Shoe Co.

Armco Steel Corp.

Babcock and Wilcox Co.

Battelle Memorial Inst.

Boeing Aircraft Co.

Chapman Valve Manufacturing Co.
Cornell Aeromautical Laboratory, Inc.
Crane Co.

Crucible Steel Co.

General Electric Co.

International Nickel Co., Inc.

M. W. Kellogg Co.

National Tube Co.

North American Aviation, Inc.
Timken Roller Bearing Co.

Union Carbide and Carbon Corp.
U. 8. Naval Engineering Experiment Station
U. S. Steel Co.

U. 8. Steel Corp. of Delaware
University of Michigan
Wright-Patterson Air Force Base

In the presentation of the data, it was desirable to
indicate in a general way the processing each material
had received. Therefore, the figures were drawn using
various symbols for annealed, cold-drawn, cast, etc.
These classifications are very broad and are intended to
serve only as a guide for those who are not interested
in the details of processing.

For those who are interested in detailed information,
an Appendix is included which contains the data sheets
which were returned by those contributing to this
survey. Each data sheet has been numbered and the
appropriate numbers are shown at the top of each figure
in the same order as the corresponding data points. By
this arrangement, the original data used to plot the
curves can be referred to quickly or the chemical com-
position or heat treatment checked. The data sheet
numbers are given on the creep and rupture curves but
are not shown on the short-time tensile data curves. In
a few cases where the data are limited, the data sheet

numbers are shown opposite the points, instead of at
the top of the figure.

In the creep and rupture data figures, average lines
have been drawn for the annealed-bar-stock data points
only, and some of these curves are shown in the sum-
mary, Figs. 1, 2, and 8, to facilitate a comparison of the
alloys. A word of caution here—some of the curves were
drawn from very limited data, for example, the creep
curves for 15Cr — 35Ni alloy were determined from one
set of data and, therefore, should not be considered as
an average for the material.

The average data for the annealed bar stock were also
plotted on the familiar log-log coordinates. These curves
of stress versus rupture time and creep rate for various
temperatures are shown in Figs. 4 through 12.

The materials included in this survey were classified
in a general manner as listed in Mr. Robinson’s letter,
because, in most cases, sufficient data were not available
to classify according to AISI type numbers. Of these
materials for which data were requested, the 25Cr—
20Ni Cb alloy was the only one for which no replies
were received.

In a few instances, when data were available for
alloys of a special nature, the data points in the figures
were identified. For example, in the 18Cr —8Ni figures,
data points representing the low-carbon variety were
marked LC, and points for the high-silicon alloy were
marked 302B.

An effort has been made to eliminate errors, typo-
graphical and otherwise, from the data sheets. How-
ever, in some cases where the data do not appear too
logical, but are entirely possible, they have been repro-
duced as supplied. Anexample is 18Cr — 8Ni Cb, Data
Sheet No. 4, where the tensile strength at 800 F is given
as 61,200 psi and the stress for rupture in 100 hr at
800 F as 64,000 psi.

Future Work:

The Data and Publications Panel intends eventually
to survey the high-temperature properties of all types
of metals used at elevated temperatures. Surveys of the
available data on the standard “Super-Alloys” and the
chromium-molybdenum steels are now under way.
These surveys should be available for publication in
1952.
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18 Cr-8Ni @ ORIGINAL CREEPAND RUPTURE DATA

A TEMPERATURE ON PROPERTIES OF METALS. Tionnrerceer] Mt Trarronl Tors £, To% i
' F | FRY | OS] Wi SR ] e % TEST),% | TESTING
TYPE OF TYPE OF SIZE OF (
MATERIAL 304 MELTING FURNACE Elec, -ArciHEAT 30 Tons i100:) 13.0] 3000 . 166 . 000085 | > 3000 - -
CHEMICAL COMPOSITION Lc M\] P | SJ Si l Gr [ Ni (Mo jCh | Ti | Al t1olr] 15.0] 3000 ~ .528 . 000213} > 3000 - -
PER CENT 'L 06].50] ooa} 00l 61 h7.7p.2z5] - | - | - | - hioo] 4s.0] 1.45m [ 17.6 27.2 0.8 33
OEOXIDATION _ Silicon 1100 40,0 5.5R 1.8 2,04 4,36
FORM-CASY OR WROUGHT Wrought D100] 40.0] 6.33R 11.5 1.89 3.9 31.
HEAT TREATMENT W. Q. 2000°F. 1100 30.0] 55.0R 8.8 -16 39.6 18,
MICROSTRUCTURE Equi- Axed Austenitic, Carbide Free b1 24, 357.R 4.6 .03 348, 16,
GRAIN SIZE 2/5 Actual R100¢ 21,0] 1446, R{ 1.3 008 1409. 14,
HARDNESS 137 BHN
1300 4.0 3000 - 062 . 0000107 | > 3000 - -
SHORT TIME TENSILE PROPERTIES B300] 6.0 | 3000 | .069 }.000192 |>3000 = =
WOOULLS oFFSET k00| 8.0 | 3000 . 136 L0044 >500 - -
TEMPERATURE OF * YIELDU TENSILE | ELONGATION | REDUGTION 300 30.0| .37R 8.1 65. .25 41,
F ELASTICITY, | STRENGTH, | STRENGTM, | W2, . I ARES. h300] 25.0] 1.5% | 5.6 1a. 1.0 37
}OOOPOOFS., | 1000RS.I. b haoo]| 20.0] 9.58 | 2.0 2.24 5.95 30,
85 29.0 27.9 85.0 61 14 haoo| 15.0] s0.5R | .4 .16 24, 28
7;: “': . :::Jo 60.0 46 :3 1300t 1.0 337.R | .9 05 279, 28.
9 23, 56,9 45
T T Y Y " -y kaoo| 9.0 | 1227.R | .2 L0129 775, 30.
1100 22,3 12.3 48.8 39 58
1200 21.8 1.0 43.0 37 4 500} 1.5 000 | .026 | .0000025 |>3000 = =
1300 21.2 1.0 ] 352 35 36 2500} 3.0 08 000734} > 3000 - -
1400 20.6 10.5 21.6 3l 29 1soo| 15.0] .75R 3.4 42.1 .50 55.
1500 20.0 10.2 _zL0 33 33 i1soo| 13.0] 1.87R | 1.7 15.1 .76 41,
x _Determined by a Super Souic Method, hsoo| 10.0] 12.75R) 1.9 2.16 7.9 2.
1500] 6.97} 84.3R | 3.0 224 53.0 34.
CREEP AND RUPTURE STRENGTHS 15001 5.3 | '33tem| - . 080 242, ] 30,
FOR RUFTURE IN TIMES | STRESS FOR DESIGNATED hsoo] 4.2 T issn] - 20135 | 370. - z8.
TEMP, INDICATED, 1000 P.S.l. (2) CREEP RATE, 1000 P.S1.(2)
°F 100 1000 | 10,000 lo%go 0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. % HR. | %W/HR. | %sHR.
— oo 1.2 8.2 ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
1200 o0 e 00" 7 e . TEMPERATURE ON PROPERTIES OF METALS
oo T o1 1 serlen s s RATesoaL T — Fe el
1500 6.4 4.0 2.6% 1 1,7¢ 1.4 2.8 cHeMIcAL composimion,| C [M] PTS TsiTorTwni [MofoeTTiTar] T
1609 4,6 3.0 .10] .50} 017} 015). 43018, 7bo. 05 T 1
| __1700 {- DEOXIDATION
1800 2.2 1.4+ FORM-CAST OR WROUGHT _ Wrought
HEAT TREATMENT 1100 C } Hr W, Q. 6502 Hr AC
MICROSTRUGTURE  £0.iaxed, Austenitic
GRAIN SIZE
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HARDNESS 32 Rb
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYP? OF . |s1ZE OF SHORT TIME TENSILE PROPERTIES
MATERIAL 304 MELTING FURNACE Electric |HEAT VOIS oFFeET
CHEMICAL COMPOSITION,| € [P | P | 8 [ Si[Cr [ Ni [Mocb [ Ti Al TEMPERATLFE, oF YiELoty | _TENSILE | ELONGATION | REDUGTION
PER CENT ' L3 ELASTIGITY, | STRENGTH, | STRENGTH, | IN2, IN AREA,
.os] . 28] 015] 009 . 4afre. afio. | T 003 oopoorsr | Toehath: | looorss.” | per cent | PER cent
RT 90.0 60.0 22,5
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
HARDNESS 132 DPH TewP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.1.(2)
°F 100 1000 10,000 lo?',ooo 0.00000! | 0.0000! | 0.000
HRS. HRS. HRS. RS %/HR. | %/HR. | YwHR.
SHORT TIME TENSILE PROPERTIES o0 w10 1 300 W P
MODULLIS OFFSET 1100 40.0 2.0 *19.0 13,0
PERATURE c TENSILE | ELONGATION | REDUCTION
TEMPECTLRE. Euscﬁcm. sm'eEquls)r“r:, STRENGTH, | IN2', IN AREA, L1200 2.0 1 #7n.0 *13.0 =
1L000Q00PS.I. | 1000PS.). | 'OOOPSI. | PER GENT | PER GENT
7 .0 Y PO Y ORIGINAL CREEP AND RUPTURE DATA
1100 13,0 51,0 35,0 640
1300 1.5 36.0 36.0 50.0
1500 10.0 22.0 38.0 42.0 TIONJNTERCEPT, MIIMM, TRANITION ToIL X WW
F Iigg‘ B %4 SR ] sl % TEST),% | TESTING
CREEP AND RUPTURE STRENGTHS Loco f; . - i
"STRESS FOR RUPTURE IN TIMES | SIRESS FOR DESIGNATED * -
TEMP, INDICATED, 1000 PS.J.(2) CREEP RATE, 1000 PS.i.(2) 1000| 44.04 222R 14.0
°F 100 1000 | 10,000 000 0000001 | 0.00001 | 0.0001 jroco| 38.0/ 87IR 10.0
HRS. HRS. HRS. % SHR. | %/HR. | %R, 1oo0[ 35.0] 1093R 7.0
[ 1100 29,0 | 22,0 1z.0% | 3.0+ 10, 0% 13,0 looo| 32.0] 3024 7.0
1300 13.0 9.2 6.2% 4.4% 3.8 5.2
1500 5.7 ] 4.2 2. 7% 1.7% 1.5 2.1 100] s0.0] 22r : 18.0
1100] 40.0! 8GR 10.0
oo 36.0] 2668 1.0
hr00] 32.0] s9Ir 6.0
1100] 28.0 614R 6.0
100 24.0] 1621R 4.0
hioo] zo.0] 7si4r
{1} 0.2 PER GENT OFFSET UNLESS OTHERWISE INDICATED. 1= 2.0
.
(2) EXTRAPOLATED VALUES INDIGATED BY T o
h2oo] 18.5] s96r 3.0

{3 DURATION OF TEST (RUPTURE TEST INDIOATED BY R1,

18} THE INTERCEPT IS THE PROJECTION BACK TDA&E!O TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-ST/ CREEP RATE.

(8) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERAT
CREEP RATE. ERATING
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@ ORIGINAL GREEPAND RUPTURE DATA

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS {rerceer] i, fraeimon] ToTa o1, [Tors, B
T oF TYPE OF SIZE OF %/HR. | HRS.(8I LS TEST),% | TESTING
MATERIAL 304 IME-TING FURNACE HEA - 73R L4 | .10 18 51,0
CHEMICAL COMPOSITION,| © | M P [ S [Si[cr[Ni TMoTeb i [ai] cu h200] 21.0] s60m .70 | o031 225 45.0
PER GENT oea1. 11l 023 03¢l . s3bi6, do, 67 Lod h2vo} 17.5] 13208 | o 005 104 50,0
DEOXIDATION 1200 11.0 1512 . 022 . 00009 >1512
FORM-CAST OR WROUGHT Wrought Lzool 9.0 2136 - 02 . 000015 > 2136
HEAT TREATMI 3/4 hr, 2000 W. Q. 50 hrs. 1400 A. C. p200| 5.0 744 . 008 <.000002 | > 744
MICROSTRUCTURE
[GRAIN SIZE
HARDNESS 160 BHN @
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
CREEP AND RUPTURE STRENGTHS TEMPERATURE ON PROPERIIES OF METALS
iN TIMES STRESS FOR DESIGNATED TYPE OF TYPE OF Jax —IS(2E OF
TEMP, ST DICATED 1000 F3. (21 CREEP RATE, 1000 PS.1.(2) MATERIAL 304 MELTING FURNACE Induction [HEAT _ 1000 Ibs
°F 100 1000 | 10,000 ]100,000 |0.000001 l 0.00001 | 0.0001 CHEMICAL CoMPOSITION, | C [ [ P | S |Si [Cr[Ni jMo[ch [Ti [al]
HRS. HRS. HRS. HRS. JrHR. | %erhR. | SeiHR. PER CeNT , 02e. 54] 007]. 011 . 43]18. 9. 22 |
1200 24,0 17,0 1l 5: {IESTS DEOXIDATION Silicon
1200 24.5 18.0 13.5_ (T. FORM-CAST OR WROUGHT _ Wrought Bar Stack
1200 25.0 18.0 13,0 {TEST: HEAT TREATMENT 1950°F 1/2 hr WQ
MICROSTRUCTURE A .+ cnite
GRAIN SIZE
HARDNESS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

CREEP AND RUPTURE STRENGTHS

TYPE OF TYPE OF SIZE OF
MATERIAL 304 lm.‘rms FURNACE Electric |HEAT STES“S‘NFg:TgP'IYOUgPIgIT‘I:A’ES S&ngg %ﬁlsol&ﬁégoﬁ)
GHEMICAL COMPOSITION,| C M ] P | S [SiJor i [MoTce [Ti Tarln,] W T o F16.000 T i60.606 50050 | 5.650i
PER GENT 20| . 53]. o0sl. ood . erfra. sho.7] - | - | - {ous)oze] HRS. HRS. HRS. HRS. %HR. | %/HR. | %WiHR.
[DEOXIDATION __ None 1200 18.5 11.5 7.0% 4.3+
FORM-CAST OR WROUGHT _ Forged Plate
|HEAT TREATMENT  1/2 Hr. at 1900 - WQ ORIGINAL CREEPAND RUPTURE DATA
MICROSTRUCTURE
GRAIN SIZE 3-4 Actual MINIMI
TIONINTERGEPT, [TRANSITION| TOTAL EXT. W"@
HARDNESS i RATE[ TIME, |OREEP TEST)
| 55k | PO heier mn:PE‘ HRS.i5} % TeSThac | TESTG
SHORT TIME TENSILE PROPERTIES 8.04 123.9R_ 18,5
MODULUS OFFSET 1200 17.0 144, OR 17,5
TEMPERATURE,, OF viELD(n | TJENSILE | ELONGATION | REDUCTION 1200] 15,0 199.1R 18,0
“F ELASTICITY, | STRENGTH, | STRENGTH, | iN 2", IN AREA,
1000000PS.T, | 1000PS., || '0OOPSL’ | PER CENT | PER CENT L2 01 535 7R 13,5
i i p200] 11.0] 1278.88 1.0
75 = 32,0 81.5 7] =" a1
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE [N TIMES STRESS FOR DESIGNATED -
TEMP, INDICATED, 100G PS.. (21 CREEP RATE, 1000 PS...(2) AT e QN EFFECT OF
°F 100 1000 | 10,000 |100,000 [000000! | 0.00001 | 0.0001
TYPE OF TYPE OF
= HRS. u:? n;: HRS. bR, | %/HR. | %HR. e or i SiZE oF .
T o] TN GHEMICAL COMPOSITION, Clm|P]sTsiJcrni Mmoo [Ti [AI
1200 14 10, 5% .091.94].02]. 042{.43]19.49.2}.03
DEOXIDATION
FORM-CAST OR WROUGHT __ Wrought
@ HEAT TREATMENT Annealed
MICROSTRUCTURE
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS S'W" SIZE ¢
TYPE_OF IWPE OF SIZE OF ARDNESS
MATERIAL 18-8 MELTING FURNACE HEAT
GHEMICAL COMPOSITION, C[Mn]PTsTsifor]Ni|MajcolTi]al CREEP AND RUPTURE STRENGTHS
PER GeN 0611 05. 02d.017] . 47]18, 9. 84 STRESS _FOR FUPTURE 1N TIMES STRESS FOR DESIGNATED
SEORDATION TEMP, INDICATED, iO00 PS.. (2) CREEP RATE, 1000 PS.1.(2)
FORM-CAST OR WROUGHT _1"Dia. Wrought Bars °F 100 1000 | 10,000 10?{,000 0000001 | 0.00001 | 0.000!
HEAT TREATMENT Ww. Q. - 2000°F - 45 min, Aged - 1400°F - 48 hrs. HRS. HRS. HRS. RS. Fo/HR. | %s/HR. %o/HR.
M URE 1200 18.0 12.0 *7.0 *5,6
IR ORIGINAL CREEPAND RUPTURE DATA
SHORT TIME TENSILE PROPERTIES WWT@ i c@%mﬁm% = W
MODULUS OFFSET . F 1,885 el R ] W) % TEST),% | TESTING
TEMPERATURE oF YIELDWN NSILE | ELONGATION [ REDUCTION
, STRENGTH N 2 N AREA 1206 12.0] 1138 41
°F ELASTICITY, | STRENGTH, 8 : .
1,000000PS.. | i000Ps.. | '000PSL | PERCENT | PER CEN 1200] 10.0]| 2880R 2.0
1200 20.0 21.8 w 25.0 12R 14.0
1200 15. 4 20.2 1200] 22.5] 28R 12,4
1200 19.5 20.7 1200} 20.0f 55R 12,0 b
1200 :_3, Z 1200] 18.0] 87R 10.9
1200
1200 24.0 12001 16,01 L96R 9.8
1200 14.2 1200 14,0] 496R : 8.2
GREEP AND RUPTURE STRENGTHS
TRES T + STRESS FOR DESIGRATED (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDIGATED.
TEMP, lzbfngED. |06E0 P"él (I;A,ES GREESP RATglm P.S..(2) (2) EXTRAPOLATED VALUES INDICATED BY .
,
°F o 1000 10, 100,000 }0.000001 | 0.00001 | 0.000! {3} DYRATION OF TEST (RUPTURE TEST INDICATED BY R).
ugg HRS. g HRS. YR, | %e/HR. | W/HR. (8] THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
oo e 5 5a 2 2 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
= é%ﬂ'l;ﬁ:x‘?!lﬂoﬂ TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE T TYPE SIZE OF
MATERIAL MELTING FURNACE HEAT * MX:'EER%L 304 (High Np) m.m% FURNACE HEA]
cremca cowposiTion, | C M P IS Isilor[NiJmolor [Ti jar] | cremicar, cowposiTion, | © [ P TS TsiTorfni[Mofca]Ti | &l i, |
PER GENT .06 . 58] 023}. 011] . 55}17. 7]8. 42 ] PER GENT Lovsl T [ 1 oz | 14}
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT Wrought, 1/2"Rd. FORM-CAST OR WROUGHT Wrought
HEAT TREATMENT  Acnealed HEAT TREATMENY Anneal 1950 - 2000 F -
MICROSTRUCTURE MICROSTRUCTURE
GRAIN SIZE GRAIN SIZE
HARDNESS 186 BHN HARDNESS
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULLIS OFFSET MODULUS OFFSET
TEMPERATURE,| ~ OF viELDw) | TENSILE | ELONGATION | REDUCTION TEMPERATURE, OF YiELpwy | _TENSILE | ELONGATION | REDUCTION
*F ELASTICITY, | STRENGTH, [ STRENGTH, | _iN 2%, IN AREA, F ELASTICITY, | STRENGTH, | STRENGTH, | N2, IN_AREA,
1O00OOOPS.I. | 1000RSA. 1000PS). PER CENT PER CENT 1000000PS.L. | 1000PS.L. 1000PS). PER CENT
15 59 109 50 21 RT 84.6 45,
300 56 73 38 71 500 65,5 35,
| s00_ 46 69 aLs 685 1000 56. 2 3T,
80Q PN e ac o 1200 41,5 19,
1500 22.7 23,
1800 7.4 38,
CREEP AND RUPTURE STRENGTHS
FOR RUPTURE IN TIMES | SIRESS FOR DESTGNATED
., INDICATED, 1005 S ) GREEP RATE, 1000 PS.1.(2)
°F 100 1000 | 10,000 |100,000 |O.000001 | 0.00001 | 0.000i CREEP AND RUPTURE STRENGTHS
HRS. HRS. HRS. HRS. J/HR. | %/HR. | %/HR. TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
300 >45 TEMP, INDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 PS.I.(2)
| 500 _ >37 °F 00 1000 | 10,000 ]100,000 |0.00000! | 0.00001 | Q.000(
| 800 : 29 S HRS. HRS. HRS. HRS. %/ HR. | %/HR. | /MR,
1200 28,
5.0
ORIGINAL CREEPAND RUPTURE DATA
minimum_frransimon] TotaL ext. 1o @
M SRS \OURAT ION INTERCEPT, S e0 RATE, | TIME, | JCREEP TEST) TR v ASTM-ASME JOINT COMMITTEE ON EFFECT OF
0 %/HR. HRS.(5) » TEST).% | TESTING TEMPERATURE ON PROPERTIES OF METALS
3001 45 545 - 025 (] TYPE OF TYPE OF Basic Electric s|zg "3
soo| 37 523 016~ o |MATERIAL 204 u‘nm FURNACE FEAT 48, 500 1bs.
00l z2 11004 o4 | o GHEMICAL COMPOSITION, [C]m] e sTsi[or]ni[Moce [Ti [al[ca]
35 | 3g) 034 [ 0000025 PER CENT [ordi sl o1d.o1s] . 3of1e. fro. o 18| | | [azl
800 43 3010 - 05 000007 DEOXIDATION _ 18 Ibs, of Al poled in the furnace
FORM-CAST OR WROUGHT Wrought (3/4 "Diam, Bar Stock)
[HEAT TREATMENT e T
MICROSTRUCTURE Austenitic, twinned
GRAIN SIZE Actual A S, T. M. 3-4
ASTM-ASME JOINT COMMITTEE ON EFFECT OF {HARDNESS TSTVH N, 5 Kg. Load)
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF Low Nz TYPE OF SIZE OF SHORT TIME TENSILE PROPERTIES
MATERIAL 1,c-18-8 {304 MELTING FURNACE HEAT MODULUS OFFSET
CHEMICAL COMPOSITION, ml P sTsiTer[ni (Mmoo [Ti[ai[n: TEMPERATURE, OF viELD() | JENSILE E-ONGATlON 10N
PER CENT [ozs 1IDXT | 030 °F ELASTICITY, | STRENGTH, | STRENGTH, IN AREA,
- 8- k 1.000000PS.]. | 1000PS.I. 1000PS) PER w‘T PER CENT
DEOXIDATION Room 325 T ($2:3 9.0
FORM-CAST OR WROUGHT _ Wrought (Strips) 1050 25.0 70,05 0.0 333
HEAY TREATMENT Anneal 1950-2000 F 1200 23.5 51,35 725 23,4
MICROSTRUCTURE 1350 204 35.65 27.5 35.5
GRAIN SIZE 1500 17.9 20, 65 35.0 52.6
HARDNESS Note: (1) |¥. 5. at Room Temp, obtained at 0, 20% ofisgt,
{2} [Y. S. at Elcvatdd Temp. by strihg T
SHORT TIME TENSILE PROPERTIES
MODULLIS OFFSET CREEP AND RUPTURE STRENGTHS
TEMPERATURE, o YIELDI) | TENSILE | ELONGATION | REDUGTION S FOR RUPTURE IN TIMES STRESS FOR PESIGNATED
L3 ELASTICITY, | STRENGTH, [ STRENGTH, | IN2', IN AREA, INDICATED, 1006 Pa1 i8] RATE, 1000 PS.i.i2}
L000QOOPS. | 1000PS. | 1000PSL | PERGENT | PER GENT F 100 1000 | 10,000 100,000 omooot 0.0000! | 0.000!
RT 86,4 59, HRS. HRS. HRS. HRS. “ihR. | YoHR. | %eiHR.
54.7 24, 1050 44 .0 33.5 23, 6% 16, ¢*
1000 __49, 25
1200 41,3 32,
2 Y ORIGINAL GREEPAND RUPTURE DATA
1800 1,0 38.5
' — Tion]inTErepT] MiNimum_frransimon] Tor £xt. [Ton HaroESS]
CREEP RATE]  Ti CREEP TEST),4 AFTER
F |, BSL THORSQI %4} SR | e [ TESTL% | TESTING
GREP AND RUPTURE STRENGTHS o501 41:0 | 175.8 & 14.0
: TIMES STRESS FOR DES!GNATED 1050 | 36,5 R 14,5
Tewe, mochTso. 1006 P 121 CREEP RATE, 1000 P 2) 5o 300 hos o 95
°F 100 1000 10,000 0000001 | 0.00001 | 0.0001 i
HRS. HRS. o %WHR. | %/HR. | %R lloso] 27.0 |4564.0 R L
1200 | 32
| 1500 6.3
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

{1 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
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(4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF

TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

hBPFrES]um TION] TOTAL EXT. [ TOT

INTERCEPT,| R Y TEST), wﬁw e nr%ﬂ
¥ HOS] | e SR | el » TESTLe% | TESTING
112001 20,011596, 6 R 31.5
1200 16,53651.5 R 41,0
1200! 15,5 |7473, 6 R 32,5

63

TYPE OF TYPE OF Basic Electric SIZE OF TYPE OF TYPE OF 1}
MATERIAL MELTING FURNACE HEAT 48, 500 lbs, MATERIAL 304 MELTING FURNAGE il
CHEMICAL COMPOSITiON, | C [MP [ P | S [ Si[Cr[Ni [Mo JeoJrifa] T CHEMICAL comPosiTion,| C [M I P 1S IsiTcr[Ni[mMofco [Tial [
PER GENT 0741, 81}, 018, 015] , 398, l10.0] 18] | | | PER GENT [Los3] 32l o19]. 014} 26 1. sls. 70| .
DEOXIDATION 18 1bs, of Al poled in the furnace DEOXIDATION
FORM-CAST OR WROUGHT Wrought {3/4 "Diam, Bar Stock) FORM-GAST OR WROUGHT Wrought
HEAT TMENT 2000F, '%4hr, W. Q 1750, lhr, A. C. HEAT TREATMENT _ Hot Rolled A led Bar
MICROSTRUCTURE Equi-axed, some twins MICROSTRUCTURE
GRAIN SIZE Actual A, 5. T. M. 34 (5) GRAIN SIZE
HARDNESS 161 V.H, N, (5 Kg. Load) RARDNESS 187 BHN
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULUS
TEMPERATURE, oF YIELD) TENSILE | ELONGATION | REDUGTION TEMPERATURE, oF YIELDW) TENSILE | ELONGATION | REDUCTION
F ELASTICITY, | STRENGTH, | STRENGTH, | _IN2, IN AREA, °F ELASTICITY, | STRENGTH, | STRENGTH, | IN 2", IN AREA,
1000000PS.I. | 1000RS., | !000PSL T | PERCEN 140000COPS.I. | 1000Ps.I. | '00OPSI. | PER GENT | PER GENT
Room 41.3 82,2 60,0 72,0 Room Temp. 32.5 95.5 58.0 7.4
1050 29,0 58, 65 38.0 57.1
1200 28.5 46. 25 39.0 57.0
1350 25.0 30,85 38.5 51,7 CREEP AND RUPTURE STRENGTHS
1500 17,8 19.15 48.0 57.3 STRESS FOR RUPTURE IN TIMES STRESS FOR DES!GNATED
Note: (1) [Y. S, at Room Temp, obtained at 0. 20% offspt. TEMP, INDICATED, 1000 PS.. (2) CREEP RATE, 1000 PS.I.(2)
. at Flevatgd Temp, by strifg ext °F 100 1000 10,000 [ /00,000 [0.00000! | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %HR. | %rHR. | 9/HR.
800 25. 3%
CREEP AND RUPTURE STRENGTHS 900 18.0% 24, 0%
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 1000 11,5
. INDICATED, 1000 P.S.I. (2) CREEP RATE, 1000 PSII.(2) 1100 [ ii ;‘
°F 100 1000 10,000 [100,000 [0.00000! [ 0.00001 | 0.0001 1200 4.25% 6 G+
HRS. HRS. | HRS. HRS. | %/HR. | %rHR. | %rHR. Las0 e "
1050 34,5 24, 8% 17.8%
[ 11, 8+
1200 2.0 15: ORIGINAL CREEP AND RUPTURE DATA
ORIGINAL CREEPAND RUPTURE DATA
— TIONJINTERCEPT | MINIMUM_[TRANSITION| TOTAL EXT, 170,
o ﬁgﬁ% Say [CRELPRATE] | TIME,  [OREER TEST tnrgin i
e O VTR, e T e, ORes eS| (ROBTORE | AETER 1o : > =
R ‘5310 130 %eld) ,“m:rEi HRS 5 % TESTL% | TESTING 650 | 44,2 . 00003
o o 650 | 37.2 . 000015
. s eso | 30.2 . 000005
1050] 30.0 | 3127.2 § 7.5
0
1050} 27.0 | 42013 § & 1000| 18.3 . 0001
1200 20.0 | 1095, 2 R 205 1000} 14.9 . 00004
d 8 = hooo| 12.3
t200( 16.5 | 3872.8 R 21.5 o Z 00001
1200 15.5 | 9752.1 R 18.5 h3s0] 3.6 . 0007
1350 3.1 . 0003
@ 3so] 2.6 . 0001
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
—
TYPE OF JYPE QF Basic Electric SIZE OF ASTM-ASME JOINT COMMITTEE ON EFFECT OF
48, 500 1bs,
[MATERIAL 304 MELTING FURNACE _{HeAT = TEMPERATURE ON PROPERTIES OF METALS
CHEMICAL CoMPOSITION, | © M| P [ S Tsi [or[ Wi [Mofco [Ti [ Al - -
PER CENT * TYPE OF TYPE OF Basic Induction |SIZE OF
o761 1], 01d. 015 . sofis. sfro. 8] | ] i MATERIAL 302-B MELTING FURNACE Furnace |HEAT 4. 900 1bs
DEOXIDATION 18 Ibs._of Al poled in the furnace, GHEM COMPOS cIm[P]sT|si]er ] Ni [Mofcb [Ti [al
FORM-GAST OR WROUGHT Wrought (3/4"Diam, Bar Stock) PER échA% ITION, rl
TEAT TREATMENT _ 2000F -,sT"x‘r, 8 00, snrs, F. G .07)1. 68} 014]. 0142. 1118 §12.7. 09
- - DEOXIDATION 2 lbs, Al shot in ladle
MICROSTRUCTURE Austenitic Equi-axed FORM-CAST OR WROUGHT _Wrought (3/4" Digm. Bar Stock
GRAIN SIZE Actual A S T.M,_ 3-4 HEAT TREATMENT 2000 F, 1/2hr, W. Q. 1750, Lhr. A C,
HARDNESS 170 V. H. N, (5 Kg. Load) MICROSTRUCTURE . .o Duplex
GRAIN SIZE  Actual A, §. T. M. 1-7 Duplex
SHORT TIME TENSILE PROPERTIES HARDNESS 159 V.H.N. (5 Kg. Load)
TEMPERATURE C ogws YiELowy | _TENSILE | ELONGATION | REDUCTION
o | ELASTIGITY, | STRENGTH, | STRENGTH, | 1N 2", IN AREA, SHORT TIME TENSILE PROPERTIES
1,000000PS.(. | 1000PS., ' | 100OPSI. | PER GENT | PER CENT MODULLIS OFFSET
Room 41,5 82,75 57.0 68,0 TEMPERATURE, OF YIELD() TENSILE | ELONGATION | REDUCTION
1050 32.0 57,15 37.5 56,3 F ELASTICITY, | STRENGTH, S&Egggju, FEREENT A
1300 X w0 s o5 1,0O0LO00PS.I, | 1000PSI. Sl
| "3 . e 4 Room 48.8 92.3 53.0 65.0
1500 17.35 18,5 53,0 65,2 5 38,4 10.1 41,0 56,9
Note: (1} 1Y, S, at Room Temp. obtained at 0, 20% offst. | 1200 28,0 52,85 41,0 54,9
(2} |Y.s. at El Temp. ined by strijg T, |—1330 22.65 32,65 40.0 50.4 |
1500 18.4 20.15 54.0 63.1
Note: {i) Y. S. at Room T¢mp. obtained jat 0. 20% offs
CREEFP AND RUPTURE STRENGTHS {2) Y. S. at Elevated Temp. deterthined by string extensometef.
TEMP, d = 4 —_ CREEP AND RUPTURE STRENGTHS
F 100 | oo 110000 1100000 10000001 | 0,000 [ Somm. TRESS _FOR RUPTURE Iy TIMES STRESS FOR DESIGN
. / . /| .
e T I I HR L Y iNDICATED, IGO0 PS L. (2} CREEP RATE, 1000 P51 121
°F 100 1000 10,000 [100,000 |0.000001 | 0.0000t | 0.000!
HRS. HRS. HRS. HRS. W HR. | %/HR. | %WHR.
ORIGINAL CREEPAND RUPTURE DATA = 521 o1 o ome ] 3 o

{1 0.2 PER CENT OFFSET UNLESS OTHERWISE INDIGATED.
(2} EXTRAPOLATED VALUES INDIGATED &Y ®
(3 DURATION OF TEST (RUPTURE TEST INDICATED BY R).

t4) THE INTERGEPT IS THE PROJECT|ON BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SECOND-STAGE CREEP RATE.

SHOWING THE MINIMUM OR

%) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STASE, OR AN ACCELERATING
CREEP RATE.




ORIGINAL. CREEPAND RUPTURE DATA

ORIGINAL CREEPAND RUPTURE DATA MINI frRANSITION 0T/
u [ Tl ESh, AF
F |, Bl i et ) » TEST),% | TESTING
ITE'*"‘S"""“"’"{"'W MINIMUM TIoN] TOTAL EXT. W«m{% P 017 | ceovor ~
= |§?{Ln i MRS E,R'é I-IT'!Igg‘ % TESTH ™ T‘Egl‘l s00 | 94.5| 1536 . 044 - 000005
350 ] 20.0| 10,68 69.0 |soo | 35 | 3009 .056 | .000014
150 .01 111,58 49.0 800 | 43 3017 . 068 . 000022
o] 362, 3R . 43,5 800 54 2132 . 105 . 000047
350 7.5] 3075. 12,5
350| 7.0] s266. oﬁ 12,5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF fpicf |58 E rrvuace SZEOF -
TEMPERATURE ON PROPERTIES OF METALS I ropene &
P TR HEMICAL COMPOSITION,| C [0 ] P | S [Si [Gr[Ni [Mo[cb [Ti [ &l
TYPE OF oF SIZE OF e
MATERIAL 302B MELTING FURNACE Furnace |HEAT 4900 Ibs. 0] .45 37119, 9. 14 |
C [P ]S |SiJcrNi [Mo|Co]Ti]al DEOXIDATION
q.m?“:u CoupoSITION, 07 |1.68.014]. 016{2. L18,12. 7| .09 EORQE Wrought, . 031" Sheet
CENT .07 1. 6. 014}, 0162, 1181 f2. 7] . FEAT THER e
OEOXIDATION _ 2 1bs. Al shot in ladle.
FORM-CAST OR WROUGHT _ wrought (3/4" Diam, Bar Stock) MIGROSTRUGTURE
HEAT TREATMENT 2000 F, 1/2hr, W. Q. 1600, Shr, F. C. GRAIN SIZE
MICROSTRUCTURE  Austenitic, Duplex HARDNESS
GRAIN SIZE  Actual A. S, T. M. 1-7 (Duplex)
HARDNESS 185 V. H, M. (5 Kg. Load) _ SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TENSILE | ELONGATION | REDUGTION
SHORT TIME TENSILE PROPERTIES TEMPERATURE, | e nsTiciTy, | STEmGTH, | STRENGTH, | N 2", IN AREA,
MODULU'S OFFSET 1000000PS.L. | 1000PS.), | 'OOOPSI. | PER PER GENT
TEMPERATURE OF YIELDIN TENSILE | ELONGATION | REDUGTION Ty 150 155 Ta
*F ELASTICITY, | STRENGTH, | STRENGTH, | IN 2", IN AREA, oo T a1 25
1000000FS.I, | 1000PS, " | !00OPSL’ | PER GENT | PER CENT 200 52 ey .
Room 47.0 93. 4 50.0 60.0 =
1050 39,2 68.75 36,5 53.4 | 800 108 122 ==
1200 29.1 51, 6 38. 6 51.7
L 1350 24,15 32.0 49.5 7.3 CREEP AND RUPTURE STRENGTHS
——L500 18,65 2095 58.5 64,6 TRESS_FOR AUPTUFE I TIMES STRESS FOR DESIGNATED
. Tewe, INDICATED, IO0O P.S.\. (2} CREEP RATE, 1000 PSi1. (2)
°F 100 1000 | 10,000 [100,000 [0000001 | 0.00001 | 0.0001
HRS. HRS. HRS, HRS. S HR. | %/HR. | W/HR.
CREEP AND RUPTURE STRENGTHS 200 49
STRESS_FOR_RUFTURE IN TIMES STRESS FOR DESIGNATED
), INDICATED, 1000 RS.).12} CREEP RATE, 1000 PS)).(2) ORIGINAL CREEPAND RUPTURE DATA
TR e R e | o
/|
- : MINI TION AL
1350 10.5 | 5.7+ 2.4% TIONINTERCEPT.LRFEP RATE] T oL TEoh M"Pﬁﬁ
- l Bt I W R | e * TEST),% | TESTING
ORIGINAL CREEPAND RUPTURE DATA lacol 80 [ 1800 | .06 [ . coones
MINIMUM Tion] ToTAL Ext; [ToTaL
WM‘ & R RATE] | TINE,  JEST) JAETER
1400 d HRSi5) TESTI,% | TESTING ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1350% 20,0 12, TR 48,0 TEMPERATURE ON PROPERTIES OF METALS
1350] 15.0] 83, 7R 59.5 TYPE OF SIZE OF
1350| 12.0f 452.5R 45.0 MELTING FURNACE Elec. Arc/HEAT 30 Tons
1350} 5. o[ z00s. 5w ZL0 [c[w[r]s [siferni (Moo [Ti [l
1350 7.5] 4752, 6R 17.0 55]. 01 .ozd .nlls.uo. ~1- -| -
170°F,
ASTM-ASME JOINT COMMITTEE ON EFFECT OF MIGROSTRUCTURE g gui-Axed, Austenitic, Few dispersed
TEMPERATURE ON PROPERTIES OF METALS GRAIN SIZE_§ ¢ Actual
TYPE OF lrwe OF SIZE OF HARDNESS _ 4.
MATERIAL MELTING FURNACE HEAT Commercial
CHEMICAL COMPOSITION, ClwP]s|siJorn [Maoe i SHORT TIME TENSILE PROPERTIES
i ~01l.65 | 024l 007] .53 }19.1]8. 49 P T T woouws: T ofvser e | covasrion| repucron
mwmm;s:rd:nm, 1/2"Rd. °F Iﬂﬁ’folg'l’g. mﬂ, \ooorsl” | PER & PER GENT
ard drawn 1000 2 —_
290 33,5 28,1 57 74
1200 20,8 17.5 43.9 51 73
1300 21,2 15.0 33,0 57 71
1500 20,0 5 18.8 54
x Determined by a Super Sonic Method.
SHORT TIME TENSILE PROPERTIES CREEP AND RUPTURE STRENGTHS
MODULUS OFFSET
REDUGT TRESS FOR RUPTURE TN TIMES STRESS FOR DESIGNATED
Tewpepatire,| oF | YieLow angﬁgfu El.onet\m SATION | REDUC Rslgu Y INDICATED, 1000 PS.1. (2) CREEP RATE, 1000 PS.1.12)
ool | oshial"| 00ral | on o | P e TR TR [ e |
15 148 _ 178 15 68 > - - -
300 126 162 10 55.5 —ullg-g 1;: :‘: :
500 118 152 7.5 47.5 | 1100 =
800 107 135 "8 4.5 1200 22,5 17.0 13.0% | 10,0% 3,5 6.3
1300 16.0 9.8 6. 1% 3.8% 2.2 4.6
0 10.0 6,0 3,0% 1,3% 1.2% 2. 6%
CREEP AND RUPTURE STRENGTHS 1500 5.0 3,0 1. 8% 108 3 1.4
FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED 2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
TENP, INDIGATED, 1000 PSJ. (2] GREEP RATE, 1000 PS.1.(2) O O rRAPO ATED VALDES INDICATED BY &
°F 100 1000 | 10,000 000 10.000001 | 0.00001 | 0.0001 (3) DURATION OF TEST {RUPTURE TEST INDICATED BY R),
HRS. HRS. A T JoHR. | %erHR. | SerHR. &) THE_INTERCEPT (S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
500 60 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
800 3i% 73+ 18 THE TRANSITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

®

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF
MATERIAL Ma.rms nmnce HEAT
cHEmICAL composiTion, [ C [MeT P SijCrNilMojch Ti | A
PER CENT [
18 8
DECXIDATION
FORM-CAST OR WROUGHY __ Wrought
HEAT TREATMENT _in service 59,000 hrs. at i, at M
MICROSTRUCTURE
GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET

TEMPERATURE, OF YIELD() | TENSILE |ELONGATION | REDUGTION

F ELASTICITY, | STRENGTH, | STRENGTH, | INZ, IN AREA,

1,000000PS.|. | 1000PS., || !OOOPSL | PER CENT | PER CENT
RT 86.0 52,0 56,5

CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, I000 PS.1. (2} CREEP RATE, 1000 PS1.(2)
°F 100 1000 " T710,000 100,000 [6:00000T [ 0,00001 | 0.000)
HRS. HRS. HRS. %R, | %/HR. | %R
1200 20.0 15.0 9.9 5.5

ORIGINAL CREEPAND RUPTURE DATA

Tmﬂmm MINIMOM ITION] TOTAL EXT. W
F |i;“§b Hoursal] ™ s PREED TR TG PR ST | TESTING

TYPE OF TYPE OF SIZE TYPE OF 1
MATERIAL 304 MELTING FURNACE Fad MATERIAL lm.%% FURNACE Reat
cremicar composiTion, | C [ P 1S |SiforfNi[MojobTifar] T aemica, cowposiTion, | O (M P TS [Sifor[ni[moTco TiTar] ]
PER CENT .05].51] 028] 012].40 [15.19.3 i 1 PER CENT .10].50] .45 18. 7|8 04 | 1 1
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT Wrought - Centerless Ground FORM-CAST OR WROUGHT _ Wrought
HEAT TREATMENT 1550°F. ~ Air Cooled HEAT TREATMENT As Rec'd
MICROSTRUGTURE MIGROSTRUCTURE  None
GRAIN SIZE GRAIN SIZE
HARDNESS BHN 163 HARDNESS
. sncs:RT TIME TENSILE PROPERTIES CREEP AND RUPTURE STRENGTHS
MODULL OFFSET STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMPERATURE, | O i1y | STolELDW | o TonaTH, | N2 | IR AR, TEnP, TNDIGATED, 1000 5., (2) CREEP RATE, 1000 PS..(2)
1000000PS.i. | 1000Rs.. ' | I00OPSL | PER GENT | PER CENT °F =g 1900 T 10,000 160,000 [00000G 900001 | 00001
10 28.2 33,0 84,0 63,5 74.0 3o 13 —1% . - -
300 25.5 25.0 §7.0 56.5 22.0 1200 23.0 i8.0 10.0
500 23.5 24. 0 65.2 52.0 70,0
750 21.0 21,2 63.5 46.0 61.6 ORIGINAL CREEPAND RUPTURE DATA
1000 1B8.5 18.5 57.2 40.0 65.1
1200 16.6 15.0 50,0 35,5 61,0
* 1,884 i RS ETE RE) - TEST)% | TESTING
CREEP AND RUPTURE STRENGTHS 1200135.0 | 41R k.
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED | 125.0 ] 983 R 4.0
TEMP, INDICATED, 1000 PS.1. (2) CREEP RATE, 1000 PS.).(2) 22.5 | 1249 R 3,0
F 100 1000 | 10,000 |100,000 [0000001 | 0.0000i | 0.0001 18.0 | 4868 R 4.0
HRS. HRS. HRS. HRS. %WHR. | %/HR. | YwHR.
1200 25.0 16.5 9.8

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

-
I T P L

crEmica cowposiTion, | G [ P TS [siTorINi Moo TTi JaT |
PER GENT 206].33 I 164)18. 7110. 5] .50[ I I [
DEDXIDATION

FORM-CAST OR WROUGHT  Wrought
HEAT TREATMENT As Rec'd

MICROSTRUCTURE
GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD{1) TENSILE | ELONGATION | REDUCTION
L3 ELASTICITY, | STRENGTH, STRENGTH, IN2°, IN AREA,
1000000PSS, | 1000Ps, ' | 1000PSL” | PER GENT | PER GENT
RT 94.1 1.4 46.5
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DES!GNATED
TENP, INDICATED, 1000 P 1. (2) GREEP RATE, 1000 PS.l.{2)
°F 100 1000 10,000 Kﬁﬁ? 0.000001-| 0.00001 | 0.0001
HRS. HRS. HRS. “%/HR. | *e/HR. *%e/HR.
1202 1.4 4.8

ORIGINAL CREEPAND RUPTURE DATA

Tiond) Jonivm frransimon] Toray ext W
Rl T s S e R % TesTi.% | TESTING

{1) 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY ®
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

) 'I'HE INTERGEFT 1S THE PROJECTION B8ACK TO ZERO TIME FROM THE PORTION OF THE
T SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
L) TrE T'Rs‘”_?éﬂm TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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1202] 8.0 1220 .016 . 000028 -=
1200} 25. 0 5 R 1202 | 4.0 1220 . 017 . 0000075 =
22,5 13 R
20.0 | 188R
17.5 66 R
15.0 | 250R ASTM-ASME JOINT COMMITTEE ON EFFECT OF
12.5 | 3699 R TEMPERATURE ON PROPERTIES OF METALS
TYPE OF OF SIZE OF
10.0 1112 R MATERIAL | rurnace HEA
CHEMICAL comPosiTion, | C (M [P | S |Si cr[ni[moJce [Ti Tar] T
PER GENT .07 .46 |. 0121 004] . 44 11.§1'_9.14 .45] l l

DEOXIDATION
FORM-CAST OR WRMNT Wrought
HEAT TREATMENT As Rec'd
MICROSTRUCTURE

GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET '
TEMPERATURE, oF YIELDt) | TENSILE |ELONGATION | REDUGTION
o ELASTICITY, | STRENGTH, | STRENGTH, | “iN2', IN AEA*
1DOCDOOPS.I. | 1000PS.:, || '000PSL | PER GENT | PER CEM

RT 93.4 70 48




ORIGINAL GREEPAND RUPTURE DATA

®

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES "OF METALS

- T
ion[TERcerT] NI TION] TOTAL EXT, | TOTAL ELONG| WL s0z-B R — iz OF
Be B INTERCEPT, CREEP RATE] TIME; NREEP TEST)| (RUPTURE |  AFTER e RIS SR T
160 %/HR_ | HRS.(S] TEST),% | TESTING CHEMICAL COMPOSITION, l ClmnjPls]sijor|ni[Mofcb]Ti ]
1201 Py ooo 1220 Lo13 000033 - PER GENT ol1.66). 030]. n19]z. 117, 8ls. 90 | [ 1
1220 .011 . 000012 - DEOXIDATION
FORM-CAST OR WROUGHT . 070" sheet 2B finish
HEAT TREATMENT _ 2000°F - 30 Minutes - Air Cool
MICROSTRUCTURE
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF GRAIN SIZE
TEMPERATURE ON PROPERTIES OF METALS HARDNESS 85 Rh
TYPE OF TYPE OF SIZE OF
MATERIAL 304 MELTING FURNACE HEAT
I : 2 Ts [aTeTn Tme o T Tal CREEP AND RUPTURE STRENGTHS
cemicaL composiTion, [ € W[ P | S [siJcr N [Mocb [Ti TAl [ [re TRESS FOR _RUPTURE IN TIMES STRESS FOR DESIGNATED
PER GENT fois] T | T Thohus [ 1 Tieko.d TEMP, INDICATED, 1000 PS.1.(2) CREES RATE IBOD RS 1 t2)
DEOXIDATION °F 100 1000 | 10,000 |100,000 [G.00COO! | 0.00001 | 0.0001
FORM-GAST OR WROUGHT __ Wrought HRS. HRS. HRS. HRS. % HR. | %/HR. | %/HR.
HEAT TREATMENT 1200 32.0 23.5 *
MICROSTRUCTURE 1500 8.1
GRAIN SIZE
HARDNESS ORIGINAL CREEPAND RUPTURE DATA
CREEP AND RUPTURE STRENGTHS ouraTion]iNTERCEPT | MINIMUM_frRansiTION] ToTAL EXT. T ToraL
- RATE| TIME, |OREEP TEST) (RUPTURE | AFTER
SS_FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED °F | PSL | HOURS3)Y  %(4) 'CREEP Al 1
TEME. INDICATED, 1000 P.S. (2} CREEP RATE, 1000 PS..(2) 10 %R, ] HRSIS) TESTL% | TESTING
|00 1000 | 10,000 |100,000 |0.000001 | 0.00001 | 0.0001 1200 25.0 1 658 R} 4 10 - 0060 300 2t
HRS. HRS. HRS. HRS. %HR. | %/HR. | %r/HR. 1200] 28.0 {250 R| 4.80 . 031 > 165 24.
1200 28.0 213 1200{ 30.6 | 75 R 38.5
1500 5.9 3.0 1200] 35.0 51.5 R 20.5
1200] 40.0 10 R 22.5
ORIGINAL CREEPAND RUPTURE DATA 1200| 45.0 3 R 36.5
1500] 6.0 | 162 .38 .019 > 162
: MINIMUM_[TRANSITION] TOTAL EXT. [TOTAL
TE'FVP e m%'""'a?ﬁ RA TIME, |CREEPTEST)| (RUP *“,{"P'Tﬁd 1500 7.0 205 R .10 .14 40,
{1600 %/tR_| HRS.(5) TEST)% | TESTING 1500] 8.0 105 R .90 182 25 35,
1200] 36.0 16.0R 3 1500| 10.0 33 R .60 .85 56.
" 33.0 19.3 R 3 1500] 13.0 7.5R .20 4.2 1.0 89,
" 30.0 60.5 R 3
" 27.0 | 89.8BR 2
n 22.5 |789.6 R 4
1500/ 14.85] 4.8R 23 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
v J1z.0 | sar . TEMPERATURE ON PROPERTIES OF METALS
v | 8.67] 27.1R == TYPE OF TYPE OF SIZE OF ;
v | 5.25|150.7R P MATERIAL IMELTING FURNACE HEar o Ccommercial
» [ 3.0 ]990.2r 30 cHEMICAL composiTion, | C M P TS TsiTor[Ni [MoJcs[Ti T Al
PER GENT .06 .65] 017]. 015] . 8318 8l5. 03] .24 |
DEOXIDATION
@ FORM-CAST OR WROUGHT  Cast Cylinders
HEAT TREATMENT s, cooled jn air blast
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ———Emm—mﬁ&-ﬂ&x—— n:: e -
TEMPERATURE ON PROPERTIES OF METALS MICROSTRUCTURE fneteme e e o strusture With ferxite I
TYPE OF ITYPE OF SIZE OF GRAIN SIZE
MATERIAL 304 MELTING FURNACE HEAT HARDNESS 79 0Fb
ciEmicAL composiTion, | © [ ] P IS TsiJorTni [moTco[Ti Jar]n, e
PER GENT lod T 1 [ lsofusl | [ T Tosalpa SHORT TIME TENSILE PROPERTIES
DEOXIDATION MODULUIS
FORM-CAST OR WROUGHT Wrought TEMPERATURE, OoF YIELD) TENSILE ELWGATIM REDUCTION
i e | e | smBet s | NT | aAeh
ICROSTRUGTURE 1,000000FS.I. | 1000PS.1. *S).
Room 25.0 28.5 71.0 29.5 60,1
GRAIN SIZE 300 23.0 57.8 41.2 66.8
| HARDNESS 550 22.5 51.3 33,5 56,0
900 19.5 18.3 51.9 29.5 50.9
1000 17.0 17.1 47.0 34.0 56.0
STRESS f.faﬁ:;pﬁﬁzsm.ﬁi STREN(;:t?s FOR DESIGNATED 1 1.5 1.1 T 3.8 22.3
TEMP, INDICATED, 1000 PS..(2) CREEP RATE, 1000 PS1.12) 1100 14.0 18.8 43.4 29.0 —50.5
°F 100 1000 | 10,000 |100,000 |0.000001 ] 0.00001 | 0.0001
HRS. HRS. | HRS. HRS. Yo/HR. | YelHR. | %erHR. CREEP AND RUPTURE STRENGTHS
1200 32 19 TRESS FOR RUFTURE IN TIMES STRESS FOR DESIGNATED
1500 6.3 3.3 TENR, INDIGATED, I00C P.S..12) CREEP RATE, 1000 PS.1.(2)
°F 100 1000 | 10,000 |100,000 [0.000001 | 0.00001 | 0.0001
ORIGINAL CREEPAND RUPTURE DATA HRS. HRS. HRS. HRS. W/HR. | %rHR. | %rHR.
1000 46 36.5 *25 0
1100 33 25.0 *16.0 12.0 19.5
— minimum_[rransiTion] Tota ext. [Tora HARDNESS|
JJCREEP RATE|  TIM AFTER
F |58 | HoURsEl)  tee) %/MR | HRSID % TESTI,% | TESTING
IZOOI 36. 89.1R 22
I 36. 43.8R -
" 33. 78.8 R 10
" 30, 113.0R 29
— (255 1229.0R 5 (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
22.2 [206.0R - t2) EXTRAPOLATED VALUES INDIGATED 8Y *
"
18. = - (3) DURATION OF TEST [RUPTURE TEST INDICATED BY R),
1500 15. LIR 1.1 14) THE_INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
v |2, 5.6R 9.0 TEST SHOWING THE MINIMUM OR SECONO-STAGE CREEP
v | 3. less. 4R 19 (% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD snm-:, OR AN ACCELERATING
v |6 [261.5R = CREEP RATE.
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SHORT TIME TENSILE PROPERTIES

1 ] I ]

{1y 0.2 PER GENT

OFFSET UNLESS OTHERWISE INDICATED.

12) EXTRAPOLATED VALUES INDIGATED BY *

67

MODULUS OFFSET
ORIGINAL GREEP AND RUPTURE DATA TEMPERATURE,|  OF | YIELDI |, [N O | Pl AREA,
1 .
.5‘5‘.5%33,,5,,’_ ?;05';?,”* 1000PSL' | PER CENT | PER CENT
_— ouRaTION]INTERCEPT, MINIMUM_[TRANSITION] TOTAL EXT. | TOTAL ELONG]HARDNESS 70 22.2 30.4 82.8 5.5 79,3
* | PSl, mt;%l Swa) OREEPRATE{  TIME, ™ |OREEF TEST, (LETIRE | ALTER 800 17.4 18.3 62.2 48,0 10,6
o) %/HR. | HRSIS) TEST),% ING 1000 15.8, 25.0 18.0 58.6 43.5 71.9
1000] 46.0 101,0R .20 - 0134 82,0 22.5 1200 16.0, 17.90 16.0 45.2 39,0 55,0
1000 44.0 | 315.9R| .46 . 0043 315, 0 27.0 1400 17.2, 22.9 13.0 30.3 30.0 38.8
1000] 40.0 | 515. 28] 4t 001 3800 190 1600 17,0, 15.0 11.0 19.2 26.0 28,5
1000 35.0 [1384. R| .58 L0012 1250, 0 18.0
1100| 35.0 | 43.0R 16,0 ORIGINAL CREEPAND RUPTURE DATA
1100 30.0 | 422. =] .91 . 0045 300,0 13.0
1100} 25.0 11048. R} .92 - 00083 830.9 1.9 rEMPISTRESS|DURATIONJINTERGEPT) MINIMUM [TRANSITION] TOTAL ExT. [ToTaL monalHARoness
o Hoorsa Gy RA TIME, ICREEP TEST)| (RUPTURE | AFTER
1100] 16,0 |2136. 463 000025 _| _1900. 526 1585 %/HR. | HRS(5) % TEST) % | TESTING
1100] 12.0 |2016. .094 . 000009 L1112 900) 15.0 168 013 <. 00001
1000, " 480 . 034 . 000073
1100, " 360 . 099 . 000196
120 " 120 0 . 0058 >120 Rb 80
ASTM-ASME JOINT COMMITTEE ON EFFECT OF p2004 10.01 816 106 | 00027 >B16 Rb 76
TEMPERATURE ON PROPERTIES OF METALS 14001 3.0 360 057 - 00008
TYFE OF TYPE OF SIZE OF 10. 78 1.90 . 0570 > 78 Rb 76
|MATERIAL 18-8 MELTING FURNACE HEAT 1600t 1.0l 480 .042 000062
GHE\MCAL comPosiTion, | C [M [ P [S[siJcr]Ni[Mofen [Ti[ar] 3.0] 428R[ .070 .0047 110 4.5 Rb 72
PER GEN [o6[.47] 010l 010l . eshe. s.52 I {
DEOXIDATION
FORM-CAST OR WROUGHT __ 374" Dia. Bars-Rolled @
HEAT TREATMENT W.Q. - 2100°F. ASTM-ASME JOINT COMMITTEE ON EFFECT OF
MICROSTRUCTURE TEMPERATURE ON PROPERTIES OF METALS
GRAIN SIZE TYPE OF TYPE OF SIZE OF
HARDNESS 74 Rb | MATERIAL 18-8 [MELTING FURNACE HEA
GHEMICAL COMPOSITION, [c[m]PTs]siTor[nimoTcsTi [Ar
SHORT TIME TENSILE PROPERTIES Tls [ 1 T hodsos |
MODULUS OFFSET DEOXIDATION
TEMPERATURE OF YIELDI | ELONGATION REDUGTION FORM-CAST OR WROUGHT _3/4" Dia. Bars-Forged
°F '| ELasTicITY, | STRENGTH, | STRENGTH, N e’ IN AREA, HEAT TREATMENT W 0. -2000°F
1000000PS.I. | 1000Ps.I. ' | 100OPS!. PER GENT | PER CENT MICROSTRUCTURE
70 21.0 31.0 84.1 67,0 8.1
800 2L 0 61.9 47.0 70. 8 ME
1200 16.0 43.3 35.5 48.4 ARDNESS 187 BHN, 88 Rb
1400 15.5 27.6 27.0 33.4
SHORT TIME TENSILE PROPERTIES
MODULUS
TEMPERATURE, OF YIELD(!} TENSILE ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN2, IN AREA,
ASTM-ASME JOINT COMMITTEE ON EFFEGT OF LO00POOPS.I, | 1000PS.I. | 00OPSI | PER GENT | PER GENT
TEMPERATURE ON PROPERTIES OF METALS 70 31.0, 31.0 | 56.1, 52.2 | 94.4, 85.6) 52.0, 62.0 | 69.3, 75.2
TYPE OF TYPE OF SIZE OF 300 28.0 39.2 69.9 43.0 76.6
IMATERIAL 303 MELTING FURNACE HEAT 550 39.1 64, 1 34,0 66.0
cHEmicAL coMposiTion,| © [M P Ts [sifor[NifmeTonTTi [ar] | 800 17,0, 26.0 34,0 6l.8 37.5 66,4
PER CENT 1000 18.5, 23.0 34,0 56.5 35.5 69.1
[o4 [. 60 [ o25[.152]. 48 Jn6. 7. 29 L1 1 1200 24.0 33,5 46.8 32.0 6.0
DEOX'DAT'O"OR ROURHT o —Fior Rotied 1400 16.0, 18,0 22,0 32.0 33.0 45.4
HEAT TREATMENT 2000°F - Water Quench 1600 15,0 10.0 20,2 40.0 52.3
MICROSTRUGTURE ORIGINAL CREEPAND RUPTURE DATA
GRAIN SIZE
HARDNESS 180 BHN
freve MiNiMuM_TTRaNSITION] TOTAL EXT. [ToTAL [Haroness]
MR STRESSIDURATION INTERCEPT, RN ATE | LM, IreEs TES] AFTER
SHORT TIME TENSILE PROPERTIES $ab HRS.(5) * TEST).% | TESTING
MODULUS 800;) 20.0 408 . 040 *, 000007 Rb 51
TEMPERATURE, oF VIELDI | TJENSILE | ELONGATION | REDUGTION [600] 1.0] 960 L0217 .000067 | > 960 Rb 79
F ELASTICITY, | STRENGTH, | STRENGTH, | IN 2" IN AREA,
1000000pS.4. | t1ocops.. || '0COPSL PER CENT | PER CENT 1000f 10.0] ¢48 .076 | « 000032| > 648 Rb 87
70 28,1 40.0 87.0 55.0 1.6 1000} 20,0, 456 . 062 *. 000041
300 T 30.0 5.5 50.5 50.0 30.0] 504 . 046 000190 > 504 Rb 89
500 24.5 30.0 64.0 47.0 58.5 1200] 3.0 120 - 007 <. 00002
750 22.5 28,5 62.5 42,5 56.8 2 5.0 336 .018 *. 000020 Rb 90
1000 20.4 26.5 56,5 35.4 55.0 1000] 20. 120 .015 <. 00002
1200 18.6 24.5 45.0 31.0 53.2 30.0] 144 ot | *.00002 | > 144 b 89
1400 17.0 19.0 28.3 265 38.5 200 10.0] 624 060 | *.000033| > 624 Rb 79
1400 3.0, 312 .012 *, 000009
5. 1104 . 055 _ - 000088 ) >1104 Rb 84
@ 1400] 10.0 580 . 055 . 00036 > 576 Rb 80
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1600 3.0 960 R [ 20017 - 120 6.74 Rb 74
TEMPERATURE ON PROPERTIES OF METALS [¥Not hecessdrily a murm rate
TYPE OF TYPE OF SIZE OF
MATERIAL 18-8 MELTING FURNACE HEAT
cHEMICAL composiTioN, | © [Mi] P ]S | Si[or[Ni[Mofch [Ti|arl]
PER GENT .04 ] 50 .70 |19.d9. 74 I'T
DEOXIDATION
FORM-CAST OR WROUGHT _3/4" Dia. Bars, Rolled
HEAT TREATMENT W. 0.-2100°F
MICROSTRUGTURE
I
GRAIN SIZE
HARDNESS 140 BHN, 76 Rb () DURATION OF TEST (RUPTURE TEST INDICATED BY R),

4), THE INTERCEPT 1S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOMD-STAGE CREEP
(L] é&ﬂ.r’Rl:m?ElT’ON TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



©)

®

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
. TEMPERATURE ON PROPERTIES OF METALS . les |Ma.1'ms qucz R
TYPE TYPE OF Heroult |SIZE OF Si |Cr|Ni |Mo|Cb|Ti|Al
MATERIRL 304 MELTING FURNACE Arc . |HEA 15 Ton GHEMICAL COMPOSITION,
ICAL COMPOSITION, ljl“'J P l S [si|or[Ni[mojch [Ti |A| | ] ATION .06].47 [.010].010].65 f16.8]8.5
PER GENT Loze| .64 [on1]. 010l 42 hs. ofo. séf. 06 LI 1 FORM-CAST OR WROUGHT 3/4" Dia. Bars - Relied
| DEOXIDATION Silicen HEAT TREATMENT
[FORM-CAST OR WROUGHT _Wrought Bar Stock CROSTR
uen‘rnormmmmmr Ammesied :l‘um SIZE i
micl URE HARDNESS 134 BHN, 73 Rb
GRAIN SIZE
= = SHORT TIME TENSILE PROPERTIES
SHORT TIME TENSILE PROPERTIES remperarire,| | oor > | Nierow | TENSILE | ELONGATION | REDUCTION
MODULUS b ELASTICITY, [ STRENGTH, STRENGTH iN 2", IN AREA,
TEMPERATURE, OF viELDW | TENSILE 5-0“02‘“'0“ Rf'flfgs'g" LO0OL00PS.I. | 1000PS.I. PSl. | PER GENT CEN
*F ELASTICITY, | STRENGTH sm‘fgr' PER CENT | PER CENT 70 27.0 31,0 84.3 65.5 77.7
. LOOOQ00PS.). | 1000PS.I. il 300 27.0 17.0 2.5 47.5 7.2
RT L 29.0 77.0 55.0 _7’?2 1200 12.0 44.1 38.5 50.6
400 bl 16.5 59.9 50.7 . 1400 12,0 27,2 32.5 8.
600 - 14.5 56.6 48.0 67.5 289 |
800 - 13.5 57.2 47,8 68,5
Ta00 = 124 361 6.2 £, ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1200 — 1.3 a.3 6.3 55.3 — TEMPERATURE ON PROPERTIES OF METALS
OF SIZE OF
MATERIAL __ 18-8 ];E.Tlm FURNACE HEAT
CHEMICAL COMPOSITION,| C | Mn S [si|cr[ni[mafopTTi Al
@ PER CeNT .04—[50 .70 |19.d9. 74 [
ASTM-ASME JOINT COMMITTEE ON EFFECT OF XipATION
- FORM-CAST OR WROUGHT _3/4" Dia. B Rolled
TEMPERATURE ON PROPERTIES OF METALS REAT TREATNENT YTy e
TYPE TYPE OF SIZE OF ROSTRUGTURE
MATERMAL 18- MELTING FURNACE [ HEAT T miG
. c[m]p[sTsiJer]Ni[Mofco|Ti|a GRAIN_SIZE
CHEMICAL “COMPOSITION, e —
PER CeNT .09]32 I ].28 17, 7s. 54 11 HARDNESS 147 BHN, 79-81 Rb
XIDATION
Drg;m-msron WROUGHT _3/#" Dia. Bars, Rolled SHORT TIME TENSILE PROPERTIES
T W. Q. 2100 F MODULUS OFFSET
HEAT TREATMEN TEMPERATURE, OF vieLpwy | TENSILE | ELONGATION | REDUCTION
MICROSTRUCTURE k3 ELASTIGITY, | STRENGTH, | STRENGTH, | IN2', IN AREA,
GRAIN SIZE 1000000PS.1. | 1000PS.I, ' | 1000PSL.’ | PER GENT | PER cENT
HARDNESS 147 BHN 70 21,4 34,7 81.3 61.0 77.0
800 19.6, 28.0 2l.5 64.25 46.0 71.2
SHORT TIME TENSILE PROPERTIES 900 28.0
1000 18.0, 25,0 19.5 59.1 43.0 71.1
TEMPERATURE OF YiELD() | _TENSILE | ELONGATION | REDUCTION 1100 20.0
*F '] ELASTICITY, | STRENGTH, | STRENGTH, | _IN E‘nm ;':'énAgﬁ‘r 1200 19.4, 24.0 17.0 52.9 6.3 63.9
1000000PS.I, | 1000PS.), ' | 1000PSI 1400 14.0 12.0 25.0 38.0 43.6
70 24. 4 32.9 90,0 65.0 4.7 1600 9.5 19.6 33,5 41.5
800 18.0 62.6 47.5 70,3
1000 17.7 16.7 57.0 42.5 69.9 ORIGINAL GREEPAND RUPTURE DATA
1200 13.0 16.0 45.5 31.5 44. 8
1400 10.7 15.5 30.8 18,5 24.1
g‘lf MINIMUM Tiov] TOTAL EXT. | TOT:
1600 6.4 10.0 17.5 12.0 16.7 u "“'?09’ L RA| TIM mﬂzﬂ%ﬁ W
F L&ESh 0 ARl » TESTL% | TESTING
800, 15.0 48 ] [\]
900; i 360 . 023 *. 000008
11000, " 480 .101 *. 000044
L100 " 360 - 060 . 0007 >360 Rb 80
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1200] 10.0] S04 .109 - 00072 >504 Rb 79
TEMPERATURE ON PROPERTIES OF METALS h4c0] » 48 1.40 *. 096 > 48 Rb 80
TYPE OF TYP? OF SIZE OF n400| 3.0 624 .107 .000057 | >g24 Rb 79
MATERIAL 18-8 MELTING FURNACE HEAT heoo| 1.0] 456 050 . 00075
cHEmICAL composiTion, | C ™| P [ s si[cr[wi [moTon [Ti T 3.0] 165R 0 L0360 pr 9.0 |Rmobso
PER GENT .06 .47 [ 010} 010]. 65 J16. 8]s. 52 kNot hecesadrily a midimum rate
DEOXIDATION
FORM-CAST OR WROUGHT _3/%" Dia, Bars - Rolled
HEAT TREATMENT A-Q.-1950°F ASTM-ASME JOINT COMMITTEE ON EFFECT OF
MICROSTRUCTURE TEMPERATURE ON PROPERTIES OF METALS
TYPE OF
I ) MATERIAL 188 | — Rt &
%mcm. composiTion, | C |M i P sTsiforInifmefoo [TiTar| |
SHORT TIME TENSILE PROPERTIES xwm‘m" 09]32| | Jeshr.es.sd T
MODULLS OFFSET [DEOXIDATION _____
0% m TENSILE ELONGATION REDUCTION FORM-CAST OR WROUGHT _3/4" Dia. Bars - Cold Rolled
TEMPERATURE, OF 1ELD ol
L3 ELASTICITY, | STRENGTH, | STRENGTH, r ",:RARE:i_ HEAT TREATMENT
1D00POOPS.I. | 1000RS., | 1000PSI. Pe can ce MICROSTRUGTURE
70 22.0 28,6 84.2 64.5 74. 6
800 20.5 16.0 62.5 47.5 70.8 mgss’ZE 217 BEN, 30-2Z Re, 97 Kb
1200 19.0 13,0 43.8 18,5 | 50.7 > 2
1400 9.5 25.8 32.0 39.1
SHORT TIME TENSILE PROPERTIES
MODULLIS OFFSET
TEMPERATURE, OF YIELDU) TENSILE ELONGATION | REDUCTION
*F ELASTICITY, | STRENGTH, [ STRENGTH, | IN2', IN AREA,
() 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. 1000000PS.1. | 1000PS.) " | 100OPSIL CENT | PER CENT
t2) EXTRAPOLATED VALUES INDICATED BY * 70 24.7 81.5 108,95 41.0 70.4
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R). 550 23.6 63,0 80.2 28.5 66,5
@) THE_INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE 300 25.5 52.9 764 305 T
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA 1000 19.2, 27.0 53.0 69.3 26.0 65.9
5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD S‘I’AGE, OR AN ACCELERATING 1200 2.5, 23,0, 20, 44.5 58.5 25.0 61.7
CREEP RATE. 1300 20.0
1400 8.3, 7.0 26.0 42.1 29.0 49.7
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ORIGINAL GREEPAND RUPTURE DATA

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

®

TYPE TYPE Electric  [SIZE OF
T ST mmzr:ou TOTAL EXT. | TOT. &dw MATERTAL 304 ML TING FURNACE " ane | REAT .

T 65k Bl 9 % ) westl % TEST),% | TESTING GHEMICAL COMPOSITION, | ¢ l"' [PIsTsiJorini [moTcbTTi ja] T
LOOO 10,0 14 2024 | %, 000042} > 504 20 39 l.ou 004, 40 19,1110, 0 l j l
pzoo| 600 .310 .00034 | >600 Rb 96,Rcl19 °E°x'm7'°gﬂ D
200 3.0 384 045 | +.000044] >384 ORM-CAST OR WROUG! rought 17 Bars
h300] 192 007 _| *.000044] >192 HEAT TREATMENT
[ 0 - 208 095 00116 S 408 MICROSTRUCTURE  Austenitic
) 504 " 96 ] . 0095 > 96 GRAIN SIZE
bNot frily a midimum rate HARDNESS

v
SHORT TIME TENSILE PROPERTIES
rewreratre,| O oFreer | TENsILE | eLoncaTion | REDUGTION
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ok TICITY, | STRENGTH, | STRENGTH, | N 27, iN AREA,
ELASTICITY, ENGTH,
TEMPERATURE ON PROPERTIES OF METALS 1000000PS.., | 1000eS.. | 'O0ORS). | PER GENT | PER CENT
T
Mot o [ iEnmwe  [BR” s e i
CHEMICAL CoMPOSITION, | C [P [ P [ S [Si[Gr[Ni [Mo]ch [Ti [ar] | 1890 9.93 46.5 165
PER GENT Los].s9loaslonsfsofszfond | | [ | | 2000 564 A0.5 A2 5
DEOXIDATION 2200 4 14. 85,2 96,1
FORM-CAST OR WROUGHT _Wrought - Cold Drawn 2300 3.1 4.5 100
ﬂr TREATMENT 1550°F. Air Cooled
MICROSTRUCTURE
GRAIN SIZE @
HARDNESS 195 BAN
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
SHORT TIME TENSILE PROPERTIES TEMPERATURE ON PROPERTIES OF METALS
e ] et X D rvee [
TEMPERATURE, Y 0] TENSILE | ELONGATION | REDUCTION —— - - -
oF ELAs(ﬁcln. sm'ser'ig#u. STRENGTH, | N 2", IN AREA, cuEmicaL cowposiTion,| C [ [ P [ s [SiTcr[Ni[Molco i [a
1000000PS.I,| 1000RS.), ' | '0COPSI. | PERGENT | PER GENT PER CENT 06|.az] | 153 r7.sk.53 ]
70 27.8 43.5 89,5 54,0 74.0 DEOXIDATION
300 26.5 36.0 67.0 50.0 12,5 FORM-CAST OR WROUGHT __ Wrought
500 25.0 33.5 62,5 47.0 71.1 HEAT TREATMENT _ As Rec'd
150 23.0 30.0 62.0 42.5 69.2 MICROSTRUCTURE
1000 21.1 28.0 55,0 38.0 1.5
1200 19.6 26.0 44.0 35.0 66,0 GRAIN SIZE
1400 18.0 19.0 32.0 31.5 64.8 HARDNESS
. SHORT TIME TENSILE PROPERTIES
@ TEMPERATURE oOF YIELD(II TENSILE | ELONGATION | REDUCTION
ASTM-ASME JOINT COMMITTEE ON EFFECT OF r '| ELASTICITY, | STRENGTH, | STRENGTH, 2%, IN AREA,
TEMPERATURE ON PROPERTIES OF METALS 1000000PS.M, | 1000RS.). | 'O0OPSI. | PER CENT | PER GENT
TYPE OF TYPE 85,4 4.3
MATERIAL 18-8 Im_n% FUANACE ar AL o
C[w[P]s[siJor[ni[Mo]co[Ti[al
QUEMICAL COMPOSITION, rjtifmoforrifal | ORIGINAL CREEPAND RUPTURE DATA
29 |, 58 AE. 5_11;8 0I9 44 l I I L
Fowcas 0 = —pe— Faezres]
FORM-CAST OR WROUGHT _ 3/4" Dia, Bars TIONJINTERCEPT,  MINIMUM TION| TOTAL EXT. | TOTAL
i CREEP TEST)] (RUP aF
HEAT TREATMENT °F | 3 | HOURSGI| - Mete) R mé‘e‘w % TEST),% | TESTING
MICROSTRUCTURE 12021 8.4 1220 023 000010
GRAINZE 12021 4.0 1220 002 (1]
JHARDNESS 23] BHN, 0L Rb
SHORT TIME TENSILE PROPERTIES @
MOoULUS OFFSET TM -ASM|
TEM " TENSILE Tion | REDUCTION As E_JOINT COMMITTEE ON EFFECT OF
T, e aanioiTy, | sTaacrn, | STRENGTH, B N AREA, TEMPERATURE ON PROPERTIES OF METALS
1000000PS.1, | 1000PS.I, I000RS). | PER CENT PER CENT TYPE OF TYPE OF Electﬂc SIZE OF
2 aLs 1 s - MATERIAL Cast 18-8 MELTING FURNACE i HEAT -
228 410 a0 9 250 53,0 CHEMICAL COMPOSITION, | © "'["lsls']c' Ni [Mojco [Ti [ar] |
1000 2.5 57,5 83.2 25,0 56,0 PER GENT 10]4s ] [.2s]  hs.7io.0 1T 1T T 1
1200 12,3, 28 46,0 68,9 3i,5 68.2 DEOXIDATION
1400 8,0 26,0 45,9 44,0 74.9 FORM-CAST OR WROUGHT _Cast Keel Blocks Navy Pattern
1600 8.9, 10 15.0 30. 4 43,0 Bl 8 HEAT TREATMENT __ Water Quench 1900 F
MICROSTRUCTURE
GRAIN SIZE
HARDNESS 65 to 77 Rb
ORIGINAL GREEPAND RUPTURE DATA SHORT TIME TENSILE PROPERTIES
WMODULUS OFFSET
TEMPERATURE, OF YIELDU} TENSILE | ELONGATION | REDUCTION
hi’ﬁ?ﬁhm ERCEPT e T O o XL T r F ELASTICITY, | STRENGTH, | STRENGTH, | IN2', IN AREA,’
- [,B5L i EF RATEY  DIME, A sTiac | TESTING 1000000PS.!. | 1000Rs.t | 1000PSL.’ | PER GENT | PER GeNt
0.0 | asc o 20025 >840 b 10 : 30.8 71,4 55.0 62.5
10l 792 069, 000093 >792 Rb 100 3-9-: zz £ _ﬂJﬂ : 4.&..5__“ £ —ﬂ-q—ﬂ 2
[ sso | 205 | 200 |
——:i‘———‘m 00490 168 Rb_98 800 16.0 18,0 T 47.0 562
0 2 135 .000L16 1000, 23,1 4.5 | 518 39.0 478
_3.0 168 0110 96 Rb_92 1200 14,0 41,0 29.5 41,8

(1) 02 PER CENT OFFSET UNLESS OTHERWISE INDIGATED. 1400 15,3 24,9 13,5 3.4
(2) EXTRAPOLATED VALUES INDICATED BY ® 1600 14.3 10.8 1.9 6.0 388
(3) DURATION OF TEST (RUPTURE TEST INDIGATED BY R). 1200 i4.5 —>30.0
{4) THE_INTERGEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
(@ THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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ORIGINAL CREEPAND RUPTURE DATA ORIGINAL CREEPAND RUPTURE DATA

e DURATION|INTERGEPT, MINIMUM, TRANSITIONL TOTAL. ExT. [TOTAL F100 ﬂﬂ“dm plsTressjouraTion]iNTERGePT] MINIMuM frRansiTion] ToTaL ExT. TToTaL Eﬁidnmmesd
HOURSG ) CREEPRATE{ TIME, |OREEP TEST) (RUP AFTER
* &8 1| %@ /bR | HRS.(S) % TeSTho | TESTING F | ES | HouRsell e SR e % TEST),% | TESTING
800} 30.0 264 4.2 <.00001 82.8 |1202{8,00 | 1220 026 _{,000036 071
8004 20,0 360 . 680 <.,00001 -
10! 0,0 1272 610 000093
[20.0 432 100 | * 0 -
11001 200 384R 091 000898 312 [ 82.5
900 10. 0 552 002 <.00001
10004 10,0 1008 048 *.000015
1100y 10,0 504 028 000003
(12004 10.0 432 .032 . 000005
1300l 10. 0 096 <. 00001
14001 10 0 22R 025 84 4
100! 30 264 010 <. 00001
110 3.0 504 L 027 <,00001
| ses+ | 100 | _go0oos
1300] 3.0 360 025 <.00001
140f 3.0 408 031 <. 00001 )
3.0 624 026 000008
1600! 3.0 Q48 000204/ 0.4 T2
*[ Not ily b minimusd rate
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
MATERIAL MELTING FURNACE HEAT
cHEmICaL composiTion, | S [ [P TS [si[or[ni[moJob]Ti [ar] T
Lol | [ ladesd [ T 1 [ [
DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought
HEAT TREATMENT As Rolled

MICROSTRUCTURE
GRAIN SIZE

HARDNESS 219 BEIN @

ASTM-ASME JOINT COMMITTEE ON EFFEGT OF

SHORT TIME TENSILE PROPERTIES TEMPERATURE ON PROPERTIES OF METALS
MODULLIS OFFSET TYPE OF TYPE OF 1Z
TEMPERATURE, OF YIELD() 5%23'5'%. ELE::GATIN RmﬁN MATERIAL MELTING FURNACE SEAEOF
) ) - - -
F 'ELA%LE'I,. S'ofggr;cglﬂ 1000PSL" | PER cenT | PER CENT %5"0'&91" composiTion, | G [M [ P r|sJJ si | cr} Ni [me [Cb lTjLAI ]L ]
099}, 50 .43 18, 19. 05
A0 05 8 A6 A9 6 DEOXIDATION
| FORM-GAST OR WROUGHT __ Cast
. CREEP AND RUPTURE STRENGTHS [HEAT TREATMENT 1100 C 1hz. W.Q., 650 C 1 hr. A.C
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED MICROSTRUCTURE
TENP, INDICATED, I000PS..(2) CREEP RATE, 1000 PS.1.[2) SRAIN STZE
°F 100 1000 10,000 [100,000 [0.000001 | 0.0000! | 0.0001
HRS. HRS. HRS. HRS, % HR. | %rHR. | %rhR. HARONESS 62 Rb
1022 158l [y5 20
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
e TEMPERATURE, OF Y\ELD(I} TENSILE | ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2", IN AREA,
ASTM-ASME JOINT COMMITTEE ON EFFEGT OF 1000000PS.I. | 100ORg.. | 'O0OFSI | PER GENT | PER CENT
TEMPERATURE ON PROPERTIES OF METALS RT 9 60.0 725
TYPE OF ]TYPE OF SIZE OF
MATERIAL MELTING FURNACE HEAT
CHEMICAL coMPosiTion,| © | ™ | P [s]sijer]ni[mo]eoiTiTa
PER CENT . 10 |. 38 ] . 25 {17, 2{9. 49
DEOXIDATION
FORM-CAST OR WROUGHT _ W rought
HEAT EATMENT  As Rec'd
MICROSTRUCTURE . CREEP AND RUPTURE STRENGTHS
GRAIN SIZE STRESS_FOR RUPTURE IN TIMES 'SS FOR DESIGNATED
HAFONESS TEMP, INDICATED, |ooopsn 12) cREEP RATE, 1000 PS.). (2}
°F 100 1000 10,000 |100,000 |00000O!I | 0.00001 | 0.000t
HRS. HRS. HRS. HRS. rHR. | %/HR. | %W/HR.
SHORT TIME TENSILE PROPERTIES 1000 8.6 | 1540 |16 5(a
TEMPERATURE, 'wOFU"US °$,F§E§l., TENSILE | ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2%, IN AREA,
1000000FS.I, | 1000PS.). | 1000PSL | PER CENT | PER CENT
RT 89,6 69.5 £0. 5
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUFTURE IN TIMES STRESS FOR DES|GNA
TEMP, INDICATED, 1000 P.S.1. (2} CREEP RATE, 1000 PSI (2)
°F 100 1000 10,000 |i00,000 [0.000001 | 0.0000! | 0.0001
HRS. HRS. HRS. HRS. %HR. | %/HR, | %e/HR.
2 4 0® 5 a(=)
(3) DURATION OF TEST tRUPTURE TEST INDICATED BY R,

4} THE INTERCEPT IS THE PROJECTION BACK TO ZERC TIME FROM THE PORTION OF THE

TEST SHOWING THE MINIMUM OR D-STAGE CREEP RATE.
{) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDIGATED BY.* ] EP:IEEE;RA\‘?:%TION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING

(a) Flow Rate Data - Step-down test on single specimen at . 002 in/in total strain,
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I8Cr-8Ni + Ti @

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ORIGINAL GREEP AND RUPTURE DATA

TYPE OF TYPE SIZE OF
VATEAL 321 [T FURNACE. Elec. Arcliar 25 Tons [revelsTRESSIpURATIONINTERGEPT) Mt Traseimon] ToTaL Ex. ToraL Elonclaroness
cuemicaL composiTion, | C [T PTsTsiTor[Ni[mofooJTiJar] T F | 5k | HOURSEI]  Seta) SR ] S P TEST).% | TESTING
PER CENT Loadfi. 1ol oaa onol . 7ofas.dro. 7] | [as] | | 1100h15.0  pooo .170_| . 000066 |> 3000
DEOXIDATION Silicon v _j13 0 Bogo 747 . 000021
|FORM-CAST OR WROUGHT __ Wrought v l10,0_pooo 0,0865 | .0000098> 3000
HEAT TREATMENT __ W. Q, 1900°F. v hi3.5 Booo 0.093_| .oooo1s |> 3000
MICROSTRUCTURE Equi-Axed, Austenitic, few Ti Carbides. W ls.o 4.9 17.2 2.24 3.4
GRAIN SIZE 8 Actual v W5.0 19.9 15.3 0.317 12.0
HARDNESS BEN 136 v B0 |159.5 W 6.6 0. 0368 70,
" B5.0 262. 5 5.3 0. 056 152,
SHORT TIME TENSILE PROPERTIES » R9.0o |607.7 3.7 0. 00565 2175,
MODULLS A OFFSET " R6.0 83l. R 2.9 0, 004 450
TEMPERATURE, OF YIELDt) | TENSILE | ELONGATION [ REDUCTION 1300] 4.3 pooo 0.018 | .000155 |> 3000
F ELASTICITY, | STRENGTH, | STRENGTH, | IN2', IN AREA, -
1LOOOQOOPS.. | I000PS.I, 1000PS).’ | PER GENT PER CENT 4.0 pooo .03 - 000088 [> 3000
80 28.9 67,7 93.8 19 75 . 1.5 000 0, 022 . 000028 |> 3000
To0o 2% kv, 1L65R 5.8 15.2 0.68
1100 21.9 49.1 61.2 26 67 "_p5. 4.7 6.3 3.74 1.8
1200 21,2 44.0 53.4 31 60 v RO, 45.7 3.3 0.192 23.0
1300 20. 4 38.4 50.5 24 43 " 15, 170.5 0.038 95.0
1400 19.7 " s, 132.2 0.04 50,0
1500 19. 1 28.0 29,7 37 75 L S 668, 0, 00624 290,
(A} Determined by a Supersonic Method. 1500 L.5 500 0. 10 10.0 300
CREEP AND RUPTURE STRENGTHS U {1.05 pooo 0.015 | 6.0 > 3000
YRESS FOR RUPTURE IN TIMES STRESS FOR DES GNA‘—T » | 0.971 sooo 0.018 00028 750
TEMP, INDICATED, lOOO PS.. 121 GREEP RATE, 1000 PS.t.(2} v s, ISR 2.4 22.0 0.2
°F 100 1000 10,000 100,000 [0.000001 | 0.00001 [ 0.000! " js. 0.6 R 57.1 0.3
HRS. HRS. HRS. HRS. %WHR. | %/HR. | %iHR. " s, 0.57 R
1100 43.0 34.0 26,0 21.0 6.4 14.0 w13 1.8 2.1 16.3 0.65
1200 33.0 205 11,0 5.9 2.5 9.7 " o, 13. R L1 1.69 4.0
1300 23.5 12.5 6.2 3.0 LS 3.8 v |e. 53.2 | D.336 14.0
1400 " 5.12 180.5 0. 045 35.0
1500 1.2 21 2.3 1.3 & " }13.82 |523. R 0. 0181 187
" 3.12 | 486.8 R} 0. 0158 65
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TYPE OF 121 —[TYPE OF . SIZEFN
TEMPERATURE ON PROPERTIES OF METALS MATERIAL MELTING FURNACE Elcctric |HEAT _
o PE OF —EZEOF cHEMICAL composiTion,| G [ [ P S [si[cr[ni [Moco [Ti T Al
MATERIAL MELTING FURNACE Electric IHEAT . PER GENT .09).46] 012 007] . 63h8.5[11 2 . 34} 064]
cHEMICAL composiTion, | C [M [ P | S [siJcr]Ni[Mofce [Ti [l DEOXIDATION
PER GENT .05].53} 017]. 01d . 41[17. 610. 8 . 42]. 039 FORM-CAST OR WROUGHT __ Wrought
DEOXIDATION HEAT TREATMENT. _1950°F., 0.5 Hr., Quench
FORM-GAST OR WROUGHT __ Wrought MICROSTRUCTURE  Anncaled - with fine carbides undissolved
HEAT TREATMENT _ 1950°F., 0.5 Hr., Quenched GRAIN SIZE ASTM 5.8
MICROSTRUCTURE  Typical - with fine undissolved carbides HARDNESS 164 DPH
GRAIN SIZE ASTM 6-8
HARDNESS 145 DPH CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES RESS FOR DESIGNATED
SHORT TIME TENSILE PROPERTIES TENP, INDICATED, 1000 PS.1.12) STRERe RATE, 1000 PS.. (2)
MODULUS OFFSET . °F 100 1000 10,000 | 100,000 |0.00000! [ 0.00001 [ 0.000!
TEMPERATURE, OF YIELD() | TENSILE | E1ONGATION | REDUCTION HRS. HRS. HRS. HRS. %/HR. | %/HR. | %/HR,
°F ELASTIGITY, | STRENGTH, | STRENGTH, | N2, IN AREA, 1100 160 "l zlo
\,DOODOOFS... | 1000RS.). | '0OOPSL’ | PERCENT | PER GENT 190 T
75 30.6 83.7 54.5 78.0 1560 L8 PR
1100 19.3 51.2 39.0 73.0
1300 17.3 35.0 64.0 8.5
1500 1.6 20.8 80. 0 97.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
::'SEP A"‘:ER”PJL;':Z STRENGT”SSS o MATERIAL 321 rma.rms FURNACE Electric |HEAT
TRESS ROPTURE 1N STRE: - - -
TEMP, S NDIGATED, 100G P (3] GREEP RATE, 1000 PS.I.(2) GHEMICAL CoMPesiTion,| C [ | PTS [siforfni[mofco|TiJar]n
"6 | 1000 | 10,000 [i00,000 [6:000001 | 0.00001 | 0.0001 PER GENT .07].52 ]. 021, o0s]. 38617 dr0.4 .58} 069}, 011
HRS. HRS. HRS. HRS. %/HR. | %/HR. | erHR. DEOXIDATION 1. 2 pounds Al per ton
1100 40.0 26.0_*| 16.8 *| 11.0_* 12;7 16.0 FORM-CAST OR WROUGHT _ Forged Plate
1300 17.0 10.0 * 6.1 * 37 * 3.1 * 4.6 HEAT TREATMENT _ 1/2 br. at 1900°F. - W. Q.; 2 hr. at 1550°F,
1500 6.2 3.8 2,35%] 1467 0.46*f o0.85 MICROSTRUGTURE
GRAIN SIZE 5-6 Actual
HARDNESS
SHORT TIME TENSILE PROPERTIES
S OFFSET
TEMPERATURE, ngé'u YIELD() | TENSILE | ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, | STRENGTH, | . IN2, IN AREA,
(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. ' 1.000000PS.. | 1000PS.I. || 'OOOPS) | PER CENT | PER CENT
(2) EXTRAPOLATED VALUES INDICATED BY * rs o 3 TPET] Y

(31 DURATION OF TEST (RUPTURE TEST INDICATED BY R},
) THE INTERCEPT 1S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
[E]) Tl-E TRANSITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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CREEP AND RUPTURE STRENGTHS

ORIGINAL CREEPAND RUPTURE DATA

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED rEme) T%F‘"W MINIMUM TIoN| TorAL EXT. | ToTs HarDNESS]
k RA TIM AFTER
TEwP, INDICATED, 1000 PS.. (2} CREEP RATE, 1000 PS.1.(2) 4 i | st [OREEP RATE( " TIME, " |CREEF, TEST) SUETURE | ACTER,
F 100 1000 | 10,000 |i00,000 |[0.000001 | 0.00001 | 0.000¢
MRS, HRS. HRS. HRS. %sHR. | %/HR. | %rHR. 1050| s0.0 ] o0.1R 32.0
900 49 a3+ 1050 43.5 [ 441. 7R 19.0
1050 32 27% 1050{ 38.0 [1232,.0R 14.5
1200 18 13% 1050] 33.5 9.0 R 12.5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS @
TYPE OF TYPE OF Basic  [SIZE OF ASTM-ASME JOINT COMMITTEE ON EFFECT OF
MATERIAL 321 MELTING FURNACE Electric JHEAT 48, 100 Ihs. TEMPERATURE ON PROPERTIES OF METALS
cHEMICAL composiTion, | C M [ P ssifTcrTnifmocoTTi | At [cu 3 = SiZEOF
PER CENT o6 b.77)oif.ors] so iz gz fos]  [e2] [ MATERIAL 321 JMELT:NGFU'W:E HEAT
DECXIDATION |8 1be. Al shof in Ladle GHEMICAL composTion, | C M| P S [Sijcr INi [MoTeo [Ti Tar
FORM-CAST OR WROUGHT _ Wrought (3/4" Diam. Bar Stock] PER CENT 88 ‘ 05 20
[HEAT TREATMENT 2000°F. , 1’72 hr,, W, Q. 1750°F,, | hr,, A. C. SEOXIDATION
MICROSTRUCTURE Typical FORM-CAST OR WROUGHT __ 0_438 in. Bar
GRAIN SIZE Actual ASTM 3.7 {Duplex} | HEAT TREATMENT 1900°F. Anneal
HARDNESS 140 VHN (5 Kg. load) MICROSTRUCTURE
GRAIN SIZE
SHORT TIME TENSILE PROPERTIES HARDNESS
MODULUS OFFSET
TENSILE |ELONGATION | REDUGTION
TR, L ASTicITY, | STRENGTH, | STRENGTH, [ N 2", IN AREA, SHORT TIME TENSILE PROPERTIES
100000FS.. | 1000PS.. " | |00OPSI. | FERGENT | PER CENT TEMPERA "°°§.’é“s o;rsam TENSILE | ELONGATION | REDUCTION
Raoom 38.8 77.8 56.0 5.0 .Fm' ELASTICITY, s-m'EE,';GDTH STRENGTH, IN 2", IN AREA,
:::z :i.:s :;:5 :3.: Z:.: 1000000PS... | 1000PS.| I000PS). | FER CENT | PER CENT
1350 24.1 30.75 37.5 61.2 70 3.5 5.0 9.0
1500 14.9 19. 25 47. 0 81.7
Note: S, at Robm Temp, obtaincd at 0, 20%]off; CREEP AND RUPTURE STRENGTHS
Z) Y. S, at d Temp. ined by lstring TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TENP, INDICATED, 1000 PS . (2} GREEP RATE, 1000 PS.. (2}
°F 100 1000 | 10,000 |100,000 |0.000001 | 0.00001 | 0.0001
CREEP AND RUPTURE STRENGTHS ‘ we | Tes | %R R PR | SR | SR
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 200 255
TENP, INDICATED, I000 PS1. (2) CREEP RATE, 1000 PS.I. (2} e 2Ly
°F 100 1000 | 10,000 |100,000 |O.00000! | 0.0000+ | 0.000! *
HRS. HRS. HRS. HRS. %sHR. | %/HR. | %/HR.
1050 . 52.0 39.5 30.5 235 © ORIGINAL CREEPAND RUPTURE DATA
ORIGINAL CREEPAND RUPTURE DATA \NTERCEPT) m""ﬁ‘:‘ A 1TIONI TOTAL EXT. |TOT ARDNES
Tl8) AT s e e | vt
hﬂ%luﬂﬂmmi MiNimum rRarsiTion] TOTAL EXT. [ToTaL, mmngdmf 30.0
F | 53, | HORSB i) R ] e | e | TESThe | resTiNG
135.4 R 22.0 - 49.0
lSD(ll 6.8 51.0R
318.5R 10.0 1700 4.4 7.0R 49.0
1995.9 R 13.0 200l 75 W.oR
1 . .
3895.6 R 11.0
;‘%ﬁ 12.0 1900] 3.3 | 2.0R 38.0
T 1900} 1.9 9.6 R
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
. TEMPERATURE ON PROPERTIES OF METALS ASTM-ASME JOINT -
[TYPE O TYPE Basic -ASME JOINT COMMITTEE ON EFFECT OF
MATERAL 321 [T Fumrece Eteersic [Baa ™ 48, 100 iba. TEMPERATURE ON PROPERTIES OF METALS
CHEMICAL COMPOSITION. | © |M"] P | 5 | Si [Gr [Ni [Mo]cb [Ti [ Al [ ca TYPE OF : TYPE OF SIZE OF
PER GENT '|.06||.771.on.013 .50 }7.8]12. 2]. 08 .42 .12 baremia 127 T IN:TI»:} l S ISi or [Ni :IE:‘l.Gb Ti | a1 l
DECXIDATION 18 1bs. Al shot in ladle. GHEMICAL COMPOSITION,
FORM-CAST DR WROUGHT _ Wrough: (3/4" Diam. ar Stack) cosfrer] | Jaslzshosd | 1
HEAT TREATMENT 2000°F,, 1/2hr., W. Q. 1600°F., 5 hrs. F. C. OEOXIDATION
MICROSTRUGTURE Typical FORM-CAST OR WROUGHT __ Sheet
GRAIN SIZE Actual ASTM 3-6 (Dupie) m::i EATME] Aanealed
- ex,
HARDNESS 137 VHN (5Kg. load me E
RONESS 137 VHN (5Kg. load) GRAIN SIZE
SHORT TIME TENSILE PROPERTIES HARDNESS
MODULLIS OFFSET
PERATURE TENSILE | ELONGATION | REDUGTION
e * s OF'C'TY STEELD(: s.’o'&"%" ! FE'gz" ga“‘i TRESS f:nﬁ:ﬁmwmé STREN(?;:ESss FOR DESIGNATED
LasY Ny ENGTH, PSI. T
: 1000000PS.L. | I000PS.L, CEN CEN INDICATED, 100G PSS.1.(2) CREEP RATE, 1000 PS.|. (2]
Room 37.3 78.0 55.0 5.0 F - 100 1000 10,000 000 |0.000001 | 0.00001 ©.0001
1050 37.7 S1.5 40.0 4.5 HRS. HRS. MRS, lo?i‘ns %/HR. | %/HR. %/HR.
1200 35.25 40.75 39.5 68.8 1200 25,0 20.0 *
1350 23.4 28.9 42,0 64,9 1500 3.8
1500 15.6 17.5 60.0 82,0 —
Note: Y. S. at Togm Temp, obtained a loffset
2) Y. S. at Eldvated Temp. determined by fptring extensojmeter.
CREEP AND RUPTURE STRENGTHS
TRESS FOR RUFTURE IN TIMES STRESS FOR DESIGNATED
INDICATED, I000 P.S..(2) CREEP RATE, 1000 PS.. (2)

°F 100 1000 | 10,000 100,000 |0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %W HR. | %/HR. | %M.
1050 46,0 39,5 0.5 ] 233"

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *

(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
(&) THE INTERCEPT {S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

TEST SHOWING THE MIN

IMUM OR

SECOND-STAGE CREEP RATE.

5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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ORIGINAL CREEP AND RUPTURE DATA

ORIGINAL CREEPAND RUPTURE DATA

TIONJINTERCEPT | MINIMUM iTION] TOTAL EXT, W
1,53k 3 e PR T e = TESThon | TESTING
ITEM?, TIONINTERCEPT, JN TR “:%m JOTAL EXT, [TOTAL H@@ 0p — > s
% | PSI_ ] HOURSE)|  %l®) 1 JOREEF, ! 1350 14.0 0. 1
1000 /MR _| HRS® * TEST.% | TESTING 1350 14.0 | 13.0 .45
‘“: ’:': 3:‘:’: lz': 1350 14.0 | 38.0 .92 .
1200] 27. 28, .
1350| 14.0 95. 0 4.6
1200} 27.5 43.0R 10.0 1350] 12.0 7.5 12
1200 25.0 1259.3 R 20.0 1350 12.0 | 42.0 .38
1200( 24.0 J113.0R 6.0 1350 12.0 | 840 11
‘:g: z;': 1:::: :;'z 13500 12.0 | 190.0 R 19.0
1 2. . .
- 1350! 10.0 35.0 ' .15
1200/ 21.0 ]215.0 R 12.5 1350] 10.0 | 80,0 D
1500} 14.0 |} 3.6R 250 1350] 10.0 | 190.0 1.60
1500] 9.0 20.0R 22.0 1350 10.0 | 275.0 5.0
1500] 9.0 24.0R 21,0
1500} 8.0 63.0R 16.0
1500 7.0 | 21.0R 16.0 @
1500] 7.0 22.0R 20,0
1o0o] 55 [ 4s0m 5o ASTM-ASME JOINT COMMITTEE ON EFFECT OF
T PTEETYT o TEMPERATURE ON PROPERTIES OF METALS
1s00] 2.6 [160.0% .0 | MATERIAL P — Fear &
- : : [cemicaL cowposiTion, | C [Mn] P [S [SiTor[Ni [MoToe [Ti [l
PER CENT [ 058 75] 018} 013]. 65 f19. 89. 86 .22
e DEOXIDATION
FORM-GAST OR WROUGHT __ Weld Deposit
ASTM-ASME JOINT COMMITTEE ON EFFEGT OF WEAT TREATMENT 650°C 2 Hrs, ¥, C
TEMPERATURE ON PROPERTIES OF METALS MIGROSTRUGTURE Nome
TYPE S|
MATERTAL 321 |MELTING FURNACE et & GRAIN SIZE
QUEMICAL COMPOSITION, [c[m] P[5 |si[Gr]Ni [Mofca[Ti|AI]re] HARDNESS
PER CENT : 9.0[9.0 4 Bal|
DEOXIDATION CREEP AND RUPTURE STRENGTHS
FORM-GAST OR WROUGHT __ 0, 045 in, Sheet FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
HEAT TREATMENT 1900°F, Anneal TEMP, INDICATED, 1000 PS.. (2) LREEP RATE 1000 A1 (2)
CROSTRUC °F 100 1000 10,000 {100,000 j0.000001 | 0.00001 | 0.0001
M TURE HRS. | wes. | HRS. | HRS | %wHR. | SR | %R,
GRAIN SIZE 1000 44.0 36.0 28.5 " | 22.2 ¥
HARDNESS
SHORT TIME TENSILE PROPERTIES ORIGINAL CREEPAND RUPTURE DATA
MODULUS OFFSET
vigLpw) | _TENSILE | ELONGATION | REDUGTION
T AT URE, | e asniciTY, | sTaenomn, | STRENGTH, | IN2", iN AREA, hE.er TION{INTERGEPT( MINMLA | m‘rﬁe‘m [TomaL_ext, [ror, AONES
1O0OQOOPS.. | 1000PS.., ' | |00OPSL” | FER CENT | PER CENT - |idish | o %/HR. | HRSS » TESTI,% | TESTING
70 32.7 84.3 56.0 1000] 46. 0 2lR 15.3
" 42.0 115 R 12.5
CREEP AND RUPTURE STRENGTHS t 136.0 ] 1099 R 5.8
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED 30.0 | 6301 R .5
g INDJGATED, 100G P 18) CREEP RATE, 1000 PS.1. (2)
F 100 1000 170,000 106,000 [0000001 | 000001 | G000
HRS. | WRS. | HRS. RS | wtR. | %rHR, | WHR. @
1200 28 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
ORIGINAL CREEPAND RUPTURE DATA TYPE OF 321 oF Heroult [SIZE OF
MATERIAL lua}ms FURNACE Arc HEAT 16 Ton
- cemicaL cowposiTion, [ C [Me[ P | S [siicrlni[mofc[TiJar] T
'y -cﬁ% rm'zrfm LIRS URR AF PER GENT 053]1. 18], 028] 026] . 69 15. 6[s. 71 Tse] 1 1
%/HR | HRSI5) » TESTL% | TESTING SEOXIOATION T —
10,0 FORM-CAST OR WROUGHT  Wrought Bar Stock
10.0 HEAT TREATMENT 1850°F, 1/2 Hr. W. Q,
MICROSTRUCTURE
[GRAIN SIZE ASTMG. §. 6-7
HARDNESS 156 BAN
ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
TEMPERATURE ON PROPERTIES OF METALS SHORT TIME TENSILE PROPERTIES
TYPE OF TYPE OF SIZE OF MODULUS OFFSET
MATERIAL 321 MELTING FURNACE HEAT TEMPERATURE, OF YIELD(1) srTang:;Lfn ama_nou mgﬂ
cremicaL composiTion, | C [T P TS TSiJer N [moTc [Ti [alTre | ¥ Boonoorst | Tt | "iooorsy.’ | PeR ENT | PeR ceNnt
.1fz.0].03].03 s.oo.o] | [.eol [sm. BT 38,7 o7 1 537 s
DEOXIDATION 1000 28.3 60.4 33.7 65.3
FORM-CAST OR WROUGHT 0. 040 in, Sheet 1100 27.5 56.0 36.0 62.0
HEAT TREATMENT 1900°F. Anneal 1200 26.5 50.0 40.0° 60.0
MICROSTRUCTURE 1300 24.0 46.0 45.0 61,0
1400 21.0 36.5 53.0 66.0
GRAINE:‘SZE 1500 16.0 25.0 66,0 80.0
SHORT TIME TENSILE PROPERTIES CREEP AND RUPTURE STRENGTHS
MODULLIS OFFSET TRESS _FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMPERATURE, OF YIELD{1) STTRHgf‘IngH E‘-'-'::GzeflON mgﬂ TEMP, INDICATED, IOOOPSI Py CREEP RATE, 1000 P:S.\. (2)
3 ELASTIGITY, | STRENGTH, , . s °F 100 1000 | 10,000 [100,000 |0000001 | 0.00001 | ©0.0001
1000000PS.I, | 1000PS.1. ' | |00OPSI. | FER CENT | PER CENT HRS. s | AR ['OneRe | | % | SO
70 31.9 86.4 51,2
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE

(4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

(51 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

SHORT TIME TENSILE PROPERTIES

TEMPERATURE, I!OD(')JFUJS °$f§f§m TENSILE | ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, STRENGTH, IN 27, ’NRAE:I"I'
1000000pS.1. | 1000Rs.. ' | 1000PSL | FERCENT | PER CH
70 29.7 88.6 53.0 74.9
800 20.5 54.8 - 36.5 7.2
1000 22.0 51,7 36.0 75,9
1200 18.0 42.2 41.0 73.9
1400 15.0 27,3 56. 0 80.4
1600 11.0 18.1 52,0 88. 8

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

MATERIL 18T MELTING FURNACE o
GHEMICAL comPosiTioN, | © [ M| P [ S [Si[or[Ni [MoTce [TiTal] |
PER GENT .10 |49 | 010 01d]. 49 17, 112 [se] 1 |

DEOXIDATION

FORM-CAST OR WROUGHT __ 1-1/2" Diam. Bars
HEAT TREATMENT

MICROSTRUCTURE

GRAIN SIZE

HARDNESS 181 BHN, 89 Rb

ORIGINAL GREEPAND RUPTURE DATA

TYPE OF o TYPE OF SIZE OF
MATERIAL MELTING FURNACE HEAT
cHemicaL cowposiTion, | C (M P TS [siTer i [Mafeo[Ti [al] |
PER GENT [ 1 |
DEOXIDATION
FORM-GAST OR WROUGHT
HEAT TREATMENT 30% Elong. 1800°F. 30 Min. A, C.
MICROSTRUGTURE
GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES
*
e e~ Frecom | Tensie | ewonearion’] RepucTion
F '| ELASTICITY, | STRENGTH, | STRENGTH, [ IN2", iN AREA,
1000000PS., | 1000PSL | |00OPSL' | FER CENT | PER CENT
RT 33,06 90. 6 53.98 69.52
RT 32.60 90. 1 53.32 71.01
1000 22.20 60.4 34.68 63. 04
1100 21.58 54.7 20,0 65, 94
1200 19.94 47.20 18.65 71,82
1300 19,03 38.6 20.0 70. 74
1400 15.58 32.47 41.35 58. 06
1500 13.45 21,385 63.35 990. 30
1700 14,320 65,99 97.60
w in 1-1/2 inch,
|

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF . TYPE OF SIZE OF
MATERIAL _ 18-8Ti Ima.rms FURNACE HEAT
cuEmicaL composiTion,| © [M1| P | S [Sior | Ni{Mofce [Ti fa
PER GENT .08].37 ] oz0] 614]. 46 [18. 8. 55 {.42]
DEOX IDATION
FORM-CAST OR WROUGHT _ 3/4" Bars Rolled
HEAT TREATMENT
MICROSTRUCTURE
GRAIN SIZE
HARDNESS 156-163 BHN, 74-77 Rb
SHORT TIME TENSILE PROPERTIES
MODULUS T
TEMPERATURE, oF osrgsfm,, TENSILE EI.IJNGATION REDUGTION
o STRENGTH N 2", IN AREA,
F ELASTICITY, | STRENGTH, »
1000000PS.I. | 1000PS.. 1000PSL. FER CENT | PER CENT
70 32.7 88.7 55,0 74. 9
800 23.5 56,5 36,0 718
1000 20.5 52.3 38.5 78.1
1200 19.0 41.7 43.5 78.1
1400 16.2 28.4 53.0 77.3
1600 10.5 17. 8 54,5 95,1
1300 16.0

ORIGINAL CREEPAND RUPTURE DATA

o TN wTencee NI, AT OV IO £, | R R e
1535 %/HR. | HRS(S) % TEST),% | TESTING
1roq) 3.0 312 0 I< . 000006
1200 " 240 . 032 < . 000008
130d] 264 .031__ i .000008
1400 " 696 0 < . 000015
1506] 528 .050 K . 000006
M A 1800 R Q0 . 00037 1080 1 5&) Rb 47
1300f 10.0 | 624 . 068 . 000023%
1400, " 1248 0 . 00044 456 Not fracturdd at 6,5%
# | Not ne¢essaril e minim rate.
@ [Fracofetin mrain T
I | I

®

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF s TYPE OF SIZE OF

MATERIAL 18-8Ti | MELTING FURNACE HEAT

GHEMICAL COMPOSITION, | G [M[ P | S [SiTcr [N [Mofob [TiJal] |
PER CENT .08|.37.02d 014] . 1618, 318. 55 laaf |
DEOXIDATION

FORM-CAST OR WROUGHT __ 3/4" Bars, Rolied

HEAT TREATMENT W. Q. - 1800°F.; Reheat - 1600*F. (2Hrs.)
MICROSTRUCTURE

GRAIN SIZE

HARDNESS 137-143 BHN, 74-77 Rb

74

TEwe DuRAT IONINTERCEPT] MINIMUM TRasSITION] TOTAL EXT. TTOTAL ELONGHARDNESS
ogt%?lmm sla) [CREEPRATE; " TIME, % ] TEST)% | TESTING

1350| 8.0 I 2496 R . 056 - 000276 1056 5.5 Rb 84

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF
MATERIAL MELTING FURNACE HER]

gHEMICAL composiTion, [ G [Mn| P TS TSiTor]Ni[mooe | Ti Jar]
PER GENT 09 .53 | 012] 004]. 39 17 3[10.3 3] |
DEOXIDATION

FORM-CAST OR WROUGHT __ Wrought

HEAT TREATMENT As Rec'd

MICROSTRUCTURE

GRAIN SIZE

ORIGINAL CREEPAND RUPTURE DATA

e ouRaTION]INTERCEFT] MINIMUM TrRans TIoN] ToTaL ExT. [ToTaL Mﬂm
AT CREED RATE] M e Tesh | "Rp AFTER

F |,E3 )| % i % TEST),% | TESTING

1202 | 2, 000 I 1220 .01 . 000026 0. 047

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES -OF METALS

TYPE OF ]TYPE OF SIZE OF
MATERIAL 321 MELTING FURNACE HEA'
[crEmicAL composiTion, | C (MR P TS [SiTor[Ni[MaTob [Ti [Al
PER CENT 1 [ !
DEOXIDATION
FORM-CAST OR WROUGHT __ Wrought
HEAT TREATMENT 1/2 Hr. at 1950°F,
MICRDSTRUGTURE
GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES
OFFSI *
TEMPERATLRE, Mmé%”s y,ES(., TENSILE El.ouemon REDUCTION
9 ELASTIGITY, | STRENGTH, | STRENGTH, N 2°, IN AREA,
1OOOPOOPS.I. | 1000PS.I. IO0OPRSI. ER CENT PER CENT
RT 24, 83.0 48 69,
1000 59.0 37, 66,
1200 5]1.0 ki £5
1500 28.0 50. 69.

* Y5 0,02% offset, Elongation in 1-1/2 inch.

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R}.

14) THE INTERCEPT iS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

¢} THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN T
CrEer Rag) N ACCELERATING



I8Cr-8Ni + Cb

CREEP AND RUPTURE STRENGTHS

SHORT TIME TENSILE PROPERTIES

MODULUS +
TEMPERATURE, oF YIELD( | TENSILE | ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, [ STRENGTH, | IN 27, IN AREA,
1,000 000PS.I, | 1000PS., | 1000PSI. | FER CENT | PER CENT
80 28.9 33.5 82.4 54,0 13
+ D d by a Superfonic Method

{1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDIGATED BY *
{3) DURATION OF TEST {RUPTURE TEST INDICATED BY R,

© R | RS B
2) . S0,
ASTM-ASME JOINT GOMM!TTEE ON EFFECT OF TEWP, o o0 To500 06,665 15555001 | 500001 |~ 5:0001
TEMPERATURE ON PROPERTIES CX;’;EETALS HRS. HRS. 'H'RS. HRS. %l HR, % /HR. %HR.
TYi TYPE OF 1ZE OF
MA';EER(I)AF\L 347 IMELTING FURNACE Electric |HEAT | 1100 34 : 33.0¢ A2 ‘;‘ a0 z: ‘m : "
- A n 1200 23.0 22 0% FAl
GHEMICAL CoMPOStTION, | C [MP[ P I s Tsi[CriNi[MoJoo [TiJar]| ] 1300 l215 16 0% 12 0% 9 ot 52 2
PER ceNT [ 06 h. 61] 016] 00s). 32 ha. 2li1. 1 .78 Lozs] |
DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought
HEAT TREATMENT 1950°F., 0.5 Hr,, Quench
MICROSTRUCTURE Typical - with fine undissolved carbides ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
GRAIN SiZE ASTM 8 TYPE OF PE OF “Electric |512E OF
HARDNESS 165 DPH MATERIAL 347 lmm'me FURNACE Arc HEAT 25 Tons
GHEMICAL CoMposiTion, | © [Mn ] P [ S TSiJor [ Ni [mo]ce [ Ti |A' [
SHORT TIME TENSILE PROPERTIES PER CENT [-orf es[owsfora[sshr 7z 7| [ e8] 1
TEMPERATURE. "°°§.’.‘;”5 ff?fg.., TENSILE | ELONGATION | REDUGTION DEOXIDATION Silicon
°F *| ELASTICITY, | STRENGTH, | STRENGTH, s IN AREA, FORM-CAST OR WROUGHT __ Wrought
1,000000PS.). | 1000PS. | '000RSI. | PER CENT | PER GENT HEAT TREATMENT W, Q. 2250°F.
15 47.5 97.0 44.5 72.0 MICROSTRUCTURE Equi- Axed, Austenitic with Cb Carbides
1100 34.5 59.1 33.0 :Z': GRAIN SIZE 774 Actual
1300 29.0 43.7 47. 0 . HARDNESS 148 BHN
1500 19.5 27.3 47.0 58. 0
SHORT TIME TENSILE PROPERTIES
CREEP AND RUPTURE STRENGTHS MODULLS + OFFSET g
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED TEMPERATURE, OF YIELDt» | TENSILE | ELONGAT{ON ["REDUCTION
TEMP. INDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 P5..12) oF ELASTIGITY, | STRENGTH, | STRENGTH, IN 2", IN AREA,
°F ' 100 1000 10,000 100,000 J0O00000!I | 0.00001 | 0.0001 1,000000PS.). | 1000PS.I, 1000PS). | PERCENT | PER CENT
HRS. HRS. HRS. HRS. ¥/HR. “o/HR. “e/HR. 80 28.9 32.0 81.7 54 13
| _1100 4.5 36.0 29.0 *| 23.5 % 23.0 . 27.0 1000 22.8
1300 20.9 13.2 9.0 *| 6.0 °* 5.9 8.0 1100 22.0 17,5 65.0 16 42
1500 8.2 4.5 * 2.4 * 1.3 * 1,1* 1.8 1200 21.4 19.5 48.0 13 16
1300 20.7 20.0 41.0 7 10
ORIGINAL CREEPAND RUPTURE DATA
+ Determined by a Su nic Method
oURAT oM INTERGEPT MINIMUM iTion] ToTAL £xT. [ToTaL FLoNGlaronEss v % Pipersonte Hete
* | £8h HOURSRI] | utd) 'cftg %TE. ’;;lsmgi DREEP%TESTL mmf TAglE,@G CREEP AND RUPTURE STRENGTHS
| - . STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
110025 Booo 322 | .000041 (> 3000 TENP, INDICATED, 1000 P.S.1. (2} CREEP RATE, 1000 PSJ.(2)
» {29. pooo . 356 - 000234 900 °F 100 1000 10,000 100,060 [0.000001 | 0.00001 | 0.0001
v | 27. pooo . 000130 1200 HRS, HRS. HRS. HRS. Y%/ HR. “%/HR. %/HR.
" |27 pooo . 000240 1700 1100 37.0 32.0 27.0% 22.0% 150
v |19, Booo L1786 - 000014 |> 3000 | 1200 30,0 | 25,0 21 0% 17, 0% 6.7 22.0
v |25, Booo .560 | 000024 |> 3000 L1300 3.5 12.0 15.0% 12.0¢ 2.4
" 19. BOOO -211 . 000021 > 3000
" 15 000 470 . 000005 1> 3000
v |e2. o R 36, @
" |57, .003 R 33. ASTM-ASME JOINT COMMITTEE ON -EFFECT OF
v | 55, 6.7 R 19.8 1.68 3.8 45. TEMPERATURE ON PROPERTIES OF METALS
"_|50. 41.0R} 5.7 154 22. 22. TYPE OF TYPE OF SIZE OF
v |as. 129.5 R} 5.5 . 0584 95. 30. MATERIAL lMELTlNG FURNACE HEAT
v [36. hor2.s r| L5 . 00304 770. 23, GHEMICAL COMPOSITION, [cmTPsTsiJerTNi[Ma[ce[Ti[arl I
1300{ 5.0 B00O 140 | .o00014 | 2100 PER GENT |.06 1.8 Torz]. 014] 35 ha.sho.9 63 |
» | 8.0 Booo .181 | .o000178 | 1750 DEOXIDATION
N T 2.5 R| 3.5 6.9 L1 48 FORM-CAST OR WROUGHT __ Wrought
" 32, 2.5R 3.4 4.8 1.4 4], HEAT TREATMENT 1950°F., W. Q.
v 25 24.5 R 1.0 244 116 39 MICROSTRUCTURE
I EXX 65. R . 0685 27.0 45, GRAIN SIZE
v J16. [379. R] 0.3 . 009 110 66. HARDNESS
" 12.5 j513. R 0.28 . 00646 350 49
pe00y 1.3 poad - 191 '°‘"’°:;5 2300 SHORT TIME TENSILE PROPERTIES
2.2 pooo .187 | .0002 175 WODOLLIS oFFeET*
" 4.0 |250 .10 00318 TEMPERATURE, '3 YIELDIN TENSILE | ELONGATION | REDUCTION
v 20,0 0.33R | 1.2 2. 8 0.3 77. ' °F ELASTIGITY, | STRENGTH, | STRENGTH, IN 2%, IN AREA,
" Tis0o ] s0r| o7 333 2.0 5 1L000OOOPS.I. | i0oORS.. | 'OOORSI.” | FER CENT | FPER CENT
" 13.0 6.5 R 1.0 3.04 2.15 b3 RT 36.4 85.4 50.0 67.3
" Troo | 64| o8 312 180 61 800 23.1 23.75 6l.2 37.0 67. 7
" 900 22.8 27.5 61.0 35.0 64.9
5.8 j362. R - 0232 130, 31 1000 22.4 26,7 59.5 34.5 3.8
ASTM-ASME JOINT COMMITTEE ON EFFECT OF * YS 0.02% Offset
TEMPERATURE ON PROPERTIES OF METALS
e oF PE OF Thectie 512 oF CREEP AND RUPTURE STRENGTHS
MATERIAL 347 MELTING FURNACE Arc HEAT 25 Tons TRES'SDIFgART%P}'UFE oy IT(IM’ES GREEP ;%EDE'S GNPS )
- - 000 2 000 P.S.1.(2
GHEMICHT COMPOSITION, [ofm]rpls]sijorinjmofc]Ti[a] & T om | o000 15,000 [o00000T | Gv0001 | 00%1
~o7 i 68} o13f o14] . ss[17. iz 7 88 ! HRS. HRS. HRS. HRS. % HR. | %/HR. | %/HR.
DEGXIDATION Silicon 200 610 62.0 0.0 *| ss.0 *
FORM-CAST OR WROUGHT __ Wrought __ 900 60.0 56.0 54.0 53,0 *
HEAT TREATMENT W. Q. 1900°F. 1000 56.0 490 39.0 31,0 "
MICROSTRUCTURE Equi- Axed, Austenitic, with Cb Carbides
GRAIN SIZE 376 Actual
HARDNESS 144 BHN

14) THE INTERCEPT 1S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

TEST SHOWING THE MINIMUM OR
{5 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD
CREEP RATE.

75

STAGE CREEP RATE.

STAGE, OR AN ACCELERATING



ORIGINAL CREEPAND RUPTURE DATA

©

ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
TEMPERATURE ON PROPERTIES OF METALS

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
12) EXTRAPOLATED VALUES INDICATED BY *

76

nTERCEPT] MINIMUM [TRafsimon] ToraL Ext. TToTas ELONGIHARDNESS TYPE OF TYPE OF SIZE
*F % G e "WRATE TIME,  [CREEF, TESTH  (RUPTURE | AFTER MATERIAL MELTING FURNACE el
1880 SR ] Hesel o TESTL | TESTING pos— CM] P]s S [Gr]N Mol ]Tial]
800] 6 Broke on|Loading CHEMICAL 1TION,
00| eo 0 | 7518 Removed PER CENT coshadorfon] fheapioel fao |
- DEOXIDATION
800} 59.0 | 2213 Removed | FORM-GAST OR WROUGHT __ Wrought
[HEAT TREATMENT 1900°F, W. Q., 1650°F. A. C.
900| 66.0 |Broke on|Loading 25 MICROSTRUCTURE
900] 58.0 |Broke on|Loading 25 e
900] 58.0 |Broke on|Loading 21 5A ;tl;d‘ egls E
900} 54.0 | 8527 R Test Discentinued. Lbaded to 7090 psi - Brol
900} 56.0 § 9935 Stitl
To0o| 60.0 |Broke onlLoadin SHORT TIME TENSILE PROPERTIES
1000] 58.0 |Broke on|Loading TEMPERATURE Moongs OYF,?EJ(,, TENSILE | ELONGATION | REDUCTION
1000] 56.0 | 196 R 18.4 o '| ELASTIGITY, | STRENGTH, | STRENGTH, A IN AREA,
1000] 59.0 | 398R 19.8 1LOOOOCOPS.I. | 1000RS... | |O0OPSL | PER GENT | PER GENT
1000} 50.0 889 R 13.0 RT 77.4 52.0 49.8
1000) 47.0 {1451 R 10.5
1000] 42.0 | 4812 R 8.2
CREEP AND RUPTURE STRENGTHS
TRESS FOR_RUPTURE IN TIMES STRESS FOR DES|GNATED
800 256.5 1859 -080 1.0000026 None TEMP, INDICATED, 1000 £.51.(2) CREEP RATE, 1000 PS1.42}
800} 26.0 | 1504 . 087 None oF 100 1000 10,000 100, 0.00000 0000
800] 25.5 | 4060 078 |. 0000029 None HRS. HRS. HRS. H‘§°§° 'l.n-ﬁ.l o-}./m,' 2.93!\9]
1000 47.0 46.0 44.0 ¥| 420 *
900| 26.0 | 1194 . 092 . 0000092 None 1100 45.0 * 39.0
| 900 25 2298 . 096 . 0000025 None 1200 31.0 24.5 19.5 * 16.0 *
1000 23.5 | 7010 . 081 . ORIGINAL. CREEPAND RUPTURE DATA
1000] 26. ¢ 378 .16 . 0000142
o bamonlwrenceeT M | 'rmi_rlsmagm TOTY_EXT TOTAL %
@ F |28k Rl %/HR. | HRSIS) 1 TEST)% | TESTING
1000} 49.0 0B
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1000] 48.0 OR
TEMPERATURE ON PROPERTIES OF METALS 1000 41.0 ZI R .0
TYPE OF oF Sl : 2.
MATERIAL MELTING FURNACE e & 1000| 46.0_| 1615 R _15.8
CHEMICAL COMPOSITION, [ €| M0 [PIs[si[c [N [MeTco[Ti[ar] | 1000 450 | 3192 R 138
PER GENT L01].53 L2r s joad  {ove] | [ T
DEOXIDATION 1100| 44. 0 149 R 16.0
FORM-CAST OR WROUGHT __ Wrought 1100/ 40.0 | 683 R 10.0
HEAT TREATMENT 1000°C., 2 Hrs., A. C. MZG.O 715 R _ 9.9
MICROSTRUCTURE 1100/ 35. 0 | to60 R 6.8
GRAIN SIZE 56
HARDNESS 1200] 32. 0 125 R 6.7
1200] 30. 0 84 R 5.0
1200} 28. 0 325 R 5.4
sup:som TIME TENSILE PROPERTIES 1200|250 | 705 & a2
TEMPERATURE oF Fiecom | Tewsie | ELoweaTion | REDuCTION 12004 23.0 | 3040 R 2.8
oF *| ELASTICITY, | STRENGTH, | STRENGTH, In 2", IN AREA, 1200[ 21.0 | 6020 R 2.0
LOOOPOOPS.Y, | 1000RS.L. ' | 'O0OPSI | FER GENT | PER GENT
RT 94 47.0 £9
CREEP AND FIUPTURE STRENGTHS ASTM-ASME JOINT MITTEE ON EFF! @
TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED X GOM EFFECT OF
TENP, INDICATED, 005 PaL ) CREEP RATE, 1000 PS.).(2) TEMPERATURE ON PROPERTIES OF METALS
°F 100 1000 | 10,000 | 100,000 [0.000001 | Q.0000 .0001 TYPE OF TYPE OF Basic — Isi7¢ oF
HRS. HRS. HRS. Das 1O, | G | S, MATERIAL 347 M 196 FURNACE Etecteic |FeaF 55,725 1bs.
1100 39.0 29.0 20.0 *| i5.0 * CHEMICAL COMPOSITION, | []P]s]siJorTni [MoceTTi[ai]ca]
1200 25.0 17.0 12.0 *| 8.0 ¥ PER GENT lo Lots]. I
o = - S B 64]1. 70f 012f 015} . 47 [17. 3)12.9]. 10 [ 72 Lo
.. . . DEOXIDAT!IP';R 20 Ibs. Al poled in furnace: 15 lbs. Al added in ladle,
FORM-CAS' WROUGHT _ wWrought {3/4" Diam. Bar)
ORIGINAL. CREEPAND RUPTURE DATA HEAT TREATMENT 1800°F. for 2 Hrs. then raised to 2000°F. for 1/2 Hr. W. Q
MICROSTRUCTURE Completely Austenitic with duplex grain size
TonfvTERGEPT) Mitiwiw [TRaSITION] TOTAL ExT. TToTaL ARONES GRAIN_SIZE Actual ASTM 2-6
ll 1757 I AR | e * TEST),% | TESTING HARDNESS
1100} 40. 0 106 R 14. 6
1100} 32.5 376 R 83
L100] 300 | 638 R 2 CREEP AND RUPTURE STRENGTHS
1100 27.5 1607 & i TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMR, INDICATED, I000 PS.1. 12} CREEP RATE, 1000 PS.1.{2)
°F 100 1000 | 10,000 |100,000 |C.00000! | G.0000! | 0.0001
1200{30.0 | 19R 8.3 MRS, HRS. HRS. HRS. YorHR. | %/HA. | %/HR,
1200} 27.5 65 R 5.5 1000 48.0 36.2 * 27.0 *
1200/ 25.0 | 129R 5.2 1350 17,8 12.5 6.8 *| 37 *
1200]20.0 447 R 3.5
1200118.0 | 914 R 2.8
1300]27.5 3R 17.2
1300] 25.0 5 R 17.2
1300120.0 Z0R 10.4
1300]15.0 90 R 4.7 o "
1300]13.0 | 174 & 70 (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R},
(@ THE INTEROEPT 1S THE PROJECTION BACK TO ZERD TIME FROM THE PORTION OF THE
L% ‘: g ﬁh‘: : ; TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA

(5 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
CREEP RATE.



SHORT TIME TENSILE PROPERTIES

MODULLS OFFSET
ORIGINAL CREEPAND RUPTURE DATA TEMPERATURE, OF YIELDIW TENSILE | ELONGATION | REDUGTION
STRENGTH, N 2%, IN AREA,
F ELASTIGITY, | STRENGTH, | SIEERSTM | o0 cont | PER cent
1000P00PS, | 1000RS|I. " | !O0OPSI.
TION| TOTAL EXT. | TOTAL HARDNESS Room 41.0 83.0 48,0 67.0
o TIONSINTERGEPT, | MINMOM TR O S wﬁ%ﬁ AFTER
F | PS 3 wie) LS T).% | TESTING 1050 37.5 53.6 35.0 65.2
03 TR | WSE) TS 1200 35.0 43.5 40,0 67.7
10001 63.5 LOR 29.3 1350 21.75 35 22,0 41.9
1000)62.5 | 150.0R 23.8 1500 16,25 19.5 540 78.2
100060.0 | 208.0 R 22.5 Note; (1) S. at Room Temp. obtained at 0. 20% offspt
1000]55.0 | 344.0R 21.3 (2) [¥.S. at Elevatell Temp. determined by strifg exten t
1000/ 50.0 | 598.0R 15.0
1000{45.0 |2076.0R “~: CREEP AND RUPTURE STRENGTHS
1000}40.0 l4s0s.0 R 12. WU
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PS.I.(2)
1350]20.0 | 68.0R 32.3 °F 100 1000 10,000 [ 100,000 [O.00000! [ 0.00001 | 0.000t
1350(17.5 | 108.0R 37.0 HRS. HRS. HRS. | HRS. YerHR. | %esHR. %e/HR.
1350[15.0 |524.0R 34,0 | 1050 50.0 45.5 e, *| 185 *
1350]12.5 | 983. O.R 43.5 __1200 24.0 13.0 7.0
1350]10.0 p370.0R 333
1350] 5.0 | 15150 ORIGINAL CREEPAND RUPTURE DATA
onfnmcer CH TRaermon [Tt B [T, B ohclerones)
F | PEL | HORSGI]  Seldl TR e o TEST),% | TESTING
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1050/52.0 | 3.8R 29.5
TEMPERATURE ON PROPERTIES OF METALS 1050| 45.0 1408.9 R 12.0
TYPE OF " TYPE OF Basic SIZE OF 1050| 40.0 P539.7 R 1.5
MATERIAL 347 MELTING FURNACE Electric {HEAT 50, 825 lbs_ 1050]| 35.0 j798.1 R 7.5
GHEMICAL coMPOSITION, | © [Mn] P [ S TS Tcr[Ni [Mo T [Ti | &l T
PER GENT _osd1. oef o13] o1e].2al17.2hz. 4] 13 [ 75 Lor 1200{22.5 §1318.0R 7.5
DEOXIDATION 30 1bs, Al poled in Furnace 1200§19.0 P352.6 R 9.5
FORM-CAST OR WROUGHT _ Wrought (31/4" Diam. Bar Stock) 1200} 17.5 p966.6 R 5,5
HEAT TREATMENT 2000°F., 1/2Hr., W, Q.;1750°F,, 1 Hr, A C 1200| 13.5 PB589.4 R 12.5
MICROSTRUCTURE Typical Austenitic 1
GRAIN SIZE Actual ASTM 6-7 (5)
HARDNESS 144 VHN {5Kg. Load
= okg: Load) ASTM-ASME JOINT COMMITTEE ON EFFECT OF
SHORT TIME TENSILE PROPERTIES TEMPERATURE ON PROPERTIES OF METALS
M ! TYPE OF a7 ‘[Tvpg oF SIZE OF
MODULLIS OFFSET T on MATERIAL MELTING FURNACE Electric |HEAT
TEMPERATURE, OF YIELOU) | TENSILE [ELONGATION | REDUGH! C[m]Pp[sSTsi[oer[ni{MmoJco[Ti [a][w
°F ELASTIGITY, | STRENGTH, | STRENGTH, N 2", IN AREA, CHEMICAL COMPOSITION,
1,000000PS.T, | 1000PS), | OGOPSL FER GENT | PER GENT PER GENT .06 . 43 018, 0o6]. saahi7. 1] - | 97] - |.oad 027
Room 40.5 82,0 49.0 67.0 DEOXIDATION Straight Silicon
1050 4001 55.5 36.5 $5.4 FORM-CAST OR WROUGHT __ Forged Plate
1200 36.9 44.5 35.0 65.9 HEAT TREATMENT 1/2 Hr. 1900°F. - W. Q.; 2 Hr. 1550°F, _
1350 29.75 32,75 32.0 53.6 MICROSTRUCTURE
1500 17.7 21.75 44.0 5.3
Note: (1) |¥.5. at Room Remp, obtsined at 0. 20% offspt. %—:&;’:E -8 Actyal
(2) |Y.S. at Elevated Temp. deteymined by strigg exte
SHORT TIME TENSILE PROPERTIES
CREEP AND RUPTURE STRENGTHS
MODULUS OFFSET .
R STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED TEMPERATURE, OF YIELDt) | TENSILE | ELONGATION | REDUGTION
TeEMP, INDICATED 1000 P.5.1.(2) CREEP RATE, 1000 PS.I.(2) oF ELASTIGITY, | STRENGTH, | STRENGTH, IN 2 IN AREA,
°F 100 1000 | 10,000 |I00,000 |0.000001 | 0.0000t | 0.0001 \OOODOOPS.., | 1000RS, | '000PSI. | FER GENT | PER cENT
HRS. HRS. HRS. HRS. s HR. Pe/HR. YoHR. 75 - 34.2 86.5 54.5- 1" 7.8
| 1050 54,0 45,5 30,0 *| 19,3 %
1200 24.5 6.0 7] 105 ©
CREEP AND RUPTURE STRENGTHS
INAL CREEPAND RUPTURE DATA STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
ORIG TEwP, INDICATED, 1000 PS.I. (2) CREEP RATE, 1000 PS.1.(2)
o e LT TR TR TR [ [ e e
. AL . . . 2 7HAL 5
mﬂ&mk\mtmmm.c%'ﬂ‘ SRl LS i IR
F [ 5lp] HORSB) %4 TR | e % ] TEST)% | TESTING 990 52.5 —
1050 40 37
1050] 52.0 | 263.3 R 22.5 1200 2% o *
1050] 45.0 [1248.3 R 12,5
1050} 40.0 12168.0 R 9.0
1050( 35.0 K553, 1R 8.0
|Lo5

1200] 22.5 [1596.9 R

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

1200) 19.0 [3451.5 R

o o
olo |n

1200} 17.5 $200.2 R

-

TYPE OF TYPE OF _Basic Electric  |SIZE OF
MATERIAL 347 MELTING FURNAGE - |HEAT ~ 51 600 ibs.

cHEMICAL COMPOSITION, | C [MY[ P [ S [ S/ JCr]Ni [MoGo i [ar
PER CENT {oaly. 41[01:‘.7 vol.auhir-tiz.el. o6 [ a7 - |- |

DEOXIDATION 20 1bs. Al poled in furnace:: 15 Ibs. Al added to ladle
FORM-CAST OR WROUGHT _Wrought 7/8" Diem, Bers

HEAT TREATMENT 1975 F., W. @

ASTM-ASME JOINT GOMMITTEE ON EFFEGT OF MICROSTRUCTURE Completely Anstenitic
TEMPERATURE ON PROPERTIES OF METALS GRAIN SIZE 57

TYPE OF TYPE OF Basic  [SIZE OF HARONESS 161 BHN
MATERIAL 347 MELTING FURNACE Electric |HEAT 0,825 1bs.
CHEMICAL COMPOSITION, C M| PlS|sijcriNi [Mofco|Ti[a]ce SHORT TIME TENSILE PROPERTIES

L 058l1. 68}, 013} 016]. 24 [17.2112.4| .13 .75L .07 MODULUS OFFSET
DEOXIDATON 30 Ibs. Al poled in furnace I TEMPERATURE, oF YIELD() | TENSILE | ELONGATION | REDUCTION
FORM-CAST OR WROUGHT _ Wrought (3/4" Diam,_Par Stock] F obaoonsy | STRENSTH, SO00REL" | PER GENT | PR CENT
HEAT TREATMENT 2000°F., 1/2 Hr., W, Q.; 1600°F,, 5 Hrs., F. C - 1000C0PS. '0(:2"'2&" 33'4 . = =
| MICROSTRUCTURE Typical Austenitic DURATION OF TEST (RUPTURE TEST I;CD CATED BY R‘ ) N

3 AT I it

GRAIN SIZE Actual ASTM 6-7 (5)
AR 45 Vi (o Ao (@) THE INTERCEPT IS THE PROJECTION 8ACK TO ZER0 TIME FROM THE PORTION OF THE

(0 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED BY *

ING THE MINIMUM OR SECOND-STAGE CREEP RATE.
15 THE TR&TS_EITIN TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED STRESS FOR RUPTURE (N TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.I. (2} CREEP RATE, 1000 PS.1.(2} TEMP, INDICATED, IO00 PSSl (2] CREEP RATE, 1000 PS.1.(2)
°F 100 1000 10,000 [100,000 [0.000001 | 0.0000f { 0.0001 °F 100 1000 10,000 [100,000 [0.000001 | 0.00001 | 0.000!
HRS. HRS. HRS. HRS. Yor HR. %/HR. “%/HR. HRS. HRS. HRS. HRS. % HR. Ye’HR. e’HR.
1000 28,0 | 1000 27.0 27,5 28.0
1200 6.0 12.0
ORIGINAL CREEPAND RUPTURE DATA

CREEPAND RUPTURE DATA
ORIGINAL PAND RUPTURE DA — ouraTion]nTercepT] MMM _frRansmon] Tora Ext. Tror,
i I ONINTERCEPT.CREEP RATE|  TIME,  |CREER TEST) AFTER
™ AT %/HR. | HRS.6) % TESTL% | TESTING
MINIM TRANSITION N mﬂm
[TEMRISTRES m;g‘;l'”?}&,a“cm RATE| ' TIME,  [CREEF, TEST (RUBTURE | AETER Lbooo| 27.5] 3657 092 | ,0000018 | None
" 11600 %/HR_| HRSES) d TEST).% | TEST v | 28.5] 119 . 094 . 00031 n
1000| 40 10, 050 . 0003000 " 61.0 1R 25.0
30 13,530 - 0001480 " 59.0 OR
20 13,850 . 0000340 " 50.0 | 6874
12 13,810 . 0000188 " 57.0 | 1224
1200] 15 13,390 0025300
12 11,700 . 0012600
9 12,550 . 0002130 @
12,410 . 0001000
6 ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
MATERIAL 347 MELTING FURNACE Elec. Arc|HEAT = 25 Tons
@ cemicaL composimion, | C [ ] P I STSiJor[Ni Moo [Ti Tar]™ T
ASTM-ASME JOINT COMMITTEE ON EFFECT OF PER GENT |.08 b7z 008l o11].s8}s. 2hz.of — [.88] =] =]
TEMPERATURE ON PROPERTIES OF METALS DEOXIDATION Silicon
TYPE OF TYPE OF SIZE OF FORM-CAST OR WROUGHT _Wrought
MATERIAL 347 IMELTlNG FURNACE HEAT HEAT TREATMENT Cold Drawn Nor. 1700°F
GHEMICAL coMPosITiON, | O [™n [ P [ S TSI TCr[Ni [MoTch [Ti [ AlTze | MICROSTRUCTURE Equi-Axed, Austanitic with Cb carbides
PER CENT orli.as] | [.2a]io.d10.5 2] | [eat] GRAIN SIZE 3 Actadd
DEOXIDATION HARDNESS 163 BEN
FORM-CAST OR WROUGHT
:‘:—:’ "‘E“":_TRTE 1950 F SHORT TIME TENSILE PROPERTIES
OSTRUG MODULUS+ | OFFSET
TENSILE | ELONGATION | REDUCTION
SRAIN SIZE TEMPERATURE, | cLaamciTy. | sTackorn | STRENGTH, IN AREA,
HARDN 1000000PS.I. | 1000Ps.. | 100OPSI. PER GENT | PER GENT
80 28.9 41.5 9.7 46 66
CREEP AND RUPTURE STRENGTHS 1000 22.8
- STRESS_FOR_RUPTURE IN TIMES STRESS FOR DES|GNATED 1100 22.0 27.5 5.5 36 64
TEMP, INDICATED, 1000 P.S.. (2) CREEP RATE, 1000 PS.1.(2} 1200 21.4 25,5 48.7 44 67
°F 100 1000 10,000 [100,000 [0.000001 | 0.00001 | 0.000¢ 1300 20.7 24.0 41.5 52 74
HRS. HRS. HRS. HRS. 3/ HR. Ye/HR. Zo’HR. 1400 20.0
1200 28 21.5 1500 19.4
| 1500 10 + Determined by a Supersonic Method
CREEP AND RUPTURE STRENGTHS
R AND RUPTURE DATA
ORIGINAL. GREEPAND RUPTURE DA STRESS FOR_RUFTURE IN TIMES STRESS FOR DESIGNATED
TENP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.1.(2)
t
- TAL EXT. | 0T F 100 1000 | 10,000 ]100,000 |G.00000I | 0.00001 | 0.0001
T?FPJSLQMT% INTERCERT e T M R TS| ToTA: ncliaroness HRS. HRS. | HRS. HRS. | %/HR. | %/HR. | %HR.
" g r;'n %/HR. | HRS.IS) % TEST),% [ TESTING [ 1100 40.0 31.0 22.5 16.0 14,2 21.0
1200] 36.0 5 1200 26.0 16.0 9.8 6.2 1.7 5.3
w 33.0 5 1300 16.5 9.2 4.6 2.8 .6 2.0
" 33.0 8
" 28.5 6
~ | 255 4 @
1500 15.0 27 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
12.24 10 TEMPERATURE ON PROPERTIES OF METALS
10,14 19 TYPE OF TYPE OF
7.5 8 MATERIAL |Ma_rms FURNAGE A
cHEMICAL composiTioN, | C [ ] P ['s ['SiJcr i [Mo]cb [Ti [ar]
PER CENT [.o6]1.7) ~ Jaoko.oizr] [l | |
@ DEOXIDATION
ASTM-ASME JOINT COMM(TTEE ON EFFECT OF FORM G OF WROUGHT  Wronght
TEMPERATURE ON PROPERTIES OF METALS MICROSTHUSTURE Cold Rolled - 650 C 2 Hrs AC
TYPE OF TYPE OF SIZE OF
MATERIAL lma_rms FURNACE HEA GRAIN SIZE
wEM|cA1|_.mosrnm|°|""l”]5|5‘|°'l”' Mofcb [Ti Jar] | HARDNESS
PER CEN 07;J_l ZGI 025] 018' 59 117 9|10. .90] l [ l
DEOXIDATION SHORT TIME TENSILE PROPERTIES
FORM-GAST OR WROUGHT _ Wrought MODULLIS OFFSET
HEAT TREATMENT 1850 W. Q. TEMPERATURE, OF YIELD! STngzg-fH ELONGZATION R'E'?L‘J‘GR‘I‘EION
oF ELASTICITY, | STRENGTH A,
MICROSTRUCTURE 1000000PS.S. | 1000PS.. ' | '000PSI’ | PER CENT | PER CENT
GRAIN SIZE RT 127.9
25 55.5
SHORT TIME TENSILE PROPERTIES CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
S T
TEMPERATURE, MogULY o gvfesfom TENSILE | ELONGATION |- ReDUCTION TeEmP, INDICATED, 1000 P.5..2) CREEP RATE, 1000 PS.1.12)
°F ELASTICITY, | STRENGTH, | STRENGTH, N2, IN AREA, F 100 1000 10,000 [100,060 [0.000001 [ 0.,00001 | 0.0001
1000000FS... | 1000RS.. | 00ORS).’ | PER GENT | PER CENT HRS. HRS. HRS. HRS. %WHR. | %rHR. | %orHR.
RT 29,9 8L 4 50.5 66.5 1200 | 33.0 22.0 1 ¥10.3 4.2
800 24.6 61.2 35.5 65.9
900 23.9 59.9 32.0 63.0
1000 25,1 58.6 360 56.0 (3) DURATION OF TEST [RUPTURE TEST INDICATED BY R),
1100 23.9 5.4 33.5 64.0 14) ;Eg |r§1;‘gt~ceur>GT1gaETﬁNPﬁoasg;|on BACK ST‘QA‘Ziﬂb%EELME FROM THE PORTION OF THE
{1} 0.2 PER GENT OFFSET UNLESS OTHERWISE INDICATED. SECOND-
B DT o ED WALUES INDICATED &Y ® ® THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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ORIGINAL CREEPAND RUPTURE DATA ORIGINAL CREEPAND RUPTURE DATA

MINIMUM imon| ToTaL ExT. | Tom E%qmnmzsd
raebmeshumnonlnrenceer] Mt RASTOVIDR DXL T RIS el o TR R e, e oh bR | R
vy i SR | e *» TEST),% | TESTING F |, &34 ) et %R | HRS(S) % TESTL% | TESTING
1200| 44.0 21 R - 11.0 000 |" 60 11. 0R. 27.5 . 3 Rb99
36.0 60 R 12.0 000 | 58 11, 2R 34,0 Rb 99 |
22.0 935 R 20.3 000 55 560, 6R 17,5
16.0] 3360 R 13.4 1000 5 5 1.55 0001 16.0 Rb 97 |
14.0] 4507 R 13.0 1100 | 50 125R. 2.01 0133 80 19.5 Rb 96
100 45 254R. 42 poD14 525 150 Rb 92
F_l_& 40 331IR .36 0009 120 2.0 Rb 94
100 35 2578R .07 00009 1150 7.0 Rb 94
ASTM-ASME JOINT T w00 | 22 2472 .006 1 000030 1300 Rb 93 |
-4 NT GOMMITTEE ON EFFECT OF
. 100 | 15 2040 009 000009 Rb 93 |
S— TEMPERA:':JPRE OFON PROPERTIES OF METALS 00 | 10 oo o ooooio Rb 92
o | 020 | 0000
MATERIAL 347 ]Mg}mg FUREAGETIe Are [ OF ems 100 | 7.5 |2064 .013 000006 Rb 92 |
GHEMICAL COMPOSITION, [c[mTP[s[sifor[Ni[MoTcbTTi |rA'—l" |
b 07]1 18|0. 01 I 008].34 [17.910. & --‘[77 I--J:-—[.OZT

DEOXIDATION

FORM-CAST 'WROUG W 'hi

ey e TREAT%RENT HT e ——— ASTM-ASME JOINT COMMITTEE ON EFFEGT OF

MiGROS “RE ot Rors 5 TEMPERATURE ON PROPERTIES OF METALS

TRUCT 0! olled Structure TYPE OF TTYPE OF SIZE OF
GRAIN SIZE MATERIAL MELTING FURNACE HEAT
HARDNESS gHEmICAL composiTion, | C [M] P [ S TsiJcr]ni[mofce[Tifar] [
PER CENT [ 43] 030 010] 39hs. 619 99 .541 l
CREEP AND RUPTURE STRENGTHS DEDXIDATION .
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED FORM-CAST OR WROUGHT 3/4" Dia. Bars
TEMP, INDICATED, 1000 PS.. (2} CREEP RATE, 1000 PS.l.(2) HEAT TREATMENT
100 1000 10,000 [100,000 [0.00000t [ 9.00001 | 0.000t MICROSTRUCTURE
HRS. HRS. HRS. HRS. %/HR. | %/HR. | %/HR.
GRAIN SIZE
1200 3.0 18.0 9.5% HARDNESS Core-170, Skin-223BHN
ORIGINAL CREEPAND RUPTURE DATA - SHORT TIME TENSILE PROPERTIES
MODULLIS OFFSET
TENSILE | ELONGATION | REDUGTION
T?;*ET@“MRST'WN INTERCEPT e Tt [ Jome 1. [ Tora, By W TEMPERATURE: | erasticiTy, | STRENGTH, | STRENGTH, | N2, IN AREA,

" L63b %R | HRS.GI % TEST),% { TESTING 1600000Ps.I. | 1000PS). | 1O0OPSL | PER GENT | PER CENT
1200] 48.4] 1.6R| - 2.1 . .o 80 28.8 55.0 94. 4 46.5 7.8
iz00| 38.4] 12.8R] -- _ 0.038 - 50 1050 :x_!’.g
1200] 33.0 57.5 R - 0.017 - 1.0 1300 18.0
12001 27.5] 126.0R = 0,0085 == 1,0
1200 23.5| 388.5 R = 0.0052 e 2.5
1200| 18.0[1016.0R -= 0.0027 -- 3.5 CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DES|GNATED
TENP, INDICATED, 1000 PS.. (2] CREEP RATE, 1000 PS.1.(2)
100 1000 | 10,000 |100,000 |0.00000i | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %/HR. | %/HR, | %/HR.
@ L 1050 18.0 27.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS ORIGINAL CREEPAND RUPTURE DATA
TYPE OF TV -
MATERIAL ll WECTI ey * Commercia iNiMum_frransiTIoN] TOTAL EXT. [ToTAL
URNACE - - M A
GHEMICAL COMPOSITION, [cmlPTs[siJor[Ni[mofoo[TiTai] T reve TIONIINTERGEPT, (e PO RATE | TIME,  JOREEP TEST] AFTER
t °F | PSL | HOURSE))  %id) %rHR. | HRS.S) % TEST).% | TESTING
[.o9l1.6d.02d o10l.30 [1s. 12 [so] | | [ 1000 2
DEOXIDATION 1050| 10.04 696 0 <.000003 | > 696
FORM-CAST OR WROUGHT Seamless Tube 20.0.4 2376 .016 . 000012 ] >2376
HEAT TREATMENT Stabilized at 1550°F as a final operation A 30.0 13336 R .043 . 00010 1440 L5
MICROSTRUCTURE cold working 8 Evidence of 1050] 15.0,[ 2664 . 024 . 000003 | >2664
GRAIN SIZE i i 25.0 (8400 R | .063 00001 | 4992 .
HARDNESS ASTM 4 1300] 10.0] 552 R . 040 . 0013 120 2.3
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF Y{ELDt) Jﬁ'éﬁ'érsﬂ ELONGZATION REDUGJEON
R ELASTIGITY, | STRENGTH, s IN AREA, ASTM-ASME JOINT COMMITTEE ON EFFECT OF
PSI,
1000000PS., | 1000RSL, || |00OPSI.’ | PER GENT | PER CENT TEMPERATURE ON PROPERTIES OF METALS
Room 28,9 58.9 90.6 40,5 65.5 TYPE OF TYPE OF SIZE OF
300 28.5 52.5 26.5 32.0 665 MATERIAL L.C. 347 MELTING FURNACE HEAT
jﬁ: ;x; «51 :i._; Z@LL-; ;z l; :n_n %g’%&r@" COMPOSITION, [c[m]PTsTsi[or[Ni [Mo]co[Ti [a ], [ Fe
1000 23,7 43,6 59,6 24.5 59,5 [-02"‘ I LT 116 élll 0 -30 i [13l7.8
1050 22.2 45.0 58,4 23.8 59,9 DEOXIDATION
1100 20.3 43.4 56.6 26,7 57.7 FORM-GAST OR WROUGHT _ Wrought
HEAT TREATMENT
MICROSTRUGTURE
CREEP AND RUPTURE STRENGTHS GRAIN SIZE
STRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED HARDNESS
TEMP, INDICATED, I000 F.S..(2) CREEP RATE, 1000 PS1).(2) RON
° :'gg ﬁ&gg xoogo 100,000 uqlooogu o..’.oooon 9,..000| 7]
.| HR HRS. /MR | %erHR. /HR. CREEP AND RUPTURE STRENGTHS
1000 57 56 54*
M 1100 o Yy o v = STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TENP, INDICATED, I000 P.5..(2) CREEP RATE, 1000 PS.1.12)
° 180 1000 | 10,000 |100,000 {0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. YWrHR. | Ze/HR. | %rHR.
| 1200 . 38
1500 6.6
(31 DURATION OF TEST (RUPTURE TEST INDICATED BY R),
) THE INTERGEPT IS THE PROJECTION BACK TO ZERD TIME FROM THE PORTION OF THE

SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. (51 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
(2) EXTRAPOLATED VALUES INDICATED BY * CREEP RATE.
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ORIGINAL CREEPAND RUPTURE DATA

ORIGINAL CREEPAND RUPTURE DATA \TIONJINTERCERT | MINIMUM_[TRANSITION TOTALTg%‘ %
‘ CREEP TIME,  JOREEP, AF
F 1,658 Mo e PR A TN % TESTL% | TESTING
NTERGEPT | MINIMUM_[TRANSITION TOTL EX mr&%genl ARDNES 200 | 310 - 27 0033
9./%“5' rpg& b : TESTL,% | TESTING K200 | 41 0094 150 1,5
16 1200 |28, 00O 88R 1.30 . 0277 53 6.0
11 h200 §33,70 3 6.0
10 1200 200 5.8 =96 15,0
; R500 | 4000 360R .02 - 025 25 35.
A 1500 | 5000 149R | =02 =029 8 16. 5
7 $500 | 7000 1] 060 1.5 1.0
4 ESOO 10,000, 11, 0} 30 1.5 13.5
8 500 {12, 500 4.5R (] 1.27 23 22.5
10
2
5.25] 334.1 K| 15

ASTM-ASME JOINT COMMITTEE ON

EFFECT OF

TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF
@ MATERIAL 347 Msums FURNACE REAT
ASTM-ASME JOINT COMMITTEE ON EFFECT OF gHEMiCAL composiTION, | © STsifor[Ni|MofooTi Jar] ]
TEMPERATURE ON PROPERTIES OF METALS PER GEN oofred - | - [Lzspedua] [es] [ | |
TYPE OF |1’YPE OF SiZE OF DEOXIDATION
MATERIL _ L.C. 347 MELTING FURACE REAT FORM-CAST OR WROUGHT . 050 sheet
CHEMIGAL COMPOSITION, | C | MR ] P | S | S1 [ Gr [ Ni [Mo b [Ti [ aI [N, | HEAT TREATMENT il Annealed
PER GENT 016 [ Reabio  Tas .0z MICROSTRUCTURE
DEOXIDATION GRAIN SIZE
FORM-CAST OR WROUGHT Wrought HARDNESS
HEAT TREATMENT
MICROSTRUCTURE SHORT TIME TENSILE PROPERTIES
LU MOOULLS oFrse TENSILE | ELONGATION | REDUGTION
HARDNESS TEMPERATURE, oF YIELDW) S EDUCTION
*F ELASTICITY, | STRENGTH, | STRENGTH, | IN2, Tl e REA,
1000000PS 1. | 1000PS, | |000PSI. | PER GEN PER CENT
CREEP AND RUPTURE STRENGTHS Room 40.0 87.5 47 46
STRESS_FOR_RUPTURE IN TIMES SS FOR DESIGNATED [ 900 212 59,5 29 a1
TEWR, INDICATED, I000 P5.1.(2) STREEP RATE 1000 o1 (2) L300 200 4.2 46 44
°F 700 1000 | 10,000 [100,000 [0.000001 | 0.00001 | 0.0001 (1500 15.5 z1.5 68 42
- HRS. HRS. HRS. HRS. e/ HR. o/HR. %/HR.
00 . 0
1200 3;_3 CREEP AND RUPTURE STRENGTHS
S _FOR RUPTURE IN TIMES STRESS FOR DESI
INDIGATED, 1000 PS.\.t2) CREEPR RATE, 1000 P51 (2)
CREEPAND RUPTI T TEMP,
ORIGINAL AND URE DATA °F 100 1000 | 10,000 ]100,000 0000001 | 0.00001 | 0.000i
HRS. HRS. HRS. HRS. | %/HR. | %eHR. | v,
INTERCEPT,| . MINIM! ITION| TOTAL . { TOTAL 1350 17.5
[ TIME,  [CREEP AFTER
%l4) 5 ";?E‘ I'Rsl.'nE') .;'%I':‘v Enee | AT, 1500 7.7 5.0%
21
v O)
14
. ASTM-ASME JOINT COMMITTEE ON EFFECT OF
" TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
i IMATERIAL _18-8 cb T — HEAT
=, CHEMICAL COMPOSITION, [CMn]PIsTsiJor ni[mofce[Ti[al
- PER GEN 0. 06)1. 5. lg.]Jl'l.*lO.l 0. 8. l
5 DEOXIDATION
FORM-CAST OR WROUGHT __Sheet
13 HEAT TREATMENT Annealed

CREEP AND RUPTURE STRENGTHS

TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1006 Pa1 7] CREEP RATE, 1000 PS].12)
ASTM-ASME JOINT COMMITTEE ON EFFECT OF °F 100 1000 10,000 |i00,000 (0000001 { 0.00001 | 0.000!
TEMPERATURE ON PROPERTIES OF METALS HRS. HRS. HRS. HRS. %/ HR. %/HR. /MR,
TYPE OF TYPE OF SIZE OF | 1200 31.5 25.0%
MATERIAL 347 lma.fms FURNACE HEA' 1500 4.3
gremica, composiTion, | € [ P TS Tsifor TN [MoTos [Ti [aleu ORIGINAL CREEPAND RUPTURE DATA
PER CENT lord1.64. 019 o1d . 3shr.6fino]  [.22] | [Log|
DEOXIDATION
FORM-CAST OR WROUGHT _, 051" Hot Rolled Sheet MINIMUM ITION| TOTAL EXT. | TOTA HaronESS
- r "|CREEF RA TIME, [CREEP TEST) AF
HEAT TREATMENT As received 2B Finish | s KNfI Fld] s B o TESTi o | TESTae
MICROSTRUCTURE 1200] 40.0 13.5
GRAIN SIZE
Ahlalib 200 35.0 12.0
HARDNESS 83 Rb hzoo| 32.0 230
13 30.0 9.0
CREEP AND RUPTURE STRENGTHS 1200] 28.0 12.0
TRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 1500] 15.0
TEMP, INDICATED, 1000 P5.1. (2) CREEP RATE, 1000 PS.).(2} i500] 12.0 28.0
°F 100 1000 10,000 {100,000 [0.000001 | 0.0000! | 0.0001 hs500| 10.0 28.0
HRS. HRS. HRS. HRS. %orHR. | %/HR. | %/HR. soo| 7.0
1200 217.0 20. 2% * 28.0
1400 7 on 500 6.0 66. 0R 36.0
55 0 .8 — so0]| s.o 76. 0R 36,0
1500 - -9 500 | 3.0] 161.0R 29.0

(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *#

(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

) THE INTERCEPT IS THE PROJECTION BACK TD ZERO TIM'EUG_RW THE PORTION OF THE

T SHOWING THE MINIMUM OR SECOND-STAGE CREEP

% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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SHORT TIME TENSILE PROPERTIES

@ MODULUS OFFSET
TEMPERATURE, oF YIELD() { TENSILE | ELONGATION | REDUCTION
ASTM-ASME JOINT COMMITTEE ON EFFECT OF L3 ELASTICITY, | STRENGTH, | STRENGTH, | _IN 2, IN AREA,
TEMPERATURE ON PROPERTIES OF METALS 1000000PS.). | 1000RS.. | !0O0OPS). | PER GENT | FER GENT
70 36.2 90,0 55.5
SIZE OF d : -
MFERIAL 347 IMa.Tms FURNACE _Arc HEAT 45 wons T600 15,3 186 43,0
[ CHEMICAL COMPOSITION, | ClwP]ssi[o[n|mTco]ri[al
PER GENT R menmmm s8] | CREEP AND RUPTURE STRENGTHS
DEDXIDATION TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
FORM-CAST OR WROUGHT __ Wrought - . 07" Sheet TEMP, INDICATED, 1000 PS.). 2} CREEP RATE, 1000 PS.1. (2}
HEAT TREATMENT 2050 F - Air Gool °F 100 1000 | 10,000 loa,ooo 0.000001 | 0.00001 | 0.0001
MICROSTRUCTURE HRS. HRS. HRS. RS. %WHR. | %WiHR. | %/HR.
1600] 4.5
GRAIN SIZE
HARDNESS
ORIGINAL CREEPAND RUPTURE DATA
CREEP AND RUPTURE STRENGTHS o o
S5 _FOR RUPTURE IN TIMES STRESS FOR DESIGNATED remelsTressfourar d TRANSITION| TOTAL EXT.
TEmP, INDICATED, 1000 PS1. (2) CREEP RATE, 1000 PS.1.12) | g3l 4 EPRATEL  LIME o T | T
°F 100 1000 | 0,000 |100,060 [0.000001 | 0.00001 | 0.0001 1s0ol 5.5 | 2.0 o 17
HRS. HRS. HRS. HRS. WwHR, | YerHR. | %/HR. B : -
1500 F 5.2 3,40 ‘:‘“’ 5': :': :.;e
1600| S. 25, 3
ORIGINAL CREEPAND RUPTURE DATA 1600] 5.5 ] 4908 o
Type 347 ~ Heat 210447 1600 3.7 3.5 0,12
e \T -1 MINIMUM ITION| TOTAL EXT. | TOT) Hﬂiﬁ 1600} 3.7 17.0 07
* | B3k it s CREEP RATE; | TIME, "‘Eé;‘gs“ m,’i%d ALy 1600| 3.7 so0 4.1
" 1600] 3.7 190.0 R 18,0
1s00| 15 3R :9 1600] 2.0 | 14.0 0.1
bsoo} 12 R - 100 2.0 | 4.0 0.3
hsoof{ 91 26R : 1600] 2.0 | 90.0 0.79
hsoo| 5| 2498 8 1600] 2.0 | 200.0 1
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF ASTM-ASME_JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE Tvee
MATERIAL 347 MELTING FURNACE e ¥ &Fmﬁ 347 lma.'nn% FURNACE il
GUEMICAL COMPOSITION, Cim|P[s]sifor]nijm c"lr"' fa] SHEMICAL COMPOSITION, [ES[me][P]s |si[cr[®[Mo[co]Ti]al
SXIOATION 1.8 | T Jozfs] | 1 PER GENT L 09 |i.55] ozof 015] . a0l15,d10.4  [.87
DEOXIDATION
FORM-CAST OR WROUGHT 0,045 in, shect FORM-CAST OR WROUGHT Weld Metal
HEAT TREATMENT 1900 F Anneal HEAT TREATMENT Stabilized at 1550*F, final operation
MICROSTRUCTURE MICROSTRUCTURE Austenitic, large grained with ferrite in coarse
GRAIN SIZE GRAIN SIZE dendritic pattern
HARDNESS HARDNESS 95 Rb
SH‘S’RT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULL OFFSET MODULL OFFSET
TEMPERATURE, oF YIELDW | TENSILE | ELONGATION | REDUCTION TEMPERATURE s YiELDw) | TENSILE {ELONGATION | REDUGTION
°F ELASTIGITY, | STRENGTH, [ STRENGTH, | N2, T IN AREAi_ oF | eLaSTICITY, | STRENGTH, | STRENGTH, | IN 2", IN AREA,
1000000PS.I. | (000RS.. | '000PSI. | PER GENT | PER CEN 1000D00PS.. | 1000PS,. || !000PSL’ | PER GENT | PER CENT
70 35,0 93,0 52.0 Room 58, 1 88.0 19,2 27.5
900 43,9 59,9 18,0 41.3
T
CREEP AND RUPTURE STRENGTHS oo L LA ]
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 106 T ) 573 352 =0
TEnP, INDICATED, 0GPl CREEP RATE, 1000 PS..(2) : : : d
°F 100 1000 | 10,000 [100,000 J0.00000! | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. W/HR. | %/HR. | /MR,
1200 30,0
1500] T.3 CREEP AND RUPTURE STRENGTHS
N L
TRESS FOR RUPTURE N TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE 1000 PS.1.(2)
ORIGINAL CREEPAND RUPTURE DATA °F 100 1000 | 10,000 [100,000 [0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %HR. | %/HR. | %/HR.
1000 62.0 57.0 . 45,0
TEMR) T| mcmmmmm mmmmm%ﬁ Ton 1100 { s52.0 39,0 * 30,0 18,0 29.0
R TS i B w2 W) % TESThoc | TESTING - . -
1200] 345 | 70K 24,0 ORIGINAL CREEPAND RUPTURE DATA
1200[ 30,0 | B9.0K
1500| 11,8 | 43R 25.0 —
revekrressjourarionJvtercepT | MiNIMUM TioN[ Toini. EXT. [ToraL w
540 R T AT L " I T e AF
R EXEEXE % F LGS Hoursal e SR | et % TESTL% | TESTING
1700} 5.2 |17.0R llopo | 64.0 [ 15.0R 14,0
T900| 3.5 168 32.0 lLooo 60.0 | 664.7 R| 1.1 L0012 525, 0 12,0
1900 2.8 | 16,0 R 0001 55-0 [153L.6R|; g 0004 1530, 5.0
100 | 50.0 | 146,1 R] .73 . 0056 130. 0 6.5
1100 45.0 | 358.5 R| .73 0015 280, ¢ 3.0
h10o | 49-© 954, 0 R| .62 . 0003 900.0 2.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF h 100 | 25.0 [2442.0 . 047 . 000043 2442, +
TEMPERATURE ON PROPERTIES OF METALS 1100 ] 20.0 J2164.0 . 084 . 000016 1650,
TYPE OF TYPE OF E
MATERIAL 547 cl'ﬁ""": FURNACE _ A * i (N 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
[ s [si]or[ni[mo]cb[Ti[al ]y, 12) EXTRAPOLATED VALUES INDICATED BY *

CHEMICAL COMPOSITION,
PER CENT

c1zofesfoa| Tus. o, 8] | ea)

DEOXIDATION

FORM-CAST OR WROUGHT 0,035 in, sheet

HEAT TREATMENT Annealed

MICROSTRUCTURE
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(3) DURATION OF TEST IRUPTURE TEST INDICATED BY R).
(4) THE INTERCEPT 1S THE PROJECTION BACK TO ZERO TIME;;?‘ THE PORTION OF THE

T SHOWING THE MINIMUM OR SECOND-STAGE CREEP

LY TI'E TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.



ASTM-ASME JOINT COMMITTEE ON EFFECT OF

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

®©

TEMPERATURE ON PROPERTIES OF METALS Ve OF PEOF SZEOF
FYPE OF IWPE oF SIZE OF MATERIAL _18-8 Cb ]MELTING FURNACE HEAT
MATERIAL 347 MELTING FURNACE HEAT [e[w]P]ssifer [ni[Mofeo [Ti Tal
[C[M[P[s][si[e [N |Mo[cb]Ti [AI] | CHEMICAL COMPOSITION,
CHEMICAL COMPOSITION, R GENT los .28, 01t 02d 41 [17.dis. ol - 70l - |-
PER CENT [ossf1. 57 02¢ o0 s7fis.sfro o] {79 | | | BEOXIDATION
DEOXIDATION i FORM-CAST OR WROUGHT
FORM-CAST OR WROUGHT Wrought B%“ Stock HEAT TREATMENT
T T Xi T 1950*F - 12 hr WQ
HEAT TREATMEN Hustenite and Targe Cb carbides and small MICROSTRUCTURE
MICROSTRUCTURE intergranular carbides GRAIN SIZE
GRAIN SIZE HARDNESS
HARDNESS ASTM G. S. 7
SHORT TIME TENSILE PROPERTIES
SHORT TIME TENSILE PROPERTIES MODU OFFSET
MODULUS OFFSET TEMPERATURE, O'__ws viELDw) | TENSILE ELONGAT'O"* REDUCTION
TEMPERATURE OF YIELD(n | _TENSILE | ELONGATION | REDUCTION °F ELASTICITY, | STRENGTH, | STRENGTH, N 2", T g;ggi_
*F | ELASTICITY, | STRENGTH, | STRENGTH, | IN2, IN AREA, 1000P00FS.I, | 1000PS.1, | !000PSI. PER i
1000000PS.L. | 1000PS., | 'O0OPSL. | PERCENT | PER CEN 00 17.8 26.7 80.3
R, T. 37.0 86.0 50 70 2000 12.2 22,7 89.4
7000 78,0 6.0 3 65 2100 8.0 40,7 98.2
1100 28.0 55,0 36 62 2200 5.2 46, 3 99.9
1200 27.0 52,0 40 60 2300 4,4 49,0 92,7
1300 25,0 45,0 44 61
1400 22,0 37,0 53 66
1500 16,0 25.0 66 89 * Elougation in 6 in,
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF TYPE OF PE SI
MATERIAL 347 MELTING FURNACE HEA MATERIAL 347 iME_TI% FURNACE et
cHEmicAL composiTion,| C [Me [P [ S [Sifor[Ni[mofco [Ti[al GHEMICAL COMPOSITION, | C M| P [ S [Si[Cr[Ni [MoJoe[Ti (&I [
| X
PER GENT T I l { L PER CENT . 04]1.47|.015.0131.52] 18 30.7| .04.75 [
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT Wrought FORM-CAST OR WROUGHT Wrought
HEAT TREATMENT 3, Hr at 1950 © HEAT TREATMENT
MICROSTRUCTURE MICROSTRUCTURE
GRAIN SIZE GRAIN SIZE
HARDNESS HARDNESS
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULLS OFFSET* * MODULUS OFFSET 3]
TEMPERATURE, OF YIELD(n | JENSILE | ELONGATION | REDUCTION TEMPERATURE, OF YiELO» | TENSILE | ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2°, IN AREA, oF ELASTICITY, | STRENGTH, | STRENGTH, IN 2", N AREA,
1000000PS.I. | (000PS.I. 1000PSI. PER CENT PER CENT 1000000PS.{. | 1000PS.| IOOOPS). PER CENT PER CENT
RT 26,5 86,0 55. 74,0 RT 92,8 45,2
500 .0 . 58,0 1300 F 46,88 25.2
750 71.0 47, 65,0 1400 ¥ 36,54 29.0
1000 69.0 49, -- 1500 F 30, 10 29.5
1200 59,0 51, 68.0 1600 F 22.69 32.5
1400 40,0 45, 50,0
[ 1s00 33.0 53. 62.0 -
* YS 0,02% Offset, Elongation in 1.5 in, * Elongation in 4 in,
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF - TYPE OF TYPE OF SIZE OF
MATERIAL MELTING FURNACE ST Commercial MATERIAL 18-6 Cb IMELTING FURNACE HEAT
cHEMICAL composiTion, | C [Mn[ P [ s [si[or[ni[mo]oo [7iTar GHEMICAL COMPOSITION, [emPTsTsifcr[Ni[Mofcb]Ti [Al |
PER CENT .06 1.39[.023,011,44 17, 619. 90 .59 L 1 PER CENT I 04 |1. 32|, 00: 014[ 491]7 7jLL, 5 - . 80} [
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT 0.0z3" sheet FORM-CAST OR WROUGHT
HEAT TREATMENT Half Hard (rolled) HEAT TREATMENT
MICROSTRUCTURE MIGROSTRUCTURE
GRAIN SIZE GRAIN SIZE
HARDNESS HARDNESS
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULU MODULUS OFFSET
TEMPERATURE OF S %IFSEI;(I) TENSILE ﬂ.ONGATIm REDUCTION TEMPERATURE, OF YIELD() TENSILE ELNGI}.TION' REDUCTION
°F *| ELASTICITY, | STRENGTH, | STRENGTH, IN AREA, °F ELASTICITY, | STRENGTH, | STRENGTH, IN2, IN_AREA,
1000000PS.I. | 1000PS.., | '000PSI. FER GENT PER CENT 1.000000PS.I. | 1000PS,, " | 1000PSL.’ | PER GENT | PER CENT
75 140 153 B 90T 12,5 X 529
—300 121 132 3 2000 10.0 31,7 90,6
500 106 124 2 2100 8,6 337 93.4
800 92 117 3 2200 5. % 37,0 T T
2250 5.0 61,7 99.8
ORIGINAL. GREEPAND RUPTURE DATA 2300 4.4 57.3 97.0
* Eloogation in 6 in,
NTERCEPT.MINIMUM_[TRANSITION| TOTAL EXT. | TOTAL
. | _PBSl A a)' %i4) OREEP RA TIME; msem%%. AFTER {3 DURATION OF TEST {RUPTURE TEST INDICATED BY R),
a %/HR._| HRS( ol JEST)% | TESTING &) THE INTERGEPT IS THE PROJECTION BACK TO ZERO TINE FROM THE PORTION OF THE
oo | 80 | 1800 | . 000015 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA

(h 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
12) EXTRAPOLATED VALUES INDICATED BY #
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{5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN
CREEP RATE.

ACCELERATING




ORIGINAL GREEPAND RUPTURE DATA

(:: ) trewe) TERGEPT AL EXT. | TOTAL
°F | esi et 'OREEPMINI% 1'"-‘|EoN e TES GLETRE | apies
ASTM-ASME JOINT COMMITTEE ON EFFECT OF _ 11660 %/HR_| HRS() :
TEMPERATURE ON PROPERTIES OF METALS hsoo| 7.5 | 24.0 .37
TYPE OF TYPE OF Electric Arc  |SIZE OF 500 | 7.5 85.0 2:0
MATERIAL 18-8 Cb MELTING FURNACE HEAT [500] 7.5 | 155.0 1.0
GHEMICAL GOMPOSITION, [c [ S ]sifer]nifmofop T !‘“J | hsoo] 5.0 | 16.0 13
I 04 Il 32] oos] 014{ 49 p7.7pL.5 . 80 I { [ l iso0| 5.0 | 43.0 .25
DEOXIDATION hsoo| 5.0 | 160.0 .66 y
FORM-CAST OR WROUGHT 500] 5.0 | 350.0 1.7
HEAT TREATMENT
MIGROSTRUCTURE
GRAIN SIZE
SHORT TIME TENSILE PROPERTIES ASTM-ASME JOINT COMMITTEE ON EFFECT OF
MODULUS OFFSET TEMPERATURE ON PROPERTIES OF METALS
TEMPERATURE, of YiELD() | TENSILE ELDNGZAT'ON‘ REDUCTION - e oF ST o
F ELASTICITY, | STRENGTH, | STENETH, | IR 2. | AT MATERIAL 347 |MELT!NG FURNACE FEAT
1000000PS.I. | 1000RS.. | I009PSL G M| P [S[Si[Cr[Ni [Mo[cb]Ti [Al
1500 2.5 770 825 CHEMICAL CoMPOSITION, | © [ M | |
F—3000 T0.0 3T 0 915 PER CENT l 7 I I |
2100 9.0 34,0 93.0 DEOXIDATION
2200 5.5 37.0 99.0 FORM-CAST OR WROUGHT 0, 045 in, sheet
2300 4.5 61,0 99.5 HEAT TREATMENT 1900 F anneal
7406 4.0 3.0 3.0 MICROSTRUCTURE
—— GRAIN SIZE
* Elongation in b in, HARDNESS
@ SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE, OF YIELDD TTSNSIII EI.[mGzATIm RIENUﬂgN
TEMPERATURE ON PROPERTIES OF METALS °F ELASTIGITY, | STRENGTH, | STRENETH, | INZ. 1 ANt
1,000000PS.[. | 1000PS.|, | 000PSI.
TYPE OF iwpe OF SIZE OF o
MATERIAL 347 MELTING FURNACE HEAT RN s - ot
oHEMICAL coMPosiTion, | C [Mn] P [ S [Sicr Ni[MoJcb [Ti [alfp, - : :
PER CENT 1 [2.0[.03].03 18.[ 10 .8 Bal
DEOXIDATION
FORM-CAST OR WROUGHT 0040 in,_sheet ORIGINAL CREEPAND RUPTURE DATA
HEAT TREATMENT 1900 F Anmeal
MICROSTRUGTURE mpls?m*ainn rERcePT MiNIMUM TrRanSITION] TOTAL EXT. [TOTAL mm
°F | ps] mmgsn'm Go(a) 'CREEP RATE{ TIME, ICREEF, TEST)] (RUPTURE
GRAIN SIZE |, 884 %R | HRS.5H TeShoe | TESTG
HARDNESS 1200] 15.0 110 .22
Tz00] 15.0 225 .33
SHORT TIME TENSILE PROPERTIES 1200] 15.0 ] a8s =
MODULUS OFFSET T200] 15.0] 480 40
TEMPERATURE, oF YiELDW) | TENSILE | ELONGATION | REDUGTION 1266 15.0 | 590 44
°F ELASTICITY, | STRENGTH, | STRENGTH, " IN AREA, . .
1000P00PS.I, | 1000RS. | JOOOPSL | PER CENT | PER CENT
70 34,3 85 6 54,0
1200 19,0 47,0 36,0
ORIGINAL CREEPAND RUPTURE DATA ASTM-ASME_JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
MINIMUM TION| TOTAL EXT. | TOTAL HARDNI TYPE OF TYPE OF SIZE OF
Mo STRESS DLRAT IONINTERCEPT, RATE| T TIME, JOREER, TEST) ' (P roney MATERIAL 347 MELTING FURNACE HEAT
1006 /MR | HRS(SI TESTL,% | TESTING GHEMICAL COMPOSITION, | C |M [ P [ S [SiJGr[Ni [Moob[Ti [al]
1200] 20.0] 1.6 .56 PER CENT ! T
1200 20.0 17.0 .16 DEOXIDATION
200} 20.0] 160.0 1.05 FORM-CAST OR WROUGHT 0,092 in, sheet
200 20.0/ 480.0 1.30 HEAT TREATMENT Annealed
nzo0| 18.5| 1.0 .15 MICROSTRUCTURE
7
1200 18.5 .5 .32
nzoo| 18.5| 420.0 .65
'zz: i;z ji 1‘1’ SHORT TIME TENSILE PROPERTIES
p200} 17.0} 25.0 =26 TEMPERATURE, o YIELDI) | TENSILE |ELONGATION { REDUGTION
1200 17.0| 150.0 .35 oF *| ELASTICITY, | STRENGTH, | STRENGTH, IN 27, IN AREA,
1000000PS.). | 1000PS.). 1000PSL. | PER CENT PER CENT
350 | 14.0] 2.6 15 75 36,05 91,35 45
350 14.0 18.0 .36 300 26,15 61,35 29
350 | 14.0) 62.0 1.4
k350 | 14,0 160 7.6
350 12.0 16.0 .14
3sof| 12.0] 0.0 51 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
350 | 12.0} 190.0 2.2 TEMPERATURE ON PROPERTIES OF METALS
350 | 12.0§ 320.0 5.
TYPE OF 51z
3501 10.0| 36.0 .16 MATERIAL 347 IMELTING FURNACE !EIE o
lsso | 10.0} 77.0 CHEMICAL COMPOSITION, | C [P [S[sifcr[Ni[moTee[Ti[ar] o
350 | 10.0} 190.0 60, PER CENT 1‘07 j 19.] 9. 8 I ] Bal
350 | 10.0] 330.0 Ll DEOXIDATION
FORM-CAST OR WROUGHT 0,045 in, sheet
500 | 10,0 .2 .2 HEAT TREATMENT 1950 F Anneal
500 ] 10,0) 2.1 1.4 MICROSTRUCTURE
Lﬂ) 10.0 ] 8.6 4.5
500 | 10.0 | 25.0R 22.0 {3) DURATION OF TEST (RUPTURE TEST INDIGATED BY R),
s00] 7.5 | 8.5 16 ) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TiME £ FROM THE PORTION OF THE

(1 0.2 PER GENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
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T SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA
(5 EFEFETR:":'?EITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
rowemre| W T Tty [ mens, [asonon] rexcron Q)
" ELaSTICITY, | STRENGTH, | STRENGTH, | N2, | W Rt ASTM-ASME_JOINT COMMITTEE ON EFFECT OF
1000000PS.I. | 1000PS.]. TEMPERATURE ON PROPERTIES OF METALS
5 [] 92.5 52.0
TYPE OF TYPE
500 ::.: ﬁ‘z ;1,': MATERIAL IMELTIFG FURNACE Induction ﬁ'éﬁr“ 17 1b.
900 . . . ~ y =
LN e = X cHEMICAL ComMPosITion,| C M TP ]S TsiJcrNi [MoJco TTi [al[ra |
1660 11,0 16,0 40,0 PER GENT 057[1.5 p.4 (185007 h.eo] | fo.zs[
DEOXIDATION Silicon
FORM-CAST OR WROUGHT __ Wrought
HEAT TREATMENT 10 Min. 1900*F, A,.C.
e MICROSTRUCTURE Austenite plus CbC
ASTM-ASME JOINT COMMITTEE ON EFFECT OF GRAIN SIZE 78
TEMPERATURE ON PROPERTIES OF METALS HARDNESS
TYPE OF OF  Electric A SIZE OF
MATERIAL A
ACOEREGOORED SHORT TIME TENSILE PROPERTIES
CHEMICAL COMPOSITION, MODULIS oFFSET
PER CENT 04 ] .84f. 014,01 .9eh1o. dio.o]  [7s TEMPERATURE, OF YIELD® | TENSILE | ELONGATION | REDUCTION
DEOXIDATION °F ELASTIGITY, | STRENGTH, | STRENGTH, > IN_AREA,
FORM-CAST OR WROUGHT Cast 3 H Type Blocks 1000 000PS.I. | I000PS.I. 1000PSI. | PER CENT PER CENT
HEAT TREATMENT Air Quench 1950 F 0,08" Sheet
MICROSTRUCTURE R.T 37.1 90,3 51,0
GRAIN SIZE L 1200 51.2 25.0
HARDNESS
j ‘ CREEP AND RUPTURE STRENGTHS
TIME T PROPERT TRESS _FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
SHORT TIME TENSILE ERTIES TEWP, INDICATED, 1000 P5.1. (2) CREEP RATE, 1000 PS..(2)
TEMPERATURE |um°Fuws qy',Est',., TENSILE | ELONGATION 10N °F 100 1000 | 10,000 ]100,000 [0:000001 | 0.00001 | 0.0001
¢ | eLasTicITY, | STRENGTH, | STRENGTH, | 1N 2", IN AREA, HRS. HRS. HRS. HRS. %HR. | %/HR. | %WwHR.
1,000000PS.). | I000PS.L. 1000PS.. FER GENT PER CENT | 0.25" Dia. Bar
80 20 4 28,0, 435 735 756 | 36,0, 450 [50.0. 530 | 1106 | 45.0 36.0
300 20,5 31,75 61,5 36,0 51.0 1200 30,0 23.0
550 2l 2 . 57.5 33.0 49,0 . 1350 18.0 12.5
800 19,1 22.0 54,5 32,0 45,0
TO00 20,5 205 52,5 32.0 46,0 0. 06" Shdet
1200 19.0 >20.0 >20.0 1200 27.0 21.0
1200 17.9 21,0 445 30.0 46,0
1400 19.5 36,5
ORIGINAL GREEPAND RUPTURE DATA
ORIGINAL. CREEPAND RUPTURE DATA
ourarion|wTERGEPT] MiNIMUM. TRANSITION] TOTAL EXT. %W
; Fay *'0“‘&"’] wa PR e o TERThoe | TESTING
TIONINTERCEPT] MINIMUW, [TRANSITION| TOTAL XY, |TOTAL puonesd G ]
| g5k | ol wid PRI s = TESTL% | TESTING A Bes
ol s1e0 o0 200051 58160 1100] 40.0) 475 R 9.0
1100 1,000051
1100 F"z“:.o 2544 R | 1.42 _|.00042 2208 5.0 jLa00} 45.0 lg_; : :
1200 20.0] 3432 R . 800 1. 00044 1488 1.5 1200] 30.0 95 R 12.0
1200{ 35,0 41 R 39.0
1200} 40,0 i3 20.8
1350] 15.0 194 R 23.0
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF 1350/ 20.0) 38R 23.0
TEMPERATURE ON PROPERTIES OF METALS 1350] 25.0 5R ) 19.9
TYPE OF TYPE OF Electric Ar SIZE OF
MATERIAL 18-8 cb | NIPEE ToaeE AT HEAT 0.be" shebt
GEmCAL composITion, | S I[P |S[si]cr [wi [woTcaTi Tar 1200] 25.0] 131 R .5
PER GENT 0] elosd oid sahoelazd Lo lz00, 30,01 T0R 1.0
|GEOXIDATION 11200 ] 2R 8.0
FORM-CAST OR WROUGHT Cast Keel Blocks Navy Pattern
HEAT TREATMENT Water Quench 1900 F
MICROSTRUCTURE
GRAIN SIZE @
HARDNESS 75 %0 80 R ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE_OF TYPE OF
SHORT TIME TENSILE PROPERTIES e MEL TING FURNACE Induction |oeag & 1711,
TEMPERATURE, OF YiELOt) | _TENSILE | ELONGATION | REDUCTION cHEMICAL cOMPOSITION, | C M0 [ P 'S fSi|crNi[MoJcb TTiJaIra]
C2 ELASTICITY, | STRENGTH, | STRENGTH, 3 IN AREA, PER GENT 057|1.5 0.40[18.510.7 .00 jo. 40}
1000DOOPS.L. | 1000PS.). " | 'OOOPSL' | FERCENT | PER CENT SEOXIBATION e
30 20,0 34,75 8.2 35.0 343 FORM-CAST OR WROUGHT — Wrought
i;:: i:.g HEAT TREATMENT 10 Min. 1900*F., A.C.
- 15. 3 MICROSTRUCTURE Austenite plus CbC
1350 8.0 GRAIN SIZE
1350 17,7 |HARDNESS 7-8
ORIGINAL CREEPAND RUPTURE DATA SHORT TIME TENSILE PROPERTIES
MODULLIS OFFSET
TEMPERATURE, OF YIELD() TENSILE | ELONGATION | REDUCTION
ng‘! L tnimm frRansimon] ToTaL ext, [ror Hnﬁ_gﬁ °F ELASTICITY, [ STRENGTH, 5;"5("‘3;’1- FEI:2. gn‘@i
2L )| wia) (CREEFRATE] TIME, CREERTESTY WUV | (26T S 1,000000PS.I. | 1000PS.I. Sl CENT
1200 L e———
ts.0 | 2520 .08 . 000003 R.T. 8.5 89.4 46,0
1250] 15.0 . 2000029 1200 48,7 28,0
1300] 15.0 672R] 192 ,00079 360 4.5
1300} 10.0 3648 042 . 000001
135010, 0 650 R| o715 . 00045 - 15,0
1350] 7 5 6648 R 00 . 000001 7.0
13 DURATION OF TEST IRUPTURE TEST INDICATED BY R),

() 0.2 PER CENT OFFSEY UNLESS OTHERWISE INDICATED.
t2) EXTRAPOLATED VALUES INDIGATED BY %

(4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE. OF Tre

%) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERAT}
CREEP RATE. e
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CREEP AND RUPTURE STRENGTHS
STRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED @
TEMP, INDIGATED, 1000 PS.1. (2} CREEP RATE, 1000 PS.1.(2) ASTM-ASME. JOINT MITTEE ON EFFEGT OF
1000 0000001 | 0.00001 | 0000t - COM
':IQRg. HRS. :%ggo w%ogo 'I-IMR.I o'bllﬂ.' g.n-n. TEMPERATURE ON PROPERTIES OF METALS
| _0.25" Dla, Bar TYPE OF |TYPE OF SIZE OF
oo T e o MATERIAL 18 - 8 Cb - Ta | MELTING FURNACE _|Hear
1200 | 3z.0 | 24,0 cHEMICAL composiTion,] C [M ] P [ S [SiTcr N [MoJggTiJar] |
1350 18,5 14,5 PER GENT Lors|h.es] 0z o1s].61 i7.ali0.d] e | | |
DEOXIDATION
0.06" SHeet FORM-CAST OR WROUGHT _ Sheet
1200 | 31,0 21,5 HEAT TREATMENT Annealed 1950°F.
MICROSTRUGTURE
ORIGINAL GREEPAND RUPTURE DATA AN SiTE
. HARDNESS
miNiMum frransimion] Totaw exT. [Tora Haronesd
(NTERCEPTICREEP RATE]  TIME,  JCREEP TEST) %w AFTER
*e/HR. HRS.(5) s TEST),% | TESTING CREEP AND RUPTURE STRENGTHS
STRESS_FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
oo TEwP, INDIGATED, 1000 PS.1. 12} CREEP RATE, 1000 PS.I.(2)
25 F 100 1000 T710.006 100,000 [0000001 | 0,001 [ 0.000T
- HRS. HRS. HRS. RS. Yo/HR. | %iHR. | SelHR.
19.0 1200 30.5 24.0
21.0
26.0
" ORIGINAL CREEPAND RUPTURE DATA
. 28,0
1350] 15.0] 647 R 27.0 frewkmas\hnd MiNiMuM_[TRansiTION] TOT A W
g G O INTERCEPT. CREEF RATE|  TIME, e S, E | AFTER
13501 20,01 49 K 2L0 - | &5 R | e * TEST),% | TESTING
13s0f 25.01 7R 28.0 1200] 36.0 | 5.7 K 13.5
D.IIB" Shee| : 1200] 29.0 |143.2 R 13.0
1200] 25.0] 308 R 1.0 1200] 27.0 [341.8 R 15.0
1200 30.0 93 R 18.0
1200] 30,0 94 R 21.0
1200| 35.0 28R 33.0

©

ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF
ASTM-ASME JOINT COMMITTEE ON EFFEGT MATERIAL 347+ Ta lma.rms nmncs Arc R s roms
- I ON EFFECT OF : cm]P Si Ni M i
TEMPERATURE ON_ PROPERTIES OF METALS grEmicaL coweosiTioN, | L] Or Wi Mo b [Ti [ [re
TYPE OF e OF o . 0491 57]. 022]. 019]. 48 h8.7)10. 6| .57 i lLie
MATERIAL 347 + Ta MELTING FURNACE Induction |HEAT 2500 1b. DEOXIDATION
CIM|[P|SISiJCriNi [Molco Tilal]T FORM-CAST OR WROUGHT _ W rought - , 125" Plate
CHEMICAL COMPOSITION, = ! ! ]I ‘% REAT TREATMENT Annealed
.80 ].011].019{.73 18.5]10,8| .86 | .29 CROST
DEOXIDATION M RUGTURE
FORM-CAST OR WROUGHT _ Wrought - 5/8" Sq. GRAIN SIZE
HEAT TREATMENT 1950°F. - 0.0, HARDNESS
MICROSTRUCTURE
GRAIN SIZE CREEP AND RUPTURE STRENGTHS
HARDNESS - STRESS_FOR RUPTURE IN TIMES FOR DESIGNATE
Temp, INDIGATED, 1000 PS..(2) een RATEL 1000 o1 2)
°F 100 1000 | 10,000 000 [0.000001 | 0.00001 | 0.0001
?.:ZRT TIM;F s;TIT!SILE PROPERTIES HRS. HRS. o YorHR., | /MR, | R,
TEMPERATURE. oF YIELD() TENSILE | ELONGATION | REDUCTION | 1200 31
of ELASTICITY, | STRENGTH, | STRENGTH, IN2°, IN AREA, 1300 20
LOOOPOOPS.I. | 1000RS, | |0OOPSI. | PER GENT | PER CENT
R, T 35 90 58 69
| Lico 2l £0 37 64
1200 20 53 42 63
1300 20 44,2 47 60
cREEP AND RuPTuRE STRENGTHS
STRESS FOR N TIMES STRESS FOR DESIGNATED
Teme, INDIGATED, 1000 P5..(2) GREEP RATE, 1000 PS.1.(2) ORIGINAL GREEPAND RUPTURE DATA
°F ] 1600 10,000 [100,000 [0:000001 | 000001 | 0.0001
TTTRR ms- HRS. HRS. HR. /HR. HR. mk,,w o Trransiion] Tom, ex. Tror v
1200 37 29% ¥ 6%'0 HOURSBH %) %o/HR. I-Rs”gl % TEST),% | TESTING
1300 28 24% 1100] 50 78 R 20
1200] 35 46 R - 18
1200] 30 137 R 14
ORIGINAL CREEPAND RUPTURE DATA 1300 27 13R 45
[L300| 24 3TR 17
1300} 20 98 R 23
eV mionnTercesr] i RavSTONLTOTS £ [TOTA, ELpanones) | T ew
F |, E§G | OUNRSR] e A N - TEST),% | TESTING 2
1100{ 55 39 R 21
1100{ 50 138 R 23
1100} 45 544 R 19
2004 42 37T R .
200 | 38 28R 35
hzoo{ as | 105R 16
1200! 30 9504 R 20
0 34 4R 22
1300 ] 30 51 R 30
hagof 27 | 227R 13 (3) DURATION OF TEST {(RUPTURE TEST INDICATED @Y R),
) THE INTERGEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECONO-STAGE CREEP RA

3 3 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
(N 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. CREEP RATE.

(2) EXTRAPOLATED VALUES INDICATED BY %
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IBCr-8Ni +Mo

®

ORIGINAL CREEPAND RUPTURE DATA

ASTM-ASME JOINT COMMITTEE ON EFFECT OF T
TEMPERATURE ON PROPERTIES OF METALS DURAT ONINTERCERT R Y (TR O T Es Ww
FRL | HOURSGI)  %eta) %/HR. | HRS.(5) % TEST),% | TESTING
TYPE OF IWPE oF SIZE OF o J
MATERIAL 316 MELTING FURNACE Elec. Arc. |[HEA 30 Tons ir00| 25.0 3000]  0.244 [o. 000102 > 3000 - -
cHemicaL comeosiTion, | © [P Ts | si[or[Ni [MoTca [Ti [l Li00] 65.0 L1E]- 39.3 |88 0.4 47.0
PER CENT .08 1. 40] 012] o[ . asfie. . dlsr] - [ - | - iioof 60.0f 4.88] 35.1 fo.7ae L2 42.0
DEDXIDATION _Siticon li00] s58.0 8.5R] 23. o. 328 3.0 25.0
FORM-CAST OR WROUGHT _ Wrought 1100 | 56.0 7.0 25.0
HEAT TREATMENT w, O. 2000°F 1100 | 54.0 6.6 26.0
MIGROSTRUCTURE Equi-Axed, Austenitic, Carbide Free L100] 48.0 30.0 17.0
GRAIN SIZE 5/7 Actual hioo| 40.0 . 150 12,0
HARDNESS 152 BHN 1100 36.0] 593.2R 6.4 0.00256 500 12,0
SHORT TIME TENSILE PROPERTIES §300| 11.0 3000 0,22 0.000218 > 3000 - -
MODULLS = | OFFSET hsoo| s.0 3000 0.194 lo.0000426 | > 3000 - -
TEMPERATURE, OF YIELD:N sgggfu ELONGATION Rm?\" h3oo | 40.0 0.638] 10,0 [so.7 0.2 54.0
F ELASTIGITY, | STRENGTH, . . ' N300} 37.0 3.8R 9.1 4. 57 2.1 56.0
000000 I00OPSI. | PER CENT | PFER CENT 8 : > 2 2
! PS1. | 1000RS., hsoof 32.0f 12.2r] 6.3 .13 5.2 46,0
50 ::i 36.7 ”:’I:'Z :Z Z: hsoo| 24.0] 9z.7R| 2.2 Jo.154 43.5 68.0
| 1000 . 20,2 -
1100 e o6 e " o h3oo] 20.0] 327.2R 0. 0446 139.0 82.0
1200 22,4 20,5 60,5 19 51
1300 220 187 0.2 .3 oo hsoo| 4.0 3000 .084 [0, 000236 > 3000 - -
1400 21.6 17.9 39.0 49 58 hsoo| 1.5 3000 .018 jo.0000096 | >3000 - -
1500 21.3 17.5 31.5 54 63 hsoo| 25.0| o.258] 8.6 |ico.0 0.1 81.0
1600 24.6 59 &5 1500 | 24.0 0.4R 1.8 189.0 10,2 82,0
1800 14.0 41 49 h500 | L 1.8R 38 li4. s 0.8 R6.0
2000 7.1 85 58 500 | 12.0] 43.2R 26 o, 581 1.8 91.0
x Determined by A supersonic Method. 00| _9.0] 25128 0892 s a0
CREEP AND RUPTURE STRENGTHS so0 | 7.5) 742.2r b.0213 375 25.0
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
1 INDICATED, 1000 PS.. {2} CREEP RATE, 1000 PS.i. (2}
), 3 . / . .
1 o e B ASTM-ASME_JOINT COMMITTEE ON EFFECT OF
— 12'0 “'0 TEMPERATURE ON PROPERTIES OF METALS
y TYPE OF OF Basic  [SIZE OF
o ;:: f:': ::‘: l:.; i'Z l;': MATERIAL 316 IMELTING FURNACE Electric |HEA] 14,000 1bs,
1400 16.0 1.0 6.8 4.2 2.8 6.3 ggEMICA% compPosITION, | © PIsTsiJer]Ni[melcp]Ti Ta
1500 1.0 7.0 3.4 1.6 1.8 4.2 CEN Lo74. 36 . 010, 019 . 35]16. 13- 82, ¢ | i
1600 7.4 4.3 DEOXIDATION
1800 2.7 1.2 FORM-CAST OR WROUGHT Wrought (1" Diam. Bar)
HEAT TREATMENT 1725 F., 1 hr., A, C.
MICROSTRUCTURE  1yical Austenitic
GRAIN SIZE
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HARDNESS 156 BEN
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF SHORT TIME TENSILE PROPERTIES
MATERIAL 316 MELTING FURNACE Electric |HEAT MODULUS OFFSET
CHEMICAL COMPOSITION, [c[mw]P[sTsi[or[ni[Molco]Ti [ar] TE"PE?FAW' ELAsqrﬁcm ST;'EEPI;GD;: sggﬁ&z_u ELONGATION R&mﬂgﬂ
T [.08]1.64.017. 014 . 37[a7.d12.de. 55 - |- | ooq e Taane | STRENSTH: | *i000PSI.” N CenT | ANARER
FORM-CAST OR WROUGHT Wrought Room 45.0 £9. .2 :; :
HEAT TREATMENT 2000°F, 0.5 Hr., Quench 1000 40.25 075 39. 3
1200 38,25 54,4 43.0 64,2
GROSTRUGTUR
i E rypical Annealed 1300 37.2 41.9 53.0 63.0
[GRAIN SIZE asTM 4-6 1400 27.0 36.15 48.5 59.4
HARDNESS 145 DPH 1500 23.5 25.45 47,5 46,0
Note: Y taken where btress/ ceased te be a straightiline,
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET GREEP AND RUPTURE STRENGTHS
TEMPERATURE, o vIELOW | TERSILE TION | e TRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
F ELASTICITY, | STRENGTH, | STRENGTH, | N2, N AREA, INOIGATED, 1006 Fo.1 1) CREEP RATE, 1000 PS.I.12)
1000000PS.1, | 1000RS.I. 1000PS). PER CEN PER CENT TEMP, ) > fid
p - 0.0 s o oo F 100 [ 1000 10,000 [100,000 (GG0000I [ 0,00001 [ 00001
e - . THR. /HR.
1100 N 22.0 63.0 43,0 58.0 H H HRS. HRS. o/ HR .
1300 - 19.0 46.0 38.0 50.0 1000 ‘: ;‘ ﬁ :
1500 - 17.0 28.0 38.0 43.0 1200 ° o2
1350 2.5 4.2
1500 9 1.8
ORIGINAL CREEPAND RUPTURE DATA
CREEP AND RUPTURE STRENGTHS BEW Serial No. 233
ST NOIGATED, 100G Pl (2]~ STREEE RATE 1000 P (2) EXT [T
TEMP, \ 'S4 ouRaTION INTERCEPT] MiNIMUM_[rRaNSITION] ToTAL EXT
°F 100 1000 | 10,000 100,000 [0:000001 | 0,00001 | 0.0001 HOURSGI|  %e(4) '[CREEP RATE]  TIME,  JCREEP TEST); (U AFTER
HRS. HRS. HRS. HRS. s HR. s HR. TWrHR. %o /HR. HRS.(5) % TEST),% | TESTING
1100 42.5 33.0% 24.9% | 18.5% - z1.0% | 26.0 hooo| 40.0] 1050 . 00450 450
1300 24.0 17. 0% 12, 4% 9. 0% - 7.1% 9.7 1ooo| 25.0] 4150 0.8 |.ooois
1500 10.2 7.1 4. 9% 3.3% - 2.3 3.2 booa| 15.0] 1050 0.077 _|. 000011
1200 | 19.0] 1550 2.7 | 00940 1100
1200 10.0] 1550 0.22 _|. 000296
1200 8.5]| 1850 0.167 |. 000115
200 7.0 3350 0.12 | 000029
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. 1z00] _6.0] 1500 .06 | 000028
(2} EXTRAPOLATED VALUES INDIGATED BY ¢ h1200]  4.5) 1350 . 043 ). 000013
(3) DURATION OF TEST {RUPTURE TEST INDICATED BY R),
(4) THE INTERCEPT IS THE PMJECTIW BACK TO ZERO TIME FROM THE PORTION OF THE 350 9.51 1000 5.3 9107 500
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP = > =
5 THE_TRANSITION TIME |s THE BEGINNING OF THE THIRD smet-: OR AN ACCELERATING 13501 6.01 2700 0.2 100044
CREEP RATE. h3so| 4.5] 1500 0.115 |. 00009 ’
h3so| 3.0] 1500 0.04_ }.00003
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ORIGINAL CREEP AND RUPTURE DATA

MUM_[TRANSITION] TOTAL EXT. | TOT/ %@G}
R T TME, OREE, TEST) AFTER

©

ASTM-ASME JOINT COMMITTEE ON EFFECT OF

[TEMP) T N TEMPERATURE ON PROPERTIES OF METALS
°F 1 BSl | HOURSEY)  %i®) TEST), % | TESTING
153 %R | HRSI) X TYPE OF SIZE OF
1500 3 1600 3 MATERIAL ELTING FURNACE HEAT _
ison] 2.0] 1300 0.52 | 00013 CHEMICAL wMPosn‘lou.l G[mnP]s T sifcr|ni Mo | Cb ITi rm] i
1s00] 1.0] 2500 0.43 |. 000013 PER GENT oslrel | L.sluslasias, 1 I 1 |
DEOXIDATION
FORM-CAST OR WROUGHT W rought
|HEAT TREATMENT 2100 F. 1hr. A.C. - 1400 F. 2 hrs. A.C.
@ MICROSTRUCTURE
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF SRAIN SIZE 23
TEMPERATURE ON PROPERTIES OF METALS HARDNESS 7o
MATERIAL L — Gear &
S [Si|Cr|Ni|MolCb[Ti|al[m,]| SHORT TIME TENSILE PROPERTIES
CHEMICAL COMPOSITION, | © | | P i for [N fmofce | 'jl [%] MODULUS OFFSET
PER CENT .11 l.77l l .38 15.9}13.33. 01 r N J.\SL TEMPERATURE, OF YIELDUY TENSILE | ELONGATION | REDUGTION
DEOXIDATION °F ELASTICITY, | STRENGTH, | STRENGIH, | N2, | IN AREA.
FORM-GAST OR WROUGHT Wrought 1,000000PS.I. | I00OPRS.I. St
HEAT TREATMENT 1100 C1 Hr. W. Q. - 750 C 2 Hrs, A, C. _RT - 11-9 62.5 216
MICROSTRUGTURE
CREEP AND RUPTURE STRENGTHS
e RN
TEMP, s *S.1.
TEMPERATURE, oF YIELDW) | TERSLE BTN | Ao °F 100 1000 | 10,000 100,000 |0.000001 | 0.00001 | 0.0001
F ELASTIOITY, | STRENGTH, | SYeORaL" | PER GENT | PeR CENT HRS. HRS. | MRS. HRS. | %sHR. | %/HR. | %/HR.
1000PCOPS1. | I0CORS.I. ™ — 4 e 1100 *41,0 38.0 35.0 32.0
RT 04.2 2.0 b8 1290 269 | 225 19,0 16,7
1200 7091 85 ] 404
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUFTURE IN TIMES STRESS FOR DESIGNATED
TEMP. INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS).i2) ORIGINAL CREEPAND RUPTURE DATA
TR T | o e ] e
HRS. X . +HR. o/HR.
mvivom_frransivion] Toma ext. [ror
1100 50,0 39,0 #31.0 | *25.0 T?F’ ) TM'NW'GIEEPRATE‘ TiME, JOREEP TEST), PP TRE
1200 37.0 27.0 ¥17.0 |__*10.0 5.2 ¢ 2@ 1o, 8@ - i &8s %/HR_| HRS(S % TEST),% TEST'NG
1100] 40.0 2748 13.0
ORIGINAL CREEPAND RUPTURE DATA 1100] 38.0 3958 13.0
1160 34.0 15793R] 4.0
Wkrwsssjmr INTERGEPT) MINIMUM_TTRANSITION] TOTAL EXT. To(;&amdmmsd
g RA TiM ICREEP TEST)] TURE | AFTER
P RO e eS| DM % TEST)% | TESTING 1200} 27.0 13.0
1200 24. 0 3°8R 12.0
100 | 50.0 126R 13.0 1200] 22.0] 1723 6.8
100 | 45.0 218R 10,5 1200 | 20.0] 55408 1.0
100 | 40.0 781R 9.5
100 | 32,0} B8437R 6.9 1200 | 10000 3157]  .109 | 0000108 - 0.145
1200 7143 3157 - 009 . 000006 - 0.024
200 | 42.0 35R 18.3
200 | 32.0 318R 22.5 hsoo | spoo 147 o L 015 - 2.18
200 25.0 1597R. 38.3
200 20.0 2056R 28.8
hzo0 | zo.0] 4236m 16.8
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TYPE OF OF Heroult |SIZE OF
TEMPERATURE ON PROPERTIES OF METALS MATERIAL 316 MELTING FURNACE  Ar. HEAT 16 Ton
TYPEOF TYPE OF SIZE OF MICAL COMPOSITI C[m]P[s[si|cr|Ni [Ma]Cb]|Ti [Al]ou
MATERIAL MELTING HEAT mEO&L o I . 05, ]1 8. ozjlrou 30 {11 4}13, 5p.12] Il { 11
cremica, composiTion, | G [Mn[ P s Tsiforfnifmofoo [Ti [AT] T DEOXIDATION_ Silicon -
PER GENT Losdas] [ Tsoledundsad | {1 T [ FORM-GAST OR WROUGHT _ Wrought Bar Stock

DEOX IDATION

FORM-CAST OR WROUGHT Wrought

HEAT TREATMENT 1000 C 2hr A. C.

CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES RESS FOR DESIGI

TEMP, INDICATED, 1000 P.5..{2) STREER RATE 1000 S (2)

°F 100 1000 | 10,000 |100,000 [0.000001 | 0.00001 | 00001

HRS. HRS. HRS. | HRS. %/HR. | %/HR. | %/MR.

| 1200 28,0 23.0 *16.0 *11. 0
1300 20.0 14.0 * 56 * 3.5
ORIGINAL GREEP AND RUPTURE DATA
heme) o)) minivMum_frransiTion] ToTaL ExT. [roTaL eLonaHaronEsd
CREEP RATE| TIME, |CREEPTESD| (RUBTURE | AFTER
F | BSL [HOURSEN %) TR | HRS S % TEST),% | TESTING

1200 30.0 SOR 8.8
1200% 25,0 327R £.3
12000 22.5 1244R 7.3
1200{ 20.0 2605R 5.8
1300] 25.0 18R 10.4
1300] 20,0 167R 19,2
1300] 18.0 258K 8.3
1300 16.0 57T0R 8.4
13004 13.¢0 1141R 3,1
1300} 10.0| 2638R 3.2

HEAT TREATMENT 2000°F,
MICROSTRUCTURE

1 hr WQ

GRAIN SIZE
HARDNESS
CREEP AND RUPTURE STRENGTHS -
TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.I. (2} CREEP RATE, 1000 PS.I.(2)
°F 100 1000 10,000 [ 100,000 0000001 | 0.0000! | 0.0001
HRS. HRS. HRS. HRS. Yol HR. “%/HR. Fo/HR.
1500 8.0 5.8 3.0% ==
1200 | 27.5 22.0 18. 0% 14, 5% *

{aJ Flow Rafe Data - Step-Down Tést on Single Specimen at . 002 in/in Total Strain,

{1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
12) EXTRAFOLATED VALUES INDICATED BY ®
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

{4) THE INTERCEPT 1S THE PROJECTION BACK TO ZERO TIME FROU THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA

) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE OR aN ACCELERATING
CREEP RATE.
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ORIGINAL CREEPAND RUPTURE DATA

SHORT TIME TENSILE PROPERTIES

MODULLIS OFFSET
TEMPERATURE, OF YIELDI} TENSILE | ELONGATION | REDUCTION
i e A e ESh) W AFTER °F ELASTICITY, | STRENGTH, | STRENGTH, | IN2', IN AREA,
.8 I| %4 /MR | HRS.5H % TEST),% | TESTING LO000PC0PS.I, | 1000PRs|, | IO0OPSI. | PER GENT | PER CENT
y Room 42.3 82.5 55.0 72.0
300 :: : ZL5R :: : 1050 31.3 5.8 44.5 62.0
jL500 1200 35. 75 53.75 42.0 55.0
15001 11.01 26.0R 34.0 1350 23.5 31.2 38.5 3.3
1500 9.0 53, 5R 36.6 1500 17.9 21.5 60.5 72.1
isoo} 9.0] 52.5R 38.0 Note: (1) ¥, S. at Room Temp. ined{at 0, 20% offs$t.
1500 9.0 58. IR 32.5 {2) Y. S. at Elevate§l Temp. ined by striqg extensometqr.
1500 9.0 60. 4R 31.2
32.6
) B BT 256 CREEP AND RUPTURE STRENGTHS
: : " STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
hsoo| 7.0] 202.0m 24, TEMR, TNDICATED, 1000 Pl (2] CREES RATE D00 P (2)
15001 5.511118.5R 38.5 °F 100 1000 | 10,000 [100,600 {0.000001 | 0.00001 | 0.000I
1500 5,51 1122, 7R 45.0 HRS. HRS. HRS. HRS. Y HR. “/HR. 2e/HR.
i 500 5.5] 1142. 0K 24.0 1350 16.0 11.6 7. 4% 4, 6%
1500 4.8 ] 1798.0R 30.3
hsoo| 4.8} 1801.3R 31.8 ORIGINAL CREEPAND RUPTURE DATA
1 500 4.8} 1775.9R 37.5
renelsTRESSlURATION)INTERCEPT,) MINIMUM_ITRANSITION| TOTAL EXT. 1TOT:
h200 [ 28.0] 74.0r 12.0 = | Bst A '“‘E.i'.’,m% g, ,,T%R ST o | TESTING
p200{ 28.0 80. 5R 14,0 h350 16.5 89. 2R 83.0
hzo00] 28.0 85. 2R 12.7 - -
h200 | 26.0 | 142.0R 12.0 Laso} 15.01 218, IR 7.0
hzo0| 26.0] 156.08 12.0 Laso| 11.5] 1080.48 44,0
h200] 26.0] 150.0R 10.9 Risol 9.5]2665.2R 0.9
1200} 24.0 405. 5R 14.0
1200 | 23.8 494. OR i0.0
2200 | 22.0 | 1374. 6R 14,0 .
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF Basic 1
ASTM E JOINT MITTEE ON EFFEGT OF MATERIAL 316 MELTING FURNACE Electric ?Ezﬁq o 45, 850 1bs.
-ASMI COoM C m[P]S[Si[cr[Ni{Mo[Cb[Ti|Al
TEMPERATURE ON_PROPERTIES OF METALS CHEMICAL COMPOSITION, : o :
TYPE OF TYPE OF SIZE OF .07]1.73. 019, 014 . 43016. 8|13. 4. 38|
MATERIAL MELTING FURNACE HEAT M&Mwe
NG
G M| P|S|SiJCr N [Mo|Cb]Ti|Al|N FORM-CAST OR WROUGHT t (3/4" ock)
FHEWICAL COMPOSITION, z RIEAT TREATMENT 2000 E. 1/2 hes -0, 1600, 5 heo B C.
. 11 j. 77| .38 5. 9}13. 313, O} 18 MICROSTRUCTURE
DEOXIDATION
FORM-CAST OR WROUGHT __ Wrought GRAIN SIZF Actual A.5. T-M. 3-5
HEAT TREATMENT 1200C. L hr W.Q. 815C. 5hr A.C. [HARDNESS 156 VHN (5 Kg. load)
GRAIN SIZE
HARONESS SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
SHORT TIME TENSILE PROPERTIES TEMPERATURE, OF viELD( | TENSILE | ELONGATION | REDUGTION
e et phs ELASTICITY, | STRENGTH, | STRENGTH, | N2, IN AREA,
TEMPERATURE oF YiELOtm | TENSILE | ELONGATION | REDUCTION 1000000PS.( | 1000PSI, " | IOOOPSIL. | PER GENT | PER CENT
L3 '| ELASTICITY, | STRENGTH, | STRENGTH, ne, IN AREA, Room 40.5 82. 85 51.0 65.0
1900000PS.I, | 1000RS.., ' | 'O0OPSL’ | FER GENT | PER CENT 1050 33.0 63.0 41.5 57.3
RT 100.9 50,5 57.0 1200 32.0 49.4 34.0 58.6
. 1350 22.5 31.5 42. 0 59.8
1500 18.5 20.5 55.5 68.6
gEEP AND T;PL:REES STRENGTHSSS oA TGRS Note: (1) ¥. S, at Room Témp at 0. 20% offsdt.
TEMP, INDICATED, 1000 PS.L.(2) CREEP RATE, 1000 PS1.(2) {2) . S. at Elevated Temp. ined by stxi
°F 100 1000 | 0,000 |100,000 [000000i | 0.00001 | 0.000%
HRS. HRS. HRS. HRS. WHR. | %/HR. | %R, CREEP AND RUPTURE STRENGTHS
e Lol ano 1 seolsne ot _astl udy oo Pt | b e s |
p TA TEMP, ', S ' *S.l.
ORIGINAL PAND RUPTURE DA °F 100 1000 | 10,000 |100,000 |0.00000i | 0:00001 | 0.0001
HRS. HRS. HRS. HRS. %orHR. | W/HR. | %/HR.
1350 16.5 12,3 6. 95% 3. 7%
_— TION]INTERGEPT ] MINIMUM frRansimON] ToTAL ExT. [TOT: mq?
* 1,588 '“‘ég"l et} O'EE’/?:?E RS} mjsn rsﬁ%d TESTING ORIGINAL CREEPAND RUPTURE DATA
4.0 17.8
hz00] 30.0] sser 14,5 jsncss[m'r INTERGEPT] NNy Trrassimon] Toms, exr Wmﬂ){ﬁd
o i IOV TEsh AF
1200} 25.0 1759R 14.8 °F %ln ) “(4) %II‘SE PRS(S) S TEST),% | TESTING
1200 ] 20.0 4254R 183
g 1350] 20.0 37. OR| 6.0
1350] 16.5] 93, 4R 70.0
1350 15. 0 283, 8R| 70. 0
1350} 11.5] 1560.5R 64. 0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1350 9.5| 3137.0R 44.5
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF Basic
AL 316 MELTING FURNACE _Electric SlE oF 45, 298 1bs.
cHEMICAL coMPOSITION, | C [ ] P [ S [Si[Cr N "° Cb|Ti | Al
PER GENT .07 1. 73} 019]. 014 . 43f16. 813. 4. 33 @
DEOXIDATION 18 1bs. Al poled in Furnace.
FORM-CAST OR WROUGHT _ Wrought (3/4" Diam. Bar Stock) ASTM-ASME JOINT COMMITTEE ON EFFECT OF
HEAT TREATMENT 2000 F, 1/2 hr, W.Q. 1750, L br, A.C. TEMPERATURE ON PROPERTIES OF METALS
MICROSTRUCTURE 7, ical Austenitic L;;Egaﬁl_ 316 IEE"% FURNACE H'z’:“ SizE OF 2
GRAIN SIZE Actual A.S.T.M. 4-5 Cim|P|S|Si [ i| Al
HARDNESS 145 V.H.N. (5 Kg. Load) RIEMICAL COMPOSITION, ik oo Tl A
(1) 0.2 PER CENT OFFSET UNLESS ormwnsz INDICATED. 027]3.70). 026(. 012 . 54 17-E~M

z!l EXTRAPOLATED VALUES INDICATED BY
a) Flow Rate Daia - Step

{3 DURATION OF TESTIRPTURE TEST INDICATED BY R).
14) THE INTERCEPT |
TEST SHOWING THE MINIMUM OR

Down Teats on Sm;zle Specimen at . 002 infin Total Strain.

S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
SECONO-STAGE CREEP RATE.

% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERAT|
CREEP RATE. * e

DEOXIDATION _ Silicon

FORM-CAST OR WROUGHT _ Wrought Bar Stock

HEAT TREATMENT

1950°F. 1/2 hr WQ

MICROSTRUCTURE

GRAIN SIZE

HARDNESS
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CREEP AND RUPTURE STRENGTHS

ORIGINAL CREEPAND RUPTURE DATA

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED 8Y %

TERCEPT |
EST SHOWING THE MINI ~-STAGE CREEP

O R | DE AE e T T E
TEWP, , 54, ) S T ioNINTERGEP T MINIMUM imon] ToTaL EXT. %ﬁw
°F 1000 10,000 | 100, 000001 | ©.00001 | 0.0001 *F | PS). ncuz%| Se(4) JOREEP RA TIME,  \CREER AFTI
HRS. HRS. | HRS. ey 2% | S | SR, oo %/HR. | HRSE) b TEST).% | TESTING
Tooo 20.0 27.0 1050 63 10.2 - 43
1200 6.8 14.5 " 60 14.5 .64 35
" 50 114.2 R . 026 39
ORIGINAL CREEPAND RUPTURE DATA T e | 27328 “or ”
n 39.611140.2 R . 00187 10
remelsTReESS|pURATION I ] mintvum_ ITRaNSITION] TOTAL EXT. | TOT HaronEss] h200] 45 2.6} 6.28 35
o | BSL| HOUSGY " Seid) JCREEP RATE{ | TIME,  JREEFTESTY RUETUCE | AETES: < 138 | 11.638 1.26 38
L +o7 Tovoous * " 35 46.9 R| .4 43
000 20.0 3030.7 . .
o0, 20.94 oA L 30 168.2 R| .0613 40
1000} 25.0 3621.9 2,314 . 000045 o 24.5 606. 5 R| 015 25
1200 8.0] 3049.8 . 065 | 000012
1200 11.0 3648. 4 215 . 600020 @
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
@ TEMPERATURE ON PROPERTIES OF METALS
TYPE OF Heroult Arc |SIZE
ASTM-ASME JOINT COMMITTEE ON EFFECT OF MATERIAL 316 I MEEIN6 FRNAtE Y A B Y 17 Ten
. TEMPERATURE ON PROPERTIES OF METALS GHEMICAL COMPOSITION, IBEIEE s. TerIni[MoJob [TiTaTcu]w
59
MATERIAL 316 MELTING FURNACE Rear & Lozeh. 26]. 0z7].02d . 49]17. di3. 7.2 I Y 5
- - DEOXIDATION Silicon
GHEMICAL COMPOSITION, [c]m]Pp]s[si]or[ni[MofcpTi [m FORM-CAST OR WROUGHT Wzoughi Bz Stack
20 1.76.037.018]  Nis.2iz.dz.0d | HEAT TREATMENT Anncalzd
DEO"'ch?gR e MICROSTRUCTURE Austenite
'mM' WRDUG rou
[HEAT TREATMENT T A TR E W & GRAIN SIZE
MICROSTRUGTURE HARDNESS
e A SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD() S%'E'SNEL& ELO:%‘,\,T'ON ngN
TY, 3 » +
CREEP AND RUPTURE STRENGTHS F Eoaber | SOACHSTH: | *000PsL. T | PER CENT
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S}. (2) CREEP RATE, 1000 PS.1.12) RT = . 11,0 4.5 66,5
°F 100 1000 | 10,000 [ 100,060 [0.000001 | 6.00001 | 0.0001 400 == 18.2 62,5 1 S1.T 2.0
HRS. HRS. HRS. HRS. %/BR. | %/HR. | %/HR. 00 = 16.7 59.0 47.5 59.5
1z00 32.8 17.0% 800 - 14.6 59.3 47.0 56.5
T500 v 3 900 -- 13.4 57.35 46.0 57.7
1000 - 13.2 56.15 51.0 55.6
ORIGINAL CREEPAND RUPTURE DATA 1200 = 12.3 466 49.1 61.6
CREEP AND RUPTURE STRENGTHS
TEMqlsmasa]mr " MINIMUM TION] ToTAL EXT. [ToTAL )
8 eyl L 2 W AFTER TRESS_FOR RUPTURE IN TIMES RESS FOR DESIGNATED
F 185 s SR | e TEST),% | TESTING TEMP, INDICATED, 1000 PS...(2) “TREEP RATE) 1000 PB1 (8)
200 {19. 875(5656. 6 R 13 °F 100 1000 10,000 [100,000 [0.000001 | 0.0000! | 0.0001
 Tro.s hsss1g . HRS. HRS. HRS. HRS. %/HR. | %/HR, | YesHR.
= = 1200 26.0 22.0 18.0% 15.0%
il 3%.0 528.1 R 4
2001 9.0 L 115,58 16 ORIGINAL CREEP AND RUPTURE DATA
" 6.75 | 292.1 R 19 !
" 4,00 [1272.8 R 32
-5z | s = ey oulrence Mt PRIV Ioy £, Tolsy e
T | FSg | HORSBI e %W/HR_| HRS(S) % TEST),% | TESTING
1200| 29.0] 26.7 45.0
@ 1200] 27.0 18.6 46.5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF t200| 24.0 225.0R 24.0
TEMPERATURE ON PROPERTIES OF METALS izoo] 21.0]1606.5 & 26.0
TYPE OF SIZE OF
MATERIAL 316 MELTIM; FURNACE Electric |HEAT
GHEMICAL COMPOSITION, | © S [siJcr[ni[Mofe[Ti [ar [N [ @
PER GENT ! ]
DEOXIDATION ;f:.jl;fi{ﬂz;md'n iodhoded - 1= Looslosd] ASTM-ASME_JOINT GOMMITTEE ON EFFEGT OF
[OEOXIDATION ________ Straight Silicon T
R RO sk — EMPERATUREOFON PROPERTIES 01; :EE:LS
HEAT TREATMENT 1950 W. Q. MATERIAL 316 {low Np) lma_nus FURNACE HEAT
Mi TUR i A §
CROSTRUGTLRE GHEMICAL COMPOSITION,| C [Mo [ P ]S Tsifor[ni[Mofco [Ti [AI] N,
gnAmE;ZE 2-4 Actual PER CENT (oq . 1 ooy ™ Tou
ARDN DEOXIDATION
| FORM-CAST OR WROUGHT W rought
SHORT TIME TENSIE PROPERTIES HEAT TREATMENT Anneal 1975 - 2000 F
MODULUS OFFSET MICROSTRUCTUR
TEMPERATURE, OF YIELD!} TENSILE | ELONGATION | REDUCTION £
L3 ELASTICITY, | STRENGTH, | STRENGTH, | IN2', IN AREA, GRAIN SIZE
1000000PS./. | 1000RS... | JOOOPSL' | PER GENT | PER CENT HARDNESS, :
75 - 38.0 88.3 67 - 1" 78
SHORT TIME TENGILE PROPERTIES
MODULUS
GREEP AND RUPTURE STRENGTHS semperare. | OO iecom | Tewsie | econcaTion | mepucrion
TRESS FOR FUFTURE TN TIMES STRESS FOR DESIGNATED o | gLaSTICITY. | STRENGTH, | STRENGTH, [ N 2", IN AREA,
1-5:9' - IDICATED, 1000 PS.I.{2) CREEP RATE, 000 PS.|.(2) |MMP.S.I‘. 1000 PS.) ' 1000PSI. PER CENT PER CENT
[ 1000 | 10,000 [I100,000 |0.000001 | 0.00001 | 0.0001
HRS. WS, | HRs. s 1% | S | S5 BT 14.0 42.0
1050 40.2 32% 500 56, & 25.0
1200 23 16,3+ 1000 52.8 25.0
1200 44.0 40.0
1500 21.0 30.0
1800 1.2 57,5
{3) DURATION OF TEST(R.IPTURE TEST INDICATED BY R),
(O3] THE N

THE PROJECTION BACK TO ZERQ TIME FRW THE PORTION OF THE
MUM OR SECOND

& THE TRANSITION TIME IS THE BEGINNING OF THE THIRD SI'AGE. OR AN ACCELERATING
CREEP RATE.
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CREEP AND RUPTURE, STRENGTHS

SHORT TIME TENSILE PROPERTIES

DEOXIDATION

MODULLIS OFFSET
TION | REDUCTION
TEWP. ST D GATED, 1000 P B STAEEE RATE 100D PST-t2) TEMPERATURE, | ey, | STacherH sTaENGTH, | N E, IN AREA,
°F . [0 ] 1000 ] 16,000 100,000 [000000! [ 0.00001 | 0.0001 L5o0D0oPS T | 1000Ral. " | 1000PS)’ | PERCENT | PER ceNT
HRS. HRS. HRS. HRS. %/HR. | %rHR. | %/HR. T3 23 o5 516
1200 32.3
5 5.8
1280 CREEP AND RUPTURE STRENGTHS
TRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDIGATED, I000 P.S.. (2) CREEP RATE, 1000 PS.].(2)
°F 100 1000 | 10,000 100,000 |0.000001 | 0.00001 | ©.0001
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HRS. HRS. HRS. HRS. %/ HR. %/HR. e/HR.
TEMPERATURE ON PROPERTIES OF METALS 1100 56.0 47.0 *25,5 *13,0
TYPE SIZE OF 1200 340 19 .0 * R 4 * 3 8
L‘;EI"EER?;L 316 Ma.'m% FURNACE HEAT 1200 +4,5(3) | g, 9la) 17, 0(a)
M| Pl S |Si|cr [N [Mo]ce[TiTal
GIEMICAL COMPOSITION, | © [sfert ol ORIGINAL CREEPAND RUPTURE DATA
PER CENT 051,73 |43 7.3]12,93. 04} i I
-GSt & TION| TOTAL EXT. [TOTAL
FORM-CAST OR WROUGHT _Wrought el OURATION JINTERGEPT | MINIMUM A TESN e BETER
HEAT TREATMENT 1950°F o | BSL, | Hoursal]  uiar CRECRATE| | TIME, s, TEST).% | TESTING
1100| 62.6] 22r .8
CREEP AND RUPTURE STRENGTHS w | 5001 398m s
STRESS FOR_RUPTURE IN TIMES RESS FOR DES|GI
TEMP. TREINDICATED, I000PS.1. (2} OREEP RATE, IOOO PSI (2) 1 | 40.0 j2019R fl
°F 100 1000 10,000 ] 100,000 0000001 | 0.00001 | 0.0001 » | 35.0 |3256R
HRS. HRS. HRS. HRS. %/HR. | %/HR. | %%/HR.
1500 10.0 7.0% 1200] 45.0] 3sR 1.3
" 35.0 S5R. 5
ORIGINAL CREEPAND RUPTURE DATA v | 28,01 3188 L3
] 20,0 839R 1.8
3.4
MINIMUM_ [TRANSITION| TOTAL EXT. | TOTAL, Euwdumuesd © 118,05 975R
'E’%"‘ESSBR“/ TIONINTERCEPT.GREEP RATE]  TIME,  JOREEP TEST) (RUPTURE [ 140 lzstor s
F |,&86 ¥ %/HR. (5} Tesﬂ-/. TEETG w1z 0 bsazs .3
1500 20,29 8.1 R 28 w1 10.0 |[6000R 11,8
15, 0 8.4 R 30
12, 0 37.2 R 30 10,01 3157 036 00008 1100 0,267
9.04 224.6 R] 34
6.79 532.5 36
10, 5 -
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
@ TYPE OF T‘IPI]E_ OF  Electric Arc SIZE OF 7 tons
ASTM-ASME JOINT COMMITTEE ON EFFEGT OF MATERIAL 317 e ['ﬁ e R BED MoTcn e x]
TEMPERATURE ON PROPERTIES OF METALS CHEMIGAL COMPOSITION, N
TYPE OF "[ OF SIZE OF GENT 051, 36}o. 0zp, 01 so1e. 8|13 2. 05 - [- | - [o. 0g]
MATERIAL 316 MELTING FURNACE HEAT DEOXIDATION
COMP! Mr| P | S |Si|[Cr|Ni|Mo|Cb|TifAal|F FORM-CAST OR WROUGHT wrought
%EMC;ETQL OSITION, L L L - 18 ul 2.5 : B:l HEAT TREATMENT Cold-reduced 30 per cent
. 07 . . o

MICROSTRUCTURE

-- cold-rolled structure

FORM-CAST OR WROUGHT w0, ohe
HEAT TREATMENT 20 hrs. at 1950 F, A.C,

MICROSTRUCTURE

CREEP AND RUPTURE STRENGTHS

MICROSTRUCTURE Cold Worked Structure

GRAIN SIZE
HARDNESS 103 Rb

{1 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED &Y *
(a) Flow Rate Data - Step-down test an single specimen at , 002 in/in total strain,

L TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
GRAIN SIZE TEMP, INDICATED, IOOOPSI (2) CREEP RATE, I00C PS.l.(2)
HARDNESS °F 100 1000 10,000 [100,0c0 [0.000001 | 0.0000) | 0.0001

HRS. HRS. HRS. HRS. %/HR. | %/HR. | %/HR.
1200 49,0 31,0 14, 5% 3
OREEP AND RUPTURE STRENGTHS
TRESS RUPTURE N TIMES STRESS FOR DESIGNATED
TEMR, INDICATED 100OF 8L (2) CREEP RATE, 1000 PS.|.(2) ORIGINAL GREEPAND RUPTURE DATA
TR T TR TR e [ [ g
3 5 3 /HR. /HR. HR.
o0 24 TEME) \TIONJINTERGEPT | MINIMUM_ITRansITION] TOTAL EXT. {TOTAL .E%!Glm
ICREEF RA TIME, [CREEP TEST)] (RUP AFTER
1,68 Bl %l4) SR | RS TEST),% | TESTING
ORIGINAL CREEPAND RUPTURE DATA 1200 18,4 0,17 g — -- - 12,5 o=
1200[ é8.2 [ 1.8 - 1.8 _ 17,5 -
TERGEPT,  MINIMUM [rRansiTion] ToTaL EXT. [TOT, %admm{? 12001 59.5 | 16.0 R} 77 0.4 == 22.0 ==

= | 23l T CREEFRATEY TiME, F'EB’.,.TES“ RUPTURE | [AETER. 1200] %58 Jios. 5 RI T -- 0,036 - 5.5 -

I - > 1200[ 43 7 [272.5 R] . 0,012 - 6.5 -
1200) 37.2] 31.2R 8 1200f38.8 ug7.0 R| -~ 0, 0058 - 5.5 -
1200 35.21 120.0R 8 1200] 33.4 [778,0 R — 0, 0018 — 3.0 -
1200} 32 53.0R 8
1200] 30.4] 389.1R 4
200 27 2 |1030.0R 4 i

ool 25,81 194.3R e
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF T
MATERIAL 316 MELTiNG FURNACE aar &
ASTM-ASME JOINT COMMITTEE ON EFFECT OF cHEMICAL comPosiTion. | © M ] P s [siTerTni (Mo Ti | Al
TEMPERATURE ON PROPERTIES OF METALS PER CENT 'L JI { ‘ [ l l l[ jl:
TYPE OF TYPE OF
MATERIAL MELTING FURNACE Yo
gzﬁ"c'&@% COMPOSITION, |_C mIPTs[si[crni|[mofce[Tial] CREEP AND RUPTURE STRENGTHS
.08 Ji0 .5 |18 J13 ja.s TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
DEOXIDATION L I Ls] L 11 TEMP, INDICATED, 1000 PS.1. (2} CREEP RATE, 1000 PS.1.(2)
5
FORM-CAST OR WROUGHT _ Wrought F |qng 1000 10,000 ]100,000 0000001 | 0.00001 | 0.000)
HEAT TREATMENT 2100 F 1 hr. A.C., 15% H,.C, W, at 1200 F, 1200 F F.C. T AL zﬁ‘ HRS. | HRS. JorHR. | %sHR. | %/HR.

t3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

ta} THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIM| F'ROM
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA E THE PORTION OF THE

5 THE TRANSITION TIME IS THE BEGINNING OF THE TH
P E THIRD STAGE, OR AN ACCELERATING
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ORIGINAL CREEPAND RUPTURE DATA

ORIGINAL CREEP AND RUPTURE DATA

TAL EXT. | YO/ ITRANSITION| TOTAL EXT. | TOTAL
[TEMR, DURATION INTERGEPT | MMM TRA TN e TEST), AFTER TEM, T JONJINTERCEPT,  MINIMLAS OREEP TEST) E | AFTER
* 1,58k 3| %l SR ] s TEST)L.% | TESTING F |, £8k | OS] %) JOREEF RATE} * TIME, A RUETVRE | ALT5
1200] 39.8 5.8 R 32z 1200] 45,0 58 5R. : 9
30.4 | 4.8R 26 W 42,0 | 145, 7R 13
23.8 |302.1 R 36 15001 22. 500 1. 2R, 25
210 | 69.2R 48 " 1835 438 16
n 112, 225 14, OR| 19
n |90 42. 3R (]
“ 6,0 120, 5R 19
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL 316 MELTIRG FURNACE e &
| ¢ [wn —-—rp S I si T cr I Ni ™o [ cb [Ti EAES ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
OHEN"CAL COMPOSITION, TEMPERATURE ON PROPERTIES OF METALS
PER CGEN . 024 i1 sab.s] | . 031 pa1 TYPE OF TPE OF SIZE OF
DEOXIDATION MATERIAL 316 MELTING FURNACE HEAT
m:—]c_AS‘:T(:‘R E’r:_ROUGHT Wrought CHEMICAL COMPOSITION, | C [M[ P [s[sJor[ni[mMoTeo [Ti [ar]
HEAT RE: PER CENT . 05]1, 55 030],01 .84107, 8[13.0 2,34 - - - r

CREEP AND RUPTURE STRENGTHS

DEOXIDATION -

FORM-CAST OR WROUGHT . 062" sheet 2B Finish

2000°F - 30 Min. - Alr Cool

ESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED HEAT TREATMENT
TEMP, INDICATED, 1000 PS1.(2) GREEP RATE, 1000 PS.1.(2} MICROSTRUCTURE
°F 100 1000 | 10,000 |100,000 [0.000001 | 0.00001 | 0.0001 GRAIN SIZE
HRS. HRS. HRS. HRS. Y/HR. | %/HR. | %/HR.
1200 32, 3% 25,5% HARDNESS 69 Rb
CREEP AND RUPTURE STRENGTHS
TRESS FOR RUPTURE IN TIMES STRESS FOR DES]GNATED
ORIGINAL GREEPAND RUPTURE DATA Tewp, INDICATED, 1000 P51, (2) CREEP RATE, 1000 PS1.(2}
o TR R TR [ e [ |
reve) URATIONJINTERCEST L MINIMUM_ [TRANSITION| TOTAL EXT. | TOTAL . . /HR. o/HR.
b RA TIM TEST) (RUPTURE | AF R .
°F |3'8'o (3)]  %l4) SRR, rRS(E'l lﬁiﬂ’% BETEE | 2atime ::oo 27.8 22.8 % 14.5 %
00 9.3 6.0
1200] 36 19,2 R 26
" 17
o {33 | 80.3R ORIGINAL CREEPAND RUPTURE DATA
30 53.5 R
ol MINIMUM_[TRANSITION| TOTAL EXT, |TOT/
m]s:mss{m'rm,,lmm,cmm A TION L B 1Ean, ptis
il TN i TR | v TESTI,% | TESTING
@ 1200]37,000| 523 1.48 00035
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1200)!5, 0001 432 _}1.92 - 00040
TEMPERATURE ON PROPERTIES OF METALS 120025, 000| 360 R - . 0050 10,
TYPE OF TYPE OF SIZE OF 1200[30, 000] 32.5% 12,
MATERIAL 316 MELTING FURNACE HEAT 1200]35 goo| 6 5R 15
CHEMICAL COMPOSITION, | © s [siJor[Ni[mofcb[Ti[at]n,
FER GENT 02 | T disdead T Leal 1500] o0 | 1072 R [ 114 o 450 s
DEOXIDATION 1500 8000 | 192 R | .80 .079 7.
FORM-CAST OR WROUGHT Wrought 1500 10,000 73 R | 70 .30 30 31
HEAT TREATMENT 1500 |14, 000 7R | .20 3,3 2,0 42
GREEP AND RUPTURE STRENGTHS
ESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED @
TEWP, INDICATED, 1000 P.S... (2) CREEP RATE, 1000 P 21 ASTM-ASME JOINT GOMMITTEE ON EFFEGT OF
°F 100 [ [ h
oae | 'R | "800 100,000 10000001 | G000OI | 0001 TEMPERATURE ON PROPERTIES OF METALS
1500 | 5.8 3.35% TYPE OF TYPE OF SIZE
MATERIAL 316 IME.TING FURNACE e &
ORIGINAL GREEPAND RUPTURE DATA GHEMICAL COMPOSITION, [c[m]e]s[siJor[ni[{MoTch[Ti [ai]g,
l l T LT 113 13, 12.5 Bal,
DEOXIDATION
MINIMUM_[TRANSITION| TOTAL EXT. [ToT) umesﬁ
T AT IO INTERCEP T ICREEP RATE|  TIME,  [GREEP TEST)) (R&M AFTER FORM-CAST OR WROUGHT Wrought-Strip
65h %/HR. | HRSISH % TESTL% | TESTING HEAT TREATMENT 1/3 Hr, at 1950 F, A, C
1500{16.075| 2,0 R MICROSTRUCTURE
12,75 L]
12,00 5.4 R 26
o.75 | 3.1 K Ty CREEP AND RUPTURE STRENGTHS
25,5 0.3 R 30 TRESS FOR RUPTURE IN TIMES RESS FOR DESIGNATED
) TEMP, INDICATED, IOCO PS.). (2} e RATE, 1000 PS-(2)
°F 100 1000 10,000 [100,000 [0.000001 | 0.00001 [ 0.0001
HRS. HRS. HRS. HRS. %/HR. | %/HR. | 9/HR.
1200 38.2 27,5
ASTM-ASME JOINT COMMITTEE ON EFFEGT OF : ORIGINAL CREEPAND RUPTURE DATA
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF
MATERIAL _ L.C. 316 —[MELTING FURNACE e Wkﬁsﬂwmﬂ‘mvcmmqu A TION | T Xt | s %ﬁd
CHEMICAL COMPOSITION, | © [0 | P | S [ ST Cr [ Mo [cb [T [ A [, | F L& 1| W TR | HRSE % TESTL% | TESTING
PER GeNT 027 rehis] s 13 1200] 3 18¢,6 R 31
"] 33.2[29.0R 24
" 281.0 R 8
CREEP AND RUPTURE STRENGTHS d ;9 3] 526.7 R fz
STRESS FOR RUFTURE IN TIMES STR ATED ] .. :
TEMP, INDICATED, 1000 Ps' (@) an%? 52?5%‘36'2?&:» 27,7 | 886.7 R . 12
°F 00 | 1000 | 10,000 |i00,000 |000000I | G.0000 o BTN e 2
X X . 1 | 00001 0
HRS. HRS. . o 37.3 12
T35+ HRS. HRS. W/ HR. %/ HR. %e/HR. 0.0 R
Tsoo | &5 (3) DURATION OF TEST {RUPTURE TEST INDICATED BY R),
- {8} THE INTERGEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP

(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED BY %
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% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR aN
CREEP RATE

ACCELERATING



ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF
MATERAL 316 Imemus FURNACE e MATERIAL 316 —[ME_TIM FURNACE HEAT .
CHEMIGAL COMPOSITION, | C M| P [ S [Si[Gr[Ni[Mofab [Ti [AI 5. e comMPostTION,| C M [P [S Ls- cr [Ni [mo Tco [7i TAl [xe |
PER CEN 0,112,003 ,03[ 117 C11202.5 anl_[ ) [ [ 13~°[ll-° 2.5 LLEL‘I
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT 0.053 in_ sheet FORM-CAST OR WROUGHT 0.052 in. sheet
HEAT TREATMENT Annealed HEAT TREATMENT 1900 F Anneal hl
MIGROSTRUCTURE
GRAIN SIZE SHORT TIME TENSILE PROPERTIES
HARDNESS MODULLIS OFFSET
— TEMPERATURE, OF YIELDtN TENSILE | ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2%, IN AREA,
SHORT TIME TENSILE PROPERTIES 1,000000PS.J. | 1000pS.|. | 1OOORSI | PER CENT | PER GENT
MODULUS 10 35.5 86 57
TEMPERATURE, oF YIELDIY) TENSILE EL(WGATIW REDUCTION
oF ELASTICITY, | STRENGTH, | STRENGTH, IN AREA,
: 1000P00PS, | 1000RS., | '00OPSL | PER G | e cent cREEP AND RuPTuRE STRENGTHS
70 34.1 85.0 66.5 STRESS FOI TIMES STRESS FOR DESIGNATED
1600 13.7 20,5 62.0 TEMP, INDICATED looo PSI 2) CREEP RATE, ID0OOPS.I.(2)
°F 100 1000 | 10,000 ]100,000 |0.000001 | 000001 | 0.000!
HRS. HRS. HRS. HRS. iR, | %iHR. | /MR,
CREEP AND RUPTURE STRENGTHS Fo0 Tz
TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED 500 | 8.8
TEMP, INDICATED, I000P.S.1.12) CREEP RATE, {000 PS.i.(2)
°F
wee. | tee | ‘%R |'RRC [ooXae! | G000 | goc0l ORIGINAL CREEPAND RUPTURE DATA
1600 5, 7+ 3, 4%
miniMuM_[rRansiTION] TOTAL EXT. [TOTAL EI.ONGfHARD@
ORIGINAL CREEP AND RUPTURE DATA ITEMP TIONJINTERCEPT }o o ro R TIME, [CREEP TEST)| (RUPTURE | AFTER
F 1,8oh | OUIRSE] Wia -:./mTFJ HRS.(5) TEST),% | TESTING
1200 14,8 R/ 13.0
MINIMUM 1TION| TOTAL EXT. | TOT -
e, M RavE, TIME. " IOREEE TEST) b RRl e ao] 32 | ATE 12,0
SurHR. | HRS.8) % TEST),% | TESTING 1500 3| BOK -
1600| 5.5 1,3 0.16 1500 9,3 67.7T R -
L600] 55 %2 0.9
1600] 5.5 230 3.9
1600] 5.5 | 120.0 R 25.0
16001 3.7 9.0 0, 14
1600] 37 | 63.0 0.85 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
Leoo | 5.7 T250.0 o TEMPERATURE ON PROPERTIES OF METALS
. TYPE OF 1
1 3.7 ‘;‘}22 R — 18.0 MATERIAL 316 MELTING FURNACE e T
1600] 2.0 . " = -
P X T GHEMICAL COMPOSITION, C[mlPr]s|si[cr[ni[moJce]Ti[al]re .
0ol 2.0 |41000 0,37 GEN L10]z.0]. 03[ 03] i7.o1z.dz.s |
X DEDXIDATION
1600{ > o 780.0 9.78 FORM-CAST OR WROUGHT 0.028 in, sheet
HEAT TREATMENT 1900 F anneal
MIGROSTRUCTURE
GRAIN SIZE
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HARDNESS
TEMPERATURE ON PROPERTIES OF METALS
- |MELT|NG m SizE oF snc:n' TIME TENSILE PROPERTIES
oemica, composiTIoN, [C]m]> StjCr|Ni |Mo|Cb Ti|Alre TEMPERATURE, oF YIELD®) | TENSILE | ELONGATION | REDUCTION
2.0] | 19 |1z 135 R Bal °F ELASTICITY, | STRENGTH, | STRENGTH, » IN AREA,
DEOXIDATION 1000000PS.., | 1000RS.L, | I00OPSL’ | PER GENT | PER CENT
FORM-GAST OR WROUGHT 0. 035 in. sheet 70 36,0 86,2 53.2
HEAT TREATMENT 1900 F Anneal ORIGINAL CREEPAND RUPTURE DATA
MICROSTRUCTURE
Ntliniuid
GRAIN SIZE MINIMUM mon] ToTaL ExT. [ToTaL
RONESS URATIONINTERCEPT. I e ™ T INE XL [ ToTAL ""W
(HARONESS % | RS | HOURSEI %) Sl I TEST),% | TESTING
SHORT TIME TENSILE PROPERTIES 50 14,04 10 10
MODULUS OFFSET 140} 100 5
TEMPERATURE, OF viELOw) | TENSILE | ELONGATION | REDUCTION 14,0} 850 4.7
oF ELASTICITY, | STRENGTH, SLROE(;‘;?;"- £ &-M ;'ERAE';':? 1350] 12,0] 5.0 .15
- 1L000Q00PS.. | 1000PS.I. =% aso] 12.0] 31,0 81
33.9 86,7 61,5 12.0 | 120.0 2.5
10 £5.0 55
CREEP AND RUPTURE STRENGTHS 3 10,0 }120,0 .95
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 1350] 10,0 [155.0 L5
TEwP, INDICATED, 1000 PS... () CREEP RATE, 1000 PS.1.(2)
°F 100 000 | 10,000 |100,000 [O.000001 | 0.00001 | 0.000%
HRS. HRS. HRS. HRS, %WHR. | %R, | %rHR.
1200 31
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
ORIGINAL CREEPAND RUPTURE DATA TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF
MATERIAL lME_TING FURNACE o >
: rRANSITION] ToTAL EXT. [TOTAL HarDNESS : : -
@%'W-c@%ﬂ e " [ReE TEST: AFTER GHEMICAL COMPOSITION, [cfmn]PIsTsifor]ni[molco TiJar] T
[ 153h *he/HR. 5 ol TESTL,% | TESTING Lo5]. 72] oz¢], 01dy. aalio 0. 702, 75] | | ]
1200] 39.4 5.9 R 39.0 DEOXIDATION .
1200{ 34.4 17.1 R - FORM-CAST OR WROUGHT Cast
1200} 25.8 | 310.0 R 29.0 | HEAT TREATMENT 2000° ¥, Water Ouench
[ (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R},
(4) THE INTERGEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE iNDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
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) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.



CREEP AND RUPTURE STRENGTHS @

TRESS RUPTU T STRESS FOR DESIGNATED
TEMP s INDICETED IOSEO P'S‘!.I ('2MIES CREEP RATE, {000 PS.1.(2) ASTM-ASME. JOINT COMMITTEE ON EFFECT OF
" oo J0OO | 10,000 ] 100,000 ]0.000001 | 0.00001 | 0.0001 TEMPERATURE ON PROPERTIES OF METALS
HRS. HRS. HRS. HRS. FoHR. | %/HR. | Y/HR. TYPE OF 316 TYPE OF SIZE OF
1000 1.0 24.0 r_!AERIAL MELTING FURNACE HEA' N
1100 8.8 21,0 CHEMICAL coMPOSITION,| C [M| P [ S [Si|Cr|Ni[Mofco [Ti | Al I
PER GENT T~
DEOXIDATION
@ FORM-CAST OR WROUGHT bl
HEAT TREATMENT Y Hr, at 1950 F
ASTM-ASME JOINT COMMITTEE ON EFFECT OF MICROSTRUCTURE
TEMPERATURE ON PROPERTIES OF METALS AN SiZE
TYPE OF TYPE OF Induction SIZE OF
MATERIAL 18 -13 -2 MELTING FURNACE HEAT 200 1bs HARDNESS
GHEMICAL CoMPOSITIoN, | C [Mn| P [ S [Sicr[Ni [Mofce [Ti [
PER CENT L0l1. 96 ‘014015 82 is. 1113, 0z, 27 L SI-?T TIME TENSILE PROPERTIES
DEOXIDATION - .2 MODULL OFFSET +
FORM-CAST OR WROUGHT Cast Keel Blocks TEMPE[‘FATUE. e OFIGITY ST;IEEPIJ.(ISD#: STng:g-FH E.%GQTION mﬁ"
Z 00*F - g LAST + v A :
HEAT TREATMENT R 20 wa LOOODOORS.S. | 1000PS. | IOOOPSL’ | PER GENT | PER GENT
MIGROSTRUGTURE , R.T. 26.5 86.0 54, 74
GRAIN SIZE - 500 70.0 6. %8
HARDNESS 130 BHN 700 T 7. [3]
Tooo 69.0 49, -
1200 58,0 51, 68
SHORT TIME Tg«su PROPERTIES e w5 5 0
MODULUS QFFS| . 2.
TEMPERATURE oF ViELD) | TENSILE | ELONGATION | REDUGTION 1500 23.0 53
oF '| ecasTiciTY, | STRENGTH, | STRENGTH, IN AREA, * YS 0.02% Offset
1000000PS. | 1000RS.). | |00OPSI. PER can' PER CENT
80 24,5 27. 4‘ 67.3 48.1 42,0
1200 14,5 13T 3T 33,0 45,0 @
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
CREEP AND RUPTURE_STRENGTHS TEMPERATURE ON PROPERTIES OF METALS
SR ROIGATED, 1006 FS 1 > SCRERR RATE 000 P () TYPE OF TYPE OF SI7E OF
W s (2,00 5 1o E| ; £ a P6;£| MATERIAL 316 MELTING FURNACE HEAT
HRS. HRS. | HRS. HRS. %HR. | %/HR. | “%/HR. GiEMICAL CoMPOSITION, | C |M [ P STSiJCr N [MofoeJTi [ar] |
1300 | 4.9 PER CENT L 08 [1.76] 0290, 24 - hs. 4{12. 42. 0 HERE
1400 3.0 | DEOXIDATION
FORM-CAST OR WROUGHT Wrought
= 1,
ORIGINAL GREEP AND RUPTURE DATA HEAT TREATMENT 2 Hrat 1950 £
MICROSTRUCTURE
[GRAIN SIZE
MiNIMUM_ [rRansiTIoN] ToTAL EXT, [TOTAL FLONGIHARDNESS]
ICREEP RATE{ TIME, [CREEP TEST), wﬁnz AFTER |HARDNESS |
%W/HR. | HRS.(5) % TEST),% | TESTING
£ 000106 2784 SHORT TIME TENSILE PROPERTIES
-00002z pR1T6 MODULUS OFFSET +
S TENSILE | ELONGATION | REDUCTION
. 00364 24 TEMPERATURE, OF YIELD) A
voods | 1388 I °F ELASTICITY, | STRENGTH, | STRENGTH, | _IN2, IN AREA,
: : 1000000RS.I, | 1000RS,I. " | '000PSI’ | PER GENT | PER CEN
.000118 P 1248 R, T, 24,900 82,05 [ 73,90
0155 50 32, 500 13,750 1.5 52.5 67. 91
000091 1248 700 16, 500 71,0 52,5 67,02
0036 240 9.0 1000 15, 500 67, 5 49, 65, 16
0314 50 7.0 1200 14, 600 59,5 47,5 61, 81
1500 12, 800 36.5 53,5 67,81
*_YS 0,02% set
ASTM-ASME JOINT COMMITTEE ON EFFECT OF @
TEMPERATUR
- EMPERATURE ON PROPERTIES OF METALS ASTM-ASME JOINT MITTEE ON EFFEGT OF
MATErOnL |,4,t_1nm;mm,‘cE SzE o TEMPERATURE ON PROPERTIES OF METALS
; ; ; TYPE OF TYPE OF SIZE OF
QEMICAL COMPOSITION, ¢ PIs[sijor|ni[Mofco[TiTa]n, MATERIAL lma.‘rmsnnwz HEAT
LEOXIDATION cosiro] | .37 ofr. 20 54 x GHEMICAL coMPOSITION,| G [M [ P [ S [Si{corNifMoTcb [Ti Jal ]y,
FORM-CAST OR WROUGHT r— PER CENT lLotlsd | eoloalizoltadl | , 049
| DEOXIDATION
HEAT TREATMENT ] 1950 F Anneal o T Wrowsht
MICROSTRUCTURE HUEA' "T“ mc‘s'mm'T"uus 956+ Fomest
GRAIN SIZE .
HARDNESS SHORT TiME TENSILE PROPERTIES
MODULUS OFFSET
SHORT TIME TENSILE PROPERTIES TEMPERATURE, OF YIELDW) | _TENSILE | ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, [ STRENGTH, | 2" IN AREA,
MOOULLIS OFFSET ! 3 *| 1000OPSL. | PER GENT | PER CENT
TEMPERATURE, OF YIELD(H | TENSILE Ewncmon: REDUGTION HOOOQOOPS.), | 1O0OPS.I 84
F ELASTICITY, | STRENGTH, | STRENGTH, N2 IN AREA, T 29,5 82,9 64,0 74,1
1000000PS.L | 1000RS.). " | '000PSL’ | PER GENT | PER GENT 750 22.75 53.5 6717
R.T. 54,25 108, 30 61,0 73.9 1000 68.70 52.5 66,1
750 82.97 EIN) 65,2 1200 53.57 51,0 65,2
1000 89,35 T80T ©9. 5 1300 44,70 50.5 56,5
1200 64.00 48,0 63.0 1400 A3 62 S8 % £9 5
1300 56,75 35,0 40,1 __1500 24,32 64,0 73,7
1400 43.70 47,0 56,5 1600 20,25 66,0 4.9
1500 36, 85 53.0 67.0 1700 17.90 61,5 62.3
1600 30,57 64,0 65.2 1800 13,42 86,5 72.5
1700 26,17 57,0 63,0 1900 8 65 1000 —~81,. 7
1800 15, 22 71.0 65.9 2000 7.32 99.0 82,3
1500 11,72 78,0 58,8 2100 5.77 120.0 91,4
2000 9.55 88.0 77.8 2200 3,97 108, 0 88
2100 i 5,92 50.0 4.9 2300 3.25 116,0 j;Ja_—_'
2200 4.52 93.0 98. 6 (3 DURATION OF TEST (RUPTURE TEST INDICATED BY R),
2300 3.20 101. 0 97,1

@} THE INTEROEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE Ti Ti
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP PORTION oF Tre

ICATED.
(1) 0.2 PER GENT OFFSET UNLESS OTHERWISE INDIC 8 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD sm;s, OR AN ACCELERATING

(2) EXTRAPOLATED VALUES INDICATED BY *
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ORIGINAL CREEPAND RUPTURE DATA

ASTM-ASME JOINT COMMITTEE ON EFFECT OF NTERcePT), MiNivom Trransimion] Tota ext. [rora amslmm{_?
TEMPERATURE ON PROPERTIES OF METALS Ll N CREPRATE| " TIME ™ IREEFTEST | (UETLRE | AFTER.
TYPE OF SIZE OF
MATERIAL |v£|.1'ms FURNACE HEAT 1100, z?'. o] 95 .0l10 : 32202
GHEMICAL COMPOSITION, | C PlsTsiforni[MoToaTTi [ai]n,] 120 . |.ou e
FER GENT | | 2 12 T o 1300 » 1 9 | 03 012 | >72
. 07t 56) .55 [19, lf12. 92, - 1000 15.0] 96 |[.006 < 00002
DEOXIDATIDNOR W 11004 - 168 e <. 00001
AEAT TREATMENT 1950 F Anneal 12001 " | 4 [ioms <. 00002
- 30 0 112 085 », 000042 | >312 Rb 99
SHORT TIME TENSILE PROPERTIES 12004 10.0 26 . 0 2
1300 n 168 033 <. 00002
e 2 | | e Jomoyron [ mmon | g h
TEMPERATURE, 2 REA ;
°F ELASTICITY, | STRENGTH, | STRENGTH, | INZ. | mem cent o T ot ~006032
LO0OPOOPS.L. | 1000PS., " | '00OPSL g k 1asd] " | 3% | o0s 000045
R, T. 33. 360 84, 250 §1.0 74, ol oo oo8 ~500055 |67 Y
750 89, 5Z EXA 67.5 o = "
1000 65.52 50,0 64,7 1600 1-0] 264 | 004 2 z:z?;:
20 5 458 3.4] 288 . 028 )
{303 g;,‘:: :z.g - 5, 984 o . 00046 | >984
1400 44,27 32.0 47.5 * | Not ssarily {he minimufn rate
1500 33,32 43,5 58,8
1600 27,55 45.0 58, 6
1700 17. 67 75.0 76.5
1800 - - =
T 530 T YT.O ASTM-ASME JOINT COMMITTEE ON EFFECT OF
PR T 23 0.3 TEMPERATURE ON PROPERTIES OF METALS
5.97 107.5 93,3 TYPE OF TYPE OF Electric Arc SIZE OF
3,10 121, 0 96,5 MATERIAL 13-8 Mo MELTING HEAT
cHEmicAL compostTion,| G [ ] P TS TSiTor[ni[MoJon [ i Tar] |
PER GENT . 06]1,47029] 022 .418.513.13.20- l- I~ I- I-
DEOXIDATION
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF B o il Wrought Slab
TEMPERATURE ON PROPERTIES OF METALS
T SIZE
MATERTAL 316 MELTING FURNACE Rear & SHORT TIME TENSILE PROPERTIES
GHEMICAL COMPOSITION, | © ] PTsTsiTcr]ni Moo TTi [alJca] S B~ ST | TEnsiE |eLowcarion | REDUGTION
PER GEN osaliso 023l ovs] afrrArzdzsd] | | |.ze] * | ELASTICITY, | STRENGTH, | STRENGTH, | IN2', IN AREA,
DEOXIDATION Siticon L000D00PS... | 1000RS.L. || 00OPSL’ | PER GENT | PER GENT
FORM-CAST OR WROUGHT Wrought Bar Stock 1900 28.0 72,8
[HEAT TREATMENT T9507F 7% &r Wa 2000 12.6 29,3 73.5
MICROSTRUCTURE 2100 11.7 38.3 80,7
2200 10,0 35,5 7. 6
GRAIN SIZE 7300 5.6 8.8 33.8
HARDNESS 147 BHN
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, s Yietpw | TENSILE | ELONGATION | REDUGTION ASTM-ASME JOINT COMMITTEE ON EFFECT OF
| ELASTIOITY, | STRENGTH, | STRENGTH, || INZ'. | | IN AREA, TEMPERATURE ON PROPERTIES OF METALS
1,000000PS.I. | 1000PS.I. | 00OPRSL CeN SIZE OF
RT 45.0 82.2 56.0 72.9 [MELTING FURNACE HEAT
e = - =2 3.2 &3 cHEMICAL comPosiTIoN, | C [MA [ P ['S TSI [Crwi [Molob [Ti [Ar [we
GENT Loz .64 | |.e3)is diadfz5e] | [es
DEOXIDATION

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

Forged CW 1400 F

2Hrsat 1200 F A, C.

3 T o ST oF ORIGINAL CREEPAND RUPTURE DATA
MATERIAL MELTING FURNACE HEAT
ClM[P[S[Si|[Cr|Ni M Ti | Al
GHEMICAL COMPOSITION, 1| O [ N7 [Mojcb | TH TMTN]EM miniMum_[rrRansmon] ToTaL ExT. [ToTAL ELoNGlHARDNESS
o .197.53 . 2616, Z[9. 13}2. 60| oF 6&5 HOURSE)|  %ta) ORE.;I:’EQTE H‘l"?léag, JCFEEF, TEST) T AFTIE'l‘iG
FORM-CAST OR WROUGHT 3/4"Dia, Bars 1200 34.8 | 45 4 g 8
HEAT TREATMENT Anncaled " | 30,0 150 R _
MICROSTRUCTURE
GRAIN SIZE
HARDNESS 163 BHN, 85 Rb
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
SHORT TIME TENSILE PROPERTIES TEMPERATURE ON PROPERTIES OF METALS
MOOULL OFFSET TYPE OF TYPE OF SIZE OF
TEMPERATURE, OF s YIELDU) S‘rnge'LFH El-ONGATION REDUGREON MATERIAL J{E{ ING '[’LHW:E ol HEAT T
L3 ELASTIGITY, | STRENGTH, IGTH, IN AREA, cHEMICAL composiTion, | C M [ P [ S [si[cr[Ni [meoo[Ti [
100ODOOPS.. | 1000RS.. | 100OPSL | PER S | ren et PER GENT Tels] T sl ols.9d5.53 T 17
70 23.6 45,5 97.4 6.0 741 EORIBATION - 16]. : -913.943.9
T T 30,5 —BL.7 550 — 8.1
1000 12,0 74.5 79.1 505 64,7 ?:.:'Tc:;r?:m""ousm 3/4"Dia. Bars-Forged
1200 11,1 23,0 64,5 29.0 2.2 H
1400 20.% 23.0 457 16,5 16,5 MICROSTRUCTURE
TG00 17,3 9.0 28,7 0.5 10.5 GRAIN SIZE
LTo0 19, 22, HARDNESS 183 BHN, B7 to 96 Rb
1200 21,
19,
o = SHORT TIME TENSILE PROPERTIES
1400 5. MODULUS . | OFFSET o | Temsice ELONGATION | REDUGTION
1450 17, TEMPERATURE, OF JELDUI
i S F ELASTICITY, | STRENGTH, | STRENGTH, N 2, IN AREA,
() 02 PER GENT OFFSET UNLESS OTHERWISE INDICATED. 1000000FS. /. | - 1000RS.., || 1000PSI. FER CENT | PER CENT
{2) EXTRAPOLATED VALUES INDICATED BY * 70 31,0 64.0 95.2 49, 0 70,6
N 45,0 . . 0 64,
{3) DURATION OF TEST (RUPTURE TEST INDICATED BY R}, . Ei = s o R
@) THE INTERGEPT 1S THE PROJECTION BACK TO ZERD RO _TIME FROM THE PORTION OF THE 1300 =3 s o 55 ¢
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE. 3 3 : - :
%) THE TRANSITION TIME IS THE BEGINNING OF THE Tmno STAGE, OR AN ACCELERATING 1400 7.9 37.5 49.3 22.0 50.6
CREEP RATE. 1600 4.8 24,0 31,0 9,0 24,1
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF

ORIGINAL CREEPAND RUPTURE DATA

TYPE OF TYPE OF Electric Arc SIZE OF
MATERIAL s WL TING FURNACE ey & Laboratory MATERIAL '8 - 8 Mo MELTING FURNACE HEAT
ciemicaL cowposiTion, | O [ [ P [ S [siJorTnifMoTob[Tifar] | cHEmIcaL composiTion, | © [MR[ P TS TSiTerNi [Mofes i | &t
PER CENT oeliagl | 1.aspz iz 1fa. 44 1 PER GEN osli 17 014 010 4slie d1o.Assd | |
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT Wrought
HEAT TREATMENT (See Below) SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
SHORT TIME TENSILE PROPERTIES TEMPERATURE, OF YIELDU} TENSILE | ELONGATION { REDUCTION
°F ELASTIGITY, | STRENGTH, S‘lg?oigegn, IN 2", . IN AREA,
TEMPERATURE MODULUS OFFSET.) | TENSILE | ELONGATION | REDUCTION 1000000PS.(, | 1000PS.. ' | IO0OPSI." | PER CENT | FER GENT
oF *| ELaASTICITY, | STRENGTH, | STRENGTH, N2, IN AREA, 2100 11,0 39, 06" 83.0
10OODOOPS.S. | J00ORS., ' | '00OPSL | PER CENT | PER CENT o % o oo oy
R, T. As Rec' d 29, 202 77.50 55 69.5 2300 5. 0 56,0-6" 92 5
1500 As Rec' d - 24,29 40 37,5 2350 4.9 48.5-6" 99 5
R T. 500 Hrsat 1500F  21.63 77.15 58. 5 68.5
1500 500 Hrs at 15008 24.76 62,5 55,9
@ ASTM-ASME JOINT COMMITTEE ON EFFECT OF
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
PROPERTIES OF METALS TYPE OF TYPE OF SI12|
o TEMPERATURE on G MATERIAL 316 MELTING FURNACE itar &
MATERIAL 315 316 MELTms FURNACE HEAY _ Laboratory CHEMICAL ComMPOSITION, | C [MP ] P [ S [si[cr[Ni [mofch [Ti Jal[v |
CHEMICAL COMPOSITION, | C | M0 Pls[sifor[Nijmofcb|Ti far] PER CENT .08z ool sz e, deos] | ] z!
PER CENT 0[50 | |, s sie 2. 2g] 11 DEOXIDAT ION
DEOXIDATION FORM-CAST OR WROUGHT 046" Strip
FORM-CAST OR WROUGHT Wrought HEAT TREATMENT
HEAT TREATMENT {See Below)
- SHORT TIME TENSILE PROPERTIES
SHORT TIME TENSILE PERTIES MODULUS OFFSET
MODULLIS laE-'FSET PROPERTIE TEMPERATURE, OF YIFESSDU) TENSILE | ELONGATION | REDUCTION
TEMPERATURE OF YiELD() | TENSILE Eumsmou REDUCTION °F ELASTIGITY, | STRENGTH, s:;)nggs;m, leg Z, IN AREA,
o | ELasTiciTY, | STRENGTH, | STRENGTH, N 2", IN AREA, 1.000QO00PS.I. | 1000PS.). PSL PER GENT
1000000PS.1. | 100OPSI || '00OPSI. PER ceNT | PER CENT KT I8 BETS 25
R, T, As Rec'd 23, 46 78.70 51,0 72,0 1000 20,12 65,55 10,
~1500 s Rec'd 27.75 58,5 49,5 1200 19. 47 57,70 EEN
T, 500hrsat 1500F] 27,15 77. 80 51.5 64,5 1350 18. 50 40, 86 1€,
1500 E00 hrs at 1500F 26.53 8.5 54,28 1500 16. 35 19. 69 2.7
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF TYPE OF
MATERIAL . 316 MELTING FURNACE HEA] MATERiAL |58 ruemaceinsction [BEEOF oo,
CHEMICAL GOMPOSITION, G[w[P[sTsi !C' [N [MoJco [Ti [ GHEMICAL COMPOSITION, [c[m]P]sTsior[ni[mo]cb[Ti[ar]
PER GeNT osl1, 76, 0290022 12,212,0 R GeNT .05] 15} 026}, 012], 70 18 g8 odf. 77 11
DEOXIDATION DEOXIDATION -
FORM-CAST OR WROUGHT Wrought FORM-CAST OR WROUGHY Cast Keel Blocks 3/4"x 1%" x 6"
HEAT TREATMENT 500 Hrs, at 1500 ¥ HEAT TREATMENT W.Q - 1975°F
MICROSTRUCTURE
SHORT TIME TENSILE PROPERTIES GRAIN SIZE
MOOULLUS OFFSE HARDNI N
TEMPERATURE, oF YIELD() | TENSILE | ELONGATION | REDUCTION ESS 181 - 212 VPN/30
F ELASTICITY, | STRENGTH, | STRENGTH, | INE, T N AREA,
1000000PS.1. | 1000RS., | |00OPSI | PER CEN PER GENT SHORT TIME TENSILE PROPERTIES
R.T. 23.62 85.5 46,5 47.15 MODULUS OFFSET
500 16.5 66.5 34, 49.73 TEMPERATURE, OF YIELDU} 511:;232{" ELONGZATION REDUCTION
790 13.9 64,0 33.5 47,44 °F ELASTICITY, | STRENGTH, 3 IN AREA,
1000 13,1 60.0 31,5 46.89 1000P00PS.I. | 1000PS., | 1000PSI.’ | FERGENT | PER Nt
1200 2,7 53,5 26,5 47,73 80 211 41.0 82,1 46,8 58,0
1500 10,9 345 525 66,80 1000 17,0, 19,0 20,0, 20,0 60.8 35 7
1200 16.9, 17,4 19.8, 16.0 30,0, 38.4 35,0 45 5

TEMPERATURE ON PROPERTIES OF METALS mbﬁzsg,guu MINIMUM NSITION| TOTAL EXT. [ TOT) nuu&sﬂ
S N oO{OLRAT IONINTERCERT, CREEP RATE|  TIME,  JOREEP TEST) AFT
TYPE OF TYPE OF SIZE OF " &5 %/HR. | HRS.(5) % TEST),% | TESTING
MATERIAL 316 MELTING FURNACE HEA! 1500 500 Ob. d
c |I\m P}|S|Si|]CriNi [Mo|Cb|Ti | Al 20,0 | 2664 043 - 1 > 2664
cﬂEchL COMPOSITION, |l 1 [L 110¢] 10.0 | 2208 |[.030 . 000057 | >2208
o 1.6 55y, [-P13 _o00015 | >2liz
120c] 10.0 | 9048 R |, 461 000075 | > 6240 3.0
SHORT TIME TENSILE PROPERTIES 1206] 20,0 336 R| 563 - 056 268 25,0
MODULUS OFFSET* 120G 20.0 147 R |. 200 050 48 18.0
PERAT: Y 1 | TENSILE {ELONGATION { REDUCTION -
TEM F VRE, Eu\sc'ﬁary, sm‘gE,“'g-;H, STRENGTH, IN2 IN AREA, 1300 5. 0) 1848 L0137 . 000059 > 1848
1000000pPs.I. | 1000PS.I. 1000PS!.’ | PER GENT PER CENT 1300 7. 1824 | 059 . 00084 1640
R.T. 27,25 85, 62 60, 29 1300 19,0 | 3624 R .73 1. 00039 2160 4.6
1200 1373 59, 32 41, 23,6 12000 30,0 R o 043 - 14,8
1300 4.1 52.45 40 23
1400 13,2 44,27 46,5 18. 4
1500 12,67 36,10 SL 5 18,1

* YS 0.02% Offset.

{1 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDIGATED BY %

{3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

4} THE INTERCEPT IS THI
TEST SHOWING THE MINIMUM OR

€ PROJECTION BACK TO ZEN TlME FROM THE PORTION OF THE
SECOND-STAGE CREEP RATE.

(5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF |TYP$ OF Electric |SIZE OF

MATERIAL MELTING FURNACE __Azc  |HEAT ‘

crEmicAL comPosiTion, | C [ [P IS TSiJCriNi [MoJco [TiJar] |
PER CENT _25] . 63 | . 75l20. ols. 9¢]1. 56 T 1T 1
DEGKIDATION

FORM-CAST OR WROUGHT Tast Keel Blocks 7/87x 137 % 67

HEAT_TREATMENT

MICROSTRUCTURE

i
GRAIN SIZE
HARDNESS 160 BHN
SHORT TIME TENSILE PROPERTIES
MODULLIS OFFSET
TEMPERATURE, OF YIELD(D TENSILE ELONGATION | REDUCTION
°F ELASTIGITY, | STRENGTH, | STRENGTH, IN 2" IN AREA,
1.000000PS.1, | 1000Ps.I. | 'OOOPSL | PER CENT | FER CENT
70 26,0 41,3 80.0 24.5 21.9
1000 7.8 21.9 63.5 25.0 26.1
1200 7.2 20,4 54, 8 24.0 27.1
1400 6.4 24.6 42.9 i7.0 24.7

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

SHORT TIME TENSILE PROPERTIES

TEMPERATURE, or"us y.EiLE.I(., TENSILE | ELONGATION | REDUCTION
°F *| eLasTiciTY, | STRENGTH, [ STRENGTH, | IN 2, IN AREA,
1,000000PS.I, | 1000RS.), | '000PSI. | PER GENT | PER GENT
70 31,0 49.0 53,0
1200 16,0 29,0 36, U0
1300 13,5 31,0 330
1400 12,0 25,0 32.0
1500 1.5 0.0 |  28.0 |
1350 7.6

ORIGINAL CREEPAND RUPTURE DATA

[t rsmorencL i TraeTov g B, TR RS
1,53k o SR | et % TESTL% | TESTING
N 5000y 312 032 . 000028

800! 168 .016 . 000516
_&g—*aooo 1824 R_| -000 , 00207 1320 6,9

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

MATERTAL l%q% curnace Induction [SHZE OF  po01m,
cHEMICAL composiTioN, | C [Mn] P s ['siJor [Ni mofce [Ti [ar] 7
PER GENT 07 [ 64 |.028. 019 6915 fe. 93w | | | |

DEOX!DATION

TYPE OF TYPE OF SIZE OF FORM-CAST OR WROUGHT Caat Keel Blocks 3/4"z 14" 67
TSR Cast = 16 - 13 | MELTING FLRNAGE HEAT T e R T rer T Fous
%Mg%mmm' clmlpsTsiferin[moJoo[TiTa] |
SRR 10l 5a] | |.29i7, 43 7r.ad [ 1 SHORT TIME TENSILE PROPERTIES
FORM-CAST OR WROUGHT A5 ot MODULUS | OFFSET | 1engiLE | ELONGATION | REDUGTION
TEMPERATURE, OF 1ELDI oA L
HEAT TREATMENT oF ELASTICITY, | STRENGTH, | STRENGTH, IN 2%, T | AE:“I’
MICROSTRUCTURE 1,000000PS.I. | 1000PS.1. | |00OPSL | PER GENT |.PER 050
80 26,8 25,0 82,0 24.0 Z3.
GRAIN SIZE 800 14.0 20,5 82.0 23.0 20,
HARDNESS 128 BHN 1000 17.3 16,5 58.5 26.0 30
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELDU S%NE;S‘IG'{H EL?':GZ&TION mﬂ" @
°F ELASTIGITY, | STRENGTH \ , s .
s > [ "locorsy.” | Per cent | PER cEnT ASTM-ASME JOINT COMMITTEE ON EFFECT OF
_ LO00000PS . 000RSL e i - TEMPERATURE ON PROPERTIES OF METALS
- » - - - TYPE OF 3 con |SIZE y
e . e —— RTERlAL METTIG runge et R oo
- > - . e cHEmicaL composiTion, | G M P TS [siJcrni[moTobfTi Jar] |
PER CENT ~07] . 84 028] 015]. 89 19. 1[s. 93]2. 8] T
DEOXIDATION .
FORM-CAST OR WROUGHT Cast Keel Blocks 3/4" x 14" x 6"
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF HEAT TREATMENT W_Q. 1975F
TEMPERATURE ON EPROPEl oP TIES OF METALS MICROSTRUCTURE
vﬁ lectric rc
MATERIAL Cast - 16 < 13 = 3 | MELTING ar & GRAIN SIZE
CHEMICAL compasiTion, | C [M [ PT s [si[cr]ni [mofob[Ti[ar] HARDNESS 170 - 191 VPN/30
PER CENT !
.02d, 0081, 0318, 1113, 7{3. 04
SERTDATION —— : = L1 SHORT TIME TENSILE PROPERTIES
OR HT Cazt MODULUS OFFSET
m&‘gmm"f“” WO = 2000 F TEMPERATURE, OF YIELDID | TENSILE | ELONGATION | REDUCTION
oF ELASTICITY, | STRENGTH, | STRENGTH, e, IN AREA,
MICROSTRUCTURE 1000000PS... | Joooes. | '000PsSL’ | PR GENT | PER cent
GRAIN SIZE 80 214 37.8 79.5 55.4 710
800 20,3 26,0 70.0 37.0 49.0
HARDNESS 142 BHN T 15.5 70,0 (393 38.9 50,0
SHORT TIME TENSILE PROPERTIES i 2.2 1.2 2L.9 320 39.0
MODULUS OFFSET
TEMPERATURE, OF YIELD() | TENSILE |ELONGATION { REDUCTION
F ELASTICITY, | STRENGTH, | STRENGTH, IN 27, IN AREA,
1000D0OPSS, | 1000RS). | |000PSL’ { PER GENT | PER CENT ASTM-ASME JOINT COMMITTEE ON EFFECT OF
- v 1o o o TEMPERATURE ON PROPERTIES OF METALS
.0 48,0 TYPE OF TYPE OF i SIZE OF
1200 =2 22 0 — MATERIAL [IVELTING FuRnac [nduction | By 600 1b.
1500 7.9 750 5T oo CHEMICAL cmposmou,—rcTi" P S [si]cr[Ni[mofco [Ti [Al
’ PER GENT .07 ] . 84]. 028], 015] . 9¢18. olo. 25]2. 69 |
DEOXIDATION -
@ FORM-CAST OR WROUGHT Cast Keel Blocks 3/4" x 14" x 6"
HEAT TREATMENT W.Q -1975F
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HARDNESS 174 BHN
TEMPERATURE ON PROPERTIES OF METALS
o [P & cirmacetnduction |82 OF SHORT TIME TENSILE PROPERTIES
cHEMicaL composiTion, | © [Mi] P TS TsiJor [N [Mocb [Ti [AITue remeeraTRE,| COF roET | TENSILE | ELoneaTION | REDUCTION
PER GENT .08 [ [ Fesf3pog 1 F ELASTICITY, | STRENGTH, | STRENGTH, . IN AREA,
DEGRIDATION 1000000PS... | 1000RS, | 1000PSL’ | PER GENT | PER CENT
FORM-CAST OR WROUGHT Cast L 214 35.1 -1 7.9 65.0
HEAT TREATMENT WO - 1900°F 1200 17.2 ~18.5 30,7 30.5 41,0
300 23.3 ~ 32,5 72,0 43,0 47.0
MIGROSTRUCTURE 550 21,3 28,0 70,8 32,5 49 0
mﬂ: RS TAT (3) DURATION OF TEST (RUPTURE TEST INDIGATED BY R),

(1) 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
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14) THE_INTERCEPT |
TEST SHOW

1S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

ING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(51 THE TRANSITION
CREEP RATE.

TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



I8Cr-8Ni +Mo + Cb

©)

ORIGINAL CREEPAND RUPTURE DATA

ASTM-ASME_JOINT COMMITTEE ON EFFECT OF — T MINI frrans Tion] ToTAL EXT. [TOT: Haroness
MPERAT . wng;*.«' ORTF R | e R b AFTER
— TE m URE ON_PROPERTIES (Fs :zAEE'::LS % | B3l @) [CREEPRATEY TiME, o1y TRENNE | AT
MATERIAL w.ﬂm FURNACE HEAT 13501 22.0 57,0 R 58,5
A L Y A LA L N e — ol
N . 50,5
\DATION - 07.76 .021];0[7 42 116.7114. 012. 46]. 72 250] 13.0 ] 433.7 K 5
FORM-CAST OR WROUGHT _ Wrought 3so] 11.00256.5R 57,5
HEAT TREA 1100 C 2 Hrs. W. Q., 675 2 Hrs. A. C. p500] 15.0} 7.5R 65.5
MIGROSTRUCTURE 500] 10.0]| 55.5R 59.
GRAIN SIZE 500 8.0} 204.5R 69.5
HARDNESS 83 Rb 500 5.5 798,5 R 41,90
— 500 4,5 7177.5 R 60.
SHORT TIME TENSILE PROPERTIES I T .0
TEMPERATURE ODOFL LS °$,F§S.., TENSILE | ELONGATION | REDUCTION
*F | ELASTIGITY, | STRENGTH, | STRENGTH, | IN2', IN AREA,
10G0DOGPS.), | 1000R5.1, | | 1000PSL’ | PER CENT | PER cENT @
L 83.4 51.0 13.2 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
CREEP AND RUPTURE STRENGTHS TYPE OF TYPE OF Basic Electric  [SIZE OF
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED MATERIAL 318 MELTING FURNACE HEA 25,197 Ibs,
TEMP, INDIGATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.1. (2) CHEMICAL COMPOSITION, ] C |1 | P [ S [ SI [Gr[Ni [Mo[cb [Ti [ A1
°F 100 1000 10,000 100,000 [0.00000i | 0.0000! [ 0.000i PER GENT o7 1. 62} o120 017]. 51 h7. 1004
X .07 fi.62f. onnforvl. .1j4.98.07), 72
HRS. HRS. HRS. HRS | %/HR. | %/HR. | %/HR. DEOXIDATION 21 1ba, of Al poled in Furnace - 16 Ibs, Al shot in Tadle
1200 41.0 30.0 1 *22.0 2160 FORM-CAST OR WROUGHT _ Wrought {3/4' Diam, Bar Stock)
1300 24.0 17.0 | #12.0 * 8.5 HEAT TREATMENT 2000 F, 1/2 hr, W. Q.

ORIGINAL CREEPAND RUPTURE DATA

ucnoeTcmme

GRAIN SIZE Actual A.S. T, M, 7-8 (6)
HARDNESS 168 V.H.N. {5 Kg. Load)
T | mininuns yTion] ToTAL EXT. |TOT! qugsﬁ
* [ &5 »:u@%‘l' Q4] [CREEP RATE] | TIME, %E’é?, ‘%}%‘d TEetiG SHORT TIME TENSILE PROPERTIES
2001 45.0 53R TEMPERATURE, OF YIELD W} TENSILE | ELONGATION | REDUCTION
40.0| 115R oF T STRENGTH, | IN2", IN AREA,
ELASTIGITY, | STRENGTH
35.0] 175R 1000000PS.I. | 1000RS., | !O0ORS). | PER GENT | PER GENT
30.0 802 R Room 51.0 90.4 47.0 0.0
25.0]| 4302 R 1050 48.75 75,75 39,0 58,2
h300| 30.0 21 R 1200 43,5 59,0 35,8 48,1 |
r v 1350 41.0 43,75 23,0 36,3
s Ior R 1500 23, 26,75, 38.5 62.9
s Note: (1) [¥. S. at Room Temp. obtained at 0.20% offskt.
20.0 300R _(2) . S. at Elev: Temp. detexmined by stripg extensometpr
17.5]  146R
15.0] 2159 R
CREEP AND RUPTURE STRENGTHS
FOR_RUPTURE (N TIMES STRESS FOR DESIGNATED
@ TEmR, INDICATED, 1000 P.S.). i2) CREEP RATE, 1000 PS1.12)
. °F 100 1000 10,000 |100,000 |0.000001 | 0.00001 { 0.000I
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HRS. HRS. HRS. HRS. Y HR. %/HR. S/HR.
TEMPERATURE ON PROPERTIES OF METALS 1350 16.8 11,75 6. 42% 3,454
TYPE OF TYPE OF __Basic Electric S| 1500 9.3 4,85 2,6 1.4%
@u 318 Tma;rms : HEZ;E i 45,197 lbs, -
rEmicaL composiTion, [ O (MP1 P 1S 151101 [Mo1h [T LA ORIGINAL CREEPAND RUPTURE DATA
PER ceN .07 [1.62l.o11f.017]. 51 f17.1f14.902.07].72
DEDXiDATION 21 lbs, of Al d in furnace - 16 lbs s ladle
FORM- GAST O WROUGHT _Wought (3/4' Diam. Bar Stock] reveksTrEseburarionfwTercert | MBI TrarsiTon] TOTL £, [TO1A, pLotuarmred
HEAT TREATMENT. 2000 F, 1/2 hr, W. Q. 1600, 5 br, F. C. &8k [ %/HR | HRS(S) % TEST),% | TESTING
MICROSTRUCTURE hiso| 22.0] 14.0R 70.0
GRAIN SIZE Actual A 8. T. M. 7-8 {5) E350] 18.0]186.0R 35.3
HARDNESS 167 V.H.N, (5 Kg. Load) h3s0]| 16.5]110.0R 42,1
haso| 13.0] 474.0R 57.0
SHORT TIME TENSILE PROPERTIES 2350 11.0[1379.4R 49.0
MOOULUS OFFSET L1500} 15.0 92.0R 70,0
TEMPERATURE, oF v YIELD(!) STngsng ammou Rm hsoo| 10.0] 61.3R 50.5
¥ 15c0porar | Tocoren | 1000PSI." | PER GENT | PER CeNT 5004 8.01150.7R 60.5
Room 47.9 89.3 46,0 68.0 500 5.5} 662,28 39.0
1050 YT 1.0 36.5 9.5 hsoo | 4.5ho032.4R 73.0
1200 39.5 52.5 3.0 66,7 5004 3.3 SL6T.5R 69.0
1350 28.4 34.0 37,0 62.7 p500| 2.8 4882.9R 59.5
1500 20.0 23.1 57.0 78.8
Note: (1) I¥. S. at Room Temp. obtained at 0. 20% offdget,
(2) [¥. S. at Elevatdd Temp. detedmined by stripg extensomethr

CREEP AND RUPTURE STRENGTHS

TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
INDICATED, 1000 P.S.).12) CREEP RATE, 1000 PS.i.12)
*F 100 1000 10,000 %0 0.00000! | 0.0000i | 0.000!
HRS. HRS. HRS. T HR. el HR. /MR,
1350 19.0 11.5 . 85% 4,2%
1500 10.0 5.0 2.5 * 1.24%

(1) D.2 PER CENT OFFSET UNLESS OTHERWISE iNDICATED.
(2) EXTRAPOLATED VALUES (NDICATED BY *
(3) DURATION OF TEST {RUPTURE TEST INDICATED BY R),

(4) THE INT|

ERCEPT
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA

% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.

|S THE FROJEGTIM BACK TO ZERO TIME FI:)MTI'E PORTION OF THE
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®

ORIGINAL CREEP AND RUPTURE DATA

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS [TEMRISTRESS DURATION INTERCEPT, IR Y (TR O Tt | T horoness
TVE OF IZPE OF Pasic Blectric [SIZEOF " [,63 . %/HR. | HRS.(5) % TEST), % | TESTING
MATERIAL 318 MELTING FURNACE _|HEAT 45,197 Ibs. (o0l z5.0] 1218 1.0
HEMICAL CoMPOSITION, | C [M [ P [ S TSi[Gr[Ni (MoTce [Ti Tar] | 20.0] 845 R 40.0
PER CENT Lorhied.onl.otd.sn [17.014.92.09.72] | | | 15.0] 3611 R i 21,0
DEOXIDATION 21 1bs. of Al. poled in furnace, 16 lbs, Al. shot in ladle.
FORM-CAST OR WROUGHT Wrought (3/4' Diam. Bar Stock)
HEAT TREATMENT 2000 F, 1/2 hr, W. Q. 1750, 1 hr, A. C
MICROSTRUCTURE ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
GRAIN SIZE Actual A.5.T. M. 7-8 (6) TEMPERATURE ON PROPERTIES OF METALS
HARDNESS 165 V.H.N. {5 kg. load) TYPE OF TYPE OF SIZE OF
MATERIAL 316+ Cb MELTING FURNACE HEAT
SHORT TIME TENSILE PROPERTIES guemca, cowposiion, | 6 (e[ P 1S | siJor [Ni Mol [T [ar]w,]
PER GEN
MODULUS OFFSET . 025 .36 .02
TEMPERATURE, oF YIELD(n | TENSILE |ELONGATION | REDUGTION OXIDRTION ]
°F ELASTICITY, | STRENGTH, | STRENGTH, | IN2, IN_AREA, DEOXIDAT!
)poompsf 1000 PS.1 *| 1000PsI. PER CENT PER CENT | FORM-CAST OR WROUGHT _Wrought
— — HEAT TREATMENT 1875-1900 F Anneal
Room 47.5 88.4 47.0 69.0
1050 51.0 67.5 35.0 61.8 MICROSTRUCTURE
1200 34.0 52.0 44.5 69.9 GRAIN SIZE
1350 27.2 35.0 38.5 68.4 HARDNESS
1500 22.9 24,2 48.0 72.3
Note: (;) : 2 Foom. qme. ""';";’;‘ £0 ::" °§,“ = " SHORT TIME TENSILE PROPERTIES
. e elev; emp. lete: ane: string extensomete:
TEMPERATURE '“ODOF“LUS %féf;‘., TENSILE | ELONGATION | REDUGTION
or | ELASTIGITY. | STRENGTH, | STRENGTH, | IN 2", IN AREA,
CREEP AND RUPTURE STRENGTHS 1000D00PS... | 1000PS.I. | |00OPSL’ | PER GENT | PER GENT
STRESS FOR_RUFTURE IN TIMES STRESS FOR DESIGNATED T 7000 ™S
Tewe, INDICATED 1000 PS.1.12} CREEP RATE, 1000 PS.1.(2) e 6‘5’-0 6.0
°F 100 1000 | 10,000 [100,000 |0Q000O0! | 0.00001 | 0.000! o : SL
HRS. HRS. HRS. HRS, %HR. | %/HR. | %o/HR. 1000 9.0
1350 18.0 12.3 ::gg :5'3 :;2
1500 9.0 4.65 2. 45¢ 1.1 1800 41‘-1\0.3 4.0
ORIGINAL CREEPAND RUPTURE DATA
CREEP AND RUPTURE STRENGTHS
reme TERGEPT L. MINIMUM [TRANSITION] TOTAL EXT. |TOTAL E@ STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
F kggfhﬂﬂ o Gty *C‘EE’,RHQ PESM(E;, JOREEF, TEST), (Q‘EU;.}%.E TEsEG TEMP, INDIGATED, 1000 PS 1. (2} CREEP RATE, 1000 PS.1.(2}
- °F 100 1000 | 10,000 [100,000 {O00000! | 0.00001 | 0.0001
hsso| 22.0] 41.5R 69,0 HRS. HRS. HRS. HRS. %/HR. | %/HR. | %/HR.
B350) 18.0 61.0 R £9.0 1200 40,5
1350} 16.5] 147.5 R 48,7 1500 11.0
1350]| 13.0] 806.0 R 54,5
1350 11.0 [3416.9 R 46,0
1350 9.0]3073.6 R 48.0 @
1500 15.01 8.0% £4.5 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
iso0| 10.0] 57.2R 66.5 TEMPERATURE ON PROPERTIES OF METALS
500] 8.0[196.0R 50,0 TYPE OF TYPE OF SIZE OF
h500 5.5| 546.5 R 61,0 MATERIAL 316+ Chb MELTING FURNACE HEAT
1500 4.5[1054.4R 50.5 cHEMICAL COMPOSITION, | G MM [ P IS [SifGrNi [Mofob [Ti [AllN,
hsoo| 3.3 [3827.6R 55,5 PER GENT 025 he. d13.72.16.36] | [ozs
L 500 2.86228.7 R 83,5 DEOXIDATION

®

FORM-CAST OR WROUGHT _Wrought
| HEAT TREATMENT
MICROSTRUGCTURE

ASTM-ASME JOINT COMMITTEE ON EFFECT OF GRAIN SIZE
TEMPERATURE ON PROPERTIES OF METALS HARDNESS
MATERIAL, MELTING FURNACE o
- - - GREEP AND RUPTURE STRENGTHS
CHEMICAL COMPOSITION, CIM | P | S |Si|Cr|Ni {MojCb |Ti]|Al I
PER CENT ' STRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
i o5 |27 zashs. A ods.od. sl | | | TEWP, INDIGATED, 1000 RS.1. (2 CREEP RATE, 1000 PS.1. (2}
DEOXIDATION °F 100 1000 | 10,000 ]100,000 |0.000001 | 6.00001 | 0.000!
FORM-CAST OR WROUGHT _Wrought HRS. HRS. RS HRS. YHR. | YaiHR. | %/HR.
HEAT TREATMENT 1100 C 2 Hr. W. Q.; 675 C 1 Hr, A. C. 1200 40.5 33.0%
MICROSTRUCTURE 1500 10.9 6.9%
GRAIN SIZE
HARDNESS 100 Rb ORIGINAL CREEF AND RUPTURE DATA
SHORT TIME TENSILE PROPERTIES
MODULLS ;rser L ! TIONINTERCEPT) Minivum_ frRansmON| TOTAL EXT. [TOT WW
TEMPERATURE OF YiELDW | JENSILE | ELONGATION REDUCTION F &S "‘3'-"%1 O s L -3 % " TEST),% | TESTING
oF ELASTICITY, | STRENGTH, | STRENGTH, N 2”, IN AREA,
1,000000PS.[ | 1000RS.). " | 1000PSI. FER CENT | PER GENT 1200| 39.8] 15.9R -
RT 120.7 30.0 45.6 " 36.0} 440.7 R 2
" 40, 128.7 R 2
" 42.0| 147.4 R [
OREEP AND RUPTURE STRENGTHS R
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED .
TEMP, INDICATED 1000 P.S.1.(2) CREEP RATE, 1000 P.S.l. (2) 1500 18.01 7.9R 7
°F 10 [1000 [ 10,900 100,000 (000001 | 000001 | G000 »1165] 4.4R -
HRS. HRS. | HRS. RS. o/ HR. 9%/HR. %e/HR. " 13.5] 33.8R 11
1200 28.0 19.0 *13.0 *88 " 12.0 60.0 R -
" 6.79 444.5 R 5
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. v | 9.0]323.71R 4

(2) EXTRAPOLATED VALUES INDIGATED 8Y #

(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),

) TI'E INTEROEFT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
T SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

) TIE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.




ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES ‘OF METALS

TYPE OF TYPE OF SIZE OF TYPE OF TYPE
MATERIAL 316 - Cb ]MELTING FURNACE HEAT MATERIAL [Mﬂ.‘ngg FURNACE. 35&“
CHEMICAL COMPOSITION, [C[mPTsTsJor]nijMofobTi [ar] cHEmICAL composiTion, | C [M [ P [ s [siTcr[nifmoTce [Ti[ai] |
PER GEN l.oe ad.ad o\oj 40[15 z[\s 9 .20.95{ l PER GENT .11 .80 | .96 hv.us.n. .96‘ Pl
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT _. 050" Sheet FORM-GAST OR WROUGHT _Cast
HEAT TREATMENT Mill Annealed HEAT TREATMENT 1050 C 10 Hrs AC to <400C; 850 C 10 Hrs FG 10 260 C
MICROSTRUCTURE MICROSTRUCTURE Coarse equiaxed structure from center of heavy section.
GRAIN SIZE GRAIN SIZE
HARDNESS HARDNESS
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULUS OFFSET »
TEMPERATURE, oF viELD() | TENSILE ELDNGA ION | REDUGTION TEMPERATURE, OF YIELD() | TENSILE [ELONGATION | REDUGTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N2, IN AREA, °F ELASTIGITY, | STRENGTH, | STRENGTH, \ IN_AREA,
1,000000PS.I. | 1000PS.. | IOCOPSI. PER GENT | PR GeNt 1,000000PS 1. | Tooors. ' | '0OOPSL’ | PER GENT | PER GENT
Room 50.7 92.1 43.0 49.0 RT 33,7 53.9 13.5 17.0
900 29.0 65,2 31.0 35.90 1000 16.8 49.9 20.0 23.7
1300 24.5 49.8 38.0 40,0 1100 17.3 49,9 18.0 19.2
1500 20.2 28,5 32.¢ 34.0 * Y.S. O 1% offset.
CREEP AND RUPTURE STRENGTHS
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S..(2) CREEP RATE, 1000 P.S.(2)
°F 100 1000 10,000 | 100,000 |0.000001 | 0.00001 | 0.0001 GREEP AND RUPTURE STRENGTHS
HRS. HRS. HRS. HRS. FoHR. | TelHR. § TR, S FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
1350 20.0 . TEMP, INDICATED, 1000 PS.1. (2) CREEP RATE, 1000 PS1. 2}
1500 10.0 6.0 °F 100 1000 10,000 [100,000 [0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %WHR. | %rHR. | %/HR.
1000 43.0 40.5 30.5 *23.5
1100 37.0 30,0 | *24.5 *20.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS ORIGINAL CREEPAND RUPTURE DATA
A 5T e L —
MINIMUM ITION| TOTAL EXT. [TOTAL
C [Mn S |Si|[Cr|Ni [Mo]Cb|Ti | Al DLRAT|ONJINTERCERT,| MINIMUS NN e 1esn] o THIER
GHEMICAL COMPOSITION, [eT I | ] PSI ] i) C[OREEP RATEY  TIME % TEST),% | TESTING
.12 |1.44].01 |.D2 Il.OZ 9.*3.9 1.971.39 | T on|
DEOXIDATION 1000] 45.0|Yoading 16.3
FORM-CAST OR WROUGHT _ Cast - In Heavy Section » 45.0 4R 13,7
HEAT TREATMENT 1050 C W. Q. ” 42.0| 845R 15.6
MICROSTRUCTURE Very Coarse Cast Structure = 40.01 1080R 15.5
mZE " 34.0| 2652 R 10.1
HARDNESS " 29.0|15447 R Still in Test
100} 39.0 105 R 12.7
SHORT TIME TENSILE PROPERTIES 36.04 3R 1.0
MODULLS OFFSET 30.0 696 R 12,8
TEMPERATURE, OF YIELD) TENSILE ELWGATIGV REDUCTION 25.0] 7558 R 11.4
F ELASTICITY, | STRENGTH, | STRENGTH, IN AREA, 997] 15.9] 2869 .57 . 000026 None 0. 61
1000000PS.I. | 1000RS.. | 0COPS). reR cent | PR Get
RT 54,5 13.5 19.8 :‘J
CREEP AND RUPTURE STRENGTHS ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TRESS FOR RUFTURE 1N TIMES STRESS FOR DESIGNATED TEMPERATURE ON PROPERTIES OF METALS
TENP, INDICATED, 1006 P (21 CREEP RATE, 1000 P.5.1.(2) e OF TYPE OF SIEOF
*F 100 ;Sgso go‘ggo |o%gs‘oo Qmm o';.oo%m 2.903' MATERIAL IME'IM; FURNACE HEAT
HRS. 3 HRS. - /HR, HR. c|m|P|s|[si|[cr|Ni|[MoJcb|Ti|at
1100 380 32.0 26.0 +21.0 10,85 | 12,6 SHEMICAL COMPOSITION, K
1100 1.0 | 14 o .11 .80 .96 [17.3013.711.95].96
- DEOXIDATION
1200 26.0 21.0 *16.0 *12.0 4.2 9,2 —FCR”—OASTOR WROUGHT Cast
N N 7 - HEAT TREATMENT 1050 C 10 Hrs AC to <400 C; 850 C 10 Hrs FC to 260 C
| (a) Flow[Rate Data { Step-d test on le test at .po2 ip/ip tdtal strain, MIGROSTRUGTURS :::::i:;co)__—_'——lm structure from near surface of heavy
ORIGINAL GREEPAND RUPTURE DATA GRAIN SIZE
HARDNESS
revelsresslousamionnTercer | M, TRaeiToN] ToTa £x7, [TOT, ELNGHATINESS SHORT TIME TENSILE PROPERTIES
°F | £3k | RSO Stal AT et ot | TESThar | TESTMNG VODULUS =
TEMPERATURE OF 1Y [ELD(N TENSILE ELNGﬁTlm REDUCTION
1000 | 6000 [13164 . 008 (] 0.008 oF *| eLasTIGITY STRENGTH, STRENGTH, IN AREA,
1000 |8000 112945 .013 | .0000004 0.022 1000000PS. | 1000pS.. | 1000PSL FER cENT PER CENT
100§ 44.0/10 Min R 18.0 RT 27.7 55.2 20,5 27.5
" 40.0] 352 R 16.0 1000 16.7 44.3 21.9 28.3
" 38. 0 57 R 13.8 1100 12.21 57.9 22.0 36.3
d 38.00 132 R 11.8 * Y. S, 0i01% offset
d 30.0] 1675 R 12.3
u 26. 0110556 R 8.3 CREEP AND RUPTURE STRENGTHS
pzoo 30.0, 31 R 13.3 S FOR RUPTURE IN TIMES RESS FOR DESIGN:
w 24.0] 643 R 18,5 TEWP, INDICATE) 1000 PS.1.12) STREER RATE, oD P (2)
" 22.00 695 R 19.8 °F 100 1000 10,000 {100,000 {0000C0!I | 0.00001 | 0.000!
" 20.0] 1196 R 17.8 HRS. HRS, HRS. HRS. %/HR. %/HR. *e/HR.
“ 18.0| 3844 R 12.5 1000 42.0 37.0 32.5 #27.0
1200 3.0 4365 -.001 |-. -0,012 1100 28.0 25.0 22.5 *20.0
" 7.0 4365 .016 . 0000048 0.026
" 12.0{ 4365 . 055 - 0000249 0.151 (%) DURATION OF TEST {RUPTURE TEST INDICATED BY R,
@) THE INTERGEPT IS THE PROJEGTION BACK TO ZERO TIME FROM THE PORTION OF THE

1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDIGATED &Y ¥

99

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP
(L] E%E;RQANTS'E'HON TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



ORIGINAL CREEPAND RUPTURE DATA

ORIGINAL CREEPAND RUPTURE DATA

1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2} EXTRAPOLATED VALUES INDICATED BY *

100

THE MINIMUM

OR

ID-STAGE CREEP RA]

ITBMWT INTERGEPT, IINIM M U i e % TER MINIMUW 1TIoN] TOTAL EXT. [ToTAL
T Ba) T Moo A Su4) CREEP RATE]  TIME. " [CREEF, AL TIONJINTERCEPT, RATE]  TIME, R AF
* 1,55 R | WsE % ] TESTLY [TESTNG Y i R | sl % | TESTL% | TESTiMG
%‘0_0 4‘;.2 3552 ‘::‘i 1000 0.0 ] 2760 - 120 000054 > 2760
38 92 > h200] 10.0]12936R | .16 , 000103 5280 4.0
136,01 3765 B 12.5 1200] 20.0] 319r | .510 . 00572 240 3.5
35.01 1766 R 15.0 1300] 5.0 1440 . 098 000027 | > 1440
o 35.0 2369 R —15.3 1300| 10.0] 1080 R | .143 .00132 360 7.0
33.0110948 R Discontipus ha00| 5.0] 1200 ~0z5 . 000742 864
pro0] 39.0 2:.2R] 23.4 1200] 30.0] 18R - .2 8.8
35.0 4R 26.7
30,0 35 R 14.7
22.0 13422 R 9.7
997 16.0] 2869 .35 [ None ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
@ Lgm%.r ME.TING FURNACE Induction |Feat ' 200 Ib.
C [ M s [siJerni[moJce JTi Ta]
ASM cOM GHEMICAL COMPOSITION,
ASTM-ASME_JOINT MITTEE ON EFFECT OF PER GENT 06 b.sol.nd. oot rohe. iz oeaa]ad] | |
TEMPERATURE ON PROPERTIES OF METALS DEOXTDATION 's‘ . Mn . . . 2 18- 28] -
e P J— e FORM-CAST OR WROUGHT _Gast Navy Keel Block & 2 Tee
T n HEAT TREATMENT Air quench 2000*F
cremicaL composiTion, | C [T P TS TSI Tor N [Mofob[Ti [al] | crosTruGTRE
.09].50 |.013].015{.18 [15.413.6{2.5].98 ———
kil 3 I GRAIN SIZE
XIDAT
%ﬂﬁs'r% WROUGHT _Cast HARDNESS 156 to 165 BHN
HEAT TEA] !E_NT 1040-1090 C 10 Hrs AC to 400 C; 850-900 C 10 Hrs to 260 C
SHORT TIME TENSILE PROPERTIES
SP(SFT TIME TENSILE PROPERTIES TEMPERATURE MQJ&.US GYIFESLEDT(II S;ENSI'{ ELMGZA_TIW me
MODULL) OFFSET 4 * ENGTH N 2", AREA
TEMPERATURE,| _ OF ¥iELpw | TENSILE | ELONGATION | REDUCTION F 160b00rsr. | ooomets | 1000PS)." | PER GENT | PER CENT
*F ELASTICITY, | STRENGTH, | STRENGTH, | N2, | INAREA, 23 ). :
1,OOOOOOPS.I, | 1000PS.|, | I000PSS. | PER GEN CEN (2" Tee) 80 23.9 35.6 73.0 20.0 22.0
RT 61,0 15.0 22.0 " 80 25.1 33.4 62,4 10.3 15.2
(Navy Keel) 80 23.0 _33.4 37.6 42.6 40,0
" 1200 17.8 19.6 48.7 36.6 42.0
GREEP AND RUPTLRE STRENGTHS
FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEwe, INDIGATED, 1000 P51 (61 CREEP RATE, 1000 PS..(2} CREEP AND RLPTURE STRENGTHS
°F 100 1000 10,000 000 [0.000001 | 0.0000t | 0.0001 TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
HRS. HRS. e | NS S/HR. | %iHR. | %sHR. TENP, INOJGATED, 1000 P 8. (2] CREEP RATE, 1000 PS..(e)
1100 3.0 26.0 #21.5 °F "I‘qng % l(:{gg) loago O.%o&pl o_.go&on g'..loomm
5
ORIGINAL GREEPAND RUPTURE DATA Lo .2
1300 7.2
3.6
Eve TionINTERGEPT] MiNiMuw TrRaxsToN] TotaL exr. TToTAL 1400
E NINTERCE TE| TIME, |CREEPTEST) (RU AFTER
168b PR it x TESTL % | TESTIRG ORIGINAL GREEPAND RUPTURE DATA
1100} 35.0 18 R 12,7
30.0 168 B 20.0
26:0 [Loading”™ frewe) MiNIMUw [TRARSITION] TOTAL EXT. [ToTAL mdn%
AT CREEP TEST) AF
26.0] 1026 R %6 *F [ B&L G NTERGS oReEP CREEPRATE{  TiME, A TesTiae | TEGTING
23.0 |Prgke o
1000| 20.01 2640 . 052 . 000015 >
23.01 918R 80 h200] 10.0] 215R | .1148 | .00146 144 2.0
22.01 43R In Teat 200 10.0)| 1344 L0015 | 000049 | >1344
200] 20.0 240 R .28 2 0227 120 10.0
@ 30 5.04 1800 :020 .000023 | >1800
L 30 10. 2280 .38 -000375 >2280
ASTM-ASME JOINT COMMITTEE ON SFFECT OF haoo] 3.0| 2184 [o0.00 .000056 | >2184
TEMPERATURE ON PROPERTIES OF METALS *| 7
— i
oF TYPE OF Si
MATERIAL MELT1NG FURNAGE Induction |FEAT 600 b, @
CIMm|[P[S][SiJor|N |Molco|Ti[al ‘
CHEMICAL COMPOSITION,
PER GENT Q7 |77 L030)012].91 p8.519.012.7 91 ASTTEM-Q?EAETL‘&N&MM ITTEE ON EFFE‘-:I»T OF
e = 1 eh: B M PROPERTIES OF METALS
DEOXIDATION
FORM-CAST OR WROUGHY Cast Keel Blocks 3/4' x 1 1/2" x 6" TM:;EER?:L IZLP‘EHP% FURNACE 'sg&or
HEAT TREATMENT W. Q. - 1975°F - - :
MICROSTRUCTURE grEmicAL compostTion, | O (WL P 1S 1S 10 [ i [MoTee [Ti [arf
L PER GEN azli. b.otho.oha.sh.oalas| | |
GRAIN SIZE DEOXIDATION
HARDNESS 191 to 212 DPN {30 Kg load) FORM-CAST OR WROUGHT _Wrought
HEAT TREATMENT 1050 C 2 Hrs AC; 870 C 4 Hrs AC
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET SHORT TIM PERTIES
TEMPERATIRE, = TIELDUI | o TreneTH, | N2 O | Cin AREa, MODULUS I;F:EETN S TOPERLE
ELASTICITY, | STRENGTH, \ . s TENSILE | ELONGATION | REDUCTION
1000000PS.. | 1000PS., ' | |O0OPSI. | PER GENT | PER CENT M TR, | L aSheiTy. | stroun. | sTReENGTH, | N 2", N AREA,
80 24.1 39.5 B1.9 37.6 44.0 1000000PS., | 1000Rs.), | 100OPSIL | PER PER CENT
1000 14.3 28.5 62.5 28.9 34.5 AT —~ s
1200 16.1, 17.2 24.0, 22.3 41.9 26. 33.0 22 4 M
ORIGINAL CREEPAND RUPTURE DATA
CREEP AND RUPTURE STRENGTHS
S _FOR_RUFTURE IN TIMES STRESS FOR DESIGNATED
. INDIGATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.). (2) ng"'m' s | lr%rm TOTAL EXT. W%
°F 100 1000 110,000 100,000 0000001 ['0,00001 | 0.000i h =T W@ TR s [ owme TEehie | Testine
HRS. HRS. HRS. o?i‘as %HR. | %rHR. | Y/HR. 00
1000 21.2 350 | 5000 5034 . 267 . 000015 0.34
1200 10.0 3508000 | 5034 .36 . 00029 1.90 :
1300 6.2 {3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
| 1400 3.2 @1 THE INTERCEPT IS THE PROJECTION BACK TD ZERD TIME FROM THE PORTION OF THE

(% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
CREEP RATE.



ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF TYPE OF TYPE
MATERIAL [ma.nm FURNACE HEAT IMATERIAL ]mzu 18 FURNACE Fear &
CHEMICAL COMPOSITION, Cmw]PTsTsi[crni[MoceriJar] T cHEMICAL composiTion, | S [ [P [ S |SiTorNi [MoTcb TTiJaI] ]
.09 [.77 I l .85 h6.4h4.2 2.2 .95 l l I PEGNT 076 Ilﬂ-412-8|1-39:g‘3,l I I l
DEGXIDATION DEOXIDATION
FORM-CAST OR WROUGHT _ Cast FORM-CAST OR WROUGHT _ Weld Deposit
HEAT TREATMENT 1050 C 10 Hrs AC to 400 C; 850 C 10 Hrs FC to 260 C HEAT TREATMENT As Welded
MIGROSTRUGTURE MICROSTRUGTURE
GRAIN SIZE GRAIN SIZE
HARDNESS HARDNESS
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODLLUS F
TEMPERATURE, OF YIELD(1 | TENSILE | ELONGATION | REDUCTION TEMPERATURE, oF YIELDin | _TENSILE | ELONGATION | REDUCTION
L3 ELASTIGITY, | STRENGTH, | STRENGTH, IN2, IN AREA, °F ELASTICITY, | STRENGTH, | STRENGTH, IN 2%, IN AREA,
1600000¢S.. | 1000Ps) || '000PSL’ | PER GENT | PER cENT 1000000PS.1. | 1ooops.). | '000PSL’ | PER GENT | PER CeNT
RT 60.4 21.0 21,0
ORIGINAL CREEPAND RUPTURE DATA
mpgrmr,m ion TeRcEPT) MM Ton] TOTAL EXT. [TOTAL FLONGlHARDNESS
) RATE] TIME, JOREEP TEST) (RU AFTER
(B3 Tel4) e ] ) % TEST).% | TESTING
8.000 2869 | .01 o Noze L0185 g:RFEP AN?ERUP:UR'; STREN(;:ESSS
" RUPTURE IN TIME FOR DESIGNA
;;; :; :z: :2’ z:: : ‘1:5 TEMP, INDICATED, 1000 PS.1. (2) GREEP RATE, 1000 FS.1t2)
. . i L A °F *
hooo| 7.0 | 11586 | .017 - 0000005 " .021 . mooo 2%329 100,000 (000! | Qoca0i | Q000
pioo}! 6.0 3721 0 : 0000004 | n . 005 1100 51.0 42.0 #37.0 *33.0 *18, 01’, 24.8'" 28,3 =
1100{ 9.0 3721 ] . 0000004 ” . 001 a) Flow|Rate Data { Step-do: tests on single specignen at . 002 in/in total]strain.
1100]10.6 11081 ] . 00000044 " 005
ORIGINAL GREEPAND RUPTURE DATA
MINIMUM TIon| TOT - rom HarONESS
[TEMRSTRES M%I'W-omm e e Tesh, Fjruoees
| & W/HR | HRS.S) LS TEST),% | TESTING
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1100} 50.0] 129R 12.5
TEMPERATURE ON PROPERTIES OF METALS 45.0] 326R 2.0
TYPE OF OF 12l 42.0] 1045 R 2.8
MATERIAL ME.FING FURNACE ?EAEFOF 39.0| 4341 R 3.4
cremicaL cowposiTion,| C [Me[ P TS [siTorTni [Mo b [TiJal]
PER CENT . 1.0 i5.0113.0|3.0 .3] ‘ l
DEOXIDATION
FORM-CAST OR WROUGHT _Cast
ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
HEAT TREATMENT As Cast TEMPERATURE ON PROPERTIES OF METALS
MIGROSTRUGTURE TYPE OF ITYPE oF SIZE OF
GRAIN SIZE MATERIAL MELTING FURNACE HEAT
HARDNESS mmchLmPosnwulcl“' PIs[siJcr]nijmofcp|Ti[A
PER l‘l’ 1. 76l 020'.010.72 l?.d}.ST .20 .lSI l
SHORT TIME TENSILE PROPERTIES [DEOXIDATION
MODULUS OFFSET FORM-CAST OR WROUGHT _ Weld Deposit
TEMPE.!FATLRE OF YIELD() STTERENELLTE A EL?:%‘;‘.T!ON RE’ﬂTEIOAN HEAT TREATMENT As Welded
ELASTICITY, | STRENGTH, , -
1050000ret | 1corar™| “loooPsL’ | Per cENT | PER cent MICROSTRUCTURE
GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES
TEMPERATURE,| ~ OF s viELDw | TENSILE | ELONGATION | REDUGTION
of ELASTICITY, | STRENGTH, STRENGTH, IN2", IN AREA,
1000p00PS.M, | 1000PS.), | 000PSL CENT | PER GENT
CREEP AND RUPTURE STRENGTHS
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, iNDICATED, 1000 PS.1. (2) CREEP RATE, 1000 PS.1. (2)
*F 100 1000 | 10,000 ]/00,000 |0.00000! | 0.00001 | 0.000% GREEP AND RUPTURE STRENGTHS
HRS. HRS. HRS. HRS. JoHR. | %/HR. | Y%/HR. TRESS FOR RUPTURE IN TIMES | SIRESS FOR DESIGNATED
1200 22,0 19,0 #15.0 #11.0 TENP, INDICATED, IOOOPSI @) . CREEP RATE, 1000 PS.).(2)
°F 100 1000 | 10,000 | 00,000 |0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. HR. | %WHR. | %R,
ORIGINAL CREEPAND RUPTURE DATA 1100 36.0 #23.5 *16.0 13.2( ] 18.4“7 23.8
(a) Flow|Rate Data § Step-dowr] test on siggle i at_. 002 fn/in total gtrain,
TionJINTERGEPT | MINIMUM mon| ToTaL ExT.
E RATE] T TEST AFTER ORIGINAL CREEPAND RUPTURE DATA
F | B34 Hos|| e ein | e % TEST),% | TESTING
1100} 30.0 237 R 7.0
ool 24 miNiMum_[TRANSITION] TOTAL EXT. JTOTAL HARDNESS]
1200) z¢.0] 2R 9.0 DURATIONJINTERCEPT,, MINIMLM | JCREEP TEST) AFTER
~ | 20.0] 7158 oo FhEss RO e R ] e % TEST),% | TESTING
” 17.0] 1754 R 4,0 N0} 42.0 297 R 1ob
" 35.0] 1202 R 9
" 32.0] 2018 R 1.0
" 27.0| 5578 Removed
(3) DURATION OF TEST LRUPTURE TEST INDICATED BY R),
@) THE_INTERGEPT IS THE PROJECTION BACK TO ZERD TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RA

() 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED BY *

101

%) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.



25Cr-12Ni

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

®

ORIGINAL CREEPAND RUPTURE DATA

MATERAL 309 Tma_nr% FURNACEElec. Ar I-silEing 25T MINIMUM_[TRANSITION| TOTAL EXT. | TOTAL
ec. Arc. ona yatd [DURAT JONINTERCEPT, - “‘m{.ﬁ
; ICREEP RA TIME, JCREEP TEST) AF
CHEMICAL COMPOSITION, [em]P[sTsifor]nimMoco [TiTar] | FLES | HoURsel St SR | e % TESTL% | TESTING
PER osh.ssfonforr].eefeadind - [- - [- | | 200 30,00 66R 10.2
| DEOXIDATION Silicon 1200 27.5|  102R 10.1
FORM-GAST OR WROUGHT Wrought
o anef o]
Equi- Axed, Austenitic, Few dispersed carbides, trace of P > v -
MICROSTRUGTURE free ferrite ’ ’ hzoo| 17.5] e1mr 3.6
GRAIN SIZE 5/7 {Actual) 1200 15.0| 1340R 5.6
HARDNESS 183 BHN 1200 12.5 3433R 4.1
SHORT TIME TENSILE PROPERTIES @
MODULUS x OFFSET
TEMPERATURE, "OF YiELon | TENSILE |ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2", IN AREA, ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1,000000PS.), | 1000Ps.. | '000PSI. | PERCENT | PER GENT TEMPERATURE ON PROPERTIES OF METALS
80 29.0 47.5 98.0 40 13 TYPE OF |TYPE oF Electric [SIZE OF
1200 21.8 24,0 54,2 30 12 MATERIAL 309 Cb MELTING FURNACE _ arc  |HEAT 7 tons
1300 21.2 22.5 48,0 32 40 GHEMICAL COMPOSITION, [C[m]PTsTsiJor]ni[mjch TiTa]n]
1500 19,8 20,5 26.0 39 44 PER CEN o. 0711 880. 02jo. oulo. 3723 1[13. 4 ——do. 64 - [ - Jo.0d
1600 19. 2 17, 4 43 49 DEOXIDATION
1 64 54 FORM-GAST OR WROUGHT _Wrought
Determined by o8 Somic Method HEAT TREATMENT _cold-reduced 30 per cent
x ermined by a Super Sonic Method,
MICROSTRUCTURE cold-rolled structure
CREEP AND RUPTURE STRENGTHS SRAIN SIZF —
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED HARDNESS =~
TEWP, INDICATED, (000 PS.1.(2) CREEP RATE, 1000 PS.l.(2) " - —
F 00 1000 | 10,000 ]100,000 |0.000001 | 0.00001 | 0.0001 - means not determine
HRS. HRS. HRS. HRS. Fal HR. %/ HR. Yo/HR.
1200 31.0 21,0 14.5¢]  10.0% 3.4 9.0 CREEP AND RUPTURE STRENGTHS .
1300 20.0 10.0 4.3% 1.7% 1.5 4.0 STRESS_FOR_RUPTURE IN TIMES STRESS FOR DES)GNATED
1500 8.0 3.7 1. 7% 8% 7 TEMP, INDICATED, I000 P.S.1. (2) CREEP RATE, |000 PS.1.(2)
1600 4.2 2.0 1.0%] 0 (1] °F 100 1000 10,000 |i00,000 |0.000001 | 0.0000! | 0O.0001
1800 L1 Lo % 43 HRS. HRS. HRS. HRS. %/HR. | %/HR. | %wHR.
1200 31.0 14. 0 5. 0%
: IGINAL CREEPAND RUPTURE DATA
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ORIGINAL 0
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF MINIMUM _[TRANSITION| TOTAL EXT. | TOTAL gm]mmmsd
MATERIAL 309 MELTING FURNACE Eiec. Arc.|HEAT 25 Tons P O INTERCEPT, i ON T T | T OB FORE O VAT eR
< R %/HR. | HRS.(5) % TEST),% | TESTING
O‘IEMICALWOSITIMIGI”‘IPISIS' Cr|Ni[MoJco [ Ti [ A e ”
3. 2R - A -- ==
MOnl 42 §24. 413. 4 - - | - - ==
DEOXIDATION Silicon 1:- 8RL == z :’5 = : :
FORM-GAST OR WROUGHT wrqught - . -
HEAT TREATMENT W. Q. 2200°F. 16, 3R] - 0.11 == 2.0 ==
CROSTRUC! 79. 7R} = 0.033 == 4.0 ==
b TURE Equi-Axed, Austenitic, Carbide Free, Trace of free ferrite 323. 01 _— 0. 0076 — 8,5 _—
GRAIN SIZE 3/5 Actual 479' OR; -- o. 005 -- 8.0 --
HARDNESS 178 BHN = - .
820.0R] _ -~ 0. 0034 - 10.0 -
SHORT TIME TENSILE PROPERTIES
MODULUS x | OFFSET @
TEMPERATURE, OF YIELDI) | JENSILE El.oNGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2%, IN AREA, ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1LO0OOOOPS.I. | 1000RS.|, | |00OPSL FER GENT | PER CENT TEMPERATURE ON PROPERTIES OF METALS
80 220 44,0 93.6 49 14 TYPE OF TYPE OF SIZE OF
1200 2l.8 20.0 50.0 23 27 MATERIAL MELTING FURNACE HEAT
1300 z1.2 19.0 39.7 14 16 cm]pP[sTsifcr|N [MoJeo[Ti [a
1500 19.8 19.0 26.0 11 23 %M&' COMPOSITION, } 9} ‘} {
1600 19.2 18.9 21 24 .16§.93]. 02 [. 0291 0gf28. g11. 5
1800 9.5 47 a4 [DEOXIDATION
FORM-CAST OR WROUGHT __ Wrought
x Determined by a Super Sonic Method, HEAT TREATMENT Cold Drawn -
CREEP AND RUPTURE STRENGTHS
S FOR RUPTURE IN TIMES _STRESS FOR DESIGNATED CREEP AND RUPTURE STRENGTHS
TEMP, INDICATED, 1000 PS...(2) CREEP RATE, |ooo PS.I.(2) TRESINDng.ﬂ RE iy lemss %Eg ;%EEFIGNQEEIDM
°F 100 1000 10,000 | 100,000 |0.000001 | 0.00001 | 0.000! TEMP, O00RSLE s 000 PS.I.
HRS. HRS. HRS. HRS. %HR, | %/HR. | %/HR. F 100 1000 10,000 | 100,000 |0.000001 | 0.00001 | 0.0001
200 24,5 20.0 17.0%] 1408 5.7 0.0 HRS. HRS. HRS. HRS. %HR. | %/HR. | *%rHR.
1300 18.0 13.8 9. 8% 6. 8% 2.4 7.0 1200 17.9 6.0 - =
1500 9.3 5.9 4, 2% 2. 9% 22 1.8
6.6 3.5 1.9% Lo* ORIGINAL CREEPAND RUPTURE DATA
1800 2.1 1. 1% 2 O% 3*
remplsTRESS|DURAT IONJINTERCEPT] MiNIMUM TrRansiTion] ToTaL ExT. [ToTAL BLONGlHARDNESS
CREEP RA| TIME, [CREEP TEST)] (RUPTURE | AFT
@ P il R g % ] TESTL% |TESTING
ASTM-ASME JOINT COMMITTEE ON EFFECT OF [200] 35.0 R 9.3
TEMPERATURE ON PROPERTIES OF METALS - 220
TYPE OF TYPE OF SlZE oF 12001 25.0 19R — .
MATERIAL MELTmG FURNACE HEAT heoo] 22.5 27R 28.0
sy cowosimow, L& [} P 15 IS 1O el [T IAT ] ool 25 ain i
.14.99].02]. 029 .52{24. 3.4 03] || | - -
DEOXIDATION 1200] 15.0 154R 150
FORM-CAST OR WROUGHT Wrought 1200] 12.5 198R 50.9
HEAT TREATMENT  Annealed 1200] 10.0 471R 80.0
MICROSTRUCTURE -
GRAIN SIZE ASTM 6-8 (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY %
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(a) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

13) THE TRANSITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.



ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF TYPE OF TYPE OF 17
MATERIAL 309 [MELTING FLRNACE _ HEAT ; MATERIAL MELTING FURNACE Arc EEAE’OF 1000 1bs
%MICALMPOSITION.ICI"“IPlsls‘lc'l"' MoTcw JTi [ar] ] CHEMICAL coMPosITION, | G M| P [ S [SifcrTNi [MoTcb]Ti [a
Losli.sd.0zd onol . aofes.snad]| [ 1 1 [ | PER GENT 0.340.46] | Jo.adzs. 411, I Jo1
m‘%’i’gﬂ WO — DEOXIDATION None - Except Late Silicon Addition
- . 062" Hot Rolled Sheet FORM-GAST OR WROUGHT _ Cast ;
HEAT TREATMENT 2000°F - 30 Min. - Air Cool HEAT TREATMENT  None (As acs.m)
M
CROSTRUCTURE MICROSTRUCTURE ¢ enite and Garbides
GRAIN SIZE GRAIN SIZE
HARDNESS 71 R6 HARDNESS 156 BHN
SHORT TIME TENSILE PROPERTIES
8
MODULUS OFFSET -
TEMPERATURE, OF YiELD( | _TENSILE | ELONGATION | REDUGTION
4 ELASTICITY, | STRENGTH, | STRENGTH, ' IN AREA, ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1000000FS... | 1000RS.. " | '00OPSL’ | PER GENT | PER CENT TEMPERATURE ON PROPERTIES OF METALS
1200 16. 15, - - ~ TYPE OF TYPE OF SIZE
MATERIAL IME.TING FURNACE HEAT o
cCimn|Plsisilcr|nijmolce [Tl {al
GREEP AND RUPTURE STRENGTHS FER R comeosiTion, | © [ | { { { { % |T
'SS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED DEOXIDATION
T INDICATED, 1000 PS.I.(2) CREEP RATE, 1000 PS.1.(2) [OEOXIDAT]
?FIP., FORM-CAST OR WROUGHT
100 1000 10,000 | 100,000 |0.000001 | 0.0000! 0.0001 3
HRS. HRS. HRS. HRS. | %HR. | %/HR. | %/HR. HEAT TREATMENT
1200 27 20, 5% 15. 0% MICROSTRUCTURE
1500 8.4 5. 1% 3.1% GRAIN SIZE
HARDNESS
ORIGINAL CREEPAND RUPTURE DATA
309 Stainless Steel 2000°F - 30 min. -Air Cool. SHORT TIME TENSILE PROPERTIES
TEMP] DURA NTERCEPT, | MINIMUM ITRANSITION| TOTAL %XT. TOTAL MODULUS OFFSET
* A N Teey JOREEPRATE] " TIME,  [CrReE? AFTER TEMPERATURE, OF .| viELDW | TENSILE |ELONGATION | REDUGTION
. I(% % /HR. HRS.(5) Y TESTL,% | TESTING '3 ELASTICITY, | STRENGTH, | STRENGTH, IN 2, IN AREA,
17,000 335 99166 Lo 1.000000PS.I. | 1000PS.i. | |00OPSI | PER CENT | PER CENT
1200] 20, 000 427 3.30 |0.00142 Room Temp. 82 17.5 23.7
1200} 25, 000 200R 4.40 |0.058 65. 23.5 Room Temp, 4 23,3 50.5 86 6.5 1.0
Room Temp. # 22,5 50,0 86,5 6.5 7.0
1200 30:003 20. 5R 6.0 lo.49 22. oo Temp. | % b3 L2
1200 | 35, 00 9.R 3.0 37 Room Temp. ¥ 88 7.0 8.2
¢ Aged 1{00 F, 24 hrs. H. C.
1500} 6vou | s07R .15 Jo.0132 100 13.5
11500 6930 PA 1.1 0,052 160 22,
1500 8120 | 128R .20 J0.109 12.5
1500110, 1008 32.3R IF‘L 25 COREEP AND RUPTURE STRENGTHS
[ onp] = = STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
150012, 92! 6. 5R .40 ]3.75 2 36. TEMP, INDICATED, IO00P.S.(2) CREEP RATE, 000 PS.1.{2)
°F 100 1000 10,000 100,000 [0.00000! | 0.0000! | 0.0001
HRS. HRS, HRS. HRS. Yo’ HR. “%/HR. Y/HR.
1400 13 8.1 4,3% 6.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1600 b.62 2.3+ | 3.2
TEMPERATURE ON PROPERTIES OF METALS 1800 4 2. 6% 1, 25% 1.75
TYE OF P OF ST oF 2000 1. 8% 0.57« | 0.8
MATERIAL 309 |Ma_rma FURNACE HEAT .
%M&gﬁ.mmm. c[m]PTs]siJer]ni[mofoo[Ti [aI] re
P L T T lesdiad [ 1T Teal |
DEOXIDATION
FORM-CAST OR WROUGHT 0. 039 in. sheet ORIGINAL CREEPAND RUPTURE DATA
[HEAT TREATMENT 1900 ¥ Anneal
MICROSTRUCTURE
m,p#nﬁs minimum_frRansiTon] ToTAL EXT. [ToT HaronESs
GRAIN SIZE T A O INTER P T.\CREEP RATE,  TIME, JoREE TEen AFTER
HARDNESS . g “n/HR. HRS.(5) % TEST),% | TESTING
haoo] 25 2. 5R] 1.99 7.8
SHORT TIME TENSILE PROPERTIES 1400 1 20 13. 9R o 26 5.5
WODULLIS OFFSeT hoo] 15 60. 3R 0. 038 3.0
TEMPERATURE, OF YIELD() TENSILE EI.ONGATION REDUCTION l400| 8 1070R 0.20 0. 00047 890 1.0
°F IELASTIC;;VI, ?Ong';GsTlH' Sm'g;r' PER &NT ,',:RAEE;‘* haoo| 6 1150 0.086 Jo.000112 |>1150 0.19
(e 38.2 86.0 47.0 hooo | 12 3.2R fo. 74 4.5
60| 8 41.4R . 04 4.0
CREEP AND RUPTURE STRENGTHS heoo| 3 1640 0.11_ [0.000062 |>1640 0.19
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, I000 PS.I.(2) CREEP RATE, 1000 PS.1.(2) tsool & T 5.7 e
°F "I'g 1000 '?4'330 IO(')','(z)sOO 0.%9! O*O&O%OI 2932‘ keoo| 6 16, 6R 0.4 12.2
700 25.0 RS, - - - LA N800 | 3 530R 0.1 0. 0039 1807 6.0
1500 6'0 hgoo| 3 440R 0.1 _ lo.0025 190 4.0
- hsoo! 2 1140 0.08 [0.00025  |>1150
ORIGINAL CREEPAND RUPTURE DATA hsoo | 1.5] 1631 0.026 [0.00003  |>1631
001 3 6. OR 0. 81 20.0
TMINTE?GEFT. MINIMUM NSITION] TOTAL EXT. | TOTAL 2000 | 2 69. 3R, 0. 046 9.9
°F IRS! %ol4) CREEf,Rl.éTq ,,RS"'(E', mﬁz%sn %ﬁ. ‘é‘&FﬁG E00D 1 1050 0.03 ' [0.00045 330 2,6
1200 44.3] 2.17R 41,0 000} 0.5] 1511 0.01 o, 000005 2
1200 26.2] 161, 0R 10.0
1500| 15.0] 3.3R 56. 0
1see]|  7.5] 45.4R 39.0
1900} 4,2 LIR 60.0 (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
1900 2.7 5. OR 43,5 “) THE INTERCEPT (S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
* TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INOICATED.
(2) EXTRAPOLATED VALUES INDIGATED BY *
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8) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.



ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

T TYPE OF SIZE OF TYPE OF ) TYPE OF Electri SIZE OF
MATERmL 309 Cb |8 revace - FEA 10 Ton MATERIAL __ 25Cr-12Ni MELTING FURRAGE. - |reaT
cHEmICAL composiTion, | C [ P [ S [Si[or[Ni[Mofoo[Ti farfy CHEMICAL CONPOSITION, [ m]PIs]siTor]ni[moTos i [ar] \
fﬁm - | 075k, 02, 015 005] _ 54b2, 415, 3 .93 064 PER CEN 09 e orsloralnoderaha s - |- [- 1.1
DEOXIDATION Silicon DEOXIDATION
FORM-CAST OR WROUGHT Wrought Bar Stock FORM-CAST OR WROUGHT Wrought 1" round
HEAT TREATMENT 1950°F Yhr WQ HEAT TREATMENT
MICROSTRUCTURE MICROSTRUCTURE Austenitic
GRAIN SIZE ASTM G, S. 7 GRAIN SIZE
HARDNESS HARDNESS
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
TEMPERATURE, OF S YIESLEJ(I) TENSILE | ELONGATION | REDUCTION TEMPERATURE, OF YIELDG} TENSILE | ELONGATION | REDUGTION
F ELASTICITY, | STRENGTH, | STRENGTH, 2, IN AREA, F ELASTICITY, | STRENGTH, | STRENGTH, | N2, IN AREA,
\O00000PS.T. | 1000RS). | 'O00PSI | PER GENT | PER GENT 1000000PS.). | 1000PS.). | 'O00PSI. | PER GENT | PER CENT
RT - 42,0 91,0 45 71 TR0 B 35,26 40,0 47.5
1 - 31D £8.7 34 — 57 1600 25,21 15,5 32.5
TTo0 - 36,0 63.9 3 58 1800 15_50 32.1 62.3
1200 - 28,0 55, 0 37 59 2000 6. 35 74.5 884
1300 Z 4.0 13,0 iz 58 2200 114 162,35
1400 = 21,0 35.0 [ 58 2300 2,97 90.0 100
1500 - 18,0 28,0 60 60
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED STRESS FOR RUPTURE IN TIMES STRESS FOR DES|GNATED
TENP, INDICATED, 1000 P.S.. (21 CREEP RATE, 1000 PS1. (2} , INDICATED, IO00 P.S.1. {2) CREEP RATE, 1000 PS).(2)
°F 100 1000 10,000 l«:ﬁ;“éo 0.000001 | 0.00001 | 0.000i °F 100 000 10,000 |i100,000 {0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. *%/HR. %/HR. %/HR. HRS. HRS. HRS. HRS. %/ HR. %/HR. “/HR.
-
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ORIGINAL CREEPAND RUPTURE DATA
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF ITYPE OF SIZE OF
MATERIAL 25 Cr, 128 |MELTING FURNACE HEAT . ﬁ-,-w 7o INTERGEPT] MINIMUM [TRANSITION] TOTAL %Wmﬁ%
ceEmcAL compostTion, | C [M [ P TS [Si [or[Ni [MoTcb[TiTar] F HOURSEI| i) %WHR. | HRS.S % TEST),% | TESTi
PER GENT 17[2, 04 47122 912, 6 ] 240 Q 0 v
DEOXIDATION 1224 D044 . 000041
FORM-GAST OR WROUGHT 3/4"Dia._Bara, Rolled w00d] " 312 | .028 [ ooooz2s
HEAT TREATMENT W.0Q -2100°F uoﬂ' w 596 030 G004 > 698 Rb 102
MICROSTRUCTURE 1000} 10.0 168 .018 <, 00001
GRAIN SIZE 1100 " 360 008 b, 00001
HARDNESS 197 BHN, 86-98 Rb 1200, " 432 0 0
1300 " 1704 .02z .000044 | > 1704 Irb 96
SHORT TIME TENSILE PROPERTIES 1100 3 9] 264 -.020 [- 00007
MOOULUS OFFSET 120 " 792 _010 *. 000005
TEMPERATURE, OF YIELDU) | TENSILE ~(ELONGATION | REDUGTION 1s0d] " | 1200 ], 004 000033
M wooeuw:gi %ngggn, 1000PSs.’ | PER GENT | PER cENT 1406] © 480 | .029 .000146 |> 480 Rb 100
80 31,0 69,5 98,3 47.0 59,8 2 [ Not ily ghe mini rate
800 19.3 €7.0 79, 1 41,0 58. 6
" 27,0
1007 18,2 42,0 72.2 34,0 54,1
" 23.0
1200 16 0 41,0 54,5 29,0 41.6
1400 14,2 32.5 43,2 30,0 37.3
1600 10. 6 13.0 29,2 18.0 44,9
CREEP AND RUPTURE STRENGTHS
STRESS_FOR RUPTURE (N TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P51, (2) CREEP RATE, 1000 PS.1.(2)
°F 100 1000 10,000 | 100,000 |0.00000! | 0.0000! [ 0.000!
HRS. HRS. HRS. HRS. % HR. | %rHR, | %erHR.
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
14) THE_INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINiMUM OR SECOND-STAGE CREEP RATE

() 0.2 PER GENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAFOLATED VALUES INDIGATED BY *
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%) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.



25Cr-20Ni

®

ORIGINAL CREEPAND RUPTURE DATA

105

ASTM-ASME JOINT COMMITTEE ON EFFECT OF miniMum_[rransimon| ToTaL TOTAL a.mdmm,;essl
AL I N EFrecT 2 BRIl e R
TYPE OF TYPE OF 1
MATERIAL 370 MELFING FURNACE Elec. Arc|Bent O 25 Tons psool 3.04 63IOR 34,5
= T - Q,
GHEMICAL COMPOSITION, | C [ | P | S [ Si [ Gr[Ni [Mo[cb [ Ti [ Al heso| 6,01 soR 20,3
PER CENT heso! s.o] sor 23.1
EOROATION 11 {58009l on1f. 75 zs.(z@‘s | [ 1 heso] 4.5] 15R 27.7
1DAT Silicon
FORM-CAST OR WROUGHT __Wrought 650 L 4,04 329R 18,2
HEAT TREATMENT W.Q. 2150°F, heso| 3.0 625 R 1;.5
MICROSTRUCTURE Equi-Axed, Austenitic, Carbide Free Z:g z: ;;zz 2 :4::
SR“” SIZE 3/4 Actual heso] 1.0 10083 R 10.8
ARONESS 143 BHN hsoo| 3.0] 68w 23,6
800 2.5 149 R 28,5
SHORT TIME TENSILE PROPERTIES 800) 2,0] 427R 23.6
MODULUS T -
TEMPERATURE, oF * | YieLpn | TENSILE | ELONGATION | REDUGTION 18001 1.5) 853R 52.2
L3 ELASTICITY, | STRENGTH, | STRENGTH, IN2', IN AREA, Reoo) 1,0] 1833 R 14.0
1000000PS.L. | 1000FS., | OOOPS). CENT | PER CENT keoo| o.s]10080 r 19,4
80 29,0 36.0 87.5 54 76
1000 23.0 20,5 73.0 46 52
1100 22.4 19.2 65,5 32 a1 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1200 2.8 21,5 58,0 21 25 TEMPERATURE ON PROPERTIES OF METALS
1300 21,2 20,0 44.5 17 22
12
1400 20,5 2.5 36,7 19 24 %ﬁq_ 310 l ;ms FURNACE Induction EIEAE{ i 0 1bs.
19,8 -3 26.2 15 22 P Ni | M CbiITi|A
1600 19.2 - 19,8 28 " CHEMICAL COMPOSITION, c [w] S [Sijor|nijme iJalw
1800 - - 102 o4 74 b.111. 05 o, 71[24. 621, 3 lo.od
+Determined by a supersonic method DEOXIDATION Ferro Silicon
FORM-CAST OR WROUGHT W rought, 3/4" Dia,
GREEP AND RUPTURE STRENGTHS HEAY TREATMENT 2000°F,-A.C - - 1550°F, ~ 8 hrs.-
STRESS FOR_RUPTURE IN TIMES SS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.1.(2) eer RATE 1000 P8 (@)
°F 100 1000 | 10,000 |i0G,000 [G.0000O! | 0.00001 | 0.000! CREEP AND RUPTURE STRENGTHS
HRS. HRS. HRS. HRS. %HR. | W/HR. | %eHR. STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
To00 3.5 32.0 26,08 2100 7 s TeNe, INDICATED, 1000 £S5, (2) CREEP RATE, 1000 as;‘.)(;)
1100 31,0 25,0 ] 20.0¢ 16.0% 12.5 230 ° 100 1000 10,000 {100,000 |0.000001 | 0.00001 | 0.000%
1200 ) 70 1158 5. 50 oo HRS. HAS. HRS. HRS. W/HR. | %/HR. | YHR.
17.0 110 2.0% 4 4% e o o 4 1500 6.3 3.9 1,4% 2,1 3.6
1400 11,0 7.4 4, 4% 2,8% 2.2 6.0
1500 .1 4,6 2.7% 1.6% 1.2 a5 ORIGINAL CREEP AND RUPTURE DATA
| 1600 5.4 3.3 2.1* 1.3*
—iaoe 32 L1 MINIMUM_[TRANSITION| TOTAL EXT. %W
ITEME) XTIONINTERCEPT,| MINIMUM. [TRAN s34 NTER
T 65 | we PRI e » TESTA% | TESTING
1500{ 15 1.4 R 1.5
@ 1500] 8 31.5R 5,0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF hsoo| 5 | 261.9 R 3,0
TEMPERATURE ON PROPERTIES OF METALS hsoo! 3.5 [1760 R ==
TYPE OF TYPE OF Basic SIZE OF 3,5 11760 0145 _}.000034 350
MATERIAL 310 AT Fumnce Electric |HEAT s00] 2 l2465 0080 | 000008 750
CHEMICAL cOMPOSITION, | C ™ | P Sijor Mofcb fTiJar] T
PER 084&.00 014,014,314 ,&IZO 9 T ‘ I @
DEOXIDATION Refinement carried out under reduci -Si ASTM-ASME JOINT COMMITTEE ON EFFECT OF
FORM-CAST OR WROUGHT __ Wrought TEMPERATURE ON PROPERTIES OF METALS
HEAT TREATMENT 1950°F,, Lhr., W.Q. TYPE OF In'Pg OF SIZE OF
MICROSTRUGTURE Completely Austenitic MATERIAL MELTING RME HEAT _
GRAIN SIZE Actual A.5.T. M, (4-6) cHEMICAL comPosiTion,| G (M [ P TS Isi[cer[Ni[MofcoTTifa |
HARDNESS 161 BHN PER CENT 25 | 20 | |
= DEOXIDATION
FORM-CAST OR WROUGHT __ Wroug
5 3 :REEP ANO R'l;PLl:‘zg STRENGTHS < FOR DESIGNATED HEAT TREATMENT 1050°C, 1 Hr, A.C,; 675°C, 1Hr, A.C.
TEMP, INDICATED, 1000 PS..12) CREEP RATE, 1000 PS.).(2) TIME TENSILE PERTIES
°F 100 1000 10,000 (100,000 [0.000001 | 0.00001 | 0.0001 SHORT PRO
HRS. HRS. HRS. HRS. %/HR. | %/HR. | %/HR. MODULUIS OFFSET NS eLow 108 | REDUSTION
TEMPERATURE, OF YIELD(1) ILE GA\ I
1500 4.6 252 L0 F ELASTICITY, { STRENGTH, | STRENGTH, IN AREA,
1650 4.6 2.65 1.0 0,24% 1.000000PS.|. | 1000PS.I. | 'OOOPSI. PER cENT PER CENT
1800 2,72 1.375 0.5 0.18% RT 89.4 41,5 66,9
ORIGINAL CREEPAND RUPTURE DATA
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE 1N TIMES STRESS FOR DESIGNATED
e ouraion|inTERoEPT) MNIMOM, TRAreITION] TOTAL X WW TEMP. INDICATED, 1000 P.51.(2) CREEP RATE, 1000 PS.1.(2)
L3 HOURSGN  w(4) [CREEP [CREEF, TEST) °F ’
e/HAL ] TEST),% | TESTING 100 1000 | 10,000 |i00,000 [0.00000! | 0.00001 | 0.000!
HESB) HRS. HRS. HRS. HRS. Y HR. | %WrHR. | YWiHR.
350) 27.5] 100R 41,1 1200 | 29.0 23,0 15,0% 10,0¢
1350] 15,0 214 R 37.8
1350 12.0} 212R 3i.5 ORIGINAL CREEPAND RUPTURE DATA
13504 12,0 547 R 12,8
jaso| 10,0] 352 R 27,4
3 MINIMUM moN| TotaL ExT. [Tor |
3501 10,0} 561R 19.1 2k s m.,gj, INTERCEPTICREEP RATE| - TIME, lmzsnzsn. wﬁw AFTER
350] 9,0} 1429 R 16.2 : v % /HR. HRS.51 b TEST),% | TEST!
350 8.0 2127 R 13,3 1200] 35.0 19 R 5.0
350| 8.0 2968 R 13.6 200| 25.0| 642R 3.0
350 | 6.0] 3429R 12.2 1200 | 20.0] 2202 R 1.0
30| 5,0} 3685 R 18.8 00| 17,51 4404 R 3,0
1350] 4,0 18634 Stillin Test] | (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
so0]| 5,50 seom {2) EXTRAPOLATED VALUES INDICATED BY %
soo| s.0] 79sR 13) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
hsoo | 45| sasr 14) THE_INTERCEPT IS THE PROJECTION 8ACK To z€ ZERD TIME FROM THE FORTION OF THE
8 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
[s00| 4.0 2586R 37,5 15 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
1500 3.5 4360 R 40,5 CREEP RATE.



ORIGINAL CREEPAND RUPTURE DATA

ASTM-ASME_JOINT COMMITTEE ON EFFECT OF InTERcePr ] i TrRariion [ ToTaL T, [Toza) BxoNaluane
TEMPERATURE ON PROPERTIES OF METALS %el4) C’EEP,,.”‘R HRS G} JCREEF, TEST) TESFTllu,'/.! TESTING
TYPE OF TYPE OF SIZE OF -
IMATERIAL 310 MELTING FURNACE HEAT 8 32
cuemcaL cowposiTion, | C [Me [ P ]S TsiTor [Ni [MoTce TTi[alTcu] é 2
PER GENT Y Y Y 7 A ) hovo| 5.5 | 79w 2
DEOXIDATION
FORM-CAST OR WROUGHT __ Wrought
HEAT TREATMENT 3/4 Hr. 2150°F., W.Q. - 50 Hrs, 1400 A.C.
CREEP AND RUPTURE STRENGTHS ASTM-ASME JOINT COMMITTEE ON EFFECT OF
STRESS ToR FOPTORE N TIWiES STRESS FOR DESTGNATED TEMPERATURE ON PROPERTIES OF METALS
TEMP. INDICATED, I00OP.S.1.(2) CREEP RATE, |ooo PS..(2) TYPE OF TYPE OF SIZE OF
A 1000 ] 10,000 ] 100,000 |0D0000I | 0:00001 | 00001 MATERIAL MELTING FURNACE HEAT
HRS. HRS. HRS. HRS. %/HR. | %/HR. | %/HR. GHEMICAL coMPOSITION,| C [ | P | S | SiJCr|Ni [Mojcb | Ti [ar] T
1500 1.0 | 6.0 3,2% —(Tesks by M. W] Kellogg) PER CENT 11 1. 38f. 020 019]. 54 4. 4[20.9 i [ 1
1500 12,5 6.6 3.12 (Tesks by Crang C 1 DEOXIDATION
1500 12,0 6.4 3.5* (Tesks by Battelle) FORM-CAST OR WROUGHT __ Wrought, 1" Dia. Pars
HEAT TREATMENT W.Q. - 2150°F. - 45 Min.; Aged — 1400°F. — 48 Hrs.
ORIGINAL CREEPAND RUPTURE DATA MICROSTRUCTURE
GRAIN SIZE
HARDNESS
revelsreessloymaronlinTencert ] v, TrRaxeiTon] ToTt £, T8, EigNclaonesS
P e B OREEEIEH e % TESTL,% | TESTING
- SHORT TIME TENSILF F‘ROPERTIES
h500) 11,5 ] 102,6R 2 o S
500 | 11,5 88.0 R 3 TEMPERATURE, OF YIELD(I) TENSILE | ELONGATION | REDUCTION
500 11,5] 74.4R 1.5 °F ELASTICITY, | STRENGTH, Sﬂ‘”%‘gy- PEI!': géur ;'é;gg:i,
so0] 115 60.5R 3.5 1,ODO000PS.I. [ 1000PS.L. fhd
so0| 8 344.1R 2 ‘5"3 16.2
oo s Tz 2 1 L4
5 6 970,3 R 2.0 1500 18.8
6 3R . 1500 1z
1500 14.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF CREER TURE STRENGTHS
K STRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMPERATURE ON PROPERTIES OF METALS TEMP, INDICATED, IGO0 PS.1.(2) CREEP RATE, 1000 PS.i.(2)
TYPE OF TYPE OF SIZE OF °F 100 1000 10, 0.000001 | 0.00001 | 0.000!
MATERIAL 310 | race arc |ntar O 25 Tons ey e | '9800 (100,000 10QO000! | 0.00001 | Q000!
GHEMICAL CoMPosITION, | G [M [ P [ S SiJorfni[MoJeo [Ti [ar] | 126 6.3
PER GENT [.13].53 [ oz9].014]1. 33]24.9]20.3 B |
DEOXIDATION ORIGINAL CREEPAND RUPTURE DATA
FORM-CAST OR WROUGHT __ Wrought - 1" Rd.
2000°F, - W, Q.
HEAT TREATMENT 2 INTERCEPT,, MINIMUM ITION| TOTAL EXT. [TOTAL
AT s L % i | TherinG
CREEP AND RUPTURE STRENGTHS .
TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED N 0022 15 3.0
TEMP, INDICATED, 1000 PSI (2} CREEP RATE, 1000 PS.1.(2) 1500 | 8,0 576 R 013 00011 150 2.0
%
°F 100 1000 10,000 (100,000 [0.000001 | 0.00001 | ©0.0001 1s00| 8,0 | 648 R o 275 5
HRS. HRS. HRS. HRS. %/ HR. %/HR. “o/HR. 1500] 7.0 | 793R -.018 . 00006 360 2.0
1600 9.8 3,5% L1500} 6.0 1272 R .008 . 00004 320 .5
1800 3 1500 2,8 | 624 -,040 |- 000002 2624 !

ORIGINAL CREEPAND RUPTURE DATA

TaL ExT. [ToTaL [Haroness] ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TION INTERGEPT L e T A NiE,  [REEF TESh| (RUPTURE | AETER
F 1 Bk | RSB id) ICREEP RATEY | DIME, " TEST).9c | TESTING TEMPERATURE ON PROPERTIES OF METALS
Y TYPE
heoo| ¢ 96 R 59 M‘EER?:L 31 IMELT"‘% FURNACE Elec. Arc 3550': 25 Tons
1 403 R v cHEmIcaL composiTion, | © [MeT P TS [siTorTni[Moeo ITi TAI] T
s+ e - PeR e sa Lo ol -
3.
1500] 2.5 | 160R = DEOXIDATION Silicon
FORM-GAST OR WROUGHT __ Wrought
@ HEAT TREATMENT ° Cold Drawn, N liged 1700° F.
MICROSTRUCTURE Equi-Axed, Austenitic, Dispersed Carbides
ASTM-ASME JOINT COMMITTEE ON EFFECT OF GRAIN SIZE 5T Acoal
TEMPERATURE ON PROPERTIES OF METALS HARDNESS Tso BCHN’
TYPE OF TYPE OF SIZE OF
MATERIAL 310 MELTING FURNACE _Arc __{HEAT £5 Tons SHORT TIME TENSILE PROPERTIES
; ; ; ] ) PERT|
CHEMICAL CoMPosITION, | © [ [ P [ S [Si[or[n [MofcofTi far] | T e T
PER CENT 13 |53 [oss[ondradeedzod | | | | | TEMPERATURE oF YiEtom | _TEnsiE | ELoNGATION | REDUGTION
DEOXIDATION °F '| ELASTIGITY, | STRENGTH, | STRENGTH, | IN 2", IN AREA,
FORM-CAST OR WROUGHT — Wrought — 1" 2d 1.0000O00PS.I. | 1000RS.|. | IOOOPSI | PER GENT | PER GENT
’EAT TREATMENT 2100°F, - W.Q. 85 29.0 50.0 96,0 40 63
| 1000 23,0 30,0 ¢80 | 35 57
22.4 61.5 35 56
CREEP AND RUPTURE STRENGTHS 1200 21.8 27.5 48,5 37 43
TRESS FOR RUPTURE IN TIMES STRESS FOR DES)GNATED 1300 21,2 23,5 9.2 40 44
TEmP, INDICATED, HO0O AL CREEP RATE, 1000 PS.1.(2) 1400 20.5 19.0 28 5 4 42
°F 100 1000 | 10,000 |100,000 [0.000001 | 0.00001 | 0.000! 1500 19.8 13.5 205 42 45
HRS. HRS. HRS. HRS. “%rHR. Yo/ HR. “%rHR. 1600 19,2 N 17,4 45 43
1500 b6 - 1800 9.8 67 48
1800 2.7 1.6*
+Determined by a supersonic method
(3 DURATION OF TEST {RUPTURE TEST INDICATED BY R).
OF THE

{1 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDIGATED BY *

(4} THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

%) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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CREEP AND RUPTURE STRENGTHS

)

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.

{2) EXTRAPOLATED VALUES INDICATED 8Y *
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STRESS_FOR_RUPTUFE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 000 PS..(2) CREEP RATE, 000 PS.1.(2) ASTM-ASME JOINT COMMITTEE ON EFFECT OF
°F ﬁ% Ienpg :o,ggo Id&.&go 0.0.’(‘X’)ggl 0..’?2‘0“0| C’)“Oﬁl TEMPERATURE ON PROPERTIES OF METALS
. . HRS. . 3 X
1000 52,0 33.5 22.0% 14, 0% 6.0 11.0 L:’;’EEROI:L IMEL" ET"% FURNACE Induction ﬁ'EﬁErOF 220 1bs.
1100 28.5 17,0 10,5+ 6.4% 2.2 4.0 gHEMICAL composition, | C [M] P Is [sicr]Ni [Mofon[Ti Tai] n]
1200 18,0 10,0 5.6% 3% 5 L5 CENT fe-3do.ss] | i.z21fz6.919. [ Jo.rq
1300 10,5 4.8 Sal¥® 9%
1200 e X e e s DEOXIDATION None - Except Late Silicon Addition
1500 3.9 1.6 7% L3% . FORM-CAST OR WROUGHT __ Cast
1600 2,7 1.2 6% 2% HEAT TREATMENT None {As Cast)
1800 1.4 8% MICROSTRUCTURE Austenite and Carbides
GRAIN SIZE
HARDNESS 170 BHN
ASTM-ASME JOINT COMMITTEE ON EFFECT OF Mwi‘;ﬁm T"’g l;'r‘s'“': PROPERTIES
F:
TEMPERATURE ON PROPERTIES OF METALS TEMPERATURE, oF YiELowm TENSILE ELCNGATICN REDUCTION
TYPE OF |TYPE OF SIZE OF of ELASTICITY, | STRENGTH, | STRENGTH, N 2", IN AREA,
MATERIAL 310 MELTING FURNACE HEAT 1000000PS.I. | 1000PS.. " | 1000PSI. PER cenT | PER CENT
cHEMICAL cOMPOSITION, | C [Mn[ P IS [Sifor[NifMofob i far] ] Room Temp. 72 6.0 30,5
PER CENT 06 ] | [Leofes. 21 T 11 __Room Temp.* 78 7.5 10.4
DEOXDATION
FORM-CAST OR WROUGHT __, 065 sheet
HEAT TREATMENT Mill Annealed
MICROSTRUCTURE
GRAIN SIZE +*Aged 1400°F., 24 Hrs. F.C.
HARDNESS
CREEP AND RUPTURE STRENGTHS
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
'b:igRT TM?;F;;I:JSILE PROPERTIES TEMP, INDICATED, 1000 P.S.i.(2) CREEP RATE, 1000 PS.).(2)
TEMPERATURE oF L2 IELD(N. | (TENSILE = | ELONGATION | REDUCTION °F 100 1000 10,000 [100,060 [0.000001 [ 0.00001 [ ©0.0001
oF *| ELasTiciTY, | STRENGTH, | STRENGTH, | IN2", IN AREA, HRS. HRS. HRS. HRS. % HR. | %/HR. | %/HR.
1,000000PS.(. | 1000PS.). | |00OPSI | PER CENT PER CENT | 1400 15.0 5.8
Room 39.0 86.0 15 13 | 1600 7.8 . 3.9
900 21,0 65,7 39 43 | 1800 4.2 2. 7% 1.75% 2.3
1300 18.5 43.9 27 27 (2000 2,2 1,05 g.73%
1500 16.7 30.8 31 31
CREEP AND RUPTURE STRENGTHS
TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS..(2) CREEP RATE, 1000 PS.1.(2) ORIGINAL CREEPAND RUPTURE DATA
°F 100 1000 10,000 | 100,000 0000001 | 0.0000! | 0.0001
HRS. HRS.* | HRS. HRS. %/HR. | %/HR. | %/HR. -
1350 | 15.0 TEM, DURATION,INTERCEPT, MINIMUM [TRANSITION| TOTAL EXT. | TOTAL, E‘-’-’"dwm
- “CREEP RA TIME, |CREEP RUPTURE | AFTER
1500 82 5.5 R T il AR I % TEST),% | TESTING
1400] 20 23,0 R 0.17 8.0
400 15 97,2 R 0,047 8.5
@ 1400 6 1006 0.175 0.00012 >1006 0.27
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1600} 10 | 18.3R 0.23 6.0
TEMPERATURE ON PROPERTIES OF METALS pe00) 8 f 85 R 0.40 0.029 30 10.0
TYPE OF TYPE OF SIZE OF 1600 | 4 809 0.14 __|0.00014 >809 0.23
MATERIAL 25 - 20 5i [ME_TiNG FURNACE HEAT 1800 6 16.9 R 0,38 14.5
GHEMICAL COMPOSITION, [c[m] P s siJer[Ni[mMoTco[Tiar | 1800] 4 194R | 0.18 |0 006 80 3.0
PER CeNT [-osdosz] | lisafzace]io.s 1 | hsoo! 3 539R | 0,17 |o.o023 140 3
DEOXIDATION 1800 2 1002 0,06 0, 000033 >1002 0,078
FORM-CAST OR WROUGHT __ Sheet Rooo [ 25 70,6 R 0.011 8.0
HEAT TREATMENT Annealed 2000] 10 1175 R | 0,03 0, 00033 450 172
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, IOOOPSI (2} GREEP RATE, 1000 P.S.|.(2) ASTM-ASME JOINT COMMITTEE ON EFFECT OF
°F 100 1000 10,000 | 100,000 |000000! | 0.00001 | 0.0001 TEMPERATURE ON PROPERTIES OF METALS
HRS. HRS. HRS. HRS. %/ HR. | %rHR. | %/HR. TYPE OF o SIZE OF
1200 27,0 |19,5¢ MATERIAL IME_TING FURNACE HEAT
1500 7.2 |4,6* cHEMlCALooMPosnmN[cl""lP|5|5'l°'t"' MoJobJTi [m] T
PER GENT [rofial [ {rapecod T [ "7 ]
DEOXIDATION
ORIGINAL CREEPAND RUPTURE DATA FORM-CAST OR WROUGHT—Cact
HEAT TREATMENT As Cast
- MICROSTRUCTURE None
frew buraTioninTERCEPT) MINIMUM [TRANSITION] TOTAL EXT, | TOTAL mzmgdmﬁéssl
F ’ g&b T R CREEPRATE) | TIME,  [OREER TESTH W e | 1ESTNG
11200]45.0 2.7R 14,0 CREEP AND RUPTURE STRENGTHS
1200[ 40,0 7.9R 13,5 STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
1200} 35,0 19.0 R 30,0 TEMP, INDICATED, I000P.S.I.(2) CREEP RATE, 1000 PS.I.(2)
hz00|30,0 | 35.0R 22.5 °F 100 1000 10,000 100,000 {0.000001 | 0.00001 | 0.0001
1200 | 28,0 50,0 R 26.0 HRS. HRS. HRS. HRS. %/ HR. “Ye/HR. %e/HR.
1200 [ 27,0 | 156,0 R 36.0 | 1200 15.0 11.0 7.0%
1200] 25.0 73.0R 40,0
1200 (23,4 319,88 R 9.0
p200| 20,0 809.6 R 22,0
1500110,0 20,0 R 26.0
1500 8.0 57,0 R 21,5
1500 7.0 117.0 R 27.5
1500] 6.0 300,0 R 29,0
00} 5.0 | 608.0R 28.0 (3) DURATION OF TEST {RUPTURE TEST INDICATED BY R),

(4) THE INTERCEPT S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD
CREEP RATE.

STAGE, OR AN ACCELERATING



ORIGINAL CREEPAND RUPTURE DATA

TAL EXT. [ TOTAL ASTM-ASME JOINT COMMITTEE ON EFFECT OF
—_— TIONJINTERGEPT, MINIMUM_[TRANSITION! TO ame'mmmﬁvm
" E3h RO Geiar "CREEPRATEY " TIME, ™ IoREERTESTY (UETES | BETHG TEMPERATURE ON PROPERTIES OF METALS
L 12.0 TYPE OF [Tvps OF SIZE OF
1200 50 R : MATERIAL 310 MELTING FURNACE HEAT
7.0 N n - =
1200113.3 R 0 cHEMICAL cOMPOSITION, | C [Mn] P TS [si [Cr[Ni [Mofch [Ti Lﬂ
200110.0 { 9T8R 20 PER GENT lasli.ad.ooa. 009 g6 fondzod | 1 | 1
00] 8.9 | 3008R DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought
HEAT TREATMENT 1950°F,_Anneal
ASTM-ASME JOINT COMMITTEE ON EFFECT OF SHORT TIME TENSILE PROPERTIES
PROPERT META MODULUS £
TEMPERATURE ON [ES OF METALS TEMPERATURE, oF Wy'EsLE-[:l“) TENSILE | ELONGATION | REDUCTION
TYPE OF 25-20 TYPE OF Size OF oF ELASTIGITY, | STRENGTH, | STRENGTH, | IN 2" IN AREA,
MATERIAL MELTING FURNACE _jHEA T (ELASTICITY, | STRENGTH. | ° 000PS..” | FER GENT | PER CENT
CHEMICAL COMPOSITION, | C | M0 [ P [ S [sifCr[NifmMeTee TTiTAI] | 1 6. To0. R ™
PER GENT .04 T 1 oz | 1 750 25 83 39 54
DEOXIDATION 1000 24, 76, 33, 47,
FORM-CAST OR WROUGHT _ Cast 1200 21, [XH 33. 52.
1300 - 19, 56. 36, 56.
1400 1 4 45
GREEP AND RUPTURE STRENGTHS ) AL 32 2 —=2
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 1600 26. 57, 71.
TEMP, INDICATED, 000 P.S.. (2} CREEP RATE, 1000 PS1.(2) 1700 %0 w9 +o
°F 100 1000 | 0,000 |100,000 |0.00000f | 0.0000f | 0.000! 1800 13 3. 80,
HRS. HRS. HRS. HRS. %HR. | /HR. | /HR. BT o o s
1500 7.2 4.2% 2000 7 76. 80,
2100 5 68, 70
ORIGINAL CREEPAND RUPTURE DATA 2200 4. 54. 57,
2300 3 5. 73.
o 2 81, 95,
mjsrmss&xmr WWTERGEPT, MINIMUM. ITRANSITION] TOTAL EXT. TOTAL ELONG) ARONES
AF: RO (e BT T % TEST), % | TESTING
1500] 6.31 194.7 R 1.07
15001 5.36 347.6 R b @
1500] 8.25 54.5 R| ag ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1500]11.25 15,7 R 13 TEMPERATURE ON PROPERTIES OF METALS
500 13.7 4.5 R| 21 TYPE OF TYPE OF Heroult |SIZE OF |, ¢
MATERIAL 310 MELTING FURNACE _ Ar HEAT ons
QUEMICAL COMPOSITION, Cm]PTs[siJcr [N [Mo[ce[Ti ! Al TCa]
@ Jl 7Jozzl 017| 43 124, 3]19.6].13 | 1 l‘x3|
DEOXIDATION Alumi
ASTM-ASME JOINT COMMITTEE ON EFFECT OF FORM-CAST OR WROUGHT _ W rought Bar Stock
TEMPERATURE ON PROPERTIES OF METALS HEAT TREATMENT 1950°F. ~ 1/2 Hr. W.Q.
TYPE OF TYPE SIZE ;
MATERIAL MELTING FURNACE vl MICROSTRUGTURE Austenite
- - - R
CHEMICAL COMPOSITION,| G [Mn[ P TS T'Si [er]ni[meTer Tri Ta gﬂ:&;‘sﬁ
PER GENT 14 {1 7e 0130 13] 43 [es.dz1.6] .02
DEGXIDATION
FORM-CAST OR WROUGHT _ A1l Weld Metal, Longitudinal Welds SHORT TIME TENSILE PROPERTIES
HEAT TREATMENT Stabilized at 1550°F, as final operation MODULUS OFFSET
MIGROSTRUCTURE Austeniic - coarse grained, cored dendritic - containing fine - TEMPERATURE. | o ity svﬁ'?ké’r': sggzgﬁl ELONGATION RIENDL:\cRQg?
carbideg we istributed 1 ]
GRAIN SIZE LOOOOOOPS.T. | 1000PS., | !O0OPSL | PER CENT | PER GENT
HARDNESS 92 Rb R.T. 36.8 B8B.2 45.0 69,7
1000 22.0 71.8 30.0 58.7
SHORT TIME TENSILE PROPERTIES ]1:83 i}, 38 i;-; ;;g :;.g
00 = . . . .
TEMPERATURE,, OF s %ESS“, TENSILE | ELONGATION | REDUCTION
°F ELASTIGITY, | STRENGTH, | STRENGTH, | _IN2/, IN AREA,
1.000000PS., | 1000RS.). | 'OOOPSI | PER CENT | PER CENT
Room 20,1 57.5 91,0 36,7 43,7
300 22.2 17,2 38,2 50.6 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
——sgg ZL: ; :3? Zl 1 32.9 433 % TEMPERATURE ON PROPERTIES OF METALS
9 7 7.3 32.2 . -
1000 17.4 36,1 65.4 36.2 41,2 e sscr-20m e o eaces S [SEE
1050 15.4 37.4 62,7 31.8 38,1 i i i
YT v = CHEMICAL COMPOSITION, | © M0 [P [ S Tsi [Cr[Ni [MoJch [Ti [&1]N,]
) 36 61.2 33,5 38,2 LS
[05 1.98I.015I.015 .49 P4, §l§0.4 l 12 [
DEOXIDATION
CREEP AND RUPTURE STRENGTHS FORM-CAST OR WROUGHT
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED HEAT TREATMENT
TEMP, INDICATED, 1000 P.S.. (2} CREEP RATE, 1000 PS1.12) MICROSTRUCTURE
°F 100 1000 | 10,000 ]100,000 |0.00000t | 0.00001 | ©0.0001
HRS. HRS. HRS. HRS. %R, | %e/HR. | %R, GRAIN SIZE
5.0 HARDNESS
1100 32,0 24.0 17, 0% 17,0 24.0
SHORT TIME TENSILE PROPERTIES
PAND RUPTURE DATA NMODULUS OFFSET
ORIGINAL CREEPAND €D TEMPERATURE, OF YieLp(y | TENSILE | ELONGATION | REDUCTION
3 ELASTICITY, | STRENGTH, | STRENGTH, IN 2", IN AREA,
NTERGEPT]. MINIMUM ITION] TOTAL EXT. | TOTAL ELONGIHARDNESS] 1000000pPS.i. | 1000PS.|. | !000PSI | PER CENT | PER GENT
F, R NTERGT TCREEP RATE]  TIME, WEP.,_'ES“ E | ALTER. 1800 25.0 15.0 30.0
* [158b rHR. | HRS.G) TEST), % 1900 15.0 3.5 4.0
1000] 50.0 32 16.0 2000 11.5 42.5 88.5
1000 | 45.0 73.6 R, 12.0 2100 3.0 48.0 91.5
D100 ] 45.0 6.5R 13,0 L2200 5.8 54.0 97.5
100 35.0 68.3 R 2.5 2300 4.5 58,0 99.5
1100 | 30.0] 162.9R .02 .0019 100.0 3.5 2400 4.0 60.0 100.0
too | 23 0 Lisss 9 &] 07 cooir | 1400.0 1.0 3 DURATION OF TEST {RUPTURE TEST INDICATED BY R).
t100] 250 504 0 R 4) THE_INTERCEPT |S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
100§ 20,0 /2187 062 (1] 231 2187+

(8) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
() 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. CREEP RATE.

(2) EXTRAPOLATED VALUES INDICATED BY #
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250r-20Ni +2Si

©

ASTM-ASME JOINT COMMITTEE ON EFFECT OF

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TEMPERATURE ON PROPERTIES OF METALS TYPE OF TYPE OF Heroult Arc SIZE OF
JYPE OF 554 | SIZE OF MATERIAL 314 MELTING FURNACE HEAT
MATERIAL MELTING Fl.HNACE Arc _|HEA] 10 tons cHEMICAL comPosiTion, | C (M P s Tsi[crNi[MoJcoTTiJar|
GHEMIGAL COMPOSITION, | C P SiJCr]Ni [MoJob JTi [Ar] T PER GENT 113164 010, 009l2, 0424, 320.3 | |
PER CENT 1
16 1.52.021.0152.22[2502{3).91 i 11 DEOXIDATION Alumi
DEOXIDATION FORM-CAST OR WROUGHT Wrought Bar Stack
FORM-CAST OR WROUGHT _Wrought - 1" Rd. HEAT TREATMENT 1950°F T, by Wa T T3S0 F 5hra Wa
HEAT TREATMENT 2000 F - W.Q. MICROSTRUCTURE
MICROSTRUGTURE GRAIN SIZE
GRAIN SIZE HARDNESS 88 Rb
HARDNESS
ORIGINAL CREEPAND RUPTURE DATA
CREEP AND RUPTURE STRENGTHS
E“Eﬁ MINIMUM_[rRaNSITION] TOTAL EXT. [ToTAL ELONGHARDNESS
RESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED B N INTERCEPT.\CREEP RATE|  TIME,  JGREEP TEST) (RUPTURE | AFTER
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PS.).(2) %/HR, | HRS.(5) % TEST),% | TESTING
°F 100 1000 | !0,000 |i00,000 |0.000001 | 0.00001 | 0.0001 1200 19 230, 3R 17.5
HRS. HRS. HRS. Y%/HR. Ye/HR. “/HR. 12000 17 413, 6 R 14.0
. 8.8 3, 7%
1600 3.2 -
1.5 78% 1500] ¢ 92.7H 18,7
1500 4 290.1H 20,0
ORIGINAL CREEPAND RUPTURE DATA
MINIMUM imon| ToTaL ExT. [Tom .E
; DURATIONINTERCEPT\ IR T U AFTER ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
%l HOURSG] “/HR. HRS.(5) b TEST),% | TESTING TEMPERATURE ON PROPERTIES OF METALS
o 9 34 TYPE OF TYPE OF SIZE OF
:gz ls 1221{ 35 MATERIAL i lME.TING FURNACE _A7¢ HEAT 10 tons
1400] a3 32 cHEMICAL CoMPosITion, | G [Mr T P IS TSiTor [N [MoTce [TiTa] T
PER G 1611, 52, 021l oxglug,_o@ 9 R
1600 15 . 4R 48 DEOXIDATION
1600] 10 2.5R 49 FORM-CAST OR WROUGHT Wrought - 1" Rd
1600 A 28R 54 HEAT TREATMENT 2100 F - W, O,
1600 3 118R. 70 MICROSTRUCTURE
2 | 265R 159 GRAIN SIZE
1800f 5 18R ™ CREEP AND RUPTURE STRENGTHS
jagal 1.5} T2R e TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
o] 1 | s14m TEMP, INDICATED, 1000 P.5.. (2) CREEP RATE, 10CO PS1.(2)
°F 100 1000 | 10,000 ]100,000 |0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. % HR. | %/HR. | %w/HR.
1600 6.2
1800 3.2
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS ORIGINAL CREEPAND RUPTURE DATA
LX’;‘EE?IF\L 314 MELTI??E Hm&dumun 5'&5 *
- : minivum_[rransimion] Tota exT. [ToraL HARDNESS]
Cim[P[S|Si|or|N |Mojcb|Ti & revelsresslouar INTERCEPT,\CREEP RATE]  TIME,  JCREEP TEST)| (RUPTURE | AFTER
GHEMICAL COMPOSITION, [T Jar] * 1 530 3 ldl e N, Al e | 85T
. 10}1, 39 2, 30125, 3{19, 9| l ‘V 10
DEOXIDATION 1600 1R 1
FORM-CAST OR WROUGHT Wrought - 17 Rd, 1600] 7 5R 10
HEAT TREATMENT 2100 F - W, O 1600 6 120R 12
MIGROSTRUGTURE 1600 5 23R 21
GRAIN SIZE
HARDNESS
ligoo] 3 105 R 39
1800 2.5 151 R 32
CREEP AND RUPTURE STRENGTHS
TRESS FOR RUFTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDIGATED, 1000 PS.. 12} CREEP RATE, 1000 PS.1.(2)
°F 100 1000 | 10,000 ]100,000 |0.000001 | 0.00001 | 0.000i ASTM-ASME JOINT COMMITTEE ON EFFECT OF
— 6Hl:s. H;S; _{ HRS. HRS. Fo/HR. | %rHR. | %HR. TEMPERATURE ON PROPERTIES OF METALS
- : TYPE OF TYPE 12
1800 | 3.6 1.7 MATERIAL 314 IMELT"% FURNACE i &
cHEMICAL comPosiTion, [ C [ P [ S [Sifor[Ni[MoTcn [Ti [AITr.]
PER CENT .25[2.0[ 03] 03] 2.0[25. d20.q [5at
ORIGINAL CREEPAND RUPTURE DATA DEOXIDATION
FORM-CAST OR WROUGHT 0.035 in, sheet
HEAT TREATMENT Anncaled
1. [Ton
rewe TIONNTERGEPT] MINIMUM [TRANSITION] TOTAL EX wdmﬁggsx
7 [\E5k | PO S CER | e TEST),% | TESTING MICROSTRUCT URE
GRAIN SIZE
1600} lg 9 R 16 HARDNESS
1600 49 R 10
600] 5,50 1o K 13
1600 e m SHORT TIME TENSILE PROPERTIES
T MOoULUS oSy | TENSILE ELONGATION | REDUCTION
TEMPERATURE, oF IELD!
F ELASTICITY, | STRENGTH, | STRENGTH, N 2°, IN AREA,
oo 5 iR A 1000000Ps.|. | 1000PS.I. |I000PSI. FER mT PER CENT
800) 4 69 R 20 10 35,3 8.9 50.0
'}361 > Tona 5 1600 15.5 19.0 53.0
{3 DURATION OF TEST (RUPTURE TEST INDICATED BY R).

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
te) EXTRAPOLATED VALUES INDICATED BY *

8)

{81
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THE INTERCEPT 1S THE PROJECTION BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP

THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.



ORIGINAL CREEP AND RUPTURE DATA

ORIGINAL GREEPAND RUPTURE DATA

MINIMUM ITioN| TOTAL EXT. [TOTAL ELONG] reme) minimum_frransiTion] TOTAL EXT. [ToTaL FLONGHARDNES]
Taﬁb}mﬁjm [NTERCEPT.GREFF RATE]  TIME, TESTY (RUBTURE | AFTER i wm INTERCEPT e [ v IR TEST, "WROPTURE | ALTER
| B %W/HR. | HRS.G} TEST),% | TESTING o %/HR. |. HRS.(5) % TEST),% | TESTING
1600} 5.5 0.9 0,18 1400] 20 11,4 K 0.66 16
1600 5.5 2.4 0.56 " 6 958 0.13 0.0002 720 0.34
1600 5.5 13,0 —4.0
1600 5.5 | 42 oR 25.0 o 12 6.5 R 091 15
1600 3,175 9.0 0,2
1600 3,75 20,0 62.0
1800
1600] 3,75| 64.0 3.3 8 2,3 R! 2.6 14
1600 3 75| 2000 22.0 " : 18, 7 R 0,098 10.5
1600] 2.0 | 32,0 0.15 “ 163 Rl 054 0.0079 115 8.5
1600/ 2.0 [ 82.0 0.48 " 2 1001 0.05 0, 000055 >1001 0,09
1600f 2.0 [270.0 2.3
1600f 2,0 | 780, 0 8.2 2000] 1% 3.3 R 0.78 39
" 2.5 8.4 R 0. 0026 4
W 1.o| 1057 R] 0,059 0. 00034 380 9
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF 314 |wps OF SIZE OF ASTM-ASME JOINT COMMITTEE ON EFFECT OF
MATERIAL MELTING FURNACE _|HEAT TEMPERATURE ON PROPERTIES OF METALS
CHEMICAL COMPOSITION, | C [ ] P TS TSiTcrINi [Mofeb[Ti [Al [, ] TYPE OF TYPE OF Ajax Iaduction  [SIZE OF
PER GENT EEIEXEX I Toa1] MATERIAL 314 MELTING FURNACE HEAT
DEOXIDATION GHEMICAL COMPOSITION, Clmn]Pis[sifor|nimofouTTi [ar] T
FORM-CAST OR WROUGHT 0.040 in, Sheet CEN 143[1 82 oo7J,oos|z, 18]25, 1|@.6 | | I | [
HEAT TREATMENT 1900 ¥ Anneal DEDXIDATION Silicon
FORM-CAST OR WROUGHT Wrought Bar Stock
SHORT TIME TENSILE PROPERTIES HEAT TREATMENT 1950° F LHr WQ
MODULLIS OFFSET MICROSTRUCTURE
TEMPERATURE, OF YIELDt} | TENSILE EUJNGATION REDUCTION SRAN-STZE
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2% IN AREA,
1,000000PS.|. | 1000PS.L. || '0OOPSI. PER CENT | PER CENT HARDNESS
70 39.7 92,5 57
SHORT TIME TENSILE PROPERTIES
GREEP AND RUPTURE STRENGTHS TemperatoRe, | T OOF . | viecow | TENSILE | ELONGATION | REDUCTION
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESJGNATED °F ELASTICITY, | STRENGTH, | STRENGTH, \ IN AREA,
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PS.1.(2) 1,000000PS.I. | TooORS. '] '000PSL’ | PER GENT | PER GENT
°F 100 1000 10,000 100,000 |0.00000t | 0.00001 | ©.000I RT -— 52.0 96. 9 45.0 65.5
HRS. HRS. HRS. HRS. % HR. “%/HR. “’HR. 1000 - 30,5 79,8 41,0 52,0
1200 27.0 TI00 — 32.5 71,3 37.5 35.0
T500 3.2 1200 = LAY 50,0 35T I7.5
1500 e 15.0 25.0 55,0 50,5
ORIGINAL CREEPAND RUPTURE DATA
reme oURAT TN INTERGEPT.| MINIMUM_[TRansiTion] ToTAL EXT. [TOTAL £LoNGlHARDNESS
* &9 MO Gty [CREEP RATE{ " TIME, ™ JGREEP TEST), (RUPTLRE' | _AFTER ASTM-ASME_JOINT GCOMMITTEE ON EFFECT OF
- s TEMPERATURE ON PROPERTIES OF METALS
1200 32.4 | 30,6 R = TYPE OF TYPE OF rd
1200] ,¢. 4 | 135.6R 15.0 MATERIAL ‘Msﬁlm FURNACE EEA%'OF
I.6 K =
oo 5.7 s giemioar cowposirion, [ © [ ¥ P s [si [Gr T [wo feo [7i [ar ]
[EC] IO TS wsll | oo T T 1 1]
. 4 R - DEOXIDATION
1900] 2.7 | 7.6 R - FORM-CAST OR WROUGHT 3/4"Dia. Bars
HEAT TREATMENT
@ MICROSTRUCTURE
GRAIN SIZE
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HARDNESS 183 BEN, 90 Kb
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF OF Induction SIZE OF
MATERIAL |MELTING FURNACE HEAT 220 lbs. sL:(;RT T'“gF;EE?S'LE PROPERTIES
CHEMICAL COMPOSITION, | C [Mn ] P ['S TS TCri i [MoTce TTi Tal Ty | TEMPERATLRE, OF YiELDw | TENSILE | ELONGATION | REDUCTION
PER CENT 0. 310, 58 ] ]z 12125 6‘20 1 l l Io “’1 °F ELASTICITY, | STRENGTH, | STRENGTH, N 27 IN AREA,
ol S — . 1000000PS.,, | 10CORS.), | | OOOPSL PER CENT | PER GENT
DEOXIDATION None- Except Late Silicon Addition 70 30,8 29,8 102.7
FORM-CAST OR WROUGHT Cast S0 zz' . 40. > : 2, 34.0 38,7
None (As Cast) A . 2.3 28 0 41 9
HEAT TREATMENT 1000 24.5 36.0 77.0 29.5 43.1
MICROSTRUCTURE Austenite and Carbides 1200 20.5. 15.0 L5 62,45 8.5 525
GRAIN SIZE 1400 9,2, 14,0 20,0 38,3 54,0 70,3
HARDNESS 163 BHN 1600 2.8 13.0 22.25 64.0 78.8
SHORT TIME TENSILE PROPERTIES ORIGINAL CREEPAND RUPTURE DATA
MODULU: OFFSET
TEMPERATURE, o;. s YIELD() S,}'ENSEH ELONGATION Rﬁ?fggg"
oF ELASTICITY. | STRENGTH RENGTH, X W MINIMUM_[TRANSITION| TOTAL EXT. | TOTAL ELONGIHARDN
1000p00rst | ooopst || 1000PSL’ | PER CENT | PER GENT S T A IO NTERCEPT.\REFP RATE) | TIME, BT TR Faeonesd
X 1. . 1§k [T 5] % TEST).% | TESTING
Room Temp, 76,5 22.0 25.1
Room Temp,* 75.8 6.0 9.2 1200| 3.0 624 067 .00018 624 Rb 89,
Room Temp¥ 80,5 6.0 7.0 | 1200]10,0 3tz 0 . 0046 312 Rb 90,
* Aged 14p0 F, 24 hrs,, J.C. 1400] 3.0 288 100 0064 288 Rb 92,
1600 1,0 456 . 105 . 0045 360 Rb 92,
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEmP, INDICATED, Q00 P.S.1.(2) CREEP RATE, i000 PS.1.12)
°F 100 1000 10,000 [10G,000 16000001 [ G.000OI | 0.0001
HRS. HRS. HRS. HRS. e HR. 1 %o/HR. e/ HR. (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R},
1400 5, 2%
2 @ THE INTERCEPT |S THE PROJECTION BAGK TO ZERO TIME FROM THE PORTION OF THE
1800} 4.4 3,0% 2.2 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP R
2000 2,35 1.05 96 STAGE, OR AN ACCELERATING

(1) 0.2 PER GENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED BY *

110

) THE TRANSITION TIME iS THE BEGINNING OF THE THIRD
CREEP RATE.



I5Cr-35Ni

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

®

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
12) EXTRAPOLATED VALUES INDICATED BY *

111

TEST SHOWING THE MINIMUM OR SECONI

TYPE OF TYPE OF SIZE OF Vi
MATERIAL 35 Ni-15 Cr IME.TING FURNACE Elec. ArdHEAT 2000 lbs. MATERTAL Iyﬁ'lﬁg FURNACE Induction |REAT O30 Ibs,
gEHEMéé:#coMPosnlon,lcl“‘lP|5|5'|°'|”' Molcb [Ti [Ar] | cHEMIGAL COMPOSITION, | © [Mn] P TS TSI TCrTNi [MoToo [Ti [al] N
.o [.59 Lowo[.o1dinefie.of3s.{ - [-7- -1 | PER CENT 0.191.04 - | - |o.edhe.olss.a] < | - |- | - Jo.os|
DEOXIDATION Silicon DEOXIDATION Ferro Silicon
FORM-CAST OR WROUGHT _ Wrought FORM-CAST OR WROUGHT ___Wrought, 3/4" Dia.
HEAT TREATMENT W.Q. 2000°F. HEAT TREATMENT 2000°F, A.C. + 2250°F, - 1 hr, - W,Q.; 1550°F., - 6 hrs. - W. Q.
MICROSTRUCTURE Equi~Axed, Austenitic, Carbide Free MICROSTRUCTURE
GRAIN SIZE 375 (Actual) GRAIN SIZE
HARDNESS 143 BHN HARDNESS
el TME TENSILE PROPERTIES CREEP AND RUPTURE STRENGTHS
M T Y TENSILE ELONGATION REDUCTION STRESS FOR RUPTURE IN TIMES STRESS FOR DESiIGNATED
TE F‘E§F§\ URE, ELA s(ru:m, srn'gkgr‘u STRENGTH, N 2" IN AREA, TEMP, INDICATED, 1000 PS.1. (2} CREEP RATE, 1000 PS..12)
1000000FS.(. | 1000pPS.. | '0O0PSL PER CENT | FER CENT °F 100 1000 10,000 [ 100,000 [0.000001 | 0.00001 | 0.0001
” ™ =2 m — HRS. HRS. HRS. HRS. “%rHR. | “/MR. | %/HR.
1200 23.0 51.5 18 20 1500 5.6 3.12 2.0
1300 21.90 41.0 11 17
1400 21.0 33.0 15 20 ORIGINAL CREEPAND RUPTURE DATA
1500 19.5 25.0 21 21
toog 1 2 v ETRESSI wiviMow [TRANSITION] ToTay ExT. [ToTa, FLoNGlHARDNESS
1800 8.3 27 24 TEM O INTERCEPT.\CREEP RATE| | TIME,  [CREEP TEST)) (RUBTURE | AFTER
F |i5ge | HORst %/HR. | HRS.(5) o TEST),% | TESTING
CREEP AND RUPTURE STRENGTHS 1500 6 88.2R 2.0
TRESS FOR RUPTURE IN TIMES STRESS FOR DES)GNATED 5001 5 130,9 R, 1.5
TEMP, INDIGATED, 1000 PS..(2) CREEP RATE, 1000 PS./.(2) 1500 4 288 R 5.5
°F 100 1000 10,000 |100,000 j0.000001 | 0.00001 | 0.0001 15004 3.5 | 498 R -
HRS. HRS. HRS. HRS. %HR. | %/HR. | %/HR. 1500] 3.5 | 498 000 | .o00510 L60
1200 22.0 12.2 6, 9% 3.8% 5.5 8,7 1500] 2.0 |2080 . 0040 . 000110 550
1300 13.0 8.0 4, 8% 2.9% 4.4 7.0
1400 8.8 5.7 3,8% 2,5%
1500 6,6 3.4 1. 8% 1,0% 1.5
1600 4.4 2.6 1,4% 7*
1800 2.0 1.2 7% ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
@ MATERIAL _330+Cb | W8 rumnace induction |SE25 O 2500 s,
Cl M| P]S[SiJGr|Ni [Mo[cE|Ti Al
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF GHEMICAL COMPOSITION, Fefeiels] | frial |
TEMPERATURE ON PROPERTIES OF METALS lwo el | Dorlscopsd] e | | |
DEOXIDATION
TYPE OF TYPE OF A@x  [SIZE OF -
MATERIAL 330 MELTING FURNACE Induct. |HEAT 530 Ibs, FOR':?:ESTT%HB\“”TROUGHT Z;«:)us}}n - ‘SN/GQm. 5q.
- HEAT TREA F. - W.Q.
CHEMICAL CoMPOSITION, | C [M] P TS TsifcrNi [Mofcb [Ti [ Al |
PER CENT MICROSTRUCTURE
. 052]1, 311.006 .0%‘.62 Il5.3L35. 1 I =
DEOXIDATION Silicon GRAIN SIZE
FORM-CAST OR WROUGHT __ W rought Bar Stock HARDNESS T6Rb
HEAT TREATMENT 2000°F, - 1/2 hr. W.Q,
MICROSTRUCTURE Austenite CREEP AND RUPTURE STRENGTHS
GRAIN SIZE STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
HARDNESS TEMP, INDICATED, ID00 P.S..{2) CREEP RATE, 1000 PS.I.2)
°F 0 100 1710,000 [100,000 10000001 | G:00CGT | Q.00
SHORT TIME TENSILE PROPERTIES — HRS s | HRs. | HeS 2/HR. | Ye/HR. | PerHR.
S OFFSET
TEMPERATURE. Mm(l#'u YIELD{D TENSILE EMGATIM REDUGTION
o ol eLasTICITY, | STRENGTH, | STRENGTH, [ IN2" IN AREA, ORIGINAL CREEPAND RUPTURE DATA
1060000PS.i, | 1000PS.), ' | '000PSI. PER GENT | PR GENT
Rm. Temp. - 44,8 80,3 47 68.3 minIMuM_frRansiTion] TotaL ExT. [Tor HARDNEQ
w&@m INTERCEFT.\REEP RATE]  TIME,  [GREEPTEST), e
1884 /MR, | HRS.5) % TEST.o | TESTING
CREEP AND RUPTURE STRENGTHS ool 1 e -
STRESS FOR RUPTURE TN TIMES TRESS FOR DES 1500 8 | 156R 26
TEMP INDIGATED, 1000 PS.1. “TReee RATE, 1000 A& 2
-.
°F 100 1000 | 10,000 1oo,ooo 0.000001 | 0,00001 | 0.0001
HRS. HRS. HRS. HRS. %HR. | %/HR. | %l/HR.
1500 7.8 4.9 3.1% 2.0%
1200 i9.5 12,0 7,5% 4,7%
ORIGINAL CREEPAND RUPTURE DATA
revelsmeselousar onlivremeer | Mt TrRateiTon] oAy o, Toray Rl uconEes
F | S5t [ HoURSE - %@ SR | e % TEST),% | TESTING
1500 8.0 97.0 R 18,2
1500 6.0 335.9 Rj 18,2
1500 4.012974,.8 R 4.8
1200 35,0 2.8 R 15.0
1200 30.0 11,5 R 11,5
1200 28,0 14,5 R 11,0
1200] 20,0 88,2 R 1.5
1260 13.5] 645,2 R 6,5
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
(@) THE_INTERGEPT |S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

D-STAGE CREEP RA

% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE. OR AN ACCELERATING
CREEP RATE.



®

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

©,

H. F.

TYPE OF TYPE OF __|SIZE OF TYPE OF TV
MATERIAL WL T FURNAGE Induction |BEAT 220 1bs. MATERIAL lMﬂP.‘ETI% FURNACE_Induction |HEAT
crEmicaL composiion, [ C [T P TS TsiTor[Ni [MoJop ITi [al]n] CHEMICAL COMPOSITION, [ G M| P j S |Si [or[Ni [Moce [TiJaT] T
PER CENT o. 560, 8 b2tis.olaed | | | Jo.od PER CENT 46 147 1.22]15.1{34. 7 1T
DEOXIDATION None - Except Late Silicon Addition DEOXIDATION Ferrosilicon
FORM-CAST OR WROUGHT __Cast FORM-CAST OR WROUGHT __ Cast, 3/4" keel block
HEAT TREATMENT None (As Cast) HEAT TREATMENT &5 cast
MICROSTRUCTURE Austenite and Carbides MICROSTRUCTURE
GRAIN SIZE GRAIN SIZE
HARDNESS 187 BHN HARDNESS 187 BHN
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULUS OFFSET
TEMPERATURE, OF y".;sfm., TENSILE | ELONGATION | REDUCTION TEMPERATURE, OF YIELD() | TENSILE | ELONGATION | REDUCTION
oF ELASTICITY, | STRENGTH, | STRENGTH, IN 27, IN AREA, L3 ELASTICITY, | STRENGTH, | STRENGTH, N 2%, IN AREA,
1000000PS.. | 1000RS... || 10COPSL | PER GENT | PER GENT 1000000PS.(. | 1000Rs.. | 1000PSL’ | PER CENT | PER CENT
Room Temp, 68 8.5 10.7 RT 33 60 7 12.4
_Room Temp.* 86 4.5 3.7
—¥Xged BUUF., 2 Hrs.; FL o
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED RESS FOR RUPTURE IN TIMES STRESS FOR DESIGNA
TEMP, INDICATED, 1000 Pa1. (29 CREEP RATE, 1000 PS..(2) TEMP, INDICATED, 000 P.S.I.(2) CREEP RATE, 1000 e
°F 100 1000 | 10,000 |100,000 [0.00000F | 0.0000t | 0.0001 °F 100 1000 [ 10,000 100,000 [0.000001 | 0.00001 | 0.000!
HRS. HRS. HRS. HRS. FW/HR. | %rHR. | %esHR. HRS. HRS. HRS. HRS. WHR. | %e/HR. | %’HR.
1400 18.0 14.0% 8,.8% 1800 1.5
1600 9.0 6.3% 4.6%
1800 4.5 2.8% 2.2% ORIGINAL CREEPAND RUPTURE DATA
ORIGINAL CREEP AND RUPTURE DATA
MINIMUM TIoN| TotaL EXT. | ToT) E’ﬂ;‘d“‘“’{?
FEemR ] e =] TEETho0 | TESTING
MINIMUM_ITRANSITION| TOTAL EXT. [ TOT. "Wﬁ J
T?FP i NTE:‘W RATE| TIME, JCREEP TESTY ‘E@d AFT| . 00001
- Bh FROR T e % TESTL% | TESTING
1400] 30 l 10 1.2 17.0
1400 20 52.1 R 0.16 20.5
1400 15 {392, Ri. 0.54 | 0,0086 200 2 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
Mg 10 otz 043 00001 >i002 0.70 — TEMPERATURE ON PROPERTIES OF METALS
-1:_' : TYPE OF SIZE
1600) 7 506 R 0,10 0.00098 300 2 MATERIAL IM&TING FlRNM:E HEAT o Commercial
:ggg 5 1002 o — (;(:(‘)018 1002 0,31 e GHEMICAL cOMPOSITION, | © [ M0 Si [cr[Ni [mofce [Ti[al
ol < 1 orex o5 e A, 157 [1.50] .50 15, 8j35.8 |
11800] 3 645, R 0,06 0.00081 185 20 FORM-CAST OR WROUGHT __ Cast
HEAT TREATMENT As Cast
MICROSTRUCTURE
GRAIN SIZE
ASTM-ASME JOINT COMMITTEE ON EFFECT OF HARDNESS
TEMPERATURE ON PROPERTIES OF METALS
e S T - Lo ORIGINAL CREEPAND RUPTURE DATA
GHEMICAL COMPOSITION, [cm e Ts Tsifcr]ni [MoTob i [al]re
[kl | [radieps.e 46. rewe) NTERGEPT | MINIMUM Ton] ToTa_£xT. [ToTAL wm
VCREEP RATE| TIME, JCREEP AFTER
DEOXIDATION F B Teld) ik | e % TEsThee | TESTING
m%SIT%RmW”T Cast taco [ 1 [ 1800 025 | .000016 1560
MICROSTRUCTURE
GRAIN SIZE
HARDNESS 197 BEN
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF 02%YIELDU) TENSILE | ELONGATION | REDUGCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2", IN AREA,
LOOODCOPS.I. | 1000PRSI. | !00OPSI | PER CENT | PER GENT
R.Y. 23.21 75,500 12 11
GCREEP AND RUPTURE STRENGTHS
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS1.(2) GREEP RATE, 1000 PS.1.(2)
°F 100 1000 | 10,000 ]i00,000 [0.000001 | 0.00001 | 0.000i
HRS. HRS. HRS. HRS. %/HR. | o/HR. | %/HR.
1500 9.4
ORIGINAL CREEPAND RUPTURE DATA
MINIMUM_[rRansiTion] ToTaL EXT. [ToT, HaronEs
?@M‘W Ve T, jree Tesh) G AFTER
168k %/HR. | HRS.(S) % TEST),% | TESTING
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
1500 25.4 | O.2R 22 41 THE INTERCEPT IS THE PROJEGTION BACK TO ZERO TIME FROM THE FORTION OF THE
15001 8,721 162.6R kY. TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *

(5 THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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MISCELLANEOUS

ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

O]

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

El i ] TYPE
MATERIAL 16Cz - 13Ni - 3Mo ‘ ims FURNACE are &zﬂr“ mfai‘“_ 20Cr - 10Ni lm}.y% FURNACE Acid Arc % o
CHEMICAL COMPOSITION, | C | M0 S S |CriNi[MofCh Ti & GHEMICAL COMPOSITION,| C [ ] P [ 8 [ Si [cr[Ni [moTco [Ti Jar[se
N
PER CENT .13].36f.014.004.19¢5.0{13. 43.07] - | - - PER CENT .13 |. 62 | 033}, 011]1.8120. 9010, 5 .21
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought 1" round FORM-CAST OR WROUGHT _Cast
HEAT TREATMENT HEAT TREATMENT 2000°F. Water Queach
CROSTRUCTURE . ICROSTRUGTURE
M Austenitic M
GRAIN SIZE GRAIN SIZE
HARDNESS HARDNESS Brinell 159
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUIS OFFSET MODULLIS OFFSET
TEMPERATURE, 3 viELD() | TENSILE | ELONGATION | REDUCTION TEMPERATURE, OF viELDt) | TENSILE |ELONGATION | REDUCTION
L3 ELASTICITY, | STRENGTH, | STRENGTH, | IN2', IN AREA, * ELASTICITY, | STRENGTH, | STRENGTH, | IN2', IN AREA,
1D00000PS.(, | 1000PSI. 1000 PSI. PER CENT PER CENT 1900000PS |JOOOPS.| JO00PS). FER PER CENT
1400 39.17 19.0 30.2 70 22,0 35.5 81.0 40.0 45,8
1600 35.92 27.5 52.2 300 21,2 25.5 71,0 36,0 48,6
1800 19.29 10.2 26.1 500 20.0 23.5 £9.0 35,8 49,5
2000 7.66 60.0 64,4 900 19.0 23,0 67.5 35.0 46,6
2200 4.23 6.7 74.1 1000 16.5 20.3 62.6 30.5 44.0
2300 3.36 92.5 38.5 1200 15.5 17. 6 45.1 22.0 37.0
1400 12.5 17.0 33.9 21,0 39. 6
ASTM-ASME JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS ASTM-ASME JOINT COMMITTEE ON EFFEGT OF
TY% F—YP; Eleciric E&E oF TEMPERATURE ON PROPERTIES OF METALS
IAL 16Cr - 13Ni -3Mo ms FURNACE Arc ) TYPE OF TYPE OF TSIZE OF
ammcu. COMPOSITION, | © s [sifor[Ni [MoJeo [Ti [l MATERIAL 7Cr, 25 Ni MELTING FURNACE Emr
PER CENT .121.77). 021]. 008 .43 f16. d13. 62 68 - | - 1 - CHEMICAL COMPOSITION,| G |MP [ P [ S | SijCr|Ni [MojGh [ Ti | A
DEOXIDATION PER CENT L25]. 68 1.637.1q24. 5
FORM-CAST OR WROUGHT  Wrought 1" round DEOXIDATION
| HEAT TREATMENT FORM-CAST OR WROUGHT __ 1" Dia. Bar, Wrought
MICROSTRUCTURE Austenitic HEAT TREATMENT Annealed
GRAIN SIZE MICROSTRUCTURE
HARDNESS GRAIN SIZE
HARDNESS Rb 83
SHORT TIME TENSILE PROPERTIES
MODULUS SHORT TIME TENSILE PROPERTIES
TEMPERATURE, oF YIELD() TENSILE | ELONGATION | REDUGTION MODULLS OFFSET
r ELASTICITY, | STRENGTH, | STRENGTH, | N2 N AREA, TEMPERATURE oF ¥IELD() | TENSILE | ELONGATION | REDUCTION
Wo00R00PS.(. | jocops. ' | 1000PSL” | FER cET | PER cENT d STRENGTH, | IN2", N
L3 ELASTICITY, | STRENGTH,
1400 39.37 29.0 3.5 1000000PS, | 1000PS.I. 1000PS). | PER CENT PER CEN
1600 26.36 25.0 37.0 70 38.5 91.05 37,5 58.5
1800 16.28 16.7 32,1 300 17.6 34,5 81.9 34,5 59.9
2000 7.65 57.0 6l.3 550 25,4 31.0 78.8 31.5 57.4
2200 4.97 81.2 99.0 800 13.7 29.0 75,0 31,5 55,5
2300 3.27 96,5 100.0 1000 10.7 26.5 68.7 32.0 57.6
1200 11.5 23.5 52.8 42.5 58,4
1400 11.8 16.6 32.9 49,0 53.4
@ ORIGINAL GREEP AND RUPTURE DATA
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS ol Tom =
TEOF 3 Tiectric [SIZE OF treme) nouJ NTERCEPT,}, MINIMUM AL EXY. | TOTAL ELONGIHARDNESS
[MATERIAL 21 Cr ML T FURNACE acc RERY Rl Tl sl TR sl [oae | S | et
C M| P[S|Si|or|N [Mo|Cb]Ti|A ! - d
gékgmcu COMPOSITION, 1004 35,0, 96 04 | ¥<,0001
CENT .09).47]. 010. 009 . 46 0. 6] . 07]. 15 0.4l 72 0.0 + 0030
i 4
25,0, 96 290 *, 0087
FORM-GAST OR WROUGHT 30.0°] 219 .52 L0220 | >219 Rb 85
120¢ 1.5,1 120 -.05 —
3.0 12 01 | *<. 0001
s. | % 04 | %<, 0001
7.0‘ 120 0.0 *,0022
10.¢*] 900 & .20 L0170 600 26.5 RL 73
SHORT TIME TENSILE PROPERTIES 140 .1 256 -, 12 —
MODULLS OFFSET .23 168 .+ .01 | #<.00001
TEMPERATURE, OF NIELD) TENSILE ﬂmTlO;‘ REDUCTION 5 9 oL < . 00002
g ELASTICITY, | STRENGTH, s"E“PEm' IN 2" IN ARE T 1.08] 96 007 | *<,00001
1000000PS. . | Jocors., ' | IO0OPSI’ | PER GENT | PER GEN ol Tes “oso T o00z8
1900 9.5 28.0 98,5 ) — -
Zh 7.5 48.0 86. 0 3.0‘ 144 0,0 *, 0028
2100 3,0 51.0 97.0 2. )l s 0.0 *,0100
2200 3,0 52.0 99, 0 5, 157 R 0.0 . 0380 60 14.0 Rb 71
2300 3.5 54,0 99, 5 160( 1.0 696 0.0 . 00023
2400 5.0 01,0 29,8 3.0 16 R 0.0 . 0320 48 6.0 Rb 71
*Elongation in B inches
* Npt rily the d-st creep rdte
CREEP AND RUPTURE STRENGTHS
FOR RUPTURE IN TIMES BTRESS FOR DES|GNATED
TENE, INDICATED, 1000 PS...i2) CREEP RATE, 1000 PS.1.(2)
°F 100 1000 u.:ggo %o (0.000001 | 0.00001 | 0.0001
HRS. RS, TorHR. ] /bR, | WHR. {3 DURATION OF TEST {(RUPTURE TEST INDICATED BY R),
(@ TrggriNTERGEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

1) 0.2 PER GENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY ¢
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SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
(5 EI:!FE'I;R:;‘TS_EITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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ASTM-ASME JOINT COMMITTEE

ON EFFECT OF

TEMPERATURE ON PROPERTIES OF METALS

| 1l OF OF \ZE OF
W Vit FURNACE Feﬁar ‘ wﬁn FURNACE et
mnmmposmou.L”"‘l’ S|SiJor N Mo [Ti A GEMCH CMPOSITION, GCfMn] P IS Si]cr n Moo Ti [A] w]
.25 47’ h‘ofils.Ju.d T ] [ I | PER CEN -29[ l L961H‘§l5-d l | l! 561
XIDATION
3/4 Dia. Bars, Wrought FORM-GAST OR WROUGHT _ 3/4'* Dia. Bars, Wrought
[HEAT TREATMENT
MICROSTRUCTURE
GRAIN SIZE GRAIN StZE
{raroness Brinell: 762 _ Rb 104 [raroness Brinell: 170 Kb 86- 93
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
NODULIS OFFSET MODULLIS OFFSET
TEMPERATURE, oF ¥IELD( | TENSILE | ELONGATION | REDUCTION TEMPERATURE, oF YIELD) | TENSILE | ELONGATION | REDUCTION
L3 ELASTICITY, | STRENGTH, | STRENGTH, | m 2, IN AREA, - ELASTICITY, | STRENGTH, W | e, IN AREA,
! I.| 1000ps | IOOOPSL | PER GENT | PER GENT 1000000PS.. | (000PS., | '000PSL’ | PERGENT | PER GENT
70 31.6 103.4 129.2 24.0 48.9 70 27.0 47.8 103.1 56.0 71.4
800 22,8 89.0 1130 22,9 41.4 a00 20.0 36.5 97,0 44,5 53,9
1000 20.5 83.5 103, 7 21.0 45.8 1000 24.0, 22.0 30.0 90.8 36.0 34.2
1200 10.1, 12 42.0 77.0 23.0 48.2 1100 24.0
1400 8,0 25.0 47,0 38,5 68,0 1200 21.0,20.0,23.0 35.5 72.8 20.5 21.3
1600 2.2 I 22.5 81,0 84,2 1300 20,0
1400 14.8,_24.0 26.0 45.4 28.0 36.7
1600 13.0 17.0 28.2 52,0 76,0
ORIGINAL. GREEPAND RUPTURE DATA
ORIGINAL. CREEPAND RUPTURE DATA
miniMUM_[rrRansiTIoN] TOT! : [ToT
INTERCEFT, RATE( " TIME, 5, u A
%/HR. | HRS.(S! % TEST), % | TESTING rene: TIONJINTERCEPT | MINIMUM mon] ToraL ext. [ToT [HARDNESS]
F HOURSI] | %ol | RA TIME,  JCREEP AFTER
280 |.00042 > 840 b “e/HR. HRS.(51 % TEST),% | TESTING
9.0 0015 2b4 RR 87 1000} 20,0 | 624 013 000156 | >624 Rb 93
—aBl 0020 2312 Rb 88 1000) 20,0 144 020 *,00002]1
Q71 D046 N0 80 +R38 000132 >480 Rb 87
0.0 0800 12 Bb 82 12000 15,0 | 552 LA82 00033 2552 REb 91
1200] 10.0 | 672 089 | 000010 | >672
100q] 15.0 | 264 004 _[<_ 00001
@ 10§ | 240 010 | + 000012
1201 i 360 090 *,000017
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1308~ 22 0.0 *.0017 Holder Proke Rb 98
TEMPERATURE ON PROPERTIES OF METALS 1400 3.0.] 336 .03 | +. 00008
OF 1ZE OF
rurvece s TR T T 2 B i
s [si[ce [N [Mefce [Ti[al]cu
3,0 | 648 0.0 00144 489
fodirdesd T [ § .14
* Nt thel d-stdge creep Tafe
Bar, Wrought
ASTM-ASME JOINT MITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE_OF 'm’q OF oF
HMATERIAL _ 20Cr - 80Ni MELTING FURNACE &i;
SHORT TIME TENSILE PROPERTIES w[ PSS T Tar
MODULUS OFFSET CHEMICAL COMPOSITION, [or]niimolon [7i Tar] |
TEMPERATURE, oF ViELow) | _TENSILE | ELONGATION | REDUGTION PER GENT T Tole] T2l 1 1 |
L3 ELASTIGITY, | STRENGTH, | STRENGTH, | IN2, IN AFEA, TDATION
I PS5 Ps.. | 1000PSI. | FERCENT | PER GENT [DEOXIDATION _____
X . | 1000RS.L FORM-CAST OR WROUGHT __Cast
70 30.6 70.5 116.7 28.5 46.8 HEAT TREATWENT As Cast
300 - 23,7 53.3 93.2 30.5 52,0 y
550 25,7 52.5 92.9 25.5 47.7
800 23.0 42,0 5 29.5 46,3 GRAIN SIZE
1000 25.6 40.0 81.45 30.0 50.8 [HARDNESS
1200 12.8 32.5 63.2 43.5 59.8
CREEP AND RUPTURE STRENGTHS
FOR RUPTURE IN TIMES GTRESS FOR DES|IGNATED
ORIGINAL GREEPAND RUPTURE DATA Tee, INDICATED, 1000 PS.1. (2} GREEP RATE, 1000 PS..(2)
. °F 100 1000 Iw % jo000001 | 0.00001 { 0.0001
T iON e TERGEPT] MINIMUM TTRANSITION] TOTAL EXT. [TOTAL MRS | WRS | MRS Jwih | SR | iR |
O B R INTERCEPT . CREEP RA Tive, TESN) T Tioo 300 230 | %200
: 3 /HR | MRS hed JEST).% | TESTING 1200 220 15.0 * 7.8
1200 5,0,( 16
°‘ 216 015 _J<. 00001 ORIGINAL. CREEPAND RUPTURE DATA
5.0,1 240 034 * 00021
Laflise | e oo MINIMUM. [TRANSITION] TOTAL EXT. | TOTAL FLONGHARDNESS
10081 24 [DURAT ION,|INTERCEPT RAI TIME, A (RUS’ AFTER
s8] 4 o0 [+o0n HOURSGI|  %a(4) /MR | HRS(SH ~ TEST),% | TESTING
15.0%) 170 R 1.0 L0550 144 20,0 25 R 12.0
1400) 1.2} 112 .006 ] <. 00001 798 R 4.0
3.03) 312 065 00034
5,04] 144 030 0040 1200} 24.0 R 2.8
15 24 0.0 %0270 20.0 1 J144R 30
1007 47 1 1200 13 Rb 89 14.0 | 1782 R 3.9
1600 1,0 ] 480 0.0 . 00035
s TR ETEYY
360 0.9 0220 100 Not at {7% -
(3) DURATION OF T'EST(RUPTURE TEST INDICATED BY R),
i —_ - 14} THE_INTERGEPT | THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
creep rae, TEST SHOWING THE MINIMUM OR SEDOND-STAGE CREEP RATE.

() Q.2 PER CENT OFFSET UMLESS OTHERWISE INDICATED.
(21 EXTRAPOLATED VALUES INDICATED BY ¢

s} THE TRANSITION TIME IS THE BEGINNING OF THE TH
CREEP RATE.
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IRD STAGE, OR AN ACCELERATING
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TEMPERATURE ON PROPERTIES OF METALS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

OF
ATERAL 17-14 Gu-Mo

Heroult A; [SiZE oF
eroult Arc ?EAT

TYPE OF OF El i 12E OF
[MATERIAL  16Cr - 8 Mn Mo TG FURNACE St I&‘ T O 11-14Cu-Mo | e A l%w 15 ton
emicaL coweosimion, | C Ml P [ S sifor[Ni[meloe [Ti TarTed] cHemica, composiTion, | G- M| P 1S |sifor[Ni [mofon[TiJatfco]
PER CENT .08 9.97.au.ood.;slla.ﬂx.xﬂ - -T-T e PER CENT Lote]s. oo 02e] 00sl . ash7. 2|14, dz.87] 36 22| 1314
DEOXIDATION | DECXIDATION Silicon
FORM-CAST OR WROUGHT __ Wrought 1" round FORM-CAST OR WROUGHT __ Wrought bar Stock
{HEAT TREATMENT HEAT TREATMENT 2250-1 hr WQ 4+ 1200-5 hrs WQ
MG 70% Austenite, 30% Ferrite MICROSTRUGTURE
GRAIN SIZE “Actual GRAIN SIZE
HARDNESS HARDNESS
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULLIS OFFSET
TEMPERATURE,, OF YIELDW) | TENSILE | ELONGATION | REDUGTION TEMPERATURE, OF ¥iELD() | TENSILE | ELONGATION | REDUCTION
r ELASTIGITY, | STRENGTH, LI IN AREA, F ELASTIGITY, H, | STRENGTH, | N2, AN AREA
1DO0OOOPS., | |000PS.I. 1000PSI. FER CENT FER CENT ! (. | ooops.1, JOOOPSI. PER CENT FER Gent
1400 29.15 32 59.8 R.T. N 420 86.0 45 6
1600 18.14 56.5 75,1 600 - 30.0 75.0 35 55
1800 8.24 6l.7 3.5 900 z 27.0 73.0 35 41
2000 4.78 53 B83.4 1000 - 28.0 72.0 32 45
2200 2.18 97.3 99.0 1200 - 27.0 64.0 30 40
2300 .92 1085 190 1350 - 26.0 53.0 29 37
1500 - 25.5 34,0 29 34

ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

M

ATERAL

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDIGATED.

{2) EXTRAPOLATED

VALUES INDICATED BY *

115

OF Heroult Al ).

WL TING FURRACE 15 Ton 17-14 Cu-Mo e A [RERY 15 ten
cemicaL cowposiTion, | W] P TS [siTer TN [Mo [ TTi [ At [ou HEMICAL coMPOSITION, | C | ™[ P | § si]cr]ni|ua|oo]ri|u|c..]
FER CENT 124] . 88].0z4. 00732 [16.13.d2.39 .38].18 3.1 PER GENT .124.88 . 023]. 007). 32 ]16. A13. 62. 33] .38] .18 .13

Silicon iDAT ION Silicon
FORM-CAST OR WROUGHT Wrought Bar Stock FORM-CAST OR WROUGHT Wrought Bar Stock
HEAT TREATMENT 2250 F ¥ hr WQ+ 1350 F brs WQ REAT TREATMENT 2050 ' br WQ + 1350 F 5 hrs WQ
MICROSTRUCTURE MICROSTRUCTURE
GRAIN SIZE GRAIN SIZE
RARDNESS iHNINESS
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
GTRESS FOR RUPTURE IN TIMES GTRESS FOR DESIGNATED FOR_RUPTURE IN TiMES STRESS FOR DES|GNATED
TEMP, INDIGATED, 1000 PS..12) GREEP RATE, 1000 PS.1.i2) TEMP, INDICATED, 1000 PS.L (2} CREEP RATE, 1000 PS.).(2)
°F 100 1000 [ 000 [C.000001 | 0.0000f | ©.0001 °F 100 000 [0.00000) | 0.0000t { 0.000t
HRS. [ R R PR | R | R | HRS. R [P | S | oo
1050 56.0 49.0 45, 0% = 45. 0+ - 1050 59.0 51.0 42. 0% 38.0% 31.0 39.0
1200 43.0 37.0 32.0% - 19.0 24.0 1200 40.0 34.0 29.0% 25. 0% 17.0 24.9
1350 26.0 20.5 T6.5% N 10.0 16.0 1350 240 16.8 t1.2% 9. 0% 6.0 11.0
1500 16.5 12.0 7.6% - 6.8 11.0 1500 12.0 7.2 4, 4% 3, 5%
ORIGINAL CREEPAND RUPTURE DATA
et e e A e 2 B R e
IME, AFTER
ORIGINAL CREEPAND RUPTURE DATA s S s R WEST CUETURE | APTER
13.0 .021 90 16.3
MINIMUM_[TRANSITION| TOTAL EXT. | TOTAL 9.0 . 0026 450 13,9
[TEMRy ATIONINTERCEPT, TIME, [CREEP TEST) (RUP AFTER
|\ § Ry | HOURSEI @ %/HR._| MRS5S} TEST).% | TESTING 2.55 -0013 150 .58
0] a3.5R 20.3 ZL7
5.0 . 015 45 17.7
1050] 60.0 40.Z R 22.4
1050{ 55.0]178.0R]| 9.9 -00128 130 13.6 Q067 7: 19.0
1050] 50.0 | 782.0R] 7.79 000127 | 600 12.2 - 0033 9°5 ’z"’
1200] 44.0| 94.2R 8.2 027 .3] 24,5
1200 44.0]123.1 R 6.6 100 10.8 .:: Zgzz Zﬂz 2: i
1200] 41,0 [168.7R| 4.7 140 9.4 = o o -
1200| 41.0 | 175.4R| 6.1 -1 - 20.
1200 41.0 | 235.0R ” ‘3 1
1200 38.0 | 639.1 R 2.8 550 14.1 oT5 :5 1:.;
1200[ 38.0 1113.0 R 3.7 - 0007 700 7.5 .13 75 13,6
1350} 25.0) 3061 R| .5 150 19.6 '07 350 w.9
1350} 23.0 | 535.9 R -3 210 9.5 =
1350] 22.0 [ 7s7.7R} 2 00033 | 550 P
1500 17.0 [ 132.1 R 75 4.1 -2 2.95 - 000066
.4 .145 . 000008
1500) 15.0 | 346.1 R -19 150 4.1 o1 350 200065
1500] 14.0 | 485.1 R 15 350 4.1 " Y 0000127
1500] 13.0 3 674.8 R 15 500 2.7 L25 "
1500] 12.0 l473.7R] .10 .o0023 | 1100 2.7 = 12 00010
1500 7.0 |5224,5 R 072 . 000009 1.3
1200] 26,0 |4296.6 | .39 . 000022
1200)| 20.0 11393.0 .156 . 00001
1350| 10.0 |4673.0 . 155 . 000013
(% DURATION OF TEST (RUPTURE TEST INDICATED BY R,
43 THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(% THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.




ASTM-ASME JOINT COMMITTEE ON- EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

i OF Ajax Induct. |StZE OF

MA%ER‘KL 17-14 Cu-Mo ’TYP;ulm -'UNA&X et DEAZE 1000 lbs.
CHEMICAL COMPOSITION Ci{M| P ;S |Si|[Cr|NifMo|CO]Ti|Al|cu
PER CENT '

. 0881.260.013]. 009] .66 h6.7T]14.1J2.75].42 | .28 3. 01
DEOXIDATION Silicon
FORM-CAST OR WROUGHT  Wrought Bar Stack
| HEAT TREATMENT __ 2050-); hr WQ+ 1350-5 hrs WQ
MICROSTRUCTURE
GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD(Y TENSILE | ELONGATION | REDUCTION
L) ELASTICITY, | STRENGTH, | STRENGTH, | IN 2, IN AREA,
1000000PS.L. | 1000RS.. JO0OPSI. PER CENT PER CENT
R. T. 41.0 89.0 45 59
600 29.0 75.0 40 65
900 - 74.0 39 60
1000 26.0 71. 0 38 60
1200 26.0 62.0 37 65
1350 24. 0 47.0 52 21
1500 21.0 33.0 64 72
CREEP AND RUPTURE STRENGTHS
L —
STRESS FOR RUPTURE IN TIMES STRESS FOR DES!GNATED
TENE, INDICATED, 1000 P.S.1. 12} CREEP RATE, 1000 PS.1.(2)
°F 100 1000 10,000 |100,000 {0.000001 | 0.00001 | ©.0001.
HRS. HRS. HRS. HRS. /MR, | %W/HR. | /MR,

©

ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF 1ZE OF
'MATERIAL _ 17-14 Cu-Mo ILELTIMFUNAOE &A

CHEMICAL COMPOSITION, | C |Mn| P | S | Si |Or | Ni [Mo |G Ti | Al ] cu
PER GENT

.084 .78} 025 012] . 53|16.014.3[2. 37| . 68}.33 B. 03
DEOXIDATION
[FORM-CAST OR WROUGHT 050" sheet
HEAT TREATMENT Sol. H.T. - 2050 F WQr
MICROSTRUCTURE
GRAIN SIZE
HARDNESS
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET

TEMPERATURE, OF YIELD(N TENSILE ELONGATION | REDUCTION

°F ELASTICITY, | STRENGTH, | STRENGTH [LE IN AREA

|O00Q00PS.I. | |00ORS.L 1000PSI. PER CENT FER GENT

Room 43.5 86.4 40 47

900 40.0 63.2 29 32
1300 29.7 46.6 28 27
1500 21.0 2.5 15 20

CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TENP, INDICATED, 1000 P.S.I.(2) CREEP RATE, 1000 PS.1.(2)
°F 100 =000 10,000 IO%MO 0.00000| | 0.00001 | 0.000I
HRS. HRS. HRS. IRS. %/ HR. “/HR. w/HR.
1350 22,000
1500 11,500 8,000 *

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(®) EXTRAPOLATED VALUES INDICATED gy ¢
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