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ELEVATED-TEMPERATURE PROPERTIES
OF CHROMIUM STEELS
(12-27 per cent)

DatAa CoMPILED BY AND IsSUED UNDER THE AUSPICES OF

THE DATA AND PUBLICATION PANEL*

THE ASTM-ASME JoiNT COMMITTEE ON

ErFFECT OF TEMPERATURE ON THE PROPERTIES OF METALS

This report is a graphical summary of the elevated-temperature strength data for
chromium steels. It includes summary curves for tensile strength; 0.2 per cent offset yield
strength; per cent elongation and reduction of area; stresses to produce rupture in 100,
1000, 10,000, and 100,000 hours; and stresses for creep rates of 0.0001 and 0.00001 per
cent per hour (one per cent in 10,000 and 100,000 hours). Data for 23 steels ranging

from 12 to 27 per cent chromium are given.

This is one of a series of reports on the elevated-
temperature strength properties of various metallic
materials being prepared under the auspices of the
Data and Publications Panel of the ASTM-ASME
Joint Committee on Effect of Temperature on the
Properties of Metals. Other reports in this series
have covered the high-temperature properties of
austenitic stainless steels,! the chromium-molybde-
num steels,? selected super-strength alloys,® carbon
steels,* copper-base alloys,’ wrought medium-carbon
alloy steels,® the relaxation properties of steels and
super-strength alloys,” and the high-temperature
strength of weldments.® Other Data and Publica-

* Prepared by Ward F. Simmons and Howard C. Cross, Battelle Memo-
rial Institute, Columbus, Ohio

1Report on the Elevated-Temperature Properties of Stainless Steels
(1952). (Issued as separate publication ASTM STP No. 12}). .

2 Report on the Elevated-Temperature Properties of Chromium-Molybde-
num Steels (1953). (Issued as separate publication ASTM STP No. 151).

3 Report on the Elevated-Temperature Properties of Selected Super-
Stn)ength Alloys (1954). (Issued as separate publication ASTM STP No.
160

4 Elevated-Temperature Properties of Carbon Steels (1955). (Issued as
separate publication ASTM STP No. 180).

5 Elevated-Temperature Properties of Copper and Copper-Bage Alloys
(1956). (Issued as separate publication ASTM STP No. 181).

% Report on Elevated-Temperature Properties of Wrought Medium-
glarbon )Alloy Steels (1957). (Issued as separate publication ASTM STP

0. 199).

7 Relaxation Properties of Steels and Super-Strength Alloys at Elevated
Ige;;lperatures (1956). (Issued as separate publication ASTM STP No.

8 The Elevated-Temperature Properties of Weld-Deposited Metals and
Weldments (1957). (Issued as separate publication ASTM STP No. 2268).

Copyright® 1958 by ASTM International

tions Panel projects which are expected to result
in publications in the near future are the following:

(1) Elevated-temperature properties of aluminum and mag-
nesium alloys.

(2) Physical properties of metals and alloys at low and
high temperatures.

(8) Survey of test facilities in the United States for mechani-
cal and physical testing at low and high temperatures.

Data contained in this report came principally
from data sheets supplied by the cooperating labora-
tories. However, to make this report more complete,
and therefore more useful, some data have been
taken from trade bulletins and the published tech-
nical literature. Data sheets were prepared from the
data taken from these sources and are included with
the data sheets contributed by the cooperating
laboratories. The source of the data is given on each
data sheet. The cooperating laboratories that sup-
plied data for this report are the following:

Babcock and Wilcox Tube Company

Crucible Steel Company of America

Elliott Company

Firth-Sterling Steel and Carbide Corporation

General Electric Company

Heppenstall Company—Wm. Jessop and Son

National Advisory Committee for Aeronautics, Lewis
Flight Propulsion Laboratory

www.astm.org



Titanium Alloy Manufacturing Division of National
Lead Company

U. §. Naval Engineering Experiment Station

U. 8. Steel Corporation

University of Michigan

University of Minnesota

Wright Air Development Center

The data were organized according to principal
alloying elements into the general alloy groups as
listed in the table of contents.

The figures have been drawn using various sym-
bols for annealed, normalized, hot rolled, etc., to
indicate the approximate processing that each heat
of steel has received. The processing as indicated by
the symbols cannot be given in detail, and is in-
tended to serve only as a guide in using the data
given in the figures. The details of heat treatment,
chemical composition, etc., for each steel are given
in the data sheets directly following the figures.

In the rupture-strength and creep-strength figures,
the individual data points are identified by the cor-
responding data sheet numbers at the top of each
figure. Thus, it is possible to refer to the proper
data sheet to check chemical composition, heat
treatment, etc., for any data point.

Some of the data sheets from General Electric
Company include rupture strength data that have
been extrapolated (or interpolated) by the Larson-
Miller® parameter method as well as by the usual
log-log curves. Both values, when available, are in-
cluded in the data sheets. The values extrapolated
by log-log curves are indicated by an asterisk (*)
and the values determined by the parameter method
by the letter P. In the figures, a flag (M) has been
attached to the symbol to indicate a point de-
termined by the parameter method.

To facilitate comparing the creep and rupture
strengths, the average curves for rupture in 1000
and 100,000 hours, and creep strengths for 0.0001

9F. R. Larson and James Miller, “A Time-Temperature Relationship

for Rupture and Creep Stresses”, Transactions, American Society of
Mechanical Engineers, Vol. 74, No. 5, July, 1952, pp. 765-775.

and 0.00001 per cent per hour have been replotted
in Figs. 1 and 2.

Figures 3 to 14 show stress versus rupture-time
and creep-rate curves plotted on log-log coordinates.
These curves are based on the average curves for
the various steels including the extrapolated data
for rupture in 10,000 and 100,000 hours.
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The authors wish to thank the contributing or-
ganizations and their representatives for taking the
time necessary to supply the data sheets on which
this report is based. The authors also wish to thank
the members of the Data and Publications Panel
and the Project Committee for their suggestions
and counsel, which were very helpful in preparing
the data for publication.
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. J. Herzig, Climax Molybdenum Company of Michigan
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. T. Malcolm, Consultant
yman Marcus, Wright Air Development Center
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See Figs. 1 to 14 on pp. 3 to7.
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ORIGINAL CREEP AND RUPTURE DATA

RESS M(NIMUM_ [TRANSITION| TOTAL EXT. {TOTAL ELONG HARDNESS;
TYPE_OF ]TYPE OF SIZE OF T 1000 um ey NTERCEPT, oM RArE | TIME N (GREED TEST),|  (RUBTURE | -AFTER
MATERIAL i2 Cr {Type 403} MELTING FURNACE HEAT _ Commercial " | PS) o %/HR. '| HRS.(8} % TEST),% |TESTING
ICHEMICAL COMPOSITION, ¢ TM" P S Si | Cr Ni Mo | 850 | 10 0t 2205 0.0156 10.0000002 0 0154
PER CENT o 11l 14 a.3901z.04]0 31 | [ 850 15,0 2730 0.0807_10,0000001 0. 0812
DEOXIDATION 850 | 15,0 ] 2019 0,_0389 |0, 0000032 0.0457
FORM-CAST OR WROUGHT __ Wrought 1-5/16" x -13/16" Bar 850 | 20,0 | 2020 0.0746 10,000012 0, 0%
HEAT TREATMENT Finished at 1450 F, A.C, With Fans, Tempered 1150 F 8§50 | 25.0 | 1200 0 1318 |0 0000227 0 1588
MiCROSTRUCTURE 850 | 30.0 [ 2227 0,1787 [0, 0000472 0,2843
GRAIN SIZE [HARONESS 850 | 30,0 ] 2736 0,208 0,0000430 0,325
SOURCE OF DATA  General Electric Company 856G | 30.0 | 2040 0, 318 0, 0000470 0.414
850 [ 35.0 14892 0. 605 0. 00038 1.171
SHORT TIME TENSILE PROPERTIES 850 {.40.0| 1825 1,105 [0,000964 2,905
MODULUS OFFSET
TEMPERATURE, OF YIELD {1} STENSILE ELONGATION | REDUCTION
° ELASTICITY, | STRENGTH, | STRENGTH IN 2 IN aREA @
F 1000000 PS 1. | 1000 Pt | 1000 RSL' | PER CENT | PER CENT
— — — ASTM-ASME JOINT COMMITTEE ON EFFECT OF
RT 106 4 24.0 £ 2 TEMPERATURE ON PROPERTIES OF METALS
TP OF  tiee a10) ITYPE OF [SizE OF - )
CREEP AND RUPTURE STRENGTHS MATERIAL r {Type lTﬁa_s’:nTcPFURNQCE 5 -[-Cr H::AT ommercia,
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED CHEMICAL_ COMPOSITION, n ! i | Mo
TEMR, INDICATED, 1000 P.S.1.{2) CREEP RATE, 1000 P.S.1.(2) PER CENT 0.14 [0.43 p.003}0.017] 0.35) 12.2] 0.20 |
°F 100 1000 10,000 |i00,000 [0.000001 | 0.00001 | 0.000! DEOXIDATION -
HRS. HRS. HRS. HRS. % /HR. %/HR Yo/ HR. FORM-CAST OR WROUGHT  7/8" Wrought Bars
900 39 34% CEY HEAT TREATMENT 1800 F, 1’2 Hr, OQ — 1200 F, 1Hr, FC
390 32P 24P MICROSTRUCTURE -
1900 24 17 1%
4p B LB GRAIN SIZE [HARDNESS 222 BHN
1100 1 6.8 ux SOURCE OF DATA U.S.N. Engineering Expériment Station
11P 6. 8P -
SHORT TIME TENSILE PROPERTIES
P inditates strength value obtained by ufe of Larsoh-Miller pakameter T(P5S + log t} MODULUS OFFSET
TEMPERATURE, OF YIELD (1) SISE‘SELTE' EL?:“GA_T'ON RIEND‘iCRTE'C:N
o ELASTICITY, | STRENGTH
000,000 PS.1 et | S000 Ps1 | PER CENT | PER CENT
RT 95,8 (6) 115.5 22 £9
ORIGINAL CREEP AND RUPTURE DATA 830 69,5 (6) 82 9 s 69
MINIMUM_[TRANSITION] TOTAL EXT. (TOTAL ELONG} REDUC- 930 61,016} 70.2 i8 75
P O N R CEFTCREEP RATE,  TIME,  [CREEP TEST),| (RUPTURE | riON IN 1030 45.7 (6] %10 22 79
o! % /HR. '| HRS.(5) % TEST, % |arpa 4
654 R 17.0 78.0
2707 R 19.Q 27 0
1R 3,0 68,0
5.0 70.90
— >0 oo CREEP AND RUPTURE STRENGTHS
* > STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
68 R 19.90 16, TEMP, INDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 PS.1.{2)
101 R 22,0 82.0 °F 100 1000 10,000 [100,000 [0.000001 | 0.00001 | 0.0001
159 R 22.0 82,0 HRS. HRS. HRS. HRS. %/HR. | %/HR | %/HR.
765 R 20,0 83.0 830 67 &1
4044 R 20,0 84,0 930 48 44 41 13.5 27
5102 R 16. 0 84,0 1030 34 29 2,2
4z R 27.0 84.0 1100 A . - E
611 R 28,0 87.0
1748 R 28.0 86. 0
7438 R 28.0 84.0
6 R 31,0 88,0 ORIGINAL CREEP AND RUPTURE DATA
263 R 27.0 86,0
RESS, MINIMUM_[TRANS!TION| TOTAL EXT. ITOTAL ELONG HARDNESS|
630 R 58,0 30,0 1000 oamacal VTSRS T IcREE P RATE, (CREEP TEST) ' (RUPTURE | AFTER
- | Ps). %/HR. '| HRS.(S) % TEST),% |TESTING
8356 R 37,0 91.0 3
830 700 23R 21.0
@ 830, 60.0 1558 R 21.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 930] 50.0 40 R 25.0
TEMPERATURE ON PROPERTIES OF METALS 930} 45.0] 895 R | 1.38 0.0041 425 29.0
TYPE OF lTypE OF Eleciric [S)1ZE OF 930] 40,01{10000+ | 1.13 0,0012 ee Note
MATERIAL 12 Cr MELTING FURNACE _ Arc |HEAT 13,500 Ib NOTE: cimen dar B 4% elongation
ICHEMICAL COMPOSITION, C{Mn | P | S |Si|Cr|Ni |M |
PER CENT 0.12]0.42 [0.01 [0.26 p.156|12.45]0.10 { 1030 40.0 14 R 33.0
DEOX!DATION 1030 35.0 83 R 40 33.0
FORM-CAST OR WROUGHT Wrought Bar 1" Round 1030] 30,0 625 R 0,32 0,011 3170 32,0
HEAT TREATMENT Quenched 1750 F, Tempered 1150 (2 Hr}A. C.
MICROSTRUCTURE 930 20,0 2112 0,083 0, 000028 - 0.142
GRAIN SIZE [HARONESS 217-228 BEN 930} 13.0 | 3360 0.044 0. 000009 - 0.077
SOURCE OF OATA Available High Temperature Creep Characteristics of Metals & Alloys,
ASME_ASTM, 1938, 1030 7.0 2172 0.060 0, 000030 -= 0,123
SHORT TIME TENSILE PROPERTIES i solion Lot Juomos | | o
MODULUS OFFSET * - . == -
TEMPERATURE, OF YIELD (1) s;sg::;i EL?#G{”ON RIENDU%TE'g" :
°F ELASTICITY STRENGTH, Al 1100| 10.0 | 2016 0.247 0, 00020 - 0.650
1000,000PS.. | 1000 PS4 | 1000 PSL’ | PER cEnT | PER cENY
80
Zoo o a2 al 242 -0 () 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
500 80, 6 92.4 (a) 18. 7 72.9 (2) EXTRAPOLATED VALUES INDICATED BY *
730 5.5 86,1 (a) 17.5 69.2 (3} DURATION OF TEST (RUPTURE TEST INDICATED BY R).
851 69.4 784 (a) 19,2 69.9 (4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
950 Y - s s TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
64,2 £) - (s) THE TRANSITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
1050 36,5 48,4 {b) 27,5 83,8 CREEP RATE.

{a) Average of 3 tests.
{b} Average of 2 tests.

(6) 0.1% OFFSET YIELD STRENGTH.




©

ASTM-ASME JOINT COMMITTEE ON EFFECT OF

ORIGINAL CREEP AND RUPTURE DATA

TEMPERATURE ON PROPERTIES OF METALS
TEMEISTRESSIOURATION INTERCEPT, MINIMUM_ [TRANSITION| TOTAL EXT, TOTAL ELONG HARDNESS)
TYPE_OF TYPE OF SIZE OF ) 1000 TISURS (S| S6ta) CREE,FATE, TINE, " (CREED TEST), (RUBTURE | AFTER
MATERIAL 12 Cr (Type 410) MELTING FURNACE -- HEAT Commercial PS). 2 /HR. HRS.(5) %% TEST),% |TESTING
CHEMICAL COMPOSITION, c M p s [si[e [milm[ T ] 700} 90.0 12.3 R] 17.8
PER CENT o1l 036l001do.0zdo 17 i2.78l0.01 | T 1 1 200 85.0 | 26.5 ==
IDEOXIDATION - 700] 85.0 93.1 .
FORM-CAST OR WROUGHT 1" Wrought Bars 700] 87.5 121.6 -=
HEAT TREATMENT 1800 F, 1/2 Hr, WQ — 1200 F, | Hr, FC 700 90,0 7.4 R 18. 1
MICROSTRUCTURE -~ 7001 95.0 R 13.9
GRAIN SIZE [HARDNESS 210 BHN 7004 92.9 4R 16.4
ISOURCE OF DATA _U.S.N. Engineering Experiment Station 700§ 94.0 8 R 17.2
7001 96.0 -- _R] 13. 6
SHORT TIME TENSILE PROPERTIES o :gg 199.0 =
TEMPERATURE MODQUFLUS Y|EL|§T(|) TENSILE ELONGATION REDUCTION 700 92.5 4.0 R 17.4
°F ' | ELASTICITY, | STRENGTH, | STRENGTH, N é IN AREA 700100, 0 .- R 14.2
1,000,000 PS.1. 1000 PS.1. 1000 PS.L PE CENT PER CEN 700 80.0 74.0 0.3 --
RT 75,8 {6) 98.5 24 72 700] 80.0 124. 5 4.6 --
830 63.0 (6) 78.5 18 69 700] 88.0 | 428.0 -
930 53.2 (&) 68.0 22 75
1030 36,7 (6) 57.5 28 83 9001 65.0 1.3 R| 22.2
900 60.0 5.8 R 22,2
900 55.0 21.6 R 23.2
900 | 75.0 0. 04R| i8.3
900 70.0 0.4 R 19.0
CREEP AND RUPTURE STRENGTHS 900 50.0 49.1 R 31.2
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED 900] 42.0 | 296.2 R 24.2
TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS..(2)
°F 100 1000 10,000 100,000 |00G0001 | 0.00001 | 0.000t
HRS. HRS. HRS. HRS. %/MR. | %/MR | %/HR. @
830 59 54 2¢ 32%
930 40 30 24% 6 5% | 11.7 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
Tos0 ” T s TEMPERATURE ON PROPERTIES OF METALS
1050 22 16 TYPE OF l YPE OF SiZE OF
MATERIAL 12 Cr (Type 410) MELTING FURNACE - HEAT -
CHEMICAL_COMPOSITION, Mol P s sifc [N M 1
PER CENT T. 15 I 11,59 | [ ]
ORIGINAL. CREEP AND RUPTURE DATA Nominal I[Max 135
MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONGHARDNESS; OEOXIDATION -
[rEme, OURATION {INTERCEPT, 5 T FoRE T AT ER FORM-CAST OR WROUGHT Precision Cast Test Bars
* | 19007 hoursisl]  %(e) CREFFRATE|  DME,, [CREELTEST) e % |TESTiNG HEAT TREATMENT 1800 F, I Hr, OQ - 1200 F, | Hr, A.C.
230l 6001 80 27 0 MICROSTRUCTURE -
830] 55,0 | 623 R 24,0 GRAIN SIZE JHARDNESS 241 BHN
SOURCE OF DATA _ U.S.N. Engineering Experiment Station
930] 40.0 94 R 30.0
930] 35.0| 210R 44.0 SHORT TIME TENSILE PROPERTIES
22029.0 4 18TR 280 MoruuS orrsET TENSILE | ELONGATION  REDUCTION
imen elongakion TEMPERATURI OF YIELD
930 25.0 | 3384+ | Specimen Femoved at 5, 7% el E PE'F E, ELASTICITY, STRENG1"I“1’, STRENGTH, | IN 2° IN AREA
1000,000PS.| | 1000 psI | 1000 PSL’ | PER CENT | PER CENT
1030| 30.0 45 R 42.0 RT £
97.8 126.5 20 54
1030| 25.0 75 R 35.0
1030} 20.0 308 R 55.0
1030] 18.0 862 R 51. 0
1050| 30,0 10 R 39.0
1050 25,0 38 R 52.0
1050] 18. 0 377 R 62. 0
CREEP AND RUPTURE STRENGTHS
STRESS FOR Egmg&s N TIMES STRESS FOR DESIGNASTED,
As‘rTyM-PERETl\J,gI!:NT MopEITTEE YA TE":R' 100 - |<l>02T I|oo<;,o ' 100,000 ooo%oE:r ;ooom Pcxoom
A
ON PROPERTIES OF METALS HRS. HRS. HRS. HRS. %/MR. | %/MR | %/HR.
TYPE OF ]TYPE OF SIZE OF 95
MATERIAL 12 Cr (Type 403) MELTING FURNACE HEAT —msg ;; 4] == ==
" 23 55 11,0
CHEMICAL COMPOSITION, Clmlp s sife [wfmfalsn 1100 - 7.5 35 5 5
PER CENT 0 11|0 51p.018[0,010 0.34[12.20 0 oslo.os [o 03 lo 0089
DEOXIDATION

FORM-CAST OR WROUGHT _wrought

HEAT TREATMENT Normalized at 1675 F, Heated to 1550 F, Cooled at 25° Per Hour to

ORIGINAL CREEP AND RUPTURE DATA

(N 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED BY %

1225 F, Soaked, Then Cooled to 1100 F in Furnace and Air Cooled From| meme [STRESSIGURATION. [INTERCEPT. | MINIMUM TRANSITION TOTAL EXT. | TOTAL ELONG(HARDNESS
MICROSTRUCTURE |00 ¢ o | 1000 [HoURS(3]| 75,,&5, *ICREEP RATE,[ TIM (CREEP TEST),| (RUPTURE | AFTER
GRAIN SIZE THARDNESS 7426 Ao PSI. /HR.'| HRS.(%) % TEST),% |TVESTING
EWRCE OF DATA __ University of Minnesota; Mechanics & Materials. | 9s0| 45 0| 260 R 17.0
950] 40,0 2002 R 0,40 0,00184 550 29. 0
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET 1050 25 .0 431 R 13,0
TEMPERATURE, OF YIELD (1) | TENSILE ELONGATION REDUCTION 1050] 20.0 | 3300R | 1.20 0.0018 2000 13.0
oF ELASTICITY, | STRENGTH, | STRENGTH, IN_AREA
1000,000PS.I. | 1000 pS.,’ | 1000 PS.. peR Gt PER CENY
T 29 5 27 o T % [1100] 15,0 3892 R 0,62 0,0011 1300 12,0
1050 1.5 1704 0.185 0. 000025 - 0.227
CREEP AND RUPTURE STRENGTHS 1050] 5,0 | 2040 0,120 0, 0000075 .- 0,135
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP., INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 P.S..{2} 1100 7.5 | 2064 0.141 0.000045 - 0.232
°F r:g(g |% 10,000 Ioohooo 0000001 | 0.0000t { 0.0001 1100] 5.0 | 2607 0.128 0.000019 0.213
— . HRS. HRS. %e/HR._| %/MR | %/HR. (%) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
== == = () THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
900 58 - - e TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(8) THE TRANSITION TIME |S 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 ]TYPE OF SIZE OF

MATERIAL 12 Cr MELTING FURNACE HEAT

CHEMICAL COMPOSITION, ¢ lwn [P T s sifc [ ni [wo] [
PER CENT 0.12]0,56 [ 32]12 23 l |
DEOXIDATION

FORM-CAST OR WROUGHT _ Wrought 3/4" Bars

HEAT TREATMENT Normalized 1800 F, Tempered 1100 F

MICROSTRUCTURE

GRAIN_SIZE [HARDNESS 225 BHN

SOURCE OF DATA Compilation of Available High Temperature Creep Characteristics of

Metals & Alloys, ASME-ASTM, 1938,
SHORT TIME TENSILE PROPERTIES

©

ASTM-ASME_JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF
MATERIAL 12 Cr MELTING FURNACE HEAT
CHEMICAL COMPOSITION, clm]p[s]sifc [N [M]ce
PER CENT 0.086] 0.43 [0.018]0.009] 0.39 h2.52 0.09 0.03
DEOX!DATION

FORM-CAST OR WROUGHT Wrought

HEAT TREATMENT 1750 F Quench + 1150 F Temper

MICROSTRUCTURE  Tempered Martensite and Delta Ferrite

[GRAIN SIZE 6.8 [HARDNESS 252 DPH
SOURCE OF DATA U.S. Steel Corp. Research Lab,

CREEP AND RUPTURE STRENGTHS

MODULUS OFFSET TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMPERATURE, | © OF | YiELD i | TENSLE |ELONGATION | REpUCTION TEWP SR NDICATED. 100G PS.0.(2) CREEP RATE, 1600 FS..(2)
°F LASTICITY, NGTH . MR,
1000,000Ps.1. | 1000 psy.’ | 1000 RSL' | PER cénT | PER CENF F AoRcs) |ggg I%%qo logh%oo u%ogl o%o,oHogl %g’)gl
70 111.2 19.0 56,7 900 37. 0%
300 103 25 18,0 64.2 009 19.0
550 87,17 17,5 63,3
800 80.5 16.5 62.4 1050 ';'Z
1000 65. 7 21,5 23.8
1200 353 32.5 88, 1 :;22 : Z‘
1400 12,4 45.0 95.6 1300 2'5.
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.( CREEP RATE, 1000 PS.1.12)
°F 100 [ 10,000 100,000 |0.00000( | 0.0000i | 0.0001
HRS. ey HRS. HRS. %/MR. | %MR | %/HR. ORIGINAL CREEP AND RUPTURE DATA
1000 7.85 ST MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG. HARDNE!@]
TEMB ST RESSInURATION,INTERCEPT,
1000 "\CREEP RATE,| TIM! (CREEP TEST),| (RUPTURE | AFTER
° | 1000 ThouRsial| %(e) [CREENRATE) TP, % | TEST),% |TESTING
ORIGINAL CREEP AND RUPTURE DATA 1000] 50.0 1.5 R - 3.46
3 R 1.01 43.0
mSTm,D\RAn ON,INTERCEPT, MINIMUM TTRANSITION! TOTAL EXT. |TOTAL Em.rﬂﬂm 1000¢ 40.Q 7
1000 ICREEP RATE,[ TIM (CREEP TEST),| (RUPTURE | _AFTER C.106 .
F | weC [HouRstaf] wte) "CREENRITE)  LAE, % ' TEST),% |TESTING iggg Z’gg 223'5 = oo Zz g
800} 18 04} jon0 0 034 D.0000YE 0 050 1000] 15.0 15358. R 0.0019
800 20.Q 750 0 078 0. 000026 095 iZDO 15.0 3.66R 0.77 3.26 64.0
800 30 0‘x 750 0.175 0.000014 0.222 B 1200l 10.0 12 R 0.38 0.256
800| 40.0 750 0.248 0.00025 0,438 1200 2.0 120. R 0.60 0.105
1000 3.0,] 6000 0.0825 — 9. 0825 1200 5.50 680. R| 0.85 0.0134 79,0
100 1 1000 0.110 0.0001 0.258 1200] 4.00f2608, R| 0.73 0.00354 9.0
1200 3.0 750 0,244 0.000021 0.260
1400 1.0 1000 0,229 0.000034 0, 266
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TE RATURE ON PERTIES OF METALS
o TYPE OF TYPE OF 1ZE OF
TEMPERATURE ON PROPERTIES OF METALS MATERlAL 12 Cr |MELTING FURNACE HEAT
TYPE OF ~JTYPE OF SiZE OF c[m][rP i
MATERIAL 12 Cr ]MELTmG FURNACE Induction|HEAT 30 1b ggs"&‘;"—.r COMPOSITION, } lr“ [I S } &1& { Mo L
- " 0.10) 0.48 0.2411.87
[CHEMICAL COMPOSITION, [cfw TP sTsiTo [nm [ DEOXIDATION
O_XOJ 0.46]0.010/0.018] 0.24 12.26 FORM-CAST OR WROUGHT Wrought 1" Bars
DEOXIDATION

FORM-CAST OR WROUGHT Forged to 1' Rounds

HEAT TREATMENT Normalized From 1750 F + Annealed From 1650 F

MICROSTRUCTURE

GRAIN SIZE

HEAT TREATMENT Annealed 1350, Normalized 1700 F, Tempered 1000 F
MICROSTRUCTURE

GRAIN SIZE HARDNESS 300 BHN
SOURCE OF DATA Compilation of Available High Temperature Creep Characteristics of

7/8 ASTM Ferrite Grain Size —__|HARDNESS _156_159 BHN Metals & Alloys, ASME-ASTM, 1938.
SOURCE OF DATA University of Michigan
SHORT TiME TENSILE PROPERTIES
. MODULUS OFFSET
SHORT TIME TENSILE PROPERTIES TEMPERATURE, OF YIELD (1) .'II_EEJSII}E ELONGATION REDUCTEIW
MODULUS OFFSET °F ELASTICITY, | STRENGTH, | STRENGTH, iN_AREA,
TEMPERATURE, OF YIELD (1) | TENSILE | ELONGATION | REDUCTION 1000,000Ps . | 1000 PS.." | 1000 £SL peR Cé"T Per cent
°F ELASTICITY, | STRENGTH, H, IN_AREA 75 ‘
: 1000 B51" | peN SenT | pencemt 128.15 19-0 b4.2
1,000,000PS.1. | 1000 PS.). 70 138, 70 19.5 64.3
RT 30.9 76.1 35,0 70.1 300 128,55 15.5 64.7
1200 12,5 23.5 58.0 92.1 500 122. 60 15.0 62.3
700 115. 60 15.0 56.3
CREEP AND RUPTURE STRENGTHS J200 — 2210 180 4.2
STRESS FOR_RUFTURE IN TIMES STRESS FOR DESIGNATED 1100 55,35 215 523
TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.i.(2) 1200 36.20 30.5 88.9
°F 100 1000 10,000 100,000 [0.000001 | 0.00001 | 0.000i CREEP AND RUPTURE STRENGTHS
HRS. HRS. HRS. HRS. % iR, | %MR | %/HR. STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
1200 7.8 4.8 2 9% 1, 75% 0.525% | 0.140 TEmP, INDICATED, 1000 P.5.1.(2} CREEP RATE, 1000 PS.1.(2)
°F 100 1000 10,000 100,000 |Q.00000! | 0,00001 | 0.0001
HRS. HRS. HRS. HRS. %/MR. | %MR | %/HR.
ORIGINAL CREEP AND RUPTURE DATA 1400 2.0
STRESShuRaTION INTERCEPT, MINIMUM_ TRANSITION| TOTAL EXT TOTAL ELONG)
i TIME, |CREEP TEST),| (RUPTURE | AFTER
| 1900 IHoURS(3f]  wia) ICREEF RATE) | LIME, o | ST % |TESTING (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
»
200l 150 5.0 (2) EXTRAPOLATED VALUES INDICATED BY
1200] 310 3 90.0 (31 DURATION OF TEST (RUPTURE TEST INDICATED BY R).
lizoo] s.ol 76 R 71,0 (4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
trool 60 as o TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
P o (s) THE_TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
12003 5.0 ! 824 15.% CREEP RATE.
12001 1,5 1260 0,12 0.000116 0,264
1.0 {1350 0,049 0, 000045 0,112
1200 0_78[1340 0,033 0. 000024 0, 065
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CREEP AND RUPTURE STRENGTHS

FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, SR DIGATED, 1000 P 4.t8) CREEP RATE, 1000 PS5.1.(2)
°F 100 1000 10,000 100,000 [0.000001 | 0.00001 | 0.0001
ORIGINAL CREEP AND RUPTURE DATA HRS. HRS. HRS. HRS. %/MR. | %/HR | %/HR.
[TRANSITION| TOTAL EXT. |TOTAL ELONGHARDNESS! 900 43p 38p 32P
rEME/STRESSIOURATION, INTERCEPT, | MINIMUM TEST)| (RUPTURE | AFTER 0%
*F | 1990 THouRrs(al|  %(4) CREGPRATE,  TIME,, [(CREEL TESTH \NEEh % |TeSTinG 1000 3 25% 2
800 35.0 250 0,140 [ _0,00024 0.20 P indicdtes strength value obtjined by usd of Larsoni{Miller pargmeter T(23 + log £).
p000 | 15.0 250 0.215 0.00214 0.758
1200 5.0 500 0.1710 50.0
025 250 0,077 0.000142 0,112 ORIGINAL CREEP AND RUPTURE DATA
1400 0.50 500 0.033 0.00043 0.142
? ISTRESS.SURATION INTERCEPT,|_MINIMUM_ [TRANSITION| TOTAL EXT. |TOTAL ELONG) REDUC-
1001 1000 1,35 2.95 M2, 060 *ICREEP RATE, M| [CREEP TEST),| (RUPTURE | TION IN
R [POURSG] e TIRERITE) Rt % | TESN.% larea
@ 000 | 42,0 158 28,0 5.0
1000 | 36.0 222 R 18.0 85.0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 000 | 32.0 815 R 18.0 82.0
TEMPERATURE ON PROPERTIES OF METALS 000 | 30.0 ] 9208 o ,
TYPE OF TYPE OF SIZE OF . 000 | 27.0 | 440
MATERIAL 12 Cr {Type 403) l!drELTING FURNACE HEAT Commercial - 2 9 R 17.0 88,0
lcHEMICAL compostTion, | C | Mo | P | S [sifcr | Two [ T ]
PER CENT l—;gro,u 0.31 §2.67 0.4\1;31! [ [
DEOXIDATION ASTM-ASME JOINT COMMITTEE ON EFFECT OF
FORM-CAST OR WROUGHT _ Wrought Bar 1-7/16" x 5-1/16" TEMPERATURE ON PROPERTIES OF METALS
HEAT TREATMENT Finished Rolled at 1450 F, Tempered 1150 F TYPE OF TYPE OF —TSIZE OF
MICROSTRUCTURE MATERIAL 12 Cr {Type 403) IMELTING FURNACE HEAT _ Commercial
GRAIN SIZE THARDNESS CHEMICAL_COMPOSITION, cwnjrps[silc [N [mw
SOURCE OF DATA General Electric Company PER CENT o.uio.as l h.“ 11243l 0.29 I
DEOXIDATION
SHORT TIME TENSILE PROPERTIES Fgar}%AEs:_MOER :ROUGHT Wrought 1-1/8" x 4-11/16" Bar
HEA ATMENT _ Finish Rolled 1450 F, A.C., 1175F ~ 15Hr, 1100 F ~ 15Hr
MODULUS OFFSET : :
TEMPERATURE, OF YIELD (1) | TENSILE ELONGAT’W RE‘WA%TE‘g“ MICROSTRUCTURE
F ELASTICITY, | STRENGTH, | S o pal | pER Senr | pen cent GRAIN SIZE THARDNESS
0 * — — Tae 30 57 5 SOURCE OF DATA  General Electric Company
800 25.0
900 23,1 SHORT TIME TENSILE PROPERTIES
1000 19.1 MODULUS OFFSET
1100 16.2 TEMPERATURE, OF YIELD (1) TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2" IN_aREA
4000,000PS.. | 1000 PS1. ' | 1000 PSL. PER CENT | PER CENT
111.4 _21.5 67.5
CREEP AND RUPTURE STRENGTHS
smess FOR RUPTURE lN TIMES STRESS FOR_ DESIGNAT CREEP AND RUPTURE STRENGTHS
TEMP, NDICATED, 1000 P. ‘2’ CREEP RATE, 1000 el STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATE
of 100 1000 10,000 Q00000 | 0.00001 | 0.000I TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.1.(2)
HRS. HRS. HRS. Hks. %/MR. | %MR | %/HR. °F 100 1000 10,000 [100,000 [0:00000+ | 0.00001 | 0.0001
900 40P 34P 28P HRS, HRS. HRS. HAS. %/HR. | %MR | %/HR.
1000 28 22% 18* 900 42P 35P 29P
28 1% 16%
P indicdtes strength value obtdined by usq of LarsonkMiller parpmeter T(2b + log t).
P indicdtes strength value obtdined by use of LarsontMiller pargmeter T(2% + log t}.
ORIGINAL CREEP AND RUPTURE DATA
ORIGINAL CREEP AND RUPTURE DATA TEME,ST! DURATION,INTERCEPT,| MINIMUM_ [TRANSITION| TOTAL EXT. ITOTAL ELONG] REDUC-
s d L&"f.?*mum, e T \CREEP RATE,| | TIME JCREEE TEST), (RUBTURE | TION IN
TEMﬁSTREﬂbtRATION INTERCEPT, M'N:?MRLAM mmraulun[‘:TROéA;.T%Tr.) TO(;AUI'_;TE&F?E«; REDUC- 81, /HR.” HRS(ﬂ) Yo TEST), % |aREA, %
B N N IN
| 10 HOURS(3}]  %i(4) 7k e TN o | TESThee | o B hooo | 42.0 1ZR 15.0 82.0
1000 | 32,0 410 R 16.0 86.0
000! 40.0 11 18.0 £2.0 hooo | 28.0 | es3m 17,0 83.0
a2.0 | 201 1: 2 Zi g 000 | 26.0 | 1743 ® 16.0 81.0
hooo | 28.0 | s77 16.0 > hooo | 22.0 | 6762 & 17.0 66.0
1000 | 26,3 3442 17.0 76.0 : .
o0 | 24,0 4751 R 18.0 72,0
@ ASTM-ASME JOINT COMMITTEE ON EFFECT OF
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF e TEMPER‘:YUPTOSN PROPERTIES E‘Fs’m'i
N TEMPERATURE ON_PROPERTIES OF METALS RTERRL 12 cecyoe ) g cumace [ commerca
MATERIAL 12 Cr (Type 403) MELTING FURNACE HEAT ~ Commercial CHEMICAL_ COMPOSITION, CimipPls]sifJe [ Mo
WEMICAL COMPOSITION, | C | Mi| P [ S [ 8 [or [N [mo ] T SO 0.10] 0.43 0.31 h2.67 [0.41 0,32
PER CENT l 0 13[ 0 43L 0 2811744 0 44| 0 30L r XIDATION
DEOXIDATION = B FORM-CAST OR WROUGHT _Wrought Bar Lo1/4" x 2.11/16"
FORM-CAST OR WROUGHT Wronghi 3/47 % 1<173" Bax HEAT TREATMENT Finished Rolled at 1450 F Tempered 1150 F
HEAT TREATMENT  Air Cooled From Rolls MICROSTRUCTURE
MICROSTRUCTURE gRA'N 5'55 Ty i TnaRDNESS
GRAIN SIZE THARDNESS QURCE ATA  General Electric Company
SOURCE OF OATA General Electric Company
SHORT TIME TENSILE PROPERTIES
MODULUS OFF:!
mi'os“T T'MOEFF:EE_PS“-E PROPERTIES TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDICTION
ULU! (a) °F ELASTICITY, | STRENGT! NGTH IN AREA
TEMPERATURE, OF YIELD (31 | TENSILE ELONGATION REDUCTION 000,000 PS.1, ,oog Ps,"' 1000 PS.L’ PER cém' PER CENT
oF ELASTICITY, | STRENGTH, | STRENGTH, N 27, IN AREA = 2
1000,000PS.i. | 1000 PS). | 1000 PSL PER ZENT | PER'CENT T 117.4 23,0 67.0
80 80,9 107.9 26.5 0.0
:s: t:_g:mg: 0;‘ TEST (RUPTURE TEST INDICATED BY R),
— 4 INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION
(a) 0.02% Qffaet vield TEST SHOWING THE MINIMUM OR SECONO-STAGE CREEP RATE. oF THe

11} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
EXTRAPOLATED VALUES INDICATED BY *

(2)

(s) Z:EE;RA;lSéTIW TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
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CREEP AND RUPTURE STRENGTHS

CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP. i INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PSJ.(2) TEMP, INDICATED, 1000 P.5..(2} CREEP RATE, 1000 PS..(2)
F 00000 [ . °F 100 1000 10,000 [100,000 [0.000001 | 0.00001 ooool
g | ' ] 1of0 (a0 R [ a8 | S WRs. | wRS. | WRS, | HES. | %/MR. | %WMR | %R
40P . —34P 29P. 900 5P 2P
1000 29 22% 17+ 1000 27 20+ 15. 5%
P indicites strength value obtjined by usq of Larson{Miller par¢meter T(2§ + log t). P indicdtes strength value obtdined by use of LarsonyMiller pargmeter T2} + log t).
ORIGINAL CREEP AND RUPTURE DATA ORIGINAL GREEP AND RUPTURE DATA
sTRESS IR MINIMUM TRANSITION] TOTAL EXT. [TOTAL ELONG] REDUC- DURATION,INTERCEPT,| MINIMUM_[TRANSITION| TOTAL EXT. [TOTAL ELONG/REDUC -
1000 TR N TERCEP. CREEP RATE " TIME, " (CREEP TEST) (RUTURE | TION IN HOURS(3f|  %(4) 'CREEPRATE, " TIME, *|CREEP TEST), (RUPTUTE | TION IN
* | psl. /HR. | HRS.(8) % TEST),% |AREA, % PS1. : y REA
h000 | 40.0 14R 21.0 84.0 000 | 36.0 67T R 24.0 86.0
hooo | 32.0 | 268R 18.0 82.0 000]32.0 | 2I14R 30.0 85.0
hooo | 28.0 | 1174 R 14.0 76.0 000 [ 26.0 | 1337 R 23.0 85.0
1000 ] 26.0 | 2293 R 16.0 72. 90 000122.0 | 5324 R 20.0 84.0
000 | 24.0 4561 R 12.0 60.0
@ ASTM-ASME JOINT COMMITTEE ON EFFECT OF
ASTM-ASME JOINT -GOMM (TTEE ON EFFECT OF S TEMPERATTYUP':EO‘F’" PROPERTIES 02::?(‘;'5
TEMPERA:YLL':EO?“ RTIES 0:;51.:‘"5 MATERIAL 12 Cr (Type 403) ];ELTMG FURNACE HE AT Commercial
TYPE OF - -
MATERIAL 12 Cr (Type 403) MELTING FURNACE HEAT  Commercial IGHEMICAL COMPOSITION, clwmfr s]sife [n[w
cuemicaL cowposirion, | C M| P [ S TsiTc [ni[m] 1 PER CENT Jousfoso | | losrhessloasloaslaos] |
PER CENT ' | DEOXIDATION
DEOXIDATION Iro.u—loi,u 0'39112'04 0.31 T l FORM-CAST OR WROUGHT Wrought 2-1/16" x 8" Bar
HEAT TREATMENT __ Air Cooled From Rolls
FORM-CAST OR WROUGHT _ Wrought 1-1/4" x 5" Bar
HEAT TREATMENT Finished Rolled at 1450 F, A.C. With Fans, Tempered 1150 F MICROSTRUCTURE
MICROSTRUC TURE GRAIN SIZE HARDNESS
[GRAIN_SIiZE [HARDNESS SOURCE OF DATA _ General Electric Company
SOURCE OF DATA General Electric Company
SHORT TIME TENSILE PROPERTIES
OFFSET (a)
SHORT TIME TENSILE PROPERTIES emperatore. | TOoRS YIELD (1) | TENSILE ELONGATION | REDUCTION
MODULUS OFFSET °F | ELASTICITY, | STRENGTH, | STRENGTH, N 2, IN AREA
TEMPERATURE OF YIELD {11 | TVENSILE ELONGAT'ON REDUCTION L000000PS.). | 1000PSI. | 1000 RS PER CENT | PER cent
oF ' | ELASTICITY, | STRENGTH, | STRENGTH, N 2" IN AREA : 8.1, 251,
1000.000PS.) | 1000 PSs.’ | 1000 PSL PeR CENT | PER CENY 80 79.4 106.2 24.5 67.2
50 1039 4.0 66.3 {a) 0.02% Offset yield strengfh.
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEWP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.I.(2}
°F |og |09Rg |(:£soo |ook%oo ooooogl °‘°°°;f' 0.0001
™ HES RS e T i B S GREEP AND RUPTURE STRENGTHS
Tooo 25 850 | 14+ STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
: TEMP INDICATED, 1000 P.S.1.(2 CREEP RATE, 1000 PSJ.(2)
A
P indicates strength valus obtdined by usd of Larson|Miller pargmeter T(24 + log 0. °F '_'Igg ‘ggg '%ggo |00h(;00 Qm' ‘1/?238' %3?'%'
900 35P 27P
1000 27 20% 15, 5%
P indicates strength value obtdined by use| of Larson{Miller pargmeter T(2§ + log t).
ORIGINAL CREEP AND RUPTURE DATA
RE! MIN/MUM_[TRANSITION| TOTAL EXT. [TOTAL ELONG| REDUC-
1000 [gURat " Toucay GREEP RATE,( " TME, " (CREEPTEST), (RUETURE | TioN IN
" | PS1. %/HR. '| HRS.(S) % TEST),% |aRFA, %
008 | 40.8 18R 17-3 85.0 ORIGINAL CREEP AND RUPTURE DATA
N000 | 34.0 42 R 21, 84.0
RESS, MINIMUM_ [TRANSITION| TOTAL _EXT. ELONG) REDUC-
000{30.0 | jesR 23.0 86.0 060 T D AT 0N INTERCE T, | REEP RATE,| | TINE,- [CREEE TEST) | (RUPTURE®| TION IN
hooo | 24.0 | 1390 R 20,0 86,0 PS). G /HR. | HRS.(Y) % TEST),% |aREA, %
Looo | 20.0 | 5946 R 20.0 84.0 1000| 36.0 67 R 24.0 86.0
1000{ 32.0 214 R 30.0 85.0
1000 26.0 1337 R 23,0 85.0
1000} 22. 0 5324 R 20.0 84.0
ASTM-ASME JOINT GCOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
MATERIAL 12 Cr (Type 403} MELTING FURNACE HEAT  Commercial
CHEMICAL COMPOSITION, c M P lsTsiJer [nTm] T T
PER CENT 0.09] 0.50I 0.28'12.35 0.41][0.29 [

DEOXIDATION

FORM-CAST OR WROUGHT Wrought 3/4'' x 1-1/8" Bar

HEAT TREATMENT Finished at 1450 F, A.C. With Fans, Tempered 1150 F

MICROSTRUCTURE

GRAIN SIZE
SOURCE OF DATA General Electric Company

[HARDNESS

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
TEMPERATURE, OF YIELD (1) | TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, STRENGTH N 2" IN AREA
|000,000PS.I. | 1000 PS4, | '000 PS. PER ZENT PER CENT
80 112.4 24,0 67.9
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(I} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.

(2) EXTRAPOLATED VALUES INDICATED B8Y *

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

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

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



GCREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
ASTM~ASME JOINT COMMITTEE ON EFFECT OF TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PSJ.(2)
TEMPERATURE ON PROPERTIES OF METALS °F 100 1000 10,000 | 100 0000001 | 0.00001 | 0.0001
TYPE OF TYPE OF SIZE OF HRS. HRS. HRS. HRS; %/MR. | %/HR | %/HR.
MATERIAL i2 Cr {Type 403) MELTING FURNACE HEAT Commercial 1200 6 2% 4, 3%
c M [P [ s [si[cr [Ni [Mo | 1400 2. 3%
HEMICAL COMPOSITION, |
PER CENT {o.13[0.35] 032 h2.31]0.36 [0.19 1 1600 L10 0. 66 Q.40% 0-24%
DEOXIDATION 1800 0. 59%
FORM-CAST OR WROUGHT Wrought 1-3/16" x 5-7/16'" Bar
HEAT TREATMENT Finish Rolled 1450 F, A.C. With Fans, 1175 F — 15 Hr, 1100 F — 15 Hr
MICROSTRUCTURE
GRAIN_SIZE [HARDNESS
SOURCE OF DATA _ General Electric Company ORIGINAL CREEP AND RUPTURE DATA
e STRESS I RATION |INTERCEPT, | MINIMUM Ansmon TOTAL EXT. [TOTAL ELONG/HARDNESS|
1000 'CREEP RATE,| TIME, [CREEP TEST),| (RUPTURE | AFTER
SHORT TIME ZENS'LE PROPERTIES F | hal [HOURSGI %s) [CREEFRATEY | TME, 5 TEST).% |TESTING
T
reweeratore. | eS| eSS | temsie ELONGATION | REDUCTIN 1200] 5.0 | 3900 65,0
of ' | ELASTICITY, | STRENGTH, 5&%"&?"- PER 2Nt P'E‘RASE': 1400 2.25] l25.5 56.0
LO00,000PS.I. | 1000 PS.. > 1600} 1.00] 181.5RW 74.0
80 92.°2 114.9 24.5 66. 3 1600] 0.75] s579.5 85.0
1600 0.65] 1143.0 85.0
{a} 0.02% Offset yield strenglh. 1800 s o 8.5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
CREEP AND RUPTURE STRENGTHS TYPE OF —I?YPE oF STZE OF
STRESS FOR RUPTURE IN TIMES s*rREss FOR DESIGNATED MATERIAL _ 12Cr-1/2Mo MELTING_FURNACE HEAT
TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.1.(2} R Ter | wi [wo] ]
°F 100 000 | 10,000 |100,000 |G000001 | 0.00001 | 0.0001 ICHEMICAL  COMPOSITION,
HRS. HRS. HRS. HRS. % /HR. % /HR. %/HR. 0.08 io.n 0.02210.021 o.zz|12.l4 0.19 0.49T I |
300 48P 40D, 4P DEOXIDATION
1000 34 28 23% FORM-CAST OR WROUGHT _Wrought
HEAT TREATMENT 1750 F Quench + 1220 F Temper
P indicates strensth value obtdined by usel of LarsoniMiller pardmeter T2} + log t) MICROSTRUCTURE  Tempered Martensite and Delta Ferrite
GRAIN SIZE  5-8 [HARDNESS 231 DPH
[SOURCE OF DATA _U.S5. Steel Corp. Research Lab.
CREEP AND RUPTURE STRENGTHS
ORIGINAL CREEP AND RUPTURE DATa T RO B A | SCaES A e
ISTRESS| MINIMUM_[TRANSITION| TOTAL EXT. [TOTAL ELONG/REDUG- TEMP, 4 bl : i
1000 TN INTERCEP T, cREEP RATE,|  TIME,  [CREEP TESTI,| (RUPTURE | TION IN °F 100 | 1000 | 10,000 |100,000 |G0000GT | G.00001 | 0.0001
“ | s, % /HR. '| HRS.(S) % TEST,% |aREA, % HRS. HRS. HRS. HRS. %/HR. | %/HR | %/HR.
1000| 50.0 6 R 14.0 80.0 900 54, *
l1000] 42.0 57R 17.0 8z.¢0 1000 26
1000| 32.0 | 1BII R 16.0 84.0 1050 18.
1000 29.0 | 6624 R 21.0 87.0 1100 13.0
1200 6.0
1250 4.2
2.9
1350 2, 0%
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
lTYPE OF TYPE OF SIZE OF
MATERIAL _ 12 Cr MELTING FURNACE HEAT
HEMICAL COMPOSITION, [efm P s]siJo [Mifm] [ |
PER CENT Toailoas] | os0liaz 1T ] ORIGINAL CREEP AND RUPTURE DATA
DEOXIDATION reme/STRESSIDURATION, INTERCEPT, MINIMUM_[TRANSITION] ToTaL EXT [TOTAL ELONGHARDNESS|
FORM-CAST OR WROUGHT __ Wrought °F | KOO THOURS(3]|  %ol4) '(CREEFRATE, | TIME, = ICREEL TEST) (RUFTURE | AFTER
HEAT TREATMENT Normalized and Tempered bl hl - [
1000] 50,0 1.8 3.0 55.0
[MICROSTRUCTURE 10004 45.0 6.2 1.03 33.0
GRAIN SIZE [HARDNESS 1000]40.0 | 20.2 K| _
SOURCE OF DATA '"Properties of Carbon & Alloy Seamiess Steel Tubing for High Tempera- 000] 35.0
ture and High Pressure Service,” Babcock & Wilcox Tube Company. - 83.3 0.10 41,0
1000 {25.0 [1457. R -
1100 35.0 1.25R] 5,74
CREEP AND RUPTURE STRENGTHS 1100 | 30.0 5.5 1.55
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED 1100 20,0 | 100 0.056
TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 P5I.(2) 0ol1s 0 | 22 2 o 023
°F 100 1000 10,000 |100,000 [0000001 | 0.00001 | 0.0001 1100{12.0 |1692. R 0.0072
HRS. HRS. HRS. HRS. %/HR. | %/MR | %s/HR. sl om
000 ==
:100 12.8 1;2 1300 10.0 4.25 2.7
1200 .5 2.1 1300 7.2 19. 5 0.45
1308 0.9 4 1300 4.5 158.5 Rl 0.075
1300 3.0 711, R 0.014
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
MATERIAL 12 Cr +Np ELTING FURNACE HEAT
HEMICAL COMPOSITION, c[m[PTsTsife [n[M [N |
PER CENT fo-105] o.38]0.0200.01d 0.3626.14 0.20} 0,02 10.125] | (1) 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
DEOXIDATION (2) EXTRAPOLATED VALUES INDICATED @Y *
FORM-CAST OR WROUGHT Mot Rolled Bar (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
HEAT TREATMENT A5 Hot Rolled (4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TRUCTUR TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
MICROSTRUCTURE (5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
GRAIN SIZE  4-6 ASTM Ferrite Grain Size [HARDNESS 167 BHAN CREEP RA'
SOURCE OF DATA University of Michigan
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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 OF TYPE OF TYPE OF . IsiZe oF
MATERIAL 12 Cr + 0.5 Mo + 1 Co |MELTING FURNACE InductioniHEAT 30 1b [MATERIAL '2 Cr + 0.50 Mo + N Jja[Euths FURNACE Induction [pg At 301
cvemicar cowposimion, | C Mo P s Tsife [N TM]n [ co CHEMICAL COMPOSITION, clm[PTsTsiJo [N [m]n] T
PER CENT {0.10 Jo.51 J0.0140.01d 0.24f12.33] [ 0.50f0.091f 1.1 PER CENT o.1]0.38b.019f0.02] 038 h2.3a loazfoas| [
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT _ Forged to 1' Round Bars FORM-CAST OR WROUGHT Forged to 1" Rounds
HEAT TREATMENT Normalized 1750 F and Annealed 1650 F HEAT TREATMENT Normalized From 1750 F and Annealed 1650 F
MICROSTRUCTURE MICROSTRUCTURE
GRAIN SIZE 8 ASTM Ferrite Grain Size [HARONESS 170171 BEN GRAIN SIZE _ 7/8 ASTM Ferrite Grain Size [HARDNESS 140-146 BEN
SOURCE _OF DATA University of Michigan SOURCE OF DATA University of Michigan
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULUS OFFSET
TEMPERATURE, OF YIELD (1) TENSILE ELONGATION REDUCTION TEMPERATURE, OF YIELD (1) TENSILE ELONGATION REDUCTION
°F ELASTICITY, [ STRENGTH, | STRENGTH, IN AREA o ELASTICITY, | STRENGTH, | STRENGTH, N 2%, IN_AREA
1,000,000PS.1. | 1000 PS.. ' | 1000 PSL PER CéNT PER CEN 1,000,000PS.I. | 1000 PS.. | 1000 PSI PER GENT | PER CEN
RT 3%.0 85.0 81.0 70.3 RT 32.0 75.5 35.0 74,3
1200 14.35 26,25 59.0 93.4 1200 13.0 22.6 58.0 91.3
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED STRESS FOR RUPTURE N TIMES STRESS FOR DES!GNATED
TEMP, INDICATED, 1000 PS.1.t2) CREEP RATE, 1000 PS.1.{2) TEMP., INDICATED, 1000 P.S.4.(2} CREEP RATE, 1000 PS.I.
°F 100 1000 10,000 100,000 |000000t | 0.00001 | 0.0001 °F 100 1000 10,000 [100,000 [€00000!1 | 0.00001 | ©0.000i
HRS. HRS. HRS. HkS. %/MR. | %MR_ | %/HR. HRS. HRS. HRS. H&S. %R, | %/MR | %/mR.
1200 9.6 6.2 4.1% 2.7% 0.63% 2. 1% 1200 8.5 5.6 3. 5% 2. 1% 0.57% 1.85%
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. {1 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY* (2) EXTRAPOLATED VALUES INDICATED BY*
ORIGINAL CREEP AND RUPTURE DATA ORIGINAL GREEP AND RUPTURE DATA
TEMR(STRESSIOURATION, INTERCEPT,| MINIMUM_[TRANSITION! TOTAL EXT. [TOTAL ELONG HARDNESS MESTRESS I URATION |INTERCEPT, L:MINIMUM ION| TOTAL EXT. |TOTAL ELGK;F»{ARDNESS
1000 THou *\CREEP RATE,| TIME, [CREEP TEST)! (RUPTURE | AFTER " 1000 JCREEP RATE,| TIME,  CREEP TEST), (RUPTURE | AFTER
| psy. [HOURSGI - %t} TR, | HRSAE) % TES),% | TESTING F | Rap [HOURSs %t4) %/HR. | HRS.(3) % | TESN.,% |TESTING
1200§ 19,0 9.4 R 62,9 1200/ 15.0 2.5R 58.0
12001 14. 0 6.3 R 65,0 12008 _8.0 151.0R 68.0
1200] 9.5 106.0 R 63.0 1200] 6.75] 452.0R 65.0
1200 7.0 547.0 R 65.0 1200 5.5 {1118.0 R 66. 0
1200 6.0 [1288.5 R 71.0 1200 1.5 [1290.0 0.049 0.000065 0.131
1200 1.5 [1500 0.120 0.000052 0.197 1200 1.0 §1237.0 0.046 0.000033 0.087
1200 1.0 11275 0.072 0.000024 0.103 20 0.7811340.0 .042 0.000018 0. 066

{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.

(s) ESEETRANSEITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).

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

s) THEETRANSEITION 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

O

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

O

TYPE OF TYPE OF SIZE OF TYPE OF . |TYPE OF TSiZE OF
MATERIAL 12 Cr, 2 Ni (Type 414)|MELTING FURNACE Induction |HEAT 30 1b MATERIAL 12 Cr; 2 Ni (Type 414) |MELTING FURNACE Induction |qEAT 100 1»
[CHEMICAL_ COMPOSITION, cJm]P[s]s Miw | T T CHEMICAL COMPOSITION, c (M| Pl sTsife [N [Mo[n ]
PER CENT 0.13 | 0.58J0.022]0.017 0.5212.37 1.sﬂo.1z4] ] | CENT 0.13] 0.8 l0.008f0.017]0.71 he.s1[i.e8 b.o1s [
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGMT _ Wrought, 5/8-and 1-1/2"-Square Forged Bars FORM-CAST OR WROUGHT Wrought 3/8-and i-1/2'"-Square Forged Bars
HEAT TREATMENT 1800 F, 1/2 Hr, OQ; 1225 F, 4 Hr, OQ HEAT TREATMENT 1800 F, 1/2 Hr, OQ; 1225 F, 4 Hr, OQ
MICROSTRUCTURE Tempered and Untempered Martensite MICROSTRUCTURE  Tempered Martensite
GRAIN SIZE Austenitic Grain Size, ASTM No. 6 to 7 |HARDNESS 21 Re GRAIN SIZE Austenitic Grain Size, ASTM No. 6 to 7 |HARDNESS 22 R_
SOURCE OF DATA U.S. Steel Corp. Research and Development Lab. SOURCE OF DATA U.S. Steel Corp. Research and Development Lab.
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULUS
TEMPERATURE oOF YIELD (1) | TENSILE ELONGATION REDUCTION TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDUCTION
of ' ELASTICITY, | STRENGTH, STRENGTH, N 2%, IN AREA oF ELASTICITY, | STRENGTH, | STRENGTH, IN 2", IN AREA
L000.000PS.I. | 1000 PSI," | '000 PSL PER CENT | PER CENY 1000,000pS. | ooops..’ | 1000PSL’ | PER CENT | PER CENT
RT (a) 90. 4 126.8 14.0 34.7 RT (a) 94.0 136.4 L5 64,6
700 (b) 86,5 122.5 1i.0 15.0 200 (b) 78.4 101.3 18.0 58.7
300 {b) £7.0 87.0 22.5 53.0 900 (b) - 7.2 26.3 73.3
1100 (b) 35,4 49.7 — 89.0 1100 (b) 29.6 45.7 42.3 86.6
(a) 0.254" Djameter speciméns, l-inch gage length. {a) 0,254" Dlameter specimdns, 1l-inch gage length,
(b) 0,254 Dlameter specimgns, 2-inch gade length, b} 0,254 DI sbecimdns, 2-inch gage longth
GREEP AND RUPTURE STRENGTHS GREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIG NATED STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.L.(2) CREEP RATE, 1000 PS..(2) TEMP,, INDICATED, 1000 P.S.1.(2) CREEP RATE, K000 PS.I.(2)
°F 100 000 10,000 | 100,000 |G00OC01 | 0.00001 | 0.0001 °F 100 1000 10,000 | 100,000 ooooom 0.00001 | 0.000!
HRS. HRS. HRS. HAS. %/HR. | %/HR_| %/HR. HRS. HRS. HRS. HAS. %/HR. | %/MR__| %/HR.
900 40.0 8.0 29.0% 900 36.0 26.0 19. 2%
1100 15,2 8.8 5, 1% 1100 13.3 8.7 5, 6%
i200 9.5 5.6 3.2% 1200 9.7 6.3 4. 0%
T
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY * (2) EXTRAPOLATED VALUES INDICATED BY *
ORIGINAL GREEP AND RUPTURE DATA ORIGINAL CREEP AND RUPTURE DATA
TEMB;STRESSIOURAT 0N, INTERCEPT,| MINIMUM_ TRANSITION] TOTAL EXT, ITOTAL ELONG HARDNESS ITEMR,STRESSIDURAT ION,INTERCEPT, | MINIMUM_ [TRANSITION| TOTAL EXT. | TOTAL ELONG.HARDNESS|
°F | 1090 [HOURS(3]|  %(4) PRATE, HME, ALl (Tﬁé's’nl"';f feETER, o | 1900 [Hours(af] w(a) CREEFRATE)  TIME,, [CREEL TEST) (;g;ﬁl},f TRETER
[ 900 0.9 1.43 5. 71 0.75 31.8 Rb 98.3 900 55.0 L1 2.92 0.9 33.8 Rb 96.1
0| 50.0 1.1 0.971 4.6 40,0 Rb 97.7 900] 47.0 9.7 0.870 5.6 36.4 Rb 95.6
900| 45.0 29.3 0.364 - 39.6 Rb 96.3 900[ 40.0 | 42.5 0.232 18.0 39.6 Rb 95.5
0.0 103.3 0.127 38.0 43.8 Rb 96.5 900| 32.0 | 223.0 0.0553 | 131.3 46.0 Rb 93.1
900] 35,0 212.0 0,047 | 125.0 25.2 Rb 95.8 9004 27.5 | 730.5 0.0228 | 427.0 50.0 Rb 93.5
900} 30.0 712.0 0.021 415.0 58.0 Rb 95.1
1100/ 30.0 0.6 16.0 0.25 46.4 Rb 92.7
1100f 30,0 LS 7.46 0.65 48.0 Rb 95.2 1100 20.0 | 11.2 0. 986 4.8 52.6 Rb 91.3
1100} 20.0 16.9 0.899 5.8 56.2 Rb 94. 6 1100/ 15.0 | s3.0 0.204 17. 6 70.2 Rb 89.2
1100} 15.0 108.0 0.170 47. 5 66.2 Rb 90.5 1100 9.5 6$10.0 0.0202 313.0 70.2 Rb 86.2
0.0 | 59,0 0.0316 | 348.0 80.4 Rb 84.8 1100| 8.0 [1520.0 0.0097 | 847.0 92.0 Rb 85.4
1100] 8.5 | 1212.8 0.0138 | 758.0 78.0 Rb 83.8
1200} 20.0 1.2 11.52 0.6 50.8 Rb 91.8
1200] 30.0 0.12 105.6 - 50.2 Rb 94.6 12001 15.0 _8.5 1.52 3.3 52. 6 Rb 91.4
l1200] 20.0 0.90 16.0 —- 61.4 Rb 90. 1 12000 10,0 | 91,5 0.1181 | 40.4 60.2 Rb 90.8
1200] 10.0 8.0 0.248 29.2 95,2 Rb 88. 6 1200| 8.5 | 213.8 0.0571 | 96.0 72.2 Rb 86.5
1200 8.5 114.0 0. 146 42.0 82.4 Rb 88.5 120 7.5 420.3 0.0218 180.0 78.2 Rb 88.3
1200| 8.14] 266.8 0.0678 | 94.5 73.6 Rb 87.3 1200] 6.0 |1298.0 0.0081 | 900.0 78.0 Rb 85.3
1200{ 6.5 | 404.5 0.0473 | 228.0 89. ¢ Rb 88. 4
1200 5.22] 1295.0 0.0137 863.0 82.0 Rb 86. 3

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

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

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE
s) QEELRQZ{?'TION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCI

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

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

ELERATING

CREEP RATE.
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(4) THE INTERCEPT 1S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
(5) THE TRANSITION 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

O,

ORIGINAL CREEP AND RUPTURE DATA

TYPE OF ] TYPE OF ) SIZE_OF ]
c 1 ST MINIMUM_[TRANSITION] TOTAL EXT. |TOTAL ELONGHARDNESS
MATERiAL !3 Cr, 2 Ni, 3 W MELTING FURNACE _ HEAT _Commercia TE,;‘_P' '%%gsl?yims?&%ﬂmﬁ.ﬂmm H";a'%‘&) CRE:/TDST), (_Ieg‘t)ugf Tégﬁfﬁ
[CHEMICAL COMPOSITION, cJwlpr sTsiJecTmTm[w]l | PS). /o /HR. X o .
PER CENT 0.07 o.z9| 0.30 Ilz.zs 2.05 _IZ.BZ| I 00| 70.0 5R
DEOXIDATION 00! 65,0 uR
FORM-CAST OR WROUGHT 900 | 60.0 34 R
HEAT TREATMENT 2050 F, 1 Hr, OQ; 1200 F, 2 Hr, A.C. 900 55.0 | 110K
MICROSTRUCTURE 900 45.0 { 2850 R
GRAIN SIZE ~ [HARDNESS 1000 45. 0 51 R
SOURCE OF DATA General Electric Company 1000} 35.0 | 1630 R
1100} 35.5 iI7TR
CREEP AND RUPTURE STRENGTHS TR )2:;
STRESS FOR RUPTURE [N TIMES smsss FOR DESIGNATED >
TEMP, INDICATED, 1000 P.S.1(2) CREEP RATE, 1000 PS.I.(2) 1100128.0 [ 345R
°F 100 1000 10,000 [ 100,000 [0.000001 | 0.0000t | D.00OI 11001240 | 830R
HRS. HRS. HRS. HRS. %/HR. | %/MR. | %/HR. 1100] 20,0 | 2250 R
900 60P 53P 46P 1200 | 25.0 28 R
1000 46P 37P 28P 1200 20,0 63 R
46 37% Z9% 00[17.3 | 295 R
| 1100 25P hzool15.0 450 R
29 19% 12. 5% 200112.5 | 710 R
1200} 16.0 1850 R
P indicgtes strength valug 4 by of LarsontMiller pardmeter T{2$ + logt),
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
PTR TYPE OF TYPE OF SIZE OF
ORIGINAL GREEP AND RUPTURE DATA REDUS MATERIAL 13 Cr, 2 Ni, 3 W AM[LTING FURNACE _ -- HEAT Commercial
ST MINIMUM _[TRANSITION| TOTAL EXT. [TOTAL ELONG, - - - -
T |6%§W§?§f""§,’f&ﬁncnez PRATE|  TIME, "|CREEP TEST), (RUBTURE | TION ¥ cHemica, cowposimion, | C [Mn [ P | s Tsifer [ni[mof w
PSJ. %/HR. | HRSIS) % TEST),% |AREA, % PER CENT oz [on [ Tosihsasliee 2.98 [
1000 | 66.0 1R 13.4 73.0 DEOXIDATION
11000 | 60,0 2R 13.9 76.0 FORM-CAST OR WROUGHT 7/8" Wrought Bars
1000 | 50.0 283 R 13.9 76.5 HEAT TREATMENT 1800 F, ! Hr, OQ; 1300 F', } Hr, A.C.
1000 45.8 | 1167 R 13.4 76.0 MICROSTRUCTURE -
110001 42,8 | 2278 R 10.6 72.5 GRAIN SIZE TRARDNESS 245 BHN
0 38.0 | 7695 R 10. 4 61.0 SOURCE OF DATA U.S.N. Engineering Experiment Station
1100 | 50.0 1R 14. 6 81.0
100! 44.0 7R 14.6 gl.0 SHORT TIME TENSILE PROPERTIES
lioolszo | 1798 10.5 5.5 MODULUS OFFSET
ol3z.0 s52 R 9.8 75.0 TEMPERATURE, OF YIELD (1) SIEE‘SIGEI_EH ELONGATION RiENDl:%TEIgN
1100]26.0 | 1772 R 14.6 83.0 °F ELASTICITY, | STRENGTH, '
1 1000000PS.0. | 1000Ps, " | 1000 PSL pER Gt | PER CENT
RT 28.9 92.8 120.6 24 66
@ 1000 18.4 53.0 69.8 21 76
1100 16.9 43.5 57.6 28 84
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF ) SIZE OF
MATERIAL 13 Cr, 2 Ni, 3 W MELTING FURNAGE HEAT
325"'5%‘:}7 COMPOSITION, cim[ P sTsiJc [n[m]| w] |
SEOROATION 0.12 | 0.37]0.006/0.008 0.24]11.88 2.08—[ —rZ.QBI I CREEP AND RUPTURE STRENGTHS
FORM-CAST OR WROUGHT STRESS FOR_RUPTURE IN TIMES smsss For DESIGNATED
HEAT TREATMENT 1/2 Hr, 1800 F, A.C.; 1-1/2 Ar, 1260 F, A.C TE)FAP-, INDICATED, 1000 P.S.1.(2) . iE Tsonooo sz
100 1000 10,000 [100,000 {G.00000! | 0.00001 , 0001
MICROSTRUCTURE HRS. HRS. HRS. HRS. %/HR. | %/HR_| %/HR.
GRAIN SIZE |HARDNESS 1000 43 39
SOQURCE OF DATA  General Electric Company 1300 32 25 3.5 8.0
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD (1) TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, é IN AREA*
1000,000PS.I. | 1000 ps.i. | 1000 RS PER CENT | PER CEN ORIGINAL GREEP AND RUPTURE DATA
80 - 130.0 21 62
TEMS, STm.DmAnou INTERCEPT,| MINIMUM TRANSIT!ON TOTAL_EXT. |[TOTAL ELONGJHARDNESS|
' 1000 *ICREEP RA TIME, [(CREEP TEST),( (RUPTURE | AFTER
T | R [HOURSGH] T wid) TCTEERRATEY T % | TEST,% |TESTING
1006 50.0 10 R 38.0
1000] 45.0 39R 41.0
Ll_OQO 40.0 684 R 1.75 0. 0094 370 30.0
1100] 40.0 12 R 30.0
CREEP AND RUPTURE STRENGTHS 1100} 30.0 310 R 29.0
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED 1100427.0 | 234R 26.0
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 P.S.1 {2}
°F 100 1000 10,000 IOO,@ts 0000001 | 0.00001 | 0.0001 1100) 312.0 | 2016 0.245 0.000287 -- 0.821
HRS. HRS. HRS. H Y%/HR. | %/MR | %/HR. 1100] 7.5 | 2040 0.126 | 0.000079]  -- 0.287
900 S0P 3P i uo0o| 5.5 | 1sm 0.173_ | 0.000034] - 0.234
900 47 40% 34%
1000 37P 30P 24P
1000 36
1100 24P 18P 10FP
1100 24 14. 3%
1200 19p 12P {3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
1200 19 11.9 5.9% t4) THE INTERCEPT IS _THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
P indicdtes strength value obtdined by usd of Larson|[Milier parjmeter T(2$ ¢ log ). TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP R

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

28

(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

ORIGINAL CREEP AND RUPTURE DATA

29

REDUC-
TEMPERATURE ON PROPERTIES OF METALS 0 O INTER T, e | TiME. - |GREER TEST), | TRUBTURE | TION I
TYPE OF ) TYPE OF SIZE OF ) - | psi ° % /HR. ' HRS.(8) % TEST),% |aREA, %
MATERIAL 13 Cr, 2 Ni, 3W MELTING FURNACE - HEAT Commercial 1000 40.0 1687 R 21.0
CHEMICAL COMPOSITION, Clm P sTsiJo [ni[m] w 1000] 45.0 | 649 R 36.0
PER CENT [0.15 E.Z5 .014‘0.004 0.22{13.09{1.95 l 3.01 1000} 50.0 308 R 44.1
DEOXIDATION _ 1000] 54,0 | 188 R 53.5
FORM-CAST OR WROUGHT _3/4"Wrought Bars 1000] 58.0 | 65.5 R 66.0
HEAT TREATMENT 1800 F, I Hr, OQ; 1200 F, 1 Hr, A.C. 1000 | 68.0 7.4 R 13.0
MICROSTRUCTURE 1000| 77.0 2.8 R 65.0
GRAIN SIZE ~ [HARDNESS _ 270 BHN 1000 90.0 0.13R 66.0
SOURCE OF DATA U.S.N. Engineering Experiment Station 1100] 20.0 [ 834 R 12.0
1100 25.0 | 662 R 12.0
SHORT TIME TENSILE PROPERTIES 1100] 29.0 | 421 R 21.0
MODULUS OFFSET 1100 | 34.0 | 178 R 30.0
TEMPERATURE, OF YIELD (1) S;EE‘S:;L& ELONGZATION R'ENDUAC';I'EICAN 1100] 37.0 | 100 R 40.0
°F ELASTICITY, | STRENGTH " 1100 40.0 36.9 R 59.0
1000,000PS.l. | 1000 PS1. | '000 RSI' | PER CENT | PER CEN oo ss0 | 56 o0
RT 118.6 135.0 22 66 1100 | 50.0 1.3 R 78.0
1000 71.4 84.5 22 76
1200 8.0 N493 R 20.0
1100 —51.5 67.6 26 82 1200 10.0 | 848 R 21.0
1200 | 15.0 {225 R 24.0
1200 { 20.0 78.1 R 32.0
1200 | 24.0 31.1 R 50. 0
1200 | 27.0 13.2 R 63.0
1200 | 30.0 2.2 R 74.0
CREEP AND RUPTURE STRENGTHS 1200 | 36.0 0.4 R 18 0
STRESS FOR RUPFTURE IN TIMES STRESS FOR oesmmn'so
TEMP, INDICATED, 1000 P.S.1.{2) CREEP RATE, 1000 PS.I.(2
°F 100 1000 10,000 [100,000 [0.000001 | Q.00001 o.oooa
HRS. HRS. HRS. HRS. %/HR. | %/HR. | %/HR.
1000 60 54 - 21.0 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
1100 45 36 4.3 12.0 TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
MATERIAL 13 Cr, 2Ni, 3 W MELTING FURNACE HE AT Commercial
[CHEMICAL COMPOSITION, [cm] P s sifc [n[Mo]lw
PER CENT JO.lT Io.zs I o.zﬂz.o; 1.78[ 2.93 I
DEOXIDATION
ORIGINAL CREEP AND RUPTURE DATA FORM-CAST OR WROUGHT
H‘EMP,STRESSaDl.RATlon INTERCEPT,| MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG.HARDNESS] HEAT TREATMENT 2012 F, ¢ Hr, A.C.; 1202 F, 4Hr, A.C.; 1112 F, 2 Hr, F.C.
"ICREEP RA TIM KCREEP TEST),| (RUPTURE | AFTER
°F | 000 THours(3]|  (a) ICREE P RATE, | TIME. 4 (TEs-n',. TESTING MICROSTRUCTURE
1000] 63.0 49 R 32.0 GRAIN_SIZE [HARDNESS
1000550 | 638R | 0.85 0.0048 300 27.0 SOURCE OF DATA  General Electric Companv
1100 45.0 113 R 31.0 SHORT TIME TENSILE PROPERTIES
. 0.77 0.0022 750 22.0 MODULUS OFFSET (a
11001 35:0 L 1339 R TEMPERATURE, OF YIELD ((n) s;sgsgﬁ_i ELONGATION RIENDUA%'I'E'gN
° TICITY TR '
1000] 25.0 | 2016 0.135 | 0.000198] 16507 0. 570 i ,E,;QSOOS'PS; S oeaTt [ Sooo RS’ | PER CENT | PER CENT
000 PS.1. 2S.1.
80 87.5 143.4 16.4 40
11001 15.0 2064 0,192 0.000164 11007 0. 620
1100] 11.0 | 2016 0.144 0.000080 -- 0.305 (a) 0.02% Offset yield strenghh.
1100] 8.9 2016 0.110 0.000039 - 0.189
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS CREEP AND RUPTURE STRENGTHS
TYPE OF TYPE OF SIZE OF 3
MATERIAL 13 Cr, 2 Ni, 3 W MELTING FURNACE Elsctric |HEAT Commercial TEMP. smsﬁsnrfgf_l_sngwlrggg;glngss STRESS ;ﬂ-} Dem%gNAgE(Dz
cHEMicAL cowposiTioN, | © l Mnlp s sife [mIMo[amlw]ce °F 10 100 1710,000 [100,000 aoooom 2.00001 [ 00001
PER CENT 0.12|0.35 0.31{12.88]1.98 10.05J0.04 lz.eélo.n HRS. HRS. HRS H %o/HR. %/H Y/ HR.
DEOX!DATION 900 60P 54P 47P
FORM-CAST OR WROUGHT _ Hot Rolled 1" Bars Annealed 1000 47P 37P 28P
HEAT TREATMENT 1800 F, 2 Hr, A.C.; 1050 F, 2 Hr, A.C. 1100 28P
MICROSTRUCT URE 30 19* 12%
GRAIN SIZE IHARDNESS 36 Re P indicjtes strength value obtjined by usq of LarsonrMiller pargmeter T(2} + log t).
SOQURCE OF DATA NACA Lewis Laboratory
SHORT TIME TENSILE PROPERTIES
Mockus rroET TENSILE ELONGATION REDUCTION ORIGINAL CREEP AND RUPTURE DATA
TEMPERATURE OF YIELD (1) RESS, MINIM ANSITION] TOTAL EXT. ONG)
°F ' | ELASTICITY, | STRENGTH, | STRENGTH, | IN 2}, IN AREA, MRS 1050 DURATIONINTERCEPT, R E RaTE, T'I‘ISAIF'O (cReet Tes,| (RUBTURE H‘Anbprﬂssiggl
1,000,000PS.I. | 1000 PS.I. | 000 PS.L PER CENT | PER CEN - | psi. %/HR. | HRS.(3) TEST),% | TESTING
1000 102.0 70 1000/ 60.0 8.0R
1100 78:¢ 76 1000] 50.0 | 295.0R
1000 40.0 {5500 R
11100 | 40,0 58 R
1100 30,0 }1000 R
1100 25.0 2650 R
1100] 20.0 17300 R
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED,
e :::imgzﬁun T'.UM'ZE STRENTHESSS o e, (2) EXTRAPOLATED VALUES INDICATED BY *
TR IGNAT!
TEMP. iNDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 PS. (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
EMP, {4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
Agg togo 10,000 |oohooo 0000001 | 0.00001 0.000| TEST SHOWING THE MINIMUM OR SECOND-~STAGE CREEP RATE.
. HRS, HRS. HRS. %/HR. | %/HR Y%/ HR. (5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
1000 57 42 CREEP RATE
1100 38 21
1200 19 10



CREEP AND RUPTURE STRENGTHS

STRESS FOR_RUPTURE IN TIMES STRESS Fon DESIGNATED
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMP. INDICATED, 1000 P.S.1.(2) CREEP RATE, 100Q PS..
TEMPERATURE ON PROPERTIES OF METALS oF 0 100 500 - 1000 Q000001 | 0.00001 0.000I
TYPE OF TYPE OF SI1ZE OF ] HRS. HRS. HRS. HRS. % /HR, %/HR. Fo/HR.
MATERJAL 13 Cr, 2Ni, 3 W MELTING FURNACE HEAT Commercial 1050 48 42 39 38
[ CHEMICAL COMPOSITION, c[m [P s [sifer [N [mo] w[ | 1200 25 17.5 11 _
PER CENT 012 ] 0.67] 037p290] 21| 3| | Notchdd: 60°, 50¥ ¢ ofarea. 0]005n radivh.
DEOXIDATION 1050 1L b0 34
FORM-CAST OR WROUGHT 1200 22 2 La.2
HEAT TREATMENT 1800 F, OQ- 1000 F, A.C.; 1000 F, A.C.
MICROSTRUCTURE
GRAIN SIZE [HARDNESS
SOURCE OF DATA _ General Eleciric Company
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE OF YIELD (1) | TENSILE ELONGATION REDUCTION
or 5 | gLasTiciTy, | STRENGTH, | STRENGTH, IN AREA ORIGINAL CREEP AND RUPTURE DATA
L000.000PS.1. | 1000 PS4 ' | 1000 PS.L PR SENT | PER CENT
LOOO,000PS 1. 2S.). TBJP,STm URATION, | INTERCEPT, c?z'&‘.'a"a‘i& Tnmamou TOTAL EXT. T%i‘l‘i Fllgés fﬁg:%;
] e [HouRstal] wte) CREERRATEN  LMES, % | TESD,% |AREA,
Heat 5-509
050! 50.0 2.8 27.2 7.2
1050) 47,0 12.3 R 22.0 77.5
~ 1050] 44.0 66.5 R 35.7 77.4
1050 38.0 760.9 32.2 77.0
1200} 27,0 5.2 34.1 86,4 )
CREEP AND RUPTURE STRENGTHS 1200{ 20.0 55.3 R 27.3 -
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 1200 18.0 | 90.7 H 29.5 ES
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PS.1.[2) 1200| 16.0 | 149.1 N 9.3 4.3
°F 100 1000 lo‘gsoo 'oohooo 0000001 | 0.00001 | ©0.0001 1200] 14,0 | 287.4 53.2 87
HRS. HRS. Hi HRS. %/HR, | %/HR | %/HR. 1200 120 [ a17 2 B P 18
1322 50p e e Heat 52309 Notched
53 29% To% 1050] 70,0 13.8
1050 | 65.0 49.5
P indicdtes strength value obtjined by usd of Larson|Miller pardmeter T(Z} + log 1). 10501 60.0 | 146.4
1050 | 55.0 220.9
55.0 312.9
1200} 32.0 12.4
1200 30.0 18.3
12001 24.0 61.2
ORIGINAL CREEP AND RUPTURE DATA 12001 20.0 | 148.4
TEMe;STRESS.URATION[INTERCEPT, MINIMUM_[TRANSITION| TOTAL EXT. [TOTAL ELONGHARDNESS]| 15,0 | 3259
1000 "ICREEP RATE, (CREEP TEST),| (RUPTURE =
| 1900 Trours(afl %4} %/HR. || HRS.(3) %  '| TEST,% |TESTING Heat S-771
1050} 57.0 1.3 31.0 78.0
10001650 | 138R lg'g 1050 [ 44.0 | 75.4 27.9 82.1
10001 55: 0 700 R - 1050 [ 41.0 | 136.8 29.0 81.8
1000| 45.0 | 1550 R 8.0 1200 27.0 2.7 33.3 85. 0
1000} 40.0 | 3450 R i'g 1200] 24.0 6.3 23.6 88.0
1000 35.0 | 4500 R 2 1200] 20.0 | 55.9 25.0 -=
1200 | 18.0 109. 7 36.0 85.5
1200 | 16.0 161.0 25.6 88.!7
1200] 14.0 296.9 44.8 91.4
1200} 12.0 343.3 38.5 90,2
Heat §-771 Notched
1050] 70.0 20.3
1050! 65.0 39.2
1050 60.0 225.5
1050 | 55.0 321.5
1200 34.0 0.05
30,0 36,7
1200 24.0 70.7
1200} 20.0 197. 0
12001 15,0 438.5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF ) TYPE OF SIZE OF
MATERIAL 13 Cr, Z2Ni, 3 W MELTING FURNACE HEAT
cHEMICAL composiTion, | C | Mn | P [ s [sifer [N [Mo|w] (1) 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
PER CENT 015 | lelzol 1ol | (2) EXTRAPOLATED VALUES INDICATED BY ¥
DEOXIDATION = * (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
FORM-CAST OR WROUGHT ] T:E INSL%I;ICﬁZT 1s THENPROJE%LIOSNE C%ACDK ;To éEEF::%E TIME FREou THE PORTION OF THE
TEST ING THE MINIMUM A
HEAT TREATMENT 1750 F, 1/2 Hr, OQ; 1200 F, 4Hr, A.C. ts) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
MICROSTRUCTURE CREEP RATE.
[GRAIN SIZE _ * THARDNESS 28 Rg
SOURCE OF DATA _ Firth-Sterling Steel and Carbide Corp.
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ORIGINAL CREEP AND RUPTURE DATA

TYPE OF TYPE OF SIZE OF

MATER]AL lzcr, 3 W ]MEL'”NG FURNACE HEAT ISTRE! MINIMUM TRANSITION| TOTAL EXT. |TOTAL ELONG HhRDNESS
Tclwm]r [s[s]e Do T ] T ST 000 AT IO NTERCERT N e || TIME - (CREEETEST), | (RUBTURE. | AETER

[CHEMICAL COMPOSITION, i “ | Psu. %/HR. '| HRS.(3) % e | EeTivG

PER CENT bos losa] | 02l 12.0 [ Tsel 1 900} 30.0 | 250 0.100 | 0.000167 0.141

?SOXID:Ts?Noa AT o 1200} 3.0 | 250 0.007 | 0. 000083 0.028

RM-CA WROUGHT 1" Bars, Wroug

- 1300] 3.0 50 0.005 | 0 0000%2 0118

HEAT TREATMENT  Normalized 2000 F taeel o1 sec Y B oo

MICROSTRUCTURE 1400] 3.0%] s00 0 0.00178 0.890

GRAIN SIZE [HARDNESS _ 315 BEN 1500} 1.0 | 500 0.056 | 0.000660 0.391

SOURCE OF DATA

Compilation of Available High Temperature Creep Characteristics of

Metals & Alloys, ASME-ASTM, 1938.

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
TEMPERATURE, OF YIELD (1) TENSILE ELONGA_TION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2%, IN AREA
L000000PS.. | 1000 ps.L | | 1000 PS.L’ | PER CENT | PER CENF
70 163.0 14.0 28. 6
800 165.4 17.5 45.5
1000 147. 2 18.0 52.2
1000 146, 6 17.0 49.8
1200 57.8 28.5 81.5
1400 25.0 44.0 91.1
CREEP AND RUPTURE STRENGTHS
STRESS FOR BUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS!l. CREEP RATE, 1000 PS..(2)
°F 100 I 1000 [ 10,000 Inoo 900 (0990001 [ 9.00001 | 0,000i
HRS. HRS. %/HR | %/HR.
ORIGINAL CREEP AND RUPTURE DATA
M o T URATION INTERCEPT, M TR L X, | TOTAL, ELONG HARONESS! (3 DURATION OF TEST (RUPTURE TEST INDICATED BY R).
F | pgy [POURSIS) %(4) FTRLIR ™ WRS(3) %  ’| TEST.% |TESTING (4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
800, 30 250 0.025 | 0.000017 029 (5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
900 30.0 500 0.107 0. 000136 0.171 CREEP RATE.
lOOO‘ 30.0 500 0. 400 0.00058 0.685
1200 3.02 250 0.039 0.000084 0.059
12001 10. 0 250 0.174 0.000456 0.286
1300 3.0 250 0.025 0.000¢121 0,086
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 ITYPE OF [S1ZE OF

MATERIAL !2 Cr, 3 W MELTING FURNACE HEAT

lcHemica, composimion, | C (M| P s[siJe [we Tw T 1
PER CENT [o.0840.43 [0.0140.01do. 113 ine1foing] [3oi | |

DEOXIDATION

TY OF
MA"I,'ER?:L 12Cr, 3W ILYE‘:ETING FURNACE aIEZAﬁ-OF FORM-CAST OR WROUGHT _ Wrought Bar 1x 4" x 5' Plate
: . HEAT TREATMENT Furnace Cooled 1472 F
cnemicaL coweosimion, | C [Mn] P T S TsiJor ['wi [mo[w] |
PER CENT MICROSTRUCTURE
0.09] 0.57 037]12.0 | [ 3.0] |
DEOXIDATION GRAIN SIZE [HARDNESS
FORM-CAST OR WROUGHT Wrought 1' Bars SOURCE OF DATA Gompilation of Available High Lemperature GCreep Characteristics of
HEAT TREATMENT Annealed 1550 F Metals & Alloys, ASME-ASTM, 1938
MICROSTRUCTURE SHORT TIME TENSILE PROPERTIES
GRAIN_SIZE [HARDNESS _ 180 BEN MODULUS OFFSET
SOURCE OF DATA Compilation of Available High Temperature Creep Characteristics of TE”PEEFATURE’ ELASOTFIC|TY s;:‘EEL'?G.I(.:') s;gg::;ﬁ-i’ ELONGAT'ON “ﬁ,"‘ﬂé‘}"
Metals & Alloys, ASME~ASTM, 1938. |,ooo,ooop.s.|'. 1000 PS.1. | 1000 PS4 PER céNT PER CEN
SHORT TIME TENSILE PROPERTIES 80 99,2 25.5 66,8
MODULUS OFFSET
TEMPERATURE, OF YIELD (1} TENSILE ELONGATION REDUCT ION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN AREA
1000000Ps.! | 1000PS1. | 1000 PSL PER cém' PER CENT
0 87.7 29.5 63.5
550 72.4 27.5 62.1
800 66. 4 23.5 61.1
1000 53.8 27.2 67. 9
1200 36.9 35.0 79.7 CREEP AND RUPTURE STRENGTHS
1400 16.5 50,0 94,5 STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 P.S.1.(2)
°F 100 1000 10,000 |100,000 [Q00000! [ 0.00001 0.0001
HRS. HRS. HRS. HAS. %/HR._| %/HR | %/HR.
CREEP AND RUPTURE STRENGTHS
STRESS _FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 000 P.S.1.(2) CREEP RATE, 1000 P.S.I.(2)
°F 100 1000 10,000 |100,000 (0000001 | 0.00001 [ 0.0001
HRS. HRS. HRS. HRS. %/HR. | %/MR | %/HR.
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(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY*



ORIGINAL CREEP AND RUPTURE DATA
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF 3 4 ]TYPE OF SIZE OF ]
hEMESTRESSIOURATION, |NTERCEP’T,CRM'N'MUM TR‘.‘I,NS'E'”O” TOTAL EXT. TO(;&L)F&%.HTF%SS MATERIAL 12 Cr, 3 W (Type 418)/MELTING FURNACE HEAT Commercial
il EEP RATE,| JCREEP TEST), i i
| R0 HOURS(3]  %.(4) TAE Rt % TEST),% |TESTING CHEMICAL COMPOSITION, [c M l Pls]sijer [niTm] w]
1022} 7.5 9700 0.182 0.000001 0.193 R IO.lO |0.39 B.olo 0.021] 0.33]13.23 0-271 ]3‘09l
10221 10. 0 9700 0,332 0.000005 0.382 ggg:m::S?Noﬁ WROUGHT 776" W B
o = ' Wroug! ArsS
10224 12.5,1 9700 z :” °'°°°°§: g' :: HEAT TREATMENT 1800 F, 1 Hr, OQ: 1200 F, 1 Hr, A.C.
. . 2 0.0002 -
l0z2115.0 L 700 g MICROSTRUCTURE -
GRAIN SIZE [HARDNESS 235 BHN
SOURCE OF DATA U.S.N. Engineering Experiment Station
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION [ REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2%, IN AREA*
1000,000PS.I. | 1000 PS.1. 1000 PSI. | PER CENT | PER CEN
RT 92.0 118. 6 23 64
1000 58.8 76.2 26 74
1100 43.0 58. 8 31 79
GREEP AND RUPTURE STRENGTHS
STRESS_FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P5.1.{2) RATE, 1000 PS4.(2)
°F 100 1000 10,000 | 100,000 QOOOOOI 0.00001 | 0.000t
HRS. HRS. HARS. HRS, %MR. | %MR | %/HR.
1000 51 47
1100 33 26 10
(3) DURATION OF TEST (RUPTURE TEST INDICATED 8Y R).
4} THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
{5) THE TRANSITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
CREEP RATE. (2) EXTRAPOLATED VALUES INDICATED BY *
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON OPE] OF
PROPERTIES OF METALS ORIGINAL GREEP AND RUPTURE DATA
mﬁgn?ﬂ 12 Cr, 3W L‘éﬁ'n?g FURNACE S’EZAETOF ISTRESS MINIMUM [TRANSITION| TOTAL EXT. [TOTAL ELONGHARDNESS)
il Al Hl [TEME, DURATION,INTERCEPT, - g
- " | 1000 “CREEP RATE,| TIME, [CREEP TEST)| (RUPTURE | AFTER
ICHEMICAL COMPOSITION, [c[ma]p [ sTsifer [N [Mo]w 1 F | a0 [Hoursel T %ca) %/HR. | HRS.(8) % | TEST),% |TESTING
PER CENT 0.09] 0.32 0.34|l3.05 | 12.76 [ 1000 ) 55. 0 19 R 19.0
DEOXIDATION 1000} 48.0 | 729R | 0.38 0.014 100 29.0
FORM-CAST OR WROUGHT _ Wrought
HEAT TREATMENT _ Annealed ool 350 P 5.0
MICROS TRUCTURE 1100] 33,0 95 R 45.0
GRAIN SIZE [HARDNESS 1100} 27.0 879 R 2,14 0.0032 410 22.0
SOURCE OF DATA "Properties of Carbon & Alloy Seamless Steel Tubing for High Tempera-
ture and High Pressure Service, " Babcock & Wilcox Tube Company. 1100] zo.0 | 1800 .51 0. 00065 3 >
SHORT TIME TENSILE PROPERTIES 1100 12.0 | 2016 0.227 0.00016 - 0.543
MODULUS OFFSET
TEMPERATURE, OF YIELD (1) S:II’ENSILE ELONGATION REDUCTION
°| ELASTICITY, | STRENGTH ENGTH, N 2° IN AREA
F 1000,000PS.I. | 1000 PSJ. | 1000 PS.L. PER CENT | PER CEN'
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE N TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.I.(2} CREEP RATE, 1000 P.S.1.(2)
°F 100 1000 10,000 0000001 [ 0.00001 | 0.0001
HRS. HRS. HRS. uk& %/HR. | %/HR | %/HR.
1200 3.0 5.2

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

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

(3 g:EE'I';Rsz?EITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
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ORIGINAL CREEP AND RUPTURE DATA

REDUC-
ASTM-ASME JOINT COMMITTEE ON EFFECT OF rEMe STRESSIDURATION [INTERCEPT,| MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG. .
{ | P RA T (CREEP TEST),| {RUPTURE | TION IN
TEMPERATURE ON PROPERTIES OF METALS *F | 1000 THoURS(3]| (4] [CREGFRATES  TME, ICREE B, s |aReA, %
TYPE OF 12Cr, Cb TYPE OF SIZE OF s
MATERIAL _ (Type 410 Cb) MELTING FURNACE . EAT Commercial 2004 78.00 LR
[cTm]Pr [ s]sifc [N [mo]co T 200f 72.01 430 R —
CHEMICAL COMPOSITION, 900 66.0 3000 R 7.5
PER CEN 0.07]0.43 Jo.o18]o.018]0.32 [13.72] 0.16 | 0.40 [ 900] 63.0 11100 R 2.0
DEOX1DATION 900| 60,0 |4000 R 5.5
FORM-CAST OR WROUGHT 1-1/8" Wrought Bars (000] 70.0 1.5R 8 2
HEAT TREATMENT 1800 F, 1 Hr, OQ: 1200 F, 1 Hr, A.C,
1000] 64.0] 178 6.0
MICROSTRUCTURE 00a] 56.0] 580 R 9.0
GRAIN SIZE [HARDNESS __ 231 BHN llooe| s2.0] 870 R 6.0
SOURCE OF DATA  U.S.N. Engineering Experiment Station L000| 47.01700 R 8.0
1000 40.0 {3700 R 3.0
SHORT TIME TENSILE PROPERTIES 100| 26.0] 150 R 1.0
MODULUS OFFSET 09} 26.01 540 R 9.0
TEMPERATURE, OF YIELD (1} TENSILE ELONGATION REDUCTION 100| 14 0|2600 R 17.0
of ELASTICITY, | STRENGTH, | STRENGTH, é - 'NRARE'l‘\,r ool 00| 16 R 25 78 0
1000,000PS.(. | 1000 PS.. | '000 RS PER cénT" | PER CE 2 : :
RT 84,6 103,0 24 70
1000 52.8 65,2 24, 74 @
1100 41,6 52.0 28 79
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE_OF TYPE OF [SIZE OF
MATERIAL 12 Cr, Cb MELTING FURNACE Induction |HEAT Experimental
CHEMICAL COMPOSITION, [cmrTs[siJc [N [M]co]
CREEP AND RUPTURE STRENGTHS z:xm::uou [o.06] 0.50 o0 liz17 070l Joso] |
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP. INDICATED, 1000 P.S.1.(2) CREEP RATE, K000 P.5S.J.(2} FORM-CAST OR WROUGHT
of 100 1000 0 000 100.000 0000001 | 0.00001 | 0.0001 HEAT TREATMENT 2012 F, 2 Hr, A.C.; 1200 F, 2 Hr, F.C.
HRS. HRS. HRS, HAS, %/HR. | %/MR | %/HR. MICROSTRUCTURE
1000 41 36 13 20 GRAIN SIZE JHARDNESS
1100 29 22 3.8 8.5 SOURCE OF DATA _ General Electric Company
ORIGINAL CREEP AND RUPTURE DATA SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
ITEMBSTRESSIOURATION,|INTERCEPT, | MINIMUM_ TRANSITION| TOTAL EXT. |TOTAL ELONG HARDNESS T OF i TENSILE ELONGATION REDUCTION
| 1990 Taours (3] w(a) CREEFRATE,  TIME, *ICREEE TEST) (RUETVCE 1 acTER. EMPETATURE, | eLasTiciTY, | STRENGTH, | STRENGTH, IN AREA,
S). e TR ] 1,000,000PS.1, | 1000 PS.." | '090 PSL PER CENT | PER CENT
1000} 50.0 2R 27.0 80 117.0 21 62
1000} 40,0 220R 7 Q.45 0. 0095 100 26,0
1000} 37,0 194 R 0,53 0.0044 250 32.0
11007 35. 9R | 24.0 .
1100 30,0 19 33.0
11004 26.0 277 R 0.16 0.0046 30 20.0
1100} 23.0 686 R 0.19 0,0032 275 32,0
CREEP AND RUPTURE STRENGTHS
10001 20.0 | 2016 0.236 | 0.000062| -~ 0,363 STRESS _FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
1000 15.0 | 2016 0.140 0,000031 - 0.202 TEMP, INDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 PS.i.t2)
°F 100 1000 10,000 [100,000 [0.000001 | 0.00001 | 0.0001
1100} 17.0 840 0.287 0.00061 300 1.13 HRS. HRS, HRS. HRS. % /HR. %/HR Yo/ HR.
1100 10.0 2040 0.062 0,00028 470 _1.16 900 64P S56P 450
1100{ 6,5 | 2040 0.042 0,000043 == 0,129 1000 43F,
@ P indicaltes strenpth value obtgined by use|of LarsondMiller pargmeter T{29 + log t)
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ORIGINAL CREEP AND RUPTURE DATA
TEMPERATURE ON RTIES OF METALS SISTRESS) MINIMUM_ [TRANSITION| TOTAL EXT. [TOTAL ELONG|REDUC-
TYPE_OF TYPE OF —[SIZE OF - [TEME; DURATION, INTERCEFT, TEST) | TION IN
IMATERIAL 12 Cr, Cb e Furmace Induction [Segr O Experimental | FEP [poursal] el CICRERRRTE (R8s %o TESN S |arEA, %
CHEMICAL COMPOSITION, [cm [P sTsifo [ni[Wo e | 000 66,01 25R 12,0 57.0
PER CENT lo0oloazl | Joazlinelor 02 | 00l 58.0) 72 R 6.0 540
DEOXIDATION 1000| 56.0| 247 R 2,0 11,0
FORM-CAST OR WROUGHT 1000| 52.0 ) 114 R 8.0 71.0
HEAT TREATMENT 2012 F, 2 Hr, A.C,; 1200 F, 2 Hr, F.C. 1000] 46.0] 325 R 6.0 69. 0
MICROSTRUCTURE 1100] 46,0 22 R 7.0 50. 0
GRAIN SIZE HARDNESS 1000 42,0 [1640 R 9.0 77.0
SOURCE OF DATA General Electric Company 1000 38.0 2468 R 6.0 73.0
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD (1} S'rTERg:g?i ELONGZAT'ON R:’-Nmfggg"
o ELASTICITY, | STRENGTH
i 1000,000PS.\. | 1000 ps.." | 1000 RSL’ | PER CENT | PER CENY
80 137.9 16 49
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 P.S..(2)
°F 100 1000 10,000 [100,000 [Q0000O! | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %/HR. | %/HR | %/HR.
900 5P 58P 52P
64 58% 51 1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
1000 52p 40P 24P (2) EXTRAPOLATED VALUES INDICATED BY *
52 334 1% (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
‘ 1100 24p {4) THE_INTERCEPT )S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
20 o T TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
* 15) ESEE'I‘;RANSITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
RATE
P_indicdtes strength value obtdined by usd of larsonbMiller pardmeter TI2% + log )

38
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE_OF TYPE OF SIZE OF

MATERIAL 12 Gr, Cb MELTING FURNACE Induction |HEAT  Experimental
CHEMICAL COMPOSITION, clm]p s sifer [N [mJcw

PER CEN 1] lll 0,4910,01 0140.}3 12.091 Q.12 |U 32

DEOXIDATION

FORM-CAST OR WROUGHT

HEAT TREATMENT 2125 F, 1/2 Hr, OQ; 1200 F, 2 Hr, A.C.; 1200 F, 2 Hr, A.C.
MICROSTRUCTURE

GRAIN SIZE
SQURCE OF DATA General Electric Company

"[HARONESS

SHORT TIME TENSILE PROPERTIES

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

SIZE OF

TYPE OF [TYPE OF
MATERIAL 12 Cr, Cb MELTING FURNACE HEAT  Commercial
chemicar comeosimion, | € [Pl s|sife [N [mfoo

]
PER CENT m 0.42 Io.mzlo.owh:.sz llz.lo 0.27 I 0.31 [

DEOXIDATION

FORM-CAST OR WROUGHT _Wheel and Shaft Forg.

HEAT TREATMENT

MICROS TRUCTURE
GRAIN SIZE

THARDNESS

SOURCE OF DATA - General Electric Company

SHORT TIME TENSILE PROPERTIES

MODULUS FSET (2] MODULUS OFFSET
TEMPERATURE OF YOIFELD (1) | TENSILE ELONGATION REDUCTION TEMPERATURE, OF YIELD (1) s;’sg::;i ELONGzATION Rﬁ‘mz(;TElgN
of ’ ELASTICITY, | STRENGTH, STRENGTH, N 27, IN AREA °F ELASTICITY, { STRENGTH, 1000 PSL | PER CENT | PER CENT
1000000 PS.1. | 1000 PS.I. 1000 PS.1. PER CENT | PER CEN 1,000,000 PS.I. | 1000 PS.I. e
80 103.5 143.5 18 60 80 98.0 134.5 20 59
(2) 0.02% Offset yield strenghh. {a) 0,02% Offyet yield strength.
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGN AT
TEMP. ATED, 1000 P.S.1.(2) RATE, 1000 PS.1.(2) TEMP, INDICATED, 1000 P.S.1.12) CREEP RATE IOOO PS.I ( )
s
°F 100 1000 10,000 | 100,000 000000 0.0000i 0.000t °F 100 1000 10,000 100,000 |QO0000! | 0.0000! 0.0001
HRS. HRS. HRS. HAS. %/MR. | %MR | %/HR. HRS. HRS. HRS. WRS. %/HR. | %/MR | %/HR.
900 80P 7P 62P 900 67F 59P
1000 62P 50P 9P 1000 58P
1100 39P - o= 60 43 31%
P indicftes strength value obtdined by use of LarsonjMiller parymeter T(2% + log t). P indicatep strength yalue obtaingd by uge of Larson-Mjller parampter T(25 +l1og t}

ORIGINAL CREEP AND RUPTURE DATA

ORIGINAL CREEP AND RUPTURE DATA

REDUC- [STRESSIHURATION, | INTERCEPT,| MINIMUM ’TRANSIT!ON TOTAL EXT. |TOTAL FLONGHARDNESS|
reme]STRESS uRaTION INTERCEPT, | MINIMUM_[TRANSITION| TOTAL EXT, [TOTAL ELONG FTDUC M T ot OTAL ELONG HARDNES
- IPS?HWRS“ wid) %P/ﬁART,E HT%‘,(Ei) l"REE]:/.TES“‘ (gﬂ.f REA, % - | pay. [HOURS(3NL % % /HR. HRS ) % | TEST,% |[TESTING
ol6s5.0 | 414 R 7.0 62 1000] 66,01 132 R 6.8 67,5

{%80 60.0 [1196 R 6.0 52,0 1000] 60.0} 1134 R 7.4 68. 0
1000| 55.0 {2394 R 5.0 45.0 1000{ 56.0 ) 2071 R 6.5 60. 0
1200] 45.0 | 12.0R 6.0 21.0 1000 52.0}2311 R 7.4 59,0
1200 40.5 19.9R 9.0 25.0 1000{ 48.0 | 5282 R 7.0 55. 0

12001 32,2758 41.5R 7.0 14.0 @
@ ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
MPERATURE ON PROPERTIES OF METALS
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TYPE OF PE OF ST OF
TEMPERATURE ON PROPERTIES OF METALS MATERIAL 12 Gr, Ta MELTING FURNACE Induction |WEAT Experimental
TYPE OF SIZE OF " "
MATERIRL 12 Cr, Cb [MELT!NG FURNACE Induction [HEAT  Experimental CHEMICAL COMPOSITION, lec MﬂTP [[ 541[ St [Cr | Ni [ Mo | Ta |
CHEMICAL COMPOSITION, [cm P [STs e [N Mece [ | e EOXISATION 0.2500.52 lo.016l0.014] 0.20012.81 0. |
PER CENT ] I r
0.09 I0.30 0.36 |12.72) 0.39 0.32 FORM-CAST OR WROUGHT
Dgg)(IDATSIONOR = HEAT TREATMENT _ 2000 F, 1 Hr, OQ: 1200 F, 2 Hr, A.C.
FORM-CAST OR WROUGHT _ Wrought 1
HEAT TREATMENT 2012 F, 2 Hr, A.C.; 1200 F, 2 Hr, F.C. [MICROS TRUCTURE
GRAIN SIZE JHARDNESS

MICROSTRUCTURE

GRAIN SIZE [HARDNESS

SQURCE OF DATA General Electric Company

SHORT TIME TENSILE PROPERTIES

OFFSET
TEMPERATURE "ODC';’FLUS YIELD (1) | TENSILE |ELONGATION REDUCTION
of ' | ELASTICITY, | STRENGTH, | STRENGTH, N 2%, IN_AREA
1,000,000PS.I. | 1000 PS.1. | ‘000 PS.. PER CNT | PER CEN
80 131.9 18 56
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEWP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PS.1.(2)
100 1000 10,000 |100,000 |0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS, %/MR. | %MR | %/HR.
900 2P 65P 57P
73 68 b4%
1000 57p - 48P
58 49% 41%
P indicajes strength value obtalned by uselof Larson-Miller parameter T(25+ log t}.

ORIGINAL CREEP AND RUPTURE DATA

RESS,) MINIMUM [TRANSITION| TOTAL EXT. |[TOTAL ELONGHARDNESS|

o] 1000 TouRacH ] oy CREERFATE | TN, " [cREEETESTI (RETURE [ AFTER,
00| 82,0 17R £.8
900 70.0 2500 R 7.0
9200 67.0 {19100 R 1.9
1000 | 66.0 33 R 6.0
1000| 58.0 790 R 7.0
1000] 52.0 4000 R 4.0

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

SOURCE OF DATA _General Eiectric Company

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET (2}
TEMPERATURE, OF YIELD (I} TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN AREA
1000,000PS.1. | 1000 RS, | 1000 PSL PER CENT | PER CENT
80 103.0 135.75 17 60
(a) 0.02% Offset vield strength.

CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED

TEMP, INDICATED, 1000 P.5.1.(2} CREEP RATE, 1000 PS.I.(2}
°F 100 1000 10,000 [100,000 [00OCO00! | 0.00001
HRS, HRS. HRS. HAS. %/HR. | %/HR. 2@%2?
1000 29P
1100 29p

P indicates strengt} value obtdined by use|of Larson{Miller pardmeter T(2§ + log t).

ORIGINAL. CREEP AND RUPTURE DATA

ITEme STRESSDURATION,INTERCEPT,| MINIMUM. [TRANSITION! TOTAL EXT, [TOTAL ELONGHARDNESS|
=1 1000 THOURS 4) '[CREEP RATE (CREEF TEST),| (RUPTURE | AFTER
) | PSL. Gl i@y [CREEDRATEN M, % | TEST),% |TESTING
1200] 40.0 9.9R 21,0
1200] 30.0 24.2 R 13.0
1200{ 25.0 | 24.2R 20.0
1200(20.0 | 58.1R 30.0
(b) Test specimlen with 1" gage length and 0. 160" fliameter.

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

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

8 E:EE;R:;{?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

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

TYPE _OF TYPE OF SIZE OF TYPE OF I OF SIZE OF
MATERIAL 12 Cr, Cb MELTING FURNACE Induction |HEAT Experimental MATERIAL 12 Cr, Cb MELTING FURNACE fnduction |HEAT _ Experimental
cHEmICAL cowosimion, | G [M P s [or [ ni [Mo] o] CHEMICAL COMPOSITION, [cm] sfsiferjnlmwlc] T
PER CENT [oasioszl (2.5 U Toadl CENT [o.15 Jo.53 | ! 1 izes Lo.z6 |
DEOXIDATION DEOXIDATION
FORM-CAST OR WROUGHT Wrought 1" D FORM-CAST OR WROUGHT Wrought 1" D
HEAT TREATMENT 2050 F, 0OQ; 1200 F, A.C.; 1200 F, A.C. HEAT TREATMENT 2000 F OQ; 1200 F, A.C.
MICROSTRUCTURE MICROSTRUCTURE
GRAIN SIZE THARDNESS GRAIN_SIZE [HARDNESS
SOURCE OF DATA General Electric Company SOURCE OF DATA  General Electric Company
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULUS OFFSET (@)
TEMPERATURE, OF YIELD ((‘a,) TENSILE ELONGAT|ON REDUCTION TEMPERATURE, OF YIELD (I} TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2" IN AREA °F ELASTICITY, | STRENGTH, | STRENGTH, N 2" IN AREA
1,000,000PS.l. | 1000 ps.. | 1000 PS.L PER CENT | PER CENT 1,000,000 PS.l. | 1000 pS.1. | 1000 PSI PER CENT | PER CEN
8Q 99.0 135. 0 18 64 80 103, 0 138.0 20 64
{(a)_0.02% Offset vield strength. (2) 0,02% Offsqt yield strength.
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGN ATE STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.L.(2} CREEP RATE, 1000 PS.1.(2) TEMP, INDICATED, 1000 P.5.i.(2) CREEP RATE, 1000 PS.1.(
°F 100 1000 10,000 ] 100,000 Q000001 | 0.00001 | 0.0001 °F 100 1000 10,000 |i00,000 [0000001 | 0.00001. | 00001
HRS. HRS. HRS. HRS. %/MHR. | %/HR | %/HR. HRS. HRS. HRS. HRS, %/HR. | %/HR_ | %/HR.
300 109 65P 56P 900 41P
1000 56P 1000 60P
56 46 60
P indicates strength value obtained by use] of LarsoniMiller pardmeter T(23 + log t). P indicatep strength Yalue obtaired by use of Larson-Miller paraifeter T{25 # log t)
(i) 0.2 PER CENT DFFSET UNLESS OTHERWISE INDICATED. (1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY* {2) EXTRAPOLATED VALUES INDICATED BY ¥
ORIGINAL CREEP AND RUPTURE DATA ORIGINAL CREEP AND RUPTURE DATA
er;srnaq TION,INTERCEPT,, MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG| REDUC- ITEMe STRESSIOURATIOM,(INTERCEPT, | MINIMUM TRANSlT!ON TOTAL EXT. [TOTAL ELONG|REDUC-
11000 'CREEP RATE,| TIME, ICREEP TEST),| RUPTURE | TION IN " 1000 *\CREEP RATE,| TIM (CREEP TEST),| (RUPTURE | TION IN
| 19090 JHoumsisl] %@y PRETRTE] (MG, % | TEST).% lamEA, % F | ap [HOURS(3Y| (4l “CREERRATE | TMES, % | TESTL% |amEa. %
10004 70.9 13.0 R 8.0 69.0 1000] 65.0 414 R 7.0 62. 0
1Q00] 60.0 520.0 R 9.0 69.0 1000| 60.0 {1196 R 6.0 52.0
1000 52.0 }2566 R 8.0 68.0 1000/ 55.0 | 2394 R 5 0 45.0

{3) DURATION OF TEST {RUPTURE TEST INDICATED BY R).
(L] THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
T SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE
) THEETRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
CREEP RATE
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{3} DURATION OF TEST (RUPTURE TEST INDICATED BY R),
(#) THE INTERCEPT IS THE PROJECTION BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
%) Z:EE;R:NSEITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
ATE.
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Stress,|000 psi

Data Sheet Numbers Correspanding ta Points Below

° T ] 3 )
2 1 I
1 65 13
5 9
X G'9 1
80 4 108
10 43
3 3
{ 7 7
"
70
60 %
50 é
X R
Tn
N T\«
3
\
20 oK\
X
b 4
X
20| e
t 3
10
0
800 900 1000 1100 1200 1300

Temperature, F
RUPTURE IN 1000 HOURS

12€r,2.7S Mo,V STEEL

1400

Stress,I000 psi

Data Sheet Numbers Corresponding to Points Below
90
T 2 2
56 9 8
4 56 9,156
3 | 10
10 | 3
80 104 7
8
3
7
X !
70
X<
60 \
N\
g\ <
50
40 ;
X
X"
30
* \)(‘
20 \;
0
[+
800 900 1000 oo 1200 1300 1400
Temperature,F

RUPTURE IN 10000 HOURS
{Extrapalated)

12Cr,2.75 Mo, V STEEL



134

Stress, 1000 psi

Data Sheet Numbers Corresponding to Points Below

9 2 = 3 659
2 1 10, |
6,5 8,2
9 ]
\ 10 133
80, 8 7
4 1]
3
7
1l
70| 12,9
56
10,9
5
7 +—Rupture in 100 hours
60 &
\’“ |
50 A\
X'
40
Rupture in A\
100,000 hour

o (Extrapolated)

° T FN

800 900 1000 1100 1200 1300
Temperoture,F

RUPTURE IN 100 AND 100,000 HOURS

12Cr, 2.75 Mo,V STEEL

1400
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SHORT TIME TENSILE PROPERTIES

MOpULUS OFFSET @) rensie | ELONGATION | REDUCTION
T F Y1 '
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF T TR | L asticiTy, | strcveth, | STRENGTH, | N 2° IN AREA
TEMPERATURE ON PROPERTIES OF METALS 1000,000PS.. | 1000 RSy’ | 1000 PSL’ | PER CENT | PER CENY
T TYPE OF S1Z
TATERORL 12 G, 2.75 Mo, ¥ iusurmc FURNACE Seat O Commercial 80 107. 5 156.25 16.5 41.0
[CHEMICAL  COMPOSITION, [em PTs]si[enm]m]|y (2] 0. 02% Offset yield strenglh.
PER CENT 1:27 1.08 0.024}0.027} 0.27]11.75/0.21 {2.88 IO.ZS l
DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought 3/6" Square
HEAT TREATMENT 2000 F, 1 Hr, OQ; 1300 F, 2 Hr, A.C.
MICROSTRUCTURE
GRAIN SIZE |HARDNESS CREEP AND RUPTURE STRENGTHS
SOURCE OF DATA General Electric Company STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS..(2}
PRO °F 100 1000 10,000 | 100,000 |0.000001 | 0.00001 | 0.0001
MODUSL';’RT T'M;F:EE.I'_“S'LE PERTIES HRS. HRS. HRS. Hhs. %/MR. | %MR | %/HR.
TEMPERATURE, OF VIELG 7 | TEWSILE ELONGATION | REDUCTION 200 bop
of ELASTICITY, | STRENGTH, | STRENGTH, d N AREA,r 1009 S0P 53P 43P
1000000 PS... | 1000 PSy.” | 1000 PSL PER CENT | PER CEN 1100 P 280
80 101. 9 149.3 19.0 44.1 1200 25P
(a) 0.02% Offset yleld strengph. P s strength value obtdined by uselof LarsoniMiller pardmeter T{29 + log t}.
CREEP AND RUPTURE STRENGTHS ORIGINAL CREEP AND RUPTURE DATA
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED remesTRESShuraTion [N TERCEPT,| MINIMUM_ [TRaNsITION] ToTaL ExT. TroTAL ELONG HaRDNESS]
1000 k TIME,  JCREEP TEST),| (RUPTURE | AFTER
TEme, INDICATED, 1000 PS.1.{2} CREEP RATE, 1000 PS.1.(2) °F | 1000 THOURSI3])  %%(a) e WRS) % | TEST),% |TESTING
F 100 1000 10,000 [100,000 [0000001 | 0.0000t | 0.000I
HRS. HRS. HRS. nhs. %MR. | %MR_| %r/HA. 1100] 600 LI 29,0
900 82P 72P 60P 11004 20.0 208 7 24.9
1000 60P 47P 1200] 40.0 30.3 R 23.0
1000 64 48% 12001} 30.0 111.9H 27.0
1100 24P 14E 12001 20.0 270.0H 30.0
41
1200 26P 16P All test specimens had 1" e and 0. 1p0' diametef.
24 15.7
P indic4tes strength value obtdined by usd of LarsonpMiller pargmeter T(2} + log t). @
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
ORIGINAL CREEP AND RUPTURE DATA TR O o i o [TEOF SE oF —
rewelSTRESS o RaTIoN [INTERCEPT MINIMUM [TRANSITION| TOTAL EXT, |TOTAL ELONG HARDNESS) MATERIAL > o MELTING FURNACE HEAT  Commercia
F 'PSL HOURS(3]|  %(4) '[CREEF,RATE  TIME, " (CREEP TEST), TEST)TURE_'/. TEETER. CHEMICAL CowPOSITION, Te | m[e[s]si JLL Ni % Mo | Vv %
21.0 0.31 11.05]0019]0.01410.28 ]11.12] 0.20]2.84 } 0.23
1000/100.0 0.074 Rl s DEOXIDATION
[L0001 80.0 121.0 - FORM-CAST OR WROUGHT _ Wrought 3-3/4" Round
1000} 90.0 ] 1.3 22.0 HEAT TREATMENT 2000 F, 1 Hr, OQ; 1325 F, 2 Hr, A.C,
1000 Z" 0_162.0 :g MICROSTRUCTURE
1ona] 20-0 ] 27 o GRAIN SIZE [FAROESS
> SOURCE OF DATA _ General Electric Company
001100, 0 318 10.0
1100 60.0 10 R 32,0
1100 [100.0 | 0.0014R] 18.0 SHORT TIME TENSILE PROPERTIES
.0 MODULUS OFFSET (a)
11001900 | 0.017 17 TEMPERATURE, OF YIELD (1) | TENSILE | ELONGATION | REDUCTION
1100 Q.15 5.0 °F ELASTICITY, | STRENGTH, | STRENGTH, [ IN IN AREA
1100[ 700 | 2.7 22.0 1000,000PS.), | 100D PSy, | 000 PSL | PER cém' PER CENT
1100} 50.0 )63.6 R 21,0 80 76.0 129.25 17.5 34,71
1100] 40.0 1922 14.0
1100]30.0 | 3819 R| 17.0 __‘a)_O.ﬁLO_ﬁ'get vield strength,
1200 60.0 0.067 38.0
54, 0
TRy i¢ = CREEP AND RUPTURE STRENGTHS
- : STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
12001 20,0 |73.0 28.0 TEMP, INDICATED, 1000 P.S.1.{2} CREEP RATE, 1000 PS.).{2]
1200} 25.0 |90.0 19.0 °F 100 1000 10,000 100,000 |G.00000¢ | 0.00001 o.ooon
2001 20,0 80,0 20.0 HRS. HRS. HRS. nks. %/MHR. | %/MHR | %/HR.
1200} 15.0 | 1203 26.0 900 55P 44p
1350] 50.0 | 0.001 30.0 1000 44p 35p 27p
1350 | 40.0 0.016 Q 34.0 1100 27P 207
1350] 30.0 | 0.14 R 21.0 1200 22p
1350} 20.0 | 0.8 65.0 — - -
ool iso | 2.7 0.0 P indicdtes strength value obtdined by use] of LarsonyMiller pargmeter T{2§ + log t).
1350/ 10.0 |25.2 50.0
ORIGINAL CREEP AND RUPTURE DATA
All tedt specimdns had 1" gage length apd 0. 160" djameter.
p srggg,mfm INTERCEPT, cM"E‘b"MR%E. [TRANSITION| ToTaL EXT. TOTAL, quﬁng&ﬁ
F ) Far [HOURSGI " wmta) TCREEE RATE)  TIMEs % | TEST),% |TESTING
@ 1100] 60.0 1.7 32,0
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1100} 50.0 6.9 4.0
TEMPERATURE ON PROPERTIES OF METALS 1200| 40.0 0.4R 40,0
TYPE OF TYPE OF | [SIZE oF 1200 30.0 9.3 R 33.0
MATERIAL 12 Cr; 2.75 Mo, V. |MELTING FURNACE Induction |HEAT Experimental 1200] 20.0 337.9 26.0
CHEMICAL COMPOSITION, [emle s sifoe [Mmw][v] I
PER CENT ‘3_”3—[7].23 0.00810.028 0.57 I“.“ O.I;YZ.SIE.ZG l All tegt specimeins had 1" gage and 0.0)6" diametef.

DEOXIDATION

FORM-CAST OR WROUGHT _ Wrought 1-3/8" Round

HEAT TREATMENT 2000 F, 1 Hr, OQ; 1100 F, 3 Hr, A.C.

MICROSTRUCTURE

GRAIN SIZE

HARDNESS

SOURCE OF DATA General Electric Company
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(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.

(2) EXTRAPOLATED VALUES INDICATED &Yy *

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

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

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



©

ORIGINAL CREEP AND RUPTURE DATA

{1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.

@

EXTRAPOLATED VALUES INDICATED 8Y *

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMP/STRESSIDURATION |INTERGEPT, MINIMUM_ [TRANSITION| TOTAL EXT. |TOTAL ELONG HARDNESS
At "|CREEP RATE,| TIM (CREEP TEST),| (RUPTURE | AFTER
TEMPERATURE ON PROPERTIES OF METALS | 100 Hoursisll  wta} ICREEFRATE)  LNES, % | TEST),% |TESTING
uﬁgn?ﬂ 12 Cr, 2.75 Mo, V. ;Eﬁ'lrg FURNACE fllEzAETOF Commercial 1100 | 60.0 4.4R 13.0
i i 1100 | 50.0 127.7 R 13.0
CHEMICAL COMPOSITION, cJunlpls]siJe [niTm[v] ] oelaoo | oz ax o0
PER CENT 0.27 |1.08 p.0z4)0.027} 0.27]11.75] 0.21 | 2.88 Jo.25| | 200 300 T35 0 R 50
DEOXIDATION
:2::-‘}?;51' OR WROUGHT er\l_g_llt.4” Round All teqt specimepns had 1" ghge and 0.0 6" diametef.
ATMENT 2000 F, 6Hr, OQ; 1300 F, 6 Hr, A.C. |t sSpecimens had
MICROSTRUCTURE
[GRAIN SIZE THARDNESS
SOURCE OF DATA General Electric Company ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
SHORT TIME TENSILE PROPERTIES ;ﬁ%n?: o Cr 27300 LYEPE'|'|SS rommacE S‘EZETOF - o
MODULUS OFFSET (a) L T, 2. o, L HE A ommercia
TEMPERATURE OF YIELD (1) | TENSILE ELONGATION REDUCTION = el Pl sTsTaln Iwls
oF * | eLasTICITY, | STRENGTH, | STRENGTH, IN AREA,r CHEMICAL_ COMPOSITION, l n [si[er [ I ]
1000,000PS.I. | 1000 Ps.. " | 1000 PS.L PER CENT | PER CEN 0.26{1.0¢] - [ -- foso[iiofonr [2.56 [o2e] |
8 87.0 136.3 15.0 31.8 DEOXIDATION
: FORM-CAST OR WROUGHT Wrought 1t Round
{a) 0.02% Offset yield strenggh. HEAT TREATMENT 2000 F, I Hr, OQ; 1352 F, 2 Hy, A.C
MICROSTRUCTURE
GRAIN SI1ZE |HARDNESS
SOURCE OF DATA General Electric Company
SHORT TIME TENSILE PROPERTIES
CREEP AND RUPTURE STRENGTHS NODULUS FTSET (o]
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED TEMPERATURE ; OF YIELD (1) sT52'5'L1_E ELONGATION RENDU%EON
TEMP, INDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 PS.1.(2) of ELASTICITY, | STRENGTH, :&oNgsr:. PER CENT P'ERACEc
°F 100 1000 10,000 100,000 |QO0O001 | 0.00001 | 0.0001 1,000000PS.I. | 1000 PS.I. i
HRS. HRS. HRS. HRS. %/MR. | %/MR.__| %/HR. 80 94.0 140.25 15.0 36.94
900 56P 48P
1000 47P 39P 28P __(a) 0.02% Offset yield strengfh.
1100 29P
1200 20P
P indicgtes strength value cbtgined by usq of Larsonf{Miller pargmeter T(2} + log t).
GINAL GREEP AND RUPTURE DAT. CREEP AND RUPTURE STRENGTHS
g o T RS B LT | STRESS Ao o8 WALl
Treme/STRESSIouRATION INTERGEPT,| MINIMUM_ [TRANSITION| TOTAL EXT. |TOTAL ELONG HARDNESS TEMP, s >S.1. . 5.1
1000 €P RATE,| TIME, [CREEP TEST),| (RUPTURE | AFTER
s 7 N el S T T ] e e [eRe oot | oo
1100 ] 60.0 0,7R 34.0 900 62P 579
t100]50.0 9.0R 34.0 1000 7P 9P 28D
1200 | 40.0 1.8 R 30.0 1100 38P 24P
1200 30.0 18.6 R 46.0 1200 29P
00 0.0 100.0 R 26,0
= 2 P indicdtes strength value obtdined by use of LarsoniMiller parameter T{2} + log t).
All tedt specimeps had 1" ghge length ahd 0, 160" dlameter.
ORIGINAL CREEFP AND RUPTURE DATA
ST MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONGHARDNESS|
T 1000 ey N TR P T CREEP RATE,|  TIME,  |CREEP TEST),| (RUPTURE | AFTER
ASTM-ASME JOINT COMMITTEE ON EFFECT OF T | PS)L /HR. HRS.(S) Yo TEST),% |TESTING
TEMPERATURE ON PROPERTIES OF METALS ool 6001 s in 340
TYPE OF TYPE OF SIZE OF R 1100] 40.0 | 434.1R 26.0
MATERIAL 12 Cr, 2.75 Mo, V ]MELTING FURNACE HEAT _ Commercial 200 3001 242R 360
cnemica, composimion, | C M| P [ sTsiJe [nm]v] I 1200] 20.0 | 207.8R 45.0
PER CENT 0.30]0.93} -- l - 0.31|11.64 0.13]2.60 o.zel [
DEOXIDATION All te$t specimens had 1" dage and 0. 006" diametefr.
FORM-CAST OR WROUGHT Wrought 1" Round S
HEAT TREATMENT 2000 F, 1 Hr, OQ; 1325 F, 2 Hr
MICROSTRUCTURE
GRAIN SIZE [HARDNESS ASTM-ASME JOINT COMMITTEE ON EFFECT OF
SOURCE OF DATA _ General Electric Company TEMPERATURE ON PROPERTIES OF METALS
TYPE OF !TYPE OF SIZE OF )
SHORT TIME TENSILE PROPERTIES MATERIAL 12 Cr, 2.75 Mo, VI s MELTlNGPF" N;’“ - I — MEATI MaCommglrma\I
i i v
MODULUS OFFSET (a) CHEMICAL COMPOSITION, Mn o | N
TEMPERATURE OF YIELD (1) TENSILE |ELONGATION | REDUCTION PER CENT
o ' | ELASTICITY, | STRENGTH, | STRENGTH, | 2% 7| N aREa, Ao Jo-z26 Jo.05 0.8 1106015258 Jo.zs | |
1000,000PSL | 1000 PS.. _ 5o FORM-CAST OR WROUGHT Wrought 1-13/ 16" x 2-5/ 16"
80 35-0 143. 75 2 33.10 HEAT TREATMENT 2000 F, 1 Hr, OQ; 1100 F, 3 Hr, A.C.
(a) 0.02% Offset yield strengkth. MICROSTRUCTURE
|GRAIN SIZE [HARDNESS
SOURCE OF DATA General Electric Company
CREEP AND RUPTURE STRENGTHS SHORT TIME TENSILE PROPERTIES
0DULUS OFFSET,
TEMP, STR EssDFgR Eg*’fggg P T('M)ES SZEEEE ;?FE‘DE.O%S%_‘{E&) TEMPERATURE, " OF Y(ELD ((ia)) s;sg:&,i ELONGZATION R&D'-;CRTE'T
°F 100 1000 | 10,000 Q000001 | 0.00001 | 0,0001 °F ELASTICITY, | STRENGTH, | %500 Rsi' | PER CENT | PER CEN
HRS. HRS. s R 000 | SR | S 1000,000PS 1. | 1000 PS.I. -
900 620 575 80 78.75 124.75 19.5 39.7
1000 f;; :41? {a) 0.02% Offset vield strenﬁh‘
1200 29p (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
{4) THE_INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
P indicjtes strength value obthined by usq of LarsonfMiller parfimeter T(2} + log ). TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
(s) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING

CREEP RATE.
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CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP., INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS..12)
°F 100 1000 ] 10,000 |100,000 0000001 | 0.0000f | 0.0001
HRS. HRS. HRS. HRS. %/MR. | %/HR | %/HR.
900 41P
1000 41p 32F 25P
1100 25P 19P
1200 21P
P indicates strength value obtdined by usel of Larson}Miller pardmeter T(2} + log t).

ORIGINAL CREEP AND RUPTURE DATA

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET,
TEMPERATURE, oF YIELD 11] | _TENSILE ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2° N IN_AREA
1000,000PS1. | 1000 PSi. | 000 RS.L PER CENT | PER CEN

80 —i07, 5 154, 5 16. 5 41,0

(a) 0.02% Offset yield streagth.

CREEP AND RUPTURE STRENGTHS

STRESS FOR RUFTURE IN TIMES STRESS FOR DESIGNATED

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

TYPE OF TYPE OF SIZE OF
MATER!AL 12 Cr, 2.75 Mo, V ELTING FURNACE HEAT Commercial

leremicaL composimion, | © Mo P TS Tsifc [miM]v] |
PER CENT ) [ o.;z] 1.08[0.018[0.015 0.40hl.58 o.xBJ 2.5710.251 T

DEOX!DATION

FORM-CAST OR WROUGHT Wrought 3-1/2" Round

HEAT TREATMENT 2000 F, 6 Hr, OQ; 1300 F, 6 Hr, A.C.
MICROSTRUCTURE

GRAIN SIZE

SOURCE OF DATA  General Electric Company

HARDNESS

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET!
TEMPERATURE, OF YIELD ((T} TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2", g IN AREA
1,000,000PS.I. | 1000 PS). | 1000 PSL PeR CENT | PER CEN
890 87.5 143.5 17.0 45. 4

(a} 0.02% Offset yield strength.

MiNIMUM frrRansiTion] ToTay EXT. TTOTAL ELONS

MRS 1060 mg‘f"m"‘“nm&r ) (CREEETEST, (RUETURE AngR | TEmP, INDICATED, 1000 P.5.L.(2} CREEP RATE, 1000 PS.1.(2)

PSI. B/ R ER) % TEST), % | TESTING o6 0001 10668 - Tooster| oot
1100] 50.0 | 3.3R 40.0 HRS. HRS. Re ' o | SR | !
1200 40.0 0.2 R 34.0 900 60P
12001 30.0 1L6R 37.0 1000 S9P S0P, 37P
1200{ 20.0 | 160.9 R 30.0 1100 7P 24P

1200 29FP
All tegt specimens had 1" gage length apd 0. 160" dfameter. B indicdtes strength value obtdined by use of Larson{Miller parqmeter T(24 + log t).

ORIGINAL CREEP AND RUPTURE DATA

p [STRESS, MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG. M%
[ o roShir ™ g T [ "R AT
1100} 60.0 1.5 R 19.0
1100} 50.0 ; 293.2 R 1.0
1200} 40.0 14.5 R 21.0
12004 30.0 56.8 R 20.0
1200[ 20.0 300.5R 21.0

All tegt specimens had 1'" dage and 0.0)16' diametefr.

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

CREEP AND RUPTURE STRENGTHS

STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PSJ.(2)

°F 100 1000 10,000 (100,000 |000000 | 0.00001 | 0.0001

HRS. HRS. HRS. HRS. %/HR. | %/HR | %/HR.
1000 38P 30P
1100 31P 25P
1200 25 20
P _indi ngth value obtjined by usqd of LarsonfMiller pargmeter T{2} + log t).

ORIGINAL GREEP AND RUPTURE DATA

ST MINIMUM [TRANSITION] TOTAL EXT. {TOTAL ELONG|
T TN SRt BT B TR R e
1200] 30.0 30.0 39,0
1200} 25.0 113, 7 22.0
0l 20.0 1061.8 22.0

All tegt sgecimﬂga had gage length apd 0. 160" diameter.

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

TYPE OF TYPE OF ZE OF
MATERIAL 12 Cr, 2.75Mo, V MELTING FURNACE Induction f{lEAT Experimental

ICHEMICAL COMPOSITION, c{MlP T sTsiTe [mmlv] |
PER CENT 0.247] 1.18 [0.007j0.024 0.50{11.22[ 0.13 [2.78 [0.26 | [

DEOXIDATION

FORM-CAST OR WROUGHT _ Wrought 1-1/8" Round

HEAT TREATMENT 2000 F, 1 Hr, OQ; 1200 F, 2 Hr, A.C.

MICROSTRUCTURE

TYPE_OF TYPE OF SIZE OF )
MATERIAL 12 Cry 2.75 Mo, V ’MELTING FURNACE HEAT Commercial
cvemicaL comeosimon, | © ] [ s[sJo [w[Me]v [
PER CENT 10.27“.08b.024 0.92 7| 0.27111.75 O.LIZ.SS 0.251 l
DEOXIDATION
FORM-CAST OR WROUGHT _Wrought 4! Round
HEAT TREATMENT
MICROS TRUCTURE
GRAIN_SIZE " |HARDNESS
SOURCE OF DATA General Electric Company
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDUCTION
oF ELASTICITY, | STRENGTH, | STRENGTH, N 2% N AREA*
L000000PS... | 1000ps.1, | 000 RSL | PER CENT | PER CEN
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEmP, INDICATED, 100G PS.i. CREEP RATE, 1000 PS.I.2)
°F 100 1000 | 10,000 |ooooo aoooom 0.00001 | 0.0001
HRS. HRS. HRS. HAS, %/HR. | %/HR | %/HR.
9090 53p 47P
1000 46p 39P 31P
1100 31p 23p.
1200 26P
P indi gth value obtdined by usq of LarsonfMiller pargmeter T(2} + log t).
ORIGINAL CREEP AND RUPTURE DATA
e ouRaTIon INTERCEPT,| MINIMUM_frRansiTion] ToTaL EXT. [roTac eLonGlHaRDNESS]
1000 "CREEP RATE[ TIME,  [CREEP TEST),| (RUPTURE | AFTER
T R [HouRsl %(a] HRS.(3) % | TEST),% |TESTING
1100] 50.0 5.6 R 23.0
12Q00{ 30,0 383 R 29.0
1200 20,0 438, 3 R 28.0
All te$t specimdns had 1" gage length d 0.160" d&i r.

GRAIN_SIZE —J|HARDNESS

SOURCE OF DATA General Electric Company.

(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
t2) EXTRAPOLATED VALUES INDICATED BY *

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

{4) THE INTERCEPT IS THE PROJECTION BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE,

{s) C:EETRANséTION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



®

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

ORIGINAL CREEP AND RUPTURE DATA

TYPE OF ‘WIPE OF TSIZE OF
12 Cr, 2.75 Mo, V URNACE C ial ISTI MINIMUM_ITRANSITION| TOTAL EXT. [TOTAL ELONG.HARDNESS;
MATERIAL 12 Cr, o ME;:'NG: s[s e H:IAT[Mo Susll oM, l%mé?yfms:&%ﬂcﬁﬁmﬁ, TIME, " JCREEPTEST), (RUETURE | AFTER
ICHEMICAL COMPOSITION, L [ ! v PS). % /HR. '| HRS.(%) % TEST) TESTING
PER CENT 0.30 | 0.90 b.0z0]0.023 0.30{12.14 0.34] 2.80 [0.28 | 00] 100,01 0.05R 15,1
DEOXIDATION 900| 90.0}16.3 R 15.5
FORM-CAST OR WROUGHT _Wrought 6-1/4" Round 900 | 85.0]140.0 R __
HEAT TREATMENT 2000 F, 6 Hr, OQ; 1300 F,_ 6 Hr, A.C, 900] 95.0] 1.8 R 13.8
MICROSTRUCTURE 900 | 98.0} 0.3 R 16.9
GRAIN Si1ZE [HARDNESS 1900 90.0{10.9 R 19.8
SOURCE OF DATA General Electric Company 900! 95.0] 2.8 R 17.4
900§ 87.0{51.2 R 14, 7
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET(a) nooo! 80.0! 0,6 R 1.7
TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDUCTION hooo | 65.0]19.6 R 17.9
°F ELASTICITY, | STRENGTH, SITOROEONEE:' PE"RJ '&NT JE‘R“?ES'r looo| 72.0] 4.8 & 216
LO0O,000PS.. | 1000 PS.1. - 5 - hooo | 86.0| 0.2 R 19.5
80 71.0 107.0 22, 46.9 000 85.0] 0. 04R 7.4
{a) 0.02% Offset yield strengfh. po00 | 58.0[160.5 R 27.2
poco| 65.0]18.8 R 17.4
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
CREEP AND RUPTURE STRENGTHS TYPE OF 12 Cr, 2.75Mo, V TYPE OF e SIZE OF
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED T o %
TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.I.(2) MATERIAL  (Lapelioy) s 'T‘_E’::"I‘GPFU*N:CE e HziAT e ]
°F 100 1000 10,000 [100,000 [0000001 [ 0.0000t | 0.0001 gggMECEANLT COMPOSITION,
HRS, HRS, HRS, Hks, %/HR. | %/MR %/HR. l0.26 |1.12 J0.0150.019] 0.68 hiz.17] 019} 2.25 | 0.30 T
1000 27P 22P DEOXIDATION
1100 23P FORM-CAST OR WROUGHT Rolled Bar Stock
1200 29P HEAT TREATMENT 1 Hr at 1750 F, A.C. + 1 Hr 1300 F, A, C. + Temper 4 Hr at 1300 F.
MICROSTRUCTURE Tempered Martensite and Delta Ferrite.
P indicdtes su-enggb value obtdined by use| of LarsonjMiller pardmeter T(29 + jog t).

GRAIN SIZE
SOURCE OF DATA

HARDNESS

University of Michigan

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
ORIGINAL CREEP AND RUPTURE DATA TEMPERATURE, OF YIELD (1) | TJENSILE | ELONGATION | REDUCTION -
- MINIMUM_[TRANSITION| TOTAL_EXT. | TOTAL ELONG HARDNESS] F ELASTICITY, | STRENGTH, | STEENGTH, | M 2aur | peR CEN
TEME STRESS.DURATIONINTERCEPT, MINIMUM. [TRANSITION) TOTAL EXT. |TOTAL ELONG HARDES 1000,000PS.1. | 1000 PS.I. S,
F | e [Hours(al| w(e) "CREEFRTTES M) % | TEST,% |TESTING
1200 30,0 9 57.0
1200125, 0 4.4R 49,0
12001 20.0 57.2 R 34.0
All tedt specimelis had 1" ghee and 0.0]6" diametef.
@ CREEP AND RUPTURE STRENGTHS
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMPERATURE ON PROPERTIES OF METALS TEMP, CATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.1.6
TYPE OF 12 Cr, 2.75Mo, V |TYPE OF “s1ZE OF F ,‘.32 ‘322 ‘?3?500 ‘°2k‘§°° °°,2°°2‘ °,‘5°°°,{" 2'30”%‘
X, - i A 3 5 . .
MATERIAL MELTING FURNACE HEAT 55 R 7507 M M
[CHEMICAL COMPOSITION, C | M l P l S SiJi' Ni l Mo U [ i 1200 22.0 13.0%
PER CENT 0.3 I 1A05‘0.0190.024 OAldlZAlZ O.ZZI Z.B710.28‘
DEOXIDATION
FORM-CAST OR WROUGHT
HEAT TREATMENT 45 Min at 2000 F in Salt Bath, Quenched in 500 F Salt Bath for 30 Min,
MICROSTRUCTURE Reheated to 1320 F for 4 Hr, Then A.C. to Room Temperature.
SRAN STZE THARDNESS T ORIGINAL CREEP AND RUPTURE DATA
SOURCE _OF DATA _University of Minnesota I'rm: RESSIuraTion [ NTERCEPT| MINIMUM_[TRANSITION] TOTAL EXT. [TOTAL ELONG HARONESS]
1000 CREEP RATE,! TIME,  [GREEP TESTL (RUPTURE | AFTER
| Fay [PouRsial) @) “PREEDEEE) (M) % EST),% |TESTING
SHORT TIME TENSILE PROPERTIES 1100] 50.0 ) 0
MODULUS OFFSET
TEMPERATURE YIELD (1 | TENsILE |eLoneaTion | REDUCTION 11001 £6.0 L3 26.0
o ' | eLasTICITY, | STRENGTH, | STRENGTH, | IN 2%, IN_AREA, 11001 39.0 1 350 23,5
000PS.l. | 1000Ps.." | 1000 PSL | PER CENT | PER CEN 1100] 36.0 | 399, R 285
RT - 100 136 20.0 49.5 1100 33.0 543, 21.5
1200 33.0 15,6 Rl 32.0
1200 27.0 41.3R 29.0
1200 16.0 423. 47. 5
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.L{2) CREEP RATE, 1000 PS.1.(2)
°F 100 000 | 10,000 |100,000 |0.000001 | 0.00001 | 0.0001
HRS. HRS. HRS. Hks. %/MR. | %MR | %/HR.
900 86 - - —
1000 59 - - P
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
{4) THE INTERCEPT IS 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 INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY ¥

47

(s) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
CREEP RATE.
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Stress,1000psi

Data Sheet Numbers Corresponding to Points Below
12 12 4 6,
7 6 i ,'4
5 5
3 6
1] 10,3
80 4 |
10 9
7 "
9 2
2 8
70 ||8
0
60
x
50
1
w0 &
n B
30
0
20 \
10 5
Most Data Points Determined by Larsan—Miller Parameter Method
: | |
600 900 1000 1100 1200 1300

Temperature,F

RUPTURE IN 1000 HOURS
12Cr,2.5W,V STEEL

1400

Stress, 1000 psi

Data Sheet Numbers Corresponding to Points Below
12 12 4
| 6 -]
10 5,4 10
4 3 1,3
7 7 5
80| 28 Ig 82,6
2
8,1
70 %
60
/NM an extrapolated point
[F
2\
% Xz
40 5
30
20| g
10 I
Most Data Extrapolated by Larson —Miller Parameter Method
; | |
800 900 1000 1100 1200 1300

Temperature,F

RUPTURE IN 10,000 HOURS

{(EXTRAPOLATED)

12 Cr,2.5W,V STEEL

1400
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Stress, 000 psi

Dota Sheet Numbers Corresponding to Points Below
12 12 6,4,
6 47 1
5 5
3 6
1 30
8 4 1,9
10 1]
7 2
9 8
2
7 8
"
€0 g
5 [n]
40 Ll-l
o
% %
20
10
Most Doto Extropoloted by Larson—Miller Porometer Method
o I
800 900 1000 100 1200 1300 1400

Temperature,F

RUPTURE IN 100,000 HOURS
(EXTRAPOLATED)

12Cr,25W,V STEEL



GREEP AND RUPTURE STRENGTHS

STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMP, INDICATED, {000 PS.1.(2) CREEP RATE, {000 P.S.I.{2)
TEMPERATURE ON PROPERTIES OF METALS °F 100 1000 10,000 100,000 |Q000001 | 0.00001 | 0.0001
TYPE OF TYPE OF SIZE OF : HRS. HRS. HRS. HRS, %MR. | %/HR | %/HR.
MATER|AL 12 Cr, 2.5 W, V [MELTING FURNACE HEAT Commercial 900 51P 2p
CHEMICAL COMPOSITION, CJm P [ sTsifo M m]v]w] 1000 2P 32P 23p
PER CENT ' A 32[ T [ l l ] 1100 24P 15P
. 1.29]0.020/0.015/0.42 [ 12.5]0.21 ]0.07 ] 0.26 | 2.44 1200 178
DEOXIDATION
:gir}%;iz,gr??:f:j Av.v:_’:’g:;‘o;';,/ Il";:‘_’ . P indicites strength value obtyined by usd of Larson|Miller parpmeter T(2b + log 1).
MICROSTRUCTURE
[GRaIN_SIZE HARDNESS
SOURCE OF DATA General Electric Company
SHORT TIME_TENSILE PROPERTIES ORIGINAL CREEP AND RUPTURE DATA
MODULUS OFFSET| - pISTRESS|GURAT T MINIMUM_[TRANSITION| TOTAL EXT, [TOTAL ELONG| REDUC-
TEMPERATURE oF vieto o | TEnsILE |ELONGATION | REDUCTION VR 1000 Troma i N TERCEPT cREEP RaTE, TIME, * (GREER TEST), (RUETURE | Tro Iy
°F ' | ELASTICITY, | STRENGTH, | STRENGTH, IN 2" IN AREA,r PSl. %/HR. | HRS.(3) % TEST),% |aREA, T
1,000,000P5.1 | 1000 P§). " | 1000 PSI. | PER CENT | PER CEN 1050] 56.0 4R 9.0
80 126.2 156. 3 14.5 41.0 1050] 26.0 |10, 787 R 9.0 47.0
1100] 26,0 01 R -
fa) 0.02% Offset yield strength. 1150 40,0 16.0
1200) 11.0 298 R 34,0
1250/ 20.0 TR 27.0
1300¢ 11.8 37.0
Test specimens (0. 160" diageter, 1-ingh gage length.
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.{2} CREEP RATE, 1000 RS.).(2}
°F
R e R e e | a ASTH-ASNE. JOINT COMMITTEE ON EFFEDT OF
o0 T s TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
1000 23R A4P 28p MATERIAL 12 Cr, 2.5 W, V. ]MELTING FURNACE HEAT  Commercial
1000 53 4 4% - -
1100 299 17P 9. 4P ‘CHEMICAL COMPOSITION, cqmlepis]sife Imim]w]v
1100 35(a) 204{2] 114(a) PER CENT 0.28]1.43 | | 0.47]12.74 0.12 J2.37 o.zsI
1200 19P 10P DEOXIDATION
FORM-CAST OR WROUGHT _ Forged Bucket
P indicdtes strength value obtyined by usq of LarsontMiller parjmeter T(2} + log t). HEAT TREATMENT 1900 F, 4 Hr, A.Q.; 1200 F, 12 Hr, A.C.
(a) Notghed. MICROSTRUCTURE
[GRAIN SIZE [HARDNESS
Ge: 1 Electri
ORIGINAL CREEP AND RUPTURE DATA SOURCE OF DATA _General Blectric Company
T T XT T/ ) REDUC-
N AT IOR, N TE R P, e ™ Y IWE. - [CREEE TS, (RUBTURE. | TION i SHORT TIME TENSILE PROPERTIES
" | psi. %/HR. '| HRS.(5) % TEST),% |AREA, MODULUS OFFSET(a) TensiLe | ELongaTion | REDUCTION
TEMPERATURE, OF YIELD (1) NSIL LONGAT! Rl T|
1000} 60.0 82 R 18.0 3.3 °F ELASTICITY, | STRENGTH, | STRENGTH, | IN 2" IN AREA
1000|540 | 1msR 1.0 41,0 1000000 PS.1. | 1000 pS). ' | 1000 PSL’ | PER CENT | PER CEN
50,0 4135 R 9.0 41.8 80 105.0 149.2 18.0 47.8
1050] 58.0 17T R 18.0 39.6
1050 50.0 407 R 11.0 41.7 {a) 0.02% Offset vield strenghh.
1050 45.0 762 R 11.0 42.1
1050 | 32.0 4422 R 7.0 43.3
1100 35.0 427 R 11.0 43.1
1200] 35.0 2R 20.0 42.0
12001 25.0 15 R 18.0 43.5
1200] 20.0 88 R 17.0 44.7 CREEP AND RUPTURE STRENGTHS
1300] 10.0 2R 36.0 46. 6 STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.(2} CREEP RATE, {000 PS.(.(2
1100} 56.0 96 R Notched(®) - °F 100 1000 10, 100,000 0000001 | 0.0000t | 0.0001
1100 46, 0 336 R Notched!b) - HRS. HRS. HRS. HRS. % /HR. %/HR Y%/HR.
1100} 34.0 1197 R NotcbedlP) - 900 558
11000 24.0 | 4920R Notched(b) - 1000 54P 43P 29P
1100 30P 17P
(b) Ngtched bar|with 0,253} root diamdter, 0.357] major diamkter, 60 degrie notch, 1200 200
al 0, 011" gotched radlus.
P indicagtes strength value obtfined by use| of LarsondMiller pargmeter T(29 + log t}.
ASTM-ASME JOINT COMMITTEE ON 'E__FFECT OF ORIGINAL CREEP AND RUPTURE DATA
TEMPERATURE ON PROPERTIES OF METALS hremplSTRESShuRATION INTERCEPT| MINIMUM_[TRANSITION] ToTaL ExT. [TOTAL ELONG HARDNESS|
TYPE OF TYPE OF SIZE OF . o | 1000 THOURSI3]|  &(4) '|CREEP RATE, {CREEP TEST),| (RUPTURE | AFTER
MATERIAL 12 Cr, 2.5 W, V MELTING FURNACE HEAT Commercial PSi. %/HR. | HRS.(3) % TEST),% | TESTING
| CHEMICAL COMPOSITION [cTm P ssiJo [mi[me[w]v] 1050] 55.0 94 R 2.0
PER CENT lo.zs]133 1 Toszhz.es]o.16 2.54 | 0.23 11001 35.4 | 473 R 19.0
DEOXIDATION 1150] 40.0 39R 11.0
FORM=-CAST OR WROUGHT Forged Bucket 1150] 10.0 4517 Discontinped
HEAT TREATMENT 1900 F, 4 Hr, A.Q.; 1200 F, 12 Hr, A.C. 1200] 11.0 592 R -
MICROS TRUCTURE 1250 20.0 16 R 21.0
[GRAIN SIZE HARDNESS 1300} 11.8 1R 34.0
SOURCE OF DATA General Electric_ Company
Test sbecimens 0. 160" diameter. ]-indh gage lenglh
SHORT TIME TENSILE PROPERTIES (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY %
OFFSET,
remperatore. | Moor S YIELD (17 | TENSILE |ELONGATION | REDUCTION {3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
oF " [ ELasTICITY, | STRENGTH, | STRENGTH, IN2 N AREA,{ (4) THE_INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
1,000,000PS.1. | 1000 PS.. 1000 PS.L' | PER CENT | PER CEN TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
) 0.0 o 5o 2 (5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
- : : : CREEP RATE.
(a) 0.02% Offset yield strength.

52



ASTM-ASME JOINT COMMITTEE ON EFFECT OF

TEMPERATURE ON PROPERTIES OF METALS

ORIGINAL CREEP AND RUPTURE DATA

53

TYPE OF TYPE OF Ts1Ze oF ;
[MATERIAL 12Cr, 2.5W, V MELTING FURNACE HEAT _ Commercial TEM?‘STREﬁ,DmAT,ON INTERCEPT, | MINIMUM TRt_}_NS:TION gEAPL TEE)ngn T?Eb Fbgg&’HARDNESS]
c P s [sie [N [M]w][v ] | (K0 [Hourstsl w(e) CRENRATE] LR | TEST,% |TESTING
CHEMICAL COMPOSITION, PSI) /o / HR. . X
PER CENT 0.27]1.18 0.3312.58] 0.12 .35 Jo.18 | 100al 600 | 303 R 13.0 70.0
DEOXIDATION 1050l 55.0 | 192 R 12.0 73.0
FORM-CAST OR WROUGHT Forged Bucket 1100l 5.0 | 167R 12.0 27,0
HEAT TREATMENT 1900 F, 4 Hr, A.Q.; 1200 F, 12 Hr, A.C. 1200] 35.0 R 170 85. 0
MICROSTRUCTURE 1200] 30.0 “4R 4.0 85.9
GRAIN SIZE |HARDNESS 1200 20.0 227 R 16.0 83.0
SOURCE OF DATA General Electric Company 350] 13,0 4R 30.0 93.0
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET(a)
TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDUCTION ASTM-ASME JOINT COMMITTEE ON EFFECT OF
oF ELASTICITY, | STRENGTH, | STRENGTH, | N 25, TRARERT TEMPERATURE ON PROPERTIES OF METALS
1000,000PS.J. | 1000 RS.I, | 1000 PSi' | PER CENT | PER CEN T eE o Rudlle.
80 104.0 150. 0 17.0 45.2 MA:-ER'AL 12Cr, 2.5W, V lMELTlNG FUURNACE HEAT Commercial
(3] 0.02% Offsct yicid strength. CHEMICAL COMPOSITION, cfmTe[sTsiTo [mImwlw[v]
0.30 ]l.l4 12.34 2.72 0.Z4l
DEOXIDATION
CREEP AND RUPTURE STRENGTHS FORM-CAST OR WROUGHT _ Forged Bucket
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED HEAT TREATMENT 1900 F, 4 Hr, A.Q.; 1200 F, 12 Hr, A.C,
TEMP, INDICATED, 1000 P.S.1.{2) CREEP RATE, 1000 PS.I.(2) MICROS TRUCTURE
°F 100 1000 10,000 [100,000 [Q00000! | 0.00001 | ©.000t
HRS. HRS. HRS. HES. %/HR. | %/HR | %/HR. GRAIN_SIZE _[HARDNESS
900 55P 52P SOURCE OF DATA General Electric Company
1000 51P 44P 35P
1100 36P 22p 11P SHORT TIME TENSILE PROPERTIES
1200 26P 12P ™ LUS T,
TEMPERATURE, OO JrrseTe) | rensie ELONGATION | REDUCTION
P indicjtes streagth value obthined by usq of LarsonFMiller parpmeter T(2p + log t). oF ELASTICITY, | STRENGTH, | STRENGTH, é IN AREA‘r
1,000,000 PS.1. 1000 PS.I. 1000 PS.1 PER CENT PER CEN
80 106. 2 159.0 16.0 37.9
ORIGINAL CREEP AND RUPTURE DATA (a) 0.02% Offset yield strength.
TEMRSTRESSIOURATION [INTERCEPT,| MINIMUM ANSITION] TOTAL EXT. [TOTAL ELONG.HARDNESS|
1000 'CREEP RATE,| TIM| KCREEP TEST),| (RUPTURE | AFTER
F | Weg [HOURS(3| (e} IOREEFETEN  LMES) % ' TEST),% |TESTING
1050 56.0 8 R 16.0
1050} 38.0 5151 R| 6.0
1100] 37.0 396 R 18.0 CREEP AND RUPTURE STRENGTHS
1150] 40.0 168 R 13.0 STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
1200 15.8 461 R - TEMP, INDICATED, 1000 P.S.1.(2] CREEP RATE, 1000 PS.1.(2)
12501 20,0 38R 19.0 °F 100 1000 I?daooo loohooo Q000001 | 0.0000! { 0.0001
L3001 12.0 32 R 38,0 o HRS. HRS, S 28: %/HR. | %MR %/HR.
Test gpecimens [0. 160" diageter, 1-ingh gage length. 1000 z:P ::; ﬁp
1100 P P
1200 23p 12. 5P
@ P.indicatés atrengthlvalue obtaihed bv use &f Larson-Miller paratheter T(25 b log t),
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE _OF TYPE OF SIZE OF )
MATERIAL 12 Cr, 2.5 W, V ]MELTING FURNACE HEAT ~ Commercial
enemicar composition, | C M [P [ s[sifc [m[mlv]w ORIGINAL CREEP AND RUPTURE DATA
PER CENT [o.z9] 00| —- | - Jo.z6 Jr6sfoz] - | c.2s| 2.e2 RIS TRESSIURATION, INTERGEPT,| MINIMUM TRANSITION] TOTAL EXT, [TOTAL ELONG HARDNESS
DEOXIDATION SF | \os0 [HOURS(3] %) RR T HRSE) [T e e [ ST e
FORM-CAST OR WROUGHT Wrought 4-1/16" D - - - ad >
HEAT TREATMENT 1900 F, A.C,; 1200 F, 16 Hr, A.C.; 1150 F, 20 Hr, A, C. 10501 55.0 154 R 14.0
MICROSTRUCTURE 1050] 33.0 | 8293 R 7.0
1100) 37.0 501 R 15.0
GRAIN_SIZE [HARDNESS ol a0 0 | ason )
SOURCE OF DATA General Electric Company 1200 6. o 233 -
16. R -
1250 20.0 28 R 21.0
SHORT TIME TENSILE PROPERTIES ool i1 s | o= o
MODULUS OFFSET(a) -
TEMPERATURE, OF YIELD (1) TENSILE ELONGATION REDUCTION - - -
of ELASTICITY, | STRENGTH, | STRENGTH, N 2" IN AREA Test specimens (0. 160" diamheter, l-indh gage length.
1000000 PS4 | 1000 Psl. | 1000 PSL PER CENT | PER CEN
80 103.0 153. 5 16 41.4
(a) 0.02% Offset yield strength.
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 P.S..(2)
°F 100 1000 10,000 [100,000 [Q00000I | 0.00001 | ©.0001
e RS, oy oy o | SR TR (1) 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
50 o7 (2) EXTRAPOLATED VALUES INDICATED BY *
Tooo e e rry (3) DURATION OF TEST {RUPTURE TEST INDICATED BY R),
(4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
1100 3P 21P - TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
1200 24P - -- ) ESEETRAN_?EITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
RA
P indic4tes strength value obtjined by usg of Larson{Miller pargmeter T(2} + log t).




©

ORIGINAL CREEP AND RUPTURE DATA

ASTM-ASME_JOINT COMMITTEE ON EFFECT OF T AT LN INTERCEPT, M T M et TEan), | (RUBTURE | AETER
TEMPERATURE ON PROPERTIES OF METALS | 1900 Thoumsiafl %(a) CRRENRATE) (RME, % TEST),% | TESTING
TYPE OF TYPE OF SIZE OF : 22.0
MATERIAL 12 Cr, 2.5W, V |MELTING FURNACE HEAT Commercial 1050} 55.0 1 R
I c l Mn I P | Si I Cr Ni o w [ v ] 1100} 26.0 712 R 24.0
%EEM::CEANL_I_ COMPOSITION, 1150] 40.0 3.5R 19.0
[0.34]0.26] [ hz.a7 2.93] 0.24] 1200] 11,0 | 433 R 29,0
DEOXIDATION 1250] 20.0 7R 27.0
FORM-CAST OR WROUGHT Wrougnt 1" Diameter Bar 1300 12.0 9 R 38,0
HEAT TREATMENT 2050 F, 0.Q.; 1400 F, A.C. *
MICROSTRUCTURE Test dpecimens |0. 160 diagneter, 1-indh gage length.

GRAIN SIZE

[HARDNESS

SOURCE OF DATA

General Electric Company

SHORT TIME TENSILE PROPERTIES

©

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

MoouLUS orFser TENSILE ELONGATION REDUCTION
TEMPERATURE OF YIELD (1) TYPE OF TYPE OF SIZE OF
oF ' | ELASTICITY, | STRENGTH, | STRENGTH, é N A"E‘\,,, MATERIAL 12 Cr, 2.5W, V Iusmns FURNACE HEAT Commercial
000,000 PS.I. 1000 PS.I. 1000 PS.I1. PER CENT PER CEN
1,000, c[mlP[sTsifer [mo [ v iw]
m o o 350 CHEMICAL COMPOSITION,
PER CENT o.z9|l.00 - I -- lo.26h1.68 o.12| - In.zs[z.u
DEOXIDATION
[FORM-CAST OR WROUGHT Wrought 4-1/16" D
HEAT TREATMENT 1900 F, A.C.i 1200 F, 16 Hr, A.C.; 1150 F, 20 Hr, A.C., 1300 F, 5 HH
MICROSTRUCTURE  A-C-
GRAIN_SIZE [HARDNESS
SOURGCE OF DATA Geuneral Electric C
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED SHORT TIME TENSILE PROPERTIES
TEMP, INDICATED, 1000 PS.1.(2} CREEP RATE, 1000 PS.1.(2) MODULUS OFFSET(a)
°F 100 1000 | 10,000 100,000 0000001 | 6,00001 | 0.0001 TEMPERATURE, OF YIELD (1) | TENSILE | ELONGATION | REDUCTION
HRS. HRS. HRS. HRS. %/HR. | %/HR | %/HR. ° ELASTICITY, | STRENGTH, S.I,%%"E;'.'- PER zce T PIE‘RASE:
900 cop 3E 9P 1,000,000PS.I. | 1000 PS.I. fha E
1000 48 41% 35% 80 93.0 142.0 19.5 49.8
P _indicdtes strength value obtdined by usel of LarsonjMiller pargmeter T{2% + logt}). (a) 0.02% Offset vield strength
ORIGINAL CREEP AND RUPTURE DATA
ISTRESSjnuRAT MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG|REDUC-
EVEC 1000 Toaaunace N TERCEF T CREER RATE,| | TIME,  [CREEE TEST), TION IN
PSI. /HR. | HRS(8) % TEST),% |AREA, % CREEP AND RUPTURE STRENGTHS
1000 60.0 17R 21.0 65.0 STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
10001 560 TR .0 720 TEMR, INDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 PS.).(2)
°F 100 1000 10,000 [100,000 [0.000001 | 0.00001 | 0.0001
1000} 520 B R 18.0 4.0 HRS. HRS. HRS. kS, %MR. | %MR | %/HR.
1000 50.0 594 R 16.0 71.0 500 4P
1000] 40.0 |13, 000 Discontinged 1000 43P 5P 28P
1100 28F 20p. ==
1200 23p_ o -
ASTM-ASME JOINT COMMITTEE ON EFFECT OF P _indicgtes strength value obtjined by use] of Larson{Miller pargmeter T(29 + log t).
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF S1ZE OF ]
MATERIAL 12 Cr, 2.5 W, V MELTING FURNACE HEAT _ Commercial ORIGINAL CREEP AND RUPTURE DATA
c M P s sifoe [niJm]w]|v]
CHEMICAL COMPOSITION, p[STRESS,OURATION INTERCEPT, | MINIMUM_ ITRANSITION] TOTAL EXT. [TOTAL ELONG, REDUC-
PER CENT 0.30| 1.26 0.40 12.65]/0.16 2.31 0.26| of | IPOS?) HOURS(3l[  %(4) '[C P/m 1 H";"g&) ICREEF.;.TEST). (.?é'g%uae TION IN
DEOXIDATION * REA, %
FORM-CAST OR WROUGHT __ Forged Bucket 11004 45.0 9R 10.0 81.0
HEAT TREATMENT 1900 F, 4 Hr, A.Q.; 1200 F, 12 Hr, A.C. 1200§ 35.0 3R 21.0 85.0
MICROS TRUCTURE [L200{ 30.0 1I9R 18.0 83.0
12001 20.0 192 R . .
GRAIN SIZE [HARDNESS 2 8.0 50.0
SOURCE OF DATA General Electric Company
miﬁm T'MOEFFSTEET"('S)'LE PROPERTIES ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
a
TEMPERATURE, UL Vieco ) | Tensie | eLoncarion | RepucTion TEMPERATURE ON PROPERTIES OF METALS
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2° IN AREA, TYPE OF lTYPE OF SIZE OF .
1000 PS.I. PER CéNT PER CEN MATERIAL 12 Cr, 2.5 W, V MELTING FURNACE HEAT Commercial
1,000,000PS.I. | 1000 PS.I.
80 i11.2 162.0 14.5 34.1 CHEMICAL COMPOSITION, c[mn [P [sTsife [wm][w]v
PER CENT 0.28 l 1.33] -- -~ [0.35 J12.86 O.lZI IZ.54 0.23
fa) 0.02% gpe: yield strength DEOXIDATION
FORM-CAST OR WROUGHT Forged Bucket
HEAT TREATMENT 1900 F, 4 Hr, A.Q.; 1200 F, 12 Hr, A.C.
MICROSTRUCTURE
GRAIN_SIZE | HARDNESS
SOURCE OF DATA  General Electric C:
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEWP, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 P.S..(2} 5”‘:’“ TIME TE:S“-E PROPERTIES
°F 100 1000 | 10,000 ]100,000 |0000001 | 0.00001 | 0,0001 MODULY OFFSETa) | o ei e EL GaTion | REDUCTION
HRS. HES. HRS. HRS. %R, | %MR | %/HR. TEMPERATURE, | O iy, | sTEtD U1 | STRENGTH, ONGATION | REDUCTIO!
900 s1p 41p 000,000PS.L. | 1000 PS.r.' | 000 PSL peN CENT | PR CEN
1000 41P 3P 220 80 117.0 158.2 18.5 44.0
1100 23P 15P
1200 17p (a) 0.02% Offset yield strength.
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
of LarsonMiller pargmeter T(2 + logt).

P indicdtes atrengtF value ob%ined by use

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

t4) THE INTERCEPT IS THE PROJECTION BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(s} T:EELRANSWION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
Ci RATE

54



CREEP AND RUPTURE STRENGTHS

©)

|DEOXIDATION

FORM-CAST OR WROUGHT Wrought 4-1/16" D

HEAT TREATMENT 1900 F, A.C.

; 1200 F,

16

Hr, A.C.; 1150F, 20Hr, A.C.; 1400 F, S Hr,,

MICROSTRUCTURE - A+

(o

GRAIN SIZE

[HARDNESS

SOURCE OF DATA General Electric C

SHORT TIME TENSILE PROPERTIES

{2} EXTRAPOLATED VALUES INDICATED BY *

ORIGINAL CREEP AND RUPTURE DATA

STRESS FOR RUPTURE IN TIES STRESS FOR DESIGNATED . COM
TEMP, INDICATED, 1000 P.S.1 CREEP RATE, 1000 PS..t2) A ENPERATURE ON PROPERTIES OF MEALS,
°F 100 1000 u'a_hooo |oohooo 0000001 | 0.00001 | 0.0001 o NREOF o
5 HRS. HRS. 575p ';0: %/MR. | %MR 1 %/HR. . 12Cr. 2.5W, V IMELTING FURNACE Induction HEAEI' Experimental
L
1000 50p 40P 290 [cHEMICAL. COMPOSITION, ClM|pTls|sife [nfm]|wlv]
1100 309 18P PER CENT 0.20[0.25] 0.33]13.14 3.14]0.22 |
1200 21P -= - DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought 1/2"-Diameter Bar
P indicqdtes strength value obtgined by usd of La'rson Miller pargmeter T(2} + logt). HEAT TREATMENT 2010 F, 4 Hr, A.C.; 1200 F, 2 Hr, A.C.; 1110 F, 2 Hr, A.C.
MICROSTRUCTURE
GRAIN SIZE [HARDNESS
SOURCE OF DATA _ General Electric Company
ORIGINAL CREEP AND RUPTURE DATA SHORT. TIME TENSILE PROPERTIES
- MODULUS OFFSET
TEMRISTRESSIURATION INTERCEPT,! MINIMUM, |TRANSITION| TOTAL EXT, ITOTAL. ELoNG REDUC TENSILE ELONGATlON REDUCTION
T 1000 TIGURSO  eta) [CREEF,RATE, | TIME, " [CREE TEST) | (RUBTURE ") TioN v TEMPESETURE: | eLasTiciTy, | SYRENGTH, | STRENGTH, IN AREA
- : : 1 {AREA, % 1000,000PS.1, | 1000 PS.1. | 1000 PS.L PER CENT | PER CEN
1050] 56.0 16 R 14.0 ” * TS o) e
1100/ 48.0 24 R 17.0 - “
115 35. 5 73R 13.0
1100 34.9 512 R 19.0
1100 33.0 709 R 22.0
1050/ 33,0 6467 R 11.0 37
1200/ 28.0 29 R 19.0
1250 20.0 20 R 20.0
:;gg :‘;g 4622 ;:g GREEP AND RUPTURE STRENGTHS
- - STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
1300} 12,0 12R 42.0 TEMP, INDICATED, 1000 P.S.1(2) CREEP RATE, 1000 PS.1.(2)
1150 10,0 | 4516+ Discontinued| °F 100 1000 10,000 |[100,000 Q000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %/HR. | %/MHR | %/HR.
Test specimens |1 gage legth, 0.160"[diameter. 900 69P 65P 61pP
1000 60 55 51%
@ P indicdtes strength value obtdined by use] by LarsonkMiller parbmeter T(2p + log t).
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
MATERIAL 12 Cr, 2.5W, V [!ﬂ[_ELTIIG FURNACE HEAT  Commercial
M| P s siJe [MiMmiw]yv
ICHEMICAL COMPOSITION, [ ¢ |
PER CENT To29 100 ] oz6hiealonz 792 0 (1) 02 PER CENT OFFSET UNLESS OTHERWISE INDICATED.

MODULUS OFFSET(a)
TEMPERATURE, OF YIELD 1} | TENSILE ELONGATION REDUCTION TEMR STRESSIOURATION, INTERCEPT,| MINIMUM  [TRANSITION| TOTAL EXT. 'row. ELous REDUC-
°F ELASTICITY, | STRENGTH, | STRENGTH, N IN_AREA oF | 1000 THOURS(3]|  %l4} PRATE,  TIME, U (CREEP TEST),  (RUTI TION IN
1000,000PS.1. | 1000 ps.t.” | 1000 PSL’ [ PER céu'r PER CENT PS. % /HR. A % 'rssn % |AREA, %
80 930 12625 23 & s = 1000 69.0 13R 15.0 65.0
1000 60.0 IB17 R 12.0 60.0
{a} 0.02% Yield strength. 1000{ 55.0 Ji1,913 R 8.0 35.0

CREEP AND RUPTURE STRENGTHS

STRESS FOR Rum'uRE m TIMES STRESS FOR DESIGNATED
TEMP., INDICATED, i P.S.1.{2) CREEP RATE, 1000 P.S.1.(2}
*F 100 1000 |o 000 100,000 0000001 | 0.00001 | 0000¢
HRS. HRS. HRS. HRS. %/HR. | %/MHR | %/HR.
900 37P
1009 36 31P 26P
1100 26P 20P =
1200 22P
P indicates gtrength value obtdincd by usel of LarsoniMiller pardmeter T(24 + log 1}

ORIGINAL CREEP AND RUPTURE DATA

mjsrmmf.m INTERCEPT,| MINIMUM_ [TRANSITION| TOTAL EXT. [TOTAL ELONGREDUC-
1000 PRATE, TIME, = FCREEP TEST), (RUPTURE | TION iN

°F 1 psi. HOURS(3]] %(4) 7 % | TEST,% lagEa, %
1150 ] 40.0 1R 21,0 81.0
1200 35.0 1R 23.0 85.0
1200 ) 20.0 171 R 16.0 84.0

{3) DURATION OF TEST {RUPTURE TEST INDICATED BY R).

{4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTIDN OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
(5) THE TRANSITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING

CREEP RATE.
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Stress, 1000 psi

Data Sheet Numbers Corresponding fo Points Below
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RUPTURE IN 1000 HOURS
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Stress, 1000 psi

Dota Sheet Numbers Corresponding fo Points Below
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RUPTURE IN 100,000 HOURS
{EXTRAPOLATED)

\2Cr, 5Co, 3W, V STEEL
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CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE m TIMES STRESS FOR DESIGNATED
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMP, INDICATED, 1000 PS5.1.(2) CREEP RATE, 1000 PS.I.(2)
TEMPERATURE ON PROPERTIES OF METALS 1000 | 10,000 100,000 Q000001 | 0.00001 | 0.0001

TYPE_OF TYPE OF TSIZE OF HAS. HRS. HRS. HRS. %/HR. | %/HR | %/HR.
MATERIAL 12 Cr, 5 Co, 3 W, V |MELTING FURNACE HEAT Commercial Double Pin Shear
cHEMicAL cowposiTion, | € Mo [ P T STsifcr [mIMJco vIw 1000 19 30 240
PER CENT 0.18 ll.lS 0.38]11.61/0.24 ]0.07 l 5.l3|0.27|3.35
DEOXIDATION Test specimen — reduced test pection €, 160" dj r. 4" gage length,
FORM-CAST OR WROUGHT Wrought 4-1/4" D 200, 0P, AOP
HEAT TREATMENT 1742 F, 5Hr, A.C.; 1200 F, 8 Hr, A.C. 1000 66 53% 40%
MICROSTRUCTURE P indi sirength value obtdi by ugel of LarsonsMiller pardmeter T{29 + logt)
GRAIN SIZE [HARDNESS

SOURCE OF DATA _ Genera! Electric Company

SHORT TIME TENSILE PROPERTIES

MODULUS

TEMPERATURE, OF YIELD (1) s:II_ENSILE ELONGA_TION REDUCTION
o LASTICITY, | STRENGT! ENGTH IN 2 IN AREA
F ._E(,oopoﬁ',,_s_.'_ s,oo(E, ,fs.,r_' * | ‘looo RS’ | PER CENT | PER CENT
80 163. 4 17,5 48,1

ORIGINAL CREEP AND RUPTURE DATA

sTressh g MINIMUM_ [TRANSITION] TOTAL EXT. |TOTAL ELONG] REDUC-
M 1000 TaauRS ]| TEner MICREEP RATE,|  TIME,  [CREEPTEST){ (RUPTURE | TION IN
' 9.51 %/HR. '| HRS.(8) % TEST,% [AREA, %

Q, 187" diameter pin l¢aded in double shear ﬂT_f.h a clevia-thpe fixture
1000} 54. 0 2.5R

1000 | 45,9 44 R

ORIGINAL GREEP AND RUPTURE DATA

1000 : 40,0 804 R
1000} 38.0 821 R
(1000) 35,0 12873 R
CREEP AND RUPTURE STRENGTHS 200) 30,0 |9361 R
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED PS.L(2) CREEP RATE, K00 PS.1.(2) 850120.0 | 0.5R 5,008 |- 45.0
°F 100 1000 |oooo 100,000 oooooou 0.00001 | 0.0001 850 100.0 1498 R 7.0 ] 510
HRS. HRS. HRS. HAS. %/HR. | %/MR | %/HR. 1000] 74.0 | 32 R 11.0 66.0
900 67P 0P 1000 [70.0 171 R 10.0 60,0
:g‘ﬁ 22& ::‘: :Sf 00 | 64.0 (1787 R 6.0 21.0
1000 70(3) 42%(a) 24%(a) 1000 161.0 12018 R 5.0 15.0
1100 31 19% 12% 1000 | 58.0 14170 R 4.0 10,0
1200 25 15%
{d) Test specimpn reduced|section 0. 180! diameteyr, 4" gage lepgth.
P indi%tt_es strength value obtdined by usd of Larson[Miller par{meter T(2} + log t). ﬁ‘
{a) N h.

©

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

ST MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG{REDUC- TYPE OF TYPE OF SIZE OF
P oo R T PR R o) el e v s v B e B commern
™ X . ,% |AREA - .
5.0 cHeMicaL composiTion, | C M [P [ sTsife [N M co]w][v
1000 70.0 29 R 12.0 . PER CENT
0.20 Il.ZS[ - -— 10.56]12.66/ 0.43 } -- 5.32]2.6 [ 0.21
1000] 6.0 | 418 R 14.9 £6.0 DEOXIDATION
10007 64.0 | %50 R 12.0 £3.0 FORM-CAST OR WROUGHT _ Wrought 1-3/4" x 3-178"
10001 62,0 | 1421 B.. 10.0 60.0 HEAT TREATMENT 2000 F, 1-1/2 Hr, A.C.; 1200 F, 3-1/2 Hr, F.C.
1000/ 59.0 | 2704 R 2.0 4.0 MICROSTRUCTURE
11001 52.0 15 R 12.0 76.0
1100f46.0 | J39R 11.0 69.0 ‘;Roﬁ:‘cesg: o) i JHARDNESS
1100] 42,0 171LR 1.0 72.0 General Electric Company
1100 38. 0 383 R 11.0 72.0
1100132.0 | 804R 5.0 11.0 SHORT TIME TENSILE PROPERTIES
1100{ 24.0 | 3410 R 12.0 54.0 MODULUS OFFSET
13.0 26.0 TEMPERATURE , OF YIELO 1} TENSILE ELONGATION REDUCTION
11001210 1 2591 R - - °F ELASTICITY, | STRENGTH, | STRENGTH, IN AREA,
1200 | 35.0 B8R 15.0 84.0 1000,000PS.1. | 1000 Ps.. | 1000 RSL PER céNT PER CEN
200132, 0 27.R 14.0 81.0 80 == 166. 9 12.0 22.3
1200 | 28.0 68 R 14.0 80.0
1200 | 24.0 110 R 17.0 79.0
12001 22,0 211 R 17.0 80. 0
1000 76,0 474 R Notehedl®)
1000} 74.0 I35l R Notched(P) -
1000§70.0 | 1088 R Notched(®) —-
1000} 60.0 | 2022 R thched::; - CREEP AND RUPTURE STRENGTHS
10001 50.0 | 419 R Notched 2.0 STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.I.(2)
(h)_Ndtched barlwith 0. 253} root diamdter, 0.357!| major diampter, 60 degriee notch °F 100 1000 10,000 |100,000 0000001 [ 0.00001 | 0.0001
azfl 0. 011" dotch radiud. HRS. HRS. HRS. HAS. %/HR. | %/MHR | %/HR.
900 83P T3P 64P
900 87 83%
64 S0P 36P
1000 63 4
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF . Zip 36
TEMPERATURE ON PROPERTIES OF METALS uﬁ ;zP L4
TYPE OF TYPE OF ] [SiZE OF ) —
MATERIAL 12 Cr, 5Co, 3 W, V |MELT|NG FURNACE HEAT  Commercial l‘;go" ;;P :: 5P 3
ICHEMICAL COMPOSITION, [ c TM“ I P [ S Si l cr Ni [ Mo l Co I v J w P indicdtes strength value obtdined by usd of LarsontMiller pardmeter T(2p + log t}.
PER CENT o.zol 1.23[ l 0.56 |1L66 0.43 IO‘IZ Is.sz lo.zn [z‘ea

DEOXiDATION

FORM-CAST OR WROUGHT Wrought 1-3/4" x 3-1/8" Bar
HEAT TREATMENT 1750 F, !-1/2 Hr. A.C.: 1200 F, 5Hr, A.C.
MICRDSTRUCTURE

GRAIN SIZE

SOURCE OF DATA  General Electric Company

[HARONESS

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED,

{21 EXTRAPOLATED VALUES INDICATED BY *

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

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

(s E:EETRANSEITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



ORIGINAL CREEP AND RUPTURE DATA

O

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

TYPE OF @ e sw v ITYPE OF SIZE OF
TEMP|STRESSIOURATION,INTERCEPT, | MINIMUM_ TRANSITION TOTAL EXT. [TOTAL ELONG) REDUC- MATERIAL 12 Cr, 5 Co, 3 W, MELTING FURNACE -~ __IHEAT --
| 1990 THoURS(3l] %(4) CREEFRATE)  LIME, [GREECTEST  (RLETURE ) miow eremica couposimion, c m|P[s[siJe [N [M]w]V [co
CENT 0.18 [1.21 Jo.009]0.004 0.51 [11.67] 0.12] 0.03 |2.98 | 0.21] 5 24
900/ 90.0 164 R 8.0 41.0
o8 7.0 16.0 DEOXIDATION
1 900, 85,0 3982 R : : FORM-CAST OR WROUGHT 1" Wrought Bar
1000] 70,0 64 R 12.0 ;§~g HEAT TREATMENT 1800 F. 1 Hr, OQ; 1200 F, 1 Hz, A.C.
1000164.0 4 727R - : MICROSTRUCTURE -~
1000, 60.0 { 1635 K 20 2 GRAIN SIZE [HARDNESS
10001 56,0 2840 R 2.0 4.0 - - - 345 BHN
000l 50.0 | 7192 R 3.0 10.0 SOURCE OF DATA U.S.N. Engineering Experiment Station
1100 52,0 105 R 7.0 45.0
1100] 48.0 151 R 7.0 45.0 SHORT TIME TENSILE PROPERTIES
5.0 24.0 MODULUS OFFSET
1100138.0 | 828R OF YIELD (1) | TENSILE |ELONGATION REDUCTION
o 2.0 [ 3368 R 60 ) TEMPERATURE, 1]
1100132.0 1 2368 : - °F ELASTICITY, | STRENGTH, | STRENGTH, 2é N AREA,{
1100 28.0 | 3383 R 4.0 11,0 1,000,000PS.I. | 1000 PS.1. 1000 RS PER CENT | PER CEN
1100 25,0 3172 R 6.0 20.0 RT 145. 0 171.4 16 51
1200} 35.0 30 R 12.0 71.0
1200 | 28.0 104 R 11.0 64.0
1200/ 25.0 138 R 11.0 65.0
1200 18,0 585 R 10.0 36.0
12001 12. 0 2161 R 10.0 25.0
1200] 9.0 | 6686 R 10.0 18.0
@ CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TINES STRESS FOR DESIGNATED
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF TEMP, INDICATED, 1000 P.S.I. CREEF RATE, K000 PS.I.{2)
TEMPERATURE ON PROPERTIES OF METALS °F 100 1000 10,000 000000t | 0.00001 | 0.0001
TYPE OF TYPE OF SIZE OF HRS, HRS. HRS. Hks. %/MR. | %/MR | %/HR.
MATERIAL 12 Cr, 5Co, 3 W, V |MELTING FURNACE Induction |pear Experimental 1050 66 56 6.5 19
CHEMICAL COMPOSITION, ClMn| P S|Si]cCr [MoJcow v L, 1100 52 E 10
PER CENT 0.24] 0.78 036 12.19] | 0.26]5.23 | 2.98]0.26
DEOXIDATION ORIGINAL CREEP AND RUPTURE DATA
FORM-CAST OR WROUGHT Wrought 7/8" x 7/8 Bar
ST MINIMUM_[TRANSITION| TOTAL EXT. [ToTaL ELONG]
HEAT TREATMENT 2010 F. 3 Hr. Gool at 1800 F/Hr, 1200 F. 3 Hr. F.C e, 1050 TRATIONNTERCEPT, "(CREE P RATE [CREEP TEST){  (RUPTURE | AFTER
MICROSTRUCTURE PaL %/ HRS.(9) % TEST),% |TESTING
GRAIN SIZE [HARDNESS 1050, 70.0 { SOR 25.0
SOURCE OF DATA _General Electric Company 1050 60.0 | 968 R | 0.95 | 0.002 600 17.0
1050 | 55.0 814 R 1. 00 0.002 375 17.0
SHORT TIME TENSILE PROPERTIES 1050 | 45.0 2386 R 0.42 0.0009 1650 10.0
MODULUS OFFSET
TEMPERATURE, OF YIELD (1} TENSILE ELONGATION REDUCTION 11001 60,0 2R 210
°F ELASTICITY, | STRENGTH, slfo%%"g;":. PE"R‘ 2 Nt PIE‘RAQSS’I 1100 | 45.0 | 420R | o0.73 0.001 160 13.0
1000,000PS.L. | 1000 PS.). : N 1100 35.0 | 1086 R | 0.46 0. 001 350 15.0
80 165.9 12.0 23.0
50110.0 | 2088 0,062 0.000023 — 0,107
50 7.5 2040 0,047 0.0000]14 - 0,076
1100 7.0 2064 0.087 0.000059 - 0.208
1100 5.0 1272 0.037 0.000039 = 0.087
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEWR, - '"D;QTE"- '°:g:f-' ‘f;o oo 1s CREEP :‘;oo":l” ": ‘”I TEMPERATURE ON PROPERTIES OF METALS
I [{ I 00000 | 3 000
TYPE OF TYPE OF SIZE OF
HRS. HRS. "'R; "'? %/MR. | %/MR | %/HR. MATERIAL 12 Cr, 5 Co, 3 W, V ]MELTING FURNACE  --  [WEAT -
900 i " " "
T000 oo sop 43D ICHEMICAL COMPOSITION, [cm]P s siJe [N[m]w][v c
1000 66 60% 56% PER CENT 0.18‘1.21[0.0090.004 0.51111.6710.12 10,03 {2.98 ] 0.21]5.24
1100 44P 26P 12P DEOX IDATION
1100 46 298 184 FORM-CAST OR WROUGHT _ 1" Wrought Bara
1200 31p 15p HEAT TREATMENT 1800 F, 1 Hr, OQ; 1300 F, 1 Hr, A.C.
1200 30 15 7.1% MICROSTRUCTURE -
— - - GRAIN SIZE |HARDNESS 320 BHN
P ind: T(2 1 .
indicates strength value obtdined by use|of Larson{Miller pardmeter T(2§+ logt) SOURCE OF DATA _ U.5.N. Engincering Expriment Station
SHORT TIME TENSILE PROPERTIES
AL GREEP AND RUPTURE DATA MODULUS OFFSET
RESS, =2 LMG uP RANSITION] TOTAL EXT. [TOTAL ELONG| REDUC TEMPERATURE, i UL S}EE‘SE}E ELONGATION REDUCRT'ON
[TEMB,STRESSIOURATION, INTERCEPT, | MINIMUM | Al A | - °F ELASTICITY, | STRENGTH, NGTH, IN_AREA
' 1000 *CREEP RATE,| TIME, [CREEP TEST),| (RUPTURE | TION IN * | 1000 PS.L R cgm R
°F | 1000 lHoursia]| %) CREEARATE) UMES % o TEET % |annn. 1000,000PS.I. | 1000 PS.I. pe PER CENY
RT 133. 7 157.8 20 54
1000 76. 0 23 R 9.0 51-2 1000 99,1 25 74
1000| 74.0 48 R 4.0 12. 1100 63,6 83.0 26 8
1000 69.0 468 R 9.0 29.0
1000 | 64.0 | 3510 R 5.0 14.0
1100] 64.0 57 R 9.0 41.0 CREEP AND RUPTURE STRENGTHS
1100] 50.0 424 R 4.0 16.0 STRESS FOR RUPTURE IN TIMES ST S FOR DESIGNATE!
ISP e mreeay 5 50 *rs_p:p., — mo:;rso, 10:2:;5“2) 2 RATE 000 Ha 2
1 [ [ 100,000 0000001 | 0.00001 | 0.0001
1100 35.0 | 3667 R :z 32'2 HRS. WRS. HRS, HRS, %/MR. | %/MHR | %/HR.
1200 37.3 51 R . . 18 22 -
1200} 30.0 92 R 7.0 32.0 1100 54 43 6 16
lizoo{ 20.0 | 330R 9.0 32.0 (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
1200 12.0 1822 R 14.0 36.0

(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.
{5) ESEE;R:N‘I?S'ION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
ATE.



CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP INDICATED, 1000 P.S.1.(2) CREEP RATE, K000 PS.1.(2)
°F 100 1000 10,000 100,000 (0000001 | 0.00001 | 0.000!
ORIGINAL GREEP AND RUPTURE DATA HRS. HRS. HRS. HRS. %MR. | %/MHR | %/HR.
. {TOTAL ELONGHARDNESS) 900 798 5P 68P
TEMB,STRESSIDURATION,INTERCEPT,| MINIMUM_[TRANSITION TOTAL EXT.
i ICREEP RA TEST),| (RUPTURE | AFTER 4
| o0 [Hourstsl] T %@l PREEDERTEY (RlEy [ERRTESTH EET % |TESTING 100 T ey
10001 75,0 364 R 1.43 0.012 270 22.90 1100 42p 27P 15P
1000 | 70.Q 1993 R 2. 18 0. 0012 1200 18.0 1200 31P 17P
1200 33 17 9%
11001 62.0 14 R 24.0
1100] 50.0 404 R 0.83 0, 005 290 20.0 P indicates strength value obtdined by use| of Larson{Miller pardmeter T(2] + logt).
1100 | 40.0 1623 R 0,39 0. 00086 850 18.0
1100] 13.0 2040 0.092 0. 000068 -— 0,229
1100 9.0 2064 0. 069 0. 000022 -= 0.113
ORIGINAL CREEP AND RUPTURE DATA
TEMP_STRES,MnON INTERCEPT,|_MINIMUM_ [TRANSITION| TOTAL EXT. [TOTAL ELONG, REDUC-
oF | 1000 THours(al;  %tay CREEFRATE) LM, CREEDTEST (RERVEE |amen, «
ASTM-ASME JOINT COMMITTEE ON EFFECT OF - - - > Ll LI
TEMPERATURE ON PROPERTIES OF METALS 11000 { 80,0 4R _12.0 52.0
TYPE _OF TYPE OF - — [SIZE OF ) 75.0 | 109R 1.0 36,0
MATERIAL 12 Crs 5Co, 3 W, V. MELTING FURNACE Induction |HpaT ~ Experimental 1000] 68.0 | 832R 5.0 12.0
nEmicaL cowposirion, | C [ M [ P [ S Tsifc [N [MaJco[v [w 1000] 62.0 | 5013 R 4.0 9.0
PER GENT l:z lTo I 0.4le T l 5.0 lo.zs [ 3.0 |12004 40.0 16R 10.0 71.0
DEOXIDATION 12001 30.0 158 R 10. 0 32.0
FORM-CAST OR WROUGHT _ Wrought 1" x 1" Bar 1200 20.0 585 R 12.0 18.0
JHEAT TREATMENT 2010 F, 3 Hr, Goolat 1800 F, 1 Hr; 1200 F, 3 Hr, F.C, 1200 14.0 | 2010 R 10.0 23.0
MICROSTRUCTURE
GRAIN SIZE [HARDNESS @
SOURCE OF DATA General Electric Company
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
SHORT TIME TENSILE PROPERTIES S TEMPERA;”P':EOS" PROPERTIES OZI';'ET:FLS
MODULUS T 12Cr, 5Co, 3W, V C ial
TEMPERATURE, oF YIELD (1) | TENSILE |ELONGATION | REOLCTION MATERIAL ° &7 * +0 I-[‘"E'-T'”GPF”R":‘:E HEAT ___Commercia
°F ELASTICITY, | STRENGTH, SI.%%NgT;: PER %ENT PlgRAgg: CHEMICAL COMPOSITION, W Mn Si fC [N |Mo|cof vV Iw
1000000051 | 1000 £S.. Sk PER CENT 0.18]0.35 0.24)12.34]0.16 [0.12 | 4.5 J0.25]4.69
80 157. 4 16.0 37.9 DEOXIDATION
FORM~CAST OR WROUGHT Wrought 4" Di Bar
HEAT TREATMENT i
CREEP AND RUPTURE STRENGTHS . :Ros:i‘m ';541’5 E. 68r. A.Coi 200 F. 12 Hr, A.C
STRESS_FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED ! ucTu
TEMR, INDICATED, 1000 £.5.1.(2) CREEP RATE, 1000 PS.I.( GRAIN SIZE THARDNESS
°F 100 1000 10,000 100,000 [0.000001 | 0.0000) | 0.0001 SOURCE OF DATA _General Electric G
HRS. HRS. HRS. - HhAS. %W/HR. | %/MHR | %/HR.
. v o - SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
48 23 11% TEMPERATURE, OF YIELD ((ﬁ) TENSILE ELONGATlON REDUCT ION
1200 31P 17P '3 ELASTICITY, | STRENGTH, STRENGTH, IN_AREA
1200 32 18 B.7% 1000,000PS. | 1000 RS.) ' | 1000 RSL PN SENT | PER ceEn't
80 100.0 147.8 15.7 39.4
P indicates strength value obtgined by use|of LarsonjMiller pargmeter T(23 + logt).
(a) 0,02% Offset yield strength.
ORIGINAL CREEP AND RUPTURE DATA
ISTRESS{ MINIMUM [TRANSITION| TOTAL EXT. [TOTAL ELONG|REDUC-
T 000 [ LON INTERCEPT, AT | T ,, [CREEZTEST) (RUPTLRE | TION CREEP AND RUPTURE STRENGTHS
£S), % HRS.(8) % TEST),% |AREA, % STRESS _FOR_RUPTURE IN TIMES srnzss FOR_DESIGNATED
100l 60.0 o2 o0 4.0 TE‘,;R' INDICATED, 1000 PS.1.12) CREEP RATE, PSL@Y
1100] 60,0 | 497 100 1000 10,000 [100,000 [0000001 | 0.00001 | 0.000I
2.0 12.0 HRS. HRS. HRS. HRS, %/HR. | %MR | %/HR.
1100} 41. 0 1655 2,5 7.0 500 585 49P
1100120,0 6,413 3,0 8.0 1000 49P 39P 28P
1200 | 46.0 1. 5] 13.0 80.0 1100 28P
1200 30.0 175 5.0 48.0 1100 28 18% 11%
1200 ) 20. 0 709 10.0 48.0
12 12.0 2590 18,0 25.0 P indicakes strength value obtained by usejof Larson{Miller pargmeter T(29 + log t).
10,0 8 15.0

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

[S1ZE oF
HEAT

E%R?AFL 12€Cr, 5Co, 3W, V LYETFI'ISE FURNACE Commercial
chEmicaL composimion, | C Mo [ P [ s sife [mi[M]colv [w
PER CENT 0.25| 1.0 ossfizos]l | ls.03]o0.28]2.78
DEOXIDATION

FORM-CAST OR WROUGHT Wrought 3/4" x 3/4" Bar

HEAT TREATMENT 2010 F, 4 Hr, Cool at 1900 F/Hr; 1200 F, 4 Hr, F.C

MICROSTRUCTURE

JGRAIN_SIZE ~ |HARDNESS

SOURCE OF DATA  General Electric Company

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
TEMPERATURE, OF YIELD (1} | TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2" en IN_AREA
1,000,000 RS, | 1000 PS.). 1000 RS PER CENT | PER CEN
80 167. 4 13.5 24.4
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ORIGINAL CREEP AND RUPTURE DATA

TEMESTRESSURATION [INTERCEPT| MINIMUM_[TRANSITION] TOTAL £XT. [TOTAL ELONG| REDUC-
1000 TRA CREEP RATE|  TIME, ' [CREEP TEST),| (RUBTURE | TION IN
F | a0 [HOURS(]| o(a) ICREEFTATE  HIME, % | TEST,% |agea, %
6£5.0 33R 10,0 £8.0
1000} 60. 90 19 R 7.0 67.0
1000 | 58.0 1087 R 12.0 63.0
1100] 42,0 68 R 14.0 74.0
1100 ] 35.0 298 R 12.0 72.0
11007 28. 0 042 R 13.0 68.
1100| 22.0 3411 R 9.0 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).

{4) THE INTERCEPT IS THE PROJECTION BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RAT|
(s} E:gELR;;J?éTION TIME IS THE BEGINNING OF THE THIRD STM;E OR AN ACCELERATING
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

e ok, 13 Cr, W, Mo, V (422 L‘Qﬁ.ﬁg FURNACE Electric fi'EZAE‘I'aF Commercial
CHEMICAL_COMPOSITION, cfwlelsisifolmmiw]v]
PER CENT 0.2300.81 0.022)13.19] 0.65 |1.03 0.4 |0.25
DEQXIDATION

FORM-CAST OR WROUGHT 1" Hot Rolled and Annealed

HEAT TREATMENT 1900 F, 1/2 Hr, OQ; 1200 F, 2 Hr, A.C.

MICROSTRUCTURE

GRAIN SIZE

THARDNESS

33 Rg

SOURCE OF DATA NACA Lewis Laboratory

CREEP AND RUPTURE STRENGTHS

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

TYPE OF TYPE OF - ~ [SIZE OF
MATERIAL 13 Cr, W, Mo, V (422}|MELTING FURNACE Induction [HFAT 1 Ton
Mn

CHEMICAL COMPOSITION, [ ¢ Plsisijer fmmlw]v
PER CENT

.194[&83 0.28]13.1310.73 }1.03 | 1.11]0.34
DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought 1" Round
HEAT TREATMENT 1900 F, 1 Hr, OQ; 1200 F, 2Hr, A.C. Heat No. 1590-A5
MICROSTRUCTURE Tempered Martensite + 20% Ferrite
GRAIN SIZE [HARDNESS  34.5R_

SOURCE OF DATA__ Crucible Steel C

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED TEMPERATURE OF YIELD (1) | TENSILE |ELONGATION | REDUCTION
TEMP, INDICATED, 1000 P.5.1.( P RATE, 1000 PS1.(2) °F ' | ELASTICITY, | STRENGTH, | STRENGTH, IN 2é N AREA,r
°F 100 1000 | 10,000 100,000 oooooon 0.00001 | 0.000! 1000,000PS.). | 1000 PS.. | 1000 PS1L | PER CENT | PER CEN
HRS. HRS. HRS. HRS. %/HR. | %/MR | %/HR. 0 25 29 5.5 52
1000 64 584 1000 82 96 25 67
1100 42 35 1100 72 76 29.5 69
1200 21 10 1200 45 52 30 83
1300 28 32 30 84
ol=] 127 152 19 45
g0ot7 121 151 15 43
BOET 109 138 16 15
Note: Short tifhe tensile propethes ae given hbove were oncreep specimdns which had
ORIGINAL GREEP AND RUPTURE DATA Leen exposed as follows:
ISTRESS; MINIMUM _[TRANSITION| TOTAL EXT. TOTAL ELONG| REDUC- {a) At 1000 H, 40, 000 psi ﬁ““ Hr:
TE.'F'P 1000 Pm‘gsl((’yi INTE/?&%“CREEPRATE. TIMEs {RUPTURE | TION IN (b) At 1000 30, 000 psj 7240 Hr
PSI. % /HR. | HRS.{%) % TESTL% |aREa, % (c) At 110 20, D00 psi fod 3330 Hr.
975[ 65.0 |358 £2.0
975] 65.0 496 63.0
1000 60.0 [376 — TRE ORE?;:NDER F::E STREN(;::ESSS FOR_DE! €D
STRESS FOR URE IN TIMES SIGNAT!
1000165.0 | 60.4 0.0 TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.I.(2)
10001 65.0 | 72.4 £6.0 100 1000 | 10,000 |100,000 |GO000G! | 0.0001 |LENGTH
1000] 70.0 | 7.7 5’ 8.0 HRS. HRS. HRS. HAS. %/HR. | %/MR_|TesT, HR
1000 § 85. 0 Q.16 R} 63.0 1000 63 57 49* 39 7820
1025 65.0 | 16.2 R| 66.0 1100 46 37 Z3% 19 3330
040} 65,0 5.0 Rl 20,0 1200 25 17%
1080 ] 40.0 [750 0.0
11000350 |98 49,0
1100 40.0 [276 64.0
1100 ) 40.0 [296 59.0
1100 | 50.0 8.0 76.0
1100 [65.0 0.22 69.0
Fizs (400 | o3 4 7.0 ORIGINAL GREEP AND RUPTURE DATA
ISTRESS,| MINIMUM_[TRANSITION| TOTAL EXT. [TOTAL ELONG HARDNESS|
Lies 40,0 | 62.1 £2. TS 1000 TubURS 3|\ 5i1a) T[CREEPRATE,  TIME, ' JCREEETEST)| (RUPTURE | AFTER
40,0 | 24,2 69.0 - | psi. % /HR. | HRS.(S) % TEST),% | TESTING
1150 | 40.0 17.8 R| 70.0
1000 70.0 13 18,0
1275 [22.0 R3¢ R 53.0 1000 65. 0 63 R 16.0
m165 [22.0 |486 R $2.0 1000 | 60. 0 301 R 14.0
175 [22.0 [328 R 65.0 1000] 55.0 | 1720 R, 0.0025 11. 0%
B17522.0 [392 R 62.0
l;ﬁg 4‘;":) 4:-6 R _7“5;'2 1000] 50,0 | 7820 R | ©0.96 0.0003 4400 12. 0%
- R - 1000] 40.0 PASE] 0.47 0.00012 - 0.67 3
10.0_f712 == me 300 PR 03 0.00002 =- 0.49 34
0l1s0 {307 5.0
200 22.0_ {117 0.0 1100 | 60.0 1.3R 23.0
hzoo [22.0 [ 79 & 71.0 o 3R 19.0
200(30.0 }19.2 R 73.0 00 45'0 25l R 16.5
45.0 R 78.0 -
200 0.8 R 1100]42.0 | 502 R 2i.0
1200 55.0 0. 042 16,0 igolz00 | 728 R 24.0
120‘5’ 56.3 °~016§: ;:': 1100 /30,0 | 2720 R| 0.40 0.0005 1280 11.0%
122 -0 : 1o0{20.0 PRI 0,40 ©.00011 - 0.66 29
1225 .0 72.0
1225 22.0 74.0 1200 30.0 3%_R i 17.0
1250 0 76,5 0 49 R 14.0
1250 | 22.0 8.0 1200 | 25. ¢ 133 R 19.0
1250 | 22.0 8.5 1200 | 20. 0 336 R 22.0
1255 | 40. 0 8.2
275 0 86.0 *Creep Specimeh — 2.25" gage length. |(Others /4")
1275 10.0 88. 0
5 81.0
1295 85.0
1300 88.0
h300 87.0
h3zs 87.0
1340 92.0
1340 Z"z (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
L350 2. (2) EXTRAPOLATED VALUES INDICATED BY %
90 91.0 (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
1400 94.0 (4) THE INTERCEPT 1S THE PROJECTION BACK TG ZERO TIME FROM THE PORTION OF THE
1400 93.0 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
1200 52.5 () ESEELR:;“?E’TION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
1445 91.0 )
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ASTM-ASME JOINT COMMITTEE ON EFFEGT OF

TEMPERATURE ON PROPERTIES OF METALS ORIGINAL GREEP AND RUPTURE DATA

LZ?ER?KL 13 Cr, W, Mo V(“Z)lpéﬁlr?g FURNACE _ -- flIEZAETOF Commercial ISTRESShura MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG HARDNESS]|
== cIm [P s [sTem ww]v] T 060 sy N TERCEPT, \ReEP R M, ICREEP TEST)| (RUETURE | AFTER
[CHEMICAL COMPOSITION, PSI. % /HR. %) % TEST),% |TESTING
PER CENT 0.19 Jo.84 0.3213.85]0.74 [0.98 [ 1.13 [0.24 ] 1000] 70.0 2R 21.0
DSOXIDA:S‘ONOR 1000 65.0 2R 21.0
FORM-CAST OR WROUGHT 1" Wrought Bar 1000 £0.0 40 R 6.0
HEAT TREATMENT 1300 F, 1 Hr, OQ; 1200 F, 1 Hr, OQ 1000 | 55.0 515 R 7.0
MICROSTRUCTURE 1000 54.0 620 R 18.0
GRAIN SIZE HARDNESS 290 BHN 1000} 53.0 1894 R 15.0
SOURCE OF DATA Enzi : i 2 tion
1100} 50.0 14 R 23.0
SHORT TIME TENSILE PROPERTIES 1100 | 45.0 120 R 21.0
MODULUS OFFSET 1100143.0 88 R 21.0
TEMPERATURE, OF YIELD {1} TENSILE ELONGATION | REDUCTION 11001 420 192 R 239
°F ELASTICITY, | STRENGTH, | STRENGTH, IN Zé IN AREA‘_ 00| 420 136 R Lo
1,000,000PS.I. | 1000 Ps.). | |000RSL | PER CENT | PER CEN - -
I YW 192 s - 1100]36.0 318 R -
1000 76,6 91,4 22 65 1100.35.0 | 295R :gg
1100 59, 2 27,2 25 71 100 | 32.0 405 R R
1100 | 30.0 911 R 16. 0
All tedt bars cufl tangentialll from rim bf forging. [1" gage length x 0. 250" djameter.

CREEP AND RUPTURE STRENGTHS @
STRESS _FOR RUPTURE IN TIMES STRESS FOR DESIGNATED ASTM-ASME JOINT GOMMITTEE ON EFFEGT OF
TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.J.2) TEMPERATURE ON PROPERTIES OF METALS
] 000001 | ©. Y TYPE OF 13Cr, W, Mo, V l'rvps OF ) SIZE OF
HAs, e BT e N %%?' 5%, MATERIAL __(1420WM) MELTING FURNACE HEAT
[ 1000 64 61 49 16 10 cvemcar composition, | C M0 [ P [ s Tsife [w [MoTw]v]
1100 4 36 24 5.3 15 PER CENT 0.15 |0.83 lo.0230.026] 0.2212.65] 0.78 | 0.98 J0.83 |0.29 |
DEOXIDAT 10N
ORIGINAL CREEP AND RUPTURE DATA FORM-CAST OR WROUGHT Disc Forging, 12-1/8" diameter x 3-1/8" thick
HEAT TREATMENT
mb’l’momﬁnm INTERCEPT| MINIMUM_[TRANSITION| TOTAL EXT. |TOTAL ELONG HARDNESS
1000 CREEPRATE,  TiM (CREEP TEST),| (RUPTURE | AFTER MICROSTRUCTURE
| K0 [HouRstall el RN RETE (LR, % | TEST),% |TESTING
vy GRAIN SI1ZE [HARDNESS
1000] 65.0 31.0 SOURCE OF DATA Elliott Gompany
1000 | 62.0 1382 R 1. 07 0.0030 975 19.0
. . 0. 0026 19,0
looe 0.0 | 1285R | 103 925 SHORT TIME TENSILE PROPERTIES
1000 | 50.0 8753 R 0.63 0.00043 7000 22.0 MODULUS OFFSET
TEMPERATURE, OF YIELD (1} TENSILE |ELONGATION | REDUCTION
1100 | 50.0 36R 28.0 oF ELASTICITY, | STRENGTH, STRENGTH, IN Zé iN AREA
i100] 45.0 146 R 26.0 LOOOCOOPS.I. | 1000 pS). | 1000 PSL | PER CENT | PER CEN
1100 | 39.0 656 R 0.45 0.0030 350 21.0 RT 126 152 19.0 49.9
11001 35.0 1210 R| o0.58 0.0012 500 23.0 RT 126 155 16,0 49.2
1100 | 30.0 2802 R 0.22 0.00059 1750 21.0
1000 | 34.0 2040 0.183 0.000033 - 0.250
10001 30.0 2016 ¢.120 0.000036 - 0.193
1000 | 28.0 2016 0.169 0.000030 -- 0.229
1000 | 20.0 2040 0.052 0.000014 -= 0.080
hoco [18.5 2040 | . 0.100 0.000017 - 0.137 CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
oo [10.0 | 2016 0.064 | 0.000054 - 0.172 TE::P-. INDICATED, 1000 P.5.1.{2) CREEP RATE, 1000 PS.J.{2}
100 1000 10,000 [100,000 [QOOCOO! | 0.00001 | 0.0001
1100 6.0 2088 Q30 0,000012 == 0.055 HRS. HRS. H'RS Hhs. % /HR. % /HR %/HR.
1000 60 54
1100 490 32
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE_OF TYPE OF [SIZE oF
MATERIAL 13 Cr, W, Mo, V 4ZZJMELTING FURNACE HEAT ORIGINAL GREEP AND RUPTURE DATA
ICHEMICAL COMPOSITION, cJwn] P [s[sifo [ [Mow]v] TEMR/STRESS,0URATION, INTERCEPT, [TRANSITION] TOTAL EXT. |TOTAL El-uggG-H‘R,;'I!‘ER?S]
PER CENT 0.23 [0.81 [0.011]0.022]0.16 13.19[0.65 [1.03 [0.84[0.25 | °f | 1900 THOURS(3]  %e(4} HAMES ) [REEE, TEST), (T‘Eusn,% I
DEOXIDATION
FORM-CAST OR WROUGHT Disc Forging 12-1/8" diameter ¥ 3-1/8" thick 1000} 65. 0 21R 19.0
1000 | 62.0 72 R 19. 0
HEAT TREATMENT 1300 F. 00: 1200 F. 2 Hr 1000 | 59.0 377 R 19.0
MICROSTRUCTURE 1000] 57.0 383 R 18.0
GRAIN_SIZE _ [HARDNESS 1000] 5.0 843 R 18.0
SOURCE OF DATA _ Elliott Company 1000 [ 52.0 5340 R 6.0
SHORT TIME TENSILE PROPERTIES ool 46.0 R T
MOOULUS OFFSET 1100 | 44.0 55 R 15.0
TEMPERATURE, OF YIELD (1) { TENSILE |ELONGATION | REOUCTION 11000 4
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2, IN AREA 100} 42. 0 89R 16.0
LOOD,000PS.I. | 1000 ps,. | 1000 PS4’ | PER CENT | PER CENY 1100 41.0 a7 R 190
RT 132 155 17.0 50. 2 11004 39.0 246 R 17. 0
RT 127 1582 14,0 39 6 1100 37.0 398 R 16.0
1100 | 35.0 649 R 9.0
CREEP AND RUPTURE STRENGTHS 1100 | 31.0 1296 R 9.0
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, K000 P.S.I.{2) All tedt bars cuf| tangentiallly from rim pf forging. |I'* gage length x 0.250' diameter.
°F 100 1000 |c.>£soo |oohooo Q000001 | 0.00001 | 0.0001
HRS. HRS. : HRS %/MR._| %/MR | %/HR. {3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
1000 60 54 (4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
1100 40 32 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. s} EEETR:N’?E'TION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING

(2) EXTRAPOLATED VALUES INDICATED BY *
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CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TINES STRESS FOR DESIGNATED
ASTM-ASME_JOINT COMMITTEE ON EFFECT OF TEMR, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.\.(2)
TEMPERATURE ON PROPERTIES OF METALS oF 100 1000 10.000 ]100,000 |Q00000! o_ooog| 2‘/ g|
TYPE OF TYPE OF SIZE OF HRS. HRS. HRS. HRS. %/HR. | %M
MATERIAL 13 Cr, W, Mo, V MELTING FURNACE HEAT Commercial 1000 58
i Mo wilv 4
CHEMICAL COMPOSITION, CIMJP]s|sife]nm 1 [ Lo pom
PER CENT 0.22 [0.81 [0.011)0.022] 0,16 }3.19| 0.65 | 1.03 0.84 Jo.25 |
DEOXIDATION
FORM-CAST OR WROUGHT Forged Bucket
HEAT TREATMENT 1900 F, 4 Hr, A.Q.; 1200 F, 12 Hr, A.C.
MICROSTRUCTURE
GRAIN_ SIZE [HARDNESS ORIGINAL CREEP AND RUPTURE DATA
SOURCE OF DATA __ General Flectric C ST MINIMUM_|TRANSITION] TOTAL_EXT. |[TOTAL ELONGJHARDNESS|
o s Al A il ek Al
- | Pst, . o \
SHORT TIME TENSILE PROPERTIES 600 85. 0 T o
remperarure. | TOoF FPETS | tEnsiLE ELONGATION | REDUCTION ho0o [ 60.0 | 47 R 15.0
oF " | ELASTICITY, | STRENGTH, | STRENGTH, | _IN 2cs~'r PIE‘RAEE:’I 1o00|57.0 | 147 R 18.0
1,000,000PS.I. | 1000 PS1. | 1000 PSI
80 114. 2 149.2 24.0 51.7 1100} 45.0 73 R 20.0
Q 442 R. 15.0
{a) 0.02% Offset yield strength. 1100 | 40
p200 | 30.0 17 R 16. 0
1200 | 27.0 51 R 22.0

CREEP AND RUPTURE STRENGTHS

ASTM-ASME JOINT COMMITTEE ON EFFECT OF

ESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED TEMPERATURE ON PROPERTIES OF METALS
TEMR . STR INDICATED, 1000 P.S.1.{2) CREEP RATE, 1000 PS.i.(2} EE oF YPE OF SZE OF
°F " 100 1000 10,000 |ook%oo 0000001 o.ooo'gl °‘9°H3' MATERIAL 13 Cr; W. Mo, V (422) |Mg( TING FURNACE Induction [HpaT 1 Ton
HRS. HRS, Hes. HE: R TR cuemicar cowposimion, | S (M [P [ sTsifer fm Ml wlv]
58P _50P N
200 PER CENT 0.21 lo.s2 lo29bs.12f0.72 (1.0 [1.08 fo.34 |
= . om e .21 lo. . .12f0.72 {1.03 [1.08 fo.
e DEOXIDATION
TS pres e FORM=-CAST OR WROUGHT _ Wrought 1" Round
HEAT TREATMENT 1900 F, OQ + 1350 F, 2 Hr, A, C. Heat 1591-A5
P indicates strength value obtjined by use] of Larson{Miller pargmeter T(24 + logt). MICROSTRUCTURE
GRAIN SIZE THARDNESS 29 Rr¢
SOURCE OF DATA  Crucible Steel Company
SHORT TIME TENSILE PROPERTIES
REEP AND DATA MODULUS OFFSET
e T T o £ Fom paeharpes] | Toemaee, | SRR | S | rowe |eovogrion | recrin
(TEME, DURATION, INTERCEPT, ; g °F ELASTICITY, | STRENGTH '
1000 "lCREEP RA TIM TEST),| (RUPTURE | AFTER : : PS.. R 13
* | 1900 ThouRs(3]|  %l4) o e T e Ak B B L000000PS.I. | 1000Ps)." | 1000 PSL’ | PER CENT | PER CEN
80 101 132 20 54
(1050 | 56, 0 21 R 13.0
11001 47.3 13 R 16.0
1100 | 30.0 591 R 19.0
1100 32.3 676 21.0
1150 | 35,0 24 R 19.0
1150 | 12.0 4517 Discontinupd
1200 | 28. 0 31R 17.0
12000158 | 241R 30.9 CREEP AND RUPTURE STRENGTHS
13,8 5548 L£1.0_ STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
1250 | 20.0 19 R 20.0 TEMP INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 RS.I.(2)
a
1300115.8 IR == °F 100 1000 10,000 }100,000 [0.000001 | 0.00001 | 0.000!
1300 11. 8 17R 39.0 HRS. HRS. HRS. HRS %/HR. | %/MHR | %/HR.
1000 40%
Test 5Fcimens D. 160 diartheter, 1" gﬂge length. 1100 35 30
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS = ORIGINAL CREPA';‘:RUWRE DATA
YFE oF SYFE OF —S1ZE OF EMB/STRESSIDURATION INTERCEPT,| MINIMUM [TRANSITION] TOTAL EXT. [TOTAL ELONG]
MATERIAL 13 Cr, W, Mo, v (422)|MELT|NG FURNACE [nduction [yt 1 Ton F | ae [HOURS(S] T %) [CREEFRATE) | LME " TSR (et
lcHEMicAL composimion, | C | M [PIs]sifo [m M]w]v] 1000] 65.0 | 53R 22.0
PER CENT fo21]os2] | 0.29 Ji3.12]0.72 [1.03 | 108 {0.34 ] o0leoo | 24 g 210
DEOXIDATION 1000 | 55. 0 51 R 19.0
FORM-CAST OR WROUGHT Wrought 1" Round
HEAT TREATMENT 1900 F, OQ + 1300 F, 2 Hr, A.C. Heat 1591-A5 1100 [ 45.0 1.8 R 24.0
MICROSTRUCTURE 1100 40.0 7.5R 17.0
GRAIN_SIZE [HARDNESS 31 R, 1100[32.0 | 446 R 14.0
‘SOURCE OF DATA  Crucible Steel Company 1160} 29.0 j1314 R| 0.81 0.00217 560 14.0
SHORT TIME TENSILE PROPERTIES 1200 | 30 5.7R 25,0
MODULUS OFFSET
TEMPERATURE, OF YIELD (1) | TENSILE [ELONGATION [ REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N 2" lN AREA,
1000,000PS.I, | 1000 PS.I. | '000RSL’ | PER CENT CENT
i 80 116 142 20 54

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

{4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO T!ME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(0] ESEE‘;R;:?%TION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING



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

ORIGINAL CREEP AND RUPTURE DATA

MATERUAL 3 G, W, Mo, V MELTING FURNACE b & Commercial heme TION,INTERCEPT, MINIMUM_[TRANSITION| TOTAL EXT. [TOTAL ELONG! REDUC-
TC Ml P s]|s Jc | N [Mo w1V I oF | 1000 [HOURS(3]] %(4) RATE, TIMEg ICREEP TEST), {(RUPTURE | TION IN
[CHEMICAL COMPOSITION, PSI. %/HR. | HRS.(8) % TEST,% |area, %
PER CENT 0.19 ] 0.77p.020.018] 0.20p2.79{0.77 ] 1.03 [ 1.15 { 0.24 1050| 60.0 | 40m 140 70.0
DEOXIDATION 1150 | 50.0 IR 16.0 78.0
FORM-CAST OR WROUGHT _ Wrought Bar 2.9/ 16" Di 1150 | 40.0 29 R 18.0 78.0
HEAT TREATMENT 1900 F, 3 Hr, OQ; 1150 F, 12 Hr 1150] 30,0 170 R 17.0 82.0
MICROS TRUCTURE 1200 25.0 | 109 R 22.0 83.0
[GRAIN_S1ZE |HARDNESS 1200 20.0 | 359 R 18.0 84.0
{SOURCE OF DATA _ General Electric Company 1300] 15. 0 15 R 27.0 91.0
l1300] 10.0 IR 41,0 93
SHORT TIME TENSILE PROPERTIES
TEMPERATURE, o TS | rensie ELONGATION | REDUCTION @
of ELASTICITY, | STRENGTH, | STRENGTH, cé IN AREA .
ELASTICITY, | STRENGTH, | S000RalL’ | PeR CENT | PER CEN ASTM-ASME_JOINT GOMMITTEE ON EFFECT OF
5 073 VTN 153 52 TEMPERATURE ON PROPERTIES OF METALS
T T T TR 1301, W, Mo, V(ezz)lgﬁlsgm ace ARC [IEEOF 13mons
HemicaL composimion, | C | Ma ] P [ sTsiTe [miJm]w[v]
PER CENT o.zz‘o.so 0.37!13.63 0.61 ]Loz 1.02J£.zsl
DEOXIDATION
FORM-CAST OR WROUGHT _Wrought 1" Round

CREEP AND RUPTURE STRENGTHS

HEAT TREATMENT 1900 F, OQ+ 1200 F, 2 Hr Heat No. W4543

IMICROSTRUCTURE

STRESS FOR RUPTURE IN TIMES s'rnsss Oft DESIGNATED GRAIN_SIZE [HARDNESS
INDICATED, 1000 PS.1. CREE , 1000 PS.1.{2) SOURCE OF DATA  Crucible Steel Compan
TEMP, |
°F 100 1000 ‘?l?soo |ogkooo oooooon Qooool 0,0001
HRS. | HRS. - S /MR, | %/MR 1 %/HR. SHORT TIME TENSILE PROPERTIES
1000 44P 33P MODULUS OFFSET
1100 33p 22P 13p TEMPERATURE, OF YIELD (1) TENSILE | ELONGATION | REDUCTION
1200 250 14 5p oF ELASTICITY, | STRENGTH, | STRENGTH, IN 2% i IN AREA,r
,000,000PS.0. | 1000 RS, | 1000 PSL | PER CENT | PER CEN
P indicdtes strength value obtjined by usd of Larson¢Miller pargmeter T(2} + log t). 600 110 132 14 50
800 103 124 16 52
900 95 113 19 50
ORIGINAL CREEP AND RUPTURE DATA
\TION,INTERCEPT,| MINIMUM_ TRANSITION| TOTAL EXT. [TOTAL ELONG REDUC-
1000 *|ICREEP Rl TIM ICREEP TEST),| (RUPTURE | TION IN
'F" P8I W“RS(”" %ta) [CFEEPRAE] Re ) % TEST), % |sREA, %
1050 { 50. 0 327 R 24.0 75.0
11050 | 49.0 548 R 23.0 72.0
1100 | 32.0 1293 R 23.0 72.0 G;EETP/;ND RUPTURE STREN(:THSSS
] ) STRESS FOR_RUPTURE (N TIMES TRESS FOR DESIGNATED
s 3;:: 222 Z: > TEMR, INDICATED, 1000 P.S.1.(2] CREEP RATE, 1000 PS.i.{

- . - * °F 100 1000 10,000 [100,000 [Q000001 | 0.0000! 0.000!
1300]15. 0 22 K 40.0 83.0 HRS. HRS. HRS. HRS. %/HR. | %/MHR_| %/HR.
300 [10.0 103 R 52.0 92.0 1050 57 51

ASTM-ASME JOINT COMMITTEE ON EFFECT OF ORIGINAL CREEP AND RUPTURE DATA
TEMPERATURE PROPERTIES OF METALS TEMeSTRESS,DURATION,INTERCEPT,| MINIMUM _ [TRANSITION| TOTAL EXT. |TOTAL ELONGHARDNESS
[ 1000 *ICREEPRATE,! TIME,  [CREEP TEST),| (RUPTURE | AFTE
TYPE OF 1ZE OF F HOURS(31]  %(4) §
WATER(AL 13 Cr, W, Mo, ¥ lmeﬁme FURNACE flEZAET Commercial ps). TR ) * TESD, % |TESTING
" 1050/ 65, 16 R 24.0
EMICAL_ COMPOSITION, cimjrelsisifon]m|wiv] p0.0 | =3m 29.0
PER CEN o.zzlo.so 0.022}0.015 0.30 |13.59 oml.oz 1.02 0.25 [ 1050] 55.0 L93 R 0.0
ggg;ﬁ:‘:s'gum WROUGHT __ Wrought Bar 15/ 16" Diamster 1050} 50.0 | 1173 R 19.0
REAT TREATMENT 1900 F, OR; 1150 F Temper 1050) 45.0 | 1258 R 0.78 0,00162 840 8, 0%
MICROSTRUCTURE -
*2,25finch gage llength.
GRAIN SIZE JHARONESS
SOURCE OF DATA General Electric Company
- ON F
SHORT TIME TENSILE PROPERTIES B e N et 2
MODULUS OFFSET (a) —TSTZE
TEMPERATURE, | eLasTiciTy STRENGTH, sTREnaTH, | TSN o | TN ARER, MATERVAL 1 Cr, W, Mo, v |WECTING Fummace Hear ©_Commercia
B
1000,000PS. | 1000 ps.1.’ | 1000 PSL PeR St | pik cent -HEMICAL COMPOSITION, c M| P sS[sifc [N [Mo]v][w]
80 113.0 152.2 19.5 50.6 PER CENT 0.19[0.77 p.ozalo.018[0.26 hz.79 0.77]1.03 [o.24 [1.15 ]
DEOXIDATION
a) 0.02 set yield strength, FORM-CAST OR WROUGHT 2" x 3 Wrought Blr
HEAT TREATMENT 1900, OQ; 1150 F, A.C.
MICROSTRUCTURE
GRAIN_ SIZE [HARDNESS
|SOUROE OF DATA General Electric Company
STRESS f::iﬁ:zﬂ 'rng srRENzI::ss FOR_DESIGNATED SHORT TIME TENSILE PROPERTIES
IN
MODULUS OFFSET
TEMP, INDICATED, (000 P:S.i.(2) CREEP RATE, 1000 PS..(2) TEMPERATURE o YIELD o | TEnSILE ELONGATION | REDUCTION
°F 100 1000 10,000 100,000 |0O.00000! | 0.0000t | 0.0001 o * | ELasTicITY, | STRENGTH, | STRENGTH, N 2 IN_AREA
HRS. HRS. HRS. ks, %/MR. | %MHR | %/HR. 1000,000PS.. | 1000 Pst. | 1000 PSI | PER céu'r PeR cEnt
900 24P 80 116.0 146.0 17.5 47.5
1000 54p 42 2P
1100, 32P &3P | 13P {a) 0.02% Offset yvield strenpgth.
| 1200 25P 15 (3} DURATION OF TEST (RUPTURE TEST INDICATED BY R).
(#) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
P indicdtes stre: value obtdined by usd of LarsontMiller pard¢meter T{2} + log t). TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

(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.



ORIGINAL. CREEP AND RUPTURE DATA

M _[TRANSITION] TOTAL EXT. [TOTAL ELotG | REDUC-
rEme ST! Rﬁﬁjpuwnou INTERCEPT,| MINIMUI oAt 5T, " YRpTURE | TION 1Y
% | 1000 Thourstsl] weia) [CREEFRATEY (s, % | TEST),% |AREA, %
45,90 11T R 19.0 76,0
12001] 30.Q h5 R 81.Q 21.0
12001 22.0 246 R 18.0 79.0
1250] 15.0 52 R 29.0 88.0

®

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

®

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

IZE OF

TYPE OF . S
HPTER?:L“ Cr, W, Mo, V (422)|\MELTING FURNACE ARC _ IHEAT 15 Tons
HEMICAL COMPOSITION, c[m]n, [ssiJer [Ni[m]wly
PER CENT 01:“).79 040;l lXJ.lB 0.6;[1405 0.97_10.26

DEOXIDATION

FORM-CAST OR WROUGHT Wrought 1" Square Heat No. 40051

HEAT TREATMENT _ 1800 F, OQ; 1200 F, 2 Hr

MICROSTRUCTURE Tempered Martensite and 18% Ferrite

GRAIN SIZE THARDNESS 32 Re
SOURCE OF DATA

Crucible Steel Company

CREEP AND RUPTURE STRENGTHS

TYPE OF SIZE OF STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATE|
TMI;ER?AFL” Cr, W, Mo, V (422) |MELTING FURNACE ARC  |HEAT 15 Tons TEMP, INDICATED, 1000 P.S.1.(2) CREEP RATE, K000 PS.I.(2)
= | o " "
cC M| P [s[siJer [N [M]w]vV F 100 1000 | 10,000 [100,000 [0000001 | 0.00001 | 0,000
HEMICAL COMPOSITION, HRS. HRS, RS, R |0k | SRR | SRR,
PER CENT 0.23]0.87 [13.160.70 {1.01 {120 Jo.25 oo o5 -
DEOXIDATION 1100 -

FORM-CAST OR WROUGHT Wrought 1" ¢
HEAT TREATMENT 1900 F, OQ; 1150 F, 2 Hir

MICROSTRUCTURE

GRAIN SIZE
SOURCE OF DATA Crucible Steel Company

“JHARDNESS 33 5 R,

GREEP AND RUPTURE STRENGTHS

STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.12) CREEP RATE, 1000 PS.1.(2)
°F 100 1000 10,000 [100,000 [@000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HAS, %/MR. | %/MR | %/HR.

850 92 8%

ORIGINAL CREEP AND RUPTURE DATA

'RESS] MINIMUM ANSITION| TOTAL EXT. |TOTAL ELONG. DNESS|
TION,INTERCEPT, e TEST),| (RUPTURE | AFTER

,
| 1900 [HouRs(zl we) [CREERRATE  TIMES, % TEST),% | TESTING
850]104.0 2R 15.0
850 5.0 51 R 15.0
850 1] 227 R. 17.0

| 850! 85. 0 554 R 20.0

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

TYPE OF TYPE OF X SIZE OF

MATERIAL 13 Cr, W, Mo, V (422)Iug|_me FURNACE ARC HEAT 15 Tons
IGHEMICAL_COMPOSITION, clwm]n, [ssifer N [M[mjw]v
PER CENT 0.21 10.84 D.OJ[ [13405 0.68 |1.09 [0.008] 1.01) 0.22

DEOXIDATION

FORM-CAST OR WROUGHT Wrought 1" Square

HEAT TREATMENT 1800 F, OQ and 1200 F, 2 Hr Heat No. W6184

IMICROSTRUCTURE Tempered Martensite and 15% Ferrite

GRAIN_SIZE THARDNESS 31 R

SOURCE OF DATA Crucible Steel Company

CREEP AND RUPTURE STRENGTHS

STRESS FOR Rum'uns m TIMES STRESS FOR DESIGNATED
TEWP, INDIC 1000 P.S.1.(2) CREEP RATE, 1000 RS.L.(2)
°F 100 |ooo 10,000 |100,000 [0000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %/HR. | %MR_| %/HR.
1000 63.5
1100 43

ORIGINAL CREEP AND RUPTURE DATA

ORIGINAL CREEP AND RUPTURE DATA

ITEMB,STRESSIOURATION,INTERCEPT,| MINIMUM_ [TRANSITION|, TOTAL EXT. |TOTAL ELONGNARDNESS
£000 IHoURS! k RATE, " TIM {CREEP TEST) AFTER
* | Psi. (3] %) REEIRE i) | resn,% |TESTING
1000/ 69.0 12 R 21.0
1000 62,0 534 R 19.0
1100! 52.5 5R 22.0
1100] 40.0 252 R 19.0

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

TYPE OF TYPE OF SIZ
waTERIAL 12 ) W, Mo, v (422f IR S 0T pipnace ARG [ee O
ICHEMICAL_COMPOSITION, C(MlPls]siJeeN[Mmlw] vy
PER CENT 0.23]0.79 {ia.18o.69 [1.05 | 0.97[ 0.26] 0.0¢

15 Tons

DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought 1" Square
HEAT TREATMENT 1900 F, 0Q; 1200 F. 2 Hr Heat No. 40051

MICROS TRUCTURE
(GRAIN_SIZE
SOURCE OF DATA Crucible Steel Company

Tempered Martensite and 10% Ferrite
[HARDNESS  34.5 R

GREEP AND RUPTURE STRENGTHS

STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNAT
TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE,DEIOOg SR
°F 100 1000 10,000 | 100,000 10000001 | 0.00001 | "0.0001
HRS, HRS. HRS. HAS. %/MHR. | %/MHR | %/HR.
1000 70
1100 52%
ORIGINAL CREEP AND RUPTURE DATA
TEMBISTRESSIURATION | INTERCEPT.], MINIMUM P‘Rmsmon TOTAL EXT, |TQTAL ELONG megs]
" 1000 CREEP RATE,|  TIMI TEST), AFTE
°F | R [HOURS(a %ca) [REEE AT s | ‘Tesn,% |TESTING
1] 35 R 18.0
9.0 215 R 18.0
11001 58,0 SR 23.0
1100 52.5 5 R 21.0

RESS] MINIMUM_ [TRANSITION] TOTAL EXT. |TOTAL ELONG HARDNESS|
F?F‘_"JsTooo m“’"ﬂ"”ﬁ&‘ﬁ“c&eﬁ?m TEST)| (RUBTURE | AFTER

TIM

Py |FOURS(S RATE) MEs) % | TEST),% |TESTING
1000} 69.0 16 R 19. 0
1000{ 62.0 151 R 20.0
1100f 52.5 5R 23.0
1100| 40,0 356 R 22.0

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALLIES INDICATED g8Y *®

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

t4) THE INTERCEPT 1S THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.

() Z:EE;RANSEIT'ON TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING

72




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

ORIGINAL CREEP AND RUPTURE DATA

TYPE OF TYPE OF “ISIZE OF .
Ewsnm 13 Cr, W, Mo, V ‘“Z’qumugn- acE ARC [0 15 Tons el buuron renceen] s mﬁagm Toral Ex. [ToTl ELouS huoness
" " °F h|
ICHEMICAL_ COMPOSITION, cimieplsisfo [MimwIw]lvin Psl. > /R HRAE) % TESTL% | TESTING
PER CENT 0.23 Jo.77 13,18 0.69 [1.05 [0.97 [0.26 [0. 04 1000l 69.0 | 18R 26.0
DEOXIDATION 1000{ 62.0 | 473 R | 17.0
FORM-CAST OR WROUGHT _ Wrought 1" Square
HEAT YREATMENT 1900 F, OQ; 1200 F, 2 Hr Heat No,_40050 100] 5.5 4R 23.0
MICROSTRUCTURE Tempered Martensite and 1% Ferrite 1100| 40.0 412 R 23.
GRAIN_SIZE “THARDNESS 34 R_
SOQURCE OF DATA _ Crucible Steel Compan:
crece a0 mupruse sTrENoTHS STULISYE SO CRIITTEE O SrECT oF
FOR RUPTURE IN TIMES STRESS FOR DESIGNATED MPERATURE
TEMP. INDICATED 1000 P.5.1.{2) CREEP RATE, 1000 P5.1.(2) TYPE OF | o v Mo, v (az2)| L E,OF ARC |PREOF
EMP, MATERIAL > W, Mo, MELTING FURNACE HEAT
F 100 mo 10,000 |100,000 |00000O0t | 0.0000! | 0.0001 -
HRS. HRS. HRS. HRS. %MR._| %MR | %/HR. CHEMICAL COMPOSITION, clmlP[s[sfc In[Mm[w]|v [~
1000 66 PER CENT 0.23 [0.81 ] 3.16] 0.82 [1.03 J1.09 [0.26 [ 0.04
1100 47 DEOXIDATION
FORM-CAST OR WROUGHT W rought 1" Saquare
HEAT EATMENT 1900 F, ; 1200 2 H H . 40058
ORIGINAL CREEP AND RUPTURE DATA TR F, 0Q; 1200 F r eat No,
ion Transion] ToraL Ext ToTAL € han MICROSTRUCTURE Tempered Martensite and 2% Ferrite
’TE,ng 1000 TdURSC| " Se(a) CRELP RATE| | TIME " [CREEE TEST), TR T ALTER GRAIN SIZE —[HARDNESS _ 33.5 Rg
- | PSl. %/HR. | HRS.(8) % TEST), % | TESTING SOURCE OF DATA __ Crucible Steel Company _
1000} 69.0 29 R 24.0
iggg (;:: 2;22 ;:'g CREEP AND RUPTURE STRENGTHS
- - STRESS FOR RUPTURE N TIMES STRESS FOR DESIGNATED
1100/ 46.0 [ 118R 21.0 TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 P.S.I.{2)
°F 100 1000 10,000 [100,000 [GO0OO001 [ 0.00001 | 0.000!
HRS. HRS. HRS. HRS. %/HR. | %M %/HR.
e 1000 64
ASTM-ASME JOINT COMMITTEE ON EFFECT OF 1100 46.5
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF SIZE OF
MATERIAL }3 Cr, W, Mo, V (422)[M5Lm¢; FURNACE ARC  [HEAT 15 Tons
[CHEMICAL  COMPOSITION, CiM N, | S|Si |G N |Mja]v |w
PER CENT 0.21]0.82 | 0.03 3.1200.701.01 bo.012f0.30{1.03 ORIGINAL CREEP AND RUPTURE DATA
DEOXIDATION
[STRESS T PY,| MINIMUM_[TRANSITION] TOYAL EXT. | TOTAL ELONGHARDNESS|
FORM-CAST OR WROUGHT _ Wrought 1" Square TEME, 1000 JON,INTERCE PRATE,| TIME, KCREEP TEST),| (RUPTURE | AFTER
HEAT TREATMENT 1800 F. OQ; 1200 F. 2 Hx Heat No. w6019 F ] pXP [HouRs(a]] %(a) TCREEERATE,  TIME, % | TEST),% |TESTING
IMICROSTRUCTURE  Tempered Martensite and 16% Ferrite 1000 ! 69.0 11 23,0
GRAIN_SIZE _[HARDNESS 31 Re 1000 | 62.0 334 R 26.0
SOURCE OF DATA Crucible Stee! Company
11004 52.5 14 R 21.0
GREEP AND RUPTURE STRENGTHS 1100/ 46:0 1 J2IR 12.0
STRESS FOR_RUPTURE IN TIMES STRESS FOR OESIGNATED
INDICATED, ‘1000 P.S.1.(2) CREEP RATE, 1000 PS.1.(2)
TEMP,
°F 100 1000 10,000 | 100,000 |Q00000! | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. % /HR. % /MR %/HR. ASTM-ASME JQINT COMMITTEE ON EFFECT OF
1000 62 : TEMPERATURE ON PROPERTIES OF METALS
1100 42 TYPE OF TYPE OF S1Z
|MATERIAL !3 Cr, W, Mo, V lm)ﬂazmue FURNACE _ARC HEAETOF 15 Tons
CHEMICAL COMPOSITION, [elm[rT s siTe (Mim]w]v (s
ORIGINAL CREEP AND RUPTURE DATA PER GENT A I f ﬁ
FRANSTRR ] TOTaL Exr. TomaL e SEOXTOATION . . 13.16/0.82 | 1.03 |1.09 [0.26 l0.04
[TEME)] DLRATIM,IINTERCEP‘T MINIMUM A ELONG "‘5‘
1 '|CREEP RAT TIME TEST),| (RUPTURE | AFTER m
F | 1990 [HoURS(3]]  %(s i IV e A L g P [FORM-CAST OR WROUGHT Wrought 1" Sguare
e HEAT TREATMENT 1800 F ;1200 F, 2 Hr, A.C. Heat No. 40058
L:ggg j(;_‘zlig J"_:!RK 240 MICROSTRUCTURE  Tempered Martensite and 10% Ferrite
GRAIN_ SIZE THARDNESS 32 R_
100l 52.5 R 23.0 SOURCE OF DATA Crucible Steel C y
1100] 40.0 242 R 20.0
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.(2} CREEP RATE, 1000 PS.1.(2)
ASTM-ASME JOINT COMMITTEE ON EFFECT OF °F 100 1000 |c:£soo Iook%w 0000001 | 0.00001 | 0.0001
TEMPERATURE ON PROPERTIES OF METALS HRS. HRS. X H %/MR. | %MR | %/HR.
‘r 1000 63
mR?AFL 13 Cr, W, Mo, V (422) LYEPLEngg FURNACE ARC alEZAETOF 15 Tons 1100 41
ICHEMICAL  COMPOSITION, clwlw, [ssiTe [mTwalwlv
PER CENT 0 ZlL).BZ 0.03 -ﬂf’ 1210.70 l.Ol—I;].OIZ l.03[0‘30
DEOXIDATION
FORM-CAST OR WROUGHT Wrought 1" Square ORIGINAL CREEP AND RUPTURE DATA
HEAT TREATMENT 1900 F, ;1200 F, 2 Hr Heat No. W6019 RESS, T|m)J|N‘-ERCEp‘T MINIMUM_[TRANSITION| TOTAL EXT. [TOTAL EI.MHARMSS]
)
IMICROSTRUCTURE  Tempered Martenaite and 7% Ferrire F | FRC [HOURSGRT T w(4) ICREEPRATE, | LIME,, e TEERSE | reSriie
s
GRAIN _SIZE [HARDNESS  32.5 Re 1000] 69.0 1R 18.0
SOURCE OF DATA __ Crucible Steel Compan 1000] 62.0 178 R 19.0
1100} 52.5 6 R 21.0
CREEP AND RUPTURE STRENGTHS 1100} 40.0 130 R 20.0
TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED {1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.1.(2) (2) EXTRAPOLATED VALUES INDICATED &Y *
°F 100 1000 10,000 [100,000 [Q.000001 | 0.00001 | 0.0001 (3} DURATION OF TEST (RUPTURE TEST INDICATED BY R),
HRS. HRS. HRS. HAS. %/MA. | %MR | %/HR. (4} THE_INTERCEPT IS THE PROJECTION BACK TO ZERQO TIME FROM THE PORTION OF THE
1000 65 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
100 o (s) ZEEE:R:;I:EITION TIME IS THE BEGINNING OF THE THIRD STAGE OR AN ACCELERATING
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF

ORIGINAL CREEP AND RUPTURE DATA

TEMPERATURE_ON RTIES OF ALS mﬂmpwnm INTERCEPT, MINIMUM 'TR%!I"S‘ITK)N TOTAL EXT. [TOTAL mmpg&igsl
IePERTRL 13 Cr W, Mo, v (s22) B8 OF cupnace ARG [ipky O 13 Tons | 0 [HouRs(al] %(d) RATE) | TG O TEEN% | TESTING
21
ICHEMICAL COMPOSITION, c(mlp sTsiJer [mmlw]viN 1000 69.0 bR zi z
PER CENT 0.23|0.11 IlZ.76 0.76 0.8 [1.11 | 0.26 0.0 1000 64.0 144 R 2
DEOXIDATION 1100} 52.5 14 R 27.0
FORM-CAST OR WROUGHT Wrought 1" Square 1100} 46.0 61 K, 20.0

HEAT TREATMENT

1900 F, OQ; 1200 F, 2 Hr

Heat No. K6671

MICROSTRUCTURE

Tempered Martensite

[GRAIN SIZE

[HARDNESS 34.5 R¢

SOURCE OF DATA

Crucible Steel Company

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

TYPE OF TYPE OF [SIZE OF .
CREEP AND RUPTURE STRENGTHS MATERIAL '3 Cr» W, Mo, V MELTING FURNACE HEAT _ Commercial
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED CHEMICAL COMPOSITION clm[P[s|si]c [N JM]w]vV
TE.':P., 100 'NT:;:’TED, 10 o;s Qm‘iﬂoflp R:r;wl R:le PER CENT 0.23 IO 81 }0.011]0.022] 0.16113.19) 0.6511.03 | 0,841 0.25]
HRS. HRS. HRS. Hks‘ %/MR. | %/MR_ | %/HR. DEOXIDATION
o0 6. 5 FORM-CAST OR WROUGHT __ Wrought Bar 3.1/27 Diameter
L Loa ua JHEAT TREATMENT 1900 F, A.C.; 1100 F, 4Hr, A.C.; 1200F, 5Hr, F.C.
MICROSTRUCTURE
GRAIN SIZE |HARONESS
SOURCE OF DATA _ General Electric Company el
ORIGINAL CREEP AND RUPTURE DATA
SHORT TIME TENSILE PROPERTIES
rewelSTRESS uRaTION INTERCEPT, MINIMUM  [TRANSITION| TOTAL EXT, TOTAL, ELONG HARDNESS OOULUS T
| 1990 [Hours(3l| %) CREEFRATEY  LNE, % | TESD,% |TESTING TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDUCTION
F ELASTICITY, | STRENGTH, | STRENGTH, IN_AREA
1000f 69.0 45 R 17.0 1L000,000PS.l. | 1000 PS.I. 1000 PS.L PEN CéNT PER CEN
10001 66.0f 133R 19.0 80 94.0 149.0 18.5 50.4
1100 52. 5 17TR 20.0
1100{ 46.0 205 R 18.0 (a) 0.02% Offset yield strength.
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF ISi
P O 13Cr, W, Mo, V (422) I € FURNACE ARG e & 13 Tons CREEP AND RUPTURE STRENGTHS
Tc w]P[s[s]em[w][w]v]n STRESS FOR RUPTURE IN TINES STRESS FOR OESIGNATED
ICHEMICAL. COMPOSITION, ! u 2 TEMP, INDICATED, 1000 P.S.1. (2} CREEP RATE, 1000 PS.
PER CENT 0.23 [0.77 | 12.76 0,76 10,98 111 [0.26 J0.04 oF 100 1000 | 10,000 |100,000 |0000C0! | 0.00001 | 0.0001
DEOXIDATION HRS. HRS, HRS. HAS. %/HR. | %/MR__| %/HR.
FORM-CAST OR WROUGHT __ Wrought 1'* Square 900 52P
HEAT TREATMENT 1800 F, OQ; 1200 F, 2 Hr Heat No. K6671 1000 51P 38P 27P
MICROSTRUCTURE  Tempered Martensite and 4% Ferrite 1100 28P 18P
GRAIN_SIZE THARONESS 335 Ry 1200 20P
SOURCE OF DATA _ Crucibie Steel Compeny P indicites strength value obthined by uad of LarsonkMiller parhmeter T(2P + log t).
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TINES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.).(2) CREEP RATE, 1000 P.SJ.(2} ORIGINAL GREEP AND RUPTURE DATA
°F 100 1000 | 10 ooo 000001 T0.00001 [ 0,0001
HRS. HRS. e R O | SAR | SR TEME/STRESSIORATION INTERCEPT,| MINIMUM, [TRANSITION, TOTAL EXT TOTAL ELONG R EDUC
| 1000 65.5 | WE0 JHours(l] ey TCREEERATE) MG, % | TESTI,% |lArEA, %
—-1100 47 1100 50.0 19R 16.0 71.0
1200] 25.0 34 R 17.0 85 0
12 0 415 R 19.0 89.0
ORIGINAL GREEP AND RUPTURE DATA i‘“’ L2 L
frevelSTRESS burarion [iNTeRcepT,| MINIMUM_ TrRansITION] ToTar EXT. [ToTaL ELONGIHARDNESS]
1000 "CREEPRATE,| " TINE, * JCREEP TESTI AFTER
F | B0 [HOURS(S]] %e(4) AT Heetd) % | TEST),% |TESTING
1000] 69.0 26 R 17.0 ASTM-ASME JOINT COMMITTEE ON EFFECT OF
T000] 3.0 353 R 17,0 Se TENPERA:'Yl:’REEO;N PROPERTIES OF METALS
SIZE OF -
e =2 MATERiAL 12 OF: W) Mo, ¥ Iusmus FURNACE HEAT  Commercial
- CHEMICAL COMPOSITION, ClM | P [ S |Si]C Ni IM]|w] v
PER CENT IO 20]0.73 0.017'0.0” 0.26]12.85 0,77 l.OZIl.IS 0,26
DEOXIDATION
FORM-CAST OR WROUGHT __ Wrought Bar 4-9/16" Di
ASTM-ASME JOINT COMMITTEE ON EFFECT OF e TR oGHT__sought Bar 4-3/16" Dismeter
TEMPERATURE ON PROPERTIES OF METALS —__—_LMICROSTRUCTURE . 00; 2 L F.C
TYPE OF TYPE OF Bz
MATERIAL 13 Cr, W, Mo, V (422)|ME| TING FURNACE ARG HEAETOF 15 Tons GRAIN_SIZE THARDNESS
CHEMICAL COMPOSITION, c mipP s sifer IniJMmlw]v]n, SOURCE OF DATA __ General Electric Company
PER CEN 0.Z3| 0.77[ 1173.18 0.69 §1.05]0.97 | 0.26] 0.04
DEOXIDATION SHORT TIME TENSI.E PROPERTIES
FORM-CAST OR WROUGHT _wrought 1" Saware MODULUS OFFSET(a)
HEAT TREATMENT 1800 F, OQ; 1200 F, 2 Hr Heat No. 40050 TEMPERATURE, OF YIELD (1) TENSILE ELONGATION REDUCTION
; - *F ELASTICITY, | STRENGTH, | STRENGTH, IN AREA
MICROSTRUCTURE Tempercd Martensite and 6% Ferrite 1000,000PS.. | 1000 PS). ' | 1000 PSL reR cém' PER CENt
GRAIN SIZE [HARDNESS 33 R, 80 116.8 156. 0 17.0 41. 4
SOURCE OF DATA Crucible Steel Company
{a) 0. 02% Offset vield

CREEP AND RUPTURE STRENGTHS

FOR_RUPTURE m T MES STRESS FOR DESIGNATED
TEMP,, mmcmeiﬁ"T CREEP RATE, 1000 PS..(2)
°F 100 1000 10 ooo 100,000 Q000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %/HR. | %/MHR | %/HR.
1000 64.5
1100 44*
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(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).

(4) THE INTERCEPT IS THE PROJECTION BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SHOWING THE MINJMUM OR SECOND-STAGE CREEP RATE.
(L)) 1‘;:5 LR;:‘?EITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
El .




CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP. INDICATED, 1000 P.5.1.(2} CREEP RATE, 1000 PS..(2) ORIGINAL CREEP AND RUPTURE DATA —
oF 100 1000 10,000 ]100,000 [0.000001 | 0.00001 | 0.0001 STRESSILURATION,INTERCEPT,| MINIMUM_ [TRANSITION] TOTAL EXT. |TOTAL ELONG HARDNESS
HRS, HRS. HRS. HAS. %/MR. | %/MR | %/HR. F | 1900 NOURS(S| () "loREEP RAT 'rm&) (CREES TEST), (m JAETER,
1100 21p
1200 24P 11000 39,01 366 R - 0,00628 == 20.9 ==
1100! 35.0] BIGR 0,65 0.00224} 300 _ == 19,6 ==
P ind s strength value obtjined by us of LargonfMiller pargmeter T(2} + log t}. 1.0 1120 040 840 L.51 - -
ORIGINAL CREEP AND RUPTURE DATA
REDUC ASTM-ASME JOINT COMMITTEE ON EFFECT OF
o0 A ION N TERCEPT | M Tl O™ s 155 (RUBTURE. | TION v TEMPERATURE ON PROPERTIES OF METALS
F | pg). [FOURSGI %et4) TTR1VMR. | HRS(E) % | TEST,% |area, % TYPE OF TYPE OF ~eiZE oF -
200] 25.0 IR 4.0 83,0 MATERIAL '3 Cr, W, Mo, V {422){MELTING FURNACE HEAT Commercial
1250] 18.0 46 R 20.0 89.0 HEMICAL COMPOSITION, cimlpTs[siJe [N][mw]v]w
1250] 13.0] 107R 26.0 91.0 PER CENT 0.23] 0.81 0.16]13.19] 0.65 [1.03 [0.25 | 0.84
DEOXIDATION
FORM-CAST OR WROUGHT 374~ Round
HEAT TREATMENT 0Q From 1900 F, Tempered 4 Hr at 1200 F
MICROSTRUCTURE  Martensite
ASTM-ASME JOINT COMMITTEE ON EFFECT DF GRAIN SIZE |HARONESS 307
TEMPERATURE ON PROPERTIES OF METALS SOURCE OF DATA Wright Air Development Center ~ University of Michigan
TYPE OF TYPE OF S1ZE OF
13 Cr, W, Mo, V (422 ARC 15 T
MaTERIAL 13 O, T Mo, V(127 "E.l‘-:mli‘“ S G e l > Toe T SHORT TIME TENSILE PROPERTIES
HEMICAL COMPOSITION, Ne i i ML wWEY MODULUS OFFSET
PER CENT 0421| 0.84] 0.03 lwosma 1.09 p.008 1&[0.22 TEMPEBFATURE. ELAS("I'FICITY SH‘EELNDG'I(':I' srfsg:'sﬁ.i EL?'?GZQT'ON Rfuwgs'g"
DEOXIDATION N ' | oo rst’ | per PER CENT
FORM-CAST OR WROUGHT _Wrought 1" Square 1000000PS). | 1000 PS4
HEAT TREATMENT 1900 F, OQ: 1200 F, 2 Hr Heat No. Wé6l84
MICROSTRUCTURE Tempered Martensite and 4% Ferrite
GRAIN SIZE “JHARDNESS 32.5 R,
SOURCE OF DATA __ Crucible Steel Com;
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUFTURE IN TIMES STRESS FOR DESIGNATED CREEP AND RUPTURE STRENGTHS
TEMP, INDICATED PS.Li2) CREEP RATE, 1000 PS.).(2) TRESS FOR RUPTURE IN TIMES SIRESS FOR DESIGNATED
°F 100 | 1000 |oooo 600001 | G.00001 | 0.0001 TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 P.S..(2)
HRS, HRS. HRS. Hks %/HR. | %/MR | %/HR. °F 100 1000 |oooo 100,000 | GOOOOO! o.oooou 0.0001
1100 43 HRS, HAS, HRS. HhAs. %/MHR. | %/MR_| %/HA.
‘1100 43.0 36.0
ORIGINAL CREER AND RUPTURE DATA s ORIGINAL CREEP AND RUPTURE DATA
\'"Ns}é?ﬁsbwm"i INTERCE P, CHEEP RATE, TR%?“WTWAL'EESXT") TR | AER | Freve) n-.ss,b NIMUM OTAL_EXT. [TOTAL ELONGJHARDNESS|
oF | HOURS(3]  %(4) f | lsTi URATION./INTERCEPT, | MINIMUM TRANSITION| TOTAL EXT.
PSl. /HR. %) % TEST),% |TESTING | '\CREEP RAT KCREEP TEST),| (RUPTURE | AFTER
- *F | 10 [Houmstaf " %(a) JHR. | HRS.(%) % FEEn% |TESTine
1000 6%.0 20 R 24.0
30.0 1 0,00049 Py 0,99 -= ==
1100} 52.5 3R 26.0
1100( 40.0 405 R 19.0

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

TYPE_OF TYPE OF oF

MATERIAL 13 Cr, W, Mo, V (4llllugﬁ-"?e FURNAC! E‘IEZAEI_ Commercial
ICHEMICAL_COMPOSITION, cfmlelsTsijo [mim]w]v
PER CENT 0.23 0.81 0.16013.19] 0.65] 1.03f 0.84] 0.25
DEOXIDATION

FORM-CAST OR WROUGHT _ 3/4" Round

|HEAT TREATMENT __ A . C. From 1900 F, T. d 24 Hr at 1200 F

MICROSTRUCTURE ~ Martensite

GRAIN SIZE THARDNESS _ 299-306

SOURCE OF DATA

Wright Air Development Center - University of Michigan

CREEP AND RUPTURE STRENGTHS

TRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.L (2} CREEP RATE, 1000 PS.t.(2)
°F 100 1000 | 10000 |[i00,000 |0.00000! | 0.00001 | 0.0001
HRS. HRS. HRS. HAS. %/MR. | %/HR | %/HR.
1100 44.0 34.0

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

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

{s) 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

TYPE OF TV ISiZ ) TYPE OF ; ITVPE OF SIZE OF )
MATERIAL 13 € W, Mo, V MEE'I!O(: FURNAGE HEAET“ Commercial MATERIAL!3 Cr, W, Mo, V (420} |MELTING FURNAGE - HEAT Commercial
HEMICAL_COMPOSITION, clm]P s|siJe [N Mlw]yv [CHEMICAL_ COMPOSITION, [emipTsTsije [Nim]w]v
PER CENT 0.23!0.8] .011§0.022]/0.1613.19] 0.65]1.03 §0.84 |0.25 ] PER CEN J&ZZIO-55 I 0.22'13.44 0.38 0.48' 0.2310.19
DEOXIDATION DEOXIDATION i
FORM-CAST OR WROUGHT  Wrought Bar 3-1/2" Di £ FORM-CAST OR WROUGHT _ 7/8' Wrought Bars
HEAT TREATMENT _ 1900 F, A.C.; L1100 F, 4 Hr, A.C. HEAT TREATMENT 1800 F, L Hr, OQ: J200 F, 1 Hr, A.C
MICROSTRUCTURE MICROSTRUCTURE -
GRAIN SIZE [HARDNESS GRAIN_SIZE [HARONESS _ 28z BHN
SOURCE OF DATA  General Electric Compan: SOURCE OF DATA U.S.N. Engineering Experiment Station
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET, MODULUS OFFSET
TEMPERATURE, vieco o | Tensie ELONGATION | REDUCTION TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, N2 IN AREA oF ELASTICITY, | STRENGTH, | STRENGTH, IN 2 IN AREA*
1000,000Ps.i, | 1000 P’ | 1000 PSt' | PER CENT | PER CENT 1000,000Ps.L | 1000pPsi, ' | 1000 PSL | PER PER CEN
80 117.8 164.0 18.5 46.6 RT 118, 9 139.0 17 54
| 1000 72,0 82.0 22 £5
{a) 0.02% Offast vield atren | . 1100 52.6 £8.4 _23 12
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
STRESS _FOR RUPTURE IN TIMES STRESS FOR DESIGNATED STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.{2} CREEP RATE, 1000 PS.I.(2) TEMP, INDICATED, i000 P.S.1.{2) CREEP RATE, 1000 PS.1.(2)
°F 100 - 1000 10,000 [100,000 [Q00000! | 0.00001 | 0.0001 °F 100 1000 10,000 {100,000 [Q00000¢ | 0.00001 | 0.000!
HRS. HRS. HRS. HRS. W/HR. | %/HR | %/HR. HRS. HRS. HRS. HRS, %/HR. | %/HR | %/HR.

1000 52P 40P 28P 51 42 . 22,0

1100 29P 18P 9.6P 1100 217 18 3. 8% 6.4

1200 20p 11p
_Pﬁﬂmgn value obtjined by usd of LarsontMiller pargmeter T(25 + log t).

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY ® {2) EXTRAPOLATED VALUES INDICATED BY*
ORIGINAL CREEP AND RUPTURE DATA ORIGINAL CREEP AND RUPTURE DATA
. REDUC- TION| TOTAL EXT. [TOTAL ELONGHAR
[reme)sTRESShuRaTION [INTERCEPT, MiNIMUM_ [TRANSITION] ToTAL EXT. [TOTAL £LONG! RESS | RATION, INTERCEPT, | MINIMUM_[TRanS!

1000 "CREEP RATE,| TIME, [CREEP TEST),| (RUPTURE | TION IN 1000 P RAT TIME, [CREEP TEST),| (RUPTURE | AFTER
| ey [MOURS(E| " wela) CREEURATE | ME, %  '| TESTL% |aREA, % | NR0 [HouRSGI| w4 CREEFRATE) TN, % | TEST)% |TESTING
1100 50.0 28 R 14.0 74.0 1000{ 55.0 45 R 25.0
1100 35.0 595°R 10,0 62.0 1000] 40.0 1904 R 0.60 0.00248 1050 29.0
1200f 35.0 4R 20.0 85.0
1200] 25.0 43 R 16.0 85.0 1100 35.0 21 R 38.0
1200 20.0 133 R 16.0 79.0 1100] 25.0 346 R 48.0
1200] 15.0] 257 R 19.0 85.0 l1100] 22,0l 243 R 34.0
1300| 10.0 29 R 30.0 94.0 1100| 22.0 385 R 44.0

1100| 20.0 409 R 0.25 0. 0094 100 45.0
1000 20.0 1896 0.297 0. 000058 - Q. 408
1100{ 10.0 1 0.174 0.00074 800 1.42

100]  6.0! 2064 0.205 | 0,000072 - 0,355

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

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

(s} TmﬂEE’;R:;d?EITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING

76

{3) 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 SECOND-STAGE CREEP RATE.
s) B’Q‘E TRANSITION TIME 1S THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
EP 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

TYPE OF 12Cr, 2 W, 2 Mo, V [TYPE OF . SIZE OF TYPE OF 12 Cr, 2 W, 2 Mo, V |TYPE OF TSiZE oF
MATERIAL i MELTING FURNACE Induction juea7 1 Ton MATERIAL ifi MELTING FURNACE 154 HEAT L Ton.
CHEMICAL COMPOSITION, cfm P [sTsife MM w]|v]n CHEMICAL COMPOSITION, c(umlprlsTsife[m w v ]nN
PER CENT 0.27] 0.84 | Tozaiisiloas | 2.23l1.72 10.49 | 0.06] CENT 0.27 l0.84 | o.2alr1.81l0.19 [2.23 [1.72 [0.49 [ 0.06
InsoxmATuou ] DEOXIDATION
FORM-CAST OR WROUGHT __ Wrought 5/8" Round FORM-CAST OR WROUGHT _ Wrought 5/8' Round
HEAT TREATMENT 2000 F, OQ + 1200 F, 2 Hr Heat No, 7747A3 HEAT TREATMENT 2000 F, OQ; 1300 F, 2 Hr Heat No. 7747A3
MICROSTRUCTURE  Tempered Martensite and 10% Ferrite MICROSTRUCTURE ~ Tempered Martensite and 10% Ferrite
GRAIN SIZE [HARDNESS _ 38 R, [GRAIN_SiZE —JRARDNESS 33 Re
SOURCE OF DATA Crucible Stee] C: SOURCE OF DATA Crucible Steel Company
SHORT TIME TENSILE PROPERTIES SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET MODULUS OFFSET
TEMPERATURE (3 YIELD (1) | TENSILE |ELONGATION | REDUCTION TEMPERATURE, OF YIELD (1} | TENSILE | ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2 IN AREA oF ELASTICITY, | STRENGTH, | STRENGTH, IN 2 IN MEA,{
1000,000P5.!. | 1000 pss." | 1000 PSL' | PER CENT | PER CEN 1,000000PS.). | 1000Ps). | 00O PRSL | PER PER CEN
80 140. 0 177.0 16 46 _80_ 121 155 14,5 46
1000 102.0 119.0 22 [¥3 1000 85 104 23.5 67
1100 84.0 101.0 25 70 1100 69 83 28 76
1200 62,0 74.0 28 77 1200 43 58 33.5 83
CREEP AND RUPTURE STRENGTHS CREEP AND RUPTURE STRENGTHS
TRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED PS.L{2) CREEP RATE, 1000 PS1.(2) TEMP, INDICATED, 1000 PS.i.{2) CREEP RATE, 1000 PS.l.(2}
°F 100 1000 | 10,000 |100,000 |GO000O! | 0.00001 | 0.0001 F 100 1000 | 10,000 100,000 [Q00000! [ @00COI [ 0.0001
HRS. HRS. HRS. wks. WHR. | %/MR | %/HR. HRS, HRS. HRS. nhs. %/MR. | %MR | %/HA.
1000 86 75 50% 1200 26 17%
1100 71 58
1200 62 39 20. 5%
th 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. (1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED BY * (2) EXTRAPOLATED VALUES INDICATED BY*#
ORIGINAL CREEP AND RUPTURE DATA ORIGINAL CREEP AND RUPTURE DATA
ISTRESS IO URATION |INTERCEPT | MINIMUM _ [TRANSITION| TOTAL EXT, [TOTAL ELONG.HARDNESS TrEMB STRESShURATION,INTERCEPT,| MINIMUM  [TRANSITION| TOTAL EXT. |TOTAL ELONGJHARDNESS|
TEME™ 1000 T "IcREEP KCREEP TEST),| (RUPTURE | AFTER 1000 *\CREEP RA] TIME,  (CREEP TEST),| (RUPTURE | AFTER
F | psi. [HOURSG)  %l4) 7HR. | HRS.(3) " TESTI.% |TESTING °F | We0 [HOURS(sT] eta] CREERRATEN  TME:, | TEST,% |TESTING
1000} 90,0 12 R _18.0 1200 ] 40.0 2.3 34.5
HO0O0} 85,0 177 R _18.0 30.0 49 R 34,0
1000 | 80.0 338 R 14.0 1200 | 25,0 132 R 33.5
1000} 75.0 1332 R 19.0 1200 20.0 456 R 45,5
1000 70.0 | 2326 R| 1.00 0.0013 1375 11. 003}
1000] 60.0 Plscontint "o 77 |0, 00035 1360 2. 6403)
1050 ] 80. 0 15R 24.0
1050 ¢ 75.0 34 R 23.0
10501 70.0 164 R 22.0
1050 65.0 641 R 17.0
lo50[55.0 | 1652R| 0.82 0,0014 725 11.0f2)
1100 | 70. 0 16 R 20.0
100 ] 65.0 53 R 23.0
100! 60,0 157 R 19.0
1100 60.0 160 R 21.0
100!55.0 278 R 22.0
1100 | 50.0 378R| o0.66 |0.00517 175 9.5(2)
1100 40.0 974R| 0,35 | 0.00160 425 7,518
00| 40.0 1341 R| 0.38 00152 350 11,0l .
30.0 | 2734R| 0.34 |0.00038 840 6.0 Fiiceder) ™
(a) Cieep specimens = 2. 4} gage length. { Others |.4". )

{3) DURATION OF TEST {RUPTURE TEST INDICATED 8Y R},
(4) THE INTERCEPT IS THE PROJECTION BACK TO ZERQ TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
{s} E:EETR:N1§éTI°N TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
P RATE.

{3) DURATION OF TEST {RUPTURE TEST INDICATED 8Y R),

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

TEST SHOWING THE MIN!MUM 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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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF 12 Cr, Mo, Cb, V TYPE OF SIZE OF
MATERIAL (H-46} MELTING FURNACE HEAT
HEMICAL COMPOSITION, Clm|Pp|s|sijor mim]|olv]
PER CENT N, 1 0,15 [0.57 [ otlhys 0,451 0,281 0.30]
DEOXIDATION
FORM-CAST OR WROUGHT wWrought Bara and Discs
[HEAT TREATMENT 2100 F, A.C., Tempered 1200 F
MICROSTRUCTURE
GRAIN_SIZE THARDNESS
SOURCE OF DATA _ William Jessop and Sops, Ltd., Data Sheet—Heppenstall Company
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, oF YELD (1] | TewsiLe |eLoncaTion | RepucTion
°F ELASTICITY, | STRENGTH, | STRENGTH, IN 2 2N IN_AREA
1,000 000PS.L. | 1000 PS.I. 1000 PS.. | PER CENT | PER CEN
80 31,6 116.5 145.5 20.0 33.0
200 31,0 112.2 140.5 19.0 33,0
400 30.0 105, 6 131,0 17.6 32.0
600 28,9 98.3 120, 5 15.7 31.0
800 27.8 90. 0 106. 8 15.0 31.2
1100 24.0 63.6 78.3 18.7 40.9
1300 20.9 33.0 52. 1 29.6 62.4
T470 16.5 50.0 85.0

{8} 0.1% Offset yield strength.
CREEP

"AND RUPTURE STRENGTHS'™

STRESS FOR_RUPTURE IN TIMES

ST F DESIG'#&F& )

TEMP,, INDICATED, 1000 P.S.1.{2)} CREEP RATE, 1000

°F 100 1000 10,000 | 100,000 | ©.00001 0.0001 [ 0.001
HRS. HRS. HRS. ks, %/HR. | %/HR | %/HR.

930 43.7 49.2 57.1
1020 60.5 51,5 44.8 28.7 40.4 50,5

1110 45.5 36.5 16.5 13.0 23.6 35,2

1200 30.17 22.4 11, 5% 13.9 24.6
1290 19.3 11.4 8.7

{b) These are avegage data frpm bars and gas turbife discs.

(1) 0.2 PER CENT OFFSET UNLESS
{2) EXTRAPOLATED VALUES INDICATE|

OTHERWISE INDICATED.
D BY*®
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF lTYPE OF [SIZE OF
MATERIAL 14 Cr MELTING FURNACE HEAT
ICHEMICAL COMPOSITION, clm] P s[sif[er [N [Mo
PER CENT 0-29'0.27 I0.013 0.019 0.79j13.71] 0.23
DEOXIDATION

FORM-CAST OR WROUGHT Wrought Bars 5/8" Diameter
|HEAT TREATMENT Hardened and Tempered

IMICROSTRUCTURE

GRAIN_SIZE THARDNESS 225 BHN
SOURCE OF DATA Compilation of Available High Temperature Creep Characteristics of
Metals & Alloys, ASME-ASTM, 1938
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET

TEMPERATURE, OF YIELD (1} s,}’ggsgf ELONGM"ON R'ENDUAC;'ON
o ASTICITY TR H NGTH EA,
,5'503,&895.,{ et | Sooo paL’ PR cém' PER CENT
65 64,1 109, 0 28 65,5

572 61,9 94,5 27 68

752 52,0 84,9 25 67

93z 25,17 68.8 28 14

1160 - 3%.0 68 82

CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TINES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.1.(2} CREEP RATE, 1000 PS
° 100 1000 | 10,000 |i00,000 |QOGOOOI | 0.0000! uooon
HRS. HRS. HRS. HAS. %/HR. | %/HR | %/HR.
752 45,0
932 11,2 .
1112 L

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

ORIGINAL CREEP AND RUPTURE DATA
MINIMUM [TRANSITION| TOTAL EXT. [TOTAL ELONGHARDNESS
I'rt-:w,m TION, mren&r;rl’. o UL

| wax [HouRs(sy A AReTS) e CHemac |TESTiNG
| 752 ] 67.2 180 R 0. 0460 23.5
53.75: 500 0,70 8.0014 1,40
752 | 47.0 500 0.40 0.00019 0. 50
752] 42.6 _500_ 0.14 0.00005 0.17
| 752 42.6 | 1000 0.16 |0.000022 0.182
| 9321 26.88] 852 R 0, 0082 35.0
9321 17.92 00 0.53 0.00034 0. 70
932| 15.68 500 0. 40 0.00020 0. 50
932 11,2 500 0,14 0.00011 0.20
932] 10.07 500 0.08 0. 00008 0.125
1112 6,72 1080 R 0. 0090 51.0
1112 4,48 500 0.22 0. 00266 1,55
1112 2.24 500 0.12 0, 00020 0.225

{3) DURATION OF TEST (RUPTURE TEST INDICATED BY R).
{4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
(8} THE TRANSéTION 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 GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

DEOXIDATION
FORM-CAST OR WROUGHT _Wrought 5/8- and 1-1/2"-Square Forged Bars
HEAT TREATMENT 1800 F, 1/2 Hr, OQ; 1225 F, 4 Hr, 0Q

MICROSTRUCTURE  Tempered and Untempered Martensite

TYPE OF 16Cr, 2 Ni TYPE OF SIZE OF TYPE OF 16 Cr, 2 Ni |TYPE OF SIZE OF

MATERIAL MELTING FURNACE Induction |HEAT 30 1b MATERIAL  (Type 431) MELTING FURNACE Electric [HEAT ¢ cial
HEMICAL COMPOSITION, Mo | P IS |Si|C |Ni|Moin ICHEMICAL COMPOSITION, [clmm]prpTs]sifer [n[Min

PER CENT [Q lﬁl 0.581 00210 053 16,131 1.82 IL063 PER CENT 0.11 |0.37 10.007 .018] 0.17115.60] 1.87 0.010

DEOXIDATION
FORM-CAST OR WROUGHT Wrought 3/4"-Diameter Forged Bars
HEAT TREATMENT 1800 F, 1/2 Hr, QQ; 1225 F, 4 Hr, OQ

MICROSTRUCTURE

Tempered Martensite

GRAIN_SIZE__Austenitic Grain Size, ASTM No. 8 THARDNESS _36.7 R
SOURCE OF DATA U.S. Steel Corp., Research and Development Laboratory

Yy -
GRAIN_SIZE Austenitic Grain Size, ASTM No. 6 HARDNESS 22 0 R¢
SQURCE OF DATA  U.S. Steel Corp., Research and Development Laboratory

SHORT TIME TENSILE PROPERTIES

SHORT TIME TENSILE PROPERTIES

CREEP AND RUPTURE STRENGTHS

MODULUS MODULUS OFFSET
TEMPERATURE OF YIELD (1) TENSILE ELONGA'TION REDUCTION TEMPERATURE OF YIELD (1) TENSILE ELONGATION REDUCTION
oF ELASTICITY, | STRENGTH, STRENGTH, IN 2' IN AREA, oF ELASTICITY, | STRENGTH, STRENGTH, é{ IN AREA
LDO0O0OPSS. | Jo0o RS | 1000 RSL’ | PER PER CEN 1000.000PS.) | 1000 PS.1 " | 1000 PSL PER CENT | PER’CEN
rla) 107.8 163.1 8.0 127 RT(E] 83.2 112.5 21,5 60.4
(b) 2.2 156.4 6.0 10.0 20007 7.5 89.8 - 43.5
9000) 2.2 135.0 Lo 62,0 9001 61,8 5.2 — 46.0
110017 31.0 51.4 52.5 86.0 11007 33.2 49,1 _ 77.5
(a) 0.254" Digmeter specimenp, 1" gage length. (a) 0.254" Didmeter specimens, 1" page ledgth,
(b) 0, 254" Dj i i 2" gage m,:gb {b) Q505" Dikmeter 2" gage ledgth,

CREEP AND RUPTURE STRENGTHS

STRESS FOR_RUPTURE IN TIMES STRESS FOR DESlGNAJED,

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
1000 P.S.1.(2} CREE| .

TEMP, INDICATED, 1000 PS.1.{2) P RATE, 1000 P. TEMP., iNDICATED, P RATE, 1000 PS.).(2)
100 1000 | 10,000 |100,000 aooooon 0.00001 | 0,0001 100 1000 10,000 0000001 | 0.00001 | 0.0001
HRS. HRS. HAS, %/MR. | %MHR | %/HR. HRS. HRS. HRS. nks %/MR. | %/HR | %/HR.

900 50, 2 34.5 24, 0% 900 42,0 34,0 3, 0%

1100 16.5 10.8 T.1% 1100 16.2 10.5 6. 8%

| 1200 9,6 6,0 3.7% 1200 9.1 5.7 3. 5%

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

ORIGINAL GREEP AND RUPTURE DATA

{11 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *

ORIGINAL CREEP AND RUPTURE DATA

e humonrereerr e oo e o pastanes  MmeTeshunoduerce e, TreTo iz o o Rt rmess
PSJ. %o /HR. HRS.(3) Y TEST),% | TESTING PSlJ. o/ HR. HRS.(S) Y TEST),% | TESTING
900 90,0 1,0 4. 54 0.5 15.8 Rc 30.5 900i60, 0 1.16 4.80 0, 5 29. 6 Rb 97.2
79. 4 4.6 120 2,2 2l. 6 Rg 2.9 | 900)50, 0 11,3 0.595 4.8 31.4 Rb 95.7
900] 70.0 13.8 0,546 6.0 24.4 Re 23.9 9004#0. 0 176.7 0. 0685 31.2 37,6 Rb 95. 0
900| 59.4 20,0 0, 358 7.1 34.4 Rc 22.2 900135 0 882, 0 . 0.0189 603. 0 38,2 Rb 96,3
900| 49.4 | 108.0 0.112 51,0 44. 6 R¢ 20.8 900j30.0 j2042.0 0,00807 11742.0 48.0 Rb 94,9
900] 44.4 | 211.7 0. 0541 99,0 44 2 Re 20,1
00] 34.4 11559.0 0.0128 -— 53,0 Rh 98.7 1100130. 0 1.35 4.3 0. 55 53 0 Rb 95.4
1100120, 0 31.25 0,352 15.4 52,6 Rb 91.7
L1100} 30,0 3.1 4,38 1.1 53.8 Rb 99, 8 110015, 0 150. 75 0. 0747 65.0 56.8 Rb 88, 8
1100} 25.0 9.5 1422 3.6 3.8 Rb 98.8 1100[10.0 [1223.1 0. 0162 == 62,0 Rb 84,1
'1100| 17,5} 765 0,203 37.0 57.6 Rb 97.6
1100/ 15.0] 140.7 0.1105 50. 0 18.4 Rb 96,4 1200 0. 0 1,0 12,8 0.4 48.2 Rb 90.8
1100 10.7 }J1087.0 0. 0200 - 84.0 Rb 90, & 1200 Jt5. 0 6.7 1L.79 2.6 63.8 Rb 88 8
1200010, 0 62.8 0, 252 10.7 a6 |
lL200! 25.0 0.55 23.6 0.25 50, 4 Rb 98,2 1200 6.85 | 425.0 0. 032 131.0 69.6 Rb 84,9
l1200] 20.0 2,1 2.29 = 62,0 Rb 98.8 1200 6.0 735.5 0. 0202 154.0 85.0 Rb 82.8
1200} 15.0] 12.6 1.26 4.0 78,2 Rb 95,6 |
1200/ 10.0 | 88.25 0,17 24.6 82.2 Rb 94.5
1200f 7.5 ) 298.0 0, 0521 63.0 79.2 Rb 92,5
1200} 6,8.] 550.0 0, 0280 98. 2 66.0 Rb 90.8

€3} 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 SECOND-STAGE CREEP RATE.
(L3 gg;RAN?EITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
RATE.

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

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

(s) ZHEE?QK‘SEIT'ON TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
R
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ORIGINAL CREEP AND RUPTURE DATA

TYPE OF TYPE OF SIZE OF
MATERIAL 17 Cr (Type 430) MELTING FURNACE HEAT Frewe | g.%s,mﬂw INTERCEPT, MINIPMRLAM TRq_lli'S‘ITION TOTAL EXT. Tt(!TAL ELom.HAARFn_IgERss_]
CHEMICAL COMPOSITION, Clm|PTs|siJe [n[m] [ * | 100 Jnoursial] wie) "CREEURATE)  DME,, KREECTESTH (RS |1EStine
PER CENT ST T 00 003 [COS[CTS IEOT50 | |
Max iMax | Max | Max) Max | 18 0| Max 900 45.0 2.8 R 4.56 41.0
DEOXIDATION g00| 40.0| 29.3 R| 0.51 53.0
FORM-CAST OR WROUGHT 900 35.0] 92.3 K| 0.15 58.0
HEAT TREATMENT _Annealed 1400-1500 F 900] 30.0] 944.5 R| 0. 023 54.0
MICROSTRUCTURE Hos0} 25.0 4.4 R 2.92 57. 0
GRAIN SIZE {HARDNESS hosol 20,0 17.3 R 0. 942 60. 0
SOURCE OF DATA U.S. Steel Publication — "Steels For Elevated Temperature Service" hosol 15.0] 400. R 0. 035 81.0
hosoj 12,0 j1283. R 0. 011 66,0
SHORT TIME TENSILE PROPERTIES 1200 15.0 L2 R 11. 1 65. 0
MODULUS OFFSET hzool 10.0| 23.2 R 0.62 87. 0
TEMPERATURE, OF YIELD (1) | TENSILE |ELONGATION | REDUCTION hiz200] 6.0 418. R 0,03 90. 0
°F ELASTICITY, | STRENGTH, | STRENGTH, 'gzcé IN AREAL 200 o [2871. R 0.0038 103.0
L000000PS.T. | 1000 RS, | 1000 PSL | PER CENT | PER CEN M o] o en -
70 32 72 - = -
13‘5 z‘g o 0 h3sol s.0]| 10.6 R 0.876 92. 0
200 34.0 63.0 28 69 L3so| 3.0 150. R 0. 062 84,0
700 33.0 58,0 28 70 h3sgf 2.0 (1620. R - 9
900 28,5 48,5 34 74
1100 18,0 30.5 47 87
1300 8.0 15.5 64 96,
1500 7.0 83 99
1700 3.5
CREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PSi.(2)
°F 100 1000 10,000 ]100,000 [0000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS, %/HR. | %MR | %/HR.
800
900 30,0 24.0 12,0 15.4
1000 17.5 13.5 6.7 8.6
1100 9.1 6.5 3.4 4.3
1200 5.0 3.4 1.5 2.2
0.9 1.4
1400 0.6 0.9
1500 (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R),
16 (4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE

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

©

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

TYPE OF TYPE OF 1ZE OF
MATERIAL 17 Cr {Type 430) MELTING FURNACE HEAT
ICHEMICAL COMPOSITION, ClmjPlsisifo [Nim]|nN|a
PER CENT 0,09 | 0.41b.010}0.014J0.23716 87 0.150 .02 l0.078l0.004
DEOXIDATION
FORM-CAST OR WROUGHT _ Wrought
HEAT TREATMENT 1425 F A.C.
MICROSTRUCTURE  Ferrite Matrix With Carbide Precipitate; Partially Spheroidized
Pearlite Areas
GRAIN_ SIZE 5-6 |HARDNESS _ 158 DPH
SOURCE OF DATA U.S. Steel Corp. Research Laboratory
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD (1) TENSILE ELONGATION | REDUCTION
o ELASTICITY, | STRENGTH, | STRENGTH, N %ém N AREAf
1,000,000PS.I. | 1000 PRSI, [ 1000 RSL | PER PER CEN
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.12) CREEP RATE, 1000 RS.1.(2)
°F 100 1000 10,000 |100,000 [0000001 | 0.00001 | 0.0001
HRS. HRS. HRS. HRS. %/HR. | %MHR | %/HR.
900 29.5
1000 16.0
1050 12.0
| 1100 9.0
1200 5.0
1250 3.8
1300 2,8
1350 2,1
1500 0.88%

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

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE.
(s} THE TRANSéTION 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 ITYPE OF SIZE OF
MATERIAL 18 Cr MELTING FURNACE HEAT
cuemica, cowosimion, | € Mol Pl sTsifce [niTm] T ]
PER CENT logolossl [ loesheosd [ [ T ]
DEOXIDATION
FORM-CAST OR WROUGHT _ 3/4" Bars — Wrought
HEAT TREATMENT Normalized 1800 F
MICROSTRUCTURE
GRAIN SIZE [HARDNESS 150 BHN
SOQURCE OF DATA Compilation of Available High Temperature Creep Characteristics of
Metals & Alloys, ASME-ASTM, 1938
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE OF YIELD (1) TENSILE ELGJGATION REDUCTION
o ELASTICITY, | STRENGTH, | STRENGTH, N AREA*
1000,000PS.1, | 1000 ps..' | 1000 PS.L PER CENT PER CEN
70 2.4 36.5 67.1
300 62.8 34.0 69.8
550 59.0 31.0 66.9
800 52,0 34.5 68,5
1000 4L 17 31.5 70.5
1200 239 49.5 91.1
1400 10 17 75,5 98,8
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.S.1.{2} CREEP RATE, 1000 P.S.I.(2)
°F 100 1000 10,000 | 100,000 [Q0000O! | 0.00001 | 0.000I
HRS. HRS. HARS, HRS. %/HR. | %/MHR | %/HR.
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
ORIGINAL CREEP AND RUPTURE DATA
rEMP[STRESS pr| MINIMUM_TRANSITION| TOTAL EXT. |TOTAL ELONGHARDNESS|
EVET 1000 Toaaumacoll sy ICREEP RATE, |CREEP TEST), AFTER
PS). /HR.'| HRS.(d} % TEST),% | TESTING
90 10.0 250 0.032 i0.000248 0.094
| 9501 10.0 0.009 {0.000136 0.042
110004, 3,051 1000 0.028 10,000038 0,066
10004 10.0 500 0.013 0.000442 0.234
10501 10.0 250 0.210 [0.00218 0. 760
1200 3.0 750 0.164 (0. 000195 0.310
1.0 | 250 0,002 l0. 000032 0,009
1400, 1.0 500 0.004 (0.000150 0.079
11500 1.0 500 0,033 10, 000638 0.352

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

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

(5 TH&E;RANSITION 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 TYPE OF SIZE OF

MATERIAL 18 Cr MELTING FURNACE HEAT

CHEMICAL COMPOSITION, cimlepsTsiJoe [nim] T ]
PER CENT 0.10'0.31 0.86[17.30 [ [ [ [
DEOXIDATION

FORM-CAST OR WROUGHT W rought

HEAT TREATMENT  Annealed

MICROSTRUCTURE

GRAIN SIZE | HARDNESS

SQURCE OF DATA "Properties of Carbon and Alloy Seamless Steel Tubing for High Tem-
perature and High Pressure Service, Babcock k Wilcox Tube Company.

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
TEMPERATURE , OF YIELD (1} STTEE*:Q}EH ELONGZATION RlENDU&'I'ElgN
o ELASTICITY, | STRENGTH
F 1000,000PS.). | 1000 RS | 1000 RSL' | PER CENT | PER CENT
GREEP AND RUPTURE STRENGTHS
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEME, INDICATED, 1000 P.S.1.(2) CREEP RATE, 1000 PS.).(2}
°F 100 1000 | 10,000 |100,000 |QO0OOG! | 0.00001 | 0,0001
HRS, HRS. HRS. HRS. %/HR. | % /MR | %/HR.
900 12,0 16
1000 1.9 8,5
1100 4.5 5.2
1200 1,6 2.1
1350 0,9 1,2

(1} 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES iNDICATED BY *
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ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

ORIGINAL CREEP AND RUPTURE DATA

'E;EEROF TYEPE OGF FURN sgsl_or lsTi OTAL €
1AL 27¢Cr MELTIN ACE H rEMeSTRESS pURA MINIMUM TRANSITION TOTAL _EXT. |TOTAL. ELONG HARDNESS]
C M| P S |Si|cr | N Mo 1000 TAURS S| (4 "[CREEP RATE, My JoREEETEST) £ET e
CM'E‘MECAL COMPOSITION, A N 2 * | PS). % /HR. HRS €) % TEST),% |TESTING
R . . . . U U, . ~
FE ENT 1 ) Max|Max Max Max |Max }30,0 I[Max 0,25 1200 12.5. _1.3R 54,0
DEOXIDATION
12001 30,0 ) - 57.5
FORM-CAST OR WROUGHT. 1200 9.0 6.3R 75.0
HEAT TREATMENT Anpealed 1450-1600 F gnd Cool Rapidly 1200] 6.0 5. 0R
[MICROSTRUCTURE 1200] 4.8 | 36L.0R 64.5
GRAIN SiZE ~_JHARDNESS 12001 4.0 li7i.0R 46,0
SOURCE OF DATA  U.S. Steel Publication - "Steel for Elevated Temperature Service”
1400 6.0 9. 4R 130.0
SHORT TIME TENSILE PROPERTIES lsogl 451 198 108.0
MODULUS 100! 3.5 9.4R 147.0
TEMPERATURE, OF YIELD (1) TENSILE ELONGA_TION REDUCTION 1400l 2.0 | 331 o7 0
°F ELASTICITY, | STRENGTH, | STRENGTH, | _IN 2%, IN ARES,
LO00,000PS., | 1000 ps.t. | 1000 RSL | PER CENT | PER CEN 1400 1.65]1316. 55.0
70 51.5 83.0 25 45
300 5.0 75.0 1600 3.0 0. 4R 146. 0
500 47,5 72.5 hooo!| 2.5 1.5R 138.0
700 45,0 70.5 1600 | 2.0 1.0R 113.0
900 42.5 66.0 23 43 1600 1.25] 95 0R 87.0
1100 23.5 46.0 40 72 hooo| 0.9 | 308,58 66.0
1300 8.5 17.0 8% 91 heool o 6611867 0 6.0
1500 3.5 8.0 98
1700 4.0 1800 1.7 0.8R 161.0
J&g_g 2.5 1800] 1.45]  1.7R 215.0
i; L5 1800] 1.2 6. TR 184.0
1.2 1800] 0.7 | 90.5R 84.0
1800] 0.45] 381. 0R 62.0
1800 | 0.342026. 0R 84.0
CREEP AND RUPTURE STRENGTHS _
STRESS FOR_RUPTURE IN TmEs STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.( CREEP RATE, 1000 P, Va2
°F 100 1000 |tzi§>soo ks 0000001 o.ooo'gl o.oogl
HRS. HRS. : H R/MR. | %M Ho/HR. (3) DURATION OF TEST (RUPTURE TEST INDICATED BY R},
— 300 13.0 16.4 (4) THE_INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE
1000 4.5 6.1 TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE
1100 5.6 3.0 1.8 2.8 (5) THE TRANSITION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
1200 4.0 2.2 0.8 1.4 CREEP RAT
1300 2.7 1.6 0.3 0.1
1400 1.8 1.1 0,1 0.3
1500 L2 0.8
1600 0.8 0,5
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF ITYPE OF FiZE oF
MATERIAL 27 Cr MELTING FURNACE HE AT

Tec[m[P s [siJo [N [WM]n,]

EMICAL._ COMPOSITION,
PER CENT

fo.lz ]&4510.014[0.00 0.47]25.40 —[ o.ui l
DEOX1DATION
FORM-CAST OR WROUGHT _ 1" Round Bars
HEAT TREATMENT
MICROSTRUCTURE
GRAIN SIZE 3-5 ASTM Ferrite Grain Size [HARDNESS ~ 160-170 BHN
SOURCE OF DATA University of Michigan
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE, OF YIELD (1} | TENSILE |ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN IN AREA
1000,000PS.1. | 1000 RS.I. 1000 PS.L | PER CENT | PER CEN
RT 47.0 74, 125 32.0 60.3
1200 20.9 63.0 89.2
1400 10, 55 179.0 94. 8
1600 4, 75 156.0 98. 5
1800 2.875 155.0 99,2
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE [N TIMES STRESS .FOR DESIGNATED
TEMP, INDICATED, 1000 P:S.1.(2) CREEP RATE, 500 BS1 2)
°F 100 1000 10,000 [100,000 |Q00000! [ 0.00001 | 0.0001
HRS. HRS. HRS. HES. %/HR. | %/MHR_| %/HR.
1200 5.9 4.1 2.9% 2.0%
1400 2ut 1.7 1.2% 0,.85%
1600 1.2 0. 74 0. 46% 0.29%
1800 0.67 0.39 0.23% 0. 14%

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE O TYPE OF j§|zs OF
MATERlAL 27 Cr MELTING FURNACE Electric |HEAT
CHEMICAL_ COMPOSITION, [c]m]PrP]s]si|e [Mo [~ [ ]
PE ENT J_OIT 0.5 910,015 0,31 [25,70] L I013] I
DEOXIDATION
FORM-CAST OR WROUGHT _Hot-Rolled
HEAT TREATMENT Normalized From 1750 E
MICROS TRUCTURE
GRAIN SIZE 1_3 ASTM Ferrite Grain Size [HARDNESS 170 BHN
SOURCE OF DATA _University of Michigan
SHORT TIME TENSILE PROPERTIES
MODULUS
TEMPERATURE, OF ,?,FEFLSET(,, TENSILE | ELONGATION | REDUCTION
°F ELASTICITY, | STRENGTH, STRENG;H. IN 2% IN AREA,{
1000,000PS.1. | 1000 PS.I. | 1000 PSL' | PER CENT | PER CEN
RT 50,0 79.5 31.0 65,3
1400 11.75 51.0 97,3
1600 7.1 32.0 99.4
1800 4. 075 130.0 99.7
CREEP AND RUPTURE STRENGTHS
STRESS FOR_RUPTURE IN TIMES srnzss FOR DESIGNATED
TEMP, INDICATED, 1000 P.5.1.12) CREEP RATE, 1000 PS.I.(2)
°F 100 1000 10,000 [100,000 [0000001 | 0.00001 | 0.000I
HRS. HRS. HRS, HRS, %/MR. | %MR_| %/HR.
1400 2. 75 1.90 1.35% 0. 93%
1600 1,30 0. 86 0.58% 0. 38%
1800 0,70 0. 40 Q. 23% 0.13%
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
(2) EXTRAPOLATED VALUES INDICATED BY *
ORIGINAL CREEP AND RUPTURE DATA
TEME,STRESSIOURATION, INTERCEPT, | MINIMUM *rnmsmon TOTAL EXT. |TOTAL ELONGHARDNESS|
1000 *(CREEP RAI ME, [CREEP TEST),| (RUPTURE | AFTER
*F | 1900 THouRrs(zf] %(a] TR Rt % | TESD,% |TESTING
1400/ 7,0 0. 2R 51.0
5.7 L3R 55,5
1400| 5.0 3.4R 134.0
1400/3,0 28.5R 14.0
1400( 2. 5 193, OR 57.5
1400[2, 0 814. OR 67. 0
1400/ 0.78 1173 0. 08 0. 00045 0. 60
160014. 0 0, 2R 117.0
16! 3.0 1, OR 87. 0
1600{2.2 2.5R 69.0
1600] 1.2 218, OR 61. 0
160031.0 274. OR 28,0
[1600i0. 875 | 916.0R 49.0
1600] 0. 729 [2904. OR 42.0
1800)2.5 0. 1R 64, 0
800{1. 6 2, 8R 137. 0
180011.3 7. 4R 105, 0
180040. 7 260. OR 60.0
1800| 0, 65 119. OR 123.0
1800] 0.5 408. OR 83 0
18007 0. 45 584. OR. 61.0

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

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

(s} ;I:'HEETRF:;d?éTION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING
REEP L

©

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

TYPE OF ITYPE OF SIZE OF
MATERIAL 27 ¢Cr MELTING FURNACE HEAT

CHEMICAL COMPOSITION, c[m [P sTsifer [ni[m |
PER CENT 0.20 o.so] r 0.3626,94 J 4[
DEOXIDATION

FORM-CAST OR WROUGHT Wrought _

HEAT TREATMENT _ Annealed

MICROSTRUCTURE

GRAIN SIZE [HARDNESS

SOURCE _OF DATA "Properties of Carbon and Alloy Seamless Tubing for High Tempera-

ture and High Pressure Service', Babcock & Wilcox Tube Company.

SHORT TIME TENSILE PROPERTIES

105

MODULUS OFFSET

TEMPERATURE, OF YIELD (1) TENSILE ELONGATlON REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, Zé N AREA,r

1,000,000PS.1, | 1000PS.I,’ | 1000 PS.L PER CENT | PER CEN

CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE iN TIMES STRESS FOR DESIGNATED

TEMP, INDICATED, 1000 PS.1.(2) CREEP RATE, 1000 PS.1.(2)
°F 100 1000 10,000 [100,000 [0000001 | 0.00001 | ©.000%
HRS. HRS. HRS. HRS. %/MR. | %MR_| %/HR.

1200 1.0 1.6

1350 0.18 0.4

(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED.
{2) EXTRAPOLATED VALUES INDICATED BY ¥
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF [SIZE OF
MATERIAL 27 Cx + Mo MELTING FURNACE Elsctric |HEAT
ICHEMICAL_ COMPOSITION, ClmpPplssife [Ni]m]n ]
PER CENT 0,1210,65 ]0 011)0,013] o, 4;h8,20 [n 6310,11 ]
DEOXIDATION
FORM-CAST OR WROUGHT _Hot Rolled
HEAT TREATMENT Normalized From 1750 F
MICROS TRUCTURE
GRAIN SIZE 4-6 ASTM Ferrite Grain Size [HARDNESS 170 BHN
lsounce OF DATA _ University of Michigan
SHORT TIME TENSILE PROPERTIES
MODULUS OFFSET
TEMPERATURE OfF YIELD (1) TENSILE ELONGATION REDUCTION
°F ELASTICITY, | STRENGTH, | STRENGTH, IN AREA
1000,000ps.. | 1000PS.s,’ | 1000 PSL PER céu‘r PER CEN
RT 55.0 £9. 5 3.0 3.5
400 70.5 24.0 57,3
400 68.8 25.0 56,2
400 69. 6 25.5 60,0
I 1400 12,0 121.0 95.9
1600 59 168, 0 98,7 |
1800 3.1 171.0 99,7
CREEP AND RUPTURE STRENGTHS
STRESS _FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.1.{2) CREEP RATE, PS.I.(2)
°F 100 1000 10,000 [100,000 [Q00O0CO! | ©0.00001 | 0.0001
HRS. HRS. HRS. HRs. %/HR. | %MR_| %/HR.
1400 2,40 1.45 0. 90% 0, 56%
1.10 0. 66 0, 40% 0, 24%
1800 0. 60 0,38 0. 24% 0,15%

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

ORIGINAL CREEP AND RUPTURE DATA

remelsTRESShuRaTION, INTERCEPT, MiNiMUM_[TRansiTION] ToTaL ExT. [TOTAL ELONG!

T R0 [HovRsish @) IR RTE) (¥ (TR AN | rESTine
1400(7. 0 _0.6R 147.0 95,9 |
1140015, 6 L8R 126.0 96. 0
1400]4.5 5, 3R 187.0 92,1
1400)2.2 146. OR 130,0 97
14001, 5 884. 0R 111, 0 93.9
400{0,78 Jt114 0. 052 0.0011 1.3
16003, 5 0.6R 138.0 99,0

1.4R 146.0 99.1
16002, 0 6,8R 185.0 98,7 |

1600]1. 0 125. OR 148.0 98,9

16000, 8 433. OR 124.0 97.1
1 683. OR 96,0 92,0

1,8 0.5R 177.0 99.7
180001, 3 2.0R 152.0 99.5
180010.925 | 17.1R 159.0 99,4
0. 60 3, 0R 80.0 977
1800(0. 4 726, 0R 73,0 83.3

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

{4) THE INTERCEPT IS THE PROJECTION BACK TO ZERQO TIME FROM THE PORTION OF THE

TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP R
(s} THE TRANSITION TIME S THE BEGINNING OF THE THIRD STAGE OR AN
CREEP RATE.
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ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

TYPE OF TYPE OF SIZE OF

MATERIAL 12 Cr, Ti MELTING FURNACE Induction [HEAT 30 1b
(CHEMICAL_COMPOSITION, cmJep s siJer NifMm[r]n]
PER CENT b.107] 0.37 0.28 | 12.8 | {o.g0b.o13]
DEOXIDATION 1Lb Al Per Ton

FORM-CAST OR WROUGHT Forged, Then Rolled to 5/8" Diameter

HEAT TREATMENT

A.C. From 2100 F, Tempered at 1100 F

MICROSTRUCTURE Fe

rrite and TiC

|GRAIN_SIZE

[HARONESS

SOURCE OF DATA

Titanium Alloy Mig. Div. of National Lead Co.

CREEP AND RUPTURE STRENGTHS

©

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

Tyl

DEOXIDATION

PE_OF TYPE OF SIZE OF
MATERIAL 12 Cr, Al (Type 405) |MELTING FURNACE HEAT
[CHEMICAL COMPOSITION, Climlp[s[sife [nifmla] ]
PER CENT 0.07 I0.44 0.026[0.012]0.41 Ilz.09 0.26 l 0.Z7| [

FORM-CAST OR WROUGHT

1'* Square Bars

HEAT TREATMENT

Pack annealed 3-1/2 Hr at 1550 F, F.C. 106 Hr to 1100 F, Tempered

MICROSTRUCTURE

2 Hr at 1200 F, F.C. to 300 F.

IGRAIN SIZE

[HARDNESS

150 BHN

|SOURCE OF DATA _ University of Michigan, Timken Roller Bearing Co.

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET
STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED TENSILE | ELONGATION | REDUCTION
TEMP, INDICATED, 1000 P:5.1.{2) CREEP RATE, 1000 PSI.(2) TEMPERATURE: | eLasTiciTy, | sYRENGTH, | STRENGTH, | 1N 2, IN AREA,
°F 100 1000 | 10,000 |100,000 |0.000001 | 0.00001 | 0.000! 000,000PS.! | 1000 PS). | 1000 PS.L' | PER CENT | PER CEN
HRS. HRS. HRS. Hhs. %/MHR. | %/HR | %/HR. = £000,000P: == o
1100 21.0 17. 0% :T ;; Z 3:.5 ;g 2
800 55.9 26.0 69.1
900 47.3 35.5 74.2
1000 40.5 43.5 75.8
1000 29.4 37.6 34.0 80.7
ORIGINAL CREEP AND RUPTURE DATA
ISTRESS -pr| MINIMUM_[TRANSITION] TOTAL EXT. (TOTAL ELONGHARDNESS
TV 1000 Toiaonacsy INTERCEPT. cReEP RATE, TIME, " (CREEP TEST), (RUBTURE | AFTER CREEP AND RUPTURE STRENGTHS
PSL. %/HR. | HRSIS) TESD),% |TESTING STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATE
ool z00] 1s8R 13.0 TEMP, INDICATED, 1000 P.5.1.(2) CREEP RATE, 1000 PS.I.(2)
1100} 250 &R 21.0 °F 100 1000 10,000 100,000 |0.000001 | 0.00001 | 0.000!
T100] 250 3 R 19.0 HRS. HRS. HRS. HRS; %/HR. | %/HR | %/HR.
0.0 TR 28.0 800 10.0 23.0 400+
o . 17.0 90Q 12.5 30, 0%
11004 35,0 <lR * 1000 21.5 16.5 13. 0% 4.5% 8.4%
1100] 40.0 <l R 28.0
ASTM-ASME JOINT GOMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS ORIGINAL CREEP AND RUPTURE DATA
TYPE_OF TYPE OF SIZE OF
MATERIAL 12 Cr, Td |MELTING FURNACE Induction |HEAT 301 TEMEISTE00 T RATION, INTERCEPT, - I R R N s Teah, WH‘;‘,&@
C M [P [s[sifc [N [Mo[mi[B | | pst. %/HR. | HRS.(3) % TEST),% | TESTING
ICHEMICAL COMPOSITION,
PER CENT o.119|o.37] o.zsllz.s 4.01[ Jo.vzlo.one[ 800/ 35.0 11079 0.410 10.000030 0. 460
DEOXIDATION L Lb Al Per Ton 20,0 11083 0.089 |0, 000005 0.095
FORM-CAST OR WROUGHT _Forged, Then Rolled to 5/8'" Diameter 800 10.0 [lo27 0.051 lo.0000010 0.057
HEAT TREATMENT _ A,C. From 2100 F, T ed at 1100 F
MICROSTRUCTURE  Ferrite and TiC 900] 25.0 |1006 0.410 [0.000027 0. 440
GRAIN SIZE IHARDNESS 900} 17.5 983 0.188 Jo.000010 0. 196
SOURCE OF DATA _ Titanium Alloy Mig. Div. of National Lead Co. 900f 10.0 1054 0.061 j0.000003 0.064
2900 6.0 {1081 0.030 0. 000007 0.040
CREEP AND RUPTURE STRENGTHS Toool 300 | ce® Lo
STRESS FOR_RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.L(2} CREEP RATE, 1000 PS.).2) igzg izg Zg: = 353
oF . :
1100 20.0 13, 0% 1000! 12,0 11050 0.135 |o0.000390 350 0.743
) 10001 10.0 1006 0,100 [0.000017 400 0.322
1000 7.0 |i1l03 0.061 [0.000056 0.124
1000 5.5 |1178 0,104 |0.000100 0.228
5.9 11010 0,061 10.000004 0.065
ORIGINAL CREEP AND RUPTURE DATA
TEmMeSTRESSURATION INTERCEPT,| MINIMUM_ [TRANSITION] TOTAL EXT. [TOTAL ELONGJHARDNESS] @
% | 1000 HGURS(a]|  %(a) CREEF,RATE,  TIME, "ICREEP TEST)| IRUPTURE | AFTER ASTM-ASME_JOINT COMMITTEE ON EFFECT OF
T100| 0.0 04 R 8 ; TEMPERATURE ON PROPERTIES OF METALS
- = TYPE OF 12 Cr, Mo, Al TYPE OF
11001250 | _16R 19.0 MATERIAL (Type lueurme FURNACE hear
1100 25.0 25 R 35.0 C | Mn P S Si {Cr
ICHEMICAL s 1 Ni | Mo | Al
oo s0.0 | 22R 38.0 CHEMICAL COMPOSITION, bl { | [ 1
0.06 ]0.46 10.009]0.009 0.Z9lll.'lz 0.24f0.49 o.z7| l
1100{ 30.0 17R 38.0 DEOXIDATION
1100( 35.0 5R 27.0 FORM-CAST OR WROUGHT _ 0. 890" Thick Rolled Plate

HEAT TREATMENT

Annealed, 1 Hr, 1800F; A.C. 1200 F; Tempered | Hr 1200 F, and

MICROSTRUCTURE

Tempered 2 Hr 1200 F and F.C. to 300 F

GRAIN SIZE
Wcz OF DATA

[HARDNESS

163 BHN

University of Michigan, Timken Roller Bearing Co.

SHORT TIME TENSILE PROPERTIES

MODULUS OFFSET

TEMPERATURE, OF YIELD (1) TENSILE |ELONGATION | REDUCTION

*F ELASTICITY, | STRENGTH, | STRENGTH, IN 2 IN AREA

1000,000pS., | 1000 ps.. | 1000 PS.L' | PER CENT | PEr CENT
RT 43.5 71.9 27.5 57.0
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED. RI 71.8 30.5 58.3
{2) EXTRAPOLATED VALUES INDICATED BY* BT 7.3 32,5 61.1
(3) DURATION OF TEST (RUPTURE TEST INDICATED BY R), |— 500 50,7 27.0 59,5
(4). THE_INTERCEPT IS THE PROJECTION BACK TO ZERO TIME FROM THE PORTION OF THE 300 6.8 29.0 60.5
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE. 1000 39.2 41.0 70,0
s g:EE'I.;R;:?éTION TIME IS THE BEGINNING OF THE THIRD STAGE, OR AN ACCELERATING 1000 25.7 37.3 33,5 71,3




CREEP AND RUPTURE STRENGTHS

STRESS FOR RUPTURE IN TIMES STRESS FOR DESIGNATED
TEMP, INDICATED, 1000 PS.1.{2) CREEP RATE, 1000 P.S..(2) ASTM-ASME JOINT COMMITTEE ON EFFECT OF
°F 1000 |oooo 100,000 | Q000001 | 0.00001 | 0.000! TEMPERATURE ON PROPERTIES OF METALS
HES, HRS. HRS. RS, %/R. | %MR | %/HR. TYPE OF TYPE OF i \ZE OF
500 19.0 | 28.0 MATERIAL 12 Cr, 3 Mo, 2 Ni |MELTING FURNACI HEAT
900 . ‘ 125 {19.5 cnemicar cowposirion, [ C [Me i P [ sTsife [nifuwl T ]
——1000 3.0 17.92 13.0 - - PER CENT Io.lsll.u EHB 0.025[1.05 hl.ss 1.szlz.ssr ] T
DEOXIOATION
FORM-CAST OR WROUGHT ___Baratock
HEAT TREATMENT Normalized From 1850 F and Tempered 2 Hr at 1200 F
fMICROSTRUCTURE Tempered Martensite Plus Ferrite Stringers
ORIGINAL GREEP AND RUPTURE DATA GRAIN_SIZE _[HARDNESS 321331 BHN
F DAT, iversi ichi
hms[ﬁ rion]wrercerr] s mﬁ_ﬁnﬂu Tora_ ey froraL eLons hunoress) (SOURCE OF DATA __ University of Mickigun
F HOURS(3Y[  %(4) [CREEP TEST),
PS. 7R W) TEST),% |TESTING SHORT TIME TENSILE PROPERTIES
| 800! 39,0 11053 Q 0. 000150 0.702 MOOULUS OFFSET
| sool2z2.5 L1100 0159 _p. 000025 0.185 TEMPERATURE, e sOFc v sVIEELD (n s‘rrlE!g::;I'-rEH ELO"G‘"O“ "E‘D‘ﬁri'“’“
*F ASTICIT TRENGTH
800 15.0 }1055 0.094 D.000003 0.099 P,S.l'. 1000 PS.1. " 1000 Ps.l. PER CENT PER CEN
1 9001 20,0 11175 ©,390  .000120 0.537
1900} 16.0 11100 0,130 000035 0,167
900/ 10.0 ]1155 0.056 0. 000003 0. 059
1000} 31.0 1.2 R 38.0
1000 | 24.0 - 67.0 R 42.0
1000 [ 21.0 | 233.0R 39.0
1000 i: z l::: 5 £.200 0 000176 0,372 e GREEP AND R RE STRENGTHS
ngr STRESS FOR DESIGNATED
Looo] 7,0 hLites 0.162 116 0.309 TEMP. (NolgRTE 100G P! Hz CREEP RAO'?E 00 P31 2)
1000 5.5 11053 0.962 . 000051 0.119 3 ' 100 1000 10,000 0000001 | 0.00001 0.0001
1000 4.0 [1081 _0.038 _b. 000025 0.066 HRS. HRS. HRS. Hhs. %/HR, | %/MR | %/HR.
1000 64.0 49.0 37.5% 21. 0%
1100 32.0 21,0 13. 5% _5,0*
ASTM-ASME JOINT COMMITTEE ON EFFECT OF ORIGINAL
TEMPERATURE ON PROPERTIES OF METALS — i GRE"EUP A'ho'w' IURE\-:rMA .
TPE OF TYPE OF G1ZE OF [TEME) Hﬁhnﬂnm INTERCEPT | MINIMUM ANSITION, AL _EXT. [ TOTAL ELONG HARDNESS)
MATERIAL 12 Cr, 3 Mo MELTING FURNACE HEAT | R0 [PouRs(l (@) CREEFRATE) | TIME, ICREELTEST) (RLETVRE [ AETER.
CHEMICAL COMPOSITION, Jcimlp sTsife [nifm] [ T 1000] 68. 0 58 R . 2L5
PER CENT Ll).lSJﬂJéJg.ogb.ms 1,22 (11,84f0.25 3.00L l l 1000 60,0 174 R 22.0
DEOXIDATION 1000] 55,0 66 R 28.5
FORM-CAST OR WROUGHT __ Barstock 1000] 55. 0 2R 32.0
HEAT TREATMENT liged at 1900 Hr at 1 F 1000] 50.0 864 R 21.0
[MICROSTRUCTURE Tempered Martensite Plus Delta Ferrite 1000} 17.5 | 1407 Q.25 10.000052 __0.33
GRAIN SIZE [HARDNESS 321-352 BHN
SOURCE OF DATA University of Michigan 1100 42.0 24 R 30,0
11001 35.0 40 R 39.0
CREEP AND RUPTURE STRENGTHS 1100 27, 276 R 33.0
FOR RUPTURE IN TIMES STRESS FOR DESIGNATED 1100123.0 | 697 R s
TEMP. mﬁDICATED 1000 P.S.L(2) CREEP RATE, 1000 PS.1.{2) 1100]20.0 | 1192 R 33.0
% ——
°F 100 1000 10,000 | 100,000 |0.000001 | 0.00001 | 0,000 ool 7.0 | 1407R | 0,26 Jo.000170 _0.50
HRS. HRS. HRS, HAs. %R | %MR_| %/HR. |
1000 70.0 60.0° [ 52, 0% 9. 1% 44, 54
44.5 28.0 16.0* 3.2+ 10.5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TYPE OF TYPE OF S1ZE OF
MATERIAL _12Cr, 2 W MELTING FURNACE ];en
ORIGINAL GREEP AND RUPTURE DATA CHEMICAL. COMPOSITION, c l! M| PlsTsife [wi JL'*’ w lr {
MINIMUM_[TRANSITION| TOTAL EXT. 'rom.muugtsl 0.0710.42 0.25]11.75 1.83
‘T?Ff-ls.oooﬂiﬁmnm,m&n(c‘e,n TIME,, " JOREEP TEST),| (RUETURE | AFTER DEOXIDATION
- | psi. /HR. | HRS{5) TEST),% |TESTING FORM-CAST OR WROUGHY ___ Wrought
1000 78.0 28 R 20.5 HEAT TREATMENT Annealed
[Logoj 72.0 R 21.0 MICROSTRUCTURE
ool 65,0 | 377 R 23.5 GRAIN SI1ZE [HARDNESS
1000] 62.0 658 R 22.0 SOURCE OF DATA ""Properties of Carbon and Alloy Seamless Steel Tubing for High Tem-
1000} 57.0 | 2409 R 16.0 perature and High Pressure 3ervice”, Babcoc! cox Tube Company.
l000 27,5 1 1237 0.33 19,000050 9. 40 SHORT TIME TENSILE PROPERTIES
lhoool 17,5 | 1250 0.17 0.19 MODULUS OFFSET
TEMPERATURE, OF YIELD (1) slngg:g?i ELONGATION REDUACRQQN
1100} 50.0 ISR 23.0 °F ELASTICITY, | STRENGTH IN
—_19 o v 8.5 |,000,0WP.S.I'. 1000 PS.I. | 1000 psit’ PER CENT PER CENT
1100] 35.0 397 R 15.0
1100} 32.0 505 R 6.5
1100] 28. 0 1257 R 16.0 P
110 15.0 1222 _0.21 0. 000195 0, 44 |
11000 7,0 | 1312 0.08 |o.000046 0.15
12001 27. 0 40 R 34.0
CREEP AND RUPTURE STRENGTHS
TRESS FOR RUPTURE IN TIMES STRESS FoR oesmm'rsp
(1) 0.2 PER CENT OFFSET UNLESS OTHERWISE INDICATED TEMP, INDIZATED, 1000 PS.. 2) CREEP RATE, 1000 P.S
. . °F 100 1000 10,000 [100,000 0000001 | 0.00001 0.000|
(2) EXTRAPOLATED vu.:sg l:glti%TED %Yc' €0 6Y R) HRS, HRS. HRS. HAS. %/HR. | %/HR | %/HR.
{3) DURATION OF TEST (RUPTU ST INDICAT %o 3. 33,
{4) THE INTERCEPT IS THE PROJECTION BACK TO ZERO nue FROM THE PORTION OF THE _Too% 5 g o :
TEST SHOWING THE MINIMUM OR SECOND-STAGE CREEP RATE. e 1.2 2.

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

113




This publication, sponsored by the Data and Publication Panel
of the ASTM-ASME Joiiit Committee on Effect of Temperature
on the Properties of Metals, is the seventh in a series designed to
make high temperature data from as many sources as possible avail-
able under one cover for each family. of metals.

The following reports are available from either ASTM or ASME
Headquarters.

“Report on the Elevated-Temperature Properties of Stainless
Steels"—ASTM STP No. 124

“Report on the Elevated-Temperature Properties of Chromium-
Molybdenum Steels”—ASTM STP No. 151

“Report on the Elevated-Temperature Properties of Selected
Super-Strength Alloys”—4STM STP No. 160

“Report on the Elevated-Temperature Properties of Carbon
Steels”—ASTM STP No. 180

“Report on Elevated-Temperature Properties of Coppers and
Copper-Base Alloys"—ASTM STP No. 181

“Report on Relaxation Properties of Steels and Super-Strength
Alloys at Elevated Temperatures”—ASTM STP No. 187

“Report on Elevated-Temperature Properties of Wrought
Medium-Carbon Alloy Steels” - ASTM STP No. 199

“Report on the Elevated-Temperature Properties of Weld De-
posited Metals and Weldments” - ASTM STP No. 226
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