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Supplemental Report on the 

Elevated-Temperature Properties 

Of Chromium-Molybdenum Steels 

ISSUED UNDER THE AUSPICES OF 

THE DATA AND PUBLICATIONS PANEL 

OF 

THE ASTM-ASME JOINT COMMITTEE ON 

EFFECT OF TEMPERATURE ON THE 
PROPERTIES OF METALS 

PREPARED BY 

JOHN A. VANECHO AND WARD F. SIMMONS 

This compilation is a graphical summary of the elevated-temperature mechanical- 

property data for commercially produced chromium-molybdenum steels. The data were 

collected through the efforts of the Data and Publications Panel of the ASTM-ASME 

Joint Committee on Effect of Temperature on the Properties of Metals. 

This supplement contains 38 data graphs and about 126 data sheets representing 

data from 27 Cr-Mo steels. This compilation is a supplement to ASTM DS 6, it does 
not replace it. 

This report is intended as a supplement to ASTM DS 6 
(formerly STP 151), which was published in 1953. The 
original report on chromium-molybdenum steels is a 
comprehensive report containing data sheets on 52 steels 
and data summary graphs for 23 steels. Data contained 
in DS 6 include short-time tensile properties, creep and 
stress-rupture data, and Larson-Miller parameter curves. 

The Data and Publications Panel has supported a 
continuous effort to collect high-temperature properties 
data for metals. These data were, until recently, available 
in the form of keysort punched cards. The punched-card 
program was discontinued in June, 1965, but all 
chromium-molybdenum steel data collected for this pro- 
gram are included in this publication. A special collection 
of additional chromium-molybdenum steel data was also 
made by the Panel for this supplement. Data were 
obtained from the following sources: 

Babcock and Wilcox Co. 
Crucible Steel Company of America 

Edward Valves, Inc. 
Elliott Co. 
Jones and Laughlin Steel Corp. 
Lukens Steel Co. 
North American Aviation, Inc. 
A. O. Smith Corp. 
The Timken Roller Bearing Co. 
U. S. Naval Research Laboratory 
U. S. Navy Marine Engineering Laboratory 
U. S. Steel Corporation Applied Research Laboratory 
Vanadium Alloys Steel Corp. 

The steels have been grouped by approximate chemical 
composition as was done in DS 6. The data graphs include 
short-time tensile and yield strengths; elongation and 
reduction of area; creep data for creep rates of 0.001, 
0.0001, and 0.00001 per cent per hour; and rupture data 
for times of 100, 1000, 10,000, and 100,000 hours. Most 
of the 10,000-hour rupture data and all of the 100,000- 
hour data were extrapolated. 

To show the approximate processing each material has 
received, the figures were drawn using various symbols 
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to indicate annealed, normalized, cast, etc. These proc- 
essing or condition classifications are very broad and 
are intended to serve only as a guide in using the figures. 
The detailed processing, heat treatment, and composition 
data for each steel are given in the data sheets. Each 
figure includes the numbers of the appropriate data 
sheets for easy reference. Since the classification 
"annealed," for example, includes different annealing 
temperatures, it is recommended that the data sheets be 
referred to when using the graphs. Whenever possible, 
the average data curves from DS 6 have been included in 
the figures to facilitate comparison of the data. 
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FIGURE 2. ELONGATION AND REDUCTION OF AREA FOR 
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FIGURE 3    STRESS TO RUPTURE IN 100 AND 1000 HOURS 
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FIGURE 4. STRESS TO RUPTURE IN 100 AND 1000 HOURS 
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FIGURE 5. STRESS TO RUPTURE IN 100 AND 1000 HOURS 
FOR-J-Mo--^-V STEEL 
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FIGURE 6. STRESS TO RUPTURE IN 100 AND 10,000 HOURS 
FOR C- Y Mo STEEL 
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FIGURE 7. STRESS TO RUPTURE IN 1000 AND 100,000 HOURS 
FOR C- \ Mo STEEL 
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FIGURE 8. ULTIMATE STRENGTH FOR Mn-MoSTEEL 
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FIGURE 9. YIELD STRENGTH  FOR Mn - Mo STEEL 
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FIGURE 10. ELONGATION FOR Mn-Mo STEEL 
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FIGURE II. REDUCTION OF AREA FOR Mn-Mo 
STEEL 
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FIGURE 12. STRESS  TO RUPTURE IN 100 AND 10,000  HOURS 
FOR £ Cr-^-Mo STEEL 

FIGURE 13. STRESS TO RUPTURE IN 1000 AND 100,000 HOURS 
FOR I Cr - \ Mo STEEL 
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FIGURE 14. STRESSES FOR CREEP RATES OF 0.001 AND 
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FIGURE 17. ELONGATION AND REDUCTION OF AREA FOR 
ICr-IMo + VSTEEL 
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FIGURE 19.   STRESS TO RUPTURE IN 1000 HOURS FOR l£ Cr-^ Mo 
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FIGURE 20. STRESS TO RUPTURE IN 10,000 HOURS FOR I^Cr- 
-^ Mo STEEL 
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FIGURE 21.   STRESS TO RUPTURE IN 100,000 HOURS FOR I^Cr-^Mo 
STEEL 
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FIGURE 22.   STRESSES FOR CREEP RATES OF 0.001   AND 
0.00001% PER HOUR FOR !•£ Cr-^-Mo STEEL 

FIGURE 23. STRESSES   FOR CREEP RATE OF 0.0001 %   PER 
HOUR FOR l£ Cr-f Mo STEEL n 
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FIGURE 26.   ELONGATION DATA FOR 2^ Cr-1 Mo STEEL 
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FIGURE 27 REDUCTION OF AREA DATA FOR 2sCr-l Mo STEEL 
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FIGURE 28.  STRESS TO RUPTURE IN 100 AND 10,000 
HOURS FOR  2x0-I Mo STEEL 
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FIGURE 29. STRESS TO RUPTURE  IN 1000 AND 100,000 
HOURS   FOR 2-£ Cr - I Mo   STEEL 
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FIGURE 31.   YIELD STRENGTH (0.2% OFFSET) OF5CR-I^Mo-£v 
STEEL (H-ll) n 

5 o 

 



Ol n 

o 

25 

20 

c a) 
£    15 <a a. 

a 

Taken from Data Sheets 7-4,7-5, and 7-96 to 7-103 

Forged bar 
0-No exposure   
• - 100-hr exposure 
• - 1000- hr exposure 
• - 3000-hr exposure 

10 

100 

80 

c 
o 

o 
a> 

o 
c 
o 

0) a: 

200 400 600 800 

Temperature, F 

iOOO 1200 1400 
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FIGURE 36. STRESS TO RUPTURE IN 1000 AND 100,000 
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FIGURE 38.   STRESS TO RUPTURE IN 1000 AND 100,000 HOURS 
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE O' 

DATA AND PUBLICATIONS PANEL DATA SI 

-LLOY Jalton No.   1 "ELTING      Ooen Hearth 
ptooue R  Jones and Laughlii 
rILL,,IL 

V-4410 c- M- P       !        s        !       S.               C«               P.,               Co              Mo       '       W               C.               Tl               At                v                a 

0. 10 0.71 0.008 0.020; 0.05; :0.036 0.034 
Co Ft 

0. 15 
1         i         :         ;         |         :         '         |         |         |         ! 

DEOXIDA TION   Aluminum killed - vanadium addition 
FORMS HE-BAB, SHEET. CASTINGS. ETC. 0. 120" -thick sheet ! 

Hot rolled 

HEAI TR ATMExr           As rolled 
MICROSTRUCTURE 

L.RAIV SI7E 

I50US<:EOFDAT*            J & L Research Report No.   598-54 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS D 

TEMPERATURE JKE,    .ESS, TIELDSTREHGTH.KSI co.,.•, "ifKE" !       Short Titne Tensile P loperties 
o.ot* n* HZ* rtrAnr 

Yield Point in Ai 
82 59.2 42.2 35.0 69   0 F ksi        I     Limit "k * 

140 57.0 40.9 15.n 66. 5 
205 53.8 38.5 29.5 64.5 1300 13.9     j     11.8 36.0 
300 52. 1 36.6 6?   5 
40(1 5/  n 
son 54  : 30   7. 24.5 57.0 
600 54.4 7.8   7 31    0 t '                ] 
700 51.0 28.2 36.0 61.0 ! 
800 47.3 28.6 32   0 64. 5 
900 39.3 25. 5 29.0 68. 5 

1000     1 32. 5     ' 22.7    ; 29.5 59. 0 
1100     | 25.4 16.3     ' 33.0 48. 0 i 

—"• :r i fcontinu ed at riff >t) i 

MATERIAL    Alloy Steel 
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

D PUBLICATIONS PANEL DATA SHEET 

0. 2V Steel ISEITIMC     Induction 
JJ,   S-  Naval Research Laboratory 

COMPOSITION. PER Cl 

Forged at 2150 F 

1.   Normalized 1800 F,  tempered 1250 F for 6 hr: 2.   Normalized 1800 F 

Normalized 1800 F,  tempered 1250 F - ASTM 8 

Normal: zed 1800 F, tempered 125'I F 

MISCELLANEOUS D 

:P AND RUPTURE STRENGTHS 

Normalized 1800 F,  tei lpered 1250. 
900 

1100 -+- 
Normalized  1800 F 

29 

ORIGINAL CREEP AND RUPTURE DATA 

„....,„,., -;,?• 
TIME. HOURS. FOR TOT^OH^SJIC STT..IN 

X/HR 
MTMCtFT •53RS?~ DURATION 

R % MS ST* «.s* 1.SS HOURS % 
Normalized 1800 F.  temDered 1250 F 

900 40 
900 35 8.30 ?. ?. 

1100 25 __ 0   1 
1100 20 U.30 
1100 15 0.40 
1100 10 0.048 280.8 ?.(> 

Normalizec  1800 F 
900 70 _. <0. 01 45 
900 40 1.7 10.8 45 
900 35 0. 21 83.fi 38 

1100 32 __ 4fi 
1100 25 j 43.0 
1100 20 3.6 4 (, 
1100 15 
1100          i       10 I 0.021 484.0 24 

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

MATERIM       AIIOV   Steel                                                                                                       DATA AND PUBLICATIONS PANEL DATA SHEET 

0. 2V Steel                                                  E"..          TTidiietion                                                                  BSAT*  100 lb 
PRODUCER   U.   S.   Naval Research Laboratory 

CH EMI CAL COMPOSITION. PER CENT 

C- M, P s SI c> Nl Co Mo W Ci Tl Al v   . B 

0. 20 0.53 0.25 0.29 
Cu Ft 

DEOI.IDATIOH                      Al    1    lb/tOH 

FORM O SIZE - BAR SHEET. CASTIHGS. ETC.                   Bar 

Forged at 2150 F 

HEATTREATNE.T        1.   Normalized 1950 F,   tempered 1250 for 6 hr:"2.   Normalized 2000 F,   tempered 1250 F for 6 hr 
MICROSTRUCTURE 

a.•, SIZE                Normalized 1950 F,   tempered 1250 F - ASTM 6 
HARDNESS 

SOURCE OF DATA         U.   S.   Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLA TATA 

TEMPERATURE 
lotpsr 

sSS. YIELD STRENGTH. KSI ELONGATION REDUCTION 

0.HS O.IJS 0.2X 

Normalized 1950 F.   temp bred 125<   F 
80 70 48 33 70 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TmEJHDKATEO IT R IN TEST DURATION COLUMN] 

„.•, T5» 
T1HE. HOURS. FOR TC^O^PUSTIC STRAIN 

%/m T* •"$Z?£2•° 
R X •.iX 0.M «* I.M HOURS % 

1950 F.  1 1250 F 
900 45 __ 0.03 42 

900 32 0.5 30  9 36 
1100 32 on? 46 

1100 25 „ n 3 
1100 20 0.57 19.2 35 

900 35 __ 31   7 44 
900 35 0.77 19   0 41 
900 30 0.038 343   7 38 

1100 32 0.071 37 
; iioo 25 4.6 7   3 31 

1100 20 0.45 22  4 39 

CREEP AMD RUPTURE STRENGTHS 

TEMPERATURE    . STRESS. KSI FOR RUPTURE IN TIKES INDICATED STRESS. KSI FOR DESIGNATED eaEEP R„E 

I0HRS TOURS UBOHRS .UttHRS IMLOMHRS 10uOMlS[/HR O.RM.SS/HR CM0I5C/KR :    AMItT/HP 

900 27 
1100 18. ->   

F    ' | 
900 32 28 s 

1100 '   17.5 __ | 
| 

CO 

 



ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS                                                                               7-8a ' 

MATERIAL      AllOV   Steel                                                                                                      DATA AND PUBLICATIONS PANEL DATA SHEET 

.LLOY       Mo-V Steel                                         '"ELIINC        Induction                                                         !H'EAVF     100 1b ~ 
PROOUCEH   U.  S.  Naval Research Laboratory 

CHEMICAL COMPOSITION. PER CENT 

c M»                   P S S. c> N, Co Mo w c. Tl Al V B 

0. 17 0.46 0. 19 0.30 0.18 
Cu Ft 

r,tox.u»Ti0N   Al 1 lb /ton 
FORM* SHE -BAR. SHEET. CASTINGS. C1T.                   Bar 

Forged at 2150 F 

HEArTftEATMEHT        1.   Normalized 1800 F.  tempered 1250 F for 6 hr: 2    Normalized 1800 F 
M1CROSTRUCTURE 

SHAIHSHE               Normalized 1800 F.  tempered 1250 F - ASTM 7 
HARDNESS 

""""P"• U.   S,   Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES                                                                                  ||                                                  MISCELLANEOUS DAT* 

•«»•« MODULUS STRENGTH 
TIELOSTRENOTH.KSI ELONGATION 

"TAR•" 
0.W.X S.IS o.ra " 

Normali ed 1800 F.  temp •red 125C F 
80 110 94 23 62       I   . 

ORIGINAL CREEP AND RUPTURE DATA 

TFMPERATU.E •TS" (DELETE OWE) X/HR % TRAHSFTMN TO THIRD 

HI RATION 

R 
"ELOHSATIOH % 0.1X AW AS* I.MS HOURS * 

Normalized 1800 F.  1 jmoered 1250 F 
900 75 __ O   1 
900 70 4.9 1    3 
900 65 0.029 128  4 14 

11 no 37. 
1100 32 0. 0079 119.6 3 
1100 25 0.0024 406.6 3 
1100 25 0.0032 335.4 ? 
1100- 20 0. 0014 606   7 
1100 20 0.0016 59? a 

Normalized 1800 F 
900 75 \ 0.0127 252.4 a 
900 70 0. 003?. 676.4 7 

1100 32 0.013 76.6 2 
1100 25 0. 0044 ?88   5 
1100 .    20 0.0016 543..A... 

CREEP AND RUPTURE STRENGTTHS 

TCHPERATURE STRESS. KS1 FOR RUPTURE IN TIMES IHMCATEQ                                                                                                                       STRESS. KSI FOR DES1GNATCIICREEP RATE 7 
10 MRS leOHRS 1.0MHRS IAWHH* IOMK0HRS (LtttOII%/HR Qjnm%/mt lttl>i,J/HR AOHX/HR 

Normalized 1800 Fr tei F 
900 65 62.5 __ 

1100         I 34 15.5 18 
1 

Normalized 1800 F ! 
900          I __ 68 68 

1100          1 31 16 • IS      , 
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

IMJTSM»I.   Alloy Steel PANEL DATA SHEET 

Mo-V Steel 
U.  S.   Naval Research Laboratory 

CHEMICAL COMPOSITION. P 

Al 1 lb /ton 

Forged at 2150 F 

1.   Normalized 1950 F.  tempered 1250 F for 6 hr; 2,   Normalized 2000 F.  tempered 1250 F for 6 hr 

Normalized 1950 F,  tempered 1250 F - ASTM 6 

U.   S.   Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES 

Normalized 1950 Fr   temp red 125(   F 

MISCELLANEOUS Di 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEMPER. •s- 
TIME HOURS. FOR JOTAiORPlASlC STRAIN 

MINIMUM CREEP RATE INTERCEPT * "•sass- 
DURATION 

"R 

EXTSKSION 

EUNGATMH 
X 01* A!X .    «x 1AX HOURS * 

Normalized 1950 F. t imoered 1250 F 
900 65 6.9 19 
900 60 1 0.02 21 

1100 40 0.47 8.5' 9 
1100 32 0.024 68.   1 5 
1100 25 0.0025 269. 8 i 
1100 ?.n 0.0014 591.1 t- 

900 70 __ 0.08 19 
900 65 0.96 

1100 40 0.031 47.0 4 
1100 32 0.0056 145. 1 3 

•    ( 

1 

CREEP AND RU m URE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IH TIMES MDKATEO STRESS. KSI FOR.DESICNATED CREEP RATE 

1950 F,   tei 
IUHRS I.HOHRS 1AHOHRS MUMS HAS '    AJMCOIX/KR lAOmff/HR' •ASMX/HR             .,        SMIX/HR 

'Normalizec 
900 61 59 

1100 30.5 17 , 16 

Normalize! 2000 F. teiloered 125( F 
900 62 .- 

1100 34 22 •    MS 

ASTM-ASME JOINT COMMITTEE OH EFFECT Of TEMPEHATURE OH PBOPERT1ES OF METALS 

[MATERIAL Alloy Steel DATA AND PUBLICATIONS PANEL DATA SI 

Wor      Mo-V Steel 
TJ.  S.   Naval Research Laboratory 

•MEtrme       Induction ES*   inoib 
CHEMICAL COHPOSmOH. PER CENT 

ft SHE - BAR. SHEET. CAST1N6S. ETC 

Forged.at 2150 F 

1.   Normalized 1800 F.   tempered 1250 F jfor l.'hr: 2.   Narmal.^d 1 BOO F 

Normalized 1800 F. tempered 1250 F - ASTM 8 

TJ.  S.  Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES 

Fr  temp, red 125C F 

MISCELLANEOUS DAT* 

CREEP AND RUPTURE STRENGTHS 

Nnrnna.li».»t 

Normalize!   1800 F 
900 

1 800 F, 'r--"11?i;f 

o 
< 

5: o 

 



ORIGINAL CREEP AMD RUPTURE DATA 

"-?»» "!S» 
TIME. HOURS. FOR TOTAL QTOQOtSTRAIH 

(DELETE ORE) —A-"'" % STAGE CREEP •ss- r..|z 
n* MS OS* l.« HOURS * 

Normalizec 1800 F.   t emoered 1250 F 
900 50 4.1 2. 6 R 30 
900 50 4.9 2. 2 R 30 
900 45 0.87 16.5 R 36 
900 40 436. 6 R 38 

1100 32 .   18.2 1.0 R 36 
1100 32 15.6 0  9 R i« 
1100 25 0.5 21.3 R 27 
1100 25 1.02 17.3 R 46 
1100 20 0.025 316.1 R 24 
1100 18 0.0087 720.0 R 21 
linn 15 0.0026 1920:5 R 24 

Normalize* 1800 F 
900 60 __ 0. 1  R 31 
900 0.00065 17.00+ 3 

1100 32 0.23 30.4 R 30 
1100 25 0.056 130.3 R 28 
1100 20 0.01,63 376. 8 R 37 
1100 15 0.0032 1133.0 R 21 

.LLO.      Mo-V Steel 

T COMMITTEE ON EFFECT OF ON PROPERTIES OF METALS 

Alloy Steel A AND PUBLICATIONS P; 

COMPOSITION. PER CENT 

Forged at 2150 F 

.TTREATHEHT       1.   Normalized 1950 F,  tempered 1250 F for 6 hr; 2.  Normalized 2000 F,  tempered 1250 F for 6 hr 

Normalized 1950 Ff  tempered 1250 F - ASTM 6 

U.  S.  Naval Research Laboratory 
T TIME TENSILE 

Normali :ed 1950 FT  tempi red 1250 F 

MISCELLANEOUS Di 

ORIGINAL CREEP AND RUPTURE DATA 

•f""- TS" (DELETE ORE) —^T"" IMTtRCEPT % •SS?£S• 
R * MX o.» UI 1AX HOURS X 

Normalizec 1950 Fr  t ampered 1250 F 
900 55 3.5 2.1 
900 50 0.08 107.3 27 

1100 40 5.30 1.3 24 
1100 32 0. 18 28. 1 23 
1100 25 0. 0065 517.0 7 
1100 20 0. 00096 

Normalizec 2000 F.  t empered 1250 F 
900 55 0.94 7.9 27 
900 55 0. 24 31.0 26 

. 900 50 0. 12 64.2 23 
1100 40 2.4 2.4 25 
1100 40 0. 51 9. 2 21 
1100 32 0.023 115.6 10 
1100 32 0.011 217  4 

„.„RA,U.. STRESS. RSI FOR RUTTURE 1. TIMES IHDIC.TEO STRESS. KS. FOR OK-ORATO. CROP RATE. 

UHRS 110 HRS I.OSIHRS HUWHRS 1SS.DUHRS toraol-S/HR O.MttlX/KR OJMCHX/HR ELOOiX/HR 

900 50 47 __ 
1100 28.5 22 ?.n s 

Normalizec 2000 F.  teAioered 125C  F 
900 49 __ __ 

1100 33 28.5 I 27.5 

5 o 

< 
n 

5 o 
ASTM-ASME JOINT COMMITTEE 01 T OF TEMPERATURE ON PROPERTIES OF METALS 

D PUBLICATIONS PANEL DATA SHEET 
7-6*. 

0. 5Mo Steel 3S 
U.   S.   Naval Research Laboratory 

IH&°F     100 lh 

CHEMICAL COMPOSITION. P 

•KW     A1   1   Ih/tor, 

Forged at 2150 F 

1,   Normalized 1800 Fr  tempered 1250 F for 6 hr;   2.  Normalized 1800 F 

S.K   Normalized 1800 F,  tempered 1250 F - ASTM 5 

U.  3.   Naval Research Laboratory 

Normalized 1800 F,   tempered 125) F 
46 38 63 

MISCELLANEOUS DATA 

!                                                                                                                                                           ORIGINAL CREEP AND RUPTURE DATA 

T»» "<r TIME. MOUKS. 'OR TOJA^ORJ^SJKSTRAIM "~^r-"- % TRANSFTION TO THIRD 

R 
ELONGATION % *..* 0.2* MX 1.0* HOURS % 

Normalizec   1800 F.   timoered 1250 F 
900 60 , -_ <0. 01 30 
900 58 0.036 210 
900 55 0. 0022 1234 
9nn 50 0.0010 

1100 32 0.75 17.3 29 
lion 25 0.04 
lino 20 0.0086 
nnn 15 0.0023 677.7 13 

Normalized 1800 F 
1100 32 0.19 26.6 
1100 25 0.015 

[ 

CREEP AND RUPTURE STREMGmiS 

STRESS. KSI FOR RUPTURE IK TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

' ,.»« UUHRS I.0UHR* IWttHW 1M.0MHRS «x>mx/H* 0.0MMX/HR tunmx/HR tumX/HR 

Normalized! 1800 F.   btr F 
900 59 55 

1100 24.5 13  5 ' 
Normalizec 1800 F 

900 __ „ _._ 
1100          1 26 -_ 

1 | 
1 \        - 

rO 

 



ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS                                                                                7-6h 

MATERIAL   Allov Steel 
" .TYPE OF   " 

DATA AND PUBLICATIONS PANEL DATA SHEET 

ALLOY       0. 5Mo Steel 

! 
.. P "> s,  

ICAL COMPOSITION. PER CENT 

'       c Nl Co MO w C* Tl Al V B 

l                                 •                1 

0. 22   0.42 !                            0.19; 
1 

0.54 

C.                  F,                                                                            i 

!      !      '      '      ! 
.FOXIO.T.O.   Al 1 lb/ton 
FORM a SIZE - OAR. SHEET. CASTINGS. ETC.                      Rar 

Forged at 2150 F 

GRA.NS,zf                Normalized 1950 Fr   tempered 1250 F - ASTM 5 
HARDNESS 

SOURCE OF DATA         U.  S.  Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE ELASTIC                  TENSILE Y.ELD 5TRENOTH. K5. 

PERCENT 
R|£AR•H 

lOAPSl Ml 0.01% o.i* 0.2* 

Normali ed 1950 F. term> ired 125( F 
1 

80 1    69.5 47 33 64       ' 
ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE sr 
TIME MOORS. FOR TOT^OR^STJC STRAIN 

*/HR % ^BET-Sif*"0      . DURATION r..|z 
11* At* "* 1-tl HOURS * 

N ormalizec 1950 F, t smoered 1250 F 
900 60 __ 0.02  R          77 
900 57 372. 5    R 26 
900 55 0.0023 926. 5    R 16 
900 50 0.00033 >040+ 4 

1100 40 __ 3? 
1100 32 0.76 16   0    R 25 
1100 32 1.3 10.7    R 30 

1100 25 0.034 114.4    R 11 
1100 20 0.0066 327.7    R 7 

Normalized 2000 F.  t smpered 1250 F 
900 60 __ ^O  01   R 30 
900 57 0.0065 502.5    R 23 
900 55 0.0032 855.6    R 18 

1100 40 __ O  6    R 79 

1100 32 0.82 12   7    R 28 
1100 32 0.44 7.1 . 9    R 7.1 

1100 25 0.03 112.0    R 11 
CREEP AND RUPTURE STRENGTHS 

STRESS. KS1 FOR RUPTURE IN TIMES INDICATED                                                                J STRESS. KSI FOR DESIGNATED CREEP RATE ' 10HRS 101 MRS 1.M0HRS ,0.000 MRS IO10WHRS iiuanis/HR 0.O000IS/MB H0M1*/HR IOTIS/HR 

1950 F,   tei F • 

900 57 55.5 54 

1100 25.5 15.5 15. 5 , 
2000 F,   tei F 

900 63 54 52 
1100 25 18.5 

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

MATERIAL    Alloy Steel                                                            DA• *N0 PUBLICATIONS PANEL DATA SHEET                                                                  7-18                      -i 
C-l/2Mo                                        -^ft"    Electric Furnace                                          K"7 Commercial                           . ' 

PRODUCER    Babcock & Wilcox                                                                                                                                                                                      ! 
CHEMICAL COMPOSITION. PER CENT 

C- MA p. s Si c Nl Co Mo             w C. Tl AL V B 

0.15 0.56 0.013 0.021 0.34 0.11 0.06 0.48 

C<i FE  • | 
0. 11 i 

DEOXIDAT-ION                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      ' 

ORMII SHE-BAR. SHEET, CASTINOS. ETC.            Wrought.   3 /4-iii. -diaixi. bar 

""""" 
NEATTREATKENT     Normalized and tempered 

1 
MICROSTRUCTURE 

TIME INDICATED SYR IN TEST DURATION COLUMN) 

'TEMPERATURE •sr 
TIME; HOURS, FOR TOJAL^PLASTIC STRAIN 

>,.,.,.=,„ RAT. * "^SJi-cSi"" 

R 

„==. 
0.1 % 0.1% "* 1.0* HOURS % % 

950    . 36 1055 16 
950 34 1630 12 
950 31 *~ 7.513 
950 27 3950 7 
950 22 3120 10.5 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATEO CREEP RATE 

10HRS IttHRS 1.0MHRS tMMffl* "       1M.WIHRS OMOOOISt/HR O.Ctt0IX/HR UMOlJi/HR IUU1Z/HR 

950 36.1 

•Extrapc lated. 

1- 

•Si 
C* 

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

MATERIAL    Alloy Steel                                                            DATA AND puin.icA.noNs PANEL DATA SHEET 7-19           | 
C-l/2Mo                                         fiZSZ,            Electric Furnace                                 BSIV Commercial 

„Mn„r„   Babcock & Wilcox   . 
SPECIFICATIONS: Nominal    KKMBDL COMPOSITION, PER CENT 

c- M» p s c* Nl Co Mo w Ct Tl At. V B  , 

0.14 0.55 
•1 

0.30 0.50 

Cu n .\. 
Bal. 

DEOXIDATION                                                                                                                                                                                                                                  f 

•M(.s,7F-B.RSHrFT<:.ST.NRSfTr          Wrought tube,   2-1/2" O.D.  x 0. 30" wall 

HEAT TREATMENT         Annealed                                                                                                                                                                                            | 

TRAIN 1I7F 

SOURCEOFDATA           Babcock & Wilcox                                                                                                                                                                                       \ 

Babcock & Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INrHeATEO RY R IN TEST DURATION COLUMN) 

TEMPERATUP, ws» 
TIME. HOURS. FOR TOTA^ORJ-LASTH: STRAIH 

X/HR * ""STA^CREE?'• DURATION' 
ELONGATION % 0.1* o.« 0.5* 1.0* •       HOURS * 

950 33 2382 5 
950 30 4568 < 

1050 17 1426 13.5 
1050 15 2526 14 
1050 12.5 3369 16 
1050 10 6407 * 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED                                                                     .      , STRESS. KSI FOR DESIGNATEO CREEP RATE 

10HRS 1»HRS 1.K0HRS ,0,000 HRS          • .(MM HRS    . <LOOOO0l*/HR 0JBW1* MR MUIjtVHR UMtl/MI 

950 37.6 26.8 
1050 19   1 ft  6 V Q* 

•Extrapolated. 

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

MATERIAL  AHOV  Steel                                                                                          DATA AND PUBLICATIONS PANEL DATA SHEET 7-20 
ALLOY     C-l /2 Mo                                           I*ELTINC         Ooen Hearth                                             B&r"            100 T 
PRODUCER Republic Steel 
SPECIFICATION S" CHEMICAL COMPOSITION, PER CENT 

C- MK p S *   I c. Nl Co Ho w c» .   Tl AL V _B 

0.18 0.53 0.016 0.024 
1 

0. 18 0.51 

Co Ft 

DEOXIDATION              1. 65 lb/ton Al added to ladle + 1000 lb of 50% FeSi 
FORM a SHE-BAR. SHEET, CASTINGS, ETC.         Wroueht 3/4~in. -diam.  bar                                                                                                        J 

HISTORY OF MATERIAL 

HEAT TREATMENT         Annealed 
H.CROSTRUCTURE 

6BA,«5,ZE                                   6 

HARO.ESS                                    R,.    -    71.5 

SOURCE of DATA          Babcock & Wilcox 

n 

o 

 



ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIHE INDICATED BY R IH TEST DURATION COLUMN) 

TEMPERATURE "ST 
TIME. HOUR*. TOR TOTAL ORKASTIC STRAIN 

DELETE OM El X/H* * IRANSITKrH TO THIRD EXTENSION 

tLOHGATION % 0-1* 0-W o.J* l*% HOURS % 
850 50 1,879 23 
850 45 
850 42 8.991 14 
850 37.5 20.171 10.5 

950 36 375 12.5 
950 30 

22 5.311 
.   950 19.5 12,274 
1050 15 487 
1050 12.5 1.208 19.5 
1050 9.5 5.197 17 1050 8.4 6,102 
1050 8 

] 
CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. Kit FOR DESIGNATES CREEt RATE 

I0HRS 100 NRS I.OMHftS 10.000 HRS 100.000 HRS 0.KO001S/HR O.0WB1S/HB MMISC/HR 0.<OI*/HR 

850 41.3 
950 29.6 20 13.7* 

1050 12.9 8 5. 0* - - 

*Extrap o lated. 

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

MATERIAL   AUOV   Steel                                                                                                          »***• *ND PUBLICATIONS PANEL DATA SHEET 7-21 
ii<nv     C-l/2 Mo                                            \Vrl\mr.         Electric Furnace                                    IHEAT" 53 T 
.HHnirFR Babcock fc Wile ox 

CHEMICAL COMPOSITION. PER CENT 

C- M- p s c« Nl Co Mo w C.R Tr AL v B 

0.16 0.70 0.024 0.018 0.24 0.16 0.13 0.51 
Cu Ft 

0.14 
MnmMiMi             140 lb of FeSl,  140 lb of CaSi 
FORM, a SIZE-BAR. SHEET. cA*TiRes.rrc.        Wrought 3/4-in. -diam. bar         "* 

• 

IOURCEOFDATA          Babcock ik Wile OX                                                                                                        :   t                                                           J[ 

ORIGINAL CREEP AND RUPTURE DATA 
--I                      (RUPTURETIME INDICATED BV R IN TEST DURATION COLUMN] 

„^« "ST 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIH 

(DELETE ONE) X/HR 
INTERCEPT ^^SEP" Dl/RATIOM 

NOURS 

EXTENSION 

ELONGATION 
X "X us SAX LMC HOURS % 

850 50 3, 575 13 
850 48 5,217 11 
850 45 9,791 10 

950 40 370 9.5 
950 36 1,565 7 
.950 30 3.153 3.5 
950 22.5 8.751 4.5   

1050 18 536 5 
1050 15 955 6 

' 1050 12.5 1,688 7,5 
1050 9.5 "^ 5.924 9 
1050 7 13,845 73 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI EOR RUPTURE IN TIMES INDICATED    '                                                               \                                                  STRESS. KSI TOR OESKINATED CREEP RATE 

ISHRS IUHRS 1AUHRS IS^S HRS UAKOHRS LOmOIX/HR •L0o»I<J/HR 0.0001 St/HR WAtX/HR 

850 57 45 35* 
950 37 21.8 r    ii.5* 

1050 15 7.8 **~ J. 

lated. ' ^. ' 

|                                                                                                     ASTM-ASME JOINT COMMITTEE ON tFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-*Ja . 
L.TM.AL   Allov Steel                                                            DATA AND PUBLICATIONS PANEL DATA SHEET 

100 lb 

CHEMICAL COMPOSITION. PER CENT 

C- Ml p s St Ct Nl Co Ma w Cir Tl AL V B 

0.20 0.61 0.22 - 0.50 0.21 
Cu Ft 

jDEOXIOATION         Al    1    lb /tOil 

FORM a SIZE - BAR. SHEET. CASTINGS. ETC.                      B AT                                                                                                                                                                                                        ' 

Forged at 2150 F 

<r*TTREATMENT        1.   Nomalized 1800 F,   tempered 1250 F'for 6 hr: 2.   Normalized 1800 F 
MrCROSTRUCTURE 

CHAIN s.*r              Normalized 1800 Fr  tempered 1250 F - ASTM 6 
HARDNESS 

iouitcEofO*-IA        U. S. Naval Research Laboratory 
SHORT Tl M E TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE 
W ^isr YIELD STRENGTH. KSI ELONGATION REDUCTION 1 

o.oi* ' 0.1* 0.Z*- 

Normalised 1800 F.  temoi.red 125( F 
80 115. 5 101 21 f>5       | 

| 
fi ' 

•  | '   - 

•    '     ; 

o 

5: o 
< 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BT R IN TEST DURATION COLUMN) 

TEMPERATURE IS* (DELETE ONE) """""•Ertuf *"* X 
'TSSSSS- LONATtOH 

ELONGATION 
• X LIX •AX MX LAX HOURS X 

Normalizec 1800 F. t*mt>ered 1250 F 
900 75 17 
900 . 72 ' 0,0095 195.0 R 9 
900 70 0. 0025 584. 3 R 6 

1100 32 0. 0079 80   1  R Nil 
1100 32   70.0 R Nil 
1100 25 0. 0027 259.4 R 2 
1100 25 0. 0024 27R.7 R 3 
uon 20 0.00053 B64. O R 7. 

Normalised 1800 F 
900 80 0. 0014 725. 7 R 5 
900 70 o.ooni 1727+ 

1100 32 0. 0065 47. 2 R Nil 
1100 32 0. 0064 44. 6 R Nil 
1100 32 0. 0032 1>3,2 R 15 
1100 25 0.0032 182. r R 1.6 
1100 20 0.0016 316.3 K          1 
1100- 20 0.0016 ^38 6 R    "    7. 

1 . 
^                          CREEP AND RUPTURE STRENGTHS 

TTAIPfR.ru,. STRESS. KSI FOR RUP TURS M TIMES DEDICATED STRESS.KSI KSHATEU CREEP RATE 

10 MRS IWHRS IADS HRS ISAM HAS ISMUHRE AARAPAX/HR StfOHX/ OMSE/HR 1ADIX/KR 

1800 V,   tr 
900 73 69 69. 

1100 30 19      • , " 22 : 
v     • 

1800 F \ 
900 „ 77 78 

.1100 28 13 17 

rO 

 



00 
ASTK-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-7b 

MATERIAL     AlloV   Steel                                                                                                       DATA AND PUBLICATIONS PANEL DATA SHEET 

»ii<»       0. 5Mo-V Steel                                    IMPING        Induction                                                            IH»T° 
PRODUCER  U.   S.   Naval Research Laboratory 

CHEMICAL COMPOSITION. PER CENT 

c- M- p s      I     s. c N. Co Mo w Cu Tl AL V B 

0.20 0.61 0.22 0. 50 0.21 
Cu Ft 

DEOK.D.TK-   Al 1 lb/ton 
FORM A SHE- BAR.- SHEET. CASTINGS. ETC.                      Bai 

Forged at 2150 F 

HEAT TREATMENT        1.   Normalized 1950 F.  tempered 1250 F for 6 hr: 2.   Normalized 2000 F . tempered 1250 F for 6 hr 
MICR05TRUCTURE 

CHAIN sizr              Normalized 1950 F. tempered 1250 F- ALSTM 6 
HARDNESS 

SOURCE OF DATA    -    U,   S.   Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TIMrCRATURE •35? STRENGTH 
YIELD STRENGTH. KSI ELONGAT.O« 

"SMK" 
B.KX 0.1* D.1SS 

Normali sed 1950 F. temD red 125( F 
80 117 102 22 62 

ORIGINAL CREEP AND RUPTURE DATA 

TO•.•. sr TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN 

K7HR X 
TRANSITION TO THIRD 

"Jar % M* OJ* OS* 1.0* HOURS * 
Normalize! 1950 F t. mrjered 1250 F 

900 75 
900 70 0.000RR 
900 60 0.00014 

1100 40 0.018 
1100 32 0.0065 
1100 25 0. 0021 
1100 20 0.0016 

Normalizec 2000 F.  t mDered 1250 F 
900 75 0.012 
900 70   0. 00029 

1100 40 0.008 
1100 40 0.009 
1100 32 0.0048 
1100 32 0. 0036 
1100 25 0; 0024 

CREEP AND RUPTURE STRENGTHS 

TO•,•.. 
RESS. KM FOR RUPTURE IN TIMES INDICATED STRESS. KOI FOR DESIGNATED CREEP RATE 

1950 F,  te 
100 HRS l««'» UA00OHRS IOWB0HRS 040am*/HR OA0O0l*/HR o.uni*/p.R OJUIX/rlR 

Normalized F 
900 74 70 70 

1100 30 16.5 . 
2000 F,   to F 

900 76 71.5 71.5 
1100 29 16. 5 

ASTW-ASME X>1NT COMMITTEE OH EFFECT OF TEMPERATURE OM PROPERTIES OF MCTALS 7-14a 
MATERIAL     AlloV  Steel                                                                                      DATA AND PUBLICATIONS PANEL DATA SHEET 

A-302,  Grade B 

CHEMTCAL COMPOSITION. PER CENT 

C- MN p s *   1 c« Ml Co Mo "\ Cu Tl AL v . B      - 

0.25 1.36 0.018 0.036 0.23 0.49 
Co FE 

DE0MOAT1OH 

TORM a sue-«AK MEET, CASTINGS, ETC.          Rolled 6'1-thick nlate. 84" wide 

HEAT TREATMENT       Normalized and tempered                              ' 
HKROCT1WCTUIK 

HARDNESS                    179 to 207  BHN 

SHORT TIME TEMSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE. S- SJESH TIEWSTIIENCTH.KSI ILLNIGATION REj»UCTN» •Sft Location 
in 

Direction 
of 

TMIU. . for 
WH* 0.1S «t* 

-5 85 30.6 70 
400 28.9 75 15 
600 28.3 1/tthifV T.«T»E 

800 27.0 1/4 (.Mr V 
1000 23.4 90 20 

Surf* « - Lonsltui md I Center Trans. 90 35 
80 95.0 7?.. ol*) 25 M \kn 
80 94.0 72.0(2>  ' M 

400 87.0 65.0 66.5 
500 89.3 65.0 67.5 21 5fV 
600 91.5 62.5 65   5 

(1)   Br 
(2)   Yi. Id Tjoint. rd 7-14M 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATKH OXUMHi 

TORTURE "S» 
TIME. HOURS. FOR TOTAL ON PLASTIC STRAIN 

*7HR * '~gST£Fm 
•Sr FUMIGATION * 0.1* Si* OS* CO* HOURS * 

800 10.0 0.000001 0.038     ' 2,016 0  042 
800 20.0 0.000006 0. 020   __ 2,016 O   037. 
800 40.0 o.oooon   1   __ 
800 65.0 0.00016 5.00     11,800 
800 70.0 o noni5 1    70 1800   
800 75.0 0. 00024 3.05   8,750 
900 55.0     __ 

523 H 15   0 
900 70.0 15 E 32. 0 . 

Notched ba •8:    60*.   0 
800 100.0 665 B 
800 95.0 2, 492 R 
800 90.0 1, 692 R 
800 75.0 5- 960 R 
800 65.0 4, 562 R 
900 90.0 64 R 
900 75.0 291  R 
900 65.0 541 R 
900 55.0 984 H 

1 
CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE M TIMES INDICATED STRESS. KM FOR DESIGNATED CREEP NATE 

10 HRS 100 NRS COOHRS         • 10*0 HR* UOACOHHS OAOMOIC/HR S»S»I*/MR 0A00l«/HH SATNS/HN 

800    • 38 6? 
900 65 59 

Notched ba " 
800 98 70          1 
900 85 55 

5 o 
I < 

o 

 



A5TM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE OH PROPERTIES OF METALS                                                                 7 - 14b 
«TtMAL   Allov Steel                                                            DAT* ANE> PUBLICATIONS PANEL DATA SHEET 

- 
'                                                                                                    CHEMICAL COMPOSITION. PER CENT 

C- Mi p s Si c* Ni Co Mo w c* Tl AL V B 

A-302,  Grade i 6.25 1.36 0.018 0.036 0. 231 0.49 
Cu Ft 

DCOXKUTKM 

WTTKUTMMT       Normalized and tempered 
•nCMMTWCTUM - 

oumirTF 

(URMESI              179 to 207 BHN 
sou** or DATA        U.  S.   Naval Eneineerine Experiment Station 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

•••, •w? STRENGTH 
YIOO STRENGTH. KSI tLOAOATKW TSu" sSSffi. 

ksi O.0Z* 0.1* 0.Z* 

800 82. 5 59.5 61.5 25 67 161 
800 83.0 56.5 60.0 25 67 15?. 

Surf ice - Trans 
80 94.5 OZ.oU) 
»fl Q4.   B 72   ntf) 

400 87.5 65.0 66.5 22 55 154 
500 89.3 64.7 67.5 22 5.1 "IBS 
600 91.5 62.8 55.5 24 56 118 
800 -83, 5 58.0 61.5 24 66 145 
800 83.5 511.5 61.8 26 66 144 

(Contii ued on b ickl fl         cros t-sectior al area. —^ 

ASTM-ASHE JOINT COMMITTEE OH EFFECT OF TEMPERATURE OH PROPERTIES OF METALS                                                                    7-14c 
MTCMAL    Alloy Steel                                                             DATA AND MJ^ICATIONS PANEL DATA SHEET 

l-ROOUCCR 

A-302 Grade B 

CHEMICAL COMPOSITION. PER CENT 

c. Ml p s s   1 
cs. HI Co Mo w Cl Tl Ai V B 

0.25 1.36 0.018 0.036 
1 

0.23 0.49 
Cu FI 

DEOXIDATKM 

FORM a SIZE -U nsHctT.CAiTiHGt.cn:.           Rolled 6"-thick ulate.   84" wide 

HICnMTRUCTURE 

HARDNESS 179 to 207 BHN 
SOURCE Or DAT. U.   S.   Naval Eneineerine Experiment Station 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURC MODULUS STREMCTM 
T1CLO STROIOTH. KSI SLOHCATHM Tssr Sara. O.0ZX O.ISt ftw 

OtlP.- 
400 85.5 60.0 62.5 22 .52 __ 
500 89.0 60.0 63. 2 20 4R 
500 88.5 60.0 64.0, 20 46 
600 91.5 58.7 63.0 22 47 
600 90.5 57   5 61   0 
800 83.5 .54.0 57.0 26 60 136 
800 82.0 51.5 57.2 25 61 140 

Cent*   - Lonsttudi lal 
80 85.0 60.0<2   2.6 55 
80 84.0 •59.5(2 __ 

400 77.5 50.5 51.5 23 53 139 
1 

500 86.5 53.0 57.2 23 44 134 
(Continued nl;tkl 

o 

„.,« "£" 
,,.,..«,„.,.-;.,=-,-„.;.->.„                       , 

 "    i    •"r 
•SE.5.r" ^Jftl"o* % ..,8     1     ..a           ..«     |      ...     ; HOURS            !                 S 

Temp, STtenoth, 0.1<*             0.2*          in 2 In.,      in Area,   •.  sttessW. 
ksi 

80 94.0 66.7     ;    67.0            24               56       I      .—                    1                  1                   i 
80 94.0 67.5     '67.5            24              61        !       --                    !                  ',                  i 
80               94.0 68.0    i   68.2          27            60      ;      --                 i               i               '; 
80                92.5 68.2    j   68.5          26            60            169               '•               1 

400         ;      85.5 60.0         62.0            23               57              150                                      I                   ; 
!         400               85   5       1     --                 --               21                55              154 

600         i      90.0       i    57   5          61.0            24               56       i      155 1 

600                91.0       ;    54. 0     •    60.0            25               53              137                  i i 

800               82. 5       ,    54. 0          57: 5            25               66              146 
800               81.5       i    54.0          57.5            25               64              140 

i    One-Fourth Thickness - Ttaasverse                                                           ( 

80               94.5      i    69.0(2)       --               24               55       I      162 
80 94.5 

86.0 
kine load <j 

69.0(2)      ..             25             54             160                                   1                 • 
400 

(1) Brea 
(2) Yiel 

61.0         63.0           22             53       :     152                                   1                 ;         • 
ivided bv reduced cross-sectional area.                      1                   1 

1 point .1                                                                                                   i r  
1                  :                                                          i                                .11 

C^EEP ?" 3 ftJPTURE STRENGTHS 

IMT-fi' STRESS. KSI FOR SUTURE IN TIVS5 ISOICATE;. STRESS. KSI FOR DESIGNATED CREEP RATE    • 

I0HRS                |              IOH.5                             I.^HRS             ;            ICAMHRS             j           I05.CM KRS ..UOHiS/KR aaea»%/HR 0.0001 S/HR ...ttlg/HI. 

;                          j ! 

| i | | B 1 I 

ORIGINAL CREEP AND RUPTURE DATA 

TWHRATUOt «w (DELETION!) MINIMUM CTIIT RAIT 
X 

tHAiisrnoM TO THIRD 

•Sr OtTDWOH 
OR 

X '   0.1* UX             J               0S% *•*% •     HOURS % 

F ksi ksi ksi .* *•T ksi 
Center - 1 oneitudinal (-ononued. 

600 80.5     25 50 149 
800 76.0 262 6?. 
800 74.0 41.0 4ft   O 28 64 

"Ci nter - Trans 'erse 
80 84.0 58. 5<z> __ 7.6 54 131 
80 84.0 59.0<z> __ 25 52 141 

400 77.0 51.0 52. 5 23    - 50 131 
500    . 79.0 55.5   

•   -''*. 

600 82.5 47. 5 52.5 23 47 -•' 

800 77.0 44.0 49.0 24 54 
R00 77.0 45 n 50.0 24 55 

(11   »», king load c ivided h] 
(21   Yielc 

, 

CREEP AND RUPTURE STRENGTHS . 

TEMPERATURE' STRESS. KSI FOR RUPTURE IN TIMES INDICATED ..    mcn.mn*ea*mcniiainrMit 
IDHRt W0HRS 000 HW •(.WO MRS I04.OWHM OJBOoift/HR tmmlUtn- *M*%/m kQH!l/H»       ' 

-O 

 



ASTM-ASME JOINT COMMtTTEE ON EFFECT OF TEMPERATURE OH PROPERTIES OF METALS                                                                   7 -1 5a 

MATERIAL     Alloy  Steel                                                                                       DATA AND PUBLICATIONS PANEL DATA SHEET 

srtKifvtAliOHt: 

A-302,   Grade B 

CHEMICAL COMPOSITION. PER CENT 

c- M- p s s. c. m Co Mo w c. Tl AL V B 

0.25 1.36 0.018 0.036 0.23 0.49 

Cu FE 

DEOXIOATTON 

FORM a SUE - BAR. SHEET CASTINGS ere.           Rolled 8 -1 /2" - thick Tjlate,  84" wide 

L„ 
...».ra               170 to 179 BHN 
MURCEOFDATA          U.  S.   Naval Engineering Experiment Station 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE MODULUS 
•OtPSI    . •TF 

YIELD STRENGTH. KSI ELONGATION •SET -Fracture 
sWR 

Location 
in 

Direction 
of 

Temp, 
50% 

', for 
O.OiS 0.1* 0.2* 

R5 30.6 125 60 
400 29.1 Trans. 130 70     ' 

1/4 thick 130 60 
800 26.3 - 1/4 thick Trans. 130 80 

1000 21. 2 Center Long. 105 70 
Surfai e — LorjBitut inal 105 90 

80 85.0 60. 0* __ •28 62 158 
SO 84. 5 M.sti)   29 63 161 Chi rov V-Notch 

400 77.7 54.0 55.0 26 61 154 
400 77.0 54.0 55.0 26 62 144 
600 83.5 __ __ 30 62 118 
600 84.5 51.0 53.4 27 59        I .  151 

111   R ad dividi d by red iced cro s-sectio lal area: 1 
.12).  Yl eld noint fContin Led on ba sit) 1 1 

ASTM-ASME JOINT COMMITTEE OH EFFECT OF TEMPERATURE ON PROPERTIES OF METALS                                                                   7-15b    ' 

MATFRIAI    Allov Steel                                                           °*TA *HD PUBLICATIONS PANEL DATA SHEET 

niioY       Mn-Mo                                                  (MELTIM.     Ouen Hearth.                                                    |Hl»T
0' Commercial 

pimmirt-R 
SPECIFICATIONS: 

A-302,   Grade B 

CHEMICAL COMPOSITION. PER CENT 

c. MR p s *   1 c> Ml Co Mo w c> Tl At, • V B 

0.25 1.36 0.018 0.036 0,23 0.49 

Co FE 

•      • 

DEOKIDATKH. 

IFORM a SIZE-»AR. SHEET.CASTINGS, ETC.           Rolled 8 -1 / 2" -thick plate.  84" wide 
HISTORY OF MATERIAL 

HEAT TREATMENT        Normalized and tempered                                 ' 

HARDNESS                170 to 179 BHN 
WHBTFOFOATA         U.   S.  Naval Engineering Experiment Station 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMI-ERATURE MODULUS STRENGTH 
YIELD STRENGTH. RSI ELOHGATKW RE0UCT1OH 

ftactuie 
Stress* 1\ 

0.M* sin MX 

80 83.5 56.5l2> __ 29 57 150 

400 76.0 49.0 49.9 23 55 133. 
600 84.5 45.5 48.0 25 50 144 

800 73.5 40.5 43.8 30 64 132 

800 74.0 41.0 43  5 37. 67 135 - 
80 84.0 57. Olfl 14 26 __ 
80 84.5 55.5>2> ._ 16 24 __ 

400 77.0 47.9 48.0 19 38   • 113- 

400 77.5 __ __ 17 26 81 divided 1 iy 
600 85.0 43.5 46.0 20 30 -- reduced crosi -'.section; 1 area. 

600 84.0 42.0 45.0 12 17 60 
(C.ontinin rt nn hart rl 

CO o 

ORIGINAL CREEP AMD RUPTURE DATA 

TEMPER,., "£• 
TIME HOURS. TOR TOT^ORPiASTH: STRAIN 

*/HR % «»S82'£2• DURATION 
EXTENSION 

% 0.1* MX FHS LOS HOURS * 
Yield Str near, ksi Reduction Fracture 
0.1% 0.2% in 2 In.. in Area StressW. 

F ksi ksi ksi * * ksi 

son 76.0 31 68 
800 76.0 44.4 47.7 .32 68 1.39 

80 85.0 60  0<2> 
400 78.0 _- 24 61 152 

48   0 49.5 24 61 150 
60(1 8S.3 50.0 53.8 26 58   
800 75.0 45.4 49.0 28 65 136 

80 83.0 58.5<2> 27 58 123 
80 83.0 59.0(2) __ 29 59 152 

400 75.5 50.0 50.0 25 57 118 
400 75.5 50.0 50.2 26 58 140 
500 79.5 48.5 50.4 24 55 132 
500 79.8 47.0 49.0 24 53 107 
500 80.0 47.5 49.0 24 53 138 (1)   Brei kine'loac divided av reducecj 
600 82.5 45.5 48.0 25 53    i 138 
800 72.5 40.0 43.0 31 67    ; 129 (2)   Yiel 1 noint. 

(Continuec on Card 7 -15b) CREEP AND RUPTURE STRENGTHS 

TEMPERATURE RESS.KSIFORRUPTURCINTIMES STRESS. KSI FOR DESIGNATED CREEP RATE 

10HRS 1MHRS I.M0HRS 10.OKHRS I00.OBHRS- rV0OOCM!</KR MWMfc/Hft aumx/HR 0.101«/I|R 

' 
' 

i • 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE T5f 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN 

(DELETE ONE) HM MUMCREEP RATE % STAGE CREEP •KB- 
EXTENSION 

OR 
ELONeATKW % MS IX ess W* HOURS * 

Ibn-ib ksi 

0.2*.' in 2 In.. Stress f1'. 

ksi ksi ksi « *r ksi 

800 73.5 38.0 41.0 26 49 .106 
800 73.5 37.5 41.0 28 51 

r*r 

80 84.0 54.7l2'f 17 24 106 
400 77.3 46.0 46.1 18 30 93 
600 85.0 42.8 45.5 18 21 94 
800 74. 0 39.0 42.0 30 50 109 • ' 

reduced cross-si:ctional < rea. 
(2>   Yield 

1 ' 
CREEP AN RUPT URE STRENGTHS 

TEMPERATURE STRESS- KSI TOR RUPTURE IH TIKES INDICATED STRESS, KSI ran DESIGNATED CREEP RATE 

I0HRS 1WHRS 1.000 HW it• HM lOtOOOHRS MOOWWHK ' MCtWJt/HR «JMIS/H* MMS/HR  - 

t a 

5 
-3 

o 

 



Alloy Steel 
ASTM-ASME JOIHT COMMITTEE OM EFFECT Of TEMPERATURE OH PROPERTIES OF METALS 

PANEL DATA SHEET 

Imtw        Ivin-Mo                                                   [MEITIM-.         Open Hearth                                                   SEAT0' Cnrnmercial 
PROOUPER 
SPECIFICATIONS: 

A-302,  Grade B 

CHEMICAL COMPOSITION, PER CENT 

c- MN p s s> c> N! CO MO w C» Tl Al V B 

0.25 1.36 0.018 0.036 0.23 0.49 
Cu F« 

DCOXIDATKM 

PORN a HIE - BAR. *HCET. cASTuiei. ETC.          Rolled 3"-thick elate.  84" wide 

KEATTREATHEMT       Normalized and tempered                              ' 
MICROSTROeTORC 

RARMCSS               217 to 229 BHN 
wjoRcEoroATA        U. S. Naval Eneineerine Experiment Station 

SHORT nME TENSILE PROPERTIES                                                                                  |                                                  MISCELLANEOUS DATA 

TEMPERATURE MODULUS -ir YllK.iTRD.CTM.1.*. ELOHSATHM •IOUCTIOH   |      Fracture    Location 
w HI ARIA     1     Suess(H        in 

Direction 
of 

Temj 
50«fr 

for 
30ft-Vb D.0U 0.IX OJX 

85 30.8 Surface 175 100 
400 29.7 Surface Trans. 180 160 
600 29.2 1/4 thick 185 130 
800 26.8 1/4 thirrk Trans. 185 180" 

1000 23.8 180 140 
nol Trans. 190 180 

80 105.0 68.0 75.5 23 60 189 
80 105.0 69.0 75.5 23 60 183 

400 100.5 67; 0 75.5 19 55 178 
600 109.0 65.0 73.3 26 63 .  194 
800 96.5 57.2 66.5 -  23 67 163 

m an atone lo A divide* bv redu * ed cros -section a] 
ORIGINAL CHEEP AND RUPTURE DATA 

TEMPI NATURE TT 
TIME. HOURS. FORJOTjL^LAiTIC STRAIN 

.,.,-DM CREEP RATE INTERCEPT % ^TAXSJT •E? % . M* M* OS*           |             1.CS HOUBS * 
Tpnsilpj 

s„.J»    • 
itsi PC. *  t ksi  , 

80 105.0 71. 5 78.0 21 52 172 

400 101.0 69.0 77.0 17 46 . 163 
600 112.5 66.5 74.5 24 51 176 

800 95.0 62.2 69.5 21 60 155 

80 107.0 72.0 78.5 22 58 179 

80 107.0 71.0 78.0 22 58 185 

400 104.0 70.5 78.2 19 
56 

172 

400 103.5 70.0 78.5 17 50   ! 173 

500 109.0 71.5 79.0 19 50 179 

500 109.0 69.0 77.5 20 50 180 

600 111.5 69.5 76.5 26 59 189 

600 112.0 70.5 78.0 27 60 190 

800 98.3 21 65 161 

(11   Break 

ri 7-16M 1 

ASTM-ASME JOINT COMMITTEE OM EFFECT OF TEHKIUTURE ON PROPERTIES OF METALS                                                                   7-l6b 

MATFMAL     AlloV  LSteel                                                                                       DATA AND PUBLICATIONS PANH. DATA SHEET 

nomierR 

A-302,   Grade B 

CHEMICAL COMPOSITION. PER CENT 

c- MA p s c> Nl Co Mo W c» Tl At. V B 

0.25 1.36 0.018 0.036 0. 23 0.49 
Cu pi 

UTTRFATHEHT    " Normalized and tempered 
••CROSTRUCTURC 

Mttwss               217 to 229 BHN 
(SOURCE OF DATA        U.  S.  Naval Eneineerine Experiment Station 

SHORT PME TENSILE PROPERTIES SCELLAHEOUS DATA 

TEMPERATURE 
IPtPSI 

.KSK. YIELD STRENGTH. KM ELOH&ITKM REDUCTION 

PERCENT 
ess!. 

ksi o.oa       1        o.i*        1        OJ% 

80 107.0 70.0 77.5 19 46 157 
80 105.8 -- -- 20 .     47 161 

400 105.5 69.0 78.0 16 45 187 , 
600 112.0   23 50 171 
800 97.5 _59.5 68.0 21 55 148 

Cei tei - Loneiti dinal 
80 107.0 68.0 75.5 20 45 151 
80 107.0 68.5 76.0 20 51 170 

400 **#-e 68.5 77.5 18 48 167 n 
600 111.0 64.0 73.0 24 51 164 
800 99.0 61.0 69.0 21 60 155 

(1)   Brtakine lo; d divide! bv redu :ed crosi -section il area. 
(Continue d on bac :) •     \ 

ORIGINAL CREEP AND RUPTURE DATA                    •                                                                                                                           *.j 
(RUPTURE TIHC INDICATED OT R IN TEST DURATION COLUMN) 

TEMPERATURE "S> (DELETE ONE] >,.,«,« „«,.„. I.IERCEPT 
• TRANSIT lOR TO THIRD 

STAGE CREEP •sE- 
FINAL 

EXTENSION 

ELONCATTON  . 
Al* *•>% 01* IP* HOURS % 

Tpnsllp 
Tp 

' ksi ksi ksi * *       1 ksi 

c     t     .. Transi pro. ~ 
80 '    107.5 68.5 76.5 19 45 161 

400 103.0 65.0 75.0 16 40 125 
600 112.0 65.0 74.5 24 50 161 
800 98.0 62.3 63.0 20 53 147      • 

L_             ,  „d 

5: o 

5: o 
< 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATU« OH IWOTERnES C* METiUJ 7-lXa 
LJATO.L41    Allov Steel                                                             DATA AND POBLICATIONS PANEL DATA SHEET 

PRODUCER   U.   S.   Naval Research Labnratorv 
CHEMICAL COMPOSITION. PER CENT 

C- MH p s *   1 .c» N. Co Mo w Ct Tl AL V s 

0.20 0.55 
1 

0.22 0.59 0.27 0.72 
Cu Ft 

KOXU>*•«            Al 1 lb /ton 
TOHU BSlK-MllsmnT CASTlMtt*. ETC.                      Bar 

Forged at 2150 F 

HE»rTREATMEMT        1.  Normalized 1800 F.  tempered 1250 Flfor 6 hr: 2,   Normalized 1800 F 
HKROSTRUCTUAC 

E,.L.Sri.               Normalized 1800 Fr  temDered 1250 F - ASTM 7-8 
HARDNESS 

SOURCEewOATA         U.   S.   Naval Research Laboratorv 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE ELASTIC 
MODULUS 9 VIEW STRENGTH. KM ELONOATKM TJST 

0.0% 0-1* 12% 

Normali zed 1800 F. term) .red 125( F 
80 72 39 37 83 

••  ' 

^ 

 



ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE 

Normalizec 

TS- 
TIME HOURS. TOR TOTAL OR RUSTIC STRAIN 

%/m INTEJEP, 
TRANSITION TO THIRD 

Oil RATION 

R 
" oft'°N 

* O-l* OL* 0-1* IS* HOURS % 
1800 F.  t smpered 1250 F 

900 45 32.8 0.4 
900 40 2  2 5. 7 
900 35 a  35 49.8 
900 35 0.18 

1100 32 
1100 25 7.8 2.3 
1100 25 15 n 
1100 25 7.6 
1100 20 1.39    - 12. 1 
1100 20 1.44 12. 1 
1100 15  ; 0.045 247. 5 

Normalized 1800 F 
900 50 0.35 11.9 
900 40 0.014 267.3 

1100 32 18.0 0.8 
1100 25 1.07 9.8 36 
1100 25 0.94 11.4 
1100 20 0.14 89.8 
1100 15 0.0062 757.1 62 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE        1                                                                  STRESS. NSI EOR RUPTURE IN TIMES INDICATED STRESS. KSIEOR DESIGNATED CREEP RATE 

I0HRS I0SHR5 I.O* HRS 10.OMHR5 I00.WNHRS 0AOXSI*/HR 0.00001 X/HR 0.0001 */HR —*"'*/H"   - Normalized 1800 F    r.ei 
900 34 30 

1100          I 16.5 13 

Normalized! 1800 F 
900 41 36.5 

1100        1 20 14.5 1?.   5 

ASTM-ASME JOIHT COMMITTEE ON EFFECT OF TEMPERATURE OH PROPERTIES OF METALS 

Alloy Steel 
F 100 IbZ 

PRODUCER   IT.  S. Naval Research Laboratory 
CHEMICAL COMPOSITION. PER CENT 

tTTMATwrnr        1.   Normalized 1950 F,  tempered 1250 F for 6 hr: 2.   Normalized 2000 F,  tempered 1250 F for 6 hr 

Nnrmali^.r   \ 950  F     t^TY.rf.r,A.H   1 ?c.n  TT   -   ASTM 6-7 

IT.   S.   Naval Reaearf.h Laboratory 
SHORT TIME Tl MISCELLANEOUS DATA 

Normalized 1950 F,   temp tred 125<   F 

CREEP AND RUf. URE STRENGTHS 

•P••E STRESS. K5I FOR RUPTURE [N TIKES INDICATED STRESS. KS> FOR DESIGNATED CREEP RATE 

WHRS IttHRS I.MOHRS IIMOHRS 1M.WU HftS LUUOIMIX/HR 0.00001 X/HR 0.O»1!6/HR 0.001 S6/HR 

Normalize* 1950 F,   ter iperprJ 1 7.50 F 
900 50.5 49 

1100 32.5 26 25 , .   | 
Normalize*. 2000 Ff   ter iDered 125C F      , | 

900 53 49 | 
1100 31 30 

— 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE TS" [DELETE ONE) */HR < TRANSITION TO THIRD 

R 

EXTENSION 

X 01* 0.1* . M* •10* HOURS * 
Normalizec 1950 F, t imuered 1250 F 

900 55 -- 0. 15 24 
900 50 0.016 220. 5 16 

1100 •.40 5.20 1.0 18 
1100 32 0.013 137.1 10 
1100 25 0.00094 1387.0 7 

Normalizec  2000 F.  t 1250 F 
900 55 0.18 26  7. 19 
900 55 0.0019 1382.0 11 
900 50 435.1 15 

1100 40 0.12 18. 2 15 
1100 40 1 0.011 191.1 6 
1100 32 0.0019 755.3 5 

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

MATERIAL   AllOV Steel                                                                                          DATA AND PUBLICATIONS PANEL DATA SHEET 7-25 
.LO.      1/2 Cr- 1/2 Mo                             EK&   Electric Furnace                                          \VS° 
PRODUCER Babcock & Wile ox 

CHEMICAL COMPOSITION. PER CENT 

c- MM F    . •s Si      , c. Nl Co _,  Mo w Cu Tl At V B 

0.10- 
0.20 

0.30- 
0.60 

0.10-i 
0.30 

0.40- 
0.60 

0.40- 
0.60 

Cu Ft 

DEOX1DA1IOM 

FORM* SIZE-BAR. SHEET, CASTINGS, ETC.         Wrought tube.  1.125" O.D. x 0.240" wall 

HEATTREATHEKT         Per ASTM Spec. A-213                                  f - ' 
MICROSTRUCTURE 

GRAIN SIZF 

HARDNESS 

SOURCE OF DATA           Babcock fc Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEMPER. •s- 
HMC.OURS.EO.^^STRAI. 

-5S-• % .'""s^CREEr"" 

R 

EXTENSION 

'ELONGATION * 0.1* 0.1% is* LOSE HOURS * 
900 55 0.694 .7 28 
900 52 0.00242 1,794 29.5 
900 50 j 0.00292 1,044 35.5 
900 45 0.0013 5,675 39.5 

1000 35 120 25.5 
1000 25 1,334 17 
1000 22 2,630 33 
1000 20 2.270 36.5 
1000 19 2,221 33 
1000 16.5 4.690 43 
1000 13 0. 00031 10,293 13.5 

1 
1100 15 0.0336 318 43 
1100 12 0.0169 563 41 
1100 11.3 0.0142 722 42.5 
1100 9 0.00415 1  988 20.5 

1 
CREEP AND RUPTURE STRENGTHS 

,,."„,,.< STRESS. KSI FOR RUPTURE IN TIMES INDICATE!, STRESS. KSI FOR DESIGNATED CREEP RATE 

10 HRS                    |                 1» MRS 1.000 HRS 10.000 MRS 100.OMHRS 0MWU%/HK D-ttMlg/HR 0J»1I*7HR 0JM*/HR 

3i 900 j 50 A\ 
1000 24.5 13.5 7.5* 17- 
1100 10.4 6.1* 3.6* 6.2 ~ 

*Extrai>o lated. 

CO 
rO 

n 

5 o 
< 

n 

5 o 

 



L Alloy Steel  
1/2 Cr - 1/2 Mo 

H Babcock fc Wile ox 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 
DATA AND PUBLICATIONS PANEL DATA SHEET 

 lMYtLT>°Fo    Electric Furnace |HJKT 

0.45   ).016 3.028 

Wrought.   3/4-in. -diam.  bar 

(a) Per ASTM Spec. A-213;   (b) Normalised and tempered 

(b. ASTM 7-8 
<al BHN - 133:    ibl VHN - 149 
Babcock & Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPT1JRETIMI INDICATED BT R IK TEST DURATION COLUMN) 

TEMPERATURE •^ TIME. HOURS. FOR TOTjL^PtASTlC STRAIN 

X/HR 
INTERCEPT 

X 

TRANSITION TO THIRD 

R 

tXTENSIOR 

O.IX 0-W «* IAS HOURS X 

(al   900 50 0.035 256 31.5 
900 47 0.0105 636 32.5 
900 44 1 0. 0071 1,819 36.5 
900 40 0.00155 7.367 32.5 

1000 27 0.026 794 59 
1000   .... .   25 0.019 lr016 45 
1000 22 0. 0087 2.211 30 
1000 20 0.002 5,210 48 
1000 17     ' 0. 0015 6,388 44 

1100 15 144 88 
1100 12 1 0.016 501 90 
1100 10 1,975 46 
1100 8 0.00066 - 2. 507 57.5 
1100 6.5 6,730 33.5 

(i>> oio 50 735 13.5 
950 45 .   1,841 9 
950 42.5 3,767 8 
950 38 ! 10.239 6.5 ! 

CREEP AND RUPTURE STRENGTHS 

"""r"" STRESS. KSI FOR RUPTURE IN TIMES INDICATED                                                                    g                                                  STRESS. KSI FOR DESIGNATES CREEP RITE 

ISHRS 10OHRS I.KOHRS 10.NUHRS lOWM NRS ojmntjE/HR OAOTOIX/HR OAMIX/HR OSOIX/HR 

900(a) 45.7 11 4* 33 39 
1000(a) 25.5 15.7 9.3* 15 i9 
1100(a). 9.9 6.0 3.6* 8-i 
950(bl 48.5 38.1, 30*           I 

1 I | 
1      *Extrar < latcd. 1 1 1 

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

MATERIAL    AllOV   St«l DATA AND PUBLICATIONS PANEL DATA SHEET 7-27 
.LLOY      1/2 Cr - 1/2 Mo                             IMELTING     Electric Furnace                                        IS«T0F   Commercial 
PRODUCER Babcock & Wilcox 

'       CHEMICAL COMPOSITION. PER CENT 

c MN P s * [ c- Nl Co Mo w c« Tl AL V B 

0.13 0.41 0.012 0.015 0.151 0.60 0.07 0.54 

Cu Ft 

0.03 

DEOXIDATIOH 

ro«M a SHE- BAR. SHEET, CASTINGS, ETC         Wrought tube.  6-5/8-in. O.D. x0.864-in. wall 
HISTORY OF MATERIAL 

HiArr.tAT.cT         Per ASTM Spec. A-213 

OS*,..,*     ' 

:..„.„, 
booKtoroATA          Babcock fc Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEMP^TUR. "sr TIME. HOURS FORTOTAL^OR^ASp STRAIN 

X/HR % •SSS?£3"* DURATION 
EKS.0. 

O.IX 0-IX 0-SX IMC HOURS % X 
900 60 2,251 R 14 
900 55 2, 881  R in 
900 51 1 0.0004 3. 830 R 8.5 
900 45 ' "b.000206 10,128 R 6 
900 40 0.000088 23,642 R 4 
900 38 0. 000035 11.578 
900 25 0.00001 15,890 

1000 40 0.006 543 R 10 
1000 30 0.00072 4.030 R 9 
1000 28 4. 614 R 10 
1000- 26.5 5, 673 R 11.'5 
1000 25 7,372 R 14.5 
1000 23 0.00021 11,001 R .14 
1000 22 0.000092 2.519 
1000 15 0. 0000263 9,189 
1000 12 0.0000194 13,151 
1100 20 355 R 31 
1100 13 0.0015 2,440 R 21.5 
1100 12 3,772 R 36 
1100 10 0.000263 10,637 R 18 > 
1100 6 0. 00004 9,843 

CREEf AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED           ,                                                         |                                                  STRESS KSI FOR DESIGNATED CREEP RATE F 
10HR5 100 HHS I.NUHRS. I0.M0HRS IO0.MO HRS           J         OUKtOIX/HR 0.00001 %/HB OAMOIS/HR OJOIX/KR 

900 45 33. 5* ?.-, 41 
1000 35.5 23.5 14.5*-     | 9.5. - 19   5 " 
1100 15.5 10 6.5*       fl 3. B 7   9 | 

I | 
*Extrai>c lated. s .     .          . 

ASTM^LSME JOINT COMMITTEE ON tTFUCT Of TEMPERATURE OM PROPERTIES OF METALS 
IATIRI.L     Allov Steel                                                            DATA AND putu . TONS PANEL DATA SHEET                                               .                         7_2g      .....'. 

1/2 Cr- 1/2 Mb                           K     El<"-rrt<- F«,Tn«««                                        &" 
P•.•    U. S. Steel  

CHEMICAL COMPOSITION. PER CENT 

c M. P S "      1 c> Nl Co Mo W c. Ti At V B 

0.13 0.51 o.oio 0.015 0.22 0.48 0.04 0.58 •   0.007 
Cu Ft N 

0.03 0.012 

5 o 

Silicon deoxidation 
FORM. SIZE-EAR SHEET CASTINGS. ETC.                1-in.  -Squar* b'arS 

HEAT TREATMENT 1650 F normalise   .                                     . 1 
MKROSTRUCTUR .' '   i 

GRAIN SHE ASTM 1 to 3 (McQuaid-Elui) 
HARDNESS 

SOURCE OF DATA U.  S. Steel Ar>Dlied Research Laboratorv 
1 SHORT TIME TENSILE PROPERTIES LSCELLANEOUS DATA 

TEMPERATURE MODULUS 
I0SPSI •= TID-D STREHGTH. KSI ELOJC-.TIO. REOUCTION       1 

0.MX 0.IX (LEX 

80 71.3 35 68 
73.1 33 67     I ' 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED ST R IN TEST DURATION COLUMN) 

•• 

-r "ST 
TIME. HOURS. FOR TOTAL^O^PLASJIC STRAIN 

MiminrMCREEPitA 
'-S- 

"..      •SZ£g£• TEST 

ELONGATKM 
"X 0.IX MX osx L0X HOURS X 

900 75 2. 56 3.4 36 
900 72 54.7 37 
900 70 , 58.6 36 
900 69.3 0.101 88.3 33 
900 64 \     0.0027 1102.-6 20 

1050 50.8 0.64 7.3 38 
1050 48.0 10.4 if] 
1050 45.0 0. 142 39.7 20 

: 1050 40.0 0. 032 84.0 14 
1050 35.0 0. 0147 20(1. k 11 
1050 30.0 , 0.0046 620.4 14 

1200 22.9 1.1 so 
1200 20.0 7-» 70 
1200 17.0 2.5 13. t 64 
1200 12.0 0. 095 62.7 SO 
1200 6.4 0. 0053 741.9 50 

CO 
CO 

 



TEMPERATURE STRESS. KS FOR RUPTURE IN TIMES NDICATEO STRESS. KSI FOR DESIGNATED CREEP RATE 

10.000 HRS KWWlHflS OjHUfcUX/HR 5.00MI!S/HR CLaMIS/HR uatSS/HR 

900 64.0 19.0* 58* 62 
20.0* 17* 71 5 

1200 6.0 3.4* 2.6* 4.4 

<• ... 
*Extrap >lated data. 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE •TIES OF METALS 

..„».i     Alloy Steel   DATA AND PUBLICATIONS PANEL DATA HEET 7-29 
1/2 C r - 1/2 Mo ME".°F«     Electric Furnace IMST0' 

fit**! „ 
sctarlCATioHS: CHEMICAL C M. PER CENT 

C. M>        '         P S                Si c» Nl Co        ;       M0 w      |     c« 
/•» 

AL V B 

1 
< 0.11 0. 46 !o. 01 0.015) 0. li 0.43 0.07 ! 0. 58 

I 
1 0.021 

Cu FE N • 

0.63 0.013 
•! 

1 

nEimu*- •              Silicon plus 1. 3 pounds of aluminum per ton 
M . s. .          ,„ f.Ktiw:« p«-          1-in. -sauare bars 

HISTORt Of MATERIAL 

• 
ASTM 5 to 7 {McQuaid-Ehn) 

SOURCE OF DAT* TJ.  S.  Steel Applied Research laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE 
10EPSI           i             KS: 

TIB.0 STRENGTH. KSI                                     | •"»••!"" ";u.S" I         ! 
o.«% O.liS 0.2* 

80 88.45 29.0 80 8 1 
80  , 88.5 |                         28.0 80.1     1                 1 

ORIGINAL CREEP AND RUPTURE DATA                                                                                                                                                              : 

TEMPERATURE 15" 
TIME. HOURS. FOR TOTAL OB PLASTIC STRAW 

X/HR 
IHTERCEPT % "'.TS..?'" DURATION 

HOURS 

EXTENSION 

ELONGATION * SIX O.M w* la% HOURS * 
900 73.18 0.1 25 

69.2 0   236 25.9 25 
0.07 89.4 26     - 

900 67.0 0   03 230.2 26 
900 65.0 0  0058 1044.7 20 

1050 53.5 0.7 30 
1050 50.0 16 3.4 30 

19.3 33 
1050 40.0 63.8 34 

n 02 169.9 33 
1050 22.0 0.0069 579.1 49      , 

1200 31.22 0.13 58 
1200 25.0 6.7 1.55 60 
1200- 17.0 9.3 75 
1200 13.0 0.21 29.3 70 
1200 6.0 0   025 368. 2 75 
1200 4.4 0   0156 967.0 90 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSt TOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

IS HRS 10] HRS 1400 HRS ia.au HRS I00.MOHRS OJ»OIB1*/HR IKOOHS/HB riOOMfc/HR OMIl/MR 

900       fi 62. 0* 63 
1050 18. 5 9.0* 11 

•• 

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

MATERIAI     Alloy. Steel                                                            DATA AND PUBLICATIONS PANEL DATA SHEET 7-30              | 
AILOY         1/2 Cr - 1/2 Mo                           KTINV     Induction Heat                                             \»UTW                                                            1 
PRODI JcrR          TJ. S.  Steel 
H-IUFICATIONS: CHEMICAL COMPOSITION. PER CENT           ,_                                                                                                                   | 

C- MN P s s.   , Ct Nl Co Mo w CR Tl AL V B       | 

0.14 0.47 0.025 0.018 0.17 0.48 0.10 0,51 0-OS, 

Cu Ft N 

0.06 0.012 •- ] 
ocoxiDinoN             Silicon plus 2. 0 pounds of aluminum per ton 
FORM*SIZE-BAB.SHEET.CASTINGS.ETC.         1-in. -sauare bars 

1650 F normalize                                              i 

i.•,,,,,,.                 ASTM 6 to 8 (McQuaid-Ehnl 
HAHDNFS9 

SOURCE OF DATA           U.   S.   Steel Atjolied Res earch Laboratory 
SHORT TIME TENSILE PROPERTIES                                                          H MISCELLANEOUS DATA 

TEHPERATORr             MODULUS 
F           1       ifrst -ir -    YIELD STRENGTH. KSI ELONGATION TSSP ' 

Q.K% <M*          I          IK 

80 69.85 
1 

36 71.1 
80      i !   69.65^ -        1 35 72.6 ' 

CO 

ORIGINAL CREEP AND RUPTURE DATA 
RE TIME INDICATED OT R M TEST DURATION COLUMN) 

TEMPERATURE 

901) 

• 
TIME. HOURS. FOR JOTA^OR^AST^ ..TRAIN 

X/HR * '""sT-stc.^"" TEST 
DURATION 

HOURS ELONGATION % M* S2S OS* I.0S HOURS % 
66.0 12.8 0.63 36 

900 65.0 0.0043 818 25 

1050 44.3 11.7 37 
1050 40.0 0.424 33.2 27 
1050 35.0 74.3 20 
1050 28.0 0.022 250.0 15 
1050 25.0 0.01 432.8 20' 
1050 22.0 0.0063 667.7 15 
1050 20.0 0.0035 959.6 20 

1200 24.2 - 0.7 
1200 15.0 15.9 
1200 10.0 0.233 72.7 73 
1200 7.0 0.069 199:"2 59 
1200 4.5 0.0094 1050.1 SI 

CREEP ANO RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE * 10 HRS 100 HRS LOW HRS 1O.0MHRS IMOUHRS ILUttOIX/HR -      0.OX0I!(/HR 0.090ISE/HR 0.(01 S/HR 

900 65.0 64 
1050 19.5 10.2* 15 
1200 4.5 2.4* 3.2 

1      *£*trai>< latati data.I 
T 

Alloy Steel O PUBLICATIONS PANEL DATASHEET 

1/2 Cr - 1/2 Mo 
U.  S.  Steel 

Electric Furnace 

CHEMICAL COMPOSITION. PER CENT 

Silicon plus I. 3 pounds of aluminum, per ton 
1-in. -square bars 

HEAT TREATMEHT Annealed at 1650 F 

ASTM 5 to 7 (McQuaid-Ehn) 

ilied Research Laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

n 

5 o 

 



ORIGINAL CHEEP A!;*3 RUPTURE. DATA 

„•., "S" 
•^H-j^-iaE««- 

5S/HR 
INTERCEPT      '             ,B*"•CP=E7"R0             '           ^"S^ „ISu. 

o.:*                   ...»         1          c.<«         |          u*         j ;                   |      ««.«               »        ,         R ""SP• 
900 51.0                                                                                                                                                                            0.1 35 
900 50.0                                                                                              0.235                                                                                SO  4 40 
900 49.0                                             '                                                0.016                                                     '                        373.2 i      33 

[ 
1050 35.0                                                                                              5.8                  ;                                                                     3.2 !       50 
1050 30.0                                              |                   1                   '        0.393                                                                                38.7 40 
1050 25.0                                         \                                    ;       0.0805                            1                                    i   136.2 38 
1050 19.0                                              i                   i                            0.019                                                                             472.4 j      40 
1050 16.0                                                                                              0.0048                                                                         1220  4 63 

1200 17.0      ,                                        i                                                                         ,1.1 !    100 
1200 15.0 5.27                !                   i                   ,                            6.0 1      81 
1200 13.0     . 3.2                  i                   <               ....                          15.4 90 
1200 9.0 0.21                                                                                   76.6 65 
1200 7.0 0. 036             i                                                            j   286. 6 66 
1200 5.5 | 0. 0074          1                   ,                  _ . .               !   959.6 70 , 

1                                                     i                    '                   !                       1 ;                                                                                             :                   ;                       ; 
i                   I                                 '                   ,                    i                   ' 
i                                                     '                   '                    :                   i 1 1                 i                              i                 i                  !                  i                     I  ' 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE [H TIMES INDICATED STRESS. KSI fOR DESIGNATED CREEP RATE 

10 HAS 100 HRS 1.000 KRS 10.000 HRS IOAOOONRS AlCCOOISj/HR 0.0O00IS5/HR O.OOOIIS/HR 0.001 SS/HR 

900 47.0 
1050 16.5 10.2* 12.5 
1200 5.4 . 3.5* 3.6 

*Fjetrap< lated data. » 

ORIGINAL CREEP AND RUPTURE DATA 

,„„„„., ";,T" ——•'—•-- MINIMUM CREEP RATE % T*HSZ?£PM 
DURATION 

R 
ELONGATION i.\%               *.« 0.58 i.O* 1 HOURS % 

900 63.1 1.82 5.5 42 
900 61.0 0. 006 683.7 26 : | 

1050 50.0                         i                   i 0. 15 40 
1050 40.0                                            i —   |       0.291 32.9 21 
1050 35.0 0.06 75.2 18 
1050 30.0 0.014 158.2 20 
1050 20.0 0.003 963.6 20 

1200 19.0 2.3 68 
1200 15.0 2.4 8.0 83 
1200 10.0 43.2 82 
1200 8.0 160.1 64 
1200 7.0      1 0. 023 336. 1 42 
1200      '!        5.6     1 - 1      0.0094 714.9 44 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS                                                                    7 -1 2a 

MATERIAL    Alloy Steel                                                           DATA AND PUBLICATIONS PANEL DATA SHEET 

uiijv        Cr-Mo-V Steel                                 K       Induction                                                           .HEAV"    10(1 1h 
PRODUCER   U.   S.  Naval Research Laboratory 

CHEMICAL COMPOSITION. PER CENT 

o M- p s Si CR HI Co Mo W C.       1       T,         . AA V B 

0.18 0.48 0.21 0.56 0.46 0.66 
Cu Ft 

- i 

DEOXIDATIOr,                          Al    1    lb/tOn 
'OftM & SIH - MR. SHEET. CASTINGS. ETC.                       Bar 

Forged at 2150 F 

NEAT TREATMENT          1.   Normalized 1800 Fr   tempered 1250 F'for 6 hr: 2.   Normal.KF-H  ? 80(1 F 
MICROSTRUCTURC 

SOURCEOFDATA         V.  S.   Naval Research Laboratorv 
SHORT TINE TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE 
rcSFSi •• 

YIELD STRENGTH. KSI ELOKGATIOH REDUCTION 

oxa.% O.ISS «« 
Normalized 1800 F.  temu .red 125M F 

80 71.5 35 39 81 
ORIGINAL CREEP AND RUPTURE DATA 

Normalized 

900 

1800 F,   timpereri 

0.46 

2,8 

40 

_St6_ 
_49_ 

CREEP AMD RUPTURE STRENGTHS 

900 
1800 F,   Ipuppppd 1250 

Normalizec   1800 F 

J4_ 

n 

2 o 

n 

2: o 
< 

CO 

 



•MTERIKL    Allov Steel                                                           0AT* *M0 PUBLICATIONS PANEL DATA SHEET 

.1.L0Y        Cr-Mo-V Steel                                 ISS^mt     Induction                                                             ISSTOF     100 lb 

iMOrHAYUHt: CHEMICAL COMPOSITION. PER CENT 

C- MH p s S.     | c» Ni CO Mo w c» Tl AL V B 

0. 18 0.48 
1 

0.21 0.56 0.46 0.66 
Cu Ft 

DEOXIDATON              Al 1 lb /ton 
FORM •$!»-MR. SHETT. CASTINGS. ETC.                   RaT 

Forged at 2150 F 

HEATTREATMENT        1.   Normalized 1950 F,  tempered 1250 F for 6 hr: 2.   Normalized 2000 F,   temper,-.! 1 ?.«.0 F for ft hr 
MICRC-STRUCTURC 

suiNsizE               Normalized 1950 F. tempered 1250 F - ASTM 6-7 
HARDNESS 

SOURCE OF DATA    "   U-  S.  Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

""-»— W. STRENGTH 
YIELD STRENGTH. KSI ELONGATION REDUCTION 

«.(fl% 0.1% <u* 
Normals sed 1950 F.  temp .red i25( F 

80 84.5 51 31 74 

' 

ORIGINAL CREEP AND RUPTURE DATA 

••.•, TS" DELETE ONE) */HR S 

TRANSITION TO THIRD 
DURATION % 0.1* «* W* 1.0* HOURS % 

1950 F. t 1250 F 
900 50". 10.00 0.9 32 
900 45 0.56 15.0 30   <a oi 23 

I). 18 22.4 26 
1100- 25 0.0099 268. 7 1* 

1100 20 0.00098 2099.0 14 

2000 Fr   t 1250 F 
2.60 2   2 21 

900 50 0.23 22.0 20 

900 50 0.062 77.9 18 ~1 0.016 72.4 9 
1100 40 0. 18 17   1 19 

0.0021 580  4 6 
0   0018 732. 6 5 

i 

CREEP AND RU PTURE STRENGTFIS 

"T" STRESS. KM FOR RUPTURE IX TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

.10HRS HOURS 1.TOHRS io.ro KM 10AOUHRS tXMOMlg/HR IKWISS/KR 0.OB1X/HR SMIX/HR 

1950 F,   te -_ 
1100 27.5 21.5 20 

F 
900 47.5 l -- 

1100 __ 31 30 

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

MATERIAL  Alloy Steel                                                                                    .    DATA AN0 PUBLICATIONS PANEL DATA SHEET 7-22               1 
Aaov     AISI4140                                           \KSZ2k '     BE."                                     •     1 
PRODUCES                                                                                                                                                                                                                                                                                                                                                                       "      -                                                                                                       1 

CHEMICAL COMPOSITION. PER CENT                                                                                                             | 

C MH p s Si    , c» NI CO MO '   w Cr Ti AL ¥ R       j 

0.42 0.95 0.016 0.02 0,028 1.07 0.14 0.22 
cu FE N 

0.010 

DEOJC1DATIOI1 

FORMSSIZE-BAR.SHEET.CASTINSS.ETC        3/4-in. -diam.  rods 

HEAT TREATMENT          1600 F,   1 hr,  oil quench; temper 1170 F.  2 hr 
HICROSTRUCTURE                                                                                                                                                                                                                                                                                                                                                                   ~                                                                                                     | 

GRAIN 5IZE                                       '                                                                                                                                                                                                                                                     '                                                                                                                                                                                         1 

HARDNESS                 306 Brinell                                                                                                                                                                                                   1 
SOURCE OF DATA          U.  S. Naval Research Laboratory                                  '                                                                                                1 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA                                             | 

TEMPERATURE MODULUS 
lOtPSI "•If• 

YIELD STRENGTH.• ELONGATION 
"ISAMA" 

Tempera- saeu, 
ksi 

Minimum 
C^JjRte. 

Ten 
LhujLtioa, 

Final 
o.oyr. O.IX 0.2* 

Room 135 123 123 26 63 20% Cole Reauctli ID.   ' 
800 100 20 70 700 100 0.017 431 21 

800 80 0.053 171 26 
6% Cold Reduction 900 60 0.33 49 51 
Room 139 112 130 23 62 1000 35 0.48 47 77 

800 102 20 73 1100 13 n 32 ts 

12% Coid Reduct ion 40% Col< Reductii m 
Room 142 120 138 18 61 700 100 0.009 690 20 

!    800 104 19 71 800 80 0.067 193 30 
i             ; 900 60 0.40 49 50 

! 40% Cod Reduction 1000 35 0.62 41 87 
Room 164 121 159     !       15 53 1100 13. 0.52 39 49 

I    800      !                      116 17 66 *A11 test* runtun d. 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE TSf (DELETEQHO */RR 
INTERCEPT * "•SETS?- 

R 

EXTENSION 

FURCATION % d.I* 0.1* 0.SS 10* HOURS % 
600 120 0.27 14 19 
700 100 0. 052 «5 20 

800 80 0.058 no 7.5 

900 60 0.20 51 41 

1000 35 0.31 60 An 

1100 13 0.22       ' 79 43 

6% Cold Re 
600 120 0. 0046 1112 20 

700 100 0.048 117 20 

800 80 0. 096 74 26 

900 60 0.34 3d 41 

1000 35 1 0.38 49 56 

1100 13 0.23 71 36 

12% Cold R iduction 
0   040 131 19 

800 80 0.080 104 Z4 
900. 60 0.29 49 49 

1000 35 0.44 47 54 , 
(See oth< r Bide) 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

.    MHRS UOHRS I.M0HRS     . IMMHRS 10&MOHRS ooraxjls/HR AJmnx/HR 'AMOIftVNR SS0IK/HR 

" 
. 

1 

n 

o 

> 
CO 

o 

 



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

MATERIAL Alloy Steel                                                                      DATA AND PUBLICATIONS PANEL DATA SHEET 7-23 
ALLOT     AISI4140                                                 EM                                                                                         \»£°r 

PRODUCER 

CHEMICAL COMPOSITION. PER CENT 

C- Ml. P s s. c> Hi Co MO w a Tl to V B 

0.42 0.95 0.016 0.02 0.028 1.07 0.14 0.22 

Cg Ft N 

0.010 

DEOX1DATION        ' 

FORM (.SIZE -BAR. SHEET. CASTINGS. ETC.                   3 /4 -In.   -dlSHl.      TOdS 

•.EAT TREATMENT         Anneal 1600 F.   1 hr 
HICROSTRUCTURE 

ERAIN SHE 

hHAODNEss                216 Brinell 
SOURCE OF DATA                      U.      £ .   Naval Research Laboratory 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TW.-ERATURE MODULUS 
•OtPSI •!ir Tin.OSTBEHSTH.KSI 

•am PERCENT 0«* 0.1* 0.2* 

Room 110.7 57 22 

6% Cold Reductio 2 

Kosm U5.5 75 19 

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

'MATERIA Alloy Steel                                                                   OATA AND PUBLICATIONS PANEL DATA SHEET 7-33 
1% Cr - 1/2% Mo                           EEfe                                                                                        IHEA-T 

PROPER    U. S.  Steel 
CHEMICAL COMPOSITION, PER CENT 

C-       |       M* p s s.    p e. N, Co Mo w Cu Tl At V B 

0.09   iO.53 0.01.5 0.015 0.25 1.05 0.22 — 0.54 
Cu Ft 

Bal, •' 

DEOKIDATIOr. 

FORM ft S IF     BAR. SHEET. CASTINGS. ETC.                    5"    X   6"    X    50"    Slab    SliCC 

Welded with AWS E9016 electrode. 

HEATTREAtMENt         Heated 1 hr at 1675 F.  air cooled,  reheated 1 hr at 1300 Fr air cooled 
HICROSTRUCTURE 

GRAIN SHE 

HARDNESS                                                                                                                                                                                                                                                                                             ' 

SOURCEO OAT*          A.   G.   Smith Corporation 

> 
en 
*>. 
J> 
O 

o 

n 

5 o 

ORIGINAL CREEP AND RUPTURE DATA 

800 

"S" {DELETE ONE) */HH 
INTERCEPT * TRANSITION TO THIRD 

"R 

EXTENSION 

ELONGATION * 01* IX '  0J* 1.0* HOURS * 
80 0.50 17 27 

6% Cold Re luction 
80 0.14 51 20 

12% Cold R 
ftoO SO 0. 032 160 19 

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

MAT».«. Alloy Steel                                                                    DATA AND PUBLICATIONS PANEL DATA SHEET                                                                              7_24 
ut«v     AISI4340                                           IIELT."                                                                              IHMV* 
.nonurfB 
SPECIFICATIONS: CHEMICAL COMPOSITION. PER CENT 

C- Ms P s Si c> NT Co Mo W c. Tl AL V a 
0.38- 
D.43 

0.60- 
0.80 0.040 0.040 Q.20- 

0.35 
0.70- 
0.90 

1.65- 
2.00 

0.20- 
0. 30 

Co Ft 

DEOXIDATION 

foRMas.zE-M*wEET.cAs•Gs.ETc.(A> 6-1/2" Round; (B) 6-1/2" Round: (Ct 3-3/4" O.D.x2-3/4" I.D. Ring: (D. 3-3/4" O. D. x 
"37*600 F, water quenched + 1070 F, air cooled; (B) 1600 F, water quenched + 1070 F, air          2-3/4" I. D. Ring 
cooled + 4 hr at 1100 F, furnace cooled; (C) 1600 F,- water quenched + 1070 F, air cooled; 
(D) 1600 Fr water auenched + 1070 F.  air cooled ±-41 hr at 1100 F, furnace cooled 

HARDNESS 

SOURCE OF OATA                      Elliott    CO. 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

T•" -IE- STK,". 
Yia.OSTBENGTM.KSI "•"•P• REOUCTION 

0.02* 0.1* 0.2* P..CE.T 

(A) Sharov i (B) 3h»rDvV      (C) Charpv V ID) Charpy V 
F ft. lb. F ft. lb. F ft. lb. F ft. lb. 

33 70 34 72 33 80 34 73 
-57 48 -88 53 -57 72 -88 69 

-132 22 -135 28 -132 68 -135 52 
-200 17 -138 •   29 -200 38 -138 42 

-200 17 -200 10 

' - 

ORIGINAL CREEP AND RUPTURE DATA 

•»•» 
•S" 

""•"—•" (DtLETEONQ X/HR %      • 

•"g%?£2"n 
MIMTHMt 

R 
ELONGATION 

0.1* o.i* MX '-"( HOURS . ^*      ' 
1000 38.0 1   1 
1000 35.0 -    824.0 •2.5    , 
1000 33.0 1319.4 0.97 

CREEP AND RUPTURE STRENGTHS 

TEMPERA,,., STRESS. KSI FO RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

I0HRS IMHRS l«OHHS •lOW MRS I00.OMHRS MMUIg/HR MMOljJ/KR--   - HiBOlS/HR MM/HK         " 

loon 34 23 

- -  -    -._, ,..._. •-""  ' J 

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

MATERWL        AllOV Steel                                                                                    DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                       7.34 

ALLOY         1% Cr - 1/2% Mo                           I£LTIN«       Induction                                                           \Str 

PRODUCER    Electric Steel Foundry Comoanv 
CHEMICAL COMPOSITION. PER CENT         '           ' 

C- MN p .. s c> Nl Co Ma W Cl Tl AL .     V B 

0.09 0.75 
*   | 

0.44 1.35 0.13 0.55 
Co FE 

Bal. 

DEOXIDATION                                                                                                                                                                                                                                                                                                                                                                                                *    :J    , 

FORM S SIZE -OAR SHEET CASTINGS  ETC                                                                                                                                                                              /                                                                                                                           ' 

Welded with AWS E9016 electrode 

.EATT.EATMEN,         Stock-1800 F.  3 hr; 1600 F.   1 hr.   W. O.I: 1200 F.  8 hr: weld also S. R.  4 hr at 1200 F 
HICROSTRUCTURE                                                                                                                                                                                                                                                                                              ' 

GRAIN SHE 

HAROHESS               See below. 
SOURCEOFDATA         A. O. Smith CorDoration - Metallureical Research Laboratory 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE 
10SPSI •sr 

TIEL0 STRENGTH. KSI ELOHGATIOH "XMT 
E«J 0.1* D.Z* 

Room 84.0 72.0 23.0 58. \ 
Room 29.30 77.0 52.7 17.0 54.7 
1000 55.0 14.5 55.4 

Vicke: s Hardtu • • (10 K I) 

Max. Min. Aver.' •\ 

SR Stock 188 173 182 
SR HAZ 225 206 207.5 
SR Weld 222 198 211.6 I 

SR for - /Stock 185 158 172. I | 
10.000 hi )HAZ 206 191 19518 1 
at 1000 F Weld 210 199 205 | I CO 

•v| 

 



ORIGINAL CREEP AND RUPTURE DATA 

•»»• •w 
TIME. HOURS. FOR TOT^OB^A^KSTIUIH 

SE/HR 
.RTE^T "rssrss- OoEjlON 

EXTENSION 

5.5* 
0.1* t.i% 0-SX 1.0* HOURS X R 

5 1000 37. 0U> 225 
20. 0(2) 6471.7 1.0 

1000 35l0<3) 540.5 5.0 
1000 25. 0(4) (50 00 hr at 1 000 F) 1291.1 7.0 
1000 22. 5W (50C,0 hr at 1 000 F) 2309.8 5.5 
1000 20. O^ (10, 1000 F) 4920.7 4.0 

(10, 000 hr a 1000 F) 1.0 23.0* 

stock: others filled in t eat -affected zone 

CREEP AND RUPTURE STRENGTHS 

rrH««•c 
STRESS. K.SI FOR RUPTURE IH TIMES INDICATED STRESS. KSI FOR DESIGNATE!. CRECT RATE 

10 HRS I00HRS ..000 HRS 10.000 HRS 100.000 HRS O.OOOOEHJJ/HR 0.WOIS/HR O0MIIE/HR IttHlB/HR 

1000 12**       ! 

** Extra* olated data 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 
M.TERI.L      Allov Steel                                                                           DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                            7-35 

.no.         1 Cr - 1/2 Mo                               E,,°.'«   Electric Furnace                                          EX" 
PRODUCER     U. &-  oteel 

(a) 
(b) 

(a) 
(b) 

CHEMICAL COMPOSITION. PER CENT                h 

C MR P s Si Cs Nl CO Mo w c»- Tl AL V B 

0.11 
0.12 

0.44 
0.45 

0.005 
0.013 

0.019 
0.015 

0.15 
0.74 

0.97 
1. 13 

0.09 
0.031 

0.52 
0.50 0.002 

0.005 
0.010 

Cu Ft N 
0.03 
0.04 

0.012 
0.011 

FORM<>sur-BAR.SHEET.CASTINGS, ETC.           1-in. -square bars 

HEATTREATMENT          (a) Hot rolled and stress relieved:    (b) 1650 F normalized and temoered at 1300 F 
MICROSTRUCTURE 

GBA.Ns.zE                (a> ASTM 2 to 4 {McQuaid-Ehnh   (b) ASTM 1 to 3 fMcQaaitf-Ehn» 
HARDNESS 

SOURCE OF DATA           U.   S.   Steel ADt>lied Research Laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE "$»' ~" YIELO STRENGTH. RSI LLORGATIOR 
"ISAVCT 

O.0ESE S.li* 0.2* 

80 (a) 63.3 35 ' 71.7 
•80 (a) 64.7 37 70.3 

80 (bl 75.5 37 73.9 
80 (b) 75.1 35 74.3 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IH TEST DURATION COLUMN) 

••. Tf (DELETE ONE} MINIMUM CREEP RATE 
ST/HR % TRANSITION TO TNIRO TEST 

R % 0-1* 0J« o-W LOSS -HOURS X 

900 48 J 2.636 29 
900 40 6,483 34.5 
900 38 21,495 3.5 
900 35 24,707 1.5 

1000 26.5 887 "37.5". 
1000 25 1,122 53.5 
1000 23 1,619 25.8 
1000 20 3.151 51.5  • 
1000 16 8,432 59 

1100 14 183 .92 
1100 10 

1 
0. 0145 1,288 73.9 

1100 7.7 0. 0039 3.530 J2 
1100 ' 6 13,824 42.5 

CREEP AND RUPTURE STRENGTHS 

CREEP RATE .    TEMPO.•. STRESS. KSI FOR MIPTURE IN TIKES INDICATED                                                                    |                                           '     STRESS. KM FOB DESIGNATED 

10 HRS 1IH HRS 1.000 HRS HUM HRS I00ACOKRS           \         OOKKnilsVHR. - OAtMIJt/HR EASNS/HR WOKS/HR 

900 36 23* 
1000 25.6 15.5 9.2* 
1100 10.1 6.4 4* 

I 1 
J      *Bctrap< lated. —-*i- =-rt 

CO 
00 

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

MATERIAL     Alloy Steel A AND PUBLICATIONS PANEL DATA SHEET 

1 Cr - 1/2 Mo 
PRODUCER    Babcock & Wilcox 

Electric Furnace 

COMPOSITION. P 

Wrought, 3/4-in. -diarri. bar 

Per ASTM A-213 

Babcock & Wilcox 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE OH PROPERTIES OF METALS   ••                                                      '     7-17'      ' 
LATERAL    Allov Steel                                                                            DATA AND PUBLICATONS PANEL DATA SHEET 

ALLOY       Cr-Mo-V                                    ^        IMESSS.                                                                                       WMT      Commercial 

SPECIFICATIONS: CHEMICAL. COMPOSITION. PER CENT 

C- MR P s •» CR Nl Co Mo W C* Tl . "At V B 

0.11 0.40 0.015 0.018 0.23 1.00 0.85 0.26 
Co FE 

[.(OXIDATION 

HlSTOlW Of MATERIAL 

«MIWF<wI)«T«         U.  S.   Naval Engineering Experiment Station                                                                  "           -•       " 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPER.,... 
10IPSI 

sKS. YIELD STRENGTH. KSI ELONGATION 
TAREA" 

UJOX 0.ISJ OJ* 

80 113.1 97. 1 IS 65 
98.4 81.3 14 61 

700 94.0 76.8 16 64 
800 91.2 74.6 16 66 
900 85.0 64.4 16 68 

1000 75.0 59  7. IS 77 
1 5 

, 

n 

5: o 

n 

o 
< 

 



ORIGINAL CREEP AND RUPTURE DATA 

T,.•., "ST 
TIME. HOURS FOR TOTAL^FLASTK STRAIN 

X/HR 
INTERCEPT """STECREEF"1" DURATION 

X 01* 0.!* OS* 1.0(5 HOURS X 

1000 65 13      R 17 
1000 62 144       R 14 

.     1000 60 1 150 279       R 10 
1000 54 0. 006 0.35 150 331        R 11 
1000 52 0.00121 0.38 600 900       R 4 
1000 50 o nnofti 0.43 4 
1000 40 0.00015 0.06 ?inn s 
1000 25 0.000037 0.045 2088 0. 121 
1000 20 0. 000024 0.025   2016 0.068 
1000 14 0.000009 0.016   2040 0. 034 
1100 60 1.6 R 25 
1100 52 _| 20       R 19 
1100 48 1 70       R 7 
1100 45 0.0032 0. 20 ~ 150 254       R 2 
1100 40 0.0018 0.25 200 380       R 4 
1100 35 0.33 3 
1100 30 0.00022 0.48 107.5 1.356       R 4 
1100 25 0.00015 0.67 2800 4888       R 4 
1100 20 0.000039 0.047 __ 2040 0.116 
1100 15 0.000037   . 0.086 __ 2040 0.161 
1100 12 |- 0.000036 0.058 __ 2088 0. 133 
1100 10 0.000023 0.039 __ 2016 0.086 

STRESS. M 

CREEP AND RUPTURE STRENGTHS 

TE.F,..,... TOR NURTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEF RATE 

I0HRS ICO MRS I.UOHRS 1MCOHRS •   lOtOWHRS OOOOCOlC/HR O.NN0IX/HR O.OOOIX/HR LOOIX/HR 

1000 62 52 in 14   5 
1100 47 35 20 6.6 21 

1 

ASTM^ME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTlfe*OF METALS                                                                          7-1 

HHTFI.II'        Allov Steel                                                          DATA AND PUBLICATIONS PANEL DATA SHEET 
|TTPEOF                                                                                                                                                                                   |SI«.OF 

- 

CHEMICAL COMPOSITION, PER CENT 

c- Ml P s Si c Ml Co MO w c. Tl AL V B 

0.30 0.92 0.30 1.16 0.25 1.21 0.19 
Cu Fi 

0.04 

HEAT TREATMENT           Air cooled from 1780 F: temDered at 1150 F for 4 hr. 

HARDNESS                   3-41 BHN 
L..»-rmn.x.             U.  S.   Naval Research Laboratory 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

,..,.„,... •Ssr STRENSTH 
YIELD STRENGTH. KSI EI.OMMIM *T£T 

0.KSS 0.1a 12% 

30.2 161.7 141.8 9 18.8 
1        900   121.9 108.2 15 50.8 

1000 24.1 110.5 95 __ 55 

CREEP AND RUPT URE STRENGTHS 

TEMPERATURE STRESS. K! FOR RUrTUDXn TIMES INDICATED -                                                                   |                                                  STRESS. KSI FOR DES MATED CREEP RATE 

10 HM <*H*S •    LCttrlRS 1UNHRS IMLOW HRS                       OJMOOOIjf/HR M0»1«/HR tUMIjE/HR H.0MSS/KR 

900 107 100 94 88.5 
950 99 96 9^ qo.s 

900 118 100 85 71.5I 

\ 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME IHDICATID BY R m TEST DURATION COLUMN) 

TEMFERATURE •K" (DELETE ONO X/KR X 
TRANSITION TO THIRD Sr 

X MX 0JX MX l« HOURS X 

Plain .. 
800 122 0. 12 23. 9 R 
900 105 I 0.078 
900 100 0. 043 
900   . 95 0.0015 744.     R 
900 90 0. 00055 1074.+ 1 
900 80 0. 00020 1007+ <1 

Notched 
900 100 __ 91. 5 R 
900 95 __ 
900 90 __ 258.8 R   

Plain —• 
950 100 0.47 5   7 R 
950 95 0.0066 251.6 R 6 

Notched 
•      95 __ 35. 5 R -..   J 

       • 
    L :    

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

PANEL DATA SHEET 

Electric Furnace 
_2=38LJ 

CHEMICAL COMPOSITION. PER CENT 

0.66 

2. 000" O. D. x 0. 375" wall seamless tubing 

n 

o 
< 

5 o 
< 

n 

o 

Pierced, hot roll,  Rotorolled, tempered 1375 :F 

Tempered 1375 F 

Timken Roller Bearing Company 

ORIGINAL CREEP AND RUPTURE DATA                                                                                                         •. 
(RUPTURE TIKE INDICATED BY R IN TEST OURATrOK COLUMN) 

TEMPERATURE •w 
TIME. HOURS. FOR TOTAL_OR^FLASTIC STRAIN 

"-IS!"" INTENT ."nsrssr- 
R 

EL0N6ATION 
X 01* "X os* l-« HOURS ,      X 

1000 40.0 26 40 
1000 39.0 124 35 
1000 30.0 1 431 31 
1000 26.0 1004 26 
1000 20.0 3871 26 

1050 25.0 114 48 
1050 18.0 652 43 
1050 11.5 2773 30 

1100  . 20.0 25 67 
1100 16.0 114 87 
1100 12.0 631) 103 
1100 10.0 896 54 

| 
CREEPANDRUPTURE STRENGTHS 

TEMFERATURE STRESS. KSI FOR RUPTURED! TIMES WDICATEO                                                                     ft                                                  STRESS. KS FOR'DESIGNATED CREEP RATE ' 10HRS 100 NR* UO0H1W 10.000 HRS «... 
" 

(UuuaiX/HR OMMIX/NR OJXOtS/HR 0AOIX/HR 

1000 39 7.5   7 17* u» 
1050 25.3 15.2 7.7* 3.8*        I 
1100 16 9.6 3.6* 

1 
*Extrapo ated. 

, 

CO 

 



Alloy Steel 
H-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

DATA AND PUBLICATIONS PANEL DATA SHEET 

1-1/4 Cr - 1/2 Mo MELTIW6   Electric Furnace 
Timken Roller Bearing Company 

CHEMICAL COMPOSITION, P 

C                  M*                   P                    S                   S, C.                  N,                  C Mo w              c ,          j          T, AL V                    S 

0.08   0.39   0.013 0.020   0.66 .18   0.24 0.57 

Cu                  Ft 

2.000" P.P.  x 0.375" wall seamleBa .ubing 

Pierced, hot rolled, cold drawn, annealed from 1625 F 
Annealed from 1625 F 

Timken Roller Bearing Company 

ORIGINAL CREEP 
IK TEST DURATION COLUMN) 

TEMPERATURE Tf 
TIME HO-JRS. FOR TOTAI^PLASTIC STRUM 

INTERCEPT •ffS£S""° 
R * 0.1*           |             "SB OS* 10* HOUR,  I    , 

1000 40.0 135 31 
1000 32.0 1226 23 
1000 26.0 2820 22 
1000 20.0 5470 17 
1000 20.0 5336 11 

1050 25.0 , 355 23 
1050 21.0 773 33 
1050 13.0 : 3584 59 

1 1 
1100 20-. 0 j       132 47 
1100 16.0 i                            304 65 

:•  noo 12.5 . 824. 77 
!! 1100 10.0 1 1543 48 

1                                        | 

1 j 
i ; 
i 

CREEP AND RUPTURE STRENGTHS 

«""r°" STRESS. KSI TOR RUPTURERI TIMES INDICATED STRESS. K<SI rOR DESIGNATED CREEP RATE 

UOHRS I.DX.HRS ISAM MR* I0O0O0HRS 0LMOOM%/HR OJWOUS/HR OJBOISVHR OAOISJ/HR 

1000 33 q ?* 
1050 30 11) i 5* 
1100 21.7 11.8 5* 

*Extrapi lated. • 

Alloy Steel 
1-1/4 Cr - 1/2 Mo 
Timken Roller Bearing Company 

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

D PUBLICATIONS PANEL DATA SHEET 

Electric Furnace 

CHEMICAL COMPC S1TION. PER CENT 

'      c '       M. p      •    's            s. C»         [       Nl          .        C 0                 Mo w CR :   TI    ;   AI V B 

0.12 0.40 0.013 0.018   0.63 1.22' 0. 15! 
i          1 
0. 58  ; 

! 1 
!   cu        rt              : ' ' 

2. 000" P.P.  x 0.428" wall seamless tubing 

Pierced,  hot rolled,  Rotorolled,  annealed from 1475 F 

Annealed from 1475 F 

Timken Roller Bearing Company, 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE TE- •"— FOR TOTA^OR2£STIC STRAIN 

X/HR X 

TRANSITION TO THIRD 

R 

"•- 
0.1* 0-2X o.sX IJJ* HOURS SS 

1000 40.0 107 43 
1000 35.0 *" 639 32 
1000 30.0 1492 7A 

1050 35.0 33 42 
1050 30.0 122 44 
1050 26.0 408 44 
1050 23.0 599 61 
1050 18.0 1389 61 ;                     ; 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KS FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE T 
I0HRS mum J.OWHBS 1WWHRS 100.0011 HBS o«aeisVHR DJOWIg/MR OJKOlX/HR 0.IO1 X/HR 

1000 40 3?.   5 21 . 5* 
1050 30.3 19.7 10* 

.. 

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

Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 

1-1/4 Cr - 1/2 Mo Electric Furnace 
Timken Roller Bearing Company 

COMPOSITION, P 

8. 648" P.P. x 1. 250" wall seamlesn tubing 

Pierced, hot rolled, annealed from 1625 F 

Annealed from 1625 F 

Timken Roller Bearing Company 
ORIGINAL CREEP AND RUPTURE DATA 

(RUCTVRE TIME INDICATED BY £ IN TEST DURATION COLUMN) 

TEMPERATURE •w TIME. HOURS. FORJfOT^OR^A^IC STRAIN 

X/HR % TRANSITION TO THIRD 
DURATION T 

EXTENSIOH 

ELONGATION 
MX OJX o.s* 1-W HOURS % 

1000 40.0 73 46 
1000 35.0 371 46 
1000 30.0 790 60 
1000 25.0 2601 r  44 

" 

CREEP AND RUPTURE STRENGTHS 

TEMPERATE STMSS. KSI FDR RUPTURE IN TIMU INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

10HRS U»HR; 1000HHS 10,000 HRS ,00.000 HRS 1000001 */KR naait%/Kft 0.MOIS/HR IUXIX/HR 

1000 3ft. <=. 

\ ; 
j                       1     *Extrapo Lated. 

o 

n 

2: o 

 



1-1/4 Cr - 1/2 Mo 
HODUCEH     Timken Roller Bearing Company 

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

DATA AND PUBLICATIONS PANEL DATA SHEET 

Electric Furnace 1H"AT 

CHEMICAL COMPOSITION. PER CENT 

10. 500" O. D. x 1. 325" wall seamleea tubing 

Pierced, hot rolled, annealed from 1625 F 

Annealed from 1625 F 

Timken Roller Bearing Company^ 

ORIGINAL CREEP AND RUPTURE DATA 

"«Z«^ ND RUPTURE DATA 

„„„,„.. "K» (aacrcoKE) MINIMUM CREEP RATE * '^TA^CREE?'"0 
DUKAtlOM 

R % 0-1* 0.1* 0.1* 1.0* HOURS * 
1000 38.0 20 40 
1000 29.0 38* 20 
1000 24.5 ' 1,125 16 
1000 18.0 6,051 11 

1050 25.0 121 32 
1050 20.0 370 14 
1050 16.0 1,006 25 
1050 10.5 10.547 29   _ 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE <N TIMES INDICATED STRESS. KSI FOR GESIGNATTO CREEP RATE 

10 HRS 100 HRS 1.000 MRS IWOHRS 1U.000HRS 0.0U0II1*/HR 0.«M1J/Hft H6M1*/HH 0401X/KR 

1000 33 25 17 11. s* 
1050 26 16 10.7 

— *Extrap c lated. 

Alloy Steel 
1-1/4 Cr - 1/2 Mo 
Timken Roller Bearing Company 

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

A AND PUBLICATIONS PANEL D, 

Electric Furnace 

CHEMICAL COMPOSITION. PER CENT 

Aluminum 
2.250" P.P.  x 0.460" wall seamless tubing 

Pierced, hot rolled, Rotorolled, annealed from 1625 F 
Annealed from 1625 F 

Timken Roller Bearing Company 
CREEP AND RUPTURE STRENGTHS 

-EMfERA- 'BE STRESS. KSI FOR RUPTURE .N TIMES INDICATE:                                                                                                                                                 STRESS. KSI FOR DESIGNATED CHIEF RATE 

.   10HRS                    |                 I00HRS                                     1.000KBS                j               ,0.000 MRS                j               WS.OK HRS               .            CX0^.*/KR            j             0-OOG°.*/HR 0.0001 SS/HS 0.001 */KR 

1000 1                          [41            ,'30                    ?.?.#                                                                 ; 
1050 L_                       ;          21                       9.4*                                 i 

*Extraoc lated. 

I 

(RUPTURE INDICATED YRINTES T DURATION 

TEMPERATUB •\sr 
TIME. HOURS. TOR TgT^OR^UCTrC STRAW 

*/HR X 
""£I^r° 

R 

•- 

0.1* 0.1* 0.1* 1.0* HOURS * % 
1000 35.0 362 27 
1000 28.0 1743 37 

1050 20.0 1150 44 
1050 13.0 3952 46 

•     „ 

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

MATERIAL Alloy Steel                                                                  DATA AND PUBLICATIONS PANEL DATA SHEET 7-44 
ALLOY 1-1/4 Cr - 1/2 Mo                           !MST«          Electric Furnace                                             1•    Cnmrrwrrial 
PRODUCER    Babcock & Wilcox 

CHEMICAL COMPOSITION. PER CENT 
o MH P s Si       . Cl Nl Co Ma W C.       |       Tl AL V B 

0.12 0.47 0.012 0.012 0.721 1.21 0.17 0.52 
1 

| 
Cu Ft '• 

0.08 

1      ! 1         I 
DEOXIDA1ION 

FORM B SHE BAR. SHEET. CASTINGS. ETC.                    WrOUght   tublttfi 

HEAT TREATMENT          Annealed per ASTM Spec.   A-213                 . 
MICROSTRUCTURE 

GRAIN SHE 

HARNESS                                     Rh    -    83 
SOURCE OF DATA          Babcock & Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 

,„„„„., TT 
„» TO, T^„.^C STRAIN 

X/HR * •3S£%sr' DURATION * 0-1* «.» OS* 1.0* HOURS * 
1000 40 0. 018 300 R 11 

1000 32 0.0019 876 R 5.5 
1000 30 1, 180 R 7 

1000 25 0. 0005 ?., 81 8 R 4   5 

1000 22 3,688 R 14 

1000 19.4 0. 0002 4,619 
1000 19 0. 00022 ' 5,324 R. 12   5 

1000 16.5 0.00019 l n, 414 R 11 
1000 10 0. 00006 5,676 

1000 8 0. 000037 9,480 

1000 4 0   00001 11,204 

1100 15 ' 1 0. 0048 385 R 32.5 

1100 12 0. 0033 982 R 41 
1100 10 0. 0026 2, 828 R 27.5 

1100 9 4, 294 R 45.5 

1100 8 0. 00098 6, 907 R 31   5 

1100 7 0. 00056 10,328 R 30 

1100 3.5 0. 000048 10,251 

1100 1.6 0. 000014 ?., 200 

1100 1.6 0. 000006 7,864 

CREEP AMD RUPTURE STRENGTHS 

•T•» STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

10 MRS 100 HRS ICOH HRS 1UU0HRS 100000 HRS 0.0COH1*/HR 0.O»01*/HR 0.0M1*/HR O.OOIfc/HR 

1000 31 16.5 4.4 12 30 

1100 12 7.3 4.3* 1.9 3.9 8 

*Extrapo ated. 

• - 
1 

n 

o 

 



ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON 

Alloy Steel A AND PUBLICATIONS PI 

1-1/4 Cr - H2Mo Electric Furnace 
Babcock fa Wile ox 

IH'"T(":   C omme rcial 

CHEMICAL COMPOSITION. P 

T.CASIINCS.ETC Wrought tube.  5-9/16" P.P. x 1.250" wall 

Annealed per ASTM Spec. A-213 

Babcock fc Wilfcox 

ORIGINAL CREEP AND RUPTURE DATA 

:' ''TEMPERATURE T5P 
TIME. HOUR*. TOR TOTAL OB ELASTIC STRUM 

(OELETEOHQ S6/HR- 
INTERCEPT % ^rrwo 

"=• ZliZ, 
0.1* M* 0« L0* HOURS X 

-••woo •••• 38 , 0.016 293 R 14 
:'    1000 38 0.014 312 R 17.5 

1000 30 I 0. 0025 1,322 R 11 
1000 27. 2.177 R 9 
1000 24 ,0^00073 3. 602 R 19.5 
1000 17.5 0. 00009  9.677 R 26 

:       1000 15 0.00012 16,817 R 15.5 
*' .1000. 13 0. 000054 20,414 R 15.5 
"iilOOO •. 10 0.000015 5.177 
il 100<>:: 8 0.000009 14.978 

s "Moo .• 7.5 0. 00001 15.287 
1100 15 0. 0074 483 R 45 
1100 12 : 917 R 62.5 
1100 10 0. 0027 4.118 R 50.5 
1100 10 0.0015 6.481 R 27.5 
1100 8 0. 0025 4,939 R 41 
1100 6.8 0. 00094 9,930 R 36.5 
1100 6.5 0. 0004 14.357 R 22.5 
1100 6 0.00010 
1100 5 0.000092 
1100 3.5 0.000027 
1100 2 0.0000067 

CREEP AND RUPTURE STRENGTHS 

~r" FOR RUPTURE IN TIMES INDICATED STRESS KSI FOR DESIGNATED CREEP RATE 

UHRS 100 HRS 1.WSHRS UUKOHRS I00JXCHRS 0AOU»1S/KR 0,00001 ig/HR 0.DK.ISK/HH flOOiSH/HR 

1000 31 17 9* R 17 ?.5 
1100 12.5 7 3.9* 2.4 5.8 8.5 

*Extrapt lated. 

ASTM-AS ME JOINT COMMITTEE ON E-CS T =" TEv^ERATURE OH PROPERTIES OF W 

M,mi..M.        Alloy Steel                                                                MT*ANC> m^Mr-oNS =>»NEL DATA SHEET 7-46 
.LLOT           1-1/4 Cr - 1/2 Mo                    \l\""o     Electric Furnace                                        K° 
I-OOOUCER       Babcock & Wilcc X 

CHEMICAL COMPOSITION. PER CENT 

C- MK        I         P s       '-' $• C         j        Nl Co Mo w CB Ti Au V B 

0.12 0.47 0.011 0.017 0.68 1. 26 11,12 0.54 
Cu Ft ! 

0.03 
1        ! 
I        ! 

DEOXIDATION 

FORM i SUE - BAR. SHEET, CASTINGS. ETC.                         WrOUCht   tube 

• 

KEtTTRHTMEtiT           Annealed per ASTM Spec. A-213                                                                                                                                         | 
MICROSTRUCTURE 

seuRCEoroAT*              Babcock fc Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEMPER., TIT 
T^HOllRS.FORTHALORP^S•.* 

*/HR X 
""STSSE?"'0    • -B? 

EXTENSION* 

ELONGATION 
0-1* o.« O.S* IDS HOURS- "    * 

1000 30 700 R 13.5 
1000 27 , 978 R 16 
1000 24       1 1,971 R 24 
1000 21 ' 3,004 E 20.3 
1000 18 0.00024 5.138 R 23 
1000 16 0. 00038 4.654 R 7 
1000 12 0.0004 15,407 
1000 9 0.000054 22,953 

1100 16 .     142 R 44.1 
1100 13.5 362 R 42.5 
1100 12.2 629 R 36 
1100 10 1,724 R 33 
1100 7.2 0.000015 -7,835 R 20.5 
1100 2 23.940 

CREEP AND PTURE STRENGTHS 

TCP,•, STRESS KSI FOR RU |                                                   STRESS KSI FOR DESIGNATED CREEP RATE                                   i   ' 
IdHRS                 j              1*1 HRS 1.C00HSS IIWHRS IMAOOHRS G.K>U01*/HR OjMOOtiJ/KR 0J00IX/HR 0JMI«/HR 

1000 26. 5 M   5 8   9* 
1100 11 6.9 4.3* 

..   ^   • 

*ExtraBJolated. 

•to* 
lO 

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

UITFPMI            Alloy Steel                                                                                 DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                           7—47 

ALLOI-1/4 Cr - 1/2 Mo                               IMELTING  Electric Furnace                                         IHEAT°F     Commercial 
ppomirFR      Babcock & Wilcox 
SPECIFICATIONS. 

(a) 
(b) 

(a) 

CHEMICAL COMPOSITION. PER CENT 

C- MK P S Si    . CR Nl CO MO    - w C> TI Al V B 

0.10 
0.11 

0.47  0.012 
0.48  0.014 

0.020 
0.022 

0.78 
0.81 

1.22 
1.25 

0.07 
0.07 

0.52 
0.50 

Cu Ft V " 
0.03 

DEOXIDATIOH 

HEA      RCA  M HT (a) Subcritical anneal:   (bl ASTM Soec. • A-213 
M CROS  RU       RE 

r.R   N 

HARDNESS 

Babcock & Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 

,„„„„., 
•3" 

TIME HOURS. FOR TpT^ORFLASTK STRA1R 

X7NR X 
~VSTSS"~ 

R 

EXTENSION 

EUHGATION 
!E 01* 0.1* OSX LWB HOURS * 

(a)1000 30 44 
1000 26 552 51 
1000 24 1,062 48.5 
1000 18.5 3,825 59 
1000 15 14,541 41.5 

1100 18.3 80 71.5 
1100 13.6 
1100 10 4.264 43 
1100 9 7,752 39.5 

(b)1000 38 1 0.0028 1.057 15 
1000 35 1 0.0029 '     1.108 15 
1000 30 0. 00074 2,440 12  5 
1000 25 0. 00033 3,144 20 
1000 19 0. 0001 6,925 38 

1100 16 0. 023 498 35.5 
1100 12 0.007 1,375 42.9 
1100 10 0. 0017 3,544 29.5 
1100 8 0. 00048 11,433 34 

n 

5 o 

 



TEMPERATURE STRESS. KSI FOR RUPTURE 1R TIMES INDICATED STRESS. KSI FOR DESIGHATEO CREEP RATE 

ISHRS 1GSHR5 lOSSHRS 1SAOSHRS 10UXOKRS EAOXOTX/HR LKWIX/HR S.UWX/HR •urnc/wi 

(all 000 n 11 
1100 12.5 8.5 5.6* 

(b)1000 37 11* 19 32 
1100 13 8.2 5.2* 4* 6 «J 

•Extrapolated. •* 

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

MATERIAL Alloy Steel                                                         DATA AND PUBLICATIONS PANEL DATA SHEET 7-48 
1-1/4 Cr - 1/2 Mo                      BOS.        Electric: Furnace                                          E" 

PRODUCER      Babcock & Wilcox 

(a) 
(b) 

(a) 
(b) 

CHEMICAL COMPOSITION, PER CENT 

c- MK p s »   t c> Nl CD Mo w Cl- ip At V B 

0.09 
0.09 

0.44 
0.51 

0.019 
0.023 

0.019 
0.017 

0.66 
0.89 

1.27 0.15 
0.18 

0.55 
0.62 

Cu. 

0.06 
0.09 

DEOXIDATIOR 

FORM « SIIE- AR. SHEET. CASTINGS. ETC.                    WrOUKht  tubine 

HEAT TREATMENT              Subcritical anneal 

MICROSTRUCTURE 

GRAIN SIZE 

--RO.ESS                                   Ihl      Rv-71 
SOURCE OF BAT Babcock k Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(IHJPTJJRETIME INDICATEO BY R IN TEST DURATION COLUMN) 

TE.,„ATU., TS" 
TIME. HOURS. FOR TOTA^ ORPLASJI csnci. 

—"«S5-"• X 
"TTAS'CKET" OU RATION 

X SIX six MX TJJ* HOURS X 

(al 1000 30 646 26 
1000 27 953 41.5 
1000 24 1,566 35.5 
1000 20 2,232 70.5 
1000 17.5 2.831 58.5 
IOOO 16 5.282 66.5 
1000 14.5 8.795 50.5 

1100 22.9 14 60 
1100 18.5 92 55.5 
1100 12.9 454 72 
1100 10 2,903 39.5 
1100 7.2 19,934 18.5 

(bl 1000 30 154 36.5 
1000 26 299 49.5 
1000 18.5 1,238 80 
1000 16.5 1,906 49.5 
1000 14 4,403 55.5 
1000 12 9.771 57 ; 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

I0HRS ICCHRS 1.COTHRS IO.0MHRS 100.000 HRS 0.000001 X/HR 0.DKOIX/HR 1COMX/HR S.U1X/HR 

(al 1000 26 14 9.1* 
1100 12 7.8 5.2* 

(hi 1000 19 -12 7. 5* 

*Extra f olated. 

'                                                       ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS  5 
MATERIAL Allov Steel                                                               DATA AHD PUBLICATIONS PANEL DATA SHEET 7-49 
•CLOY 1-1/4 Cr - 1/2 Mo                   IMVELT,NC   Electric Furnace                                          Bow Commercial 
FROOUCER       Babcock & Wilcox 

CHEM1CAL CO M POSITION. PER CENT 

C- M„ P s 51   1 c> Nl Co -  Mo w c» Tl At. '    V B 

0.12 0.43 0.012 0.014 0.651 1.50 0.56 

Cu Ft 

"" 
DEOKIDATIOH 

IORM O SITE 

HEAT TREATMENT           Normalized and drawn per ASTM SnecJ A-369 
MICROSTRUCTURE 

GRAIN SITE          '                                                                                                                                                                                                                                            ' 

SOURCE 0,0 Babcock & Wilcox 

n 

5: o 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEMPERATURE IS" 
TIME HOURS. FOR TOTA^C^ASTJC STRAIN 

%/nn % "SSrSS" 
R 

EXTEKSWN 

ELONGATION 
X SIX MX MX IMS HOUR* * 

900 45 958 27 
900 42 2,424 28.5 
900 40 '1 2; 783 30.5 

,      900 35 6.434 29.5 

1000 28 ^ ,- 265 49- 
1000 25 450 52.5 
1000 20 1,913 54 
1000 15.5 5,645 31 , 
1100 16 152 86.5 
1100 12 555 .    80 
1100 10 1,598 40 
1100 7 12,406 68.5 

i- • 
CREEPiAND RUPTURE STRENGTHS 

. TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED     .               -V       . STRESS. KSI FOR DESIGNATED CREEP RATE 

10 HRS IMHRS I.OMHRS 1A.AWHR9 1W.M0HRS 0J»jt10.5C/HR DJUOOIX/HR O.LB0IS/HR SAtlX/HN 

900 45 « 
1000 22 14.5 9.5* 
1100 11 7.5 5.0* .v. 

1 1 s 
9 • 

^Extrapolated. 
i :— 

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

MATERIAL Alloy Steel                                                                DATA AND PUBLICATIONS PANEL DATA SHEET 7-50 
ALLOT 1/4 Cr- 1/2 Mo                        |J.7LT,N'0     Electric Furnace                                        !£«"' Commercial 

Babcock & Wilcox 
CHEMICAL COMPOSITION, PER CENT 

C- MK P s      '     s. CF Nl Co Ma w Ct Tl AL V B 

0.09 0.48 0..013 0.022 0. 75 1.30 0.51 

Cu • Ft 

i 
DEOXIDATION 

rnRMnwF-nin sMrrr CASTING nr                   WrOUffht  OiDC 

HEAT TREAT M Annealed per ASTM Spec. A-369 
MICROSTRUCTURE 

GRAIN SHE 

-ARONE,'. 

SOURCE OF DA A            Babcock & Wilcox  
CO 

 



ORIGINAL CREEP Ah 
?.*>s7°".•"»u,». 

TEMPO.• ":••'    j        ""'"°° '"""i^sr" SS/HR 
!      .TERCEP,                     '".TASCSET" 

°:r" 
«~- 

|           o..*          '           IK          !           ESS          i           t.cs j          HOURS                          S 
...J.,,0. 

900 57 0.0020                                                                             2,167 24 
900 54 0.0072                                                                             1,632 26.5 
900 50 0. 0023                                             .                        2, 293 30.5 
900 •47 0.00026                                                                   .8.114 13 

1000 33 0.0024                                             :                 :      1.341 9 
1000 30 0.0011                                                                       1.761 7 
1000 25 0.00083                                                                           3,224 19.5 
1000 21 0.00026                                                                           6.309 9.5 

1100 13.5 0.017                                                                             766 :    39 
1100 9       : 0. 0045                                                                      i       3, 028 46.5 
1100 7 0.00064                                                                        10.879 .     21.5 
1100 6 0.00027                                                             !    23.808 25 

1 

!;••••                                                   • 

' 
CREEP AND RUPTURE STRENGTHS 

900 

STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KS. FOR DESIGNATED CREEP RATE 

I0HR5 IMHRS               !             IMOHRS             |             HLOM HRS             i            LOWHRS CUCOOliE/KR          I           laSMIS/HR EKOIS/HR ILOOIB/HR 

44 48 
1000 36                    18.5 10* 11 17. 5 27. 5 
1100 12.5 7. 1 4   5* 3   1* 4  9 7   R 

• Extract )lated. 1 

IF TEMPERATURE ON PROPERTIES OF METALS 

Allov Steel PANEL DATA SHEET 

1-1/4 Cr - 1/2 Mo Electric Furnace Commercial 
Babcock fe Wile ox 

COMPOSITION. P 

(a) 0.12   0.43 0.012 0.014   0.65 
(b) |0.090.48 0.013 0.022 0.75  1 

0.50" 
0.51 

Wrought pipe 

(a) Annealed per ASTM Spec. A-369^-'  (b) Normalized and drawn per ASTM Spec. A-369 

Babcock fa Wilcqy 
HO^TTIME TENSILE PROPERTIES 

ST Tempera- 
tute, F 

Elongation, 
ft  

CREEP AND RAPTURE STRENGTHS / 

TEMPER,• 
STRESS. KSI TOR RUPTURE IN TIMES NDIC.TED 

—r^ OtftOOl SB/MR SUHUIX/RR 

ORATED CREEP RATE— 

 ^T.  I.HRS 100 HRS LCMHRS I0JKOHRS 

(a)    900 45 38 ?.Q sft 41   5 
1000 26 15 Q         j 7.1 

S     •> B   1 

48 43 1 
28 14.5 q 
10.5 6.6 4              I! 1 1 B 

,.•,.T.rj;c.Tr..*R?."T,•.•c»..» 

TEMPE-AT,., 
TIME HOURS. FOR TOTA^OR PLASJJC STRAIN 

X/HR ,„T" rs^cSJ• 
K. X s.»        1         .« OS* l« HOURS * 

(a)   900 47                             ! 0.023 266 24.5 
900 43 1       0. 0028 3,658 22.5 
900 40                          ! I       0.00041 12,295 18.5 
900 38 j       0.0012 9,723 . 31 

1000 27. 5 !       0.009 732 23.5 
1000 25 i       0.0043 1,377 23 
1000 20 |       0.0028 3,348 44.5 
1000 14 0.00087 13,205 43.5 
1100 13.5     j |       0.013 855 46 
1100 11.5     ! 1,411 51.5 
1100 9 0. 0023 4,642 6* 
1100 7.5 0. 00065 13,191 '  45 

(b)    900 47 2,075 24 
900 45 3,139 21 
900 42 | 18,994 12 

1000 30 292 36.5 
1000 28 1,048 21 
1000 25 1,116 24  5 
1000 20 3.131 35.5 
1000 16.5 5,795 38.5 

(See other side. 1 „ 

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

Alloy Steel A AND PUBLICATIONS P) 

1-1/4 Cr - 1/2 Mo 
Babcock & Wilcox 

,TI°G   Electric Furnace 

ta),(c) 
<b) 

CHEMICAL COMPOSITION. P 

0.10 i 0.39 0.015 10.0161 0.71 11.02 
0.11    0.44 0.016 !Q.020I0. 75 1.10 

0.51 
0.51 

Wrought pipe 

(a), (hi Annealed per ASTM Spec. A-369: (c) normalized per ASTM Spec. A-369 

Babcock & Wilcox 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

c) 1100 

_sV243_ 

6,342 

2,015 
19.5 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS KSI FOR RUPTURE IH TIMES INDICATED STRESS.KSI FOR DESIGNATED CREEP RATE 

I.HRS KOHRS I.UOHRS 1MFA.HRS ,«UXUHRS umm %/KR SAUDI X/KK .•»*/HH SR9IH/HR 

lal    900 53 44 
1000 31 18 10* 10.7*    - 17 27.5 
1100 13 7.7 4.9* 4.8 10 

Ih) 1100 15 9.6 5.7* 8.4 13.2 
(cl    900      I   46 

1000       1 40   ... 
1100      1 11.5 7.5 5* 

1        *Extrap >lated. 

*R. 

n 

5 o 

 



ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

''     TEMPERATURE ",T 
TIME. HOURS. FOR TO^OR^SJTC STRA 

SE/HR % ,..•,.,»,.„ 

R 

"»• 

0.1 % 0.2* &5* l.o*S HOURS                          % % 
(a)    900 52 0.0019 1,790 16 

900 50 0. 00075      :                 i 7,353 16.5 
900 48.5 0. 00072                                          ; 3.554 12.5 
900 47 0.00038                                                       !      9.738 13.5 

1000 30 0.0016       !                                                  1      1,514 9.5 
1000 25 0.00070      i                                    ,                  I       5.673 12.5 
1000 20 0. 0Q022      ;                                                              9,394 10 
1000 18.7 0.00016                                                            i       7.398 36.5 
1100 13.5 0. 0024                                                                           901 15.5 
1100 9 0.0017                                                                             5,174 38 
1100 7.5 !                             0.00039                                                                         11.628 

i              :                       ,                                                           i 
(bl 1100 16 i                             0.016                                                                                     537 30 

1100 14.5 0.0032                                                                      1.413 25.5 
1100 13 i                          0.00068                                                                    2.901 18. 5 
1100 10.5 0.00029                                                                    7.061 13 

(c)    900 47.5 7,407 15.5 
900 45 11.995 13.5 
900 42 17.218 12.5 

(Se« other side.) 

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

u.•.,          Allov Steel                                                                       °A" AND PUBLICATIONS PANEL OA-A S-EET _ 7-53 
1-1/4 Cr - 1/2 Mo                    ^t,•                                                                                 Ut-:' 

SrCCinCATlONS:                                                               I                                                                                                                                 CH-M'CSL CCVPOSIx10N   PE* CENT 

|         C-        '       M>                   ?                    S                   S.                   C.                  N                   Co                 «s                  IV                  C,                  Tl AL           •           V 

(a) '0.11 '0.47  0-010 0.019   0.75  1.30                             0.60 
(bijO.12    0.43   0.008 0.018    0.70   1..22                                0.58 

] 
|        Cu                  Ft 

DEOXIDATION 

FORM* SIZE- BAH. SHEET, CASTINW. ETC           Pipe:   (a)9.21"I.D.  - 2. 335" wall ; (b) 7. 150" O. D.   -2.80" wall 
HISTORY OF MATERIAL 

Specimens taken tangentially at mid-wall 

HEAT TREATMENT 1650 F,  2 hr,  slow cool at max.  of 50 F/hr to 1200 F anc air cool 

GRAIN SIZE 

HARDNESS 

SOURCE OF DAT. Timken Roller Bearing Company * SHORT TIME TENSILE PROPERTIES                                                                                                                                                               MISCELLANEOUS DATA 

T— 
losps;        : 

NS,EE         i                              YIEEU STREET-   «•                                     E- 

RcW                FEYEEVT ASr'                      0.O2X                        0.13                         EE*                     F 

alRoom 74.9         32.0                           38.0        31.0          49.2 

35.5        2 (b)Room 72.2         31.0 0.5          44.0 

ORIGINAL CREEP AND RUPTURE DATA 

TE.PE,,.,.. ";,?• „„„,=.„..„ NTERCEPT                         •%S?Z EEP                         |             DURATIO 
„;So. 

MJS           !             *1% CSX            |             I.CSS            | HOURS *        ,          R s 

(al 1100 17.0    !                   i 401.4 33.2 
1150 11.5    i                   ! 619.7 54. 1 
1200 9.0    i                                        1 333.6 38   R 

i                                        1 
lb) 1100 17. 0   i 377. 5 21.7 

1150 11.5                                            1 644.6 ?.?. 4 
1200 9.0 392.2  25.2 

CREEP-.^-.--".-aE*• 

TEMPERATURE STRESS. KSI FOR RUPTURE iN TIMES INDICATES ST^SS. *s: =-s ^ SESISKATED CSEE? RATE ' 10HRS                 j              KOHRS                ;              I.CUHRS                           Itia HHS                           Ei~KRS                       c •:S/HP.                :.u;::«.'>:s ;.:;;,£/HR E.EEiSJ/HH' 

(a 950 i                          i                          .                          .         17.0 
1000 11.8 

1                                                                                                          1                                                     1 
(bl    950 16.6                               :                        I 

I 000 12.0       j                       I                       ( 

'! 
1                  1                   I 
;!                          i                          i 

:' ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEM ERATURE ON PROPERTIES OF METALS 

• HATERLE            AlloV Steel                                                                                                 DATA AND PUBLICATIONS PA NEL DATA SHEET 

1-1/4 Cr - 1/2 Mo                    i",'iT,"=                                                                                S.V" 
'PRODUCER       Erie Force & Steel CorDoration 
SPECIFICATIONS. 1 EMICAL COMPOSITE N. PER CENT ; 1        C                                   P                 S                5.                c. N,                  CO Mo        '        H> c. T( At V s 

j (a) 0.13   0.50  0.008 0.016   0. 87 '. 1. 29 
(b) 0.10   0.48  0.009 0.015   0.731. 27 

0.56| 
0. 58: 

Cu                  Fc ! 
; 

llDEOXL.MT.ON 

IreRKSSKE-IJA.,   SHEET cwTi.tM.nc.           PiDe:- 6.23" I.D.   - 2.26" wall 

r"° "* Specimens taken tangentially,   at mid-wall 

||HE*T TREATMENT 1650 F.   2 hr,   slow cool at max.   of 50 F/hr to 1200 F and 
IMICROSTRUCTURE 

GRAIN SI2E 

HARDriCSS 

SOURCE OF D.T^ Timken Roller Bearing Company 
SHORT TIME TENSILE PROPERTIES •i MISCELLANEOUS DATA 

TEMPERATURE               "AS TIC                      TENSILE           •                                   YIELD STRENGTH. KSI                                     1      ELONGATION 

i     .'EVC\"T 
1 

F                    its SI                              KSI                               O.OJJS                             0.1%                             O.ZS                         PERCENT 

(a)Room 78.6         35.0                           42.5        32.5 i     58. 1    • 
;              i' 

(b)Room 72.5          31.6                              36.7         31.5 i     50.6   ! ! 

5: o 

CREEP AND RUPTURE D 

lal HOP 

524.6 
930.3 

26.9 

I  (bl 1000 

! ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEM ERATURE ON PROPERTIES OF METALS 

vi-E......       Allov Steel DATA AND PUBLICATIONS PA NEL DATA SHEET 7-55 
1-1/4 Cr - 1/2 Mo                     «IT,« !HEAT0F 

^joi-ci-i       Timken Roller Bearing Company 
iSWeiHCATMSJ,*; 

i                                                                                                                             CH EMICAL COMPOSITIO 

!        C-             Ms                V                s               s.               o NE                 Co MO                     W                     CO Tl AL V B 

(a) 0.11 : 0.43  0.010 0.019   0.64  1.29 
(b) 0. 10   0.42 0.012 0;014   0.61   1.20 

0. 13 
0. 18 

0. 54 
0.53: 

Cu                     Ft 

(a) 0.11 
(b) 0.12 i 

•FCHS-aSIE-BAR  S-'ET  CASTIVSS   ' Pipe - 8-5/8" O.D.   - 1.35" wall 

i                   Specimens taken tangentially, at mid-wall 

iiMEATTfeA-.M^r             1650 F.   2 hr.   slow cool at max.  of 50. F/hr to 1200 F and 
IMICROSTRUCTUBE 

saiiRttot C*TA              Timken Roller Bearing Company 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TESS!LE                                              HELD STRENGTH. KSI                                          ELON.GAT.O-, THUS?  ) 1 ;         f               13SPSI KSI                              0.C335                            0.1S              '              1.1%                        PERCENT 

(a) Room 71.2         29.7                          36.0        35.5 64.7   ' 
i 

,{b) Room 71.2         30.0                          36.2        37.5 67.0 
1 !                 ! 

i                 i 

 



ORIGINAL CREEP AND RUPTURE DATA 
(MJFTURE TIME IHDIOkTED BY R IN TEST DURATIOM COLUMN) 

TEMPER. •w 
TIMERS FOR TOTAL OR PLASTIC STRAIN 

DELETE ONE) X/HR 
«• -HSUS"" 

R 

EXTENSION 

HI' O-M U% l.« HOORS X 

(a) 1100 17.0 344.3 40.5 
1150 11.5 447.0 24.6 
1200 9.0 307.1 60.1 

(b) 1100 17.0 306.9 47.8 
1150 1U5 354.2 53.9 
1200 9.0 392.3 38.1 

CREEP AND RUPTURE STRENGTHS 

.*T• STRESS. KS FOR RUPTURE M TIKES OICATEO STRESS. KSI FOR DESIGNATED CREEP RATE 

"*HIW 
100 HRS 1.000 HRS 10.000 HRS WWW HRS UMOMX/KI. S.OUOISE/HR O.OMI*/HR O-WtS/HR 

(a)    950 .6*. 
1000 11.4 

Ibl   950 15.6 
1000 11.5 

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

MATERIAL             AIIOV   Steel                                                                                               OAT. ANO FURCATIONS PANEL OATA SNEET 

1-1/4 Cr - 1/2 Mo                   E".i                 "                                                              Eg," 
-RODUCER       Timken Roller Bearing Comsanv 

If! 

CHEMICAL COMPOSITION, PER CENT 

c- MK P s Si C* Nl Co Mo        |        W CR Tl At. V B 

0.11 

8H 
0.43 
fMH 

0.010 
R-8.S8 

0.016 0.63 1.28 0.13 0.56 

Cu Ft 

8: if 
n If. 

DEDICATION 

FORM *S,2E- BAR. SHEET. CASTINGS. ETC            Pit**:        f&) . fbl    1 0~3 M"    O. D.      -1.90"    Will:      (C .    1 0-3 /4"    O. D. 1  67" wall 

Specimens taken tangentially, at mid-wall 

HEAT TREATMENT            165 0 F.  2 hp. slow cool at max.  of 50 F/hr to 1200 F and air cool 
UICROSTRUCTURE 

GRAIM SHE 

KABD..ESS 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA .     . 

TEMPERATURE MODULUS 
lO-PSl 

STRENGTH 
YIELD STRENGTH. KSI ELONGATION REDUCTION ! 

O.OZ* CUSS 0.2% 

la) Room 63.4 29.0 33.7 36.0 65.6 

(b)Room 70.3 30.0 34.0 34.5 65.2 

(c)Room | 74.6 34.0 38.2 33.5          60.8 

ORIGINAL CREEP AND RUPTURE DATA 
{RUPTURE TIME INOICATEO BY R IN TEST DURATION COLUMN) 

TEMPERATURE 

la)1100 

"SS> 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAW 

UINIKUK CREEP RATE INTERCEPT 
!E 

"ZSSW• DURATION 

R 
c2EZ 

0-1* 0J* 0.1* iMt HOURS * 
17.0 211.4 42. 1_ 

1150 11.5 395.4 51.3 
1200 9.0 1 390.2 41.8 

lb)1100 17.0 310.1 57.0 
1150 11.5 " 420.2 51.9 
1200 9.0 326. 0 38.3 

(c)llOO 17.0 352.7 5.7.1 
1150 11.5 425.6 42.8 
1200 9.0 332.3 61.2    -, -     CREEP AND RUPTURE STRENGTHS 

^IMPIRATURE 

la)    950 

STRESS. KSI FOR ffilPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

"""* HOURS 1.000 HRS IMMHttt loom HRS MOmiX/HR IOWOIX/HR •JMIJE/HR OJUIX/KR 

15.0 
1000 11.2 

(b)    950 16. 3 
1000 11.3 

(c)    950 16.3 
1000 11.4 

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

UlOV   Steel                                                                                               DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                                          ^f    tr? 

1-1/4 T.r  - 1/?.M«                        Hi•                                                                                                  IS.V" 
PRODUCER        Erie Forge & Ste el Corporation 

(a) 
(b) 

CHEMICAL COMPOSITION. PER CENT 
c- Mx                   P s '       5. c. Nl Co    • J      Mo w Ct Tl Ai. „ s 

0.11 
0.10 

0.44 
0.49 

0.007 
0.009 

0.020 
0.016 

0.70 
0.80 

1.14 
1.24 

0.58 
0.56 

Cu 
FE 

D.ORIDAT.OR 

FORMS SUE-SA SHEET. CASTINGS. ETC.                     PlPe   -   8-5/8"   O. P.     -1.181"   Wall 

Specimens taken tangentially, at mid-wall 

HEAT TREATMENT 1650 i .  Zhr.  slow cool at max.  of 50 F/EIT to 1 ?.nn F >.H .<> -~,i 

MICROSTRUCTORE 

SOOACtOFbATA Timken Roller Bearing Company                                                                                                                                     . 

SHORT TIME TENSILE PROPERTIES                                                                                     j                                                   MISCELLANEOUS IMTA 

TEMPERATDRE '    MODULUS 
I0EPSI -i• riEJ.DSTREI.OTM. KSI ELONGATION TEE" 

t-<a% 0.1* 0,2% 

(a)Room 79.4 29.5 40.0 29.0 49.fi 

(blRoom 78.0 29.1 39.5 32.5 49.2 
1                 ' 1 

ORIGINAL CREEP AND RUPTURE DATA 

TE.PEJ.ro., 
"KT (DELETE ONE) UIHIMlIH CREEP RATE INTfltCEPT ""SSCSET""   • DURATION 

EXTENSION 

% 0.1 X 0.M (Li* 1.0* HOURS * 
(a) 1100 17.0 

1150 11.5 501.2 27.0 
1200 9.0 296.9 41.9" 

(b) 1100 17.0 339.7 30.7 
1150 11.5 531.5 27.7 
1200 9.0 293.6 37.9 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE |                                                                                STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 
|                 10 HRS 100 HRS 1.000 HRS lOjnOHRS 100.0WHRS OJOOJOir/HR MOMIX/HR OMOIX/HR uais/HR 

lal 1000       i 11.7 

(b)    950 16.3 
1000       I 11.4 . . 

4x 
O* 

ASTM-ASME JOINT COMMITTEE OH EFFECT OF TEMPERATURE ON PROPERTIES OF M 

Alloy 
1-1/4 

DATA AND PUBLICATIONS PANEL DATA SHEET 

'4 Cr - 1 /2 Mo 
aopucER      Erie Forge fc Steel Corporation 

CHEMICAL COMPOSITION. PER CENT 

0.12 
0.12 

0.44 
0.40 

0.009 
0.007 

0.016 
0.015 

0.77 
0.76 

0.56 
0.55 

Pipe:   (a) 10.75" P.P.   - 1.75" wall: (b) 12-3/4" P.P.   - 0.843" wall 

Specimens taken tangentially at mid-wall 

1650 F. 2 hr. slow cool at max. of 50 F/hr to 1200 F and air cool 

Timken Roller Bearing Company 
SHORT TIME TENSILE PROPERTIES 

(aiRoom 

(biRoom 

MISCELLAJIEOUS DATA 

n 

5 o 

 



ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

-rr- «H"' 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN 

(DELETE ONE) MINIMUM CRECP RATE 
*/HR % •gs?£5~ 

R 

EXTENSION 

* 11* a-1% 0.S* i« HOURS X 

(a) 1100 17..0 331.1 49.5 
1150 11.5 , 553.7 39.7 
1200 9.0 I I   . 185.4 16.6 

[b)~1100 17.0 323.4 32.9 
1150 11.5 400.6 38.8 
1200 9.0 308   1 •,3.2 

CREEP AND RUPTURE STRENGTHS 

STRESS.KSIFOR RUPTURE IHTIMES IHDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

(a)    950 

10 HRS 100 HRS 1.000 HRS I0.0UHRS                j              100.• HRS. ILMOOOIJE/HR SJO0IX/HR 0.KD1IK/HR AM1SS/HR 

1ft   8 
1000 11.   1 

(b)    950 16.0 
1000 | 11.3 

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

MATERIAL        AUov Steel                                                               DATA AND PUBLICATIONS PANEL DATA SHEET.                                                                                    7--J9 

«UOT            1-1/4 Cr - 1/2 Mo                      lEELTiMfi   Electric Furnace                                               IHEATOF    r-ommwrrial 
PRODUCER       Babcock & Wile ox 

CHEMICAL COMPOSITION. PER CENT 

C- MH P • s Si    , c* w Co Mo w C< T. Ac V B 

(a) 
(b) 

(a) 
(b) 

0.10 
b. ii 

0.30 
0.42 

0.021 
0.017 

0.025 
0.013 

0.66 
0.61 

1.12 
1.18 

0.21 
0.17 

0.56 
0.49 

.Cu     / Ft 

0.16 
0.13 

llEtKIDATION 

roRMasizE-PAR.sHEET.cASTiNcs.ETc.           Wroueht 3/4-in. rdiam.  bar 

norm HEATTREAT-EHT"' " ~   (a) Annealed per ASTM Spec. A-213; (U) alized and tempered ner ASTM Spec. A-213 
IMICROSTRUCTURE 

GRAIN SIIF 

HARDNESS 

SOURCE or DATA            Babcock fc Wilcox . 

•    ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEMPERATURE 
••*. 

TIME, HOURS. FOR JOT»L^P±A£lC STRAJN 

XVHR H 

TRANSITION TO THIRD 

R % M% «.« <us  L2= HOURS * 
(a)1000 30 1,522 29   5 

1000 27 2,047 18 
1000 25 I n nonM 
1000 \ 22 0. 00027 4, 72s 
1000 21 4,720 34.5 
1000 16 14 -~^ 
1100 20 ID 31 
1100 16 0.019 233 66 
1100 12 2,009 31.6 
1100 10 4.644 60.5 
1100 8      .. 8,079 33.5 

(b) 1000 30 0. 037 252 41.5 
1000 25 0. 009 50 
1000 20 0.004 2,511 53.5 

. 1000 16 0.00067 1 0, 328 46   •! ^* 
(hi 11 on 15- 0.034 418 51 

1100. ,i'a 0. 0054 1,617 48 
1100 , /   97,5 i O. O0064 5.354 20.5 

' • /If. 
CREEP AND RUPTURE STRENGTHS 

TEMPERATURE 
STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

It HRS UOHRS . 1.000 HRS IMHHM •       IM.MCHRS SKOUIISS/HR SAWnig/KR LDU1X/HR &DHS/KR 

<»l 1000 ^1   6 1'ft     * 
1100 12.5 8 5   Z* j 

lb) 1000 24.5 15.1. 0   6* 1?               1" 17 
1100 13 ft. 4. 5.5* 1     k in 

'   , 
if :i 

* Ext rap o lated. ' ' 7 . • ' /. 

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

».-»«..          Allov Steel                                                               DAT* *"*> PUBLICATIONS PANEL DATA SHEET 7-60 
„,OY            1-1/4 Cr - 1/2 Mo                     IMELTINK       Electric Furnace                                           \»w°F   Commercial 
.cnnnrc.        Babcock fc Wilcox 

<a),<b) 
<c) 

(a),(b) 
fct 

CHEMICAL COMPOSITION. PER CENT     ,_ 

O MN P s s.   , Ci Ni Co Mo w C»       J       T! AL V B 

0.12 
0.09 

0.39 
0.38 

0.010 0.017 0.70 
0.63 

1.11 
1.16 

0.14 
0.14 

0.5.0 
0.50 • 

Cu EC J 
0.12 

DEOXIDATION 

FORM a SIZE-BAR. SHEET, CASTINGS, ETC.            Wr ought 3 /4-in. -diaiii. bar 
HISTORY OF MATERIAL 

HEATTREATMEHT            Annealed per ASTM Spec.   A-213              1 

...».„<                     (c> R,   - 77 
KORC.OEDATA. Babcoclc & Wilccaj. '. , : _ 

5 o 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPER, •s- (DELETE ONE) SVHR % ^zsrssr 
R 

EXTENSION 

% Al* s-lX OSSS IAK      . HOURS % 
la.1    900 40 .. k. " 6.780 16" 

900 38 ,. 4.323 20.5 
900 36 1 -    4,712 15 

900 35 10.027 11 

900 32 11.105 8 

1000 30 584 32 
1000 27 1.033 38 

1000 20 2,950 50.5 
1000 17 5r284 45 

(bl 11 00 16 1 *= 234 56 

1100 13 481 48 

1100 9 6.332 31 
lion 6.3 42.370 18 

(c) 1000 35 124 30 

inno 25 740 11 
1000 20 .     1.862 10.5 
1000 16 5.201 10.5 

CREEP AND RUPTURE STRENGTHS 

GNATEO CREEP RATE 
TEMPERATURE 

STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DES 

IS HRS- ISO HRS LCS0HRS •AIM HAS lOCOfO HRS ~ S.00ON1X/HR tUIOOOISf/HR OJBLjI-t/HR """" (al    900 44.1 33.4 
lb) 1000 27 14.6 

1100 12 8 5.3*' 
(cl 1000 23 -14    '.' 8.6*< .,_ 

: 
ASTRLASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

RATERIAL           AllOV  Steel                                                                                 DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                             7-6l 

1-1/4 Cr - 1/2 Mo                   E'»S,   Electric Furnace                                          fig,"   Conrmercial 

SPECIFICATIONS: Nominal itWItKadccoMposrrioN. PER CENT ' ''<.'^ 
c- MR P S  . 5. Cl Ni Co Mo w Cl Tl AL V Ei 

0.15 
Max 

0.45 0.79 1.25 0.50 

Cu FE -• 

Bal. 

DEOXIDATION                                                                                             '                   ' 

-ORM A SIZE-BAR. SHEET. CASTINGS. ETC;-                   Plate 
IISTORT OF MATEHIAL                                                                                                                                                                        . 

HICROSTRUCTURE 

RRAIHSITF           -'                                                                                                              '                                                                                                                                                                                                                                                                                                ' 

IARDNESS 

souRcEDFDATA            Babcock & Wilcox 
4V 
^>4 

 



ORIGINAL CHEEP 
(RUPTURE HUE INDICATED B 

AND RUPTURE DATA 

T- "£• 
""" •""• 

 (DELETE a~ HVMR 
"•;?:sv,:,;""° 

1 
i            DURATION 

-\                HOURS 1        R „„,„,„ °.i* 1.1% 1           ts*          |           t-OK RS                          * 

1050 25 110 

1050 20 ;          441 51.5 
1050 16 .     1264 38 

14 2740 11.5 
12 6572 10.5 

CREEP AND RUPTURE STRENGTHS 

-EMPERATURE STRESS. KS FOB RUPT..HE IN TIMES INDICATED STRESS. KS! FOR DE5 GNAT a CREEP RATE 

i 10HRS                                       laHRS :.•>HRS TO.• MRS '.OLRBHRS J.0K00ISS/HR iKCCiSS/HR CUMIS/HR 0.0CIS/HR 

1050 16.5 . 7      ** 

|| 
J 

* Extrapc lated. | 
j 

ASTM-ASME JOINT COMMITTEE N EFFECT O F TEMPERATURE ON PROPERTIES OF METALS II 
Alloy Steel DATA AN PUBL1CATI :>NS PANEL DATA SHEET 7-37              ! 
i.iur.i'.l/?u.:ittv        !',;'-?..                                                                          Si.',"                                                       ' 

ipBODUCtfi 
CHfillCAl. COMPOSITION. P 

0.07   0.50   0.027 0.033 0.39  1.39 

Cast keel blocks 
1  A - Normalize 1750 F,   2 hr; draw 1300 F,  6 hr 
|  C - Normalize 1900 F,   2 hr; normalize 1700 F 2 hr; 

draw 1300 F.  6 hr                                                         '      .._ 

D 
E 

- Normalize 1900 F,  2 hr; draw 1200 F,  6 hr 
- Austenitize 1900 F,  3 hr; normalize 1700 F,   2 hr; 

draw 1300 F,  6 hr 

LlCROSTRUCTURE 

Edward Valve a 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS D, 

.62.1 23.5       62.3 

,,m».•,7-13"«•7o."•"«»«.., 
I 

TEMPERATURE "S» • E. HOURS. FOR TOTACWgetCOr S 

X/HR 

,...,,,,. 
".=" % ..,« 0.2* «ss 1.0S HOURS * 

(A)1100 18 6 15 92 260    i       0.00368 !    0.20 260 1    10 596* 4   •> 

(AJ 1100 15 10 700 2000    i       0.000252 0.35 1300 0.70 2493 R 6.5 
:                   •                                                                         '1 

(C>1100 15 100 800 0.00017 ,    0.35 2600 0.80 2997* 1.5 

13 2800 0.000014 !    0. 42 5600 0.57 6259 R 1.0 

(Dl 1100 15 800 3800 5900 6900    i       0. 000026 i  o. io   : 4200 0.21 7275 R 7.3 

13 2400 i       0.000023 0.15      l>7001 *n   31 7001** 0.31 
i                                               !                            1 

15 5000 5700 6734            0.000026 !    0. 07 5000 0.20 6952 R 1 1 

'                                 1                                 ' 

i                   1 
#Thre 

**Over 1 
:            i            ! •                              ;i| 

:                  1 
:                                         ,                        j 

i           !         .                            i 
CREEP AND RUPTURE STRENGTHS 

"-'»"""• ST HESS. KSI FOR RU IURE IN TIMES IN STRESS: KS FOR DESIGNATED CHEEP RATE 

I0HRS 1              ,00 HR- OOOKRS             j .WB0HRS IOO.O»HRS           '! :.0Kai)S/HR •    0.UWIS/HR O.0OOIK/KR 0.00IX/HR 

,    ; 
ii                                            ,                                            1                                            1                                           !                                           :! 

j 1 -~~                 l 

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

.ATERIAC      AHOV   Steel                                                                                                      OATA ANO PUBLICATIONS PANEU DATA SWEET 7-2a 
1.5Cr-0.5Mo Steel                       -E5K. IHEAT0F                                                                                  0 

CHEMICAL COMPOSITION. PER CENT 

C- M. p s s. c« Nl Co M0 YV c« Tl AL V B 

0.38 0.45 0.008 0.015 0.70 1.57 0.48 

Cu Ft 

DEOKIDATIO. 

FORM « SIZE - BAR. SHEET. CASTINGS. ETC.                       B BT 

1.    0% Cold work,   and 

Z.    8% Cold reduction of area 

HEAT TREATMENT            1800 F for 1 hr.   oil auenched.   temoered 2 hr at 1200 F 

IGRAIN SHE 

HARDNESS 

SOURCEOFDATA            U.   S.   Naval Research Laboratory 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

'•-~•» 
106 P5I •Tsr 

YIELD STRENGTH. KSI 

PERCENT •£§£• 
Relaxat: an Data at 9 0 F. 
Initial f tress 80. 000 «i 0.01% 0.1* 0.2% 

0% Cold work :r .fiesidual <&z«s.;.10Q0 D i. after 
80 152 133.6 20 62 % Cold Woi c 10 Hr 100 IK.- 

8% Cold 0 65.5 58 53 
80 149 17.7 IQ ftd 8 63 52 46 

- 
•     /' 

_J     

00 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BT R IH TEST DURATION COLUMN) 

TEMPERATURE TS" 
TIKE. HOURS. FOHTOT^OR^STJC STRAIH 

SJ/HH X 
rSSuBtSS1" 

R '    * 0.1* OW OS* ,0* HOURS X 

700 125 0% Cold work 2.72 1.5 20 
700 120 0. 176 23. 1 18 
800 105 0.503 9.5 23 
800 100 0.0197 241. 1 19 
800 95 0.00262 .2906 19 
900 85 0. 123 V*£    39.3 26 
900 80 0.067 102.5 28 
900 75 0.0133 419   2 29 
900 70 0.00488 1100 25 

1000 50 
1 

0.0528 104. 7 13 
1000 45 0.0197 182.4 10 
700     ... 125 S% Cold work 0.477 8.2 17 
700 120 ~1 0. 0636 80.4 21 
800 105 0.805 6.4 21 
800 100 0. 172 34. 6 21 
800 95 0.00795 60S: 6 19 
900 85 0. 294 26.0 28 
900 80 0.125 65.8 31 
900 75 0. 0246 342 31 
900 70 0. 00547 1121 22 

1000 50 0.0513 17    . 
1000 45 0.0247 192. 0 13 

CREEP AND RUPTURE STRENGTHS 

0% Cold w 

STRESS. KS TURE IN TIME* INDICATED                                                                    |j                                                  STRESS. KSI FOR OCSKNATEO CREEP RATE 

I0HRS 100 MRS LOOOHRS 10.000 MRS I0OU.HRS OJGOWIfi/NR O.0OOOIS/HR OLOOOIRVHR amx/HR 

rk 
700 117.5 
800 101 97 
900 80.5 70.5 

1000 50 
8% Cold w rk 

700 119.5 
800 98.5 94 
900 79 70.5 

1000 50 

n 

5 o 

r> 

5 
O 
< 

r. 

5: o 

 



:Hi,L    Alloy Steel 
ASTM-ASME JOINT COMMITTEE OH EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

DATA AND PUBLICATIONS PANEL DATA SHEET 

l.SCr-0.5Mo Steel 

0.015| 0.70 'l. 57 

1. 15% Cold reduction of area,  and 
2, 39% Cold reduction of area 

1800 F for 1 hr,   oil quenched,  tempered 2 hr at 1200 F 

U.   S.   Naval Research Laboratory 
SHORT TIME TENSILE 

15% CoM work 

39% Coli I work 

Residual St ess. 1000 psi 

ORIGINAL CREEP AND RUPTURE DATA 
(RUTTUBE TIME INDICATED BY R IN TEST DURATION COLUMN) 

•«j•. •w */HR * ^ST^REE?1"0 
DURATION % 0-1* «.* M* US KOURS % 

work 42.9 18 

0   049 112.3 18 

0   495 1?   3 23 
0.057 115. 7 21 

0.0176 406.7 25 

85 0.484 15.4 26 

80 0.046 206. 0 36 
0.0262 347.0 36 

0. 00492 13 57. 24 

0. 0835 97.9 25 

0.0325 176.0 14 

39% Cole 0.0573 79.0 17 

n nn?.66 2756 19 

0.0456 166 22 

100 0. 013 649. 3 22 

95 0.00228 4270 73 

n n3 84   7 79 
445. 5 33 

n ni28 712.6 74 

0.0065 1193.4 25 

1000 50 0. 101 108.4 32 

loon 45 0. 0354 188.3 27 
CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

10 HR* 100 HRS 1.(0 MRS 144MKK 100.• MRS 4M0001S/HR O.000O1X/HR 0-0001S/HR MSIX/HR 

15% Cold A 

800 100 94 

39% Cold ^ 
127.5 
106 99 
84.5 71.5 

1000          1    . 50.5 

.TERI.L      Alloy Steel 
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE OK PROPERTIES OF METALS 

DATA AND PUBLICATIONS PANEL DATA SHEET 

2 Cr - 1/2 Mo l.aTiNq Electric Furnace 
Babcock fa Wilcox 

CHEMICAL COMPOSITION. PER CENT 

3/4-in. wrought bar 

Annealed per ASTM Spec. A-213 

Babcock & Wilcox 

900 

1,759 

6,919 
5.337 

288 
834 

2,565 
5,096 

15,897 

5,121 

D RUPTURE STRENGTHS 

4,7., 
ASTM-ASME JOINT COMMITTEE ON El ON PROPERTIES OF METALS 

Allny  Stewl A AND PUBLICATIONS 91 

CHEMICAL COMPOSITION. PER Cl 

3" x 11-3/4" x 11-3/4" bloom slice 

Welded with AWS E9016 electrode 

Heated 1 hr at 1675 F, air cooled; reheated 2 hr at 1350 F. air cooled 

A.  O.  Smith - Metallurgical Research Laboratory 

54.5 

-5J- 

_S7_ 
>• » 

7-63 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATEO BY R IN TCST DURATION COLUMN)    • 

TEMPERATURE •w 
TIME. HOURS. FOR TOT^OR^ASTJC STMIN 

X/HR * TRAKSmo* TO THIRD TEST 

R % MX 0.M «.»» 1.0* HOURS % 
1000 30.0 1019.6 23.0 
1000 35.0 526.3 20.0 

-" 

n 

5: o 
ro n 

o 
rvj 

n 

5: o 

>0 

 



Alloy Steel  
2-1/4 Cr - 1 Mo 
Electric Steel Foundry Company 

T COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

DATA AND PUBLICATIONS PANEL DATA SHEET 

"'FT'h'g Induction ^iii' 
7-64 

--     0.49   2.33 

Welded with AWS E 9016 electrode 

Stock - 1800 F.   3 hr.   1600 F,   1 hr,  W. O. : 1200 F,  8 hr: weld also SR 4 hr at 1 2(10 F 

A.  O.  Smith Company - Metallurgical Research Laboratory 

SR 
SR plug 

10.0)0 hr at! 
1000 F 

Hardnes i flO kg) 
Max. 
167 

Min. 
154 159.8 

65.9 

MISCELLANEOUS DATA 

Stock oifrly 
,g.rnf-V pl'im  woM i stork 
Stock plus weld - failed iu stock 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 
MATERIAL       Allov Steel                                                          DATA AND PUBLICATION* PANEL DATA SHEET                                                                          7-65 

.UOY           2-1 /4 Cr - 1 Mo                            ILEITINO Basic Electric Arc                                            IH'"T°F   100 T 
PROOUCER      Lukens Steel Company 

(a) 
(b) 

(a) 
(b) 

CHEMICAL COMPOSITION. PER CENT 

C- Mi p s s. c« Nl Co Mo w Ci Tl Al V B 

0.12 
0.12 

0.43 
0.50 

0.008 
0.009 

0.016 
0.021 

0.30 
0.31 

2.40 
2.30 

0.96 
0.91 

Cu Ft 

0.19 
0.18 

Bal. 
Bal. 

DEoxiD.riQr.   Fine grain 

r0BHas,7E-B*R.!Httr.<:«i,«cs.trC.           Plate,   0-226x86x7-1/4                                                     Test plate »iz*r   13x13x7-1/4 

Norm.   1650/1700   1 hr/in.  + A. C.;'  Temp.   1250/1275   1 hr/in.  + A.C. 
S.R.  2 cycles 1250/1275   1 hr/in.  + F. C. to 600   +A.C.;S.R.  3 cycles 1050   1 hr/in. + F. C.  to 600   + A, C. 
S.R.   1 cycle   1250/1275   1 hr/in. + F. C. to 600   + A. C. 

HEATTREAT«Hr 

MICROSTRUCTURE    Ferrite and Bainite 
a«,N5t;E            No.   7 to No.   8 
HARDNESS 

50URCEOFDHTA      Lukens Steel Comnanv 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

».>«.»„ 
10'FSI "ir- YIELD STRENGTH. KSI ELONGATION "SSS" 

0.02% o.is 0.2* PERCENT 

(a)    70 T* 100.0 
70 11* 92.1 70.3 22 72.8 

850 " 73.7 53.4 22 66.7 
850 II                1      78.1 41.0 24             62.7 

(b)   70 •: 88.6 
70 II 95 65 24 70.5 

850 1 74 53.8 24 71.5 
850 11 65.5 45.7 22 70.5 

1 

*T = too: B = bOT-tom.   

ORIGINAL CREEP AND RUPTURE DATA 

T,-•.•, •ST 
TIME. HOURS. FOR TOTALOT^SJIC STRAIN 

-",SSf"• % TRAST!^CB?E?
,B0 

DURATION 

R X W* 1255 M* 1JW HOURS 1 

1000 32.0(D 2.3 21.5 

1000 25.0(2) 160.5 22.0 
1000 20.01"" (10< 0 hr at 1 000 F) 620.2 19.0 
1000 18.5<4> 1503.0 24.5 

17.0(5) (50( 0 hr at 1 000 F> 3431.7 19.0 

1000 13. 0W (lO'OOO hr a 1000 F) 9576. 0 21.0 

1000 22.5(7) (10. 000 hr a 1000 F> 97.5 22.0 

Note:   A s were ii the Dare nt stock. 

1 
CREEP AND RUPTURE STRENGTHS 

»"'[rw STRESS. KSI rOS RUPTURE IH TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP HATE 

10 MRS 1MH9S I.WOHRS UWOOHRS 10KWHRS 0.KU00l*/HR 0-OOOOlSB/HB (MHOIX/HR 1NJ13/KR 

inoo 10* 

1 

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

MATERIAL          AlloV  Steel                                                                                   DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                           7-66 

j>LLc.Y           2-1/4 Cr - 1 Mo                            IMVLTSG Basic Electric Arc                                            ISEM*   100 T 

(a) 
(b) 

(a) 
(b) 

CHEMICAL COMPOSITION. PER CENT 

C M.        !         P s     !     si   . c> Nl Co Mo w ct Tl AL V B       | 

0.13 
0.13 

0.44  !o.008 
0.49   0.007 

0.025 
0.019 

0.29 
0.'35 

2.14 
2.20 

0.95 
0.98 

Cu               Ft 

0. 20 -• Bal. 
0.21     Bal. 

DEOXIDATION   Fine grain 
F0HH*S.2E-MR.SHEET.CAST.NGS.ETC.           Plate,   226 x 86 x 7-1/4                                                     Test plate fli*er   13 x 13 x 7-1/4 

"'^0^1^1650/1700   1 hr/in.  + A. C. ; Temp.    1250/1275   1 hr/in.  +A.C. 
S.R.    2 cycles 1250/1275   1 hr/in.  + F. C. to 600   + A.C.;S. R.    3 cycles 1050   1. hr/in.  + F. C. to 600   + A. C. 
S.R.     1 cvcle    1250/1275    1 hr/in.   + F. C. to 600   + A. C. 

•HEAT TREATMENT 

MICROSTRUCTURE    Ferrite and Bainite 
GRAIN SIZE               No.    7 to No.    8 
HARDNESS 

SOURCE OF DATA     Lukens Steel ComDanv 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE MODULUS STRENGTH 
YIELD STRENGTH, KSI ELONGATION 

"wAF.•" 
0.02!* 0.1* 0.2X 

(al 70 T 87.1 
70 B 98.5 70.2 21 66.1 

850 T 68.0 41.7 18 50.5 
850 B 71.4 50.9 26 74.4 

(b) 70 T 99.5 
70 B 95.8 85.6 21 68 

850 T 76.4 65.8 22 66.8 
850 B 71.5 57.4 22 68 

*T = too: B = bott >m.   . 

n 

5: o 

 



A5TM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS                                                                                                      H 

DATA AND PUBLICATIONS PANEL DATA SHEET 7-67               j; 
2-1/4 Cr - 1 Mo Inrwc Bas-ic Electric Arc                                            'MM-0 f   1 00 T 
Lukens Steel Company 

(a) 
(b) 

(a) 
(b) 

0.13 10.52 
14   0.51 

0.008: 0.017  0.24   2.34 
0.008; 0.017  0. 22 : 2.16 

1 0. 94 ; 

0.99 

-i—ji 

0.11   Bal. 
0.15   Bal. 

Fine grain 
Plate.  325 x 92 x 4. 59 Tent plate «i»e,   1 3 * 13 x 4. 59 •. 

Norm. 
Temper. 

1650/1700   1 hr/in.  + A. C. 
1325/1375   1 hr/in. + A.C. 

Ferrite and Bainite 
No.  7 to No. 8 

Lukena Steel Company 
SHORT TIME TENSILE PROPERTIES 

(b) 70 T 

}»T = topj[ir=_bott^m. 

MISCELLANEOUS Dj 

39.9    | 26_ 

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

MUTFRIIL       Allov Steel                                                                 D*T* *K0 PUBLICATIONS PANEL DATA SHEET 7-69 
i*n-           2-1/4 Cr - 1 Mo                          MrELTi°G    Basic Electric Arc —  EX"      loo T 
yRQi)b          LukeiiB Steel Comuanv                                                                                                            j 
SPECIF-CA. Jltl. !                                                                                                                                 CME ICAL COMPOSITION. PER CENT 

s       1      Si       ;     c> Ml Co Mo w C( Tl AL V B 

1 (a)    0.13   0.42  0.008 
[bl   J0.13   0.49  0.008 

0.019   0.21 ,2.30 
0.021   0.26   2.31 

0.91 
0.98 

' 
Co                     FE 

Bal. | 1 

IOEOAIDATION         Fine grain                                                                                              -                         . 
i,o....«.-.....R..T.c.s„.«.„c                  Plate,   372 x R7v 5-7/16 Test plat* .<•*. 

50    11  hr/in    + F   C    tn 

JrlSx 5- 7/16 
Norm.           2 cycles 1700   1 hr/in.    + A. C. 
Temp.            1300/1325   1 hr/in.  + A. C. 
S.R.                1200   5_hliin.  + F. C.  to 600_JiJa^C._:_S. B 1" 600   +A. C 

LlEAT TREATMENT 

LcnosTRucTuRE    Ferrite and Bainite 
GR.iNs.zE           No.  7 to No.  8 
HARDNESS 

ISOOREE OF DATA          LllketU Steel Cc moanv 
HORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE  ,       „££*[* ,:=,. TIELD STRENGTH. ESI ELONGATION H OOtt           j            0.1*            !            0.E* 

(a) 70 T* 90.3 1                ^                ' 
i       70 B*                     90.0 1                   i    64.0    i      29 65.1 

700 T                     ]    73.4     j                   !             .     j    52.2 21 64.3 
700 B                     :    71.9                                             '50.8 21 68.8 ! 

(b!70Tj                |   96        I 
70 B|                   j    94          | 81.8 25 74.2 

\                   1                   1 
700 Tj                   i    78.4     1 63.1 20 68.8 
700 B!                 1    78.5    ! 63.4 21 68 • 

! 
r»T = too: B = botfc >m. 1 

n 

o 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPER TIES OF METALS 

(MATERIAL       Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-68 
Lim          2-1/4 Cr - 1 Mo MELTING Basic Electric Arc IRE"0 '   100 T 

(a) 
(b) 

(a) 
<b) 

CHEMICAL COMPOSITION, PER CENT                                                                                                           1 
c-    !    MH     !     P     •     s          s. CB Ni         !       CO i       Mo        1        W         ]       Ct        ;        Tl         ; AL        j        V         j         B 

0.12 JO.45 '0.010,0.019; 0.25 
0. 13   0. 52  0.008 0.017   0.24 

2.21 
2.34 

i           |0.9S!           III! 
!0.94'           •           j           ;           | 

Cu        ;        Ft        !                    i                     •                    ! 

0.17 ;Bal. 
0.11   Bal. 

'                  ! !        !   •    !       '       !       1       !        ' 
!        '        i        :        •!        ! 

DFOEIOATinN                FlM    Eiaill 
FORM. Hit    EAR .MEET CASTINGS. ETC                              Plate,     326x88x4.71 Test plate size,  13x13x4. 71                          ; 
HISTORY OF MATERIAL 

Norm:           1650/1700   1 hr/in.  +A.C. 
Tempered:  1325/1375   1 hr/in. + A. C. 

««.»««                 No.  7 to No.  8 

SOURCE OF DATA           Lukens Steel Comoanv 
SHORT TIME TENSILE PROPERTIES ! MISCELLANEOUS D 

TEMPER.•, 
lO-PSI 

S&. YIELD STRENGTH. KSI                                   j ELC-GATIO, \ is! o.m*               o.i*               o.z%        ; 

(al 70 T = 84.0 
70 B - 83.0 '    66.0 29 .-    71.5    ! 

800 T 65.0 •    49.5    i 20 69.0 
800 B 65.3 50.8    ! 21 73.3 

(b) 70 T 86 !            |            i            :             •            i 

70 B 83.8 69.1    ' 26 !    72. 1 
!           I           !           :           :           :           : 

800 T 70.3 55.3    ' 21 71.4 
800 B 75.3 " '    56.9   : 22 73.2 

i       I       •       •       • <;;;,. 
' *T = top B = bott i             ! • 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 
MATFIHAI       Alloy Steel                                                         DATA AND PUBLICATIONS PANEL DATA SHEET                                                                        7-70 

2-1/4 Cr - 1 Mo                        IMLTIM    Basic Electric^Arc                                     BUT*'       100 T 

SPECIFICATIONS: 

(a) 
(b) 

CHEMICAL COMPOSITION. PER CENT 

C-       '       MN p s s> c. NI Co Mo w c» Tl AL V B 

0.13    0.41 
0.13  10.42 

0.008 
0.009 

0.023 
0.019 

0.20 
0.34 

2.17 
2.43 

0.94 
0.98 

Co       |       „ 

|Bal. 

New,*.*.•        Fine Brain 
,o.«.si!. ........T«„,.«. „c                 Plate,  307 x 88 * 5-1/4                                           Tent plate sine,   13x13x5-1/4 

Norm.    1700   i hr/in.  + A. C.  (2 cycles); Temp.    1300/1325   1 hr/in.  + A. C. 
S.R.    1200   5 hr/in.  + F. C. to 600   + A. C. 
S.R.    1250   1 hr/in.  + F. C.  to 600   + A. C. 

MEAT TREATMENT 

MICROSTROCTURE          Ferrite and Bainite 
ELAIN.IEE                          No.    7 to No.    8 
HARDNESS 

souRcEoFDATA           Lukesn Steel Comoanv 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATORE   |       M^ot'os 
f              !          I0EPSI 

.;K,. YIELD STRENGTH. KSI ELONGATE RE00CTION 

D.025G 0.1*           1           0.2* 

(a)70T* 83.1 ' 
70 B*                ;    a?.. 1 

I 

700 Ti                 !    67.3    j 38.0 24 66.8 
700 B:                      68.2    ' 39.7 24 66.7 

f 

(bl 70 T 89.9 
70 B 89.4 68.8 27 71.4 

700 T 72.5 55.5 22 66 
700 B 71.6 53 21 66.5 

i 
»=T = top; B = bottom. 1 

 



ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OP METALS ' 
MATERIAL        Alloy Steel                                                                        DATA AND PUBLICATIONS PANEL DATA SHEET 7-71 
ALL*.          2-1 /4 Cr - 1 Mo                        E•«     Basic Electric Arc                                   £'.V 100 T 
PRODUCER      Liikens Steel Comrjanv 

(a) 
(b) 

(a) 
(b) 

CHEMICAL COMPOSITION. PER CENT 

C MX p      1      S            S.      ;     c. Nl Co       i      Mo W c. Tl Al V B 

0.14 
0.12 

0.45 
0.48 

0.008 
0.008 

0.0171 0.22J 2.21 
0.0191 0.22! 2.23 

1 0.94 
0.94 

Cu Ft 

0.17 
Bal. 
Bal. 

1             1 
1 

1 
1 ! 

DCOXIDATIOH   Fine grain 
raMinc-iM.i«n.e.ii.m.[Tc.           Plate size:   la. 306 x 88 x 5-1/4:   <h. 326 x 88x 4.85 

(a) Norm.    2 cycles 1700   1 hr/in. + A. C. ;   Temp.  1300/1325   1 hr/in. +A 
S. R.    1200   5 hr/in. + F. C. to 600   + A. C. ; S. R.  1250   1 hr/in.  + F. C. 

(b) Norm.    1650/1700   1 hr/in.  + A. C.;   Temp.    1325/1375   1 hr/in.  + A. C 

c. 
to 600   + A. C. 

HEAT TREATMENT                                                                                   TeBt olate aize:     (a) 13 x 13 x 5-1/4 
M.CROSTRUCTURE    Ferrite and Bainite                                                                    (b) 13 x 13 x 4. 85 
GR.lr.Slzr             No.   7 to No.   8 
HARDNESS 

SOURCE OF DATA      Lukeni Steel Company 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

""",""•"" MODULUS 
IOFPSI "ir- TIELD STRENGTH. KS. 

PERCENT 
"ISAREA"1 

0.02* 0.1* O.JSS 

(a) 70 T i                        — 91.9 
70 B I 89.2 69.7 26 71.8 

700 1 76.3 57.6 20 64.1 
700 B 75.5 58.1 20 70. 5 

(b) 70 T 76.4 
70 B 79.6 56.7 32 74.6 

790 T 75.3 46 23 72.1 
790 B 68.3 43.7 24 74.6 

>T = too; B =bott >m. 

Alloy Steel  
2-1/4 Cr - 1 Mo 

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

DATA AND PUBLICATIONS PANEL DATA SHEET 

'"ELTWC    Acid Electric IHEAT 7r 000 lb 

Cait teat plateB 

1700 F normalize. 1300 F draw 

See below. 
Edward Valves 

SHORT TIME TENSILE PROPERTIES 

800 

52.0 

59.0 

51.1 

17.0 

MISCELLANEOUS D. 

Brinell 
Hardness at Temp 

34.0 

to 

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

Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 

2-1/4 Cr - 1 Mo Electric Furnace 
Timken Roller Bearing Company 

COMPOSITION, PER CENT 

7.500" P.P.  x 1.710" wall,  seamlesg tubing 

Pierced, hot rolled, annealed from 1650 F 

EHT   Annealed from 1650 F 

Timken Roller Bearing Company 

ORIGINAL CREEP ANO RUPTURE DATA 

TEMPERATURE «3" (DELETE ONE) MINIMUM CREEP RATE 
SVHR % "fUSSSS"" DURATION      ' 

% ncx .      *** sac 3CMC HOURS % 
0.01% 0. 02% 0. 05% 0.1% 

800 20 100 200 0.0000073 0.02 >2064 2064 0.035 
800 30 100 250 0. 0000135 0.018 >2064 2064 0.045 

1000 8 40 80 400 0.0000212 0.05 >2064 2064 0.095 
1000 12 20 40 250 0.0000190 0.05 >2064 2064 0.089 
1000 14 40 100 720 0. 0000380 0.023 >1740 1740 0.090 
1200 3 50 140 1850 0.0000175 0. 02 >1940 1940 0.054 
1200 4 500 950 0. 0000195 0. 002 >1704 1704 0.035 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE RESS.KSIPORRUP TURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

100 MRS I.DUHRS I1WHRS 10OAUHRS AJHOMSS/KR ajU»1*/HR AUOIfE/HR OJMX/HR 

800 24.0 42^ 
7.0 12  0 

1200 2.6 3.7 

1 1 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPER.^ "5?' 
TIME HOUR- .. FORTOJ^O^PLASTJC STRAIN 

X/H* % '^ssrss- 
R 

EXTEHSIOH 

* M* 0.1K o-sx IJj* HOURS IS 

1000 28.0 105 50 
1000 24.0 404 52 
1000 20.5 1,344 54 

1100 21.0 45 50 
1100 17.0 398 50 
1100 15.0 714 58 
1100 11.0 10,528 36 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KS FOR RUPTURE IN TIMES INDICATED                                       ' STRESS. KSI FOR DESIGNATED CREEP RATE 

I0HRS 100 HRS U»HRS KUUHRS tOlOOOHR* tUttOOOIg/HR 1WMIK/HR 0O00IS3/HR 0411 g/HR 

1000        I 28.5 21 16 
1100 19 14.5 11.1 

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

MATFRIAI       Alloy steel                                                        DATA AND PUBLICATIONS PANEL DATA SHEET                                                                        7-74 
ALLO,           2-1/4 Cr - 1 Mo                          |"ELT,H6    Electric Furnace                                            IS•T0F 

pBr.r>..rr»     Timken Roller Bearintr Comoanv 
SPECIFICATIONS: CHEMICAL COMPOSITION. PER CENT 

c- M> P s Si   , CB Nl Co Mo w c. Tl At V B       | 

0.105 0.36 0.014 0.020 0.33 2.33 0.21 0.98 

Co Fc 

DEox-iDAT.of.  Aluminum 
FORM a SHE-BAR. SHEET, CASTINGS, ETC.    Seamless tubina.  2-1/4" O.D. x 0.480" wall 

Pierced, hot rolled, cold drawn, tempered 1375 F 

HEAT TREATMENT    Tempered 1375 F 
_T• 

HARDNESS 

soimri OF DATA      Timken Roller Bearing Company 

O 

 



ORIGINAL CREEP AND RUPTURE DATA 

„„,„,„., "sr 
T1HE. HOUR*. FOR TOT^OR^SJJC STRAW 

HFAIHUHCREEPRATE 
X 

•ZZ£'£ZH~ 
R 

EXTENSION 

X ••1* MX o-s* L0X HOURS X 

1000 35.0 29 33 
1000 28.0 251 46. 
1000 24.0 1 691 48 
1000 19.0 3.515 46 

1050 25.0 110 41 
1050 20.0 412 60 
1050 16.5 1,159 52 
1050 12.0 13,128 41 

1100 20.0 91 62 
1100 16.0 | 380 50 
1100 13.5 | 750 59 
lioo 8.5 7,087 40 

1 

1000 

' 
STUB*. Ml FOR RUPTURE IH TIHES 

CREEP AND RUPTURE STRENGTHS 

MOKATED STRESS. KSI FOR OESIOHATEO CREEP RATE 

10 HRS 101 MRS. 1.O00HRS 1O.U0HRS 100.D»HRS OJJOXMHS/HR O.OM01*/Hlt 0.0001 !K/KR O-OOIX/HR 

31 22.5 If,     3 
1050 25 17.8     « 12.5 
1100 20 13 8 

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

HATFUL..           AlloySteel                                                                                DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                        7-75 

2-1/4 Gr - 1 Mo                          ISELTSO     Electric Furnace                                           [HEAV 

CHEMICAL COMPOSITION. PER CENT 

C' Mh P s s. c> Nl Co HO        1        W c. Tl AL V B 

0.105 0.36 0.014 0.020 0.33 2.33 0.21 0. 98 j 
Cu Ft 

; i 
i 

nrfum.T.•  Aluminum 
FORM as ZE-BAR. SHEET.c**Tines.CTc.      Seamless tubintz.  2-174" O.D.  x 0.480" wall 

Pierced, hot rolled, cold drawn, annealed from 1650 F 

HEAT TREATMENT    Annealed from 1650 F 
MICROSTRIICTURE 

HARUKESS 

SOURCE OF DATA     Timken Roller Bearing Company 

ORIGINAL CREEP AND RUPTURE DATA' 

TEMPERATURE "S" 
TIME. HOURS. FOR TOT^OR^SJTC STRAIN 

HIRIHU.CREEP..,. INTERCEPT * •ssr«Sc?" 
R X 

MX t-i% 0.SX 1.0X HOURS *        . 
1000 35.0 4 48 
1O00 25.0 88 59 
1000 20.0 673 78 
1000 16.0 4.202 57 
1000 16.0 3.150 50 

1050 25.0 15 66 
1050 18.0 31} 72 
1050 15.5 706 47 
1050 11.0 9,625 24 

1100 20.0 j 20 61 
1100 16.0 138 64 
1100 12.5 642 35 
1100 8.5      i 10.380 34 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI TOR RUPTURE IR TIHES INDICATE;                                                                    { STRESS. KS! FOR DESIGNATEO CREEP HATE F 
10 HRS 100 NRS               ;             I.OO0HRS 10.000 HRS             j        -   I00.CC0HRS           j ootoooiss/HR O.uOSOISK/KO C.CJMS/HR 0.001X/HR 

1000 24.8 19 l/t  7 
1050 20 '     15 10.9 
1100 16.4 12 8.6 

MATCHm      Alloy Steel 
ASTM-ASME JOINT COMMITTEE OH EFFECT OF TEMPERATURE OH PROPERTIES OF METALS 

DATA AND PUBLICATIONS PANEL DATA SHEET 

2-1/4 Cr - 1 Mo ; Electric Furnace 
Timken Roller Bearing Company 

0.44 0.016 5 
•oxiBATiow   Aluminum 

Seamless tubing,, 2-1/8" O.D. x 0.533" wall 

Pierced, hot rolled, cold drawn, tempered li75 F 

LTTREATMBIT    Tempered 1375 F 

Timken Roller Bearing Company 

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

Alloy Steel D PUBLICATIONS PANEL DATA SHEET 

2-1/4 Cr - 1 Mo Electric Furnace 
•TOODCER      Timken Roller Bearing Company 

COMPOSITION. PER CENT 

0.11   0.41   0.013 0.022 0.26 2.29 

Seamless tubing.  2-1/8" O.D. x 0. 375" wall 

Pierced, hot rolled, cold drawn, annealed from 1650 F 

Annealed from 1650 F 

froir 

Timken Roller Bearing Company 

n 

o 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

•»•. "Si" 
HUE HOURS. FOR TOTAL OR PLASTIC STRAIN 

SE/HR * 
TRANSITION TO THIRD 

DURATION 
EUNGATIOK 

X n 0.1* OJ* 0.1* LOS HOURS X R 
1000 35.0 62 
1000 28.0 "' 309. 44 
1000 24.0 l 797 41 

1050 30. 0 34 47 
1050 7.5  n 136 43 
1050 20.0 ' ' 503 41 
1050 17.5 1378 68 

1100 20.0 136 56 
1100 16.0 626 52 

_L1J>0 13.5. , 1842 44 
CREEP AND RUPTURE STRENGTHS 

TEHPERATUR. STRESS. KS] FOR RUPTURE IH TIHES IKOtCATEO STRESS. KSI FOR DESIGNATED CREEP RATE 

10 HRS 101 HRS 1.DWHRS HMO HRS I00AKOHRS 0OUU1X/HR OAOOIS/HR OJHOIAVHR OJBWt/HR 

1000 33 . 23 
1050 261 18 
1100       I 20)8 14.8 

CREEP AND RUPTURE STRENGTHS 

STRESS. KSI FOR RUPTURE IH TIMES INDICATED STRESS. KSI FOR DESIGNATEO CREEP RATE       • 

' 10 HRS 100 HRS 1.000 HRS 10.000 HRS MMOOHRs" •JMOOOIX/HR O-OOOOlSf/HR OJUMX/HR "«Vl«,^_ 

(a) 1000 30.3 24 
1100 19.2 14.3 

32.5 24.8 

[ I CO 

 



ORIGINAL CREEP AND RUPTURE DATA 

TEMFERATURE 
"NT 

TIME, HOURS, TOR TOTAL_OR^PL»SK STRAIN 

X/HX 
INTEJC^ •gET£S- 

R 
r.|• 

O-I* MX MX LOS HOUR5 X 

(a) 1000 35 27 81 
1000 28 191 85 
1000 24 1027 63 

1100 20 78 64 
1100 15 750 56 
1100 13 1914 41 

(b) 1000 35 69 60 
268 50 

1000 ,24 1404 .5.8.. 
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

**.-•- <L Allov Steel                                                              DATA AND PUBLICATIONS PANEL DATASHEET                                                                                7_7fi 

M.LO*         2-1/4 Cr - 1 Mo                        iKS,"    Electric Furnace                                        IH"TOF 

PRODUCER Timken Roller Bearine- Comoanv 

(b) 

(a) 
(W 

CHEMICAL COMPOSITION, PER CENT 
c- MA p s s. C> Nl Co Mo W Cl Tl At V B 

0.10 
0.10 

0.31 
0.42 

0.012 
0.009 

0.018 
0.016 

0.35 2.31 
0.35 2.25 

0.17 
0.13 

0.98 
0.98 

Cu Ft 

0.11 
0.131 

PEOXIDATION Aluminum 
FORM • SIZE- BAR. SHEET .CASTING*, ire.           Seamless tubine.  2.262" O-D.  x 0. 590"-wall 

Pierced, hot rolled, cold drawn, annealed from 1650 F 

HEATTR£,TI1 EHT   Annealed from 1650 F 
MICROSTRUCTURC 

GRA.H SI7F 

HAftONESS 

ISOUIKLWDI, Th     Timken Roller Bearing Company 
ORIGINAL CREEP AND RUPTURE DATA 

(RUPTURE HUE MDICATEO HIU TEST DURATION COLUMN) 

TEMPERATURE V  "»1S" 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN 

{DELETIONS MINIMUM OCEP RATE 
*/HR 

«•PT 
TRANSITION TO THIRD 

STAGE CREEP 

R 

EXTENSION 

ELONGATION % 0.1* MX ts% IAX HOURS X 

(a) 1000 22.0 598 53 
1000 19.0 1204 58 1 
1100 13.5 350 79 
1100 11.0 1245 50 

(b) 1000 22 706 57 
1000 19.5 1935 48 

1100 15 714 57 
1100 12.5 - 2774 35 

CREEP AND RUPTURE STRENGTHS 

STRESS. KSI FOR RUPTURE IH-TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

1(a) 1000 
I0HRS IMHRS LWIHRS KU« HUE le&owHR* MCOIX/HR ILUMIX/HR EOVJIX/HR EMIX/HR 

31.5 29.5 
1100 16.4 11.2 

(bl 1000 29 21 
1100 19.3 14 •   1 

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

Ht.TEi.iAL     Alloy Steel                                                         DATA AND PUBLICATIONS PANEL DATA SHEET                                                                       7-79 
tujoi         2-1/4 Cr - 1 Mo                         IMQ.•!.   Electric Furnace                                        IH"TW 

PRODUCER Timken Roller B< :arin# Company 

ill 
Jfi 

CHEMICAL COMPOSITION. PER CENT 

c- MA p s S"    , C« Nl Co MO W CI Tl Ac V B 

0.10 
0.10 
AVOS-. 

Co 

0.41 
0.41 

9.011 
1.008 

0.020 
0.013 

0.26 
0.34 

2.18 
2.28 

0. 
0. 

5 
8 

0.97 

Ik 11 
0_12 

DEOXIDATION Alnmin^TTi 

•..„„. BAR.sMtET.CASTINGS.ETC.          Seamless tiftrintr:   fal 2.812" O.D.  v 0.656" \ d (ell 5-3/4" O.D.  i0.»!S«all 
HISTORY OF MATERIAL 

Pierced, hot rolled, annealed from 1650 F 

HEAT TREATMENT         Annealed from 1650 F.                                 i - 
M1CROSTRUCTURE 

SRAIH sur 

HARDNESS 

SOURCE or Dm           Timken Roller Bearing Company 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)                                                                                                                                                                        _^_     fc 

TEMPERATURE TS- 
TIME HOURS, FOR TC^ON^ASTK STRAIN 

X/HR X 
^ssrss• 

R 

EXTENSION 

ElONGATION 
X 

51 
MX MX «X L0X HOURS X 

(a) 1000 35 16 
1000 28 97 56 
1000 24 375 59 
1000 20 1183 74 

1100 19 78 77 
1100 16 306 79 
1100 13 1846 44 

(b) 1100 19 165 45 
1100 16 621 44 
1100 13 2835 41 1 

(c) 1100 19 •    193 54 

1100 16 814 51 
1100 13 5127 4«    . 

CREEP AND RUPTURE STRENEFFHS — 
TEMPERATURE STRESS. NSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESISNATED CREEP RATE F 

I0HRS IMHRS               j             LONHRS IEU0HRS IC0.W4HRS UWUIX/HR 0A0OHX/HR •MMIX/HR umx/HR 

(a) 1000      I 28 ._            21 16* 
1100      1 18 13.8 10.5* 

(b) 1100 20 15 11*       , 

(cl 1100 20 15.3 12* 

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

«TFRIAI      Allov Steel                                                     DATA MD PUBLICATIONS PANEL DATA SHEET                                                                   7_go 
.no,           2-1/4 Cr - 1.0 Mo                       ESS'.                                                                                        Kg"      Onmm.rcial 
PRODUCFR     Titusville Forae                                                                                                                                              ' - 
SPECIFICATIONS: CHEMICAL COMPOSITION. PER CENT 

C- MH P s Si C( .Nl CO MO W C( Tl AC V B 

0.11 0.45 0.005 0.007 0.28 2.48 0.91 
Cu FA 

DEOXIOATIOK 

FOR...K-EAR ...ET. CASTING. ETC.                  PlM.     10-1/2"   O. D.    With   1 "3/4"   Wall 

. 
HEAT TREATMENT         Annealed pe* ASTM Soec. A-335 
Hici(osiHuriuBE 
GRAM SI7F 

HARDNESS 

^iR^orDATA           Babcock & Wilcox 
ORIGINAL CREEP AND RUPTURE DATA 

[RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

1000 

".•S" (DELETEOHE) JE7HR X 
•282?£2r- 

R 

EXTENSION 

EUH6ATUH 
X six MX ESX LOX HOURS % 

25 650 60.5 
1000 22.5 1175 53 

IOOO 20 30911 43.5 
1000 17.5 9721 31 

1100 15 544 37,5 
1100 13.5 3385 22.5 
1100 12 5E58 43 

1200 9 1270 11.5 
1200 7 3126 43 
1200 5.5 j 4889 30.5 | 

CREEP AND RUPTURE STRENGTHS 

„„„„„,„        ]                                                                   STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

'                    |              "HRS 
W HRS LCD) HRS IEU0HRS IM.0WHRS MttttlX/HR (EMMIX/HR LOOOIX/HR EN1X/HR 

1000       I 23.1 17.5 13* 
1100 17 11 
1200 9.5 5.3 

EO 

n 
I 

O 

 



:E CN ErTECT o= r N PROPERTIES OF METALS 

Alloy Steel 
2-1/4 Cr - 1.0 Mo 
Titusville Forge 

Commercial 

0.09   0.38 0.005 0.005   0.38 2.25 

Pipe,  10-1/2" P.P. with 1-3/4" wall 

Annealed per ASTM Spec. A-335 

Babcock fa Wile ox 

TEMPERATURE TS" u 
.     TIME. HOURS, re 

(DELETE ONE! 
"•       '• •' MINIMUM CREEP RITE ,TE*.EPT T"*EME* it^"0" DURATION 

R 

•" 
'-••%                   s.;* ;.ssf 1-C*                  - MiSS % % 

1000 25 467 43.5 
1000 20 1042 .    49.5 
1000 18 3201 •    41.5 
1000 16 7597 ,    43 

1100 15 343 64.5 
1100 12 1987 50.5 

1200 10 464 35.5 
1200 7. 5 1846 34 

"EMPERATURF STRESS. KS FOB RUPTURE IS T.V-"> v;c.-i; sT-iiss. -is: rca ass 6XiTS3 CSEEf RATE 

I0KRS CCHRS 1 CC0 HHS IWO0KR5 •.ii.iiir.ss ^^X/riR ;•:S/>:fl s.:a:B/HR lOOItE/HD 

1000 20.5 15.5 1?.* 
1100 13 9.8 
1200 8.5 5.5 

*Extrauolat •A. 1                          I 
ASTM-ASME JOINT COMM•;J :•• i—TCT OF TEMPERATURE ON PROPERTIES OF METALS 

„,-t, „      Allov Steel Df-  ^Z --.;•. NATION'S PANE-. C'TS SHEET 7 -82 
uur          2-1/4 Cr - 1.0 Mo ' MELTING                                                                                                                                                     *'"*-i 

SPEC1FKATI0HS;                                                                |                                                                                                                                 CHLMK.AL COMPOS.T.CV -ER CENT 

!         C- Mh                   P                    S                   S,                   CP                  *.                  CO                  Mi                  H Ol                  Tl                   AL v   ;   B 

[0.09 0.54 0.005 0.008   0.46  2.40                            0.90 1 
'     .    '                                                                                                                                     ! 

FOdM aSKE-BAR SHEET CASTINGS   ETC                      Pipe, 10-1/2" O.D. with 1-3/4" wall 

HEAT TREATMENT    Annealed per ASTM Spec.   A-3^5 
MICBOSriMICTURE 

Babcock fa Wilcox 
Z'rZl- > VT. NU?' ::>*=. STRENGTHS 

-E-e-ERATURI STRESS. KS FOR RUPTURE IN T-MEa INDICATES STRESS. <5; FOR SSSIGSATEO CREEP RATE 

' 10 HAS                 ;              ISOHRS 1.0M KRS 10.000 KRS           ,          IOO.OBKRS OACCOOIS/HR                      ;.CTTT.-*7HR       .   .            t.CSISS/HR 0,001 X/HR 

1000 19 15                    12* 
1050 i         27 16.5 9.8 
1100 11.5 8.6 6.3* 
1150 15 10.4 7.2 
1200 6.9 4.6 3.15* 

*Extrapola ed. X 

ORIGINAL CREEP AND RUPTURE DATA 

•„„•„ STRESS                                         TIME. HOURS FOR TOT^ORF^SJIC STRAIM %/»« X 
•gsrjs?•" DD RATIO* 

T x i             "* 0-2X 0.S* 1-« HOURS * 
1000 25 80 60.5 
1000 20 584 79.5 
1000 16.5 2,437 57.5 
1000 14 22.242 29.5 . 
1050 21 \ 330 79.5 
1050 16 i 1,529 39.8 

1-1-00 15                                           .! 152 76 
1100 12                                                   1                   j 924 41.5 
1100 9                            .                               - 7.086 35.5 

1 
1150 12 399 67.5 
1150 10                                       !               i 1,181 43 

1 
1200 10                                       j 116 59 
1200 7. 5     .                                    i 891 38 
1200 ... 5               i . 5,766 17.5 

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

Alloy Sheet D PUBLICATIONS PANEL DATA SHEET 

2-1/4 Cr - 1.0 Mo Commercial 
Titusville Forge 

CHEMICAL COMPOSITION. PER CENT 

0.14: 0.3610.005 

Pipe,   10-1/2" O.D. with 1-3/4" wall 

Annealed per ASTM Spec. A-335 

ORIGINAL CREEP AND RUPTURE DATA 
(RUtTURETIME INDICATED BT R IN TEST DURATION COUJUK) 

TEMPERATURE 
TIME. HOURS. FOHTOT^OH^STIC STRAIN 

X/HR X 
'•SSSSgi~ 

HOUR. 
OR 

X o-i*      !       wx .ttt* 1AF» HOURS * 
1000 25                           | 811 54. 5 
1000 23.5     •                 i 1,971 40.5 
1000 22                        -      i 3,058 46 
H)00 19 1,007 17.5 
1000 17                           ;                 1 19,153 31.5 

1100 15 617 61.5 
1100 12 5,014 27 

1200 10 3»7 31 
1 1,708 27.5 

1200 6 3,203 27 
i ;                     . | 

j | 

r  CREEP AND RUPTURE STRENGTHS 

TEMPER,•," STRESS. KS! FOR RUPTURE IN TIMES INDICATED                                                                                                                        STRESS. KSI FOR DESKHATED CREEP HATE 

' I0HRS U0HRS !AWHRS' IS.*. MRS I0O.OX-HRS OAfflWIX/HR 04XOI X/HR 0.H0ISS/HR oxetx/HR 

13.5*   
1100 14.5 11.5 8.8* 
1200 8.4 5.4 . 

o 

2: o 

Ol 

 



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

MATERIAL       Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-84 
2-1/4 Cr - 1.0 Mo "ELTING    Electric Furnace                                          IHEAT0 

PRODUCE*     Babcock & Wilcox 
WM.IHIA110NS.                                                                            | 

CHEMICAL COMPOSITION. PER CENT 

1           C Ml p s Si c. Nl Co Mo w Cu Ti        |       AL V s 

(al 0.10 
(nominal) (bH^is 

0.46 
0.45 

0.015 0.020 0.40 
0.50 

2.25 
2.25 

0.10 1.02 
1.0 

Cu Ft 

(a) 0. 05 

DEOXIOATION 

FORM a ,,«- MR. SHEET. CASTINGS. ETC.          (a)    TubinH,     4~ 1/2" O.D. x 1/2" wall: (b) Wrought Dice. 6" O. D,   x 1 /2" wall 

HEAT TREATMENT    Annealed Der ASTM Snec. A-213 
MICROSTRUCTURE 

GRAIN SIZF 

HARONESS 

soun^oFDATA     Babcock & Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE 

(a) 1000 20 

TIME. HOURS. TOR TOTAL OR PHOTIC STUAIH 

(DELETE ONE) MINIMUM CREEP RATE. 
X/HR 

INTERCEPT 
TRANSITION TO THIRD •s- EXTENSION 

0.1* ux W5J 1.0* HOURS * 
813 R 65.5 

1000 17 0. 0045 2.626 
1000 16.5 3,302 R 43 
1000 14.5 0.0017 8,322 R 54.5 
1000 10 0.000062 5.040 
1000 7.5 0.000018 14,677 
1100 15 0.114 232 R 62 
1100 12 0.011 1.209 R 48 
1100 10 0.0013 5,628 
1100 .9.5 0.0013 6.317 R 40 
1100 7 0. 00017 11,753 
1100 5 0. 00006 4.688 
1200 8 588 R 46 
1200 7.5 0.00R2 940 R 57 
1200 6.2 0.0028 2, 628 R 27. 5 
1200 5 0.00092 6.115 R 29 
1200 4.2 0. 00062 9. 946 R 26 

(b) 1100 15 813 R 49 
1100 12 2.129 R 49 
1100 10 6,900 R 38 

CREEP AND RUPTURE STRENGTHS 

,"",„„., STRESS. KS1 FOR RUPTURE IN TIMES INDICATED STRESS, KS1 FOR DESIGNATED CREEP RATE 

1SHRS 100 HRS 1.000 HRS IOXO0HRS 100.OXHRS LXONXUX/HR SKttlS/HR OJOJ1X/HR 0X01 X/HR 

(a) 1000 19.5 in. <;* 
1100 12.5 9 6:5* 3* 6 
1200 7.4 4.4 2.6*     1 2* 5.2 

(b) 1100 13.5 9.5* 

*Extraoolat ed. 

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

LllOy   Steel                                                                                                 DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                                            7_g5 

2 -1/4 Cr- 1.0 Mo                       IMEITIHR        Electric Furnace                                         IHEAV*    Commercial 
abcock & Wilco K 

CHEMICAL COMPOSITION. PER CENT 

C- M" r s Si c. HI Co MD W C. Ti AL V B 

0.12 0.47 0.016 0.018 0.35 2.20 0.15 0.98 
Cu Ft 

0.12 

OEOXIDATK1N 

FORM O SHE - BA SHEET, CASTINGS, err.          Wrought bar.  3/4" diam. 

(a) Annealed: (b) Normalized and tempered per ASTM Spec. A-213 

FRAIN SI7F 

NARDNES5 

SOURCE OP OAT. Babcock k Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIUE INDICATED BY R IN TEST DURATION COLUMN] 

TEMPERATURE "JS- 
TIME HOURS. FOR TOTAL^ORPiAsjic STRAIN 

X/HR X 

TRANSITIOH TO THIRD 

R 
ELONGATION 

X 0.1* 0.2X 0.5X i*e HOURS * 
(al 1100 17.5 40 

1100 15 715 33 
1100 12 5,935 30.5 
1100 10.5 10,910 20.5 

(bl 1100 17.5 1,353 2.5 
1100 15 2,738 3 
1100 12 5,449 10 
1100 10 9.132 11. J 

CREEP AND R UPTURE STRENGTHS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS. KSI FO CRATED CREEP RATE 

in HNS INI HRS ..000 HRS I0.NO HRS l-M«HRS MtmtM/HR ALCONJE/HR AMOIX/HR AlOlxVHR 

(a) 1100 14.5 10.5 7* 

(b) 1100 18.5 9.8 

*Extrat>olaied. 
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

MATERIAL         AllOV   Steel                                                                                                   OATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                       ^ ,              7-H6 

PRODUCER     Babcock & Wilcox 
SPECIFICATIONS; 

Nominal (b), (c),   (dj 

(a) 

CHEMICAL COMPOSITION. PER CENT 

C- MH P S s. Cu Nl Co Mo W .  C> Ti AL V B 

0.12 
0.15 

0.46  0.008 0.013 
0.45 

0.37 
Si50 

2.36 
1.25 

0.99 
1.0 

Ft 

0.10 

DEOXIDATIOH 

•onu a sac - WB SHEET CASTISCS ETC 

. 
HtATTREATiiQ,.  (a). (bt Annealed per ASTM Soec. A-213; fci. (d. Norm, and temo.  Mr ASTM Snec. A-213 . 
UICROSTRUCTURE 

GRAIN SHE 

HARDNESS 

SOURCE OF OATA    Babcock fc Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(KurrvRt tint moKimo nr t» in TEST BtirttrtoM ecutmtj 

TEMPERATURE "5» 
TIME HOURS. FOR TOTA^OH^ASTK STRAIN 

X/HR X 
""SAUTCS,?""5 

•POURS 

EXTEMSKMI 

ELONGATION 
X All 0.1* u* uwt HOURS X 

la) 1100 13 0. 038 479 99.5 
1100 9.8 0. 0046 2.589 58 
1100 8.8 0. 0022 .     , 4,854 45.5 

(b) 1100 15 1.500 32.5 
1100 13 _ 4.841 30.5 
1100 10.5 13.860 14.5 

(c, 1100 17 0. 0031 1.126 19.5 
1100 15 0. 0014 2.547 21.5 
1100 13 0.00044 4.327 13.5 
1100 10.5 10.229 15 

1 
(d) 1100 15 899 28.5 

1100 12 3.598 31.5 
1100 :.' 10.5 9.281 24.5 

  

TEMPER.,...       | 

CREEP AND RUPTURE STRENGTHS 

IGHATEO CREEP RATE STRESS. KS FOR RUPTURE IN TIMES INDICATED 

10 HRS in HRS L0O0HRS 1SXO0HRS I0OLO0KRS 0X0COHX/HR O.0OUIS/HR AXOOItE/HR 0.001X/HR 

(a) 1100 16.5 11.5 7.9 '• 

lb) 1100 16 11.2 7.1* 
(r) linn 17.5 10.5 5.8* 10.5 14.5 
(d) 1100 14.5 10.3 

1 
ed. 

n 

5 o 

 



IT COMMITTEE OH EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 

MUTEBIAL       Alloy Steel 
2-1/4 Cr - 1,0 Mo Electric Furnace 
Babcock & Wllcox 

CHEMICAL COMPOSITION, P 

Wrought tube 

Subcritical anneal 

Babcock & Wile ox 

ORIGINAL CREEP AND RUPTURE DATA 
(RgrnjRCTIMEINBIUTCO BY R IN TEST DUUTIOM COLUMN) 

•«•. "ST 
TIME, HOURS. POR TOTAL OR PLASTIC STRAIN 

X/HR 
INTERCEPT 

TRANSITION TO THIRD 
DURATION 

R 
ELONOATION 

X PIX "* 13% ip« HOURS X 

1000 22.5 420 53   5 
1000 20 1,045 54 
1000 16.5 4,013 54.5 
1000 15 6.847 37.5 

1100 15 183 39.8 
1100 12 959 42 
1100 9 4,477 34 
1100 7.8 13.703 22.5 

1200 10 161 42.5 
1200 9 270 43.5 
1200 7.5 814 41 
1200 5 3,418 25 
1200 3.7 9.913_ 16 

CHEEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSI TOP RUPTURE IN TIMES INDICATED STRESS. «l FOR DESIGNATED CREEP RATE ' IPHRS KOHRS IPS, MRS HMO MRS 1PP0UHRS OODXOIS/HR DAOUISG/HR 0OJ.IX/HR PMtX/HR 

1000 23 14.5 
1106 11    * »   3 
1200 7.1 3.7 

'Extrapolati d. 

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

Alloy Steel 0 PUBLICATIONS PI 

2-1/4 Cr - 1.0 Mo Electric Furnace Commercial 
Babcock ». Wilcox 

0.42 
0.46 

0.012 
0.012 

0.015 
0.017 

0.32 
0.35 

2.03 
2.20 

0.97 
1.02 

Wrought tube 

Annealed per ASTM Spec. A-213 

(a), (b) Rb 77 

SHORT TIMETENSILE PROPERTIES 

_64J„ 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATECP BY R IN TE$T DURATION COUIHN) 

TEA,,• Tf 
TIME. HOURS. FOR TOTAL^PLASTJC STRAIN 

X/HR X 
rsssas?'- MIRATION 

R 
EUNGATKMI 

X oix PZX CSX IPX HOURS % 
fal 1000 28 0.0031 791 26 

1000 23 0.0012 1,857 28 
1000 20 0. 0005 2,431 52 
1000 18 0. 00034 4,127 33 
1000 16 8,258 31.5 

X 
1100 15 0.034 498 38   5 
1100 12 0. 0028 3, 164 
1100 10.5 0.0012 3, Q7A 53   5 
1100 9.7 0.00063 8,229 24 

Ibl 1000 25 0.040 687 57 
1000 20 0.0095 1,798 63.5 
1000 18 0. 0057 3,680 47.5 
1000 16 0. 00055 10,854 34 

1100 15 0.040 371 52 
lino 12 0.00095 
1100 10 0. 00023 8,132 42.5 

1 
CREEP AND RUPTURE STRENGTMS 

TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES IHDKATED STRESS. K51 FOR DESIGNATED CREEP RATE 

I0HRS IUHRS I.KDHRS IPPXHRS lOPMPHRS PDDXOIX/HR OJMOOIJtVHB 

4.'5 
bUIX/HR 

22.5 la) 1000 26 
1100 13.5 8.7 I        5.6* 8 10  7. 

(b) 1000 22.5 16 12* 14 16.5 
1100 13.5 9  8 ] 7  3* ,       9.7 11.5 

*Extraoolat t,d. 

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

Alloy Steel A AND PUBLICATIONS PANEL DATA SHEET 

3 Cr - 1/2 Mo - 1-1/4 Si        KT<,       Electric Furnace 

CHEMICAL COMPOSITION. PERCENT 

0.022 0.012 1.06 

Silicon plus 1 pound of aluminum per ton 
1-in. -square bars 

Annealed at 1550 F 

U. S. Steel Applied Research Laboratory 
SHORT TIME TENSILE PROPERTIES 

TEMPERATURE 

J79__ 

CREEP AND RUPTURE STRENGTHS 

MISCELLANEOUS PATA 

900 

• Rxtrapolal ed data 

26. 1* 

o 
CO n 

5: o 

 



(tnjrtuxt T1-, 
31NAL CREEP AND RUPTURE DATA 

TEMPERATURE "?,"?' 
TIME HOURS. FOR TOTAL^PLASTIC STRAIN 

%/HH * rasas*"- DURATION 

R 
•rill 

6.1*            !             0.2*            j             0.5K 1.W HOURS X 

900 50 1        ! 0.6 44 
900 45 6.4 51 
900 40                        '                : 51.9 55 
900 37 150.6 63 
900 "33 571.9 62 
900 ; 3i.5 999.3 43 

1050 30 2.4 67 
10*0 25 ; 11   6 
1050 20 53.4 89 
1050 16.5 254. 1 86 
1050 14 532. 3 89 
1050 13.5 88 

1                                        1 
1200 18 0.8 89 
1200 15 

].                                       1 
1200 11.8 15.6 116 
1200 10 101 
1200 ,S  154.1 95 

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

MATERIAL     Alloy Steel DATA *N0 PUBLICATIONS PANEL DATASHEET                                                                                                                            7~90 

3 Cr- 1 Mo                                   t Electric Furnace                                      15?"' 
PRODUCER     Babcock & Wilcox 

CHEMICAL COMPOSITION. PER CENT 

C- M> P s           s. c« N,         !       C. Mo 1*                      C. Tl AL V B 

0.11 0.44 3.024 0.017 0.29 2,93 0.33; 0.89 

Cu Ft 

a. 16 

DtOX.D*TK« 

FORM BSIU-MR. MEET. CASTINGS   ETC.                      WrOUght   bST.      3/4"    (Ham. 

KEATTREATMENT   Annealed per ASTM Spec. A-213 
.«-»•. 
0..,.,,,, 

...„.,„ 
SOURCE OF DATA           BaDCOCk   &    WllCOX 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED DY ft M TEST DURATION COLUMN) 

1000 

"XT 
TIME. NOUNS FOR TOTAL^LJUrtJC STRAIN 

*/HR 
INTERCEPT * TRANSITION TO THIRD             ]               TES, 

STAGE CREEP                     .          DURATIO * LI* AM OS* 1AX HOURS                          *              |                R 

25 433 55 
1000 19.8 0.0057 2, 565 61 
1000 17.5 3,314 58 
1000 15.5 4. 842 38.5 
1O00 .12.5 1     15.825 50.5 

1100 17.9 29 84 
1100 15 !                                !                         68 76 
1100 10 0.024 1,001 102.5 
1100 8 0. 0029 5.259 65.5 
1100 8 0.0059                          i                  i                        4.081 37.5 
1100 7 0.00062'                                                               16.853 43.5 

1200 10 i                   1                                107 56.5 
1200 7.5 i                   1            •      :                   ,            473 88 
1200 6 ;      1,694 53 
1200 5 3.602 55.5 
1200 4.4 j                   ;                                                     i                                               6.544 39 

i!i' 
CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. LSI FOR RUPTURE IN TIMES INDICATED STRESS. AS. FOR DESIGNATED CREEP HATE 

10 HAS 100 HNS ITOOKNS 1CO0OHRS mm HRS couaoisj/HR OOOOOIjE/HR «.N»I*7HR 0J013S/HR 

1000 22.5 13.5 9.6* 
1100 10.1 • 7.5 5.5* 5.7 7.3 
1200 6.5 4.0 2.4* 

u 1 1 
led. 

pRowcER   Base Plate: Electric Steel Foundry Company 

Alloy Steel 
ASTM-ASME JOINT COMMITTEE ON EFFECT Of TEMPERATURE OH PROPERTIES OF METALS 

DATA AND PUBLICATIONS PANEL DATA SHEET 

7-13 

5%Cr-l /2%Mo AlT Welded H 

Base Plate:   SP5W 
Weld Rod:      SW151 

Carbon in castings 
0.10 max for weldabiljity 

Welrl Rod-   A     ft    STPrith r-.npp»p=,Hrm 
CHEMICAL COMPOSITION. PER CENT 

0. 10 
0. 12 

0.68 
0.75 

0.40 
0.40 

5.20 
5.00   0.50 

0.62 
0.55 

Castings,   6" x 7" x 1-1 /4"": V-yroove weld 22 passes,   interpaas temp.   380 to 420 F 
Base Plates:   1750 F,  2 hr,  air quenched; drawn at 1280 F,  8 hr 
After Welding:   Stress relieved at 1280 F, 4 hr 
Specimen blanks were aged up to 10, 000 hr ?t 1 OOP F prior to stress rupture teBtintr 

I1CWOSTRUCTDHC 

A.   O.  Smith Corporation 

oo 

foint welded 0.505" dia.    SHORT TIME TENSILE 

I 

StTeSS relieved 

67.8 19   0 
17.0 68.9 

Joint welded 0. 505"-dia.   specimens 

MISCELLANEOUS DATA 

qtfsplc Eailm-e 
Stock failure 

inon 

CREEP AND RUFTUHE STRENGTHS    Stress relieved and aged at 1000 F for 10.000 hr 

75  n 

JAll   RpeciTnpjnR failed in|trie stork 

STRESS. KSI FOR DESIGNATEDCI 

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

Allov Steel                                                          DATA AND PUBLICATIONS PANEL DATA SHEET                                                                           7-91 

Rahror.k h Wilr.osr 
SPECIFICATIONS: CHEMICAL COMPOSITION. PER CENT 

c- Mn P s S.        . c> HI CO Mo w Ct n AA v D 

0.11 0.48 6.017 0„013 0.40 4.88. 0.15 0.55 

Cu Fi 

0.05 

„,„„„.„„„ 
FORM A SHE-BAP SHEET CASTIHCS. ETC.    Wroucht tubine. 4" O.D. x 1/2" wall 
HISTORT OF MATERIAL 

Annealed Dei ASTM Spec. A-213 

HARDNESS ,,. 
ORIGINAL CREEP AND RUPTURE DATA 

(RUPTURE TIME INDICATED BY R IN TEST DURATMp, COLUMHj 

TEMPER., "sT (DELETE ONE) """""JEJPR1""" 
•ntPCEPT "^rSoSrT""' 

R 0.1* ut <n* IJK HOURS S % 
1000 20 0.10 248 51.5 

18 , J7« 75 
'•1 0.011 2,224 75   1 

1000 14 0.0066 3,7*4 77.5 
1000 13 0.0052 4,07i 71 
1000 11 0. 0014 13,805 70 

1100 298 in 5 
1100 9 1.S85 61 
1100 7.5 0.0017 5,451 52 
1100 6.7 0.0009 11,595 63 

1 ,_ 
7.0 1 0.046 315 54  5 

0.015 -    62?. 39.5 
5.5 0.007 2,378 40 

0.005 3,200 43 
4.6 0.003 5,598 45 

1200 4.2 0.0012 9,920 43.5 

CO n 

5: o 

CO n 

5 o 

n 

5 o 

 



CREEP AND RUPT URE STRENGTHS 

TimMTUK STS-SS. <S IOH RUPTURE IN TIMES INDICATED STRESS. KSI TOR DESIGNATED CREEP RATE 
,      •    « MRS                            Manas 1.0UHRS 1S.O0OHRS I00.0MHRS 0.000001X/HR 0.MM1J/MB COCOIS/HR O.t0l*/HR 

1000 16 11.5 8.0* 7.4 
1100 9.9 6.8 4.8* 
1200 6.1 4.2 2.6* 2.9 

*Extrat>ola' ed. ' 

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

Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 

5 Cr - 1/2 Mo iMttTiNc     Electric Furnace 
Babcock & Wilcox 

CHEMICAL COMPOSITION. P 

Wrought 3/4-in. -diam.  bar 

Annealed per ASTM Spec. A-213 

Babcock fa Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE 

1000 

•w 
TIMCHOUI* FOR TO^PL^C STRAIN 

U.NIMUMMEEPRATE INTERCEPT "iES-cSS"" 
R X 0.1 * 0.1 %    . ut m HOURS                          * 

25 1ft 14 
1000 20 43 59 
1000 18 1. 289 78.5 
1000 12 4.263 70.5 
1000 10.5 9f 120 69.5 

1100 12 153 64 * 1.547 76.5 
1100 7 4,026 99.5 
1100 6 9.471 61.5 

1200 8 142 12.5 
1200 6.5 305 79 
1200 4.6 ; 2,173 58 
1200 3.8 1          5.234 56 
1200 3 17.816 40.5 

j               !               '• 

CREEP AND RUPTURE STRENGTHS 

~r" STRESS. KS> FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

I.HRS IttHRS 1M0HRS 10JTOHRS 100.000 HRS a.caaoi*/HR                O.MMIS/HB loaiX/HR EUWS/KR 

1000 15 in.* 
1100 8.7 6.0 4.1* 
1200 5.3 "     3.4 2.2* 

*Extrapola :ed. 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 
MATERIAL          AllOV Steel                                                                                DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                        7-91 

,llOT           5 Cr - 1/2 Mo                               KIN'.         Induction                                                         IHEAV* 
PRODUCER       Electric Steel Foundry Comoanv 

CHEMICAL COMPOSITION. PER CENT 

c- MH p s SJ    , 0 Nl Co Mo w C« Tl Al V H 

0.10 0.68 -- - 0.40 5.20 --_ -- 0.62 
Cu FI 

Bal. 
DEOXIDATION 

FORM » SHE - BAR SHEET CASTINGS   ETC 

Welded with B. A. C.   5932 electrode 

HEAT TREATMENT Stock: 1750 F,  2 hr, A.Q.   - 1280 F. 8 hr;lweld also SR 4 hr at 1280 F 
MICROJTRkrCTURE 

GRAIN SUE 

HARDNESS             See below. 
SDURCEOFDATA     A. O. Smith, Metallurgical Research Laboratory 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

'""T,u" -as?' "if• 
TIELOSTRENOmiMI ELONGATION TEE" 

S.0ZX 0.1* O.ESE 

Room 88.5 73.0 21.5 63.0 Stock mlv 
Room 30.15 88.8 67.8 19.0 57.3 Stock  >lus weld 
1000 51.4 17.0 68.9 Stock   >lus weld 

M» Ml" 
KR 197            1R2 188 
SR HAZ 254 169 210 
SR Weld 254 140 254 

SR + 1 0, ono~) fstock 219 182 199 
hour B at         p [HAZ 222 188 205 
1000JF           | |Weld 236 227 232   ' 1 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

'TEMPERATE TS- 
TIME HOURS. TOR TOT^OR^Sp STRAIN 

.,.,„- „, RAT. % SEW•    ' Itiv 
ELOUGATIOM % MSE       [        was    • «.S* •*« HOURS * 

1000 19.0IM {not atztidi 
1000 25. 0<2) 110.7 23.0 
1000 17. 0W (1000 ht at 1000 F) 1903.8 25.0 
1000 17. 5<*) (5000 hL at 1000 F) 1606.3 18.0 
1000 15. 0'=" (5000 hi- at 1000 F) 3816.7 9.5 
1000 14. 0W UO.OOOlhr at 10 10 F) 5097.2 12.0 
1000 30. Of) (10.00o|hr at 10)0 F) 16.6 24.0 

n 

o 

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

IMATEBJA Alloy Steel                                                                 0ATA AND PUBLICATIONS PANEL DATA SHEET 7-95 
AUO' 5 Cr - 1 /2 Mo                                IMPING            Electric Furnace                                     IHEAV 

PSBMUCE U.   S.   Steel 
CHEMICAL COMPOSITION. PER CENT 

C                  MN p S                   Si c. Nl Co Mo w c.     ' Tl Aj. V B 

00 
(b) 

0. 09! 0.54 
0.13   0.42 

0.027 
0.03 

0.018 
0.017 

0.41 
0.22 

5.05 
4.69 

0.53 
0.47 

0.89 0.065 
0.004 

Cu                  Tt N 
(a) 
(b) 

0.012 
0.021 

DEOXIDA • a) Si plus 2 lb Al/ton; (b) Si, plus 3 lb Al/ton 
FORM « S ZE-BA R SHEET CASTINGS. ETC.                    1 -ill.  "SQUarC   barS 

" 
MEAT IRE ATMENT (a) Annealed at 1375 F; (b) Annealed at 1550 F 
MICKOST UCTUR (a) Ferrite and carbides;   (b) Pearlite and spheroidized carbides 
GRAIN SI (a) ASTM 8;   (b) ASTM 6-8 
HARONfS (a) DPH 170:   (WDPH124 
SOURCE O FDATA U.  S.  Steel Applied Research Laboratory (published ASTM Proceedings. 53.  1953. ot> 627-658.- 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

"""r»"' I0SPSI 
sffiffif. TIELD STRENGTH. NS, 

PERCENT 

REDUCTION 

0.0ZX B.\%            1            0.ZS PERCENT 

(a) 80 83.1 61.6 29 75         ! 
80 82.8 61.5 29 76         Ij 

1 
(b) 80 70.2 24.5 37 •   73         i! 

80 70.2 24.7 37 73        \ 

 



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

MATERIAL             AlloV   Steel                                                                                                DATA AKD PUBLICATIONS PANEL DATA SHEET 7-94 
5 Cr - 1/2 Mo - 1-1/2 S         !"E"SF

0     Electric Furnace                                             S«T° Commercial 
Pxnmiroi                    BabCOck  fe  WllCOX 

CHEMICAL COMPOSITION. PER CENT 

c- M» P s s. C« N. Co Mo w c> Tl Ai. v B       1 

0.11 0.51 0.013 0.013 1.46 4.84 0.26 0.51 
Cu Ft 

0.11 

DEOXIDATION                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      ' 

row* a uzt - uc SHEET, CASTINGS, ETC.           Wrought tube 

UFATTHEATMEHT   Annealed per ASTM Spec. A-213 

GRAIN Silt 

H«,DNESS              Rh 85 
SOURCCOFOATA     Babcock & Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATtO »»»« TEST DURATION COLUMN) 

TEMFDtATUBE STRESS 
(OELETEONE) H7HR    "ATE 

IRT^PT 
TRANSITION TO THIRD 

K 
ElONOATIOH 

IE blX OJX M« IM HOURS * 
1000 18 0.035 576 
1000 15 0. 0099 2,013 
1000 12 0.0016 10,806 88 

1100 10 0.018 573 67.5 
1100 a 0.0058 2, 726 51 
1100 6.6 0.00092 1 0, 499 42 

1200 T 0.11 112 86.5 
1200 5.5 0.025 800 55.5 
iau 4.6 0.0046 2,785 44.5 
1200 4 0. 0025 5, 776 46 
1200 3.5 0.0010 9.674 33.5 

1300 3.5 0.073 349 79 
1300 3 0.028 796 44.5 
1300 2.2 0.012 2,666 84 
1300 1.65 0.0064 7,491 123.5 

CREEP AND RUPTURE STRENGTHS 

TEMPERRTURE STRESS. KSI FOJt RUPTURE M TIMES INDICATED STRESS KSI FOR DESIGNATED CREEP RRTE 

10 MRS 1MHRS I.UOHRS IEEOIHRS IDaWHRS ' MD0M1X/HR S*TO«/HR amn%/ns •LOuTX/HR 

1000 16.5 12   1 H   q* 8.3 
1100 9.3 8.6 4.7* 4.8 6   7 
1200 5.2 3.5 2.0* 2.4 5.5 
1300 2.8 1.6 0.85* 

«Extr»vola t id. 

PRODUCER   Crucible Steel Company of America 
SPECJFKATIOHS: 

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

Alloy Steel A AND PUBLICATIONS PI 3. DATA SHEET 

Crucible Z18 DS Electric Furnace 15-1/2 tons 

CHEMICAL COMPOSITION, PJ 

.TiowAluminum and calcium-silicon 
_Wrought l"-diameter round bar 

Teemed into 10-inch ingots; ingots cogged to 3-inch-square billets; billets given subcritical anneal and then 
rolled to 1-inch-diameter round bars; bars given full anneal 

1850 F,   1 hrT  air cool; 1035 F for 2 t 2 hr 
Tempered martensite 

Rockwell "C" 54 
• Crucible Steel Company of America . 

SHORT TIME TENSILE PROPERTIES * MISCELLANEOUS DATA                                             | 

TEMPERATURE MODULUS .JSS&. YIELD STRENGTH. KSI ELONGATION REDUCTION 

PER CENT 
Chatpy * -Notch Impa ct Data | 

O.UjC ».1* 0.2* Temp. 1 Tic-act Value 
75   276 __   M0 14 47 P (it-lbi 
75   274     228 13 47 300 17, ?n 

800 __ 230 -_ __ 181 14 55 212 18,20 
800   232 -_   183 14 54 180 1.8, 10 
900 __ 216 __   172 16 56 140 14, 15   If , ._ __   16? 16 55 11   14 

1000 __ 198 -_   147 14 55 in in 
1000 __ 202   __ 151 16 54 -50 9,9 
1100 ._ 151 __ __ 111 16 56 -100 8,8 
1100 __ 152 __ __ 112 14 50 -150 5,6 
1200 __ 74 _-   51 40        1         Sf. 
1200   73 ._   51 3?.        1         84 

*0. 252 -inch-diameter. -inch-gape-Ienertl   specimi ns.            . 

o> 
o 

ORIGINAL CREEP AND RUPTURE DATA 
(RlimiRETIME INDICATED BY R IN TEST DURATION COLU«"0 

—r- "ST 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN 

MINIMUM CREEP RATE 
X/HR X 

STAGE CREEP DURATION 
EXTENSION 

EUJH6ATI0H % 
0.1* . tj% USX 1J« HOURS %      • 

""   ar" 
Temp. 

' 
R^ 35 

ure for 
W2 hr lefore test ng-   I— ' 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-5 
A 11               <?tp*>l                                                                                                                           D*TA AHD PUB1-ICATl0NSi """NtL UA1A SHttl 

SPECIFICATION i: CHEMICAL COMPOSITION. PER CENT 

c- MH r s. s. Cu N. CO MO W C* '    Tl AL V B 

0.37 0.39 0.017 0.019 1.02 5.02 0.18 1.35 0.35 

Ft 

- 
Teemed into 9-inch by 15-inch ingots; forged to 4-inch by'13-inch slabs and given subcritical anneal; rolled 
to  sheet bar and then sheet. 

HFATTREATMENT         1850 F.   1/2 hr.  air cool; 1035 F for 2 + 2 hr                                                                                                                     _ 

                 PnokwMl "C." 54                                                                                                                                     .           _ 

•"v,                                SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE. 
MS»PS. 

•SSS. YIELD STRENGTH, K5I ELONGATION 

PER CENT 0.02JS o.t% 0.2* 

226 7 
233 10 __ 8 
182 7 

900 217 164 8 
1711 Q 

1000 195 151 10 
154 8 

141 110 12 
%t\ 

1200 72 53 18 • 

n 

o 

n 

5 o 

 



ORIGINAL CREEP AND RUPTURE DATA 

•-J>• •is- 
TIME HOURS. FOR TOTAL OR PLASTIC STRAIN 

(DELETE ORE) S7HR X 

TRANSITION TO TTIINO 

Tssr 
,„=.. 

0.'* 0.1* OS* ID* HOURS * ""«"" 
Cieeo Data fc r Isochionoiu 

Temp. stress. TO al Strain (%) in 
F: 1 Hr 10 Hi 100 He 

800 110 0   75 0.77 n  RR 
800 140 0.66 0.72 0.77 
800 120 0.57 0.64 0.69 
800 100 0.42 0.46 0.51 
800 85 0.33 0.35 0.38 

1000 60 0.31 0.50 -- 
1000 50 0.27 0.38 0.79 
1000 40 0. 23 0.29 0.64 
1000 ZO 0. 11 0.15      1 0.21 

CREEP ANp RUPTURE STRENGTHS 

STRESS. KSI FO TEMPSRATURS STRESS. KSI FOR RUPTURE IN TIMES .NDICATEO SN1TEO CREEP BATE 
1IHRS ,00 HRS 1.000 HM 10.000 HRS 100*00 HRS (U»d»1*/HR 0.00001X/HR 0«O1*/HR OJttS/KR 

700 225 246 
800 200 210 224 
900 75 142 

I I 

Oi n 

5: o 

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

MIT'RIAL         Alloy  Steel                                                                                    DATA AND PUBLICATIONS PAN T-DATASHEET                                                                                                                            7-96 

l*Llor           5 Cr - 1-1/4 Mo - 1/2 V          IMEITI°F
G    Electric Furnace ( air melt)                      IHE»T°F 

PRODUCER     Vanadium-Allov Steel Company Heat 30828 
CHEMICAL COMPOSITION. PER CENT 

C-       !       MN        t         P         •          S                   S.                  Co         |        Nl         j       Co Mo w Co        I        Tl                  Al v      i     B     r 

0.40   0.29 [0.016 0.02li 0.98: 5.11 ! 1.30 J                     \ 0.55: 
C,      I      r. :          .          '          ' 1 

1 
I :          !         j          ! 

1 
DE.OXIL.PS. ION 

fORM S SIZE -BAR. SHEET. CASTINGS. ETC.                      Foreed    2-in.      b&TB 

KMIIRtAIMIN 1850 F Boak for 30 min, A. C. ,  tempered 2 hr each at 1000 + 1000 + 1000 + 1020 F: SR at 925 F.   2 hr 
MICROSTRUCTUR Tempered martensite 
CR....ZE                        7-8 

HARDNESS 

SOURCE OF OAT* North American Aviation (Report No.   NA59H-739) 
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TS-PEJAT... 
"osps" 

SIREN CTH 
Haidness    Y tLD STRENGTH, KSI 

PERCENT 

REDUCTION Exposure Yield      | Ultimate Reduction   | Elonga- 
in^iea.     ;     BOB. B, «»» 0.1* B.IK      , PERCENT Ttjnp. SneiDjth. v- 

Room 296.0 55.9 247.8 11.3 41.8    I1 E 
72 294.5 55.7 251.0 12.1 41.1          700       '     200.1 254.3 46.7         11   1 

400 271.3 55.7 226.1   '    11.9 36.0    f    800      |    197.2 244.9 51.5    j 13.3 
600 265.7 55.7 215.4 13.1 46.6    l!    900           183.3 227.9 54.3    i 15  7 
800 242.8 55.8 196.0 14.5 49.8    t 1000 124.4 !     142.8 66.9        20.4 
900 229 4 5H   9 180   8 14  4 4R   A,     j; 

700 205.1   :     255.6 43.7        12.2 
1    800 190.7 243.5 50.1     ; 14.3 
!    900 173.4 211.6 48.7     i 15.5 

1                 F Iconsed 3000 tot                     j 
1                   '     700             199.7 253.1   1    45.5     i 12.6 

1                                        800           187.4!    243.0 1    41.8     ,12.6 
•''•'!                 ;                                                           900           153.1  i    185. 7 1    59.5       19.1 

ORIGINAL CREEP AND RUPTURE DATA 

830 

I   163 

4, 400* 
18,000* 

*Extrapctlated valjies. 

0.0012 

If. 

180 
796 

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

HATERIAL          AllOV  Steel                                                                                   DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                           7-97 

.LLO.          5Cr-l-l/4Mo-l/2V        ESS,   Electric Furnace (air melt)                    EV" 

.pnn..rrp      Vanadium-Allov Steel Co.                                                                                                Heat 31153 
CHEMICAL COMPOSITION. PER CENT 

C- MN p S s. Co Nl CO Mo w Co Ti AL V B 

0.38 0.29 0.016, 0.012 0.84 4.75 1.34 0.48 

Cu T£ 

DEOX1DATION 

FOAMS SIZE-NAN. SHEET. CASTINGS. ETC.                   FOTflfed   2-in.     DarS 
HISIORT OF MATERIAL 

HF.TTNFATMrN.    1850 F soak 30 min. A. C. . tempered 2 hneach at 1000 + 1000 + 1000 + 1020 F: SR at 925 F for 2 hr 
HicRosTRocTuRE    Tempered martensite 
r...,..„,               7-8 " 
NAHDNFSS 

SOURCE OF DATA North American Aviation 
SHORT TIME TENSIL 

Report No.  NA59H-739) 
E PROPERTIES                                                                                   fl                                                   MISCELLANEOUS DATA 

TEMPERATURE 
100 PSI 

.SI.". Haidness    TIELD STRENGTH. KSI ELONGATION REOUCIIOH Exposure 
' Temp. 

P 

Yield Ultimate 
sneEAjjih. 

P-eductloTj Esonga- 
Ejon. 

Kc   *»« 0.ISS o.zx 

Room 281.5 54.4 232.4 11.8 38 I [Tvosed 100 H r 

72 279.8 54.3 234.5 13.1 44.9 700 196.8 245.4 43.7 13,1 
400 260.0 53.7 211.5 12.1 39.5 ano 187.3 231.7 49.6 13   1 
600 255.8 54.3 211.0 10.2 32.6 >. 900 176.0 217. 4 53.3 is. a 
800 232.8 54.3 187.7 15.0 48.4 
900 218.4 54.5 183.0 16.4 52 6 E [TMMed 1000 1 [i 

700 194.4 243.6 46. a IS.6 
800 192.2 232.4 48,2 M,» 
900 175.0 208.5 47.3 14.1 

E Dosed 3000 ] t 

700 192.5 240.0 41.7 12.1 
1    800 192.9 232.3 49.1 14.3 
I    900 150.3 185.8 55.4 u.« 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE "iS» 
TIME HOURS FORSaOPJtOR PLASTIC STRAIN (CieBp) 

MIHIMSM CREEP RATE 
RVHR 

Initial 

.auk 
* 

•"gZ£Z•° •s- EUWCATKRN * Oil 0.2* «* 10* HOURS % 
700 240 0.1 0.4 16 0.012   , 2.290 18 
700 237 0.5 1.2 69, 0.0015 2.248 75 
700 235 0.4 17 862' 0.00018 1.962 162 
700 230 0.2 26 6500* 0.000045 1.595 271* 

800 225 0.1 0.4 8 0.02 2.070 1« 
0.6 28 677 0.00050 1.465 695 

800 1.2 28 1230 0.00024 1.348 1.396 
800 1.2 330 4300O 0. 00012 1.135 1700 

900 180 1.0 27     1.018 67 
900 170 2.4 85 250 j 0. 0023 0.904 251 

148 3731 O 0019 0. 820 3(U 
900 47 350 820 0.00087 0.680 863 
900 no 185 955 2200* 0. 00040 0.470 U45 

i 

1 
CREEP AND RUPTURE STRENGTHS 

TOR DESIGNATED 
T.-PERA,,,., STRESS. KSI FOR RUPTURE IN TIMES DICATEO                                                                    |                                                  STRESS. KS CREEP RATE 

I. HAS M0 HRS I.OWNRS ""* MAMOHRS           |         AOOXOISF/HR ECOOOISE/HR 

225           1 
«J •OIRVHR A00IX/HR 

700 231 236 
800 180 MO 217 
900 80 140 

•     1 

o- 

 



ASTM-ASME JOIHT COMMITTEE ON EFFECT OF TEMPERATURE OH PROPERTIES OF METALS 

HATERIAL            AllOV   StCel                                                                                               DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                                            7-98 

.HOT    5 Cr-1.1/4 «d-l/2 V(tt- 
f Ludlum Stee PRODUCER       Allesnen 1 Corporation                                                                              Heat 26094E 

CHEWCAL COMPOSITION. PER CENT 

C- MR p s s. CR HI CO Mo w Ca Tl AL V B 

0.40 0.27 0.020 0.010 0.94 5,13 1.36 0.51 

Co FE 

DEOXIDATIOR 

FORM A SIZE-EAR SHEET. CASTINGS. ETC                    Sheet,     0.080   111.    tfaick 

Surface finish of specimens was RMS 16; strain rate - 0. 005 in. /in. /min 

IEATTREATMENT   Aust.  in neutral salt at 1850 F. A. C. . tempered 2 hr each at 925 + 975 + 1000 + 1025 F; SR, 925 F, 2 hr 
RICROSTRUCTURE 

SRAINSIIT 

UNDRESS            See helow. 
WURCEOFDATR      North American Aviation (Report NO. NA59H-73* I 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE 
10EPSI "ir Haidness    TIEED STRENGTH, ASI ELONGATION "iS"ST Uwinirfinal 5 heal PiODeiti M 

Re iw* O'st 0.2% Test Shear Ratio 
Room Long.-L 289.1 54.1 229.3 7.5 Temp, onenutji, "Hf' Hardness, 
Room Trans .-1 289.6 54.1 226.9 8.0 77 189.4 65 53.7 

72 IR 291.4 53.9 247.4 7.6 400 196.7 72.9 53.7 
400 D 269.7 54.1 221.0 7.5 600 194.6 74.8 53.8 
600 L 260.0 53.9 212.0 6.4 800 175.3 73.6 53.7 
800 L. 238.2 53.8 196.9 8.8 900 ^   169   7 75.8 53.9 
900 L 224.0 53.9 183.8 9.8 

Compress ve Yield Std opTh, ksi 

77 L 54.7 270.9 Note: All vain :s repret ent an as. erase 
400 L 54.7 243.0 of 3 to 5 tests ea< :h. 
600 L, 54.9 237.7 
800 L, 55.5 220.4 
900 L, 55.2 200.5 

ASTNLASME JOINT COMMITTEE OH EFFECT OF TEMPERATURE ON PROPERTIES OF METALS -" Allov Steel                                                       DATA AND PUBLICATIONS PANEL DATA SHEET 7-100 
.EL.,   5 Cr - 1-1/4MO-1/2 V (H-ll)   IK5t»                                                                             fSf "      - PRODUCER 

NOMINAL     UtltLlQRT. COMPOSITION, PER CENT 

c- MR P s s.   , CR HI Co M0. w CR Tl AL v B 

0.38 -1 
0.43 

0.20^ 
0.40 

0.025 
Max. 

0.025 
Max. 

0.80- 
1.00 

4.75 - 
5.25 

1.70- 
1.40 

0.40- 
0.60 

Cu FE 

DEOXIDATIOH 

FORMSSIFE-DA R.SNEET. CASTINGS ETC                     Sheet 

All specimens held at test temperature 10 min prior to testing; specimens heated by self resistance 

MEAT TREATMENT Per PR5-26 specification (NAA) 
MICROSTRUCTURE 

GRAIN SIZF 

HARDNESS            See below. 
SOURCE OF D.TA North American Aviation {NAA Report No.   TFD-60-366) 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE MODULUS 
•OtPSI 

""iff. YIELD 5TREROTH. RSI ELONGATION REDUCTION 

P"t -     0.1* 0.1* 

1200 24.2 117.2 0.6& 110.8 5.5 0.1 • 0.1 "' 6? 
1200 24.2 108.2 0.050 99.0 5.5 0.001 0.01 53 5 64.2 45 
1200 23.5 98.0 0.050 80.8 5..5 0.0001 0.001 54 5 62.2 43 7. 
1200 22.0 80.1 0.020 63.8 7.0 0.001 0.01 78 5 64.2 
1200 21.5 61.5 0.020 51.0 8.5 0.001 0.01 77,5 61.E 
1300 15.6 42.7 0.050 •79   7 13 0.01 53 
1300 15.5 43.4 0.050 33.0 11 0.001 0.01 53 51.7 31 
1300 14.2 43.4 0.050 19.0 13 0.0001 0.01 53 5 47.3 ?6 
1300 16.5 48.0 0.020 31.1 10 0.001 o.or:. 78 
1300 13.8 41.3 0.020 26.0. 10 0.001 0.01 7815 
1300 14.6 26.9 0.020 12.8 20 0. 001 0.01 77- 5j 43.2 

80 208.0 0.050 190.6 4.5 54 
80 149.4 0.050 123.0 8.5 liter 13db F <mo mrel S4,3 3?, 7 
80 233.6 0.02-0.0;) 272.2 4.5 10 exposure) S3.1 

KJ 

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

MATFRIAI            AllOV   Steel                                                                                                DATA AND PUBLICATIOHS PANEL DATA SHEET                                                                                                                           7~99 

.LLOT  5 Cr-l-l/4Mo-l/2 V (H-ll)      E•                                                                                     ISr" 
PRODUCER     Vanadium-Allov Steel Company                                                                                 Heat 30199 
SPECIFICATIONS: CHEMICAL COMPOSITIOH. PER CENT 

c. MR p s Si c. Ni Co Mo w CR Tl AL V B 

0.40 0.34 0.016 0.013 0.82 5.11 1.30 0.47 

CU FE 

FORM ft SIZE-BAR. SHEET. CASTING*. ETC                  Sheet.     0.  082   in.     thick 
HISTORT OF MATERIAL 

Surface finish of specimens was RMS 16; strain rate - 0. 005 in. /in. /min 

NEATIREATMENT   Aust.  in neutral salt at 1850 F. A. C. . tempered 2 hr each at 975 + 975 + 1000 + 1025 F SR.  925 F, 2 hr 

GRAIN SIZE 

HARDNESS           See below. 
SOURCE OF OATA North American Aviation (Report No.  NA59H-739) 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TEMPERATURE 
10SPSI 

STRENGTH 
Hardness, TIELD STRENGTH, KSI ELONGAtlO. 

"".VEA" 
L 

Tesl 
jngitudinal £ 

Shear 
heal Propem 

Ratio. 
SS 

Re MR* 0.1% 0.2% 

Room Long. -L 293.9 54.3 243.6 7 Temp, Strength, psu/btu. Hardness, 

Room Trans. -1 294.1 54.3 243.3 6.7 77 190.6 64.8 53^9 
78 L 294.0 54.3 250.0 7.5 400 193.5 71.4 54.0 

400 L 270. 9 54.2 221.8 7.5 600 195.0 73.6 53.9 
600 L 265. 6 54.2 215.4 6.4 800 179.8 74.1 53.9 
800 L 242.5 54.3 8 7 53   9 
900 L 230.2 54.4 190.2 10.1 

Coropressti e Yield Strei RTTlLjFSi Note: All va ues repr ssent an 
77 . I, 55.6 281.2 averafl e of 3-5 ests eac ,. 

400 L 55 4 756  1 
600 L 55.5 250.4 
800 L 55.5 222.1 
900 L 55.6 211.6 

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

MATERIAL         AllOV Steel                                                                                  DflT* MD PUBLICATIONS PANEL OATA SHEET                                                                                                         7-101 

ttwr5Cr-I-l/4Mo-l/2V(H-lI)    fiErSt  Air Melt Electric Furnace                      $ZT"  TTnV««wn 
PRomi^fR     Vanadium-Allovs Steel Company                                                                                 Heat 31682 
SPECIFICATIONS: 

NAA Spec. 
NA2-7038 

Nominal     •mis HI. COMPOSITION, PER CENT 
•c- MR P s Si CR NI Co Mo w Ct Tr AL V B 

0.38- 
0.42 

0.20- 
0.40 

0.025 
Max. 

0.025 
Max. 

0.80- 
1.00 

4.75- 
5.25 

1.20- 
1.40 

0.40- 
0.60 

Co FE 

otoxmaum 
:OR-•,.,»-BAR. 5nErrc.',T,r.SJ.t,c          Sheet stock.  0. 020 x 24 x 72 

Hot rolled and annealed, belt ground from 0. 033-in.: thickness (equal removal from each side to eliminate 
"mill" decarb. and scale) 

KEATTREATMENT    1850 F soak 30 min, triple tempered at 990 F 2 hr each temper 
mCBOSTfiUCTUBE 

GRAIN SHE 

HARNESS           Rockwell "A" 78. 0 
SOURCEOFDAT.    NAA Report TFD 60-366 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 

TE.P.RAT... 
I0EPSI 

1• 
HELD STRENGTH. KSI ELONGATION 

"SASS" 
1 

0.KS6 O.ISE 0.2% 

70   272.5     233.3 4.5 
1200 22.0 80.1     63.8 7.0 Ten-minute soak: at temierature before 
1200 21.5 61.5   51.0 8.5 f testing Strain rate 0. 0 11 in. /in /sec. 
1300 16.5 48.0     31.1 10.0 -- 
1300 13.8 41.3   26.0 10.0 -- 

 



ASTM-ASME JOINT COMMITTEE 01 

Alloy Steel 
 T OF TEMPERATURE ON PROPERTIES OF M 

D PUBLICATIONS PANEL DATA SHEET 

5 Cr- 1-1/4Mo -1/2 V (H-1U Air Melt Electric Furnacie 

NAA Spec. 
NA2-7038 

COMPOSITION. P 

0.38 
0.42 

0.20- 
0.40 

0.025! 0.025! 0.80-4.75 
Max.! Max.! 1.00 ; 5.25 

1.20- 
1.40 

0.40- 
0.60 

Sheet stock, 0. 050 x 36 x 72 

Hot rolled and annealed, belt ground from 0.063-in. thiclKnesB (equal removal from each side to eliminate 
"mill" decarb.  and scale) 

ITTBEATMEHT   1850 F soak 30 min. triple tempered at 990 F 2 hr each temper 

Rockwell "C" 53.1 
NAA Report TFD 60-366 

SHORT TIME TENSILE PROPERTIES'- MISCELLANEOUS DATA 

13.0 

Strain rate - 0. 1 

Strain rate - 0. 0001 in. /in. /sec 

Jin^ 
ute - 0.0 Jl in. /in 

0.QQ1 in. /in. /sec 

. /sec 

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

Alloy Steel OAT* AND PUBLICATIONS PANE. DATA 51 

5 CT- M/4MO-1/2V (H-1U Electric Arc 
PRODUCER     Vanadium-Alloys 

AMS 6437 
AMS 6485A 
AMS 6487 

Steel Company 
E'w'    10.000 1a 

Cast into 7" and 10" ingots and processed by standard tool steel practices 

cdoli AuBtenitized 30 min at 1825-1850 FT air cdoled and tempered 2 + 2 + 2 hr at 1050 F 
Tempered martensite 
ASTM 7-1/2 
Rockwell "C" 51.4 
Vanadium»Alloyg Steel Company 

SHORT TIME TENSILE PROPERTIES MISCELLANEOUS Di 

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

Alloy Steel 
5 Cr - 1-1/4 Mo - 1/2 V {H-llTl1^,    Electric Arc 

DATA AND PUBLICATIONS PANEL DATA SHEET 

SfLCIflCATIONS; 

AMS 6437 
AMS 648 5A 
AMS 6487 

COMPOSITION, PER CENT 

Tl At 

Air cooled from 1850 F, tempered 1 hr at 1200 F 
Tempered martens it e 

Vanadium-Alloys Steel Company (AISj_bookletF "High Temperature - High_Stren|jth Alloys") 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IH TEST DURATION COLUMN) 

T~ TS» 
TIME. POURS. FOR TOTAiORPiASTie *TRA,H 

X/HR X 

TRANSITION TO THIRO 
STAGE CRttP SSgS" EXTCNSKM 

CUMSATTON 
X M* 0.1* 05* '.0* HOURS X 

1000 95   0.2 0   7 . .     6. 9 25 
1000 70 0.2 0.8 ?.   t, 31. 4\ 25 
1000 40 11.0 80.0 158.0 ^ 435.4 31 

1100 60 0.1 0.3 0.6 3.3 26 
1100 40 2.5 10.0 18.0 
1100 30 73.1 49 
1100 20 6.7 22.0 46.0 444.3 55 

1200 30 2.3 21 
1200 15 0.7 2.2 4.9 70.5 70 
1200 10 1.6 5.8 16.0 

1 

n 

5 o 

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

LMJ-ERMI       Alloy Steel                                                          DATA AND PUBLICATIONS PANEL DATA SHEET 7-105 
*LW»    5 Cr - l-l/4Mo - 1/2 V (H-lll    IMYEIT,»F

G     Electric Arc                                                 1• 
PBODUCEB 
SPEtJflCAriOHS: 

AMS 6437 
AMS 648 5A 
AMS 6487 

CHEMICAL COMPOSITION. PER CENT 

C- Mx p 5 5. c* Hi Co Mo w Cl Tl     ~ to. . V B 

0.40 0.30 0.90 5.00 1.30 0.50 
Cu Fl i 

Bal. 

DEOXIDATION 

FORM & SIZE - BAR SHEET. CASTINGS. ETC.                       Bar 
HISTORT OF MATERIAL 

.,F*TTREATMENT       Air cooled from 1850 F. tempered 1 hr at 1050 F 
uicRosTRucTunr        Tempered martensite 
GRAIN SHE 

HARDNESS                                                                                                                                                                                                                                                                                 - 

SOURCE OF DATA         V anadium - Alloy a Steel Coim>anv (AISI ^edklafr. "Hisrh Temperature - Hiah Strength. Allovs'M               ' 

ORIGINAL CREEP AND RUPTURE DATA 

••» TS» 
TIME HOUR*. TOW TOTA^O^PLACTie «TBAIH 

X/B* X 

TRANSITION TO THIRD 
STAGE CRUP 

R 

FINAL 
DCnNNON 

OR 
ELONGATION 

•     '-X 01X MX MX IJr« HOURS X 

1000 155   0.5 4.'5 11.1 1.0 
1000 110   7.0 -27.0 58.0 12 
1000 75 7.0 43.0 116.0 254.0 14 
1000 9.8 52.0 134.0 'iia.o 17 
1000 50 24.0 113.0 

CREEP AND RUPTURE STRENGTHS 

.TE~R(        • STRESS. KSlFO*KarTUKEl)l TIMES INDICATED                                                                                  | smess. KS! w» BESICMATED CREEP BATE 

10HRS 100 HRS l.HMHRS 10.D0HH.es IKWMHRS         \        IUMMX/HR MO0O1X/HR •MOOIX/HR MM X/HR 1 
1 o> 

w 

 



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

MATERIAL            AllOV   Steel      •                                                                                         DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                                             7-106 

.LLO»             7 Cr  -  1/2 Mo                                    IliS'Sre      TTlArtric Furnace                                                 \l'S°r 

PRODUCER      U.   S.   Steel 

CHEMICAL COMPOSITION. PER CENT 

C-         j         M- f s Si c. Ni -      Co Mo •v Ca Tl AL V S 

0.13! 0.50 0.007 0.003 0.88 7.34 0,11 0.52 
Cu n N 

0.09 0.018 

DCOXIDAHOH   Silicon plus 1.4 pounds of aluminum oer ton 

FORK ftSIZE -BAR. SHEET. CASTINGS. ETC..                      BSLTB,      1      In.      SqUaTe 

«ATTREATME*T       Annealed at 1550 F 

M1CROSTRUCTURE 

GRAIN SIH 

HARDNESS 

SOURCE or DAI«         U.   S.   Steel Applied Research Laboratory 

SHORT TIME TENSILE PROPERTIES                                                                      •-   - MISCELLANEOUS DATA 

•"ru" MODULUS 
1I*PSI 

JK3K. 
YIELD STRENGTH. KSt 

PERCENT 
"CSS?" 

a.02% 0-1 % o.zse 

80 83.3 36 77.8 
80 83.7 36 77.0 

ORIGINAL CREEP AND RUPTURE DATA 

TEMPERATURE 

900 

"ST 
TIME. HOURS. POPJTOTAl^OR^STH: STRAIH 

*/HP % TRAMmON TO THIRD 
DURATION 3:2 

0.1* 02* OS* 1.0* HOURS % 
50.0 0.7 40 

900 45.0 6.3 42 
900 42.0 16.1 55 
900 38.0 67.5 38 
900 32.0 550.4 54 
900 30.0 836.0 61 

1050 35.0 0.3 50 
1050 28.0 5.1 55 
1050 22.0 32.1 73 
1050 17.5 253.1 75 
1050 14.0 1650.0 81 

1200 20.0 0.4 70 
1200 15.0 4.2 64 
1200 11.0 \ 22.8 62 

.    1200 8.4 160.4 65 
1200 6.4 709.6 81 

CREEP AND RUPTURE STRENGTHS 

""'T•' STRESS. K5I FOB RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

10 UPS l»WBS I.P»4PS ULWNRS IUVNCNRS nmcetX/HR 1WWIS/HH 0.000IS/HB AO0I3/HR 

900 29.9 

1050 14.8 11.2*    - 

1200 6.0 4.2* 

*Extrapol: ted data. 

Alloy Steel 
7 Cr - 1/2 Mo 
Babcock & Wilcox 

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

DATA AND PUBLICATIONS PANEL DATA SHEET 

 KITING     Electric Furnace |H"T 

COMPOSITION. PER CENT 

Wrought 3/4-in.-diam. bar 

LTTREATMtHT       Annealed per ASTM Spec. A-213 

Babcock & Wilcox 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY B IN TEST DURATION COLUMN)    ' 

TEMP• "S» 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIH 

DELETE ONE) MINIMUM CREEP RATE IWTWttPT STAGE CREEP 

R 
ELONGATION   . * e.ix a.i% tU* IJ» NOWK * 

1000 25 23 51.5 
1000 22 *9 72 
1000 18 3M 75 
1000 14 2.000 77 
1000 10 19,842 61 

1100 12 1 74 77.5 
1100 9 832 82 
1100 7 3,495 72.5   . 
1100 5.7 7.874 52 
1100 5.4 14,548 .59 

1200 7 j 212 62.5 
1200 6 327 73 
1200 5 1,246 59 
1200 4 9,166 46 
1200 2.5 9'r 575 

CREEP AND RUPTURE STCENOTHS 

TEMPER.•., STRESS. KSI FOR RUPTURE IK TIMES INDICATED                                                                                  | STRESS. Ml FOP DESECRATED CREEP HATE 

UHRS 1MHRS 1.0MHRS      . ID-MOHRS IMUUOHRS LlLmMl)(/HR ACOSMg/HR 0JAOI*/HR 0A0IX/H1I 

1000 15.4 11 
1100 8.7 5.8 .3.8* 
1200 5.4 3.9 3* 

! 
*Extrapol ited. 

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

MATERIAL Alloy Steel                                                                         DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                            7-lOft 

»LLOY          7Cr -1/2 Mo                              IFELTIHR    Electric Furnace                                         £" . Commercial 

PRODUCER     Babcock & Wilcoj t 

CHEMICAL COMPOSITION. PER CENT 

c- MH P      • S s.   , c« Nl Co Mo W CO Tl      . AL    , V B 

0.11 0.49 0.014 0.013 0.721  7.17 0.19 0.50 
Cu FE 

0.03 

'     DEOAIDATION                                                                                                                                                                                                                                                                    ' 

FORM a SIZE BAR. SHEET. CASTIHGS. ETC.                  WrOUght  tube 

MEATTREATM EHT      Annealed oer ASTM Soec. A-213 

MICROSTRUCTURE 

GRAIN SIZE 

HARDNESS 

SOURCE OF DA Babcock fc Wilco* 

•vl n 

2: o 

 



ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED 8T R IN TEST DURATION COLUMN) 

TE-PERATU.. „.,„ „.,.=.„, ,..JSTi.,2«51,,R.,. 

SVHR 
INTERCEPT 

X 

TRANSrrlON TO THIRD 
DURATION 

R % "« in o.sX i.w «""          i               « 
1000 22 1 
innn 17 359 51 
1000 14.5 0.018 1178 65 
1000 14 0.0082 64 
1000 12 0.0036 5202 60.5 

1100 12 190 76 
1100 10 467 
1100 8 2996 81.5 
1100 7 
1100 3 0. 000043 

1200 6.5 0.044 331 54 
1200 6 0.020 661 49.5 
1200 5.7 0.013 1130 52 
1200 4.3 0. 0021 6186 54.5 

1300 3.5 647 65.5 
1300 3 1586 63 
1300 2.5 4913 57 
1300 2.2 6900 66.5 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. KSt FOR RUPTURE IN TIMES INDICATED STRESS. KSI FOR DESIGNATED CREEP RATE 

UHRS WO HRS LOW HRS I0.NUKRS 101NNHRS &OWUIX/HR O.OOWm/HR u«015e/HH AMISS/HR 

1000 15 11 R* 10.5 
1100 9.1 6.7 5* 
1200 5.6 4 2.8* 3.8 
1300 3.2 2.2 

1 
1 *Extrapola ed. 

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

Alloy Steel D PUBLICATIONS PANEL D 

U. S.  Steel 
[MELTING        Electric Furnace 

7-109 

CHEMICAL COMPOSITION. PER CENT 

Annealed at 1700 F 
Ferrite and carbides 

U. S. Steel Applied Research Laboratory (published ASTM Proceedings. 53.  1953. pp 627-658) 
MISCELLANEOUS DATA 

CREEP AND RUPTURE STRENGTHS 

TE-PEJA•, 
STRESS. KSI FOR RUPTURE IN TIKES INDICATED STRESS. KSI FOR DES GNATED CREEP RATE 

I0HRS IttHPS               ,              I.OCOHRS I0.0COHRS I01UX.HRS AMBD11X/KR OXCOHX/HR OOXlK/HR O.«IS/HR 

1000 19.0 
1050 14.6 9.5 
1100 11.3 5.4 7.5 
1200 6.6 4.6 
1250 5.0 3.7 
1300 3.9 2.1 2.9 
1350 3.0 2.3 

ASTM-ASME JOINT COMMITTEE ON EPFECT OF TEMPERATURE OH PROPERTIES OF METALS 

HATER....            AllOV   Steel                                                                                                 DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                                              7-1 10 

.LEOY          8 Cr - 1 Mo - 1/2 Cb               I„(IT.»G     Electric Furnace                                        IHEAV" 
PRODUCE.      U.  S.  Steel 

CHEMICAL COMPOSITION. PER CENT 

c- K, p S S. c. Nl Co Mo w C» Tl AL V B 

0.09 0.47 0.015 0.011 0.34 8.20 1.00 0.55. 
Cu Ft 

DEOXIDATION 

FORM a 51ZE BAR. SHEET CASTINGS, ETC           Bars.  1 in.  square 

HEAT TREATMENT       Annealed at 1700 F 
MICROSTRUCTURE       Ferrite and carbides 
GRAIN SIIF ASTM 8 to 9 
HARDNESS                                 DPH    143 

„         U.  S.  Steel Applied Research Laboratory (published ASTM ProceedingB .  53. 1953. DP 627-658)   ... 
CREEP AND RUPTURE STRENGTHS 

"T" 
STRESS. KSI FOR HUWUM IN TIKI* INDICATED SIHQS. KSI rOR DESIGNATED CREEP RATE 

10 HRS 100 HRS 1.O0HP.S 10.000 HRS 100.000 HRS 0J>M001*/HR 0.00001X/HR AUBIX/HR AMIX/HR 

1050 18.V 14   fi     ' 
1100 13.5 8.1 10.0 
1200 7.0 3.8f   ' 5. 1- ' 
1250 5.0 2.6:;' 3.6 
1300 3.7 1.8 2.6 
1350 2.6 1.2  J 1.9' 

- 

n 

5 o 
CO n 

5 o 
o n 

o 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS , 
MATERIAL         AlloySte«l                                                                                 DATA AND PUBLICATIONS PANEL DATA SHEET                                                                                                       7~111 

ALLOY 9 Cr - 1 Mo                                     II/EIIENR       Electric Furnace                                          IKBIT" 
PRODUCER      Timken Roller' Bearing Comoanv 

Hi 
CHEMICAL COMPOSITION. PER CENT 

c- Ml p s s. c. Nl Co Mo w c> Ti AL V B 
). 11 
}. 12 

Cu 

0.48 
0.51 

0.013 0.0 
0.016 0.0 

3 
4 

0.75 
0.48 

8.42 
8.57 

0.37 
0.20 

0.98 
0.92 

DEOXIDATION Aluminum. 
FOftM a SI2 £-BAR.SHEET.CASTINCS.ETC.          Seamless tubing:   (a) 2" O. D.  x. 0. 321" wall; (b). (c. 2. 125" O. D.  x 0. 232" wall                    1 

Pierced,  hot rolled,  cold drawn,  tempered 1475 F 

HEAT TREATMENT       Temuered 1475 F 
CTURE 

GRAIN SIZE 

SOURCE OF DATA         Timken Roller Bearing Company 

ORIGINAL CREEP AND RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEHF.R.TU., "sr 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN 

SS/HR 
INTERCEPT * '"sSS"cl!r"° TEST 

HOURS ELSHSATUH 
X A1X US oss! IJHE HOURS X 

9          70 
19 19 73 

96 73 
1100 12 671 67 
1100 9 5271 92 

15.0 59.4 74.5 
1100 11.0 625 96.5 

2415 73 

(c) 1100 16 30 61.5 
1100 12 173 66.5 
1100 9 1901 90.5 

 



(a) 1100 

(b, HOP 

(c) 1100 

*Extrapol; -ted. 

ASTM-ASME JOINT COMMITTEE ON EFFECT OF 

Alloy Steel D PUBLICATIONS PANEL DATA SHEET 

9 Cr - 1 Mo Electric Furnace 
Timken Roller Bearing Company 

(a) 
(b) 

CHEMICAL COMPOSITION. P 

0.10 
O.il 

0.50   0.014 
a. it >xoi L 

0.0H 
0.01 

0.51 
0.83 

8.49 
8.25 
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Seamlesg tubing. 2.125" P.P. x 0.230!' wall 

Pierced,  hot rolled,  cold drawn,  tempered 1475 F 

Tempered 1475 F 

Timken Roller Bearing Company 
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(a) 1100 !        15.5 10.8 7.4* 

(bl 1100 i       13.5 9.4 
* Extrapolated. 1 
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PRODUCER      Batcock & Wilco. 
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0.14 0.49 0.013 0.016- 0.40 8.41 0.31 1.00 
Ckl Ft 

1 
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FORM e SHE UAH. SHEET. CASTINGS. ETC.                       WrOU ant 3/4-in. -diam. bar 

HEATTRE.TM EHT       Annealed per ASTI A Spec. A-213 
MICROSTRUCTURE 

CRAI* SIZF 

HARDI..5S 

[SOt^^-CA TA        Babcock & Wilcox - . 
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ORIGINAL CREEP AND RUPTURE DATA 

TEHFE..T... •'.«>?• 
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN 

(DELETE ONE) X/HR X 
•••~ 

Ml RATON 
tUOHSATMH 

X MX 01X                          OSS 1-OX HOURS % 
1000        !     25 530 43 
1000             22 1,558 46 
1000 19 3,616 . •VI.". 
1000 17 7,101 60 
1000 15.5 16,001 56.5 

1100 15 186 72 
1100 12 960 82 
1100 9.5 5,875 72.5 
1100 8 16,017 50.5 

1200 9 119 67.5 
1200 7 5*7 41 
1200 6 2,410 42. 5 , 
1200 5 4,337 44.5 
1200 4.4 12.302 43.5 

1300 5 116 104 
1300 4 284 106 
1300 3 856 105 
1300 2 3.250 
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pRnmirFD     Babcock & Wilcox 
SPECIFICATIONS: CHEMICAL COMPOSITION. PER CENT 

C- MN p s s> Co Nl   ' Co       |      MO W" c» Tl AL v 8- 

0.11 0.50 D.015 0.010 0.44 B.44 0.19 0.98 1 
Cu F< 
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DCOMDATvOn 

FOR .BAR.SHEET.CASTINGS.ETC.         Wrought tube. 4-1 /2" O.D, with 0. 500" wall 
HISTORY OF MATLKIAL 

HEAT TREATMENT       Annealed per ASTM Spec.  A-213                                                                                                                                               

GRAIN SITF 

..,».„             Rb 84 
STHIOCFOFRATA                 BabCOCk   &    WilCOX 

ORIGINAL. CREEP AMD RUPTURE DATA 
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) 

TEMPERATURE "S» 
TIME. HOURS. FOR TCTAL^ORFLASTje STRAIN 

X/HR X 
TEW" 

R 

EXTEMSWM 

% 0.145           j             O.IX US IPX HOURS % 
1000 25 { 0.034 457 •43 
1000 22/5 1 0.015 917 SO. 5 
1000 20 j 0.0034 3. 215 H 
1000 17 0. 0008 19,453 31 

1100 15 0.055 352 4* 
1100 13.5 0.017 921 3« 
1100 12 0.0044 3,136 *5 

10.5 0.0012 1,947 35 
1100 9.5    - 0. 00034 15,811 53 
1100 7 0. 00003 16,242 
1100 5 0. 00001 DUcow Utued 16.474 

1200 9 __ 124 14 
1200 9 0.074 255 77 
1200 8 0.046 255 *T 
1200 7 0.018 800 42.3 
1200 6 0.012 1,696 " 
1200 5.6 0.004 2.705 27 
1200 5 0.00059 8,232 23 
1200 4 0.00022 14,813 
1200 3 0. 000041 Diseoa tnu-td 8.6.0 

CREEP AND RUPTURE STRENGTHS 

TEMPERATURE STRESS. NSI FOR RUPTURE IN TIMES INDICATED                                                                    |                                                  STRESS, KSI FOR DESPSNATEO CREEP RATE 
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1200 7 4-3 2.7*' 2.3* 3.5 5 
1300 3.4 2  1 1   »  , . 
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