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Of Chromium-Molybdenum Steels

IssUED UNDER THE AUSPICES OF

THE DATA AND PUBLICATIONS PANEL
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THE ASTM-ASME JoiINT 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 scurces:

Babcock and Wilcox Co.
Crucible Steel Company of America

Copyright © 1966 by ASTM International

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

WWW.astm.org



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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800 47.3 28.6 32.0 64.5 ! < e
900 39.3 25.5 29.0 |- 68.5 ' I !
1000 32.5 22,7 29.5 | 59.0 : ; ; _ .
1100 25.4 . 16.3 5 ) 48.0 ! ; IR Al llb/ton 1
{ {continuked at right) - : [FORM 5 SIZE - BAR SHEET. CASTINGS. ETC. Bar
- S TGRT of st tas
Forged at 2150 F
hormmpruee 1. Normalized 1950 F, tempered 1250 for 6 hr®2, Normalized 2000 F, terapered 1250 F for 6 hr |
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-9a

arena, __Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET

[FiPEoF

EET 100 Ib

aRAIN SIZE Normalized 1950 F, tempered 1250 F - ASTM 6

wor 0, 2V Steel e Induction xnomess
rmooucen U, S. Naval Research Laboratory lsounce of oaTA U. S. Naval Research Laboratory -
et . CHEMICAL COMPOSITION, PER CENT SHORT TIME TENSILE PROPERTIES MISCELLANEQUS DATA
< Ll Ld s kol & L o LJ w o n et v . ° ELASTIC TENSIEE TIELD STRENGTH, KSI ELONGATION REDUCTION
0. 20] 0. 53 0. 25 0. 20 f Vs TR ooz 1% [ rencoa | eineor
. : : : Normalized 1950(F, tempkred 125¢ F :
il = 80 70 48 33 70
f QRIGINAL CREEP AND RUPTURE DATA
1 1b/ (RUPTURE TIMEJNDICATED BY R IN TESY DURATION COLUMK)
Al ton
v
Jromse o size_wam e, cxsmes, g, Bar Tearegarune stpmss i unasa cn e | verencee B - "‘.’:".":T’:?" -
Forged at 2150 F g [ os% 100 Houns % R
Normalized 1950 F, fempered|1250 F ’
woar earwenr 1, Normalized 1800 F, tempered 1250 F for 6 hr; 2. Normalized 1800 F 900 45 -- . 0.03 42
200 35 2.9 5.5 42
8 lized t d 1250 F — ASTM 8 900 32 ] 30,9 35,
M;,: Normalized 1800 F, tempere 200 32 5 . 0.9 2
sounce o oava U, S, Naval Research Laboratory 1100 25 == 0.3 51
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 1100 20 0,57 19.2 35
ELASTIC TENSIEE TIELD STRENGTH. KSI ELONGATION REDUCTION. :
TEMPEATURE | wopucus | sTRENGT w0 X 3 remcent | eeRemNT Normalized 2000 F, flerpered{1250 F
Normalized 1800 F, ed 1250 F L 900 35 == 3.7 44
80 68 54 41 73 900 35 0.77 19.0 41
| 900 30 . 0.038 : 343.2 38
CREEP ANO RUPTURE, STRENGTHS _1100 32 - - 0.03 37
1 STRESS, K& FOR RUPTURE (M TIMES INDICATED. STRESS. KS! FOR DESIGNATED CREEP RATE 1100 25 _ 4.6 2.3 31
i l s s Gonrs ao s Tooa0 s /R oo/ R o/ oo/ 1100 20 0,45 22.4 39
Normalized 1800 F, tethpered 1250 F P e yp———
9 00 29 — 'STRESS, KSI FOR RUPTURE IH TIMES INDICATED . STRESS. K$| FOR DESIGNATED CREEP RATE
1100 - 12 8 i 1o s 10 1ws o RS 000 kS 16000 HRS w00 5/9R o/ awi/nR . wensen
Normalized 1800 F Normalized 1950 F, femnpered 1250 F . .
z
900 34.5 30 1‘]’33 f;’ - ==
1100 12. 5 9
Normalized 2000 F, tempered 1250 F
900 32 28
1100 175 -

AD

4



ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 3 7-8a s DRIGINAL CREEP AND RUPTURE DATA
mareriac__Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET (RUPTURE TIME INDICATED BY R IH TEST DURATION COLUMN}
wer Mo~V Steel lfie __ Induction F”_ 1001h TIME, HoURS, EOR JOTALD R PLASTIC STRAIN TRASTTION 70 THIND s T
brooucss U. S. Naval Research Laboratory ’ e (eLETEON) i B 54 e i m'é:::u
receA TR CREMICAL SoNPOSITION. PER CENT s [E I o ours 3 R L]
c My 3 s s o N o "o [ co n a v 5 Normalized 1950 F, tempered|1250 F
900 65 4 6.9 0.8 19
0.17]0.46 0.19 0.30 0.18 990 60 T 0.02 259.9 21
cu Fe 1100 40 0.47 8.5 9
I 1100 32 0,024 68.1
1 1100 - 25 0.0025 9.8 3
Torowoarion Al 1 1b/ton R 1100 20 0.0014 59]1.1 2
o) R SHEET, CASTINGS. ETe_ Bar
f"‘? R - 900 70 - 0.08 1
Forged at 2150 F 900 65 0.96 8.5 24
1100 40 - _ ' 0.031 47.0 4
rmemar 1. Normalized 1800 F, tempered 1250 F for 6 hr: 2. Normalized 1800 F 1100 32 . J{ 0. 0056 145, 1 3
lamam size Normalized 1800 F, tempered 1250 F -~ ASTM 7
[HARONESS <
lsoumce o pATA U. S, Naval Research Laboratory
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
Normalized 1800|F, temppkred 1250 F ’ :
80 110 94 23 62 | ;
ORIGINAL CREEP AND RUPTURE DATA -
(RUPTURE TIME INDICATED BT R IM TEST DURATION COLUMN} CREEP AND RUPTURE STRENGTHS
TIME HOURS, FOR TOTAL OR PLASTIC STRAI L TeMPERATURE STRCSS, K3l EOR RUPYURE I TIMES DIDICATED STRESS. KS1 £OB DESIGNATED CREED RATE
TewpERATURE srmess Tm-ﬁ" uminu CREP ATE wregcert 'M?I%?crz: e il | TR = 10088 108 RS 1,000 HRE 100 s 100,00 HES s un SomE/MR san KR /R
o o s ] vours 3 R mongmo Normalized 1950 dopered 1250 F " j
Normalized 1800 F mpered[1250 F 900 6] 5.9
900 75 ) - o1 1 1100 30.5 17 16
900 70 { 4.9 1.3 20 - - -
900 65 0. 029 ) 128. 4 14 {Normalized 2000 F, tehpered 125Q F
1100 32 00063 131 3 .—l?% J:4L -- I P
1100 32 0.0079 119.6 3 L 3 22 25,5
1100 25 0.0024 406.6 3
1100 ~ 25 0.0032 335.4 2
1100, 20 0,0014 Y9 Nil
1100 20 0. 0016 592 8 Nil ASTM-ASME JOINT COMMITTEE ON EFFECT OF oN METALS 7~10a
- arenae A1l oy steex 'DATA AND PUBLICATIONS PANEL DATA SHEET -
Normalized 1800 F _ 0 (v __Mo-V Steel | at A Induction g 100 1h
900 15 1 _o.0127 252.4 8 beoosees U. S. Naval Research Laboratory . . :
900 70 ©0.0032 676, 4 7 e CHEMICAL COMPOSITIDN. FER CENT
1100 32 0,013 76,6 2 < [ 14 s & ce L) o Mo w L n A v [)
1100 25 0.0042 288 & 3 !
0.23 |0. 0.34 . .
1100 . 20 0.0016 | 43 4 | 0.60 | 3 0.29 0.48
i g CREEP AND RUPTURE STRENGTHS [ [
STRESS, K FOR RUPTURE IN TIMES INOIATED STRESS, sl EDR DESIGNATED CRELP RATE
£ 10 HRS 10 HRS 1.000 HRS 1000 HRE 160,000 105 ‘0001 K/HR oo /MR acomg/HR acorg/HR -
Normalized 1800 F, tednpered 1254 F . - Al 1b/ton
900 65 62.5 - Fomu o st an sheer asmis, er. Bar -
1100 - 34 15. 5 18
Forged.at 2150 F
Normalized 1800 F I [ =~
- . 68 - ) T %8 sremees 1. Normalized 1800 F, tempered T & 12,1 0F
1100 31 16 R : 18 -
ASTM-ASME JDINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES DF METALS 7-8b fmaw 51z Normalized 1800 F, tempered 1250 F ~ ASTM 8
ureey,  Alloy Steel DATA AND PUBLICATIONS PANEL-DATA SHEET \RONESS. 5 TR T
uey _Mo-V Steel i Induction - G 100 1b bourceoroars  U. S. Naval Research Laboratory . .
leooycer U,  S. Naval Research Laboratory SHORT TIME YENSILE PR il < L EOUS DATA
[SFECIRCATIoNS: CWEMICAL COMPOSITION, PER CENT - Tewremature | EASTC | TDORC IELD STRENGTH. K51 oAt wepucTion
c- M P s St Cw Wi Co Mo w Cr A A v B b st et =% .o1% 2% rERCENT PER CENT
Normalized 1800 [F, tempdred 1250 F i
0.17(0.46 0.19 0. 30 0.18 80 84 T 1 | 3
Cu Fe Prppe—
CREEP AND RUPTURE STRENGTHS
STRESS. K5I FOR RUPTURE 13 TIMES INDICATED ‘STRESS. K$1 FOR DESIGNATED CREEF RATE
Al lb/ton s £ o nes 100 nAS 0% WRS Toatt RS 100,08 HRE a0 /W ‘pcsn /e won S/ R
pom s ste. s, suee,casmmes, e ‘Bar Normalized 1800 F_ tedy d1250.F = -
. 200 42.5 38.5
Forged at 2150 F 1100 22 17 : . 14
EAT TREATMENT 1. Normdlized 1950 F, tempered 1250 F for 6 hr; 2, Normalized 2000 F, tempered 1250 F for 6 hr Normalized 1800 F
200 43 40 BAY -
|GRAIN siZE. Normalized 1950 F, tempered 1250 F - ASTM 6 1100 _ 26 15.5 ’ 12.5
[unsoniess !
isounce bE DATA U. S. Naval Research Laboratory -
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
roregeome | st | e TIELO STRENGTH, Ksi worcemon | repucrion
1ers1 KSI 0.02% 0.1% 0.2% PER CENT PER CENT
Normalized 1950|F, tempered 125¢ F
80 101 . 77.5 23 60
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STRESS, XS1 EOR RUPTURE IH TIMES INDICATED.

STRESS. K$1 FOR DESIGNATED CREEP RATE,

ORIGINAL CREEP ANO RUPTURE OATA F 10 HRS. 100 HRS. 1.080 HRS. 10,000 HRS 100,000 HRS 0.000001 /MR 0.00001 5/HR .00 /HR 0001 %/HR
((RUPTURE TIME INDICATED BY R IN YESY QURATION COLUMN) Normaliged 1950 F. tesnpered 1250 F
TIME HOURS, FOR TOTAL QUETASTIE STRAIN TRANSITION 0 THIRD — Exvodion 900 50 47 -=
TerEATURE sagse prErE e e Sl B i I | odivon 1100 28,5 22 20,5
. oI% L% 1 0.5% 1.0% HOURS % %
Normalized 1800 F, tempered[1250 F Normalized 2000 F, tefnpered 1254 F
900 50 4.1 2.6 R| 30 900 49 - -
900 50 4.9 2.2.R[__30 1100 33 28.5 27.5 °
900 45 0.87 16.5 R| 36
900 40 0.036 436. 6 R| 38
1100 32 18.2 1.OR[ 36
1100 32 15.6 0.9R[ 38
1100 25 0.5 21,3 R 27 ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-6a
1100 25 1.02 17.3 R| 46 rzms_Alloy Steel DATA AND PUBLICATIONS PANEL OATA SHEET
1100 20 0.025 316.1 R| 24 luor 0. 5Mo Steel (% Induction FE" 1oo1b
1100 18 0.0087 720.0 R{ 21 eeooucee U, S, Naval Research Laboratory :
1100 15 - 0.0026 1920.5 R| 24 e AR, CHEMICAL COMPOSITION, PER CENT
c- L] P 5 S Cr HI Co Mo w (<] T AL ¥ -]
Normalized 1800 F .
900 60 - 0. 1Rl 31 0.22{0.42 0.19 0.54
900 40 0.00065 1200+ 3 « &
1100 32 0.23 30.4R| 30
1100 25 0.056 130.3R[_ 28
1100 20 0.0163 376.8 R| 37 A1 1 1b/ton
1100 15 0.0032 1133.0R| 21 IFORM 8 SIZE - BAR, SHEET. CASTINGS, ETC. Bar
RSToRY OF RATERAL
Forged at 2150 F
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-10b NEAT TREATMENT 1. Normalized 1800 F, tempered 1250 F for 6 hr; 2. Normalized 1800 F
harea,_Alloy Steel DATA ANO PUBLICATIONS PANEL OATA SNEET -
uor  Mo-V Steel urws __ Induction FE™ 100 1b lcram sze Normalized 1800 F, tempered 1250 F — ASTM §
prooucer U.. 5. Naval Research Laboratory jHARDNESS
R o CNEMICAL COMPOSITION, PER CENT lsDuRcE oF DATA U. S. Naval Research Laboratory
c- '™ [ s Y cr N Co Mo w Cr o ™ v 8 SNORT TIME TENSILE PROPERTIES MISCELLANEOUS OATA
TEMPERATURE ELASTIC TUNSILE TIELD STRENGTH. KSI ELONGATION REDUCTIDN -
0.23 |0.60 0.34 0.29 0.48 i M | e cus s ] vencenr | eincoe
w v Normalized 1800/ F, templered 1250 F
80 69 46 38 63
Al 1 1b/ton
Jrome s sne man s, casmncs ex, Bax f ORIGINAL CREEP AND RUPTURE DATA
[HISTORT OF MATERIAL (RUPTURE TIME INDICATED BT R IN TEST DURATION COLUMN)
Forged at 2150 F — -~ TIME. HOURS. rou%:: tr:_:ncsvmu —— - TRASITION 10 THIRO - ugg,"‘;‘m
exrrmeamenr L. Normalized 1950 F, tempered 1250 F for 6 hr; 2. Normalized 2000 F, tempered 1250 F for 6 hr % 3 5% 3 ours 3 B ongmon
Normalized 1800 F, tbmpered[1250 F
lGrA sizy Neormalized 1950 F, tempered 1250 F — ASTM 6 900 60 | - <0, 01 30
bnaroness 900 58 0.036 210 29
sounce of pata U. S. Naval Research Laboratory 900 56 0, 0022 1234 19
'SNORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
900 50 2302,
I Gy p— s ene v Py pre— a0 52 2. 0010 Y8
v i cus X3 oam vencoa | rincon 1100 Y 0 04 86 7 vy
Normaliged 1950 [F, t ed 1250 F 1100 20 0, 0086 243. 4 10
80 104 73 25 | 64 1100 15 0.0023 677.2 13
Normalized 1800 F
‘ORIGINAL CREEP AND RUPTURE DATA 1 100 32 — 0‘ 1 9 416 6 14
. (RUPTURE TIME INDICATED BY R ih YEST OURATION COLUMK) 1100 25 0.015 141.5 9
- far
S s e oo o o8t s A . TousoN 10 TR e | =
L2F 1 [+ 3 05% 10% HOURS £ R %
Normalized 1950 F, tempered|l1250 F
900 55 3.5 2.1 25
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 e e
1100 20 0.0009 17845, 5 -
STRESS, X5 FOR RUPTURE N TINES NDICATED STRESS. S| FOR DESIGNATED CRERr RATE
?
Normalized 2000 F, ge;m'pe l'ed 1 250 T 10 HRS 100 HRS. 1.000 HRS 10,000 NRS 100.000 NRS 00000019 /HR 000K /HR 0.0001 /HR 2001%E/HR
55 0.94 7.9.- 27 Normalized 1800 F, tempered 1250 F
900 55 0.24 31,0 26 200 39 55 . 54
900 50 0.12 64.2 23 1100 24.5 13.5 = 125
1100 40 2.4 2.4 25 - .
1100 40 0. 51 9.2 21 Normalizeq 1800 F :
1100 32 0.023 115.6 10 l;’gg R == =
1100 32 0.011 217.4 g == ==
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(RUPYURE TIME INDICATED BY R IN TEST DURATION COLUMNN)

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

[FORM 8 SIZE - BAR, SHEET, CASTiN
[FosTomT oF WATER AL

mear earwenr  Normalized and tempered

GRAI SIZE

HARONESS

Babcock & Wilcox

s

ASTM-ASME JOINT COMMITTEE QN EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7_61-, - - -
e Alloy Steel , OATA A5 PUBLICATIGHS FAREL DATR SHEET - o R 6T o AT s e | wreor | SEREEN | e | ol
lior  0.5Mo Steel et Induction [ 100 1b 4 b ox v o v Ehn * proer P o nongamia
eroovcer U, S, Naval R ch Laboratory 3
S : o ChECAL CoupoRToR i cET 950 36 1055 |16
[ S ST R - A o [ v [ ~ v : g:g g‘li 1630 | 12
; ; i 2513 [ 12
0.22 0.42 0.19 0.54 950 27 - 3950 ~{ 7
W W - 950 22 . 3120 [10.5
T i CREEP AND RUPTURE STRENGTHS
; STRESS, Ks! FOR RUPTURE IN TIMES WDICATED STRESS, K8l FOR DESIGNATED CREEP RATE
Al H L £ 15 N8BS, 10t Nes. 1.0 HRS 16000 NRS 160,000 NRS 000001 F/NR CONBLE/HR CO0IE/HR 001 %/HR
Ib/ton 950 36.5 21 1%
bomc o sus. o, s, casmncs, e Bar
Forged at 2150 F *Extrapdlated
buear snearuens 1. Normalized 1950 F, tempered 1250 F for 6 hr; 2. Normalized 2000 F, tempered 1250 F for 6 hr — -
jRAIN s1z¢ Normalized 1950 F, tempered 1250 F - ASTM §
juARONESS ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
sounce of para U. S. Nayal Research Laboratory sz Alloy Steel i DATA ANO PUBLICATIONS PANEL DATA SHEET 7-19
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 172 Mo e o Flectric F — e =
—— T VIELD STRENGTH. Kt woncaton | aroucrion e & Wil e ectric ¥urnace hear cla.
F 106PS1 KSI 0.02% 015 0.2% PER CENT PER CENT W 100X - Nominal COMPOSTTION. PER CENT
Normalized 1950]F, tempbred 1250 F ; T T < s loalm [w w [ v & = ~ v s
80 69.5 47 33 64 ___ — g
ORIGINAL CREEP AKD RUPTURE OATA 0.14 | 0.55 I 0.30 0.50
(RUPTURE TIME INDICATED BY R 1N TEST DURATION COLUMK) xw
o v
TIME HOURS. FOR TOTAL OR MLASTIC STRAIN TRANSITION TO THIRD FINAL
rerATvns stpss S ontrow e cxeos e | vereacer ST cneer - °‘LEE‘;°" ;:::‘:::" Bal.
g 0.2% 05K 10% HDURS % % -
1
Normalized 1950 F, tempered|1250 F Jomes s rencsmmes.ere_ Wrought tube, 2-1/2" O.D. x 0. 30" wall
900 60 - 0.02R: 27 ISTORY OF MATERIAL ~ s
900 57 0.013 372.5 R 26
900 55 0,.0023 926,5 R 16
900 20 0. 00033 2040+ 4 HEAT TREATMENT Annealed
1100 40 == 03 R 32 | N
1100 32 0.76 16.0 R| 25 ——
1100 32 1.3 10.7 R .30 - ; )
1100 25 0,034 114.4 R 11 ouncE oF baTA Babcock & Wilcox !
1100 20 0. 0066 3271.7 R ird =
ORIGINAL CREEP AND RUPTURE DATA
Normalized 2000 F. t ed ]1250 F {RUPTURE TIME INDIEATED 8Y R IN TEST DURATION COLUMN)
900 60 - 0.0l R 30 TIME, HOURS, FOR TOTAL OR PLASTIC STRAIN . TRANSTTION Y0 THIRD (L)
900 57 0.0065 502.5 R|._ 23 7 e teereoue e il i i ek L ::-“%:A's:;
900 55 0.0032 855.6 R| 18 ] kil ol 1% L Ld
1100 40 : -- 0.6 R| 29 950 33 2382 5
1100 32 0.82 12.7 R| 28 950 30 : ; . 4568 8
1100 32 0.44 21.9 R 21
1100 25 0.03 uz.0 Rl 11 1050 17 1426 13.5
CREEP AND RUPTURE STRENGTHS 1050 15 2526 14
STRESS_KSI FOR RUPTURE IH TIMES INDICATED STRESS. KS1 FOR DESIGNATED CREEF RATE 1050 12.5 3369 16
4 lanas 1o RS Lot s oo HRS 10800 NRS w00 /R aoma %R acon /MR /R 1050 10 6407 4
B 1 - CREEP AND RUPTURE STRENGTHS
N“;’;z i2eq 1950 F, tey “‘;‘:fd 1250 F 55 i STRCSS, K31 FOR ROPTORE W TINES INDICATED . STReSS,KelFOR DESIGNATED CaEs? FATE
1100 25 5 15.5 15.5 9;0 10HRS 100 HRS 31:: N: :: N;s 100000 RRS 0.000001 %/HR LOR/HR SOBIK/HR LR/
1 = .
Normalized 2000 F, tethpered 1250 F |.-1050 19.1 8.6 3. 9%
900 63 54 52
1100 25 18.5 == Ext ted
- ragg‘!a ed,
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS j e e e e .n’u'
warems._ Alloy Steel ] DATA AND PUBLICATIONS PANEL DATA SHEET _ 7-18 Alloy Steel DATA AND PUBLICATIONS :\un. DATA SHEET 7-20 .
ltor C-1/2 Mo wsms Electric Furnace [ie”_Commercial ! HATERIAL c 1072 Nf: FPEoF Open Hoarth e Too s et
proucze _Babcock & Wilcox Lox = . BaLIe HEAT g
[Feetiesimons = CHEMIGAL CONPGSITION, PER CENT ‘ lesgmuian Republic Steel
[ Ma L s s <w N <o | Mo i w Cr T AL v -] = o - S ™ - CNENI;IAL CDMP::IYION.P:: CENT m = — - ~ —~
0.15/ 0.56{0.013/0.021}0. 34 {0.11 {0.06 I 0.48{ .18 | 0.53[0.016 |0.024| 0 lé 0. 61 - L
- - . ! .r . . . X .
T t : o e
0.1 : -
i

IDEOXIDATION

1. 65 1b/ton Al added to ladle + 1000 1b of 50% FeSi

Wrought 3/4-in. -diam. bar

[FORM & SIZE - BAR, SHEET, CASTINGS, ETC.
[TSTORY OF MATERIAL

EAT TREATMENT Annealed
lsmaw size 6
amoxEss R, - 71.5

lsousce or oata

Babcock & Wilcox

OW% -D



o —

ORIGINAL CREEP ANO RUPTURE DATA
(rurrone Y R vesT
A T ron o 0w s P | o
KR % DURATION OR v -
us I3 23 L% HouRs ] HouRs: LoneATIon ASTM-ASME JOINT COMMITTEE ON EFFECT OF oN OF METALS 7-1a.
850 50 huareans_Alloy Steel OATA AND PUBLICATIONS PANEL DATA SHEET .
850 45 1,879 23 fuor 0. 5Mo-V Steel e Induction 2 100 1b
850 iz 6,041 | 18 lmomers U, S, Naval Regearch Laboratory
850 37. 5 8, 991 14 oS CHEMICAL COMPOSITION, PER CENT
< 20,171 10.5 c My [ s s cr N [ Mo w cr n M v [
950 36 - 375 | 12,5 0.20 (0.61 0.22 - 0. 50 o.21f
950 30 944 8 .
50 22 Cu Fe
9 _ 5,31} 5.5
950 19.5 12,274 8
ig:g 5 4817 21.5 [Fonm & siee - MKAll"l rlnbr{:m:u Bar -
12.5 - 1,20 19.5 [WISTORY OF MATERIAL y
1050 9.5 5,197 17
1050 8.4 6 102 17.5 Forged at 2150 F
1080 8 10,075 |17 oot :
HEAT TREATSMENST 1. Normalized 1800 F, tempered 1250 F I[gr 6 hr; 2, Normalized 1800 F
CREEP ANO RUPTURE STRENGTHS -
STRESS, KS| FOR RUPTURE IH TIMES INDICATED. STRESS, KS| FOR DESIGNATED CREEP RATE crAM st Normalized 1800 F, tempered 1250 F — ASTM 6
4 SoNRS 100 KRS 1,000 HRS 10000 MRS 160,000 KRS 0001/ HR Q.0 1R 0.0M%/NR 00IF/HR uasowEss " .
54 4 41.3 30, 3% fSOURCE OF DATA U. S. Naval Regearch Lahoratory
50 29. 6 20 13, 7% SNORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA '
1050 12.9 8 5, 0% - — Teuermaruns | ELASTIC JTowue YIELD STRENGTH, KS1 toncaTion | Reouction
* - i T oax - 018 vax | reeRdor rento
Normaliked 1800]F, t bred 1250 F :
*Extrapojated. 80 115.5 101 2) 65
ASTM-ASME JOINT COMMITTEE ON EFFECT DF TEMPERATURE ON PROPERTIES OF METALS
e, Alloy Steel ) OATA AND PUBLICATIONS PANEL OATA SHEETY . 7-21 -
wor C-1/2 Mo WAL Electric Furnace e 53 T
lerooucen Babcock & Wilcox
s CHEMICAL COMPOSITIDN, PER CENT -
C Mn P s ) =3 L Co Mo Cr T A v B .o B
- — —+ — r————t———te——d
0.16 | 0.70]0.024(0.018 O.ZL 0.16 0,13 0.51
Cu FE - ~
ORIGINAL CREEP ANO RUPTURE DATA
0.14 (rurTURE BY RN TEST
oo 140 1b of FeSi, 140 Ib of Cabi ] TIHE. HOURS, FOR TOTAL OR PLASTIC STRAI ] [ — ot o
Fome & stee . sar. sweer, castmos, rc, Wrought 3/4-1in, -diam. bar i ¥ xsl {oaLere one) e K] : TR ongimon
[NISTORY OF MATERIAL N [ 0% 058 10% HOURE E] - o8
Normalized 1800 F ed[1250 F i
[ 900 5 | 0145 i 16.2R] 17
Anmealed 900 72 . 0. 0095 195.0R[ 9
HEAT TREATHENT nn 900 70 - 0. 0025 584.3 R [
o sz . 1100 32 - -] o.0079 80,1 R] Nit
—— Ry - 74.5 1100 32 . L == 70.0 R| Ni1 |
Jsounce or pata Babcock & Wilcox 1100 25 0.0027 259.4 R 2
- T o 1100 25 0.0024 278. 7T R 3
. | 1100 20 0,00053 864, O R 2
. ORIGINAL CREEP AND RUFTURE OATA .
- (MUPTURE TIME INDICATED BY R IN TEST DURATION COLUNN} Normalized 1800 F . R
TIME, HDURS, FOR TOTAL OR PLASTIC STRAIH ) RSN To THRD rer . lI~—900 ¢+ 80 1 . L. 0.0014 725. 7 R 5
TurTuRe e preTEons) T TR gie | eowgamon 900 70 9. 000] 1727+ o=
1% 3 055§ 108 Hours % x 1100 32 0. 0065 47.2 R] _Nil 1
850 50 3,575 13 1100 32 . 0.0064 44. 6 R| Nil
850 48 . 5,217 11 1100 Y 0,0032 38.2R[ 1.5
850 . | 45 ! 9,791 10 1100 25 0.0032 182. I R 1.6
| 1100 20 0,.0016 316, 3R, _ 1
950 40 370 9.5 1100 20 2.9016 - 338.6 R 2
950 36 1,565 by - -
- 950 30 3,153 3.5 |
950 22.5 8, 151 4.5 ’
- A CREEP AND RUPYURE STRENGTHS R
1050 18 536 5 ' STRESS. KS) FOR RUPTURS IN TIMES IMINCATED - STRESS, K$) FOR DESIGNATED CREEP RATE
1050 15 955 6 4 10 HRS 100 MRS 1.000 KRS 10008 HAS 100,000 NRS. asong/im a4 K/HR BAE/HR QDIK/HH
1050 12.5 - — 1,688 | Normalized 1800 F, t. 4 3250 F -
1050 9.5 5,924 9 900 73 69 > 69.
1050 1 13,845 1.3 1100 30 19 22
CREEF ANO RUFTURE STRENGTHS [Normalized 1800 F ) ' .
'STRESS, K$) FOR RUPTURE IH TIMES INDICATED STRESS. KS) FOR DESIGNATED CREEP RATE 900 e 17 . 78
4 i wNes 100w 1.000 HRS 10000 HRS 100,000 KRS 000001 /HR CNOIS/NR C00E/HR ACK/NR 1100 28 B 13 17
850 57 45 35% -
950 : 37 21.8 T _11.5% .
1050 : 15 7.8 _ax L
*Extragg%a.ted.
t
1 p SN—
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Tor e ASTM-ASME JOINT COMMITTEE ON trilscc:“o::::::;uns::E:onmsor METALS 7-Tb ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ‘7-14a
t DATA AND PUBI ATA SHEET K i
::: - 0. Sﬁo—:esteel heSe _ Induction T 100 1h :m, ﬁﬁ?{dfteel o (;;:,:N;::::m e B C 1
brooveer U. S. Naval Research Laboratory =
%‘wmﬂm* CHEMICAL COMPOSITION. PER CENT | ey CHEMICAL COMPOSITION, PER CENT
c Mu 3 e cx N <o Mo w cn n A v ] c ™ P s s P " o o wy o n ~ Y
1
0.20;0.61 0.22 0.50 0.21 A-302, Grade B 0.25|1.36|0.018|0.036} 0. 23 0.49 A
B e ’” = y o
Al 11b/ton
rosm & st san: sweer, custins, exc, Bar roms o 3122 sar, suesy. castings,erc, Rolled 6" -thick plate, 84" wide
Forged at 2150 F ’
hosrmomwer L. Normalized 1950 F, tempered 1250 F for 6 hr; 2, Normalized 2000 F, tempered 1250 F for 6 hr e Normalized and tempered
- Normalized 1950 F, t ed 1250 F — ASTM 6 ——
— — 179 to 207 BHN
fsouses or para U. S. Naval Research Laboratory s ousicr o oaT, U. S. Naval Engineering Experiment Station .
‘SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA - SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
ELASTIC TENSILE YIELO STRENGTH. KSI ELOHGATION REDUCTION YIELD STRENGTH, KSt Fracn Location | Direction Te for
) B | R e T T o] e | e | g | g | e J e | g |l | e [ A
Normaliked 1950 [F, tempéred 1250 F , 85 30.6 Surface ] Long 70 -5
80 117 102 22 62 400 28.9 Surface| Trais 75 15
600 28.3 L4 thick| T.ong 90 10
800 27.0 1/4 thick| Trans 90 35
1000 23.4 Center | Long 20
Sutfate - Lo al f . Center | Trans 35 "
80 95,0 72. 0 - 25 61 167 : :
80 94.0 72,000 __ 28 63 168 y V-Bach hpact
400 87.0 65,0 66.5 22 57 149 -
500 89.3 65,0 67,5 21 56 160
. 600 91.5 62,5 65.5 25 58 =z i
' {1) Breaking lopd dividel by redyced cross-sectional area.
(2) Yield point. (Continyed on.Caxd 7-14b)
ORIGINAL CREEP AND RUPTURE DATA
(AUPTUNE TIME INOICATED 8Y R 4 TEST DURATION COLUMN) T ORIGINAL CREER AND RUPTIRE DATA
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN TRARSITION TO THIRO e FINAL (RUPTURT YIME INDKATED BY R 1N TEST DURATION GOLUMN)
TexrTATIR. TRes (oB.ETE v MM AP RAYE | eTeRcEr? SvAGE eReee ouRkTIon EXToR TIGIE, HOURS, FOR TOTAL OR PLASTIC STRAIN TRANSITION TO THIRD L)
1% 2% 3% 4% wours % i TRTEpTIRE b d oRETEOND T T i hiiihainid < aowe nmg‘:m
Normalized| 1950 F, tempered 1250 F [ w2x os% [ Hours
900 75 0032 1. 7R] 10 800 10.0 0. 000001 0.038 - -- 12,016 l0.042
|—.900 70 0.00088 989. R 5 800 20.0 0. 000006 0.020 -- == 2,016
900 60 0.00014 2200+ Nil | 80 | 40,0 0.000011 1 0.111 == == 12,040 | 0334
1100 40 0.018 - 32.4R[ 2 800 | 650 {- 0. 00016 5 == ==L 11,800 ==
1100 32 0. 0065 74.1 R| Ni 800 70,0 0. 00015 1.20 1800 - 1,825:R (42 0
1100 0. 0021 236.9 R 1 800 [ 75.0 0. 00024 3,05 - - 8,750 -
1100 20 0.0016 481.5 R| il 900 | 850 == ==—1>1,200 ==
900 60,0 523 R|15.0
N lized] 2000 F, témpered (1250 F 900 | 70.0 15 R|[32.0 .
900 75 0.012 - 171.6 Ri 10 :
900 70 . 0. 00029 2098 R 3 Notg:;d bars: 60(; 0} 001" -radius notch, 0.3007: notch diameter, 0. 425" bar di er T
1100 40 0.008 56,0 R| Nil 100. 2=
1100 40 0. 009 57.4 Rl Nil | 800 | 95.0 2,492 R
1100 32 0.0048 73.2 R| Nil 800 90.0 1,692 R
1100 32 0.0036 691 R| Nil 800 5.0 260 Ry _
1100 25 0. 0024 187. 2 R] Nil 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 R
— 0
CREEF AND RUPTURE STRENGTHS .
STRESS. K51 FOR RUPTURE (N TIMES INDICATED 'STRESS. K$1 FOR DESIGNATED CREEP RATE CREEP ANO RUFTURE STRENGTHS
¥ 13 MRS 100 HRS. 1,000 MRS 10,000 HRS. 100,000 HRS 0.000001%/HR 00001/ HR Q.0001E/HR 0.001%5/HR = STRESS, K51 FOR RUPTURE [N TIMES INDICATED SYRESS. K31 FOR DESIGNATED CREEP RATE
Normalizedi1950 F, terhpered 1250/ F ¥ 10NRS 100NRS 1000 HRS. 10,000 WRS. 100,000 HRS 000N K/KR . BN g /MR BoIK/HR SME/HR
900 4 - 10 . 70 800 - 75 73 70 38 62
1100 30 16.5 14 900 68 59
(2000 F, terhpered 1250/ F Notched bats
900 76 715 71.5 800 - 98 70 |
1100 29 16.5 18 200 85 55

8¢
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. ASTM-ASME JOINT COMMITTEE ON EFFECT OF oN METALS 7-14b
batema,  Alloy Steel DATA AND PUBLICATIONS PANEL DAYA SHEET ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-14c¢
Y Mn-Mo ug’fxﬂ Open Hearth i rci vy, Alloy Steel DATA AND PUSLICATIONS PAMEL DATA SHEET
,ﬁm - Mn-Mo Jm Open Hearth aar
/ CHEMICAL COMPOSITION, PER CENT . -
. < M e s s | ¢ N <o ™ w co m N v a st CHEMICAL COMPOSITION, PER CENT N
£-302, Grade B 0.25]1.36(0.0180.036| 0. 23 0.49 e B S - LS S LN LB SIS H. . S50 S . A
o . A-302, Grade B 0.25(1.36(0.018/0.036( 0, 23 0.49
Cu FE
& UIE - AR, SHEXT, CASTINGS, EYC. Rolled 6" -thick plate, §4" wide
R & 3126 - mam, SEET, CATTINGS, €T, Rolled 6'-thick plate, 84" wide
Wﬁm
Sy Tanareeny Normalized and tempered |
i : et wonwer  Normalized and tempered i
[GRAM STE
narowess 179 to 207 BHN iy [GRam siz¢
Jsounce or para U. S. Naval Engineering Experiment Station 1iaRoNESS 179 te 207 BHN
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA Lousceoross . U. S. Naval Engineering Experiment Station .
Tourarurs fusme e YIELD STRENGTH. KSI consATion ) RepucTion stlar::kzﬁ‘ SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
whrsi st vz 01% 0.2% PER CENY PER CENT ksi ELASTIC TENSILE TIELD STRENGTH, NS ELONGATION REDUCTION F"ﬂﬁ . -
i \opuLLs | sTRENGTW - o Wt | stresstd),
surface — Lbogitudinal (ontiauedy s o owx o1% 2k ren Conr riR Cony ress
800 82.5 ’ 59.5 41.5 25 67 161 Ony Thickjess = Transderse (C
‘800 83.0 56,5 60.0 25 67 152 400 _85.5 60.0 62.5 22 .52 ==
500 89.0 60.0: 63.2 20 48 145
Surfhce - Transvlerse 00 88.5 60.0 | 64.0. 20 46 138
80 94,5 92. o121 " 24 59 170 00 91.5 58.7 | 63.0 22 47 -
80 94 5 72 oV __ 25, 59 164 00 90.5 575 | 61.0 21 55 161
400 87.5 65.0 66.5 22 55 154 00 83.5 54.0 57.0 26 60 136
500 89.3 64,7 67.5 22 53 158 00 82.0 51.5 57.2 25 61 140
600, 91.5 62,8 55.5 24 56 118 Ceatey ~ Longitudinal
800 83.5 58.0 61.5 24 66 145 80 85.0 60, 0{2 == 26 55 145
800 83.5 58.5 6.8 26 66 144 : 80 84.0 59, 502) . 29 59 153
i(1)_Breaking load divided by red d 400 77.5 50.5 51.5 23 63 139
{Cont: d on back) ..Scrosp-sectional area. 500 86.5 53.0 57.2 23 44 134
) {Conti on back)
- ) 257 AND RuPTURE DATA .
£4773 BY RN YESY DURATION COLUMNI i PSR ———
TIME. NOURS, =% : . TRANSITION O THIRD L {RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)
TeureRsTuRE staess § e cnrermate | wrecee STAGE cReer
F K8t &/RR % ELONGATION TIME, HOURS, FOR TOTAL OR PLASTIC STRAIM TRANSITION TO THIRD p— on
g | 0% . P T ) | Hours | % E TewremaTuRe statss ~oarmiown MMl CATED mATE prvencert STAGE oyrsnion it
Tensile Yield Stréngth, ksi : *1_Fracure : | ] g wx [ To% WouRS * *
1 Temp, Sweagth, | 0.1% 0.2% in2In., inArea, ; Suwes{l), Temsile Yield Swongth, ko " Fracture
E P T % % | ks i : Temp. Sength, 0.1% o2 | 2| inArea, | stress(D), .
on sth Thickness = Longitudinal | i : ! i ksi Isi ksl % %_| ki - 3
80 94.0 66.7 i 67.0 24 56 i - | i Center — Jopmiradi Fnaed) - i
80 94.0 67.5 __ 67.5 24 61 ! -- ! . 600 80,5 - - 25 50 149
80 94.0 68.0 | 68.2 27 60 | -- | i ¥ 300 260 - — 262 62 132
80 92.5 68.2 i 68.5 26 60 | 169 ! | H 80 74,0 41,0 46 0 28 64 —-
400 i_85.5 60.0 ___62.0 23 57 150 | ; - Chimer - Trampene ;
400 85. 5 == == 2] 55 154 . : 80 84.0 (58,5020 [ - 26 54 [ 131
600 i__90.0 57,5 61,0 . 24 56 1 155 ; i ! 30 84 0 |59, 0(2) . 25 52 141
600 __ _91.0 54.0 60.0 25 53 137 i I i 400 77.0 51.0 52.5 23 - 50 131
800 82.5 1 54.0 57.5 25 66 146 i ; 500 79.0__|55.5 - 21 48 | - EY
800 8.5 i 54.0 57,5 25 64 140 | i — 600 82.5 |47.5 52.5 23 471 132
- |_ One-Fourth Thickness - Teamsverse i i ! : 800 77.0 44.0 49.0 24 54 120
80 94,5 | 69,0021 .. 2¢ 55 1 162 | 800 720 |45.0 500 24 55 121
Y 94.5 _ 69.00) 25 54 160 : :
400 86.0 _ . _61.0 63.0 22 53 1 152 ; (1) Brealking load divided by red cross tional area
{1} Breaking load divided by reduced cross-sectional area. (2) Yield point -
i {2) Yield point. | i -
[ tc d_on Card 7-14c¢) . N
I : i 1
. T L CREEP 2% 3 RUPTURE STRENGTHS -
T SvRtse a1 Fan ST CRE s Tves ok STRESS. o1 FoR DESIGRATED ChEEP RATE T e —
B { 10 KRS 160 HRS 16000 HRS. i s RS 0ow0ots/HR oM | ownig/HR L001%/HR Py —————— - STRCES. 3 P DESGITED CHTE RATE n
i : i [ ' Tours e T o ] vesanmwe Yy s/ i namn
: i ! , : e | o \
N I :
| s '
} i
! " ~
i
I
|
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ASTM-ASME JOINT COMMITYEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-15a 'ASTM-ASHE JOINT COMMITTEE ON EFFECT OF TENFERATURE ON PROPERTIES OF METALS 7-15b -
arema,_Alloy Steel DATA ANO PUBLICATIONS PANEL OATA SHEET OKTA AN FUBLICATIONS PANEL OATA SKEET n
auoy  Mn-Mo keric  Open Hearth BE"  Commercial A:m ﬁ;?Miteel ham __Open Hearth. i Commercial
\PRODUCER N . —
Ps_'%:‘(ﬁ""*“ CHEMICAL COMPOSITION, PER CENT ECIFICATIONST CNEMICAL COMPOSITION, PER CENT
< L] 4 s s Ce Ll «© Mo w C Ll ol L e | P s s | o N o Mo w o o u [
A-302, Grade B .| 0.25|1.36/0.0180.03§ 0.23 0.49 A-302, Grade B 0.25|1.36(0.018{0.036 0, 23 0.49
o Fe - - l_cu e
o o szt - sam, swcer. easrives, exc, Rolled 8-1/2"-thick plate, 84" wide P —— Rolled 8-177" -thick plate, 84" wide
oo, aec W,ﬁmﬁ——L——L
o eesuesr  Normalized and tempered szomes  Normalized and tempered T
- -
oaponcss 170 to 179 BHN — 170 to 179 BEN ]
bsouaceorours U §. Naval Engineering Experiment Station lsounct or oaTa U. S. Naval Engineering Experiment Station
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS OATA "SHORT TIME TENSILE PROPERTIES N MISCELL ANEQUS OATA
BLASTIC TENSILE YIELD STRENGTH. NSI ELONGATION reoucrion | -Fracture | Location | Direction Temp, F, for VIELD STRENGTI, K81 roncamion | et Fractiure
T | gt | sreae [ 1% 025 rencenr PeR Cent Snﬁ}’. ol of S0 |30 flb TEMPERATURE %s s;;.éz:al';u | o v Py "5‘""2‘;“‘: snzls:(".
85 30.6 . urface { Long 125 60 T hickness - Rramsverse
400 29.1 Surface | Trans. | 130 70 80 | 83.5 . . 56,50 - 29 57 150
600 | 27.4 1/4 thickt Long. | 130 60 400 76.0 49.0 49.9 23 55 133
800 26.3 -F 1/4 thick| Trans. | 130 80 500 845 455 380 25 50 144
1000 | 21.2 Center | Long. | 105 70 800 - 73.5 40.5 43.8 30 64 132 <
. Surfage — Longitudinal ICenter | Trans 105 99 800 740 41.0 435 32 67 13% ~
80 ) 85.0 60.0 - -28 62 158 P y—
80 84,5 59, 5(2) = 29 63 161 iy V. 20 84.0 57.004)] - 12 26 T
12.7 54,0 55,0 2 61 154 80 84.5 55,5021 16, 24 -
400, 77.0 54,0 55, 0 26 62 144 200 770 379 250 19 58 | 113, ;
600 83.5 - - 30 62 118 400 77.5 - - 17 26 81 [1) Breaking load divided By
600 84.5 51.0 53.4 21 59 - 151 600 85.0 43.5 46.0 20 30 -- reduted crosd-sectiondl area.
(1) Byeaking 19ad divided by redhced crogs-sectional area| 600 84.0 42.0 45.0 12 17 60 _[2) Yield point.
{2). Yield pointl {Gontintied on bakk). - 1 (Continudd on back) _ . N I -
ORIGINAL CREEP ANO RUPYURE DATA ORIGINAL CREEP ANO RUPTURE DATA
(RUPTURE TIME INDICATED BY R 1H TEST DURATIOH COLUMN) (RUPTURE TIME INDICATED BY R 1H TESY DURATION COLUMH)
. FINAL - ANAL
e st THEHOUIR RO I on LS ST e e ot | o T smss i oty ez s | et M P Wl
1% 0% [ 108 HOURS % £ ox Y % ppe wouns x K3
Tendle _ Yield Suength, kst Fracore Tensil Yield Srdngth ksi Fractyre
Temp. Strength, 0.1 0.% | m2ln., | inArea, | suesil), Temp, Strength, 0.1% 0.2% | in2n.,| InArea, | Stres(d)
E ksi Jui i % fol E st Joi i % % | ks
Surfhce = Longitydinal (Contigued) enzer - Lebwitndinal (Conts
|—800 6.0 == o2 31 68 142 800 73.5 38,0 | 41,0 26 49 |-106
|—800 76.0 44.4 | 47.7 | 32 68 139 800 73.5 37.5 | 41.0 28 51 -
surface Transverse Cenpar = Traosverse s
80 85,0 of - 29 59 152 80 84.0 |54.7(2) | -- 17 24 106 :
400 78.0 == - 24 61 152 400 77.3__ 46.0 46.1 18 30 93
400 78.0 48.0 49.5 24 61 150 600 85.0 42.8 45.5 18 21 94
£00 85,3 0.0 53.8 ) 26 58 - 800 74.0__]39.0 42,0 30 50 109 ’
800 75.0 l45.4 49.0 | 28 65 136 < : - —=
on h Thjckdess ~ L i !
|80 83,0 [58.5(2) - 27 58 123 (1) _Breaking lpad divided byl reduced| cross-séctional area.
80 83.0 |59.0(2) - 29 59 152 (2)_YVield point ]
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 i
500 ° 79.8  [47.0 49.0 | 24 53 107
80,0 |47.5 49.0 | 24 53 138 {1) Bredking load divided by red
600 82,5 (45.5 48.0 | 25 53 - | 138 crods iofal avea 1
. 72.5 - 1400 43.0 | 31 67 1 | 129 {2)_Yield point. }
(Continued on Card 7-15b) CREEF ANO RUPTURE STRENGTHS R CREEP ANO RUPTURE STRENGTHS
STREES.KE1 TR RUPTURE i TNES WOICRTEE Taces. 31 FOR DESGNATED CREEP RaTE e e T ToR S She T -
F 10 HRS. 150 NS 1.000 HRS 10000 HRS 100,000 HRS * o000/ NR QeIE/HR 0% /HR StrE/HR " T [y T rpmm— Pepeyney T SoROR/HE -~ T S K/HR
> A il

o€
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e SHORT TIME TENSILE PROPERTIES - MISCELLANEOUS DATA
ASTR-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-16a ASTIC TEnsnE YIELD STRENGTH, K5t | ELONGATION |  REDUCTION h‘“ﬂ’ .
s Alloy Steel ONTA O PUBLICATIONS PANEL QAT SHEET | | T e [ | v | st | et
@ Mn-Mo A Open Hearth fer”_Commercial OoecFéurth Thick v
SRR PP yre——— 80 107.0 70.0 71.5 19 46 157
¢ Mr 3 s s cr M | - Mo w cr n A v ] 80 105. 8 — — 20 41 161
400 105.5 69.0 8.0 16 45 187
A-302, Grade B 0.25(1.36 [0.0180.036(0.23 0.49 600 112.0 == == 23 50 171
P= n - 800 9t7. 5. 9.5 68.0 .-3-1 148
Ceyter - L
80 107.0 68.0 5.5 20 45 151
. 80 107.0_ 68,5 76. 0. 20 51 170
400 e L 68.5 | 77.5 ‘18 48 167
feome sar.aun soer cosrnas i Rolled 3" -thick plate, 84" wide 500 1110 e o | 130 24 1 5 164
WTsToR
800 99.0 61.0 | -69.0 21 60 155
{1) Bregaking lodd divided by reduted crosg-sectional area. >
Rl KContinudd on back) . :
uoar yerament Normalized and tempered : ORIGINAL CREEP AND RUPTURE OATA-
{RUPTURE TIME IMDICATED 8Y R N TEST DURATION COLUMN) -
ORAM ST - TIME. NDURS. FDR TDTAL DR PLASTIC STRAIN RANSITION 7O THIRD TIRAL
rasomess 217 to 229 RHUN TeurEaTune stacss . " eereonn g caeer e | wergcerr e e o | TR
bsounce or para U._S. Naval Engineering Experiment Station I3 0% 5% Lo% 4 Hours E3 Hours fronggmion .
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA - il Smdbs Tt = = F
Tocatio Direct " Temy. ensile 2! metie
rewrmmarune | (GRS | TG bl moaron | mpucon | L | w e Temp Stength, | 0.1%, 0.2%, in2in,, | inArea; | Streskl) R
e psi XS (111 0.1% 025 l'tl CEN\' PER CENT ksi hear Fnergy N T ry Isi "
85 | 30.8 “|Burface | Long. | 175 | 100 —E- ah ol — ol % - -
- = T
200 | 29 —[purface [ Trans. | 180 [ 160 80 " 107.5 | 68.5 | 6.5 | 19 = | 1el ' 3
| 600 | 29.2 1/4 thick, Long. | 185 130 400 103.0 | 65.0 | 75.0 16 10 125
00 26.8 1/4 thick] Trans. | 185 180 - : : -
| 800 . 50 4 600 112.0 | 65.0 74.5 24 50 161
23 Center | Long 180 | 140 4 800 98.0 | 62.3 | 63.0 20 53 147
Surfack — Longi Center | Trans. 190 180
80 105.0 _68.0 5.5 23 60 189 i & shoi d d L ti 1
0 1050 690 75. 5 23 60 183 P T NN (1) Breaking load divided by : ross azxea
400 100, 5 67.0 5.5 19 55 178
00 109.0 65.0 73.3 26 63 - 194 =
00 |.. . 96. 5 57.2 66.5 |- 23 67 163
1 aking load divided by reduked cross-sectionhl area,
ORIGINAL CREEP ANO RUPTURE OATA
(RUPTURE TIME IRDICATED 5Y R it TEST BURATIDN COLUMR) = ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE-ON PROPERTIES OF METALS 7-1la
TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN TRANSITION 70 THIRD TEsT ExTion wremny _Alloy Steel DATA AND PUBLICATIONS PANZEL OATA SHEET .
ko L fprereotn | T e - UV | onBAmon Cr-Mo-V Steel fitee  Induction - F% 1001
hsld ] I T ; HouRe L L3 e U. S. Naval Research Laboratorv .
Tensile. Yield Strgngth, ki | Fr CHEMICAL COMFOSITION, PER CENT
Temp, Strength 0.1%. 0.2% 2an. ) in Avea, | smes®, c [ we e s s J o | M [ o | w |w [ o] ] i v ]
E Jal ki ki % % | sk : ’
i T e — ‘ 0.20|0.55 0.22 0,59 0.27 : 0.72
84 - 105.0 1.5 78.0 21 _ 52 172 . S fe
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 All Ib/ton . ’
One-] th Thickness — ftudi 1 8 SITE - DAR. SHEET, CASTINGS, Eic. Bar .
107.0 | 72.0 | 78.5 22 58 179 SerTortTIRAL
80 107.0 1.0 78.0 22 58 185 Forged at 2150 F
400 104.0 0.5 8.2 19 56 172
400 103.5 70.0 8.5 17 50 | 173 Juear YReATMENY 1. Normahzed 1800 F, tempered 1250 F\ior 6 hr; Z Normalized 1800 F
500 109.0 71.5 9.0 19 50 179
500 109.0 69.0 7.5 20 50 180 Jorame sz Normalized 1800 F, tempered 1250 F — AS’I‘M 7-8
600 111.5 69.5 76.5 26 59 189 [HARDMESS
600 112.0 70.5 78.0 27 60 [ 190 Rsouce or oara U. S. Naval Research Laboratory
800 1. 98.3 - .- 21 65 | 161 d - 'SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
i o | o o sTetrem K Frevreen ;
- i uopils | sTRENGTH W AREA
1) Breaking load diVided by feduced dross-sedtional area. . Tosrsi s 0.02% 1% 025 ve vy FER CEXT
i Normalibed 1800]F, tempéred 1254 F
| Continued on Cazd 7-16b) . e 80 72 39 37 83
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF NETALS 7-16b ~ N
arena.Alloy Steel OATA ANO PUBLICATIONS PANEL DATA SHEET
Loy, Mn-Mo [WatA Open Hearth ; " Commercial
lpacoucs
PICATIORS: CHEMICAL COMPOSITION. PER CENT "
< r P s S Cr N Co Mo w Cr n AL A\ 8
A-302, Grade B 0.25|1.36(0.018/0.036| 0. 23 0.49
Cu fe
1ZE - BAR. SHEET, CASTINGS. ETC. Rolled 3" -thick plate, 84" wide
r“fwﬁ—unm
L

hear teearuere ~ Normalized and tempered

IGRAIN S17E_

HAROMES: 217 to 229 BHN

_lsounce or oata U, S. Naval Engineering Experiment Station

OW-uw

AOW -0

1€



ORIGINAL CREEP AND RUPTURE OATA ORIGINAL CREEP AND RUPTURE DATA
{RUPTURE TIME INDICATEO 8Y R N TEST DURATION COLUMN) (RUPTURE TIME INDICATEO BT R IN TEST QURATION COLUMM}
[ -
TovpeRaTURE sraces =i sy aare | wereacere e ™ B rotparne stpess i B il e e I R e W, | e
X 1% [ [ 0% HouRs. % R % o ™ 5% Tox oy 3 "ﬂ" ELOMEATION
Normalized 1800 F, témpered|[1250 F Normalized 1950 F mpered|1250 F -
Zgg - 2.8 o2 30 900 55 - 015 | 24
7 33 900 50 0,016 220.5 16
900 35 0.35 49,8 37 1100 .40 5.20 1.0 18
200 35 0.18 70.0 41 1100 32 0,013 1371 10
1100 32 == 0.04 46 1100 25 0. 00094 1387.0 7
1100 25 7.8 2.3 49 .
1100 25 15,0 1.5 41 Normalized 2000 F, temperedil250 F
1100 25 1.6 2.1 43 900 [ 55 0.18 262 19
1100 20 1.39 - 12.1 54 900 55 - 0.0019 1382.0- 1t
1100 20 1.44 12.1 47 200 50 0. 0064 435,1 15
1100 15 = 0,045 247,5 37 1100 40 — 0.12 18. 2 15
. 1100 | 40 ! 0.011 191.1 ¢
Normalized 1800 F 1100 | 32 0.0019 755.3 5
900 50 0.35 11.9 27
900 40 0,014 267.3 27
1100 32 18.0 0.8 39
1100 25 1,07 9.8 36
1 100 25 0.94 11, 4 37 ASTM-ASME JOINT COMMITYEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
1100 20 0.14 89. 8 50 marena Alloy Steel OATA AND FUBLICATIONS PANEL DATA SHEET : . 7-25
1100 15 0. 0062 757. 1 62 oy 1/2 Cr - 1/2 Mo ffto. Electric Furnace e ¢ cial
rrocucer Babcock & Wilcox .
"CREEP AND RUPTURE STRENGTHS (FPECIFICATIONSY CHEMICAL COMPOSITION, PER CENT
v Tones wones Lo wns s o s e ot 5/wn comg/nn S 0.10-[0.30-] 0.104[0.40- 0.40-
Normalized 1800 T, terhnered L2505 0.20 |0.60 0.30 [0.60 0.60
900 34 30 - & L
1100 16.5 13 -
Normalized]1800 F -
900 41 36.5 ) 33 rom s s17t_ean suerr, exsmives,ere. Wrought tube, 1.125" O.D. x 0.240" wall
1100 20 14.5 12.5 ’
bear meruger  Pexr ASTM Spec. A-213 ! T
. ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-11b loRAI s1zE
srean,_Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET lnaroNEsS
wov  Cr-Mo-V o Induction fee™ 100 1h lsource of oata, Babcock & Wilcox
Resear
Prooycer li S. Naval ch Liaboratory e P
c | m 3 s = o ™ w o w o 0 ~ v B
ORIGINAL CREEP AND RUPTURE OATA
0.20) 0. 55 o. 221]0. 59 0.27 0.72 (RUPTURE YIME INDICATEOD BY R IN TEST OURATION COLUMN)
L
c re rewreparune stpcss T O o gy gum ware | oregcrne TRt o | ST
g 0% [ 1.0% HouRs % "R %
900 55 0.694 7. 28
Alllb/ton 900 52 . 0.00242 1,794 | 29,5
R & SIE. BAR. SHEFT, CARYUIGS, ETC, Bar 900 50 ] 0.00292 1,044 | 355
900 45 0.0013 5,675 | 39.5
Forged at 2150 F . -
hearseearwenr 1. Normalized 1950 F, tempered 1250 F for é hr: 2. Normalized 2000 F, t. red 1250 F for 6 hr iﬁ& ;g T :1;40 f_f' 5
1000 22 2,630 | 33
| GRuM sz N lized 1950 F, tempered 1250 F ~ ASTM 6-7 1000 20 2,270 36.5
juaspurss 1000 19 2,221 | 33
lsouRcE oF DATA U, S. . Naval Research Laboratory 1000 16.5 4,690 43 -
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA 1000 13 0. 00031 10 293 13 5
ortarune | Eame o i sTemeT, et concanion | eoucrion
v ol e e o1x o2s rencenr | oecon
1100 15 0.0336 318 | 43
Normalized 1950|F, tempgred 1250 F 1100 12 0.0169 563 41
80 96 64.5 25 15 1100 11.3 0.0142 722 | 42.5
. 1100 9 0.00415 1,988 | 20.5
CREEP AND RUPTURE STRENGTHS
ez, kSl FOR RUPTURE N TiuEs WDicATED STRESS. K1 Fon OESIGRATED CREEY RATE
F 18 MRS 160 MRS 1200 MRS 10,00 HRS 100000 HRts. 5,000001 /MR 0.00001 K/HR 0.00M%/MR 0001 /MR ]
Normalized 1950 F, tethpered 1250 & ;
900 50,5 49 = |
1100 32,5 26 25 CREEP AND RUPTURE STRENGTHS | "
) STRESS, KS1 7O RUPTURE I TIMES INDICATED - STRCSS, KL FOR GESIGNATED CREZF RATE
Normalized 2000 F, tethpered 1250 F . i s 1o s oS T Tonam e s e oo g/n %R
900 53 49 48 900 50 43 41
1100 31 30 1000 24,5 13.5 7.5% 17-
1100 10.4 6. 1% 3. 6% 6.2
- - e *Extrapdlated

A
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ORIGINAL CREEP AND RUPTURE DATA
(RUPTURE TIME INDICATED BY R IH TEST DURATION COLUMM)
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS TIME NOURS, FDR YDYAL OR PLASTIC STRAIH TRANSITION T0 THIRD, TEST Exngion
v Alloy Steel ‘OATA AND PUBLICATIONS FANEL OKTA SHEET, 7-26 ? R orerzong MU RRT aTE | v hilditiis DU | onvion
o 1/2 Cr - 1/2 Mo [M5%% Flectric Furnace EE" Commercial L] ] il il toues L _ Ld
beonscen Babeock & Wilcox 900 60 2,251 R| 14
(SPECIFICATIONS: CNEMICAL COMPDSIYION. PER CENT 900 55 - + 2 LR 10
- e 3 s s | e [ ~ "™ w o ™ ~ v 5 900 51 " 0.0004 - -3,830R 8.5
900 45 ~10. 000206 10,128 R 6
0.14 |0.45 D.016 0.028 |0.26 |0. 54 |0.16 0.49 900 40 0. 000088 23 642 R| 4
© w 900 38 0. 000035 11,578
1o 900 25 0.00001 15,8
- 1000 40 0.006 543 R | 10
1000 30 0.00072 © J4,03R[] 9
roms o size . sam,sweer, castimos, en Wrought, 3/4-in. ~diam. bar 1000 28 : 4,614 R| 10
’levmn—nrunmm. 1000- 26.5 5 673 R | 11 6
1060 25 7,372 R | 14.5
) ) 1000 23 0.00021 - 11,001 R| 14
[HEAT YREATMENY (a) Per ASTM Spec. A-213; (b) Normalized and tempered 1000 22 0. 000092 2,519
: 1000 15 0. 0000263 9,189
loman siz¢ (b) ASTM 7-8 |-—1000 12 0. 0000194 13,151
Jeamoness (2) BHN - 133; (b) VHN - 149 i 1100 20 355R | 31
ource or oams Babcock & Wilcox 1100 13 0.0015 2,440 R | 21,5
A e - 1100 12 3,772 R.
DRIGINAL CREEP ANO RUPTURE OATA 1100 10 0. 000263 i 10,637 R | 18
(RUFTURE TIME INDIEATED BY R I TEST DURATION COLUMM) 1100 6 | | 0.00004 9,843
fr— TIME HOURS, Fon IOV 08 TLATTIC STAAIN My cneee aare | inrencerr e oorhon T CREGY AND RUPTURE STRENGTHS
3 o — = o — /R £ — - Voums aosinon STRISS. K51 FoR RUPTURE W TIMES INDIATED STRzSS. K51 FOR DESIGNATED Facer mATE
F 10 HRS 168 MRS 1.000 HRS ~ 10.000 NRS. 100.000 HRS 0.000001 % /MR 0.00001 K/HR 0.0001 6 /HR. T OMIE/NR
(a) 900 50 0.035 256 | 31.5
900 47 _|__0.0105 636 | 32.5 900 45 33, 5% 25 41 -
900 44 "o, 0011 1,819 | 36.5 1000 35.5 23.5 14, 5% 9.5 1 19.5
900 40 0.00155 7,367 | 32.5 1100 15.5 10 6. 5% 3.5 7.9
1000 27 0. 026 794 | 59 L
1000 .. . 25 0.019 1,016 45 *Extrapalated. S
1000 22 0. 0087 2.211 30 ASTM-ASME JOINT COMMITTEE ON SFFECT OF TEMPERATURE ON PROPERTIES OF METALS -
1000 20 0. 002 5,210 48 marerse,_Alloy Steel DATA ANO PUBL 1 FONS PAHEL DATA SHEET 128
1000 17 0. 0015 6,388 | 44 wiov 1/2Cr - 1/2Mo e Electric Fy P
[zaopucen U, 5. Steel— - . .
1100 15 i ‘144 88 TR . CNEMICAL COMPOSITION, PER CENT
1100 12 | 0,016 501 90 c- Mn P s El i ce N o Mo w 3 I L A v []
1100 10 1,975 | 46 0.13 | 0.51|0.010{0.015( 0.22|0.48 (0.04 0.58 > 10.00 '
1100 8 0. 00066 2,507 | 57.5 : {0:007
1100 6.5 : 6,730 | 33.6 & r | N
0. 03 0.012]
(b) 95¢ 50 735 | 13.5
950 45 . 1,841 9 {ocomnsnon Silicon deoxidation
950 42.5 3767 8 hm- & SIZE . BAR. SHEET, CASTIHGS, £TC. 1-in, ~square bars :
950 38 ! 10,239 65 [RISYORY DF MATERAL "
CREEP AND RUPTURE STRENGTHS ) - -
STRESS. KS1 FDR RUPTURE IN TIMES IHDICATED SYRESS, K1 FDR DESIGRATED CREEF RATE JriEar TREAT MENY 1650 F normalize . i .
F 18 HRS 100 HRS 1.400 NRS 18000 HRS. 100000 HRS. L0 /HR LOIK/HR 00001 % /1R LM !
900(a) 45 7 391 33 4% 33 39 foRAN sizE ASTM 1 to 3 (McQuaid-Ehn)
1000(a) 25.5 15.7 9.3% Lo 19 amowess . .
| 1100(a} 9.9 6.0 3. 6% b.2- 8.3 U. S. Steel Applied Research Labo ry
950(b) 48.5 38,1 30% SHORT TIME TENSILE PROPERTIES MISCELLANEGUS OATA
I renremarune | Eoaenc Tevsite TiRLo stRENGTH. Kot ErongaTion | meouerion
n ot 4 e kaen
. 106PSI xsI 0.02% 0.1% 028 PER CENT PER CENT
*Extrapdlated 80 71.3 35 68
3.1 33 67
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ORIGINAL CREEP ANQ RUPTURE DATA -
arean._Alloy Steel DATA ANO PUBLICATIONS PANEL DATA SHEET 7-27 (RUPTURE YIME IHDICATED BT R IN TEST DURATION COLUMN}
oy 1/2 Cr - 1/2 Mo i Electric Furnace fer”  Commercial - ML NGRS, FOR TOTAL OR PLASTIC STRAN . . IO 76 THITD .
sonucn Babeock & Wilcox . : rempeRsTRE e e cvrmare | o | TSGR st exTEision
W— CHEMICAL COMPOSITION. PER CENY ‘ ’ ! 1% ol ’ * Y e s e
. PE 02% [ 1% NOURS < R %
c- My 4 s s | e N Co Mo w cx ~ v B 900 75 2. 56 3.4 36 .
900 72 . 1 54,7 37
. . .012o. . . . . 36
0.13 [0.41 [0.012[0.015]0.18 0.60007 |o.54 00 7o - —a e T :
u e 00 69.3 0.101 - 88.3 33 .
0. 03 : 900 64 . 0.0027 1102-6 20
—— . 1050 50.8 0. 64 7.3 | 38
i asizz san, sueer, casmitas, o, Wrought tube, 6-5/8-in. O.D. x 0. 864~in. wall 105 48.0 10.4 30
f_é"——’—g—‘wmn oF - ~ .
1050 45,0 0.142 39.7 20
: 1050 40,0 0.032 84.0 | 14
: 1050 35.0 0. 0147 200.6 13
— Per ASTM Spec. A-213 1050 30.0 — 0. 0046 L 620.4 14
o size " . 1200 22.9 - 1.1 FY]
— b 1200 20.0 1.0 70
bowceormans _Babcock & Wilcox . i 1200 17.0 2.5 13.8 1 64
1200 12.0 0. 095 . $2.7 50
1200 6.4 0.0053 741,9 50
. L
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pr— STRESS, K5 FoR RUPTURE N TIMES WOWATED STRESS, K51 FOR DESIGRATED GREEF RATE T e IO o MMITIEE G e T ey OF TEM TR TUnE S TeaeETIES oF NETS -
10 s 100 HRS. 1,600 HRS 10000 HRS 160,000 HRS | Lo00rg/HR 0.00001 £/HR 0.0001%/HR 0001 K/HR laremu_Alloy. Steel i DATA ANO PUBLICATIONS PANEL OATA SNEET 7-30-
10228 64 g 158 g: 8 : 62 wuor _ 1/2Cr - 1/2 Mo it Induction Heat Fid .
28 . - 23.5 propocen U, S, Steel |
1200 6.0 3.4% 2. 6% _ 4.4 Ns—a—a—s-n FICATIONS! CHEMICAL COMPROSITION, PER CENT
< My P s S . <x e o Mo w o k] A~ v B
*Extrapblated data, T | 0.14 0. 47 [0.025(0.018(0.17 (0. 48 (0. 10 0. 51 005,
— @ Fe N .
0.06 0.012 o
- "ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS l ____Silicon plus 2.0 pounds of aluminum per ton
baremn __Alloy Steel e OATA ANO PUBLICATIONS PANEL OATA SHEET 7-29 roms o s aan, swcer, castings, 1 l-in, -square bars
lwor __1/2Cr --1/2 Mo S Electric Furnace T
raooucze U, S._Steel =
[SPECIFIcATiGNS: CHEMICAL COMPOSITION, PER CENT —
p ¢ [T s 5 3 [ © | Mo W ) T A ] MEAT TREATMENT- 1650 F normalize |
| Toro1 | Tonl T T
| 0.11 | 0.460. 01 0.015] 0.1k 0. 43]0. 07 10.58 ‘w 0.021 e ASTM 6 to B (MeDuaid-Ebn)
& hid N : i ] wanowess
t — — sounce or pas U._S. Steel Applied Research Laboratory_
0.63 0.013 i L I SHORT TIME TENSILE PROPERTIES MISCELLANEGUS OATA
oroxiox.ox______Silicon plus 1.3 pounds of aluminum per ton i TrupEsaTURE [ s, ] STRERGTH TIEL0 SYRINGTH: K3 EoNSATion | REoueTion
IFORM & 5-.1 - BAR. SNEEY. CASTINGS, ETC. l-in. -square bars [ il i kLl hid TER Y ekl
rSToRY BF TR e * 80 " 69.85 ! 36 71,1
| 80 | [ 69.65 I 35 12.6
MEAT TREATMERT. 1650 F water quenched and then tempgr!’d at 1200 F I ORIGINAL CREEP ANO RUPTURE OATA
" {RUPTURE TIME INDICATED BY R IV TEST DURATION COLUMM)
ASTM 5 to 7 (McQuaid-Ehn] I .
lensze  ASTM 5 to 7 (McQuaid-Ehn) TIME, HOURS. FOR LA B
— — TeurtRaTone steess i i g cxee mare | pregeere TR cree T, | EEision
lsounce o oxta U. S. Steel Applied Research Laboratory ] o2% 5% 1% . HouRS % "R e
SHORT TIME TENSILE PROPERT IES ’ MISCELLANEOUS OATA 900 66.0 12.8 - 0. 63 36
— YIELD STRENGTH. KS1 [ moteamion | seoucnion i : 900 65.0 0. 0043 818 25
100PS1 i K5 .e2% 0.1% 0.2% PFRCENT PER CENT 1
80 88.45 | . 29.0 | 80.8 ! : 1050 44.3 11,7 37
80 . 88.5 | 1 | 28.0 | 80.1 ] R AN Y T 1050 40.0 0.424 33,2 27
i : ' i ' L 1050 35.0 743 20
- 1050 28.0 0,022 250, 0 5
ORIGINAL CREEP ANO RUPTURE OATA : i 1050 25.0 ;
(RUPTURE TIME INDICATED BY R I TEST DURATION COLUMNS f lToso | 230 0.0l 432.8 20°
: . 0. 0063 667.7 15
" AL [T osn - 3 -
seurtnarone e - My o e mreaceee e ol | T | 1050 | 20.0 0. 0035 59 6 20
. 0% 028 [ o8 HoURS % R %
(1200 | 24,2 _ -
900 73.18 0.1 - 25 1 80 |
A 1200 15.0
900 59.2 0.236 259 | 25 1200 o0 FNTTS 15,9 13-
I~ a00 6.0 0. 07 89.4 26 4. 1200 =0 12,7 13
e . 0.069 1992 | 59
{900 67.0 0,03 230.2 26 1200 1 a4 -
900~ | 650 0,008 10447 | 20 - R o T e 0.1 | 56
h STRESS KS1FOR RGPTURE M TIMES WOIEATED SYRESS, KH FOR DR SIGNATED CRERF RATE
ig:g g:; g s g i g% i 10 4RS 100 HRS 1000 HRS 10,000 KRS 104000 HRS 0.000001 /MR CO0IE/HR 00000 %/HR 0000 %/HR
. . 900 65.0
1050 45,0 19.3 33 1050 bl
1050 40.0 63.8 34 1200 ’Z : 13 4: 3
1050 32.0 0.02 169.9 33 | [ + i - - 2.2
1050 22.0 ; 0. 0069 579.1 49 ~ [ - ASTM-ASME JOINT COMMITYEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
i a7 Alloy el OATA ANO PUBLICATIONS PANEL OATA SHEEY
1200 . 31, - — 7
1200 25 gz 6.7 (1) ; Zo wor  1/2Cr - 1/2 Mo e Electric Furnace T
200 7.0 : 53 | 18 DS Steel
1200 3.0 0.21 29.3 | 70 T T T T O R —
1200 6. 0 0 025 368 2 75 S } o N Co Mo w 2l T AL v B
1200 4.4 0, 0156 967.0 90 0.11 [0.46 [0.01 [0.015] 0. li 0.43 |0.07 0.58 0.021
- < [3 N
i P
|
] 0. 03 0.013 L
CREEP AND RUPTURE STRENGTHS T T
i o s ores T T T T YT T e 0e___1-in, caquare bars
[ 900 65.0 62, 0% 63
1050 18.5 9.0% S .
1200 4.3 2. 0% IHEAT TREATMENT Annealed at 1650 F :
o {ited data omam size ASTM 5 to 7 (McQuaid~-Ehn)
uarpugss
MISCELLANEQUS OATA
TEMPERATURE | JELASTIC PN TIELD STRENGTH, KSI ELONGATION RFDUCTION
- — F 106 P51 ) 0.02% 0.1% 0.2% ve cont pER CERY -
80 59.0 37.0 71.2
{80 59.0 | 38.0 [ 72.1
3 3

14>
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ORIGINAL CREEP A¥D RUPTURE, DATA

(RUPTURE TIME INDiCATE3 BY R 1, FEST GURATION COLUMN) ORIGINAL CREER AND RUPTURE OATA
o FINAL (RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)
TEMrERATURE smess TIHE HOURS.FOR TOTAL OR PLISTIG STRAM MINIVUM CREES RATF e o EXTENSION T
; T o - LA - AR oo e | s TIME U, TOR UTAL OB PASTG £Tsu o cpeervare | wregerrr | TSI e | OTBon
T * E % | ; [ oses t 5 i ars ong %R ) ueiTio onmon
900 51.0 ; N 0,1 35 | g 0.2% 5% 16% HOURS % R £
900 1 50.0 . 0.235 30.4 ;40 900 63.1 i 1.82 5.5 42
900 i 49.0 0.016 | 373.2 [ 33 900 61.0 5 i 0. 006 683.7 26
. : ; i B i T
1050 35.0 5.8 i i 3.2 .50 1050 ! 50.0 ! I - 0.15 40
1050 30.0 i t 0.393 38.7 40 1050 40.0 - 0.291 32.9 21
1050 25.0 i i i 0. 0805 H i i 136.2 | 38 1050 35,0 0.06 15.2 18
1050 19.0 ; ! 0.019 : i 472.4 | 40 1050 30.0 0.014 158.2 20
1050 16.0 H 0. 0048 1220.4 i 63 1050 20.0 0. 003 [ 20 |
1200 17.0 i . : 1.1 1 100 1200 19.0 2.3 68
1200 15.0 | 5.27 i i . 6.0 | 81 1200 15.0 2.4 8.0 83
1200 : 13.0 ! 3.2 L ! ;. 15.4 90 1200 10.0 43.2 82 |
1200 9.0 | 0.2) ; L 76,6 65 1200 8.0 160.1 64
1200 i 7.0 i i 0. 036 i : | 286.6 66 1200 7.0 | ! 0. 023 336.1 42,
1200 | 5.5 0.0074 | . [ 959.6 70 1200 L 5.6 | e 0.0094 - 714.9 | 44
: | ! ! ASTM-ASME JOINT COMMITTEE ON EFFECT OF oN METALS 7-12a
! { : ! R 4 v Alloy Steel OATA ANO PUBLICATIONS PANEL OATA SHEET
‘ : ‘ lor _Cr-Mo-V Steel [feme  Induction & 1001m
' ! } H eroovcer U. 8. Naval Research Laboratory
i ; i ‘ [FPECIFICATIONS: CHEMICAL COMPOSITION, PER GENT
L i i I i c Mn 3 s 5 cr N co Mo w o | w A ¥ B
U CREEP AND RUPTURE STRENGTHS T
—— STRESS. ka1 FoR RUPTURE IN TIWES INDICATED - STRCSS, K51 FOR OESIGNATED GREEP RATE 0.18) 0.48 0.210.56) 0. 46 0.66
F 10 HRS. 10 HRs 1.600 HR'S 10.00 HR'S 100000 HRS. 0000015 /HR 00001 %/HR 0.0001/HR aog/HR P’ o
900 ‘ 47.0 N
1050 16.5 19, 2% 12.5 !
1200 5.4 . 3.5% 3.6 Al 1l lb/ton
- BM & SIZE - PAR. SHEET, CASTINGS, E7C, Bar .
ﬁ"ns S RATERIAL
i *Extrapglated data. _ > Forged at 2150 F
HEAT TREATMENT. 1. Normalized 1800 F, t. red 1
lorane Nor: 1800 F, ternpered 1250 F = ASTM 7-8
uanowess
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS L ousce oF bATA U. S. Naval Res Carch Laboratorv
waréma,Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET — 7-32 SNDRT TIME TENSILE PROPERTIES MISCELLANEOUS OATA
o 1/2 Cr - 1/2 Mo uecme_Electric Furnace |7 Cgmne | rmene TIELD STRENGTH, K51 monaamion | Repucrion
erooucer U. S. Steel F 106 Ps1 xSt 0.02% 0.1% 02% PER CENT PER CENT
[SPECIFICATIONS: ‘CHEMICAL CDMPOSITION, PER CENT Normal zed 1 800 F. templ "ed 1250 F
: o [ P | s s a | . o o W cn n A v ] 80 71.5 35 39 81
0.11 [ 0.46{0. 01 0.015(0. 14 {0.43 |0. 07 0.58 0.021 ORIGINAL CREEP ANG RUPTURE OATA
(RUFYURE TIME INDICATED BY R 1N TEST DURATION COLUMN)
< Fe
S e e MRS, o TOTAL 0% PSTIC STRAN S ooy T
o. 03 0.013 TeursgaruRe smasss i uonargcneer mare | g SRt cnies gt i
. — 01X wx (] [ ; wouRs £3 R %
Silicon plus 1,3 of a per ton Normalized 1800 F, tempered|1250 F
Fomd & sizc. ean suekT, chsTMGs, £1C l1-in, ~aquare bars 900 45 - = 002 a5
900 40 6,50 2.5 : 43
, 900 40 4.90° 2.8 43
: - = 3 24.9 41
WEAT TREATMENT 1650 F normalize 1 933 3: g 23 24.9 £
: 1100 32 -= 0. 06 38
onam sze ASIM 5 to 7 (McQuaid-Shn) 1100 25 27.20 0.8 43
uasoness . -
lsouncr or oaTa U. 5. Steel Applied Research Laboratory 1100 25 g ‘l) 4512
SHORT TIME TENGILE PROFERTIES " MISCELLANEOUS OATA i igg- 20 (2) g; ot y
— TiELD STRENGTH. %51 cLoncaTion | RepucTion _ .
e |Gl | steiem N e v reRceNT | PEment 1100 20 —2.06 2.7 55
80 63.0 40 | 78.3 1100 15 0.053 215.3 49
. D Normalized 1800 F
80 63.6 39 17.2 900 50 — 0.05 20
i 900 40 1.2 8.2 28
CREEP AND RUPTUSE STRENGTHS 900 40 1.6 7.9 36
STRESS, kel FOR RGPTURE IN TIMES NGIATES STREss, Kl FOR DLSIGNATE GREEP RATE 900 35 0,46 34,0 46
ki ours s v s w0 wes o wAs coouo /R aomi RN oo /m o8/ 1100 32 . 0.1 49
- 1100 25 12.60 1.4 45
900 60.0 -
15 1100 20 0.46 28.0 38 -
1050 20..9.. 12.0% 30 1100 15 0, 0087 700.0 38"
1200 .1 o CREEP AND RUPTURE STRENGTHS
'STRESS, NSI FOR RUPTURE 1N YIMES INDICATED STRESS. K$1 FOR DESIGMATED CREEP RATE.
Toted 4 10HRS. 100 HRS 1.000 HRS. 10,000 HRS 166,00 NRS * 2.0 E/HR Do0emE/HR o001 %/HR AO%/HR
*Extr ted data. Normalized 1800 F, tempered 1250 F
900 32 28.5 ==
1100 _ 16 13 -
Normalized 1800 F
900 32 26 —-
1100 i8 14,5 13
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ASTM-ASME JOINT COMMITTEE DN EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-12b
lisemn._ Alloy Steel R DATA AND PUBLICATIONS PANEL DATA SHEET
wy _ Cr-Mo-V Steel nmng_ Inducti e 100 1b
rocpuces U, S. Naval Research Laboratory
oS CHEMICAL COMPOSITION, PER CENT
c. ™ 3 s s [ ce W <o Mo w o n a v B
I
0.18] 0.48 0.21 |0.56 0.46 0. 66
cv Fe
All 1bfton
Bar

ORM & SIZE - BAR, SHEET, CASTINGS, EXC,
TORY OF WA

Forged at 2150 F

)
MEAT TREATMENT 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 6-7

jaRAIM S1ZE

luARDNESS

lounceoroara__~_U. S. Naval Research Laboratory

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

baren_Alloy Steel . DATA AND PUBLICATIONS PANEL DATA SHEET 7-22
oy AIS1 4140 A |5
RS CHEMICAL COMPOSITION, PER CENT
c- Mn 3 s s | e N Co Mo [ cr n [N v 8
0.42 [ 0.95|0.016| 0.02(0,028[1.07 012 0.22
ey o N
0.010

MISTORT BF

DRM & SIZE. BAR.
ATER]

MEET. CASTINGS, ETC.
T N

3/4-in, -diam. rods

[MEAT TREATMENT.

1600 F, 1 bir, oil quench; temper 1170 F, 2 br

|GRAm S1ZE

ARDNESS

306 Brinell

Naval Research Lahoratory -

SHORT.TIME TENSILE PROPERTIES MISCELLANEOUS DATA [EDURCE OF DATA Y. S e -
TEMPERATURE ELASTIC TENSILE TIELD STRENGTH. KSI ELONGATION REQUCTION SNORT TIME TENSILE PROPERTIES L NEOUS DATA T
2 dggulis | stepig TR rre W “Waner' — e LD sTRERGTH, K51 wowearon | neoucron | Tempera- | Stress, lcmmwz l e | Final
Normalized 1950]F tempbred ‘25_¢ 5 I0¢Ps1 T kst 0.02% 0.1% 0.2 PERCENT PER CEAT mre, § sl "&' 3 D"ﬁ 3 L)
—JZ_——BO —*‘m Pp 51 E 74 Room 135 123 123 26 63 0% Cold Regucﬂih LR .
s 800 100 20 70 700 | 100 0.017 | 431 21
800 80 0.053 17 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 0.32 68 59
12% Cold Reduction 10% Cold Reductisn .
Room 142 120 138 18 61 70 100~ [ 0.009 | 690 20
800 | 104 19 7 800 80 0.067 |. 193 30
| | : 900 60 0.40 49 50
40% Co;d Reduction : 1000 35 0.62 41 817
- Room 164 121 - 159 15 53 | 1100 13 0.52 39 49
800 ! e T 17 | 66 [*All tepts rupturdd. :
ORIGINAL CREEP AND RUPTURE DATA -
{RUPTURE TIME INDICAYED BY R IN TEST DURATION COLUMN) ORIGINAL CREEP AND RUPTURE DATA
(RUPTURE TIME INDICATED €Y R IN TEST DURATION COLUMNY
‘ME HOURS, FOR TDTAL OR PLASTIC STRAIN . — st AL - Py
TeueEATORE - fprzere owg e S B il " | nosgamion f— stnzss T e e et wnaning cniss eare | wereacere e soon | ZTBR
IE 0% 05% 10% HOURS. k3 % F K$ BIWR £ P HOURS. nua‘)mm
(2 3 % o5 108 HOURS
i 1250 F :
H Norrn;.hzec 1 5;:)1‘ mpered|1250 T = = 500 170 .27 14 19
—9-00 yre 056 150 30 700 100 0,052 85 20
1100 40 o 0.0l 23 800 80 0,058 110 25
1100 32 0.18 22.4 26 900 60 g i? 2111 60
1100 25 0. 0099 268.7 18 1000 35 - o ey
1100 20 0.00098 2099. 0 14 1100 13 0.22
T - _ 6% Cold Reduction -
n.w;:;u,u ZOOSOSF tempered[1250 F ) > 5 00 120 0.0046 | 1312 20
900 50 ] 0.23 220 | 20 700 100 0.048 117 - &1
900 s0 | 1 — 0.052 779 | 18 800 80 0.0%6 4 28—
1100 20 T 0 016 72 4 9 900 60 0. 26 41
1100 40 0.18 17.3 19 1000. 35 3'2% 7 36
1100 320 0. 0021 5804 o 1100 13
732.6 5
|—1100 32 00018 12% Cold Reduction
700 100 0.040 131 19
800 80 _0.080 104 24
=+ 900. 60 0.29 49 49
+ ; 1000 ~ 35 0.44 47 54
CREEP ANO RUPTURE STRENGTHS See other side) . - - -
SYRESS. KS1 FOR RUPTURE IN TIMES INDICATED . _STRESS. K8) FOR DESIGNATED CREEP RATE st DAL AL DESIGNATED CREEP RATE.
S7aCss. K5 FOR RUPTURE 1 TINES WOICATED Sacse K1 FoR DESIGHA
TP SUHR T B S S B P S S SR ? T e i T T e I T N T N
ormalizes temnpere:
900 42 . == -
1100 27.5 21.5 20 K
Normalized 2000 F, tempered 1250 F N
900 47.5 - ==
1100 - 31 30

9¢
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERT|ES OF METALS
barern Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-23 waraa__Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-33
lor AIST 4140 he il wior 1% Cr - 1/2% Mo e e
leroDUCFR prooucee__ U, S, Steel
[EPECIFICATIONST T CHEMICAL COMPOSITION, PER CENT [ErecreaTTons: CHEMICAL COMPOSITION, PER CENT
c My 3 s 5 oo N co Mo w cr T A v 3 < Ma » s R Ny Co Mo [] o [ AL v 8
0.42/0.95 (0.016| 0. 02 {0.028( 1.07(0.14 0.22 0.09 10,53 10.01510.015(0.25 [1.05 {0.22| -- [0.54
< Fe N ~ < fr B
0.010 Bal. .
FDRM 8 SIZE - BAR, SHEEY, CASTINGS, ET, 3/4-in, -diam. rods IFDRM & Si2F - ean, SHEET. CASTINGS. ETC. 5" x 6" x 50" slah slice
RISTORY DF MATERIAL [RISTORT DF MATERIAL
Welded with AWS E9016 electrode.
- S .
[HeaT TREATMENT. Anneal 1600 F, 1 hr P HEAT TREATMENY Heated 1 hr at 1675 F, air cooled, rehedted 1 hr at 1300 F, air cooled
oA size cra size
iHARDNESS 216 Brinell . lharDNESS
lsource pr pata U. S. Naval Research Lahoratory [souRcE DF DATY A. G. Smith Corporation
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA [} o T
rowesmune | @asme | e o sTRENSTY, K31 ELoNcATON | RzoucTion ‘GRIGINAL CREEP AND RUFTURE DATA
F loipsi xs1 0.02% [33 02% PER CENT FER CENT (RUPTURE TIME INOICATE BY R Iif TEST DURATION COLUMN)
Room 110.7 57 22 ). . FnAL
- ] veureaATURE saess TIHE UOUTS. R TRTAL o8 DL STRAN Mo R aare | werecere o s oIS
T 2 orLeTE onry %un Ll Pudtwe . | eongarion |
6% Cold |Reducti - % 0% [ 0% . HouRs N - %
Room 115.5 75 19 . 1000 38.0 ] - 5860 L3
1000 35.0 - 824.0 ‘2.5
ORIGINAL CREEP AND RUPTURE DATA 1000 33.0 . - 13‘9: 4 0.97.
(RUMTURE TIME IKDICATED B R Ik TEST DURATIDN COLUMA) .
- e CREEP AND RUPTURE STRENGTHS
E— rmess TIME HDURS. #OR TOTAL DR FEATIC STRAIN [TV [ M- bR ooTon EXTENSIDN $TRESS, X1 EOR RUPTURE IN TIMES INDICATED STRESS. KS! FOR DESIGHATED CREEP RATE
U Kl P e ‘DHE_":;“ = %/un L P P HDURS eLoKgATION v 1o s 100 RS, 1o s To00 ke om0 RS e/ oo m/MA- |- soorm/im [T
800 80 0. 50 17 2 1000 34 23
6% Cold Refluction T -
800 80 0.14 51 20 = +
| .
i
0 0.032 160 19
I - i e _
- ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS "ASTM-ASME JOINT COMMITTEE OK EFFECT OF TEMPERATURE DN PROPERTIES OF METALS
wrema Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-24 aremae__Alloy Steel DATA AND PUBLICATIONS PANEL DATA SNEET . 7-34
o AISI 4340 A R e 1% Cr - 1/2% Mo [F5%  1nd ' el
. I Electric Steel Foundry C .
o CREMICAL COMPOSITION, PER CENT AL CNEMICAL COMPOSITION, FER CENT 7 =
< L r s s cr L] ] Mo w Cx il g v L] < Mu P . s s | o N o Mo w cr T a v [
0. 38-10.60- 0.20-/0.70-{1.65 0. 20- |
0,43 0.80 [00490-040ly 35 |0 99 |2. 09 0. 30 0. 09 [0.75 0.44 |1.35 l0.13 0.58 :
cu Fr cu Fr ’ N
Bal.
- n
& 517¢ - AR, suEET. castings. erc. (A) 6-1/2" Round; (B) 6-1/2" Round; (C) 3-3/4" O.D.x2-3/4" L. D. Ring; (D) 3-3/4" O. D, IFDRM & SIZE - BAR, SHEET, CASTINGS, EVC, f ;
[WISTORY Of WATERIAL WISTORT OF MATERAL

‘S(A) 16(;0 F, water quenched + 1070 F, air cooled; (B) 1600 F, water quenched + 1070 ¥, air
cooled + 4 hr at 1100 F, furnace cooled; (C) 1600 F, water quenched + 1070 F, air cooled;

x
2-3/4"1.D. Ring

(D) 1600 F', water quenched + 1070 F, air cooled +4 hr at 1100 F, furnace cooled

[NEAT TREAYMENT

lcaam sizE

rARONFSS

Elliott Co.

lsource DF DATA

SNORT TIME TENSILE PROPERTIES

MISCELLANEOUS DATA

p— LD STRERGTH, kst siocamon | epucrion
1oérst st 0025 [ 0.2% rer CanT PER CENT
(A) (Charpy (B) (CharpyVji (C) [CharpyV]| (D) [CharpyV]
F ft. 1b, F ft.1b. F ft. 1b. F ft. 1b.

.33 70 34 A 33 80 34 13
-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

Welded with AWS E9016 electrode

[EAT TREATMENT.

Stock-1800 F, 3 hr; 1600 F, 1 hr, W.0Q.l; 1200 F, 8 hr; weld also S.R. 4 hr at 1200 F

lcRAW siZE

luarouFss

See helow.

|sOURCE DF DATA

A, O. Smith Corporation - Metallurgical Research Labor: s

SNORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA -
TEMPERATURE ELASTIC TENSILE TIELO STRENGTH. KSi ELONGATIDN REDUCTION
i R s % % rencerr | . PnceRr
Room 84.0 72.0 23.0 58.1. 1 Stock ohly
Room 29, 3_0] 77.0 52.7 17.0 54,7 Stock plus weld - failed ih stock
1000 . 58.0 14,5 55.4 | Stock plus weld - failed in stock"
Vickens Hardness (10 Kg)
Max. Min, Aver. |
SR Stock 188 173 182
SR HAZ 225 206 207.5 N
SR Weld 222 198 211.6 .
SR for ﬁL_‘E 158 172.1 . :
0,000 hiXHAZ 206 191 195.8 . .
£ 1000 3 Weld | 210 199 | 205 . _

oriy ISIY

’
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ORIGINAL CREEP AND RUPTURE OATA
{(RUPYURE TIME INDICATED BY R IN TEST DURATION COLUMN)

ORIGINAL CREEP AND RUPTURE DATA

(RUPTURE TIME INOICATED BY R IN TEST DURATION COLUMN}
TIME. HOURS, FOR TOTAL OR PLASTIC STRAIN TRANSITION YO THIRD Jes . - — - -
ToraTe srass ~ oriereons MU cEEr RATE ieTERCERT STAGE CREEP oyRTion o N TIME. HOURS, 7R TOTAL OR PLASTIC STRAM o cnemsre | o YSTION 10 THIR . 13
% g 5% 3 Nours % % 3 = — = mnmn;n - e S| e S 8 _ w"%r,:‘m w::Aw
1000 37. 011} (not| aged) 225.5| & 5% =
| 1000 20.0{2) (not|aged) 6471.7] 1.0 L 900 48 - 2. 63(; 29
1000 30.,003) (1.0 boo F) 540,5] 5 200 ‘;0 5 483 | 34.5
1000 25. 0{4) (5040 br at 100 F) 1201.1] 7.0 —_9—8—8 ;g zi 43__51 f 5
1000 22, 5::; (5000 hr at 100 F) 2309.8] 5.5 | 900 z 7071 1.5
1 1000 20.0 (10,1000 hr ay 1000 F) 4920.7 4.0 i
ﬁ 7Y 1.0 23,0% 1000 26.5 887 37,5
1000 40.0 {10,/000 hr all 1000 F) 25 1122 | c3 5
R i i ; i i -affeqted 11000 . 23 1,619 25.8 |
! #*Note: | Specimens 1 and |7 failed in nar.cnt stock; otbers failed in Heat-a ed zone, 1000 20 WOWATER
CREEP AND RUPTURE STRENGTHS - 1000- 16 : . 8,432 | 59 -
STRESS. KS| FOR RUPTURE IN TIMES INOICATED STRESS, KS| FOR DESIGHATED CREEP RATE - -
4 1ohRs. 10 RRs 1200 s o ks, To8.0% NRS ootz /NR o000 %/HR a0 /4R Sng/nR 1100 14 : - 183 92 . .
1000 125k 1100 10 0.0145 1,288 | 73,9
1100 7.7 0.0039 - 3,530 | 32 -,
1100~ 6 113,824 | 42,8
*%Extrapolated data. - 3
FSTVASHE JOINT COMMITTEE ON EF7ECT OF TEWPERATURE ON PROPERTIES OF METALS - :
waremae _Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET k 7-35 B CREEP AND RUFTURE STRENGTHS .
Loy 1Cr - 1/2 Mo [wiies Electric Furnace = STRESS. Ks! FOR RUPTURE N TIMES INDIEATED ~ STRESS, K1 FOR DESMANATED CREEP RATE :
rooucer__U. S, Steel ’ toHRs 100 HRS. 1000 HRS 0% HRS Toa0s A S /HR. - oot/ LaI R R CoAEMR
[FPECIFECATIONS: CHEMICAL COMPOSITION, PER CENT \ 900 .36 23% ) -
c- w v s s | o [ <o Ho % o T I v B 1000 i ~ 25,6 15.5 9.2% - i
{a) {0.11 [0.44 |0.005[0.019] 0.15{0.97 |[0.09 0.52 0.005 1100 10.1 6.4 . - 4% N
{b)10.12 [0.45 |0.013]|0.015/ 0,74/ 1.1310.031 0.50 0.002[0.010 i
Cu Fe N -
(a) 0.03 0.012 *Extrapglated _ — et
{b) [0.04 0.011 s
rin” Silicon plus 0.5 pound of aluminum per ton
;?:".:‘: e saa s, castmes. e, 1-in, -square bars
- ASTH-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS - L 7-17- -
st mosrume () Hot rolled and stress relieved; (b) 1650 F normalized and tempered at 1300 F wrmw Alloy Steel e 4D PUBLICATIONS FAEL DATA S50 e
i wr  Cx-Mo-V IS A F&" Commercial |
3 - . (_a) ASTM 2 to 4 (McQuaid-Ehn), (b) ASTM l. to 3 (McQuaid-Ehn) F%m“ - - PR r—————— - - = -
fuamoness . " " X . < n | v [ &
lsource oF pATA U, S. Steel Applied Research Laboratory : . c. [ i ? s s { cr ! N o o w ~
SHORT TIME TENSILE PROPERTIES MISCELLANEQUS DATA 0.11 0’. 4000150018 0. 23] 1. 00 ] 0.85 0.26
remptraTRE | ELASTIC Tensie IELD STRENGTH, kS ionoATION | RevucTion i
v "R | e w02x W% 2% vencent | renceRr o 3 .
80 (a) 63.3 35 < 71.7
~80 (a) 64.7 37 70.3 -
80 (b) 75.5 . 37 73.9 ORM am:--:‘:;;zm.wmss . 6" 1 P.S., 80 Schedule, 0,432" wall thickness il pipe
i e
- 80 (b) 5.1 ¢ 35 74.3 : : .
IMERT TREATMENT ormalized 2-br, 1875 F- H - 0 F
aran size
waroxess . bl
bsourte or oata U. S. Naval Engineering Experiment Station i 2
ISCELLANEQUS DATA
B ASTM-ASME JOINT COMMITTEE GN EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ST — SHomT ““:Ya"::f:r:::::?.z I ~ -
waremae__Alloy Steel DATA AND PUBLICATIONS FANEL DATA SHEET 1-36 TEMPLRATURE HoULlE sTRENGTH e % Y L ANAREA
ior___1 Cr - 1/2 Mo (58  FElectric F P -
" 80 113.1 97.1 18 65
lroovesn _Babcock & Wilcox - 550 98. 4 al.3 14 61
[SPECTFIEATIONS: CHEMICAL COMPOSITION, PER CENT - 700 940 768 16 v
< M P s El o ck N co i Mo W [ n a | v 3 800 T 746 16 o6
0.11 |0.39 D.024 [0.017|0.27|0.93 (0.12 0.51 - 00 85.0 64.4 16 68
o v 1000 75.0 59 2 18 77
B 1100 64.4 51.7 15 77
0.10 -
s
Fom o size. san surer casties o Wrougbt, 3/4-in. -diam. bar
[HEAT TREATMENT. Per ASTM A-213
laraIy s17e
uarongss . VHN 142
jsounce oroara ___ Babcock & Wilcox

8¢

AOWL=IDL oW -1DL



‘ORIGINAL CREEP AND RUPTURE DATA D -
(RUPTURE TIME INDICATED BY R 1N TEST DURATION COLUMN) ORIGINAL CREEP AND RUPTURE DATA O
{RUFTUN TIME INDICATED 6Y R I8 TEST OURATION COLUMN) i
TINE. HOURS. FOR TOTAL o PLASTIC STRAI [ . TN 1o ruio et ol r———— . _
TEMPERATURE stazss T orriomn Nt "  PLASTIE STIAY TRANSITION To THIRD
' T T TR - S e e Ml e rompeve | emges cntmi s gz | o || 7 A | e | >
1% [r] 0s% 108 HOURS. % % [e]
1000 65 13 - Plain <
62 . 144 R[14 - _
1000 60 150 279 R| 10 o 122 — L1z 23,38, 12 :
1000 54 0,006 0,35 150 331 RI1I - 13 -
900 100 0,043 60.4 R 14 O
1000 52 0.0012) 0.38 600 900 R 4 00 95 9 0. 0015 744, R =
1000 50 0. 00061 0.41 | 1300 1944 R'_4 200" 5 0 00025 5.7 D
. 1074. + 1 -_—
1000 40 0 1 0,06 2100 6815 R| 3 960 20 0. 00020 1007 1
1000 25 0.000037 | 0.045 | -- 2088 0.121 Netohod - + < =
1000 20 0. 000024 0. 025 -- 2016 0. 068 900 100 o1 ;
1000 14 0.000009 | 0.016 | -- 2040 0.034 - == SRL_--
1100 60 ‘ 1.6 R| 25 20 2 == 2SR °
1100 52 N — 20 R[19 —EET - — == 58.8 R} = <
1100 48 T ] 70 Rl 7 950 Too | 1T o7 T e
1100 45 0.0032 020~ 150 25¢ R| 2 - o 0 0088 T —
1100 40 0.0018 0.25 | 200 380 R| 4 e . . 006 - =z
1100 35 0. 00046 0.33 650 1050 R 3 . = T >
1100 30 0, 00022 0,48 1025 1356 _R| 4 - - T T Q
1100 25 0.00015 0. 67 2800 4888 R 4 - T T T T T T e '
1100 20 0. 000039 0,047 = 2040 0.116 N\-'
1100 15 0. 000037 0.086 -- 2040 0.161 ;
1100 12 5 0.000036 0,058 - 2088 0.133 ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
1100 10 0. 000023 0,039 = 2016 harema_ Alloy Steel DATA ANO PUBLICATIONS PANEL OATA SHEET 7-38 . o
CREEP AHD RUPTURE STRENGTHS . . Loy 1-1/4 Cr -.1/2 Mo harwe Electric Furpace W "
S STRESS, KS1 7OR RUFTURE N TIMES INDICATED STRESS. KS1 FOR DESIGNATFO CRECF RATE veomscen_ Timken Roller Bearing G
F 10 MRS, 190 MRS, 1000 HRs 16000 MRS * 100000 HRS 0L /MR 0.001%/HR OLMF/MR BOE/HR T‘s'm‘w: CHEMICAL COMPOSITION, PER CERT
1000 62 52 36 - 14.5 35 . [ w v s s ] o I w | o [ w o [ = " v 5
1100 47 20 6.6 1
35 2 0.08 [0.39 |0.013(0.020 0.6& 1.18]0.24 0.57
Cu FF
I I - - 1
Aluminum
rome & sze ean, ewecy, castivgs, erc. 2.000" O.D. x 0.375" wall seamless tubing
. 'ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE O PROPERTIES OF METALS 7-1 Pierced, hot roll, Rotorollied, tempered 1375 .F
axma.___Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET .
RTEoF
A BT otmom__ Tempered 1375 F |
;'"Eo:'l”‘c‘(‘""“*- CHEMICAL COMPOSITION, PER CENT enamsze -
- Mn P s s cr M <o Mo [ o T ~ v B HARDNESS
0.30(0.92 0.301.16 fo. 25 1.21 0.19 somceorests  Timken Roller Bearing Compan 1
=1 Fr
ORIGINAL CREEP AND RUPTURE OATA l
{RUPTURE TIME INDICATED 8Y R 1N YEST OURATION COLUMN) 3
0. 04 -
. g TIME HOURS, FOR TOTAL OR PLASTIE STRAN R p— gm0 T | i
IFoRm & s1ze - BAR, SHEET, casTINGS, ETC. Large forging E oE v = premy < Hous. slowgimion
e s 555 o5 - a
1000 39.0 ' 124 35
[¢] 30.0
oxr resmer____Adr cooled from 1780 F; tempered at 1150 F for 4 hr. igog 200 1;;: 31
Acicular bainite . 26
1000 20.0 71 26
oA size
luazonEss 341 BHN .
1050 25.0
lsqurce oF pats U, S. Naval Research Laboratory 1050 180 é;; ::
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS OATA 1050 15 2713 20
TEMPERATURE ELASTIC TENSILE 'YIELD STRENGTH. KSI ELONGATION REDUCTION =
” wopuLys | sTRONGTH wr W AREx
106PS1 st 0.02% 01% 02% PER CENT 1100 20.0 —— 15 67
Room 30.2 161.7 141.8 9 18.8 1100 ] 16:0 Y [ | 114 87
900 -- 121.9 108.2 15 50.8 1100 12.0 | 630 303
1000 | 24,1 | 110.5 95 - 55 1100° 100 396 54
i ) Tt T T T T T T TCRERP AND RUPTURE STRENGTHS T ) ) Co T -
- STRESS. K3} FOR RUPTURS OF TINIS OICATED STRESS. KS! FOR DESIGRATED CREEP RATE 7 I
3 wHRs 100 HRS « 300 HRS 16000 HRS 100.000 HRS 0% /HR 000 K/HR o0001%/HR a1sE/HR = T —
Plain - S CREEP ANO RUPTURE STRENGTHS
900 107 100 94 88.5 STRESS. KS| FOR RUPTURE I3 TIM ES INDICATED STRESS, K$1 FOR DESIGNATED CREEP RATE
950 99 96 93 90.% F 10 HRS 100 HRS 1,000 HRS 10.000 HRS . 100,000 HRS Q00000 /HR DOIR/HR ooF/HR CONK/HR
Notched . i s 1000 39 25,7 i 1% §
900 118 100 85 7151 = 1050 25.3 15,2 1. 7% 3. 8%
1100 16 9.6 3.6% : (5]
i ~O
N *Extrapolated. >




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

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

. OATA AND PUBLICATIONS PANEL DATA SHEET 7-39
wresm Alloy Steel . : N
s 1-1/4Cr - 1/2Mo %% Electric Furnace i s srss T T e s uaungcagm e | wrescers TR R o exTENSion
rronucee__Timken Roller Bearing Company . % 2% 5% Lo% HouRS % oo fLongmon
HSFRIFKAYIONS: ! CHEMICAL COMPOSITION, PER CENT .
: T v e e e e W v e e T v El iggg gg: g \ z g; :;
i _0. 08 0.39 0.0130.020 0.66 1.18 0.24 0.57 : 1000 30.0 1492 - 24
i Ta Tk
| i 1050 35.0 33 42
i 1050 30.0 122 44
Focone Aluminum 1050 26,0 408 y
1050 23.0 ¢ 599 61
u " 3 :
2,000" O.D. x 0,375" wall seamless ubing 1050 18.0 | 1389 61
. : H i ;
Pierced, hot rolled, cold drawn, annealed from 1625 F ' CREEP AND RUPTURE STRENGTHS
o o — STRESS, K3l FOR RUPTURE IN TIMES INDIGATEO STRESS, K81 7OR OESIGHATED CREEP RATE
feaT TREATMENT Annealed from 1625 F . i ones 150 RS 1000 HRS 1o rs 1an.00 s 000 /5 aomong/HR 0w/ aonst/ur
: 1000 40 32.5 21.5%
cRam siz¢ 1050 30.3 19.7 10%
navoness _
|SUURCE OF DATA Timken Roller Bearing Company
! GRIGHNAL CREEP AND RUFFURE DATA
(RUPTURE TIME IND"CATED BY R N TEST DURATION COLUNN) *Ex lated
TIME. Ko J ' NAL
— s IME HOURS. FOR Yu‘(r:;t::::lc stRAIN R e— TRANSITION TO THIRO '",'E‘:’Eg“ ;::E}s:;
% 2% wx | s ouRs % R %
1000 40.0 | 135 31 _
1000 32.0 1226 23 - 'ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
1000 i 2820 22 mrema  Alloy Steel OATA ANO PUBLICATIONS PANEL DATA SHEET T-41
1000 20,0 5470 17 oy 1-1/4 Cr -1/2 Mo esow Electric Furnace [
1000 20.0 | 5336 11 lproouccs __Timken Roller Bearing C i '
[SPECIFICATIONS:™ N CHEMICAL COMPOSITION, PER CENT
1050 25.0 s 355 23 c My 3 s = = [ <o Mo w .| o m . v o
1050 21.0 ; 173 33 : -
1050 13.0 ; 3584 59 0.10 | 0.47{0.0£0|0.020| 0. 66| 1. 28] 0. 20 0. 56
. i | Cy e
1100 20. 0 : [ 132
16.0 i 304 65 0.12 .
12.5 824, 17 Aluminum . .
10,0 1543 48 IFORM 8 SIZE - AR, SHEET, CASTINGS. ETC, 8.648'"' O.D. x 1. 250" wall seamless tubing
[HISTORY OF WATERIAL .
L Pierced, hot rolled, annealed from 1625 F
j
; ! KeAT TREATMENT Annealed from 1625 F
i i
i i | caam size
i I { fiuaRONESS
{ | i \souncr or ox Timken Roller Bearing Company
CREEP AND RUPTURE STRENGTHS T T - ORIGINAL CREEP AND RUPTURE OATA
STRESS. KS| FOR RUPTURE IN TIMES INDICATED STRESS. K5I FOR DESIGNATED CREEF RATE (RUPTURE TIME PNDICATED BY It IN TEST DURATION COLUMN)
i 10HRS 100 KRS 1.000 HRS 10,60 NRS. 100.000 HRS 0.000001%/HR 9.00001 /HR 0.0001%/HR CAOIE/HR -
” i TIME, HOURS, FOR YOTAL OR PLASTIC STRAIN I— . TRixsITION Yo THIRD rest LT
T__100g 40.2 33 18% 9. 2% TeurenATy 5 osLETE o) o reaceet outrion | _om
1050 30 19 9. 1% 4. 5% ug 1T s os% 198 Nours % %
1100 21.7 11.8 5% 1000 40.0 | o 73 46
| 1000 | 35,0 . 371 46
1000 30.0 790 60
1000 25.0 - 2601 44
*Extrapdlated. .
ASTM-ASME JOINT COMMITTEE DN EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
harems,_ Alloy Steel OATA AND PUBLICATIDNS PANEL DATA SHEET 7-40
faser  1-1/4Cr - 1/2 Mo [éih__Electric Furnace Taea™
lProDUCER imken Roller Bearing Compan: _ o
W—|_x-’—p—y‘—icu:mm CDMPOSITION. PER CENT
Te 7w v s R ) Mo W [ i A [ v 5
T T T f i i
0.12 0.40 0.0130.018 0.63 1.22!0.15! '0.58 ! ‘ l
1
! Cu FE ' . H
T T —
0.12 ; g
Aluminum T
OB 8 SIZE- BAR. SHEET. CASTINGS. ETC 2,000" O.D. x 0.428" wall seamless tubing i :
: CREEP AND RUPTURE STRENGTHS
Pierced, hot rolled, Rotorolled, annealed from 1475 F i p—— STRESS, XSI FOR RUPTURE IN TIMES JNOICATEO STRESS, KSI FOR DESIGNATE CREEP RATE
ear nerugs __ Annealed from 1475 F - - o - i owes s oo s oo s oo s i 2 /n e wo/n i
i t 100 38.5 29 19 8%
sRawsize
{mameness — I .
SCURLE OF DATA Timken Roller Bearing Company L
= = 1 { *Extrapollated.
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f ORIGINAL CREEP AND RUPTURE DATA

OWZ -1D7A |

| ASTM-ASME JOINT COMMITTEE DN EFFECT DF TEMPERATURE O N PROPERTIES OF METALS {RUPTURE TIME INDIEATED BY R IN TEST DURATION COLUMN)
ey Alloy Steel . R 1-42 T HouS. O ToTAL 0 Pas1I STANN S
favior 1-1/4 Cr - 1/2 Mo yms _Electtic Furnace FRa n stasss ~omtrions MM CREEP RATE wregcers STAGE CREE oo EXTENSIDK
rrovucer _Timken Roller Bearing C. % 01% 05% 1o% HoURS 5 R frongmon
SPECIFICATIANS; CHEMICAL COMPOSITION, PER CENT 1000 35. 0 . 362 27
c . » s s < " co Mo " ) b N v B .
1000 28.0 1743 37
0.13 [0.45 (0.013(0.030;0.78|1.19(0.23 0.49 .
T = 1050 20.0 : 1150 44
1050 13.0 . 3952 46
—
; i -
Aluminum m m - ASTH-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PRGPERTIES OF METALS )
ons e sie_ous, sucer, casmuas. ere 10.500" O.D. x 1, 325" wall seamless tubing oo Alloy Steel OATA AND PUBLICATIONS PANEL OATA SHEET 744
' wor  1-1/4Cr-1/2Mo [  TFlectricFurnace A" Commercial |
Plerced, bot rolled, annealed from 1625 F roonuces __Babcock & Wilcox . :
- (SFECIFICATIoN®. CHEMICAL COMPOSITION, PER CENT
HEAT TREATHENT Annealed from 1625 F F= ™ 7 S - P ~ - o w [ o [ & ™ VR —
laRam size ] 0.12 (0.47 [0.012]0.012|0.72{1.21 |0.17 .[0. 52 ! I ‘
lnaroness cu Fr | T
SOURCE OF DATA Timken Roller Bearing Coinpany g T t | i
_ 0.08 : . . ’ ;
ORIGINAL CREEP AND RUPTIIRE DATA . 1 -
(RUPTURE TIME INDICATED 8Y R IN TEST DURATION COLUMN) _ onm 8 size A, Wt ought t“bing
TIME, HOURS. FOR TOTAL OR PLASTIC STRAIN Yeagion To D resr ol ISTORY OF RATEFIAL RS R
TeurepaTue sTaess emcrton umog Rz maTE | wTeRcory . oumstion o
X 0.2% o5 1.0% HOURS = E]
}ggg ;g:g T . 3:: i ‘;g s mumeer___ Annealed per ASTM Spec. A-213 —
1000 24.5 1,125 16 —_—
1000 18,0 6,951 L1 Ry, - 83
5 Babcock & Wil
1050 250 171 2 ISBURCE DF DATA c ilcox J
1050 20.0 370 14
1050 16.0 1,006 25
1050 10,5 10, 547 29
CREEP ANO RUPTURE STRENGTHS -
STRESS. X1 FOR RUPTURE IH TIMES IHDICATED STRESS. K51 FOR GESIGNATED CREEP RATE
F 19 HRS 100 HRS 1.000 HRS. 16000 HRS 160,000 HRS o000 %/HR o.00001 /HR oI F/HR 0O01%/HR
1000 33 25 17 11. 5% .
1050 26 16 10,7 % ORIGINAL CREEP ANO RUPTURE OATA
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)
T YOS, FOR TOTAL 0% PLASTC STOAIN - —_— T
: - TeureRATURE i {oELETE owe} MO SR T T o FongaTION
l_ *Extr: lated . % % 0s% 10% HOURS. % %
1000 40 0.018 300R | 11
1000 32 . 0. 0019 - 876 R 5.5
— ey = 1000 30 . 1,180 R rd
M-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
2,818 R 4.5
larema___Slloy Steel DATA AND PUBLICATIDNS PANEL OATA SHEET 7-43 iggg :; 0. 0005 3 4R8 R | 14
oy 1-1/4 Cr - 1/2 Mo Leiime___Electric Furnace ' T . 1000 19.4 0, 0002 4,619
;:g‘?'g'cé‘k“""”‘rmken Roller Bearing O CHEMICAL COMPOSITION, PER CENT 1000 19 0, 00022 2,324 B 125
) : 10,434 R | 11
e e S B B B o016 000012 .44
0.12 {0.4110.010{0.017 0.64 1. 23/0.19 0.56 1000 8 0.000037 3,480
¢ Fr 1000 4 0. 0000} 11,204
0.12 1100 15 T o.0048 385R | 32.5
— Alumi 1100 12 0.0033 . . 982 R | 41
1M
- 1100 10 0, 0026 2,828 R [ 27.5
Fonu o 318 ean, sHEc, cisTINGS, ETc 2.250" O.D. x 0.460" wall seamless tubing 1100 9 4,294 R | 45,5
1100 8 0.000 6,907 R | 31.5
! Pierced, hot rolled, Rotorolled, annealed from 1625 F 1100 7 0. 00056 10,328 R4 30
e 1100 3.5 0. 000048 10,251
IHEAT TREATMENT Annealed from 1625 F 1100 16 0. 000014 2 200
1100 16 0, 000006 _ 7,864
cam size
3 T - T . CREEP AND RUPTURE STRENGTHS
_.__Timken Roller Bearing Compan — i STRESS. Ks1 FOR RUPTURE IN TIMES INDICATED STRESS, KSl FOR DESIGNATED CREEP RATE
- CREEP ANO RUPTURE STRENGTHS § - ¥ Ty T mwms | 0o RS 100 HiS 100,82 KRS o HR oo £/HR Son kMR S %/HR
emrEma-ont STRESS. K51 FOR RUPTURE IN TIMES INDICATES ; STRESS. KS! FOR DESIGRATED CREEP RATE 1000 31 6.5 10 5% 1.4 12 30
f ‘ 14RS R 159 HRS i 1.000 HRS. ] tawomrs i 1o HRS LOWE/HR | coxm/HR 00000 %/HR 0X1F/HR 1100 12 7.3 4. 3% 1.9 3.9 8
I 1000 . 41 *_30 2% - ; L-
. 1050 21 ; 9. 4% .
*Extrapolated.
]
*Extrapdlated

Ly



N
'ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS. i - (.um.::ﬁ:‘:‘;c::.: ::‘I’u"r‘:r";::‘:‘o:‘;ow o N
hasrerie, - Alloy Steel OATA AND PUBLICATIONS PANEL DATA SHEET 7-45
lcoy. 1-1/4 Cr - I‘[IZ Mo ‘L‘;’Evl‘:rg Electric Furnace b C jal » sipss “"r'““s'm"—m::;:!—r:gm”m" mummi‘ STUEEP RATE INTERCENT TR oo :xr"é::s'ion'
it 2beoclk b Wilco A cowrosTioN vER CEvT o ] o e et [ 73 Sl M
c Mu Pl s s o Nl Co | Mo w cr T AL v B 1000, 30 - 700 Rl 13
y 7 7 1000 27 , 978 Rl 16
0.10 {0.49 [0.011;0.014|0.70] 1.23]0.22 1 {0.50 0.05 1000 24 | 1,971 24
< e H 1000 21 :3,004 20.3
- 1000 18 "0. 00024 5,138 R| 23
0.03 1000 16 0. 00038 4,654 R[ 7
- 1000, 12 0. 0004 15,407
bows s sz -oan icr csmesie. Wrought tube, 5-9/16' O, D, x 1. 250" wall 1000 2 0. 000054 22,953
[FEYaRY OF MATERAL
1100 16 142 R] 44.1
1100 13.5 362 R| 42
w«_ Annealed per ASTM Spec. A-213 1100 12.2 — 629 Rl 36
——— pe P 3 100 o - T T 724 R 33
s e }ig ; 2 0. 000015 ‘ 2; :iz R| 20.5
N ARDNESS = e S
bowcoroe __ Babeock & Wilcox T e :
- ! " — = PR " STRESS, K81 FDR OESIGNATED CREEP RATE :
‘ORIGINAL CREEP ANO RUPTURE DATA H 1.000 HRS 10.000 HRS 100.000 HRS. 6.600001 %5/HR 0.00001%/HR 0000 E/HR OO01E/HR
(RUPTURE TIME INDICATED 8Y R IN YESI.DulAnou ‘COLUMN} . xoo_or 2.6 5 15 5 8 9% N
TIME HOURS FOR TOTAL DR PLISTIC STAAW CT T TRANSITION 70 THIRD rest i 1100 11 6.9 4, 3%
stagss " onconn MM crEr mare | e STAGE CREEP DuRRION Ty
- o % o35 Tox i * Wour % o ongmen A g
38 / 0. 016 293 R | 14 i
\ 0.014 312R | 17.5 *Extrapolated. _ B
30 0. 0025 1,322 R 1| 11 ——
27, : 2,177R] 9
24 0. 00073 3,602 R | 19.5
17,5 0. 00079~ — 9,677 R | 26
1 5 0' 001 2 16' 17 R 15' 5 ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
_ 13 0. 000054 20,414 R [ 15.5 remaL Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 747
lg 3 ggggéz 1:5;‘ ll);; uol-1/4 Cr -1/2 Mo eiwe Electric Furnace T Gial
- * Babcock & Wilcox .
7.5 0. 00001 15,287 i T CHEMICAL COMPOSITION, PER CENT
15 0. 0074 g: 11: z; 5 T ¢ ™ v s s | o [ o Mo | W o o ~ v )
12 - . @
4) 0.10 |0.47[0.012]0.020]0. 78 |1. 22 [0.07 0. 52|
10 0. 02?7 z igg ;3: (b) 10.11 {0. 48 [0.014(0.022/0. 81 {1.25|0.07 . 0. 50|
10 0.0015 s . & v
8 0. 0025 4,939 R| 41 0.03
6.8 0.00094 9,930 R 36,5 | @ o !
6.5 0. 0004 14,357 R [ 22.5
: g gggtgz Iom & size. bam. suzer astings, e, Wrougbt tubing
3.5 0. 000027
2 0. 0000067 —
. CREEP AND RUPTURE STRENGTHS luEnr TREATMENT (a) Subcritical anneal; (b) ASTM Spec.:A-213
T STRESS K1 FOR RUPYURE TN TIMES IWDIGATED STRESS, ki FOR OFSIGRATED CREEP RATE
N 13 NRS 100 HRS. 1006 HRS 18,000 HRS 160,005 HRS 0.000001 &/HR SOUIE/HR 0.0001%/HR B0l K/HR lomam suze.
1000 31 17 9% 8 17 25 [amoness .
. 1100 12.5 i 3.9 2.4 5.8 8.5 ‘SogRCE OF DATA Babcock & Wilcox
SOpcE 0F o41 - = — — T ~
ORIGINAL CREEP AND RUPTURE DATA
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)
*Extrapglated I s TIME. HOURS. FDR TOTAL DR PLASTIC STRAIN i cnemnte | oo - o 1o THIRO rest i
. 3 i (DELEYE ONE) AR bl < - DURATION o
b ASTM-ASME JOINT COMMITTEE ON TEVSERATURE ON PROPERTIES OF METALS L 0% 05% 0% HouRS % B e
jmazeme___Alloy Steel - DATA AND P S ®AVEL DATA SHEET (2).1000 30 208 7y
Imm ) 2 Mo Merse Electric Furnace e ommercial 1000 26 552 51
brobvcrs ___Babcock & Wilcox 1000 24 1,062 48.5
ECIFICATIDNS: . CHEMICAL COMPOSITION, PER CENT 1000 18.5 3,825 59
< w | F s s cr M T co | Mo [ cx n [ A v [ » 1000 15 14 541 48.5
0.12/0.47{0.011(0.017| 0.68| 1.26 1.12[ 0.54 1100 8.3 15
o Fe i 1100 13.6 574 54
0. 03 I T 1100 10 4,264 43
: . | | 1100 9 1,152 39.5
[FORM & SIZE - BAR, SHEET, CASTINGS, ETC, Wrougbt tube {b) 1000 38 — 0.0028 1,057 15
oStony AT 1000 35 1 0. 0029 1 1,108 a8
1000 30 0, 00074 2,440 12.5 -
1000 25 0.00033 3,144 20 =
e — Annealed per ASTM Spec. A-213 1000 19 0. 0001 6,925 | 38 _ | A
-
o e i 1100 16 0.023 498 | 358 | '
- - 1100 12 0. 007 1,375 42.9 o~
lsounce or para Babcock & Wilcox | 1100 10 0. 0017 3,544 29.5 z
: 1100 0. 00048 11,433 34 o




p—— STRESS. KS| FDR RUPTURE IN TIMES INDICATED - STRESS. K51 FDR DESIGNATED CREEP RATE
F 10HRS 100 HRS 1.600 HRS 10,000 HRS 190,000 HRS 0.000001 %/HR L0001 E/HR w0l F/HR 800 £/HR - .
- ASTM-ASME JOINT COMMITTEE DN EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
(a) :?gg %i S i g : 1 2*6* worema.___Alloy Steel DATA AND PUBLICATIONS PANEL DATA SNEET 7-49
- - - - wov 1-1/4 Cr - 1/2 Mo trme Electric Furnace Eo  Commercia)
Babcock & Wilc
(6} 1000 37 11% 19 32 A e CREMICAL COMPOSITION. FER CENT
_1100 13 8.2 5,2% 4% 6 9 : T v T s [ oI w [ o [ow [ w [ o5 [« v .
* ) 0.12] 0.43(0.012]0.014 0.6; 1.50, 0. 56|
N *Extrapolated. ¥ o T =T
i
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS lromm o sizs - oAR: sHEEr. CAsTIGS, £TC. Wrought pipe
ATERIAE Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-48 [FISTORY OF RATERIAL
. 1-1/4 Cr - 1/2 Mo WAty Furn: G cial )
lbrooucer _ Babcock & Wllcox - - —_
‘—h FCATIONS:
- T T = - c"‘"‘:"‘ C°"’:m'9“' PER CENT - ekt TREATMENT Normalized and drawn per ASTM Spec.| A-369
- N ! * J 0 Mo w 1] Ll AL B ] - <
(a) [0.09 [0.44 [0.019]0.019] 0.66[1.27 [0.15 0. 55 laRAN sizE
(b) [9.09 |0. 51 [0.023/0.017| 0.89[1.38 0. 18 0.62 — .
" °"'6 il - souncs or oam Babcock & Wilcox
a) (0.0 - = o =
(b} [0.09 .
ORIGINAL GREEP AND RUPTURE DATA
roma & size. san, sursy. cnstings, erc. Wrought tubing - {RUPTURE TIME (HDICATED BY R IN TEST DURATION CoLikH} .
ISTORY OF WATERAL
AL
I s e Hoursron ST o8 r:::’lc stram SR . g T0 TR “",,:,"?',E;‘" ;,gg:;
3 0% 3% 1% HoURS L] R %
luear raeaTweny Suberitical afneal 900 45 958 27
900 42 . 2,424
—_— 900 40 ] 2,783 30,5
HARDNESS (k) Ry =71 900 35 6,434 29.5
fsounce or oara B. i .
h - 1000 28 =] 265 497
1000 25 450 52.5
1000 20 1,913 54
1000 15.5 5,645 31
1100 16 — 152 86.5 |
- 1100 12 555 .
ORIGIN AL CREEF AND RUPTURE DATA 1100 10 | 1,598 40
(RUPTURE TIME IHDICATED BY R IN TEST DURAYION COLUMN} 1 1 m 7 12 40_6 68 5
TINE 10URS. FOR TOTAL 08 PLASTIC STRAIK e — s .
veurtRaTURE staEss . o NIMUM CREEFRATE | iTERCEPT STAGE cater oo s -
F sl FLETE ONE) /R % HOURS ELONGATIDN i
0% 0% [ 105 Houns % B % CREEP'AND RUPTURE STRENGTHS "
(a) 1000 30 646 26 STRESS. K81 FOR RUPTURE 1 TIMES INDICATED - 3 STRESS, K1 FDR DESIGNATED CREEP RATE .
1000 27 953 41.5 |- F 10 HRS 100 HRS. 1,000 HRS 16000 HRS 100,008 WRS acno0o1sg/HR [ 0.0001 £/HR ong/HR
1000 24 1,566 35.5 900 45 33
1000 20 2,232 70.5 Tooo 22 145 9 5% ‘
1000 17.5 2,831 58.5 1100 11 1.5 5, 0% ~
1000 16 5,282 66.5 .
1000 14.5 8,795 50.5 |
1100 22.9 14 60 *Extr d
1100 18.5 92 55.5 !
1100 12,9 454 12
1100 10 2,903 39.5
1100 7.2 19,934 18.5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
(b) }ggg ;2 ;54'. 36.5 wrenn.  Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-50
000 155 99 49.5 iLor 1/4 Cxr - 1/2 Mo imess  Electric Furnace e’ Commercial |
1 6' 1,238 80 | Prooyczn __Babcock & Wilcox .
000 16.5 1,906 49.5 SPECTFICATIONST CHEMICAL COMPOSITION, PER CENT
}goo ;4 4,403 55.5 < ™ " s | s = N o Mo W ) E) a v B
00 2 19,771 57 T
| 0.09| 0.480.013/0.022{ 0.75/1.30 0.51
: | - i ’
CREEP AND RUPTURE STRENGTHS <« i t
STRESS. KS| FOR RUPTURE IN TIMES INDICATED 'STRESS. K51 FDR DESIGNATED CREEP RATE '
F 10 HRS 100 HRs 1.000 HRS 1800 HRS 100,00 HRS 0000001 %/HR S0IE/HR 001%/HR S0U%/HR
Al 26 14 9.1*
1100 12 7.8 % rom & sz san, SuEcy, casTings, £1C Wrou l.n lpe
(b) 1000 19 12 7.5%
[HEAT TREATMENT Annealed per ASTM Spec. A-369 -
*Extragolated ! -
RN sizg
-anoness
! _jgpuRcror pata Babcock & Wilcox.. .. -

OWY 1D |
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ORIGINAL CREEP AND RUPTURE DATA ORIGINAL CREEP AND RUPTURE DATA
(RUPTURE TIE INDICATED 8Y R IN TEST DURATION COLUMN) | R (RUPTURE TIME INDICATEO Y R N TEST BURATION COLUMMN)
T T !
I EmaL FINAL
rewregarure spss | T HOUTS. foR I DA ST | oo e[ e L TR ! outon OB Twepurons s M HOSRS 108 T0TAL R AT STRAN umovgeneesmore | pvsear. Bt oion | mmor
| g ! stm | esw | [ | 7 wours T % 1 i 2 { six | 0% o5% 10% HOURS. E3 R %
900 57 0. 0020 2,167 | 24 {a) 900 47 ' 0.023 266 | 24.5
900 54 0. 0072 : 1,632 ; 26 900 | 43 0. 0028 3,658 | 22,5
900 50 0. 0023 . 2,293 : 30. 900 | 40 : i | 0.00041" 12,295 | 18.5
900 47 : 0.00026 8,114 : 13 900 | 38 : i 0.0012 9,723 .| 31
: : ; 1000 i 27.5 | 0.009 732 | 23.5
1000 33 0. 0024 : i 1,341 9 1000 25 | 0.0043 1,377 | 23
1000 30 : 0.0011 . 1,761 7 1000 20 | 0.0028 3,348 | 44,5
1000 25 : : . 0. 00083 i 3,224 | 19. 1000 14 : 0. 00087 : 13,205 | 43.5
1000 21 0. 00026 6,309 9 1100 13,5 | 0.013 855 | 46
; ; 1100 11,5 | 1,411 | s&.5
1100 13,8 : 0.017 . 766 : 39 1100 9 : 0.0023 4,642 | 68
9 . : 0. 0045 . ; 3,028 ° 46 1100 7.5 | 0.00065 13,191 | 45
1100 7 0. 00064 10,879 . 21.
1100 6 ' 0.00027 23,808 . 25 _ | ) 900 47 2,075 | 24
; ! : i 900 45 | 3,139 | 21
; : . ; 900 42 18,994 | 12
: ! 1000 30 292 | 36.5
1000 28 1,048 [ 21
1000 25 1,316 | 24.5
; 1000 20 3,131 | 355
; __1000 16.5 5,795 | 38.5
1 . H o (See otber|side. )
CREEP AND RUPTURE STRENGTHS ) SRS = — .
'STRESS. KS1 EOR RUPTURE 1N TIMES INDICATED 'STRESS. KS. FOR BESIGNATED CREEP RATE !
£ 10mRs 100 MRS i 1.0 HRS i 1000 KRS 100,000 HRS QI00TE/HR 300001%/HR 00001%/8R oy E/HR
900 54 45 i 36% 385 44 48 ASTM-ASME JOINT COMMTTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS.
1000 36 18.5 10% 11 17,5 27.5 fusrewns  Alloy Steel DATA AND PUBLICATIONS PANEL DATA SNEET ] 7-52
1100 12.5 7.1 4.5% 3 1% 49 7.8 autor 1-1/4 Cr - 1/2 Mo ik Electric Furnace Sl il
}m Babcock & Wilcox
[SPECIEICATIONS: CHEMICAL COMPQSITION, PER CENT
c- My 3 s s | ocr Ni co Mo w cr T A v B
*Extrapblated | (a),(c) [0.10{0.39 0.015 0.0160. 71 1. 02 0.51
(b) {0.11 10.44 0.016 10.020!0. 75 1.10 0.51
R ; i
| i | i .
AST M-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
IMATERIAL Alloy Steel ) DATA AND PUBLICATIONS PANEL DATA SHEET RiTEoF - 7-51 JEORM & SIZE - BAR SHEET. CASTINGS, ETC. Wrought pipe
cor 1-1/4 Cr - 172 Mo Lt Electric Furnace B Commercial [FFSTORY oF MATERAL
Bahcock & Wil
(S rone: morreg CNEMICAL COMPOSITION. PER CENT .
e w _r s v & M | O ; et } r el ] - (2), (b) Annealed per ASTM Spec. A-369; (c) normalized per ASTM Spec. A-369
(a){0.120.43°0.012 0.014 0.65 1.50: | T ] ! f
(b) |0.09 .0.48 0,013 0.022 0.75 1.30 P 0.5]] : ! e size
) T ; ; —
H : lsource or paTa Babcock & Wilcox
H H SHORT TIME TENSILE PROPERTIES MISCELLANEQUS OATA
ciasric Tensie Pr— oncamon | meouction | Tempera- | Stress, Test . | Elongation,
lorm & size” san. suter. casrugs. exc Wrought pipe ' i o X R N - Ly [uratjon, fir g,:
iSToRY F MATERIAL c) 1000 | 30 1,107 ] 22
1000 | 28 1,305 | 15.3
; ; 1000 | 25 2,243
HEAT TREATMERT. (a) Annealed per ASTM Spec. A-369_',- (b) Normalized and drawn per ASTM Spec. A-369 1000 21 4 020 ﬂ
1000 | 17.5 | 6,342 | 50.5
IGRAIN SIZE . N
— . 11100 | 16 154 | 73.5
sousce or para Babcock & Wilcox 1100 | 12 609 | 61.5
SHORY TIME TENSILE PROPERTIES H MISICELU\NEWS DATA 1100 10 2 015 64.5
YIELD STRENGTN. X1 eonoaion  smDucTiow | Tempera- | Suess, i Test Elongation,
e | S [ R [ T R i e Loo |7 Jia}s7s [Ths
" : 1100 16 138 | 69 - ) T -
i } : 1100 12 538 60 5 . CREEP AND RUPTURE STRENGTHS T " —
! : . ! 1100 10 1361 | 62.5 STRESS. XS1 EOR RUFTURE I TMES WDICATED - STRESS: KS1 FOR DESIGNATED CREEP RATE
— l H : : 1100 7.5 | 5460. | 57 N Twams oo Twanes oo v o s o/ oo/ socorm/n aw/nn
, : ‘ ' ! 53 vy e 4d 50,5
CREEP AND RUPTLRE STRENGTHS 1000 31 18 10* 10 7* . 17 27 5
STRESS, K31 FOR RUPTURE I T1MES INOICATED STRESS, KS1 £OR DESIGRATED CREER RATE 1100 13 7 T 48 10
¥ 10 #RS 100 HRS 10 KRS 10,000 HRS. 100,000 MRS | oscongrmr i 800001 /K7 S0IE/RR QE/HR £ 1100 15 9.6 5. 7% 8.4 132
a) 900 45 i 38 29 . g 45 {c) 900 -- 46 - .
1000 26 15 9 21 1000 40 o -
1100 13 7.8 4.9 5.2 8.1 1100 11.5 7.8 5%
i) 900 48 43
. 1000 28 14,5 9 *Extrapplated.
1100 10.5 6.6 4
!
{
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ORIGINAL CREEP AND RUPTURE DATA
{RUPTURE TIME INGICATEC BY R IN TEST OURATION COLUMN) ASTM-ASME JOINT COMMITTEE ON EFFECT DF TEMPERATURE ON PRDPERTIES OF METALS
] ] " " — I MATERIAL Alloy Steel ] DATA AND PUBLICATIONS PANEL DATA SHEET 7-54
“ rewremrons stagss i o garee e | wregcens e ol | Do usar 1-1/4Cr - 1/2 Mo ecor R
wg ] 2% os% 10% HOURS 5 % lesocucer __Tirie Forge & Steel Corporation
3900 ) i 5. 005 1.790 ] 16 [ CREMICAL COMPOSITION. PER GENT
900 50 ¥ 0. 00075 T 7. 353 16.5 i c My 3 s s cr n <o Mo | W cr T A v 5
900 48.5 [ 0.00072 i 3,554 | 12.5 | I (a) 0.13 0.50 0.008 0.016 0.87.1.29 ~ " 0.56] !
900 47  0.00038 . ] ; 9,738 13.5 : (b) .0.10 0.48 0.009 0.015 0.73'1,27 0.58: !
1000 30 0.0016 | : 1,514 9.5 | b o , . ; ; . ;
1000 25 0.00070 | ; 5,673 | 12.5 ' : | :
1000 20 L 0.00022 : 9,394 | 10 I“* i |
1000 18,7 i 0.00016 ; 7,398 | 36.5 -
1100 13.5 0. 0024 ! 901 15.5 !‘;7:'%:'55(‘.‘::: sucer casmivgs, exc, Pipe:~ 6.23" LD, - 2.26" wall
; it
1100 9 ; 0.0017 ‘ 5,174 | 38 " :
1100 7.5 | . 0,00039 11,628 | Specimens taken tangentially, at mid-wall
i ; .
[(b) 1100 16 ; ! 0.016 537 | 30 HEAT TREATMERT 1650 F, 2 hr, slow cool at max. of 50 F/hr to 1200 F and air cool
1100 14.5 | __0.0032 1,413 | 25.5
1100 13 | 0. 00068 2,901 18.5 igaam size
1100 10.5 0.00029 7,061 13 iMaRONESS | _
SouRcE oF paTS Timken Roller Bearing Company
C) 900 47. 5 7 407 : 1 5.5 SHORT TIME TENSILE PRDPERTIES o MISCELLANEOUS DATA
300 45 i : 11,995 _13.5 Dree GEIS s, L veowmecn | uogpgron | g | ;
g 00 42 17.218 12.5 werst «si 0025 1% 025 PERCENT PER CENT i
|———300 : (a)Room 78.6__ 350 42.5 32,5 [ 58.1 ‘
(See other| side.) f - - —— ' : !
{b)Room 72.5_ .. 31.6 . 36.7 31.5 | 50.6 !
DRIGINAL CREEP AND RUPTURE DATA B
(RUPYURE TIME INDICATEQ BY R IN TEST CURATION COLUMN}
N ASTM.ASME JOINT COMMITTEE DN EFFSCT OF TEMPERATURE ON PROPERTIES OF METALS
hurens _Alloy Steel DATA AND PUBLICA 10NS PANEL DATA SUEST 7-53 | vt s | M HOUR TR SOTAL ORZLASTC ST S TR To TR0 L e
Loy 1-1/4'Cr - 1/2 Mo Vet . i i T 7 ] o oo G "R FrovgTe
wocen - _Erie Forge & Steel Corporation . (a) 1100 | 17,0 ! 305.5 39,4
e TIoRST CHENITAL CONPOSITION. PER CENT _ 1150 ; 11.5 | 401.4 26.9
o m B s 5 o 5 ) e W o o a v : 1200 9.0 | - 259.6 47.3
(a) i0.11 '0, 47 0.010:0,019 0,75 1.30 0. 60
(b) 0.12 0.43 0,008 0.018:0.701.22 Y .0.58 I I (b) 1100 17.0 524,6 40,2
) e i 1150 ; 11.5 ; 930, 3 35,5
; 1200 ;9.0 506.1 25.4
- CREEP AND RUS.URE STRENGTHS
lronu o size - sar surer. castines. eve Pipe: (a) 9.21" I.D. - 2.335" wall; (b} 7.150" O.D. - 2, 80" wall rewremTo STRISS, Kl FOR RUPTURE 1N TIMES INOICATES STAESS, Kol FOR DESIGNATE GREE? RATE
RISTORY OF MATERTAL 4 T o T wws | wmam | wwem | ewew otz o g/Hm o /nn oo kn
I . T '
t Specimens taken tangentially at mid-wall Hal 950 L - i 110
e o . S — 1000 I I : { 16,0
iEAT TREATMENT 1650 F, 2 hr, slow cool at max. of 50 F/hr to 1200 F and air cool 1 | | i |
1000 I [ [ |_12.5
pan size i [ | | _
anoness .
QURCE OF DATA Timken Roller Bearing Company
SHORT TIME TENSILE PRDPERTIES MISCELLANEDUS DATA
’ ENGYH. K§" = ' b I
T %‘Eﬁl‘% SJ:EEGL'EN 0.025 - “:.xs ciz PerCind ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
(2)Room 74.9 32.0 38.0 31.0 49.2 — ATEIAL Alloy Steel o DATA AND PUBLICATIDNS PANEL DATA SHEET i 7-55
s 1-1/4 Cr - 1/2 Mo kA il
. - - sacoucs Timken Roller Bearing Company
{piBoom 7.2 3.0 35.5 305 440 — B ;
ORIGINAL CREEP AND RUPTURE DATA [ — ~ v s B < N co Mo . W o | A v )
. (PUPTURE TiuE INGICATED 9¥ R 15 TEST DURATION coLuu) (a) D11 0 4370.0100.015 0.611.29 0.13 054 T
. riaL d
roneprone s m:& o o 5T o AT s . Toasgot 10 0 e | (®) | o.;o o.:z 0.012 0.014 0.6) 1.20 0.18 0.53 i
ag | 0% es% [ HouRs % R & (a) 0.11 T T T ‘
a) 1100 17.0 i 401.4  33.2 | (b) 0.12 i |
1150 11.5 ' 619.7 541 ! . T
1200 9.0 ! 333.6 38.8 . Noaw as7e. ear suzer casmives.ere Pipe - 8-5/8" 0.D. - 1,35 wall
| FISTORY of MATERAL
|
377.5 .7
b iigg :Z.‘? ' 6ZZ ¢ gi Z ' Specimens taken tangentially, at mid-wall
T 1 -
|— 1200 9.0 | [ I 392.2.25.2 i eAs Tision 1650 F, 2 hr, slow cool at max. of 50.F/hr to 1200 F and air ceol
' CREEP ANL %_* NGTS B |
STRLSS. KO FOR FGPTURE I TAMES IoTCATED a5
F 10 HRS. i 120 RS 1633 RS 10050 HRS. LnEME _ .
savRLE of BATA Timken Roller Bearing Company
—@T%%g - }Z 2 ! SHORT TIME TENSILE PROPERTIES T WISCELLANEOUS DATA
- ; ¥ ‘ - [rowmmune gms o vieLo sTarTH, ot sioxssmor | meoucrion | T |
i T H ¥ st 902z 1% V2% PERCENT | PERCENT i
[&)_9s0 T 166 ; ; | :
T T a)Room 71.2 29.7 36.0 35.5 64,7 ! :
{ 1o0g f 12.0 \ ] II {a)Room ‘
: : e -
.‘ {b)Room _____ 71.2 _ 30.0 . 36.2 . 31.5 67.0
} ) ; ‘
+ - T
i i ; |
|
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‘ORIGINAL CREEP AND RUFTURE DATA

{RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)
- ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
TIME. HOURS. FOR TOTAL DR PLASTIC STRAIN TRAHSITION YO THIRO TesT pLL . - Alloy Steel DATA AND PUBLICAYIONS PANEL DATA SHEET E
Taess . o MININUM CRIEP rescerr STACE chier ~7-§7
TeupeRTURe i “’_ = DH'E.:Q — i R — < *hovms aawcaron Loy .'115-1./41?(:1- - 1&/2 Mal = Lt s -
raoouccs __Erie Forge & Steel Cor:
| {a) 1100 17.0 344.3 40.5 FPECIFICATIDNS: CNEMICAL COMPOSITION, PER CENT
1122 ll.: ) g‘:;f z:f < uw 1 p T s | s ] e w o o W cx ™ A v 5
12 9. { . . (a)[0.11 0. 44 [0.007]0.020| 0.70(1.14 0.58
40;) 1100 K 306.9 o (b){0.100.49!0.009]0.016| 0.80|1.24 0.56
. . . Cu Fr
1150 11.5 354.2 53.9 =
1200 9.0 392.3 38.1 |
- - CREEP AND RUPTURE STRENGTHS 5
" STRESS, K$1 FOR RUPTURE [N TIMES INDICATED STRESS. KsI FDR OESIGNATED CRECF RATE ! " >
e e s s T T ey o o vwamion i Fon s S swrer cstimgs,crc Pipe - 8-5/8" G.D. 1. 181" wall N 1
{2) 109053 ii‘ i Specimens taken ially, at mid~wall
) MEAT TREATMENT 1650 F, 2 hr, slow cool at max. of 50 F/hr to 1200 F and air cool
(h) 950 15. 6 Dama
1000 11.5 lsRa s1ZE
nanpness
lsousce DF bATA Timken Roller Bearing Company ‘
SNORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
'ASTM-ASME JOTNT COMMITTEE ON EFFECT OF TEMPERATURE DN PROPERTIES OF METALS 5 - .fﬁﬁ';':fs s;:::«j?v‘n s TRosTmeT ST | Mekaa )
ATeRIAL Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-56 2% 1% LN FER CENY FER CenY
o 1-1/4 Cr - 1/2 Mo A - BE (2)Room 72.4 . _23.5 40.0 | 29.0 | 49.8
RoDUC: Timken Roller Bearing Company - . .
(RS P T ————— i(b)Rogm | 178.0 | 29,1 |- 39,5 | 32.5 49.2
c [T 3 s s cx N~ <o o [ ™ A v ] I L T I
z;; 0.110.43(0.0100.016] 0. 63| 1.28|0, 13 0.5l ' i : : i
. . . . . . . ORIGINAL CREEP AND RUPTURE DATA . -
& |8.138:-48 R-ANIG8H2 8:951 1 281842 8:2% e e o 3
()31 - o, nen s wrgmgrne | woor | EERE™ | e | 0%
'y 0% (% 1 05% 105 HDURS % mﬁn WG’AW
ronn a sut _sup,surer chstmes, e, Plpe: (al 2) 1100 17.0 491.8 ] 29,2
TSTGRY OF MATERIAL 1150 11.5 ) . 2 27.0
Specimens taken tangentially, at mid-wail 1200 9.0 : . [ 298.9 41. 9
MEAT TREATMENT 1650 F, 2 br, slow cool at max. of 50 F/br to 1200 F and air cool {b) 1100 17.9 339.7 30.7
1150 11.5 531.5 27.7
— 1200 9.0 293.6 | 37.9
luagpness .
* [sourcz or para T R = - — .
SNORT TIME TENSILE PROPERTIES MISCELLANEQUS DATA SREEP AND RUPTURE STRENGTNS
TempemaToRe | EASTIC Tensne | 1ELD STRENGTH, Ks| sLonGaTion |  REQUCTION TeurcasTORE STRESS. K81 FOR RUPTURE IN TIMES IDXCATED STRESS, KS1 FOR DESIGNATED CREEP RATE .
" wapuLys SRS e om o e N AReA 4 10 MRS, 100 MRS 1.000 HRS. 10,00 KRS 16000 HRS. 2000001/ HR SIK/HR SO E/MR SAK/HR
a)Room 63.4 | 29.0 33,7 | 36,0 | €56 (2} 1000 11.7
(b)Room 70.3 |_30.0 34.0 | 34.5 | 65 (b) 950 16.3
: 00, 5.2 1000 11.4
c)Room | 746 [ 310 38.2 | 33.5__ 60.8
‘ORIGINAL CREEP AND RUPTURE DATA i
{RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) :
TIME, HOURS, FOR TOTAL OR PLASTIC STRAIN TRANSITION TD THIRO . L 'ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMFERATURE ON PROPERTIES OF METALS
TeurEpATuRE Ksi M R PATE pegsErs STAGE cReer ouRATIOR 2oxrion T epl DATA AND PUBLICATIONS PANEL DATA SNEET 7-58
L = i ol il L : . Lov 1-1/4Cr - 1/2 M0 R e
{a)1100 17.0 211.4 42,1 rroouccs__Erie Forge & Steel Corporation
1150 11.5 . 395.4 51.3 [FFPECIFICATIONS? . . CHEMICAL COMPOSITION, PER CENT
1200 9.0 T 390.2 41.\8_ c n » s s | & [ <o Mo w cx n A v ]
{a) [0.12 [0.44 [0.009[0.016{0.7T7[1.28 | -- 0.56
(b)1100 17.0 310.1 57.0 (b) |0.12 |0.40 [0.007./0.015!0.76(1.19 0.55
1150 11.5 420.2 51.9 cu Fe
1200 9.0 326. 0. 38.3
{e)1160 - 17.0 352.7 57.1 :
_.1%50% l; : ;g:g zf g h:?sng:'s:,z:;::a}nzn_cAsvmss.m. Pipe: (a) 10.75" O.D. - 1.75" wall; (b) 12-3/4" 0.D. - 0, 843" wall
- AL
_ - ~ CREEP AND RUPTURE STRENGTHS N Specimens taken tangentially at mid-wall
- STRESS, KS1 FDR RUPTYRE IN TIKES INDICATED STRESS. K FOR DESIGNATED CREEP RATE — ——
’ 1anrs 10 WS, 1500 KRS i HRS 1000 HRS o0t/ HR 00000 %/ wniE/HR [ MEAT TREATMENT 1650 F, 2 br, slow cool at max. of 50 ¥/br to 1200 F and air cogl.
0. 15,0
1000 11,2 —_p—
IwaronEss
{b)_950 . 16,3 lsounce oF paTa Timken Roller Bearing Company
1000 . 11.3 - SNORT TIME TENSILE PROPERTIES MISCELLANEQUS DATA.
* YEMPERAYURE ELASYIC TENSILE YIELD STRENGTH, Ks| ELONGATION REDUCTION N
¢) 950 16.3 i e [ 1% [ ren cenT FinCent
1000 11.4 a)Room 72.5 32.1 . 37.7 28,0 47.5
(b)Room 71.2 | 28.6 " 39.2 | 24,4 | 330

oy
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ORIGINAL CREEP AND RUPTURE DATA ] ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
(PUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN} AATERIAL. A_lloy Steel DATA AKD PUBLICATIONS PANEL DATA SHEET . 7_60
IR, HOURS FON TOTAL 0% PLASTIC TR R weer T R 1-1/4 Cr -1/2 Mo [i%2__ Electric Furnace B Commercial |
eurmsTyee sTzss oo sy ere mave | wereacert STAGE CRECP oghiton ok 1 hioore  Babcock & Wilcox -
: ws 3 % 10% Hours % : % [SPECIFICATIONS: CHEMICAL COMPOSITION. PER CENT
(&l 1100 17..0 331.1 49 5 . My P S L Cr L Co Mo w Cr Tt A A\ B
1150 11.5 ) 553,7 39.7 (a),{b)| 0.12/0.39 [0.010|0.017/0.70(1.11 0.14 0. 50
| 1200 _ 9.0 LA 185.4 16.6 {c)[ 0.09/0.38 0.631.16 0.14 0.50
Cu FE -
b)1100 17.0 323.4 | 32,9 {a),(b)] 0.12]
1150 11,5 400.6 38.8 (c)_0.14
9.0 308.1 53.2
CREEP AND RUPTURE STRENGTHS . €T, casTings. e, Wrought 3/4-in. -diam. bar
SRS Ko FOR RUPTURE W TIHES WOYCATED ) STRess, KoL PoR DESIGHATED Carr RATE - [Tany oF nreRL e
I r 10 RS 100 HRS 1000 HRS 10,000 RS, 100,000 HRS, 0.000001%/HR 0.00001%/HR 0.0001 /MR SONE/HR
{a) 950 16.8 — —
1000 11.1 lWexT TREATMENT Annealed pér ASTM Spec, A-213 i
{b)Y 950 ; 16.0 G size
1000 i 11,3 anoness (c) Ry - 77
ST - - : AP . — Bab. X 11,
! ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS e AWilgox — —= = ~
o Alley Stesl bt 0 s v, 5 e
iy 1-1/4Cr - 1/2 Mo Meee Electric Furnace [hexe i o T
Babcock & Wilcox TIM. HOURS. FOR TDTAL DR PLASTIC STRAIN TRANSITION Yo THIRG e
d CHEMICAL COMPOSITION, PER CENT ¥ . b (DELETE ok} MR M % ST e hovrs ;:%‘::"
< w | s s | o % < o ] o ™ o N e . o3 bl % kil L r - 6‘_
(a) [0.10 [0. 30 J0.021]0.025]0. 66 [1.12 Jo. 21 0.56 Ha). 200 :o 4";22 ;o 5
.38 . .
{b) 0.;1/0.:2 0.017/0.013{0.61 ]1.18 [0.17 0.49 900 36 4. 712 15
{a) 0.16 I 900 35 10,027 11
(b) |0.13 900 32 11,105 |. _ 8
inai 1000 30 584 | 32
Irom 8 s pan, sueET casTi: nc_. Wrougbt 3/4~in, -diam. bar 1000 27 1,033 38
1000 20 2,950 50.5
L 1000 17 5,284 45
+ __ {a) Anpealed ASTM . A-213; . A- .
Iueat recaviens {a) ed per AS Spec (H) normalized and tempered pér ASTM Spec. A-213 0 16 — < 234 56
[GRAIH SIZE 1100 13 = 481 48
— m - 1100 ) 6,332 31
Loupce o axce Babcock & WIlcox . 1100 6.3 42,370 | 18
ORIGINAL CREEP AND RUPTURE DATA ¢} 1000 35 124 30
(RUPTURE TIME INICATED BY R IN TEST. GURKTION COLUMH) 1000 25 740 11
TIME HouRs. FOR TOTAL OR pUASTIC STRAIY . eSO TO THIRD . o 1000 20 1,862 | 10.5
Tererne smessy (onere v g e | ocerr STaGe cREer it D 1000 16 5. 201 105
oI5 0% [E 3 108 ) HOURS L % | N
(2)1000 30 1,822 | 295 !
1000 27 | 2. 047 18 CREEP AND RUPTURE STRENGTHS
" 0.00065 3. 321 1.8 STNESS, KS1 FOR RUPTURE IH TIMES IHOICATED STRESS, KS| FDR DESIGNATE CREEP RATE
1000 22 0,00027 . 4 728 24 % 4 I6HRS" 100 HRS. 1000 HRS 10000 HRS 100,000 HRS ™ 0.000001 /HR 0.00001 %/HR A0001%/HR AWIK/HR
1000 21 . 4,720 34,5 {a) 900 44,1 33.4
1000 16 22,560 | 14 (b} 1000 27 i4.5
- - 1100 12 8 5. 3% '
1100 20 10 31 {c) 1000 23 ~14 8. 6% 2ob
.1100 16 0.019 233 66 - .
1100 12 2,009 31.6
1100 10 ! 4,644 60.5 ]
1100 8 1 4{ 8,079 | 33.5 *Extrapblated
(b) 1000 - 30 0.037 252 41.5 ) ASTM-ASHE JOINT COMMITTEE ON EFFECT OF TENPERATURE G PROPERTIES OF METALS
I 000 25 0,009 895 - 50 ATERIAL Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET B 7_6’
1000 20 0. 004 2,511 | 53.5 . 1-1/4 Cr ~1/2 Mo [T5% Electric Furnace - fer_Commercial
- 1000 16 0, 00067 10,328 46.5 rpoucer_Babcock & Wilcox " il
— e o Nominal RHEMIEKKCOMPOSITION, PER CENT .
15 0..034 418 | ‘8 = ux ’ s [ s [ e ~ co Mo " cr T n v
1100, 12 . 0.0054 1,617 A8 0.15/0.45 0.78]1.25 © ] 0.50 ’
1100, / 7/’5 | 0.00064 5,354 | 20.5 . Max :
ik - <u 3 .
CREEP AND RUPTURE STRENGTHS - . Bal
-STRESS, KS1 FOR RUPTURE IN TIMES INOICATED . STRESS, KS1 FDR DESIGNATED CREEP RATE R . "
4 1o #ns. 105 Hms 1000 WRS 10000 HRS  100.000 HRS 000u1%/HR 0.00001%/HR LI PR /1R B i g
31.6 18.5 115 i ~ M 5 8126 - GAR. SHEET, CASTINGS, FTC: - Plate .
1100 12.5 3 5 o T [FISTORY OF WATERIAL o <
i(b) 1000 24,5 15.5 9. 6* 1z 17 _ N
1100 13 8. 4 5, 5% 761 10 ear riearviens Normalized and ed .
A |GRAIN SIZE -
- 7 — : -
*Extrapglated. A [souRcE DF DATA Babcock & Wilcox : .
=T = = ==
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ORIGINAL CREEP AND RUPTURE DATA
{RUPTURE TIME INDICATED B R I TEST DURATION coLtl) ; 'ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
TIME HOURS. FOR TOTAL OR PLASTIC STRAIN TRANSITION TO THIRD H Ll Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-2a
TEMPERATURE sagss ; - — —:mm—t:; o ] - MINIMuY CReep RATE wregcerr _ :ac: cReee _ i °'.'.E‘T'E3" :;:‘;::; :"L‘L'::"L 1 5Cz.0 5Mo Steel e a Ei‘:l:vw
1 IPRODUCER_ -
1050 25 . : i 130 51,5 [FPECHFICATIONS: CHEMICAL COMPOSITION, PER CENT
1050 i 20 : o 441 51.5 < o v s s | W o o W < T ~ v s
1050 . 16 1264 38
1050 14 3740 115 0.380.45 (0.008(0.015[0.70 [1.57 0.48
1050 ;12 . 6572 10.5 o ve
CREEP AND RUPTLRE STRENGTHS
A STRESs. kSl FOR RUPTVRE W TIMES INOICATED STRESS, K5t FOR DESIGATED CREEP RATE
| 4 10HRS : 10 HRS 1,900 HRS i 165% HRS 104058 HRS. 0NN E/HR LELIFSHR 0001 %/HR i 2201 F/HR
I 1050 ' 16.5 : 1L ; L7 3% i - 1 fonu o sric. san, SMELE, CASTINGS, ETC, Bar
! I 1. 0% Cold work, and
| 2. 8% Cold reduction of area
* Extrapglated % uear ToEATHENE 1800 F for 1 hr, oil quenched, tempered 2 hr at 1200 F
enam size
[uaroness
. lsource or oara U. S. Naval Research Laboratory
ASTM:ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 1 SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
arema.  Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-37 i TENPERATURE ELAsTIC e YIELD STRENGTH, NI oowsymon | mebucmion Relaxation Data at 9
oy 1-1/4Cr-1/2 Mo~1/4 V atof j 4 Ve 2 [ oix | o Fen cont PiR con Initial 80, 000 bsl
procucen - i 0% Coldlwork | i+ :.Besidual Swress, 1000 phi, after
[SPECIFICATIONS: CHEMICAL COMPOSITION. PER CENT i 80 152 133. 6 20 62 % Cold Worl 10 Hr 100 fe- | 500 He
! < M v B s W ) Mo W cx m n v i ® l 8% Cold work . 0 65.5 58 53
0.07 0.50 0.027 0.033 0.39 1.39 .0:52 | 016> | 80 149 127 19 60 8 63 52 46
o :
' l
1
IFORM & SIZE - BAR. SHEET, CASTINGS. ETC Cast keel blocks
[ TORY OF WATERIAL 3
A - Normalize 1750 F, 2 hr; draw 1300 F, 6 hr D - Normalize 1900 F, 2 hr; draw 1200 F, 6 hr . %
C - Normalize 1900 F, 2 hr; normalize 1700 F 2 hr; E - Austenitize 1900 ¥, 3 hr; normalize 1700 F, 2 hr, : :
draw 1300 F, 6 hr B draw 1300 F, 6 hr - I S
eaT TrEATHENT !
S oRAIN SIZE | ORIGINAL CREEP AND RUPTURE DATA
o (RUPTURE TIME INDICATED BY R 1N TEST DURATION COLUMN)
SOURCE OF DATA Edward Valves TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN TRANSITION TO THIRD A
gomssones o T v FroreT T : o i ors g oz are | s RS e | D
| Ry Toe | e sTRENGTN, Kot FloxcaTon | meuction | 1 ] g il % 1z HouRs £ R £
IR gl sttiam prevs e PP T N ke : : 00 125 0% Cold|work 2.72 1.5 20
{A) 20 84.4 - 62,1 23.5 _62.3 . 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 v 19
GRIGINAL CREEP AND RUPTURE DATA 900 85 0.123 3 39.3 26
(RUPTURE TIME INDICATED BY R 1N TEST DURATION COLUN) 900 80 0,067 102.5 28
: TIME. HOURS, FOR TOTALMHEINSE STRAN | i awsmovomues st T 990 75 0.0133 419.2 29
resregaTune soagss o e oND MINIMUM CREEP RATE | IWTERCEPT | Act < ovmimon [ OR 900 70 - 0, 00488 1100 25
w1 e x| ! [ woues % 1000 50 t 0.0528 104.7 13
(A) 1100 18 | 6t 15 92 [ 260 0,00368 © 0.20 260 | 1.10 596k 4 1 45 . .t 0,0197 182. 4 10
(A) 1100 15 L : 10 700 2000 0.000252 0.35 1300 0.70 | 2493 R 6.5 - 125 8% Cold [work — 0.477 8.2 17
. ! ; ‘ 700 120 T o.0636 80,4 21
(C) 1100 15 | 100 800 | _0,00017 __; 0.35 2997% 1.5 800 105 > 0. 805 (6.4 1 21
(C) 1100 13 2800 ! 0.000014 | 0.42 ; 5600  0.57 6259 R | 1.0 800 100 0.172 - 34,6 21
| | 800 95 0, 00795 608. 6 19
(D) 1100 15 800 3800 5900 6900 ; 0,000026 | 0.19 4200 0.21 7275 R 7.3 200 85 0. 294 26.0 28
(D) 1100 13 300 2400 i 0,000023 i 0.15 [>7001 1>0.31 7001%% 0 900 | 80 0.125 65.8 31
; 900 75 0. 0246 342 31
{E)} 1100 15 1200 5000 5700 ;| 6734 0 O_O_O_OAG_L_Q._OJ___S_O_O_O__‘,_QJ!!_'_Q‘LE 1. | 900 70 0.00547 1121 22
i ; i . 1000 50 | 0.0513 105.5 17
i ; ! . [ 1000 45 ! 0.0247 192.0 13
: 1 CREEP AND RUPTURE STRENGTHS
#Threpds stripped on specimen. i | STRESS. XSI FOR RUPTURE 1N TIMES INDICATED STRESS, K$1 FOR DESIGNATED CREEP RATE. .
w#Overheated i : i | 4 16 HRS 100 HAS 1.000 HRS 10000 WRS 108,000 WRS SN /HR .01/ HR S001%/HR Q.00%/ AR
i ; | ; : : ! | 0% Cold wirk .
; j 700 117.5
L \ : 800 101 97
i 900 80.5 70.5
: i 1000 50
. H : 8% Cold wérk
1 ! ; j 700 119.5
CREEP AND RUPTURE STRENGTHS 800 98.5 94
SYRZSS. Kl FOR RUPTURE (% YIWES INOIGATED 7 STES, K FOR DESIGRATED CREE? RATE 00 79 70.5
i 10 HRS | 160 HRS i 1.000 WRS i 10,000 HRS. 150008 MRS S - 000N F/HR SLONE/HR 0.001%/HR 1000 50

; [ I !

i I : i - H
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-2b ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
marean._Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET wrezn._ Alloy Steel DATA AND PUBLICATIDNS PANEL DATA SHEET 7-62
jatoy 1.5Cr-0.5Mo Steel it E:'or oy 2Cr -1/2 Mo wfirme_Electric Furnace E,‘" i
lerobucER Prosucer _Babcock & Wilcox
'—s-mnunons: CHEMICAL CDMPOSITIDN, PER CENT [FPECIFICATIONS: CHEMICAL COMPOSITION, PER CENT
C- Mu P s ‘ s | oo N Co Mo w cr T A v 8 c Ma P s £l ce N co Mo w cr T A v 8
0.38(0.45 0.008 (0.015| 0. 70|l. 57 0.48 0.11(0.36(0.017/0.028 O.Z'f 1.97 |0.22 0.51
cu e ) cu Fe
T
' 0.16
Iroma 8 sz oan, shesr, casmmes, ere, Bar roma 527 san, surer, casvias, Frc 3/4-in. wrought bar
1. 15% Cold reduction of area, and
2. 39% Cold reduction of area
IMEAT TREATMENT 1800 F for 1 hr, oil quenched, tempered 2 hr at 1200 F HEAT TREATMENY Annealed per ASTM Spec. A-213
loram sizg oram size
LILLLLH [HARONFSS
lsounct or oaTA U. S. Naval Research Laboratory ISOURCE OF DATA Babcock & Wilcox
SHORT TIME TENSILE PROPERTIES 1 MISCELLANEOLSS DATA
TourcmaToRe | EASTIC e YIELD STRENGTH, K3t mongation | Repuction Relaxagop Data at 900 F, ORIGINAL CREEP AND RUPTURE DATA
196PSI sl 0028 0.1% 0.2% PER CENT PER CENT Initial Stress 80,000 psi (RUPYURE TIME IHDICATED BY R IN TEST DURATION COLUMK) .
15% Cold work Residual Stless, 1000 psi, after IME. 5ODRS. FOR TOTAL OR PLASTIE STRAIN N TRARSITION To THIRD st .
80 154 135 19 58 P Cold Worl 10 Hr 100 He | 500 Hr it e osLETE oney 7 S B e e o | monginon
39% Cold work 15 60 50.5 44 g 025 [ 105 HOURS % R s
80 166 153 18 54 39 58 49 41.5 900 42 - 865 | 27.5
900 40 1,759 37.5
38.5 1,231 | 45
900 35 6,919 35
900 33.5 5,331 34
900 30 10,067 28.5
1000 25 288 54,5
1000 22 834 51
. 1000 18 © 2,565 51
1000 14 5,096 | 70
1000 12 _ 15,897 58
1100 15 155 83.5
ORIGINAL CREEP AND RUPTURE DATA j..1100 12 544 7.5
(RUPTURE TIWE IWOICATED BY R IN TEST OURATION COLUMM) 1100 10 1,310 | 17
TIME HouRS, Far_TaTAL OR PLASTIC STRAN . ] Teayson To TR or i 1100 8 5,121 | 87
TourcaTURe sraess ontmom Minulg CREEP hATE nereacer oyRstiox ok ) 1100 6.4 30,390 0.5
25 4 0.2% 5% 10% HOURS. £ R % CREEP AND RUPTURE STRENGTHS
200 125 5% Cold work 0.10 42, 9 18 STRESS. K$) FOR RUPTURE IR YIMES INDICAYED STRESS, K$| FOR DESIGNATED CREEP RATE
200, 120 0. 049 112. 3 14 F 12 KRS 100 HRS 1000 KRS 10,000 HRS: 160,000 KRS 000001 /HR 00001 %/HR 0.0001 %/HR 000 /HR
800 105 0.495 12,3 23 — 200 41 30 22
800 100 0.057 116.7 21 1000 20.8 13 8.5
800 95 0,0176 406.7 | 25 —_1100 10.5 7 . 4.7
900 85 0.484 15. 4 26 ¥ ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
900 80 0. 046 206.0 36 avera_ Allov Steel DATA AND PUBLICATIONS PANEL DATA seE 7-63
900 75 0. 0262 347.0 | 36 fwor _2-1/4 Cr -1 Mo e |5
900 70 0. 00492 1352 24 lprovuces U, S, Steel ’
-1000 50 0, 0835 97.9 | 25 [FPECIFICATIONS: CHEMICAL COMPOSITION., PER CENT
1000 45 0. 0325 176.0 i4 [ My ? B s cr N Co Mo w cx Ty A v 8
700 128 139% Cold work 0,0573 79.0 17
. . . . . .1 -- [0.96
700 125 0. 00266 2756 19 0.10(0.43{0.011(0.019{0.23 |2.16 |0.18 9
200 105 0, 0456 166 22 ] 3
800 100 0.013 649.3 22 Bal
800 95 0.00228 4270 23 -
900 85 0.133 84 7 29
900 80 0. 0245 445, 5 33 lFoRM & s12¢ - paR. sweET, casTivGs. eve. 3" x 11-3/4" x 11-3/4" bloom slice
900 15, 0. 0128 7326 24 WISTORY OF MATERAL
200 70 0. 0065 1193.4 | 25 Welded with AWS E9016 electrode
1000 50 0.101 108.4 32 . = i}
e 000 45 0. 0354 H 188.3 27 weat TREATMENT Heated 1 hr at 1675 F, air cooled; reheated 2 hr at 1350 F, air cooled -
CREEP AND RUPTURE STRENGTHS i 3
STRESS. XS| FOR RUPTURE IN TIMES INDICATED $TRESS, KSI FOR DESIGNATED CREEP RATE loram size
4 19 HRS. 100 RS 1.0 MRS 12000 HRS 100.000 HRS oS00 E/HR CORNE/HR 0000 %/HR Set%/HR  aronFss
15% Cold work llzounce oF paTa A. O. Smith - Metallurgical Research Laboratory
700 120.5 — —— S — . i
800 100 94 ORIGINAL CREEP AND RUPTURE DATA
900 20 o (RUPTURE TIME INDICATED 6Y R IN TEST DURATION GOLUMH) -
50 VIME. HOURS. FOR TOTAL OR PLASTIC STRAIN . - TRANSITION TO THIRD FINAL
3 ;“;)oguld — : smpass " ouewonn g coem mare | wregcese R - B
o 127.5 0% 0% os% 0% Houns. % R %
800 106 99 1000 30.0 1019.6 23.0
900 84,5 71.5 1000 35,0 526.3 20.0 |
1000 50. 5 —

OWL-ID AT OW Y -1DZ OW Y -1D % |
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. ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS e .
MATERIAL A11°v §tee1 OATA AND PUBLICATIONS PANEL OATA SHEET 7—64 . ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
sy 2-1/4 Cr - 1 Mo ‘St Induction i [marenw. _ Alloy Steel ] DATA AND PUBLICATIONS PANEL OATA SHEET 7-65
mwoucen__Electric Steel Foundry C oy 2-1/4 Cr - 1-Mo fweme Basic Electric Arc e 100 T i
"‘cmu' NS CHEMKAL‘C‘;};DSI\'ION. PER CENT [PRODUCER Lukens Steel Compan
¢ w_ s s s w1l m T o o T v o W i S A SPECIFICATIONS: CHEMICAL COMPOSITION, PER CENT
7 ; T 7 ; i T T T [ < | m v s s < ™ w | # w c. o ~ v
0.080.46" -- © -- :0.49 2.33: -- ! -- [0.95; ! (a) [0.12]0.4310.008/0.016] 0.30| 2. 40 0.96
& v . - ) : (b) {0.12]0.5010.0090.021]| 0.312. 30 0.91
H T T T T [ T ‘ H Cy Fe
i Bal; : : | (a) [0.19]Ba1
(b) [0.18] Bal. . . . |
rom o stz - oam. suker, casTies. e7c, Fine grain . ]
IRISTORY OF MATERIAL row o size. sas. swcer, castives, erc Plate, 0 22_6 x 86 x 7-1/4 Test plate size, 13 x 13 x 7-1/4
. Norm. 1650/1700 hr/m + A, ;' Temy 1250/1275 1 br/m +A.C.
Welded with AWS E 9016 electrode BE™ eooids (P03 bk e B R0L, 5 cyelcs 1050 1 hr/in. + F. C. to 600 +A.C.
hesrrmme  Stock — 1800 F, 3 hr, 1600 F, 1 hr, W.Q.: 1200 F, 8 hr: weld also SE 4 hr at 1200 F 5.R. 1 cycle 1250/1275 1 br/in. + F.C. to 600 LA
—
leram size Ferrite and Bainite
ARDNESS See below. larain si2e No. 7toNo. 8
lsource oF pATA A, O. Smith Company - Metallurgical Research Laboratory HARDNESS.
- SHORT TIME TENSILE PROPERTIES MISCELLANEOUS OATA lsource o para__Lukens Steel Company
seMpERATURE | ELASTIC TENSILE VIELD STRENGTH, KT ! ewoncation | meouction I SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
i MRS | el o 1 oaw | ehdar | e ' mouregerune | e | one Yo steavcr | woneamon | reucyon '
Room - 70.5 - - | 40,0 32.0 65.9 | Stock odly. t r st 2 0s g oz | whdon | ARG
. - !
Room | 29.97 | 71,9 | -- -~ | 400 | 180 | 62.9 | Stock plus weld | failed 14 stock la) 70 T* 100. 0
1000 | -- 4.5 | -- B '19.0 ! 67.7 | Stock plus weld + failed ia stock 70 B* 92.1 70.3 22 2.8
! | ! .
: | 1850 T 3.7 . 53.4 22 66, 7
Vickers|Hardness {10 ko) ! 850 ¥ 78.1 41.0 24 62.7
Max. Min, Aver -
167 154 159.8 (b) 7071 88.6
224 158 192.1 70 E 95 65 24 70.5
249 240 244.6 S
160 154 154 850 1 74 53,8 24 71.5
228 165 192.7 850 1 65.5 45.7 22 70.5
235 215 222.8 . | ] v I |
T ] ]
- *T = top; B = holttom i
ORIGIN.AL CREEP AND RUPTURE DATA
{RUPTURE TIME INDICATED BY R IN TEST DURATIDN COLUMM)
TIME, HOURS, FOR_TOTAL OF PLASTIC STRAIN . TRANSITION ™D THIED et .
TEMPERATURE STRE (OELETE onE) MINIMOM CREEP RATE INTERCEPT STAGE CREEP ouRATion oo [ ASTM-ASME JOINY COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
I3 "3 I3 0% HouRS = R % lusreswe __ Alloy Steel DATA AND PUBLICATIONS PANEL OATA SHEET 7-66
1000 32, 04) (not] aged) 2.3 21.5 o 2-1/4 Cr - 1 Mo fiioe Basic Electric Arc ke 100 T
1000 25. 0(2) (not] aged) 160.5 | 22.0 rooueen_ Lukens Steel C
1000 20. 0(5) (1000 hr at 10000 F) 620, 2 19.0 [SPECIFICATIONS: CHEMICAL COMPOSITION, PER CENT
1000 18, 503 (5000 hr at 10000 F) 1503, 0 24 5 <. My I e | s s ] o N <o Mo w o n ~ v
1000 17..0(5) (5000 _hr at 1000 F} 3431.7 | 19.0 (a) {0.13 [0.44 0.008(0.025|0.29:2.14 0.95
1000 13,07 (10,'000 br af 1000 F) 9576.0 | 21.0 (b) [0.13 10,49 0.001 00191 0,35]2. 20 0
1000 22.5(0 (10,]000 hr at 1000 F) 97.5 | 22.0 & L K
(a) |0.20- Bal.
(b) [0:21 Bal, |
Note: ) failurejs were in the parent stock.] Fine grain
rons & size_oan swcer castives. e Plate, 226 x 86 x 7-1/4 Test plate gize, 13 x 13 x 7-1/4
_ Norm: 1650/1700 1 hr/in. +A.C.; Temp. 1250/1275 1br/in. +A.C.
S.R. 2 cycles 1250/1275 1 hrfin. +F.C. to 600 + A.C.; S.R. 3 cycles 1050 1 br/in. + F.C. to 600 + A.C.
S.R, 1 cycle 1250/1275 1 br/in, + F.C, t6 600 4+ A.C
IHEAT TREATMENT °
microstrucrure  Ferrite and Bainite
[GRaIN 1z No. 7toNo. 8
[
sourceor s Lukens Steel Company
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
[ i TeweemaTun | RLASTIC TS YIELD STRENGTH, K1 ELONGATION |  REDUCTION .
1 ! i ] 1 I 106751 kst 0.02% (3] 02% PER CENT P8 GENT
CREEP ANO RUPTURE STRENGTHS {a) 70 T° 87.1
STRESS. K| FOR RUPTURE IN TIMES INDICATED STRESS, KSI FOR DESIGNATED CREEP RATE 70 B 8.5 70.2 21 66. 1
F 10HRS 108 HRS 1.000 HRS 10,000 HRS. 100,000 HRS 0.000001 B /HR. 0.00001%/HR 0.000 %/HR B.OO1%/HR
1000 10% 850 T 68. 0 41.7 18 50, 5
850 B [ 7.4 50.9 26 74.4
(b) 70 T 99.5 :
*Extrapolated 70 B 95.8 85.6 21 68
850 T "] 6.4 65.8 22 66.8
850 B 71.5 57.4 22 68
.
¥T = top; B = bottbm,

0s
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ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ASTM-ASME JOINT COP“)‘"TTEE ON EFFECT OF TEH‘PE-R;TIJ:E ON PROPERTIES OF METALS
marerne _ Alloy Steel DATA AND PUBLICATIONS PANEL OATA SHEEY 7-67. i fmarenar __Alloy Steel » DATA AND PUBLICATIONS PANEL OATA SHEEY 7-69
LLor 2-1/4 Cr -1 Mo erme Basic Flectric Arc  .._ B 100 T K laee- 2-1/4 Cr ~ 1 Mo weme  Basic Flectric Arc — P& 100 T
paooucze __ Lukens Steel C . ~ . ; pnovs . __Lukens Steel Company . . . ¢
[SPECIFICATIONS: CHEMICAL COMPOSITION, PER CENT : [Pearcazae __I CHEMICAL COMPOSITION. PER CENT
¢ | 3 s s . co Mo w ., cr i M [ e T e 3 s 1 s oo w o | o W o n A v 5
(a) [p-13 10.52 0.0080.017 0.24 2.34! "0.94¢ ! ! i T (a) 0.13 0.42 00080.019“0.21'2 30 I
(b) {0.14 0.51 0. 008 0.017 0.22° Z 16 0.99 ; . § (h) \0 13 '0.49 0.0080.021 ‘0. 262,31 ' 0
Cu 1 Fe i . ' | i i | cu Fe |
(2) lo.11 Bai. | : : ' : ! ' i ! : ! ! : Bal. | '
(b) [0.15 ‘Bal. ! ! : w - : ; ;
Fine grain . . : ) : oconparon_ Fine grain . -
[FORM & SIZE - BAR. SHEET, CASTINGS. ETC. Plate, 325 x92x4.59 Y i lFORM & SIZE - BAR. SHEET. CASTINGS, ETC. Plate, 372 x 87 x 5-7/16 _ _Test plate size. 13 x 13 x5-7/16
NISTORT OF WAYERIAL FTSTORY OF WATERIAL -
Norm. 1650/1700 1 hr/in. +A.C. Norm. 2 cycle- 1700 -1 hr/in. +A.C.
Temper. 1325/1375 1 hrfin. +.A.C. . Temp. 1300/1325 1 hx/in. +A.C.
ot merruer ar rreatuent
Ferrite and Bainite Ferrite and Bainite
loRAW s1ze No. 7to No. 8 SRAW 51ZE No. 7to No. 8
arowess namoue
Jsource oF oara Lukens Steel Company “sounce ornrs __Tukens Steel Company
i SHORT TIME TENSILE PROPERTIES " MISCELLANEQUS OATA SHORT TIME TENSILE PROPERTIES MISCELLANEQUS DATA
wrcmrure | EAsTe | Tensee viEwD sTaEnGTH. st concation | Reoucrion i T [ VIELD STRENGTH, K31 [ sogcaron | mepucrion
e T T R R R AR ol ! A il oas | oix o2m | eRcenr | stwcen
(a) 70 T* | 86.2 : ! i -~ I (a) 70 T* . 90.3 ! !
70 B* 82.1 ! 87.2 . 30 i_72.6 | . 70 B* 90.0 64.0 : 29 65.1
i ! ! i . d R i T i - . i i j :
800 T: 1759 - 51.1 | 22 ; 60.9 : 700 T | 73,4 ¢ i 52.2 | 21 64.3
800 B 71.4 P 40,6 21 59.4 : ! 700B° ;. 71.9 ¢ " 50.8 | 21 68.8
T - ;
() 70T . 76.4 ! : : : ! (b) 70 T .96 ;
70 B 76,5 [ 52 32 71.5 : 0B |94 8l.8 25 74.2
800 T 67.8 1 39.9 26 67.8 ! 700 T i 8.4 63.1 20 68.8 -
800 B 67.3 i 39 24 . 68.8 i i 700 B ! 78. 5‘; 63.4 21 68 .
H T i : i : + i t
; T ] ' j : = . 1 ! | f !
T = top; B = hottbm. ! ; P : ! : ! KT = top: B = hottdm, !

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

ASTM-ASME JOINT COMMITTEE ON EFFECT OF r:u‘w:‘n‘nu;: ON PROPERTIES OF METALS 1 ATERIAL Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-70
e Alloy Steel DATA'AND PUBLICATIONS PANEL OATA SHEET - 7-68 ! ecor 2-1/4 Cx ~ 1 Mo Tte:  Basic Electric’Arc @r” 100 T
usor 2-1/4 Cr - 1 Mo it Basic Flectric Arc B 100 T ; treoocer__Lnkens Steel Company
vsgoucen____Lukens Steel Company o [FPECIFCATIONS® CHEMICAL COMPOSITION. PER CENT
PICATIGHS: T CHEMICAL COMPOSITION, PER CENT o ™ [ s s o [ o Mo W o T ~ v B
T - - g -
o Tw TF s » T { w e Tn o Tm [v (e (a) 0.13 0.41 |0.008[0.023] 0. 20] 2.17 0.94
(a) /0,12 i0.45 0. 0100.019'0.2 ! 10.95 | [ ! {b) 10,13 10.42 10.009/0.019] 0. 34| 2. 43 0.98
(h) : ‘0.94 : = e
i H i T t ——
(a) :0.17 'Bal. ; : '
{b) l0.11 ;Bal. | ! i
ey . 4.71 Test plate size, 13 x 13 x 4. 71
oo sue  sas. sueet, castires, E1c Flate, 326 x 88 x 4.7 e € 8lzc, x ‘ Norm. 1700 i I}rlln £A.C. (2 cycles); Temp. 1300/1325 1 hz/in. +A.C.
Norm: 1650/1700 1 hr/in, + A.C. S.R. 1200 5 hr/in. + F.C, to 6
Tempered: 1325/1375 1 hr/in, + A.C. SR 1750 3 hefim +7.C. k600 1A
B .
HEAT TREATMENT Ferrite and Bainite
Ferrite and Bainite i AN SIZE No. 7 to No, 8
o size _No. 7to No. 8 naRONESS
HARDNESS. lsouRcE OF DATA Lukesn Steel Company
Jsource oF oATa Lukens Steel Company y 'SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
SHORT TIME TENSILE PROPERTIES 1 MISCELLANEQUS DATA rEMPERATURE " ELASTIC TewsiLe YIELD STRENGTH. XS ELONGATION | REOUCTION
remremstone | st reme TIELD STRENGTH, X5t T coneanon | mepucrion | ! T j e | TR s | um 0% rhcont | rencon
. S | T { O R ! d .
i 5 on oi% v il | fin ! : ‘ (a) 70 Tk 5.1
(a) 70 T¥ 84.0 ! : ! : ! 70 B¥ 821 61.0 27 72.8
70 BE 83. 0 L 66.0 T 29 715 ¢ ! i !
- ; ‘ ; : 700 T; 67.3 ¢ 38.0 | 24 66.8
800 T 65.0 ;. 49.5 | 20 69.0 : 700 B* 68,2 | ' 39.7 | 24 66.7
800 B 65.3 '.50.8 | 21 . 73.3 i i j
; . . B 70 T 89.9
(h) 70 T| 86 i : . : 70 B 89.4 68.8 27 71.4
708 83.8 | 69.1 26 72.1 : j ]
; ! ! : ' : 700 T 2.5 55,5 | 22 | 66
800 T 70.3 . 55.3 ' 21 71.4 : ' 700 B 71.6 53 21 66.5
800 B 75.3 . 56.9 . 22 73.2 : :
1 T T i |
: f : ' : T = top; B = houom. i
’ BT =top] B = hottbm. : ! ; e . : ks =

L



ASTM-ASME JOINT COMMITTEE ON EFFECT DF TEMPERATURE DN PROPERTIES DF METALS . ASTM-ASME JDINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS N
srerine Alloy -Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-71 MATERIAL Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-73
wwov - 2-1/4 Cr - 1 Mo eitez _Basic Electric Arc o100 T Aoy 2-1/4 Cr -1 Mo ftiee Acid Electric HEad 000 Ib
reobucer ___Luukens Steel C irRoouCER -
(SPECTFICATIONS: CHEMICAL COMPOSITIDN, PER CENT [SPECIFICATIORS: CHEMICAL COMPOSITION, PER CENT
¢ [ m P | s s 1o N @ | Mo [ w | b o v ) < | M P s 1 & ce N | co Mo w [ e ™ A v )
(a) [0.1470.45J0.008/0.017/ 0. 22 2. 21, l .94 I 0.171 0.56(0.030]0.036! 0.40(2. 32 0.93
(b) |0.12-10.48 !0.008[0.019i 0.22!2,23 10.94
w | Fe 1 H H | | w ke
(@ | - TBalL e [ | :
(b) [0.17 |Bal. | I ! I L i ! ;
Fine grain
. IFORM & SIZE - BAR. SHEET, CASTINGS, ETC, Cast test tes
WISTORY OF MATERIAL
(a) Norm 2 cycles 1700 1 hr/in. + A.C. Temp. 1300/1325 1br/in. +A.C
S.R. 1200 5 br/in, + F.C. to 600 +A C.; S.R. 1250 1 hr/in. + F, C. to 600 +A. C.
(b) Norm, 1650/1700 1 br/in. +A.C.; Temg 1325/1375 1br/in. +A,C
[HEAT TREATMENT Test plate size: (a)13x 13 x 5-1 /4 luear reeavment 1700 F normalize, 1300 F draw
luicrostrocrure ¥ errite and Bainite (b) 13x 13 x4.85 i
jcRaw s12 No. 7 to No. 8 R size
IMaRONESS [waDness See below.
ouncr orpavs _ Liukens Steel Company sourcror iy Edward Valves
SNORT TIME TENSILE PROPERTIES MISCELLANEDUS DATA SNORT TIME TENSILE PROPERTIES MISCELLANEDUS OATA
TeurepaTuRe | JGRSIE | sTRneTw TALD STREVETH Il e TemrsmaTURE | GUTE | TRtneTs TELD STRONCTH 3 il By poanell
ok psi Ksi 0.02% (X3 025 FER CENT PER CENT hr 2 Temp_ 7S st 0.02% 0.1% 0.2% PER CENT PER CENT at Tem)
{a) 70 T¥ 1..91.9 10 80.2 52.8 26.7 50.8 165
70 B¥ 89.2 69.7 _171.8 400 11.5 52.0 17.0 32.5
500 75.0 50.0 18.0 35.0
700 T 76.3 57.6 20 64,1 600 ° 75.5 58.0 15.0 17.0 156 -
| 700 B 15.5 58.1 20 70..5. ' 700 79.2 59.0 16.0 30.0 163
800 79.2 55.0 11.0 29.0 163
(b) 70 T 76.4 900 66,2 5kl 14,0 149
70 B 9.6 56.7 32 __74.6 1000 59.0 48.5 2 20.0 37.5 125
1100 67.2 48.5 18.0 43.0 110 _
790 T 75.3 46 23 72.1 1200 34.0 25.5 25.0 72.0 89
790 B 68.3 43,7 24 74.6 — - S - — .
— ORIGINAL CREEP ANG RUPTURE DATA
(RUPTURE TIMEINOICATCD 8Y R IN TEST DURKTION COLUMN)
T = top;| B = bottom,
R— s FOR T R s B e T 2 el -~ W A
5 % TR % ouks cLonGATION
KX XWX £ E wouRs % %
e 0,01% 0,.02%! 0.05% | 0.1%
ASTM-ASME JOINT COMMITTEE ON EFFECT OF OF METALS 800 20 100 200 0.0000073 0.02 >2064 2064 0. 035
oeon_ Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 772 800 30 100 250 0.0000135 | 0.015 | »z06¢ 20641 0.045
hstor 2-1/4Cr - 1 Mo [itae Electric Furnace BE 1000 8 40 80 400 0.0000212 | 0.05 | >20 0 0.095 |
lbrosucer_ TimKken Roller Bearing G j 1000 12 i 20 40 250 0. 0000190 0.05 >2064 2064 . 0. 089
[SPECIFICATIONS: CHEMICAL COMPOSITION, PER CENT 1000 14 . 40 100 720 0,00003 0.023 | >1740 1740 0,090 |
<. Mr r s s | e M <o Mo w cx T A v B 1200 3 50 140 1850 0. 0000175 0.02 >1940 1940 0.054 |
0.10] 0.420.014]0.024| 0. 31]2.14 [0.19 0.98 —l200 4 500 50 0.0000195 _0.002 | >1704 1704 1. 0.035 |
= r - H T CREEP AND RUPTURE STRENGTHS —
T STRESS. K$I FOR RUPTURE IN TIMES INDICATED STRESS, K$I FOR DESIGNATED CREEP RATE
0.12 M 10 HRS 190 HRS 1.600 HRS 10,000 KRS 100,000 HRS' 2000001 %/ HR 2.00001 B/HR 0.0001 €/HR LSIE/HR
loroxioanice _Aluminum 800 24.0 42.0
IFORM & SIZE - BAR. SHEET. CASTINGS, ETC. 7.500" O.D, x1.710" wall 1 tubing | 1000 7.0 12.0
[FISTORT OF MATERIAL, 1200 2.6 3.1
Pxerced, bot rolled, arnealed from 1650 F
lnear reexreny _Annealed from 1650 ¥ p—
o size . L )
- HARDAESS ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 1
jsouncsormara__ Timken Roller Bearing Company _ L zem.___Alloy steel DATA ANO PUBLICATIONS PANEL DATA SHEET . i 7-14
ORIGINAL CREEP AND RUPTURE DATA inoy 2-1/4 Cr - 1 Mo o Electric Furnace e
(RUPTURE TIME INDICATED BY R iN TEST QURATION COLUMNY lbropuctr Timken Roller Bearing G N
. B A SPECIFICATIONS. : CNEMICAL CO MPOSITION, PER CENT
YEHP?A'UQ! ‘TK‘?S e s R 'o‘[:;::::::m il lill(llﬂll;f:‘m RATE " I‘[ l‘gm":::g"” Dl'l“l;f:im :’xo:‘:‘:;:: . < Mn P s S Cr N Co Mo w 3 T AL A B
= = = el o = - 05| 0.36 [0.014|0.020{0. 33 2. 33 [0, 21 0.98
To00 28,0 105 50 0.1 . J B . . . . .
1000 24.0 404 52 @ Fe
1000 20.5 1,344 54
1100 21.0 45 50 Aluminum N
398 5 . 3 174" . 480"
i;gg %; g 724 52 lromu o size. ean sueer. xsmues e, Seamless tubing, 2 1/4" 0.D. x 0.480" wall
1100 11.0 10,528 | 36 Pierced, hot rolled, cold drawn, tempered 1375 F
CREEP AMD RUPTURE STRENGTHS et reesruenr  Tempered 1375 ¥
JEMPERATURE STRESS. XS| FDR RUPTURE IN TIMES IHDICATED v STRESS. KSI FOR DESIGNATED CREEP RATE
4 1o HRS Il 105 HRS 163 HRS 10000 MRS 100.000 RS 000001 %/HR Qo0 1SE/NR 08I /HR [ S
1000 : 28.5 21 16 |uarDNESS
1100 19 14.5 11.1 lsousct or paa___Timken Roller Bearing Company

zs
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ORIGIMAL CREEP AMD RUPTURE DATA

{RUPTURE TIME 1HDICATED 8Y R N TEST DURATIDH COLUMH) ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS -
. lsremis. Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-76
rorrune | s i i T B I A wor __2-1/4 Cr ~ 1 Mo [E55% Electric Furnace il
| % s 0% % vours = R o beoucen _Timken Roller Bearing Company
1000 35,0 29 33 g ' CHEMICAL COMPOSITIDM, PER CENT
1000 28. 0 251 46 ¢ Mu P s s | en LN < Mo w o n ~ v 5
. L .
1000 24.0 H 691 48 0.10| 0. 42:/0.016 [0.019 |0, 24 2.27 i0.14 1.03
1000 19.0 3,515 46
Cu FE
1050 25.0 110 41
1050 20.0 412 60 =
o2 16.5 1,159 52 A -S 1 tubi 2 1/8" O0.D 0‘ 533" wall
1050 12.0 13,128 41 Fromu o iz - aan suter, csives,erc eamless tubing, 2- .D. x 0. w -
1100 20.0 ! .
1100 160 — 32; gi Pierced, hot rolled, cold drawn, tempered;l?75 F
1100 135 | 750 59 luear veearuens  Termmpeéred 1375 F [
1100 8.5 7,087 40
lomaw size
iamoness -
souscproars ~__Timken Roller Bearing Company
- i
DRIGINAL CREEP AND RUPTURE DATA
(RUPTURE TIME IHDICATED BT R IN TEST DURATION COLUMH}
| . - e s ronTomtong % sam — e . Tengon 1o TwD o u;éﬂ:;“
r— 1% 0.2% 5% 10% HOURS % e BMG’AW
CREEP AND RUPTURE STREMGTHS -
STRESS. KSI FOR RUPTURE 1N TIMES INDICATED i STRESS. K51 FOR DESIGHATED CREEP RATE 1000 35.0 — 62 38
’ o wonrs Lo s o s ouo s o %/ s/ oo/ S 1000 28.0 ; 309 44
1000 31 22.5 162 {1000 24.0 291 41
1050 4 25 17.8 12,5
1100 20 13 = 8 1050 . 30.0 34 47
0 1050 25.0 136 43
1050 20,0 503 4]
1050 17.5 1378 68
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE OM PROPERTIES OF METALS
larenne_ Blloy Steel DATA AMD PUBLICATIDNS PANEL DATA SHEET 775 } : gg ]2.2 . g 136
oy 2-1/4 Cr -1 Mo htivme  Electric Furnace | 1100 13 . 5 I:ig ii
mooucs  Timkeh Roller Bearing G CREEF AND RUPTURE STRENGTHS
" CHEMICAL COMPOSIT1OM, PER CEMT
- - - - - o - = & ™ " 5 rEmpERATORE STRESS. KS1 FOR RUPTURE IW TIMES IHOICATED. STRESS. KS1 FOR DESIGHATED CREEP RATE
< L 4 s > L F 10 HRS. 100 HRS. 1.000 HRS. 12,000 HRS 100,000 HRS 10.000001 5/ HR 0.00001 % /HR 0.0001%/HR 001K/ R
0.105/0.36 (0.014/0.020|0.33 (2,33 [0.21 0.98 1000 33 . 23
& & : L1050 261 18
i [ 1100 20.8 14.8
| i
Aluminum
e S 4P, SHECT, CASTINGS. TG Seamless tubing, 2-1/4" O.D. x 0.480" wall ] 'ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE OM PROPERTIES OF METALS
. — Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 1-17
Pierced; hot rolled, cold drawn, annealed from 1650 F Loy 2-1/4Cr -1 Mo 5% Electric Furnace Fa
- e £ imken Roll C
lhear Trestuesy__Annealed from 1650 F [epopucss - Timken Roller B aring CHEMICAL ComPosTT 1w PER CENT -
c Ma P s s [ e ™ 3 Mo w cx n I v B
loaam size |
imaRuRESS 0.11| 0.41}0,013}0.022(0. 26 (2. 29 [0.27 0.95
sounce or eara___Timken Roller Bearing Company = -
ORIGIMAL CREEP AND RUPTURE DATA'
{RUPTURE TIME |HDICATED BY R IN TEST DURATION COLUMH)
M. HoURS, FOR TOTAL OR PLASTIC STRAM sssimion 1o THIRD st LT A -
ot o s e mars | ooy e aée? P~ rons e s e, sccr casroos.cle Seamless tubing, 2-1/8" 0.D. x 0. 375" wall
1% [ 05% 1.9% HDURS % £ HISTORT OF MATERIAL
1000 35.0 4 Pierced, hot rolled, cold drawn, annealed _iﬁ;m 1650 F
1000 25.0 88 59
1000 20.0 673 78 e reeuer |, Annealed from 1650 F |
1000 16.0 4,202 57
1000 16.0 3,150 50 GRAH SIZE
- wagoness .
1050 25.0 15 66-
1050 18.0 313 T2 T " CREEP AND RUPTURE STRENGTHS r
1050 15.5 706 47 ’ EeEEn, K31 FOR RUTEURE % TINES TROIGATED reEe R Fon DESIGNATED GRS RATE
1050 11.0 9,625 24 4 10 HRS. 100 HRS 1.000 HRS. 18000 HRS. fon0a s’ S0V %/HR 00001 K/HR Q0% HR acorg/um - )
| 2 (a) 1000 30,3 24
1100 20:0 } 20 61 1100 19.2 14.3
1100 16.0 138 64 (b} 1000 32.5 24,8
1100 12.5 | 642 35 )
1100 8.5 | 10,380 34 _ —
CREEP AND RUPTURE STRENGTHS -
T maTuAE STRESS. K51 7DR RUPTURE IN TIMES IHOICATES STRESS, Ks! FDR DESIGHATED CREER RATE
F 13 HRS 100 HRS. 1.000 HRS 10.000 HRS 10003 HRS 2.00001%/HR 660001 £/HR CLMB/HR .00 B/HR
1000 24.8 19 14,7
1050 20 15 10.9
1100 16.4 12 8.6
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Jsounce or pata Timken Roller Bearing Company

ORIGINAL CREEP AND RUPTURE OATA ORIGINAL CREEP ANO RUPTURE OATA
(RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN) (RUPTORE TIME INDICATED BY R IN TEST DURATION COLUKI) —.
TIME. HOURS. FOR YOTAL OR PLASTIC STRAIN TRAXSTTION TO THIRD L) ; FeaL
reureperne e " 1ot o8 ptasic Mg cneer e | wegcere P "3.'%"‘:';“' e o - e o, o st on e e oy e e | g fnsygme to T e ::,"g:’,':“
g 0% [ 1% Nours £ % E 3 3 3 wours 3 B %
(=) 1000 35 27 81 (21,1000 35 16 51
1000 28 191 | 85 | 1000 28 91 56|
1000 o4 1027 63 1000 24 375 59
1000 20 1183 74
1100, 20 78 64
1100 15 750 56 19 78 77
1100 13 1914 41 1100 16 306 79
1100 13 1846 44
{b) 1000 35 69 60
1000 28 268 50 (b) 1100 19 165 45
1000 24 N SORP PO R S 1404 28 ] 1100 16 621 44
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ] 1100 13 g 2835 41
wr v Alloy Steel DATA AND PUBLICATIONS PANEL OATA SHEET f 7-78 s
s vor 2-1/4Cr -1 Mo e o, FElectric Furnace e (c] 1100 19 193 54
frrooc:e Timken Roller Bearing G 1100 16 814 51 ]
(SPECIFICATIONS: CHEMICAL COMPOSITION, PER CENT 1100 13 5127 [T
< Ma [ s s c N <o Mo w c T o v 3 - CREEP ANO RUPTURE STRENGTHS - T T
(a) 0.10| 0. 31 |0.012|0.018{0,35|2.31 (0.17 0.98 STRESS. KS1 POR RUPTURE IN TIMES INDICATED i . 'STRESS. XS1 FOR DESIGHATED CREEP RATE
{(b){0.10}0.42:0.009:0.016]0.35[2.25 [0.13 0.98 i 16 MRS 100 MRS 1000 MRS 10,000 KRS 160000 HRS Q0001 E/HR 000 %/NR BANI/HR o00i%/HR
Lol {a) 1000 28 21 16%
(a)l 0.11 1100 18 13.8 10. 5%
(b} 0.13
Aluminum : (b) 1100 20 15 11%
IFDRIS 5 SIZE - BAR, SHEET. CASTINGS, ETC. Seamless tubing, 2.262" O.D, x 0. 590" wall K !
FRoevome oF RATEAL - e TS SSEEES )
{c) 1100 20 15.3 12%
Pierced,. bot rolled, cold drawn, annealed from 1650 F =
nerr reearuenr_Annealed from 1650 F | *Extrapolated. - L R N
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPENTIES OF METALS .
GRAN SiZE bsresn_Alloy Steel DATA AND PUBLICATIONS PANEL OATA SNEET 7-80
UASSNESS n - ssor 2-1/4Cr -1.0 Mo T - =G cial
sounceorowra  Timken Roller Bearing Company - . lreooycen_T1tusville Forge i
ORIGINAL CREEP ANO RUPTURE DATA [sPECIFicATIONS: CHEMICAL COMPOSITION, PER CENT
(RUPYURE TIME INDICATED BY R 4 TEST DURATION COLUMN) = ™ - > s [ o ™ & Y N o ~ v s
BN - A
g |\ e TR HOUTR Fon T on LOEE sTRAM wnangcazr e | wremcers R oo | 0.11 | 0.45 [0.005/0.007] 0. 28 [2. 48 0.91
01% K =3 1o% HOURS % % « o
{a) 1000 22.9 598 53
1000 19.0 . 1204 58
1100 13.5 350 79 iz o m Pipe, 10-1/2" 0‘. D. witb 1-3/4"
1100 13.3 - 245 50 ronu s size aan snier, castngs, erc pe. / witb 4" wall
(b} 1000 22 706 57
1000 19.5 1935 48 i mamer ___ Annealed per ASTM Spec. A-335.
1100 15 714 57 loram size
1100 12.5 - 2774 35 — :
CREEP ANO RUPTURE STRENGTHS lsounce o para Bab k & Wilcox —- —
'STRESS. K$1 FOR RUPTURE IN-TIMES INDICATED STRESS. KS| FOR DESIGNATEO CREEP RATE ~
4 10 KRS 140 HRS. 1000 HRS 10,00 HRS 100.000 NRS SU0LE/HR oNE/HR 000K /MR ‘a0t iR ORTGINAL CREEP ANO RUPTURE DATA
tmorTuns
(a) 1000 31.5 29.5 i smion 1o T Loy
1100 16.4 1.2 . stz T ey unag e wars | wrencore e e i | BT
(b) 1000 29 21 1% 2% [ 108 . HOURS % R %
1000 25 650 60.5
11_00 _ - 7719.3 14 — — ’—vIOOO 22.5 1175 53
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 3098 43.5
v Alloy Steel . DATA AND PUBLICATIONS PANEL DATA SHEET 7-79 1000 17.5 - 9721 31
uuror 2-1/4 Cr -1 Mo iiswe Electric Furnace el
rrosuce_Timken Roller Bearing Company 1100 15 544 37.5
[FFeB Ao  CHEMICAL COMPOSITION. PER CENT 1100 13.5 3385 22.5
R ¢ My 3 s s | o N <o Mo w cr n a v ] 1100 12 54 43
af 0.10 {0.41°[0.011[0.020[0.26[2.18 0.12 0.97
01089 19- 41 19-00810-01719.34 (228 19- 18 - 38 1200 ) 1270 | 11,5
a | v . 1200 7 3126 | 43
fe}8:1 1200 5.5 — - 4889 | 305
c3l0.12
Al - CREEP ANO RUPTURE STRENGTHS
IFORM & SIZE - BAR. SHEET. CASTINGS. ETC. Seamless tubing: {(a 120 D " =, ! STRESS. XS FOR RUPTURE 1N TIMES INDICATED B STRESS, K81 FOR DFSIGNATED CREEP RATE
jrisTo! WATERLAL F 10 KRS 100 KRS 1.500 HRS 10.000 HRS. 150,000 KRS, NS /HR ROKIIR/HR COI/HR SoK/HR
Pierced, bot rolled, annealed from 1650 F 1000 23 1 17.5 13%
- - — 1100 17 11
uear TReaTMENT Annealed from 1650 F. i 1200 9.5 5.3
lomam size
lnaroness

¥S
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ORIGINAL CREEP AND RUFTURE OATA

ASTMASME JOINT SOV ViTTEE O SFTEST OF TIVEIRATURE ON PROPERTIES OF METALS, ! (RUPTURE TIME IRDICATED BY R IN TEST DURATION COCUMN)
Alloy Steel 7-81
PR Y IR I - e e onorsonsaene o S - hangmon Yoy | ot
: . ooms ronGhrion
L I‘m_Tltusvﬂle Forge 1% [ 05% Lo% HOURS % %
B _ 1000 25 80 | 60.5
S ; e 1000 . 20 584 | 79.5
0.09 0.38 0.005 0.005 0.38 2,25 . ' 1000 |, 16.5 2,437 | 57.5
i — . o - SR R — 1000 14 22,242 29.5
' 1050 21 330 | .79.5
1050 16 1,529 39.8
ORM 8 ST bAR. SHECT. casinGs, Erc Pipe, 10-1/2" O.D. with1-3/4" wall ; 1100 15 N 152 76
i 1100 12 924 | 41.5
1100 : 9 7,086 35.5
L R L s R )
pearnearmnr _Annealed per ASTM Spec. A-335 i 1150 12 | 399 67.5
: 1150 10 I 1,181 43
: |
i 1200 10 ! 116 | 59
. .accoroas  Babcock & Wilcox » 1200 7.5 ; 891 38
ORIGINAL EFEE? AND RUPTURE DATA 1200, 5 H 5,766 17.5
( (RuPTURE TIMC In. = TesT buRKrIon CoLuMN)
r ; ) - ; f
| e | i Mg R ATE - wregcest e ::ﬁf;
i | § 0% 2% 158 [ woLas R ! k] l
* ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
}ggg ;g 132; ig. g — Alloy Sheet - o OATA D PSLIEATIONS eANEL AT EET o _ 7-83
1000 18 = lawor _ 2-1/4 Cr - 1.0 Mo ‘MELTING hear. Commercial
3201 41.5 PrODUCER Titusville Forge . .
1000 16 7597 43 FSPECIFICATIGNS? CHEMICAL COMPOSITION, PER CENT
e L e T Ty s s o T w [ w | o [ 7 = [~ 0
i 343 4.5 T - =
1100 12 1 1987 50,5 0.14:0. 3610.005/0.005! 0.15(2.07 0.94
: H | Fe
1200 . 10 464 35.5 T ;
1200 P 1.5 1846 34 !
1200 . 6.5 2,783 34 T
- _ T —— Pipe, 10-1/2" O.D. with 1-3/4" wall
[ STATSS. 9| COR REPTURE 1% T /5 TRy G WATERAL
4 i 16 KRS 16 HRS 1.6 HRS : SO0 F/HR
1000 20,5 15 12%
};gg_ 1; 5 Z~: : : vt o Annealed per ASTM Spec. A-335
onat s
vemomess
;iovetoraa Balh k & Wilcox
*Extrapolated. |
. ASTM-ASME JOINT COMM™ T OF TEMPERATURE ON PROPERTIES OF METALS I ORIGINAL CREEP ANO RUPTURE OATA
weer o Alloy Steel DF TIONS PANEL DeTh SHEET 7-82 (RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)
huor __2-1/4Cr - 1.0 Mo T o ] smazss i T e Bl W ... e | S
| ? Yo conganon
it tusville Fozge, ! TS S S T T ?
T s T T v w w W e v w v T e 1000 25 i 811 [ 545 |
; } :
{0.09 10.54 0.005 0.008 0.46 2.40 0.90 [ ST 2.5 ! T
U oo W H 1000 19 L 3,007 31.5
T d 1000 17 i 19,153 31.5
i
i 1100 15 617 | 61.5
con o sit . oam, SuEET. casviGs, crc Pipe, 10-1/2" O.D. with 1-3/4" wall 1100 12 5,014 | 27
[HISTGRT GC MATERIAL.
1200 10
i 1200 ; 1.5 1,708 27.5
ot sreamenr_Annealed per ASTM Spec. A-335 {1200 6 i 3,203 | 27
i |
o s ; : ;
. N : - IL i
N waa__Babcock & Wilcox 1 | i
. RUPTURE STRENGTAS
P STRLRS. K31 FOR RUPTURE It 1055 - TON STSIGRATES CRLES RATC L !
H 4 | 1o ks , 16 RS 160 HRS WOOHRS i IGOIWRS  LUBAG/NR e coug/mR [ /MR I .
1000 19 15 12% : -
1050 27 16.5 9.8 . : - +
1100 1.5 8.6 6.3% ; . L -
1150 15 10. 4 7.2 = CREEP AND RUPFTURE STRENGTHS
1200 5 9 46 3 15+ T STaCES. 31 FoR RUPTURE I TIMES WOICATED STRESS, X5 FOR DESIARTED CREEF RATE -
M 19 HRS 100 HRS 1000 HRS 18,000 HRS. 160,000 HRS. 0000R0IE/HR 00001 K/HR B0001%/HR D001 %/HR
| 25 18 5 13, 5%
*Extrapolafed 1100 14.5 11.5 8, 8%
1200 8.4 5.4
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'ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ORIGINAL CREEP AND RUPTURE DATA
R Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-84 {RUFTURE TIME INDICATED BY R IN TEST DURATION COLUMI)
Lioy — ;;L £4° g!l‘&- ;I.i;’c‘l)dxo Mt Electric Furnace F&" Commercial TewpegaTuR stages TIME HouRs. '"%:E—'%‘“—gﬁ"”'" g nare | wroscars TRASTION 1o IR0 n‘:‘?ﬂ: u%‘i:
TS CHEMICAL COMPOSITION. PER CENT il om [ s il il d R ]
I I I I N I T N N I I S B (a) 1100 17.5 [ 299 | 40
(a1 o 19]0- 46 o-015 0.020 0. 40 12.25 o. To 1.02 1100 L5 . 715 | 33
(nominal) (b} 9,15]0.45 0.50 [2. 25 1.0 1100 12 5,935 | 30,5
Laser— 1100 10.5 10,910 | 20.5
(a) 0. 05 (b) 1100 17.5 1,353 2.5
- 1100 15 2,738 3
lForm  size - am, sweer. eastmas, ere. (@) Tubing, 4-1/2" O.D. x 1/2" wall; (b) Wrought pipe, 6" O.D, x 1/2" wall 1100 12 5,449 10
[FISTORT OF MATERIAL 1100 10 9,132 12.3
CREEP AND RUPTURE STRENGTHS ,
STRESS. K51 FOR RUPTURE IN YIMES INDICATED STRESS, KSI FOR DESIGAATED CREEP RATE
T ealed + ASTM Spec., A-213 (a) = 1D HRS 100 MRS ;:‘IH: II;W;RS ID:HRS 000001 /HR D.0000 % /HR L0001 /HR DWIE/HR
— {b) 1100 18.5 9.8
sounceoroars  Babcock & Wilcox
ORIGINAL CREEP AND RUPTURE DATA
{RUMTURE YIME INDICATED % R 1N TEST DURATION COLUMN) *Extr: atled
[ 'YIME, HOURS, FOR TOTAL OR PLASYIC STRAIN M CREEP vklzw::g:mn TEST :x;gt‘s’?ou . ASTM-ASME JOINT COMMITTEE ON EFFECT OF TENPERATURE ON PROPERTIES OF METALS
® T (DELETE one) MINMUI IR RATE - INTERCEPT ouRATION o rion harese__Alloy Steel OATA AND PUBLICATIONS PANEL DATA SHEET N 7-86
L sl il et il hd L1 wor  2-1/4Cr - 1.0 Mo fEtee  Electric F "G ial
(a) 1000 20 BI3R| 65.5- heoosen _Babeock & Wile. -
1000 17 0. 0045 2,626 [reciicaTioR CHEMICAL COMPOSITION. PER CENT
1000 16.5 3,302 R| 43 c N 3 s s cr [ co Mo W L Cx T M v . B
1000 14.5 0.0017 8,322 R| 54 . Eai 0.12 [0.46 10.0080.013{0.37 [2.36 0.99
1000 10 0. 000062 5 040 Nominal (b), (c), {a}{0;15 |0.45 050 2025 10
1000 1.5 0.000018 14,677 Cu Fe )
1100 15 0.114 232 R| 62 (a)[0.10
1100 12 0. 011 1,209 R|_48 e
1100 10 0.0013 5,628
1100 .9.5 0.0013 6,31TR| 40 00N B SIZE - BAR, SHEET. CASYINGS. ETC.
1100 | 7 0.00017 11,753 [ISTORY OF NATERIAL
1100 5 0. 00006 4,688
1200 8 58§ R| 46 X
1.5 0,0082 940 R| 57 wear reearwene (), (b) Annealed per ASTM Spec. A-213; (cl, {d) Norm. and temp. per ASTM Spec. A-213 .
1200 6.2 0.0028 2,628 R} 27.5 .
1200 5 0. 00092 6,116 R| 29 lomam size
1200 4.2 0. 00062 9,946 R| 26 —
. . . lsourceoroars _Babcock & Wilcox
(b). 1100 15 813 R| 49
oo |1z £120 [ 45 T ST
1100 10 6,900 R 3
I l e TIME HOBRS. FOR TOTAL 0% PLASTI STRAI TN To e o ol
CREEP ANO RUPTURE STRENGTHS ¥ St = (OELETE ONEY MINIMU CREEP RATE - STAGE CREEP oumATion nron
STRESS. K$I FOR RUPTURE IN YIMES INDICATED 'STRESS, S| FOR DESIGNATED CREEP RATE kil % il - HOURS x R Ed
’ Tonns T rs o oo s oot ks o /R Swou /e oo/ /R {a).1100 13 0.038 479 99. 5
1100 9.8 . R 0. 0046 2,589 58
0 19.5 14 10, 5% 7. 4% 10 14 t 2
100 12 3 6 o F 3 2 1100 3.8 ! 0.0022 |- 4 45.5
1200 1.4 4.4 2. 6% 2% 5.2 - -
{b) 1100 15 1,500 32.5
[ b) 1100 13.5 9.5% ;:gg :g F = .84 20.5
 Extravolafed (e) 1100 17 0. 0031 1,126° | 19.86
1100 15 0. 0014 2,547 21.5
ASTM-ASME JOINT COMNITTEE ON EFFECT OF TEMPERATURE ON-PROPERTIES OF METALS i igg 11: 5 0. 00044 - 1?) 327 i;. 5
sresn _ Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-85 . t229
sov 2-1/4Cr - 1.0 Mo et T Electric Furnace [t 1 (4 1100 - 15 = 399 28.5
Babcock & Wilcox -
S S comeon lioe |1z 5.5 | 313
c Tw I r T s[5 [ow e ™ v [olv [~ v]s 10.5 9.281 | 24.5
0.12]0.470.016{0.018{ 0.35|2.20 [0.15 0.98 — . —
) Fe
0.12
_ CREEP AND RUPTURE STRENGTHS -
fromw s sze-oum stuer csrmgs. o Wrought bar, 3/4" diam. STRESs. k5 7O RUPTHRE M TIHES WDICATED - STNESS. Kot FOR DESIGNATED CRERR BATE. ..«
M 10 KRS 100 HRS. 1.000 HRS. 10.000 HRS 100,000 KRS 00N /HR COBHE/HR 0.0001%/HR LKHR
. t{a) 1100 16.5 11.5 7.9 :
- i i b) 1100 16 11.2 7.1%
wear Teesvuenr (8) Annealed; (b) Noxrmalized and tempered per ASTM Spec. A-213 (o) 1100 17.5 10.5 5. 8% = 10.5 145
{d) 1100 14.5 10.3
. - '
souceorours  Babcock & Wilcox B ) ?
!

9¢
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B N ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ORIGINAL CREEF AND RUPTURE DATA
mrema__ Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-87 (RUPYURE TIME INDICATED BY R I TEST OURATION COLUMN)
Dy 2-1/4Cr - 1,0 Mo Meree _ Electric Furnace fiir__Commercial TIME. HOURS. FOR TOTAL OR PLASTIC STRAIN TRARSITION TO THiRO TEST extigion
o ooucen Babcock & Wilcox ~ staess onLETE ove M coe wATE srreprers STAGE CREEF ogRion it el
!brm“"s CHEMICAL COMPOSITION, PER CENT ] 8% 2 el Ll * R *
c e r s s [ e 0 < Mo « [ i " v 6 1000 28 0, 0031 791 26
1000 23 0.0012 1 28
0.11|0.51(0.010/0.015| 0. . . . 0005 [
0.36(2.16 (0. 11 0.95 1000 20 o 2 431
v [ 1000 18 0. 00034 4,127 33
1000 16 31.5
1100 15 70.034 498 | 38 5
Wrougbt tube 1100 12 0. 0028 3,164 | 40
10.5 0,0012 3,970 53,65
1100 9.2 0.00063 8,229 24
et Trearursr __Suberitical anneal b) 1000 25 0.040_ . 687 | 57
1000 20 9. 0095 1,798 | 63.5
(cmam size —1000 18 0. 00 3,680 | 47.5
puamoness BHN 146 1000 16 0. 00055 854 | 34
sousceoroaa __Babcock & Wilcox
- 1100 15 0. 040 3n 52
ORIGINAL CREEP ANO RUPTURE DATA 1100 12 0. 00095 2 574 43 5
{RUPTURS TIME INDICATED BY R IN TEST DURATION COLUMN) _ 1100 10 0. 00023 3 132 42 &
SRS P T . o T or T s U R— R 4 T
B/HR % Holirs FLoHGATION .
0% [ 3% 1o% _ HOURS E] % 1
1000 22.5 . 420 53.5 CREEP AND RUPTURE STRENGTHS
1000 20 1,045 54 YEMPERATURE ‘SYRESS. K$| FOR RUPTURE IN TIMES INOICATED STRESS, K5I FOR DESIGNATED CREEP RATE
1000 16.5 4. 013 54 5 i 10 ks 100 RS 1200 WRS 100 RS 10000 W wmotR/HR | bowmim/ne oo /R oS/
1000 15 6,847 37.5 0 26 15.5 10% ] 14.5 22.5
1100 13,5 8.7 i 5.6% j 8 10.2
1100 15 183 39.8 - _
1100 12 959 42 (b) 1000 22.5 16 ° 12% 14 16.5
1100 9 4,477 34 1100 13.5 9.8 | 1.3% = 9.7 11.5
1100 7.8 13,703 22.5
200 10 161 42.5
{1200 9 270 | 43,5 * Ex lated
|—._1200 7.5 814 41
}§°8 5 3,418 | 25
0 3.7 i 9.913 | 16
CREEP AND RUPTURE STRENGTHS
'STRESS. K$1 FOR RUPTURE IH TIMES INDICATEO STRESS, <5 FDR DESIGNATED CREEP RATE ASTH-ASME JOINT COMMITYEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
F Tons. 100 HAS 1100 HRS Tagen es 100000 HRS oot/ ot /MR o ong/HR Son/HR marema.  Alloy Steel OATA AND PUBLICATIONS PANEL DATA SHEET 7-89
1000 23 12.5 hsor__3Cr-1/2Mo-1-1/481 | FElectric F BT
11 8 '—\l._ﬁ._SSQI
1200 7 f 3 :';I 5.8% frecrerons CHEMICAL COMPOSITION, PER CENT
- Mu P S S cr L3 Co L w Cr T A v B
0.11] 0.41|0.022 0.012 1.06|2.810.25 0.52 0.020]
fExtrapolated c Fe N
0.12 0.014
Silicon plus 1 pound of a per ton
ASTMASWIE JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON FROPERTIES OF METALS I e S DA SHEET. CASTINGS, ETC. 1-in. -square bars
e Alloy Steel - DATA AND PUBLICATIONS PANEL DATA SHEET 7-88 !
wor 2-1/4Cr - 1.0 Mo htiiwe__Electric Furpace it _Gommercial
Babcock & Wild
s Hes host scsuee;_ Annealed at 1550 F
c- wo | s s | a Iw <o Mo W <r B A v 5
(a)} 0.09(0.42 (0.012}0.015]0. 32 |2, 03 |0, 21 0.97 joRA: SIZE
1110, . 017, 0. 35 |2, 20 1.02 puasoness |
(b) oc,, :6 0.012,0.017 0.13 sourceoroars U, S. Steel Applied Research Laboratory .
(a) 0.11 . SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA.
- YIELD STRENGTH. KsI
(b1L0.08 : - e | Sl | R e T e | e | ol
:;7;7: Ase oan sHET CAsTGS, EXC, Wrought tube :g } :I,: Z 23 ;Z
N " CREEP AND RUPTURE STRENGTHS ~ ~ — A
STRESS. KSLFOR RUPTURE (N TIMES INOICATEO ‘STRESS. K5I FOR DESIGNATED CREEP RATE
HEAT TREATSMENY Annealed per ASTM Spec. A-213 i . w0 es 1o HRs 1000 HRS 003 RS 100000 HR'S wonmnor /MR o001 /HR somig/HR nontK/HR
900 3.5 26.1%
losam size 0 12,9 9, 0% -
luagoness (a), (b) Ry, 77 1200 - 5.6 3.7%
lsouRce oF paTA Babcock & Wilcox —
SHORT TIME TENSILE PROPERTIES MISCELLANEQUS DATA
rewreRaTuRE | EWASTIC TensiE VIELD STRENGTN, KSI eoncamion |  mepuction
' | Yikes ™ o02% X 025 PR CENT Pk CEAT *Extrapolated data. -
b)Room 64.7 37.6 43 }
| 1
| 1
I
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i ORIGINAL CREEP AND RUPTURE DATA '

(RUPTURE TIME INDICATFO BY R 1N TEST DURATION COLUMN)
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 7-13
TIMmI Al FAIN L
roreraTune stagss & Hoves. m%l::;‘—":nu:c e g cager mare wrescees -t i oS ixig";:slm« [vemn. Alloy Steel _DATA AND PUBLICATIONS PANEL DATA SHEET o
s ks 23 WouRs 3 R haa-e 5%Cr-1/2%Mo G i jeear
50 I 0.6 44 s CHEMICAL COMPOSITION, PER CENT
Zg;' ig + 6 4 31 < Mx P S B Cr N Co Mo w =3 L A v L]
37 : ‘ 1:‘1) Z 2: Base Plate: SP5W 0.10| 0. 68 0. 48 E‘; (2)0 5 8 gg
i : . 0,75/0.0370.03 |0. 4 .00/0.50 .
_9_? l/'33 : 571.9 62 Weld Rod: SW151 06"12 ]
——200 - 31.5 999.3 | 43 .
Carbon in castings |
{1050 30 24 61 0.10 max for weldability
1050 25 : . . ]
| 1050 20 ; ) ;; i ;; Fonu sz sas, surer, castncs, erc Castings, 6" x 7' x 1-1/4'; V-groove weld 22
—lese 16,5 4.1 86 Base Plates: 1750 F, 2 hr, air quenched; drawn at 1280 F, 8 hr
1050 14 : 532.3 89 After Welding: Stress relieved at 1280 Fﬁ 4 hr .
Q 13.5 ' i 847 4 88 Specimen blanks were aged ta 10,000 hr 1 rior
; r— ]
1 18 | 0.8 89
1200 15 ! e 3 | o5 ——_— :
1200 uARowss
[ 1200 1t , ; ! 15.6 | 16 o A O Smith Corporation
1200 ; H * 50.4 1 101 foint welded 0.505'" dia, SHORT TIME TENSILE PROPERTIES Stress relieved MISCELLANEDUS DATA
o & L 1 54 1 Js—_ — ELASTIC TENSILE YIELD STRENGTH. NS$I ELONGATION REDUCTON .
- ASTM-ASME JOINT COMMITTEE ON EFFiCT OF YEMPERATURE ON PROPERTIES OF METALS - TeurepAvune uopuLUs ST 02K o1 0z% reR Gont rihcor
s Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET g 7-90 : B
i or : 5 30. 67.8 19.0 57.3 Stock failurée
ior 3Cr-1Mo Wit Electric Furnace . e Rlc:)c:)rg 15 %? 2 17.0 68. 9 Stock failure
sopucsnBabcock & Wilcox T L l ] | _ _ -
e COUIOTIon TER CEY Toint welded 0. 505" -dia. specimens Chesr aND RUPTURE STaEnoTis_Stress relieved and aged at 1000 F for 10,660hy
e w [ v T v e e w e [w | wia "=l ]os e I e
0.11 (0.44[0.024{0.017/0.29 | 2,93 |0.33: 0.89 F 10 HRS T 1.000 HRS 10,000 HRS 100.000 HRS .000001%/HR Q00001 %/HR. ou/HR /MR
. B e - - 1000 31.0 250 180 13.0 9. 5
0.16 ! ‘ 11 specimens failed inthe stock I
lForm & size - bR SHEET. cAsTINGS, ETC. Wrought bar, 3/4" diam.
[Frevomror Tt
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS'
warems,__Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-91
ueat rnesuenr_Annealed per ASTM Spec. A-213 Loy 5 Gr - 1/2 Mo [iiee ___ Flectric Furnace o Commercial
Babcock & Wilcox -
(e size [EFearaRTions CHEMICAL COMPOSITION, PER CENT
INARDMESS < M P s Sy Cr N Co Mo w Cr L A ¥ L]
ko Baboock & Wiloox . 0.11 0.48{0.0170.013 0,40 |4.88.[0.15 0,55
ORIGINAL CREEP AND RUPTURE DATA I v Fe
(RUPTURE &Y R TesT I
TN, NOURS, FOR_TOTAL oF PLASTIE STRAIG i N 10 D v 0.05
TeMPERATURE sTazss " oarreows MINIMUM CRETP RATE wTEReEPT STAGE CREEP D'»'(EEE?" ;::ﬂ:«
o% % (339 1.0% HOURS % % 3 1 "
1000 25 i + 133 o Irom  sizr. sas. seer, chsings, erc. Wrought tubing, 4" O.D. x 1/2" wall
1000 19.8 0. 0057 H 2,565 61
1000 17.5 : ; 3,314 | 58
1000 15.5 i i [ 4,842 | 38.5 — ASTM S A-213
1000 12,5 " 15.825 505 wear rearen__Annealed per ASTM Spec.
1100 17.9 o 35 81 G Size
1100 15 | ] 68 16 ARDESS
e prosara__ Babeock
1100 10 0. 024 : T 1.001 {102.5 . URCE DF DATA cock & Wilcox — — _»B : S M— _
1100 8 0. 0029 : ;' 5. 259 ' 65,5 ORIGINAL CREEP AND RUPTURE DATA
1100 8 0. 0059 _ i | 4,081 37.5 (RUPTURE TIME INDICATED BY R W TEST DURATION COLUMK) : —
1100 7 0. 00062 ; : . 16,853 43. 5 , opss n.uw.smm:;::!:::m.. R x RSN TO TR "..::"u’i“ m?:m
1200 10 : . 107 56.5 1% o2 [ 108 . MOURS. [ R ——
1200 7.5 ] ) 473 | 88 1000 20 0.10 . e |5l
1200 6 ; | 1,694 | 53 l1000 18 : -
L1200 5 : . 3.602 ] 55.5 1000 15 [ 0. 011 - T 2,224 | 751
1200 4.4 i ! : ; ] o 5aa | 39 1000 14 0.0066 3,786 | 77,5
: ! ! ; : I 1000 13 0.0052 4018 7
CREEP AND RUPTURE STRENGTHS 71000 11 0.0014 - 13,805 | 70
YEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATEO STRESS, KS| FOR DESIGNATFO CRECP RATE K '
' s 0 wns Lo 1aow e v wRS woomi /AR cooi/un coig/in | s/ 1100 12 T ?s-gg__lﬂ-j—“
1000 22.5 13.5 9_6% ; 1100 .9 - 1 R
11060 10,1 1.5 5,5% 5.7 7.3 1100 7.5 0. 0017 . 5,451 :2
1200 6.5 4.0 2, 4% 1100 6.7 0. 0009 J_11,555 3
— ~ -
1200 7.0 [ 0,046 : _315 [ s45
1200 6.5 0.615 g:: 39.%
*Extrapolated 1200 5.5 0,007 2 40
. 1200 5.0 0,005 3,200 43
1200 4.6 _9.003 5,598 45
1200 4.2 0.0012 9,920 43,5
|
!
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CREEP ANO RUPTURE STRENGTHS

veurzpaTone T Rese, <51 7on RUPTURE I TMES INOTEATED Twta%, K51 7OR OESIGNATED CREEY RATE I ASTH-ASME JOTNT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
T 10HRS 16 RAS 1.083 HRS 18,000 HRS. 100.008 HRS. 10000001 §/HR 000001 X/HR 2.000 B/HR 0.001 /HR lmaTERIAL Alloy S_teel OATA ANO PUBLICATIONS PANEL OATA SNEET 7-93
1000 16 11.5 8. 0% 7.4 10.3 assor 5Cr - 1/2 Mo [  Induction i
1100 9.9 6.8 4, 8% 4.4 6.8 bsgouces __Electric Steel Foundry C B
1200 6.1 4.2 2.6% 2.9 4,0 [SPECTFICATIONS: CNEMICAL COMPOSITION. PER CENT
C- My P s s Cr N <o Mo w Cr T AL v B
0.10/0.68| -- | -- (0.40|5.20 | --_ | -~ 0. 62
*Extragolaied. cu Fe
. ! Bal.
lFonM & $12F - BAR, SKEET, CASTINGS. ETC.
HISTORT OF WATERIAL
ASTH-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS Welded with B.A. C. 5932 electrode
s Alloy Steel OATA ANO PUBLICATIONS PANEL OATA SHEET 7-92 i
cor 5 Cr - 1/2 Mo [P Flectric Furnace e wexr eearury_ Stock: 1750 F, 2 hr, A.Q. - 1280 F, 8 hr;lweld also SR 4 hr at 1280 F
Babcock & Wilco
Srec TS CHEMICAL COMPQSITION, PER CENT [cRAIN SiZE
c- My 3 s B o e < Mo w | o Im A [ ] waroness See below,
[ I source or oara A, ©O. Smith, Metallurgical Research Laboratory !
0.110.47|0.015/0.015| 0.37 4. 85 0. 22 0.53 'SNORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA
I Fe ) ! ST TENSILE TIELD STRENGYH. KSI ELonGATION | REDUCTION
7 T 4 CE M ooax 1% 0% PER CEnT PFR CEnt
0.12 | : Room 88.5 73.0 | 21.5- 63.0 Stock only
Room | ‘30.15| 88.8 67.8 [ 19.0 57.3 Stock plus wel
FoRu & size - BB, SHEET, cAsTINGS, ETC. Wrought 3/4-in. ~-diam. bar . 1000 51.4 17.0 68.9 Stock plus weild
FrSoRy o WATERIL
. Vickers Hardness (10 kg)
meat teearueny_Annealed per ASTM Spec. A-213 Max Min Aver.
SR | Stock 197 182 188
e s SR | HAZ 254 169 [ 210
— SR__| Weld 254 140 | 254
sounce o oara___Babcock & Wilcox SR +110,000)|(stack 219 182 199
hourk at [KHAZ 222 188 205
. 1000{F | [[weld 236 227 232
- - ORIGINAL CREEP ANO RUPTURE OATA
ORIGINAL CREEP ANO RUPTURE OATA (RUPTURE TIME INOICATED BY R IN YEST DURATION COLUNK)
(RUPTURE TIME INDICATEO BY R IRt TEST GURATION COLUMNY - -
N TIME, HOUR! R - FINAL
R — o - o o | smess T onann L I oo, | TR
TEMPERATURE T oneonn MINIMUM CREEP RATE IKTERCEPT STAGE CREEP ounion XYENSION 4 kst /R % Houms ELONGATION
3 o _ i 5 sk uRATio cconmon 2% s 5% o ours % |.0%
s 0% us% [ Hours % ) 1060 19.001)] (not agdd] 480.4
1000 25 18 | 54 1000 25.02)] (not agda) 110.7 [ 23.0
1000 20 | 43 ' 59 1000 17.057] (1000 hE at 1000[F) 1903.8 | 25.0
1000 18 289 | 78.5 1000 17. 5] (5000 hf at 1000[F) 1606.3 | 18.0
1000 12 4,263 | 70.5 T 1000 15.0'>J] (5000 hk at 1000[F) 3816.7 | 9.5
1000 10,5 9,120 | 69.5 1000 14, 0(0)] (10,000 hr at 1000 F) 5097.2 | 12.0
I 1000 30. 017 (10,000 hr at 10h0 F) 16.6 | 24.0
1100 12 | 153 ; 64 gt i
1100 8 1,547 76.5
1100 7 4,026 99.5
1100 6 9,471 61.5 T ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
maresn___Alloy Steel OATA ANO PUBLICATIONS PANEL OATA SHEET 7-95
e s : 14z 12.5 auor 5Cr - 1/2 Mo M i Electric Furnace i
1200 6.5 . 305 {79 peomce U, S, Steel .
1200 4.6 | i 2,173] 58 | [SPECIFICATIONS: CNEMICAL COMPOSITION. PER CENT
1200 3.8 | 5,234 56 T ’ s i s cx M o Mo W « | T A v B
1200 3 | 17,816 ; 40.5 (a) 0.0970.54(0.0270.018/0. 41 |5.05 0. 53 0. 89 0.065
" (b)] 0.13 0.42:0.03 |0.017|0.22 |4.69 0. 47 0.004
| | I N
‘_ K () ! 0.012 !
i ; i (b): 0.021 i
: } loroxioanion__(2) Si plus 2 1b Al/ton; (b) Si, plus 3 1b Aljton
L - L = IFORM & SIZE - BAR. SHEET. CASTINGS. ETC. 1-in, -square bars
CREEP ANO RUPTURE STRENGTHS RISTORY OF WMATERIAL
STRESS. K51 FOR RUPTURE IN TIMES INOICATED. STRESS. KS1 FOR OFSIGRATFD CREEP RATE -
F 1o RS, 100 HRS 1.000 HES. 10000 MRS 100,000 KRS .000001 §/HR o.cong/HR 0001 %/HR Qo0 K/HR
1000 15 10.5 7. 4% wear rrearwenr_ (@) Annealedat 1375 F; (b) Annealed at 1550 F
1100 8.7 6.0 - 4.1% microstrucrore (@) Ferrite and carbides; (b) Pearlite and spheroidized carbides
1200 5.3 3.4 2. 2% (a) ASTM 8; (b) ASTM 6-8
MaRONesS (2) DPH 170; (b) DPH 124
sourceoroata _ U. S. Steel Applied Research Laborator ublished ASTM Proceedings, 53, 1953, pp 627-658)
SHORT TIME TENSILE PROPERTIES MISCELLANEOUS OATA
*Extrapolated [T g o starwGTH. K1 IV p—
‘ i T [ x| ozx PeR con Pew CoNT
(a) 80 . 83.1 61.6 29 75
80. 82.8 61.5 29 76
(b) 80 70.2 24.5 37 73
80 | 70.2 24.7 37 3
T T
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[uEAT TREATMENT 1850 F, 1 hr, air cool; 1035 F for 2 + 2 hr

Tempered martensite

lamam size

InaRoNEss Rockwell ""C" 54

lsauRce OF 0ATA ~_Crucible Steel Company of America . _

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS SHORT TIME TENSILE PROPERTIES ¥ MISCELLANEQUS OATA
e Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-94 TenpeRaTuRe | SASTG ST YIELD STRENCTH. KS1 ELONGATION | REDUCTION Charpy ¥|-Notch Impagct Data
o 5Cr -1/2Mo -1-1/25 _ |wtws  Electric Furnace Fa™ Commercial i i ous i il RN | reReon Temp, pact Value
rovucss Babcock & Wilcox _ L35 | - 276 e == 230 14 | 47 £ (ft-1b)
[FrEereATIon L CHEMICAL COMPOSITION, PER CENT 75 -- 274 -- == 228 13 42} 300 | 17,20
< [ m v s = & N | owe [ ow = ™ w | v 0 800 == 230 -- -- 181 14 55 212 18,20
800 232 -- -- 183 14 54 180 18,19
0.11] 0.51/0.013/0.013( 1.46|4.840.26 [ 0.51 ’ 900 216 == == 172 16 56 140 14,15, 1
| o e 1 900 213 -- == 162 16 55 73 1314
0.11 | 1000 | -- | 198 | -- == 147 14 55 0 10 10
. ‘ 1000 202 - == 15] 16 5 =50 9,9
1100 - 151 -- -- 111 16 56 =100 8,8
roms o suze- san sweer easnings, e Wrought tube 1100 o= 152 -- -- 112 14 50 -150 _5,6
(s TaRY OF HATERAL
T 1200 == 74 == _ 51 40 86
1200 =] w3 -- -- 51 32 84
hear ramuenr _Annealed per ASTM Spec. A-213 *0. 252-inch-diameter, 1-inch-gage-length specimens
IGRAIN 5IZE ORIGINAL CREEP ANO RUPTURE DATA
luaRoNESS Ry, 85 (RUPTURE TIME INDICATED BY R IN TEST DURATION COLUMN)
soumcioroata_Babcock & Wilcox i
O e - TIME. HOURS. POR TOTAL OR PLASTIC STRAIN v | wreacor TRARSITION TO THIRO est ocTBizion
ORIGINAL CREEP AND RUPTURE DATA F ol (DELETE OKE) e £ ouRe” ELongaTion
(RUPTURE TIME INDICATED ¥ R o TEST DURATION COLUMN) 3 ok os% [ wours ] %
TIME. HOURS, FOR YOTAL O PLASTIC STRAIN FinAL Hot HardnesgData
TeureTuRe sazss ~ onrreow ) Mo cree e | Tty R "‘,’.:,‘,I’.‘,s',‘,,“ exvmsion o Handuess Hot o rlaran
7] ] [ 1% Hours % R FLoNgATIoN P at RT (R) | Hardness® hfter test (Rg]
1000 18 1 o.035 5 4.5 800 54 |R_47 54
—1000 15 0. 0099 zoo13 | -- 900 54 [R-4 54
1 12 0.0016 - 10,806 88 1000 54 R_43 S4
1100 54 Rg 35 46
1100 10 0.018 573 | 67.5 1200 5¢. (R, 5 42
I-1100 8 0. 0058 2,72 5]
1100 6.6 0. 00092 10,499 | 42 *Specimens held at|temperature for
1/2 hy hefore
1200 iy 4 0.11 112 86.5
1200 5€ 0,025 " o 800 55. 5
: 4 0.0046 2,785 44.5
1200 4 0. 0025 5,7 46
1200 3 {1 o.0010 9,674 | 33.5
) "ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERAT URE ON PROPERTIES OF METALS 25,
:;Og 3.5 0.073 349 79 nzemaeAlloy Steel OATA AND PUBLICATIONS PANEL OATA SHEET
1300 3 o 196 | 443 wor _Grucible 218 (X% Electric Furnace ™ 15-1/2 tons
b . 2,6 84
1300 1,65 0, 0064 7,491 l123.5 i CHEMICAL COMPOSITION, PER CENT
T c- ™ I3 5. 5 cr N <o Mo [ cr R a~ v B
! 0.37(0.39(0.017{0.019(1.02 [5.02 {0.18 1.35 0.35
I | o [ ®
CREEP ANO RUPTURE STRENGTHS .
: T Ll
s 10 HRS 100 HRS. 1.000 HRS 10,000 HRS 160,000 KRS © 0000001 /HR 0.00001%/NR ©.0001F/HR .001 /KR Aluminum and cal cium-silicon
16.5 12,1 8. 9% 8.3 11.2 ORM 8 SIZE - BAR SWEET, CASTINGS, €TC. 0.155-inch-thick sheet
1100 9.3 8.6 4. 7% 4.8 67 RISTORY OF WATERIAL
1200 5.2 3.5 2. 0% 2 4 3 '5 Teemed into 9-inch by 15-inch ingots; forged to 4-inch by 13-inch slabs and given subc ritical anneal; rolled
1300 2.8 1.6 0. 85% to sheet bar and then sheet.
[ lueattnearuenr 1850 F, 1/2 hr, air cool; 1035 F for 2+ 2 hr
Termnpered martensite
7 G size
— PEx ated. - — Rogkwell "C" 54
lsouRCE OF DATA Crucible Steel Company of America .
T " SHORT TIME TENSILE PROPERTIES  MISCELLANEQUS OATA
TENSILE YIE.0 STRENGTH, XSI " eLoncation REDUCTION
"ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS . 7-4 ¥ MaguLLs STRENGTH vex | 0% 02% i et
ATER Allo teel OATA ANO PUBLICATIONS PANEL OATA SHEET S 75 279 226 7
uovy  Crucible 218 [ Electric Furnace & 15-1/2 tons 75 272 233 10
Crucibl 1 Company of America . .
repeon: CHEMICAL COMPOSITION, PER CENT ggg ;;g 182 g
c " Pl s | s c N <o Mo W 3 T A v [ 900 ] 217 164 8
0.36]0.37|0.018]0.014}1.07 |5.04 D.26 1.39 0. 31 L 900 217 170 9
< - 1000 195 151 10
ETE 1000 198 154 8
1100 145 111 10
1100 141 110 i2
Aluminum and calcium-silicon 1200 24 20
. "-di t
Fomw o size - san, sweer, custines, exe. Wrought 1 iameter round bar . 1%00 72 53 18
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 ’
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ORIGINAL CREEP AND RUPTURE DATA ! CREEP AND RUPTURE STRENGTHS
{(RUPYURE YIME INOICATEO BY R IN TEST DURATION COLUMN) ‘ |r TEMPERATURE STRESS. KSI FOR RUPTURE IN TIMES INDICATED STRESS, KS| FOR DESIGNATED CREEP RATE
| e
ouepne - _ e m:o.%:r Fy— . SR - S i :ZEE':’:T:, | i _ owrs s T o ims T T o.:;;m ,mu,,;. .m;,:
; I e o 5 " T 8oo 200 2
Creep Data fdr Curres 1 900 z:g 14u2
Temp, Stress, Total Strain ()iin
F: 1 Hr 10 Hr 100 Hr 1 ! !
800 150 0.75 0.77 0. 88
800 140 0.66 | 0.72 [ 0.7
:gg }:g g' i; g' i: g' 69 1 ASTM-ASME JOINT CONMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS -
. 51
IMATERIAL AlloV Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7_91
800 85 0.33 0.35 0.38 wior 5Cr -1-1/4Mo -1/2V roms  Electric Furnace (air melt) [ear T
e Vanadium-Alloy Steel Co, . Heat 31153
1000 60 0.31 | 0.50 - (e Erans: > e CaoTO
;ggg ig g- ;;’ g- ;g 0. Z‘? = e v s D) o ™ & o [ ce T ~ v 5
. } 0.64
1000 20 011 1015 102l 0.38/0.29/0.016/0.012] 0. 844,75 1.34 0.48). '
@ 1w
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TENPERATURE ON FROPER‘TIE‘OF NETALS .
msrena~ Alloy Steel GATA AND PUBLICATIONS PANEL OATA SHEET 7-96 4 o 8 sze._aan, sweer, castis. erc. Forged 2-in. hars
sty 5Cr -1-1/4Mo -1/2V %% Flectric Furnace (air melt) e TORY OF MATERAL
Vanadium-Alloy Steel Company . Heat 30828
d CHEMICAL COMPOSITION, PER CENT -
c | mm | P . s 5 @ . W | c Mo W o | | A v | 8 ear sy 1850 F soak 30 min, A, C., tempered 2 hr:each at 1000 + 1000 + 1000 + 1020 F; SR at 925 F for 2 hr
i f i I 1 T f ! Tempered tensy . -
0.40.0.290.0160.021' 0.98. 511 1.30 1 0.55; pesenneen,__Tempered martentite -
w ' ; i iy " H T luamoness
| i T T T T T sousceor oara___North American Aviation (Report No, NASIH-739)
I H ' i i | { i SHORT TIME TENSILE PROPERTIES MISCELLANEOUS DATA- .

" - eastic Tensiee | Handness YIELO STRENGTH. ksi concaTion | meovemiow | Exposure Yield [ Ulimate | Reduction | Elonga-
lcorm & size - oar, sweEY. casTiNGs, ETC, Forged 2-in. bars i TET (R we o1% 02% PERCENT i N b h?'h'-‘ Sugogil, | inAes. 5
FISTORY OF MATEAAL Room 281.5| 54.4 232.4 11.8 | 38

72 279.8 | 54.3 234.5] 13,1 | 44.9 | 700 196.8] 245.4] 43.7 |13
400 260.0 | 53,7 215 12,1 | 395 | goo 187.3] 231.7] 49,6 13131
\arzmamn; 1850 F soak for 30 min, A.C., tempered 2 hr each at 1000 + 1000 + 1000 + 1020 F; SR at 925 F, 2 bz 00 255.8| 54.3 211.0| 10.2 | 32.6 900 | 176.0 217.4[ 53.3 |15.0
icrostrucrure_Tempered martensite 00 232.8 54.3 187.7 15.0 48.4 i
enam size 7-8 00 218.4 | 54.5 183,0:] 16.4 52.6 gm_mg_ﬁ i
A 700 194.4| 243.6| 46.8 | 13.6
sousceorosrs  North American Aviation (Report No. NA59H-739) 800 192.2| 232.4| 48,2 | 13.8
SO TINE TENSILE FROPERTIES SCELLANEOUS oATA 900 175.0 | 208.5| 47,3 | 14.1
. coasTic oo " vieLo sTRERGTH, k5! oncation | meovcrion || Exposure Yield | Ultimate | Reduction | Eloaga-
TR | e | e | e | e | Vo, | suggn, e [ Retucicn | g 2000
Room 296.0 | 55.9 247.81 11.3 | 41.8 00 1 240. 4L.7 112.1
72 204 51 557 251,01 12,1 [ 411 | 700 2ol st 467 T 00 192, 232.3] 49.1 |14.3
200 271.3 | 55.7 226.1 ' 11.9 | 36.0 | 800 197.2 | 244.9] 51.5 [ 13.3 . _ 00 159.3 | 185.8] 55,4 [16.8 ]
600 265.7 | 55.7 215.4 | 13.1 | 46.6 | 900 183.3 | 227.9] 54.3 1157 ORIGINAL CREEP AND RUPTURE DATA i
800 242,.8 | 55.8 196.0 | 14.5 | 49.8 [ 1000 124.4 ' 142.8] 66,9 -20.4 (RUPTURE TIME INOKATED BY R H TEST DURATION COLUNN)
900 229.4 ] 589 180.8 1 14 4 | 48 4 Edposed 1000 B o nc st C) - Tnftial L
m e s e [ [ e e | |
. . . 1 14,3 g 0% 05K 108 L3 HOURS. £ %
900 173.4 | 211.6 1 48.7 (15.5 00 240 0,1 0.4 16 0,012 2.290 18 -
753 o e e — 5% 700 237 0.5 1.2 69, 0,0015 2,248 75
: : . 700 235 0.4 | 17 862" 0,00018 1.962. 2
: : : ggg 1“53;";’ : 12;;;’ :;~: ; :;f 700 230 0.2 26 6500+ | _ 0.000045_ | 1.595 2718
ORIGINAL CREEP AND RUPTURE OATA — 800 225 0. 1 0' 4 s 0. 02 M70 1.
(RUPTURE TIME INOICATEO Y R I TEST DURATION CoLUNK) {800 | 215 0.6 | 28 677 0.00050 1.465 695
TIME HOURS. FORXNZI. ©A PLASTIC STRAI (CleepT Tnigial TRANSITION To THIRO FINAL 00 2L0 1.2 28 1230 0 0002-4 1396
— s et o e e p gy o | DeTEor [_so0 | 200 1.2 | 330 4300+ | 0.00002 | 1.135 | 17
u% 2% o5% | 14% % 'HOURS % " MG‘AMN 00 180 1 0 27 ls 67
9 . - -- .
700 250 0.1 0.3 4] 0.02 2.395 17 - -
700 245 0.3 3.5 | 292 0. 0005 2.110 292 200 izg 12'4 li: %{%T 0. 0023 0. 904 —251
790 243 0.9 10| 830 0,00017 1.952 840 — —9‘0‘0900 140 47 350 820 0. 00087 3
700 240 0.5 |_21 4, 4004 7 1 1.760 e 900 110 185 955 2200% | 0.00040 0.470 1145
700 230 2.8 1270 [18,000%] 0.000030 | 1.428 2092 =
800 230 0.5 1.8 47 |__0.0038 L.810 69 *Extraphla
800 225 0.2, 5.0 225 | 0.0012 1,520 212 Extrapplated values.
800 220 0.5 28 770 | 0.00047 1.448 793
800 215 1.0 88 2,000 | __0.00021 1.288 2021 -
| T
900 180 | 0.5 | 27 145% 0,004 0.875 133 Py Ty e
2 :ig i: ! ;gg Sior 5 oa09 g- ‘532; }Ig_g p— RCSA e FOR RUPTORE I TONES WORCATED TReSs K5 FoR DESIGATED CREE? RATE
- - - £ 10 RS 100 RS, 1000 RS 10,000 HRS 0000 NRS ‘oo /i noetiS/HR oI %/HR acots/un
——200 :
900 110 200 | 560 2,300%|__0,00037 0.452 1350 - o0 = - 335 =31 Ty
- ; | 800 180 200 217
: 9 140
FExtr [‘ ed vallies 00
\ 1
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ASTN-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS

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

GM & SIZE - BAR, SNEET, CASTINGS, ETC.
TATERIAL

of
RIS Ty

Surface finish of specimens was RMS 16; strain rate ~ 0. 005 in. /in. /min

ATERIAL Alloy Steel . OATA ANO PUBLICATIONS PANEL OATA SHEET 7-98 L iateria Alloy Steel OATA ANO PUBLICATIONS PANEL DATA SHEET 7-100
buwor 5 Cr-1-1/4Mo-1/2V (H-11) [GT50 fexe” wor 5 Cr -1-1/4Mo-1/2V (H-11) [&5%% [
RoDUCER heny Iudlum Steel Corporation Heat 26094E pRoDUCER . -
d CHEMICAL COMPOSITION, PER CENT [ S NOMINAL EMEMICKX COMPOSITION, PER CENT
€ My P 5 s cr N Cco Mo w cr T N v B < My P 5 s, cn ] Co Mo, W cr m N v E)
0.38-10.20 40.025[0.025{0.80-{4.75 - 1.70-, 0.40-]
. . . . 0.94 (5.13 .3 . 0.5 .
0.4010. 27 |0.020/0.010 0. 9 1.36 ! 0.43{0.40 | Max.| Max.|1.00 |5. 25 1.40 0. 60
cu Fe [ e i
Sheet, 0.080 in. thick IFORM & SIZE . BAR, SWEET. CASTINGS. ETC. Sheet

[FISTORT OF MATERIAL

All specimens held at test temperature 10 min prior fo testing; cpecime‘nl heated hy seif resistance

near rrearwens Aust. in neutral salt at 1850 F, A, C., tempered 2 hr each at 925 + 975 + 1000 + 1025 F; SR, 925 F, 2 h|

uear eueny  Pexr PR5-26 specification (NAA) -

AN s17E.

[oRam 51

InaonEss See helow. marpwess Seé helow.
kounceoroara___ North American Aviation (Report No. NA59H-T739) sousce or parn,__Noxth American Aviation (NAA Report No. TFD-60-366 R
SNORT TINE TENSILE PROPERTIES - i MISCELLANEQUS OATA SHORT TIME TENSILE PROPERTIES NISCELLANEOUS OATA
eLasmic Towsiis | Hardness YIELD STRENGTN. kst ELonGaTIoN | nepuction ngitudipal Shear Proper [ s ; ; Hazds R
] B | R e T | o | e | B e il B e mE e e AR D e
Te) {7 [~ FsuFtv, | Hargness, *“;5; A 5 5
Roomn |[Long.-L/ 289.1/] 54.1 229.3 7.5 PP, Tagt i id 1200 | 24.2 117.2 /0.0 110.8 5.5 Q1 qa.1 4.5 62.2 43,2
Room |Trans.-T, 289.6| 54.1 226.9 8.0 77 189.4 6 53.7 1200 4.2 108.2 10, 050 99.0 5.5 0.001 0.01 3.5 64.2 45.2
72 L 291.4| 53.9 247.4 7.6 400 196.7 72. 53.7 1200 23.5 98.0 |0.050 80.8 5.5 0.000) | 0.001 54.5] 62,2 43.2
400 L 269.7( 54.1 221.0 7.5 .- 600 194, 6 74. 53.8 1200 22.0 80.1 |0.020 63.8 7.0 0.001 0,01 78.9 64,2
600 L 260.0( 53.9 212.0 6.4 800 175.3 73. 53.7 1200 21.5 61.5 |0, 020 51.0 8.5 0,001 Q.01 77.9 - 61.5
800 L 238.2] 53.8 196.9 8.8 900 169.7 75.8 | 53.9 1300 15.6 42,7 10,050 :29.2 13 0. 001 0.01 3 47.7 27.2
900 L 224.0( 53.9 183.8! 9.8 1300 15.5 43.4 (0. 050 33.0° 11 0.00) 0.01 3 51.7 31.7
_ 1300 14.2 43.4 (0,050 19.0 13 .0,0001 | 0,01 53,5 47.3 26,7
Compressive Yield Strdngth, ksi R 1300 16.5 48.0 10,020 31,1 10 0, 001 0.0I. (78 49.7°
i L 54.7 270.9 Note: [ All values repregent an ayjerage 1300 13.8 41.3 |0, 020 26.0.-} 10 0. 601 0,0} 18 _52.0
400 L 54.7 243.0 of 3 to 5| tests each. 1300 14.6 26.9 Jo. 020 12.8 20 0. 001 0.0} 17.5 43,2
600 L 54.9 237.7 0 | 208.0 (0,050 190.6 4.5 (after 1200 F ire) 4 43. 8
- 800 L 55.5 220.4 0 149.4 0. 050 123.0 8.5 (after 1300 F e) 4,3 32.1
900 L 55.2 200. 5 o 0 233.6 (0.02-0.05) 272.2 4.5 0 exposfire. . 11 3.1
'ASTN-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS N e
maremae _ Alloy Steel DATA ANO PUBLICATIONS PANEL DATA SNEET 7-99 ASTM-ASNE JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
wor 5 Cr-1-1/4Mo-1/2 V (H-11) (&% FE ; warena.__ Alloy Steel OATA ANO PUBLICATIONS PANEL DATA SHEET 7-101
vsosess_Vanadium-Alloy Steel Compan Heat 30199 wor 5 Cr - 1°1/4Mo-1/2 V (H-11} [litine Air Melt Electric Furnace e Unk :
Fﬁgﬂﬁmﬂ CHENICAL COMPOSITION. PER CENT R propucer  Vanadium-Alloys Steel Com; Heat 31682
< [ 3 s s | e N co Mo w ce n ~ v [N [SPECIFICATIONS: Nominal  =maxx. composiTion, per cExT
p NAA Spec. - My P s s cx L <o Mo w o m A v L3
0.400.34/0.016/0.013) 0.82|5.11 1.30 0.47 NA2-7038 0.38-0.20-(0,025|0.025| 0.80-| 4.75] b.20- 0.40-
T - 042 |0/40 [Max. |Max. |1.00 |5:25 i.40 0.60
Cu FE

Sheet, 0.082 in, thick

AM 8 SIZE - BAR, SNEET, CASTINGS, ETC,
B

Surface finish of specimens was RMS 16; strain rate - 0. 005 in, /in. /min

il

[FORM & S1Z€ - BAR, SMEET, CASTINGS. EVC.
[RISTORY OF MAYEATAL

‘Hot rolled and annealed, belt ground from 0.033~in.: thickness (equal removal from each side to eliminate

Sheet stock, 0,020 x 24 % 72

decarh. and scale)

et rreatuens__Aust. in neutral salt at 1850 F, A, C., tempered 2 hr each at 975 + 975 + 1000 + 1025 F, SR," 925 F, 2 hr

INEAT TREATMENT

1850 F soak 30 min, triple tempered at 990 F 2 hr each temper

loran size
INaRoRESS See helow.

IGRAIN SIZE

INaRDNESS

Rockwell "A" 78, 0

lsovsce oroara_ North American Aviation (Report No. NA59H-739)

SNORT TIME TENSILE PROPERTIES MISCELLANEQUS OATA lsource oF paT, NAA Regort TFD 60-366
TEMPERATURE i Tensie | Hardness, YIELD STRENGTN, Ksi ELonGaTion [ mEpucTion Longitudinal Shear Properti SHORT TIME TENSILE PROPERTIES MISCELLANEOUS QATA
- i TR Re xma [30] 0.2% PER CENT sincen Test Shear Ratio, ELasTIC YIELD STRENGTH. X81 ELONGATION | AEDUCTION T
L woduLls - | - sTRENGTH e N ARER
Room |Long. -L| 293.9 54.3 243.6| 7 Temp, | Swength, | Fau/Ftu, | Hardness, ] Yioers () 0025 0.1% 02% PERCENT PERCENT |
Room |Trans.-T| 294.1 54.3 243.3 6.7 7 190.6| 64.8 53.9 70 -- 272.5 -- -- 233.3 4.5 - |
78 L 294.0 54.3 250.0 7.5 400 193.5 71.4 54.0 1200 22.0 80.1 == -- 63.8 7.0 -~ { Ten-mijnute soak at temperature before
400 L 270.9 -54.2 221.8 7.5 600 195.0 73.6 53.9 1200 21.5 61.5 -- ikl 51.0 8.5 == testin, rainirate 0. 01 in. /in| /sec.
600 L 265.6 54.2 215.4 6.4 800 179.8; 74.1 53.9 ] 1300 16.5 48.0 - == 31.1 10.0 --
800 L 242,5 | 54,3 202.1 8.7 900 172,71 75 0 | 539 1300 13.8 41.3 - -- 26.0 | 10.0 --
900 L 230.2 54.4 190.2| 10.1
Compressivie Yield Stredgth, ksi Note: All values represent an
7 - L 55,6 281.2 average of 3-5 tests each.
400 L 55.4 256.1
600 L 55.5 250.4 _
800 L 55.5 222.1
900 L 55.6 | 211.6|

z9
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MARDNESS

IsOURCE OF OAT,

Vanadium-Alloys Steel Compan

(AISI booklet, "High Temperature - High Strength Alloys')

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE DN PROPERTIES OF METALS ORIGINAL CREEP AND RUPTURE OATA
warenn Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-102 {RUPTURE TIME INDICATEO BY R IN TEST DURATION COLUMN)
1. " ” [F¥PEor 5 T [STZE oF n -
:::,:,‘: Cr-1-1/4Mo-1/2V (H-11) [ Air Melt Electric Furnace 4;%3[1121;510“ . e TIME, HoRs, ml%«:‘%:_liiml ooy ae e — TSN ro THiRD B u;?gm
FAFCATIONS: Nominal _vemmma comrosiTion, PER CENT ! os [ o vs% 1% Hours ] y ﬁ o
NAA Spec. < o v s s & u. ) W 1w « | = " v . 1000 95 R 0.2 0.7 6.9 | 25
NA2-7038 [0.38-]0.20~ 0.025 0.025] 0.80- 4.75- 1.20- 0.404 1000 70 0.2 0.8 2.6 3.4 [ 25
0:42 |0.40 | Max.' Max.|1.00 525 1.40 0.60 1000 40 11.0 80,0 | 158.0 - 435.4 | 31
Cv Fe | 1 !
T l 1100 60 0.1 0.3 0.6 233 |2
; ‘ i L 1100 40 2.5 10,0 18.0 _— .
1100 30 - 73.1 49
. Sheet stock, 0.050 x 36 x 72 1100 20 6.7 | 22.0 | 46.0 444.3 | 55
W
Hot rolled and annealed, belt ground from 0,063-in. thickness (equal removal from each side to eliminate 1200 30 2.3 | 28 |
'mill" decarb. and scale) . [ 1200 15 0.7 2.2 4.9 70.5 | 70
[ earrseauenr 1850 F soak 30 min, triple tempered at 990 F 2 hr each temper 1200 10 1.6 5.8 16,0
lomam size
MARONESS. Rockwell "C" 53.1
ourceoroars _ NAA Report TFD 60-366
SHORT TIME TENSILE PROPERTIES MISCELLANEQUS DATA T
R TIELD STRENGTH, k51 aonesmon | nzoucrion
106 PS| xsi 0.02% 2.1% 2% ~PER CENT PER CENY
70 -- 272.0 -- —— 233.9 4.5 -- morie
500 24. 2 117.2 — - 110.8 5.5 T i te - 013 ” ASTM-ASME IDINT COMMITTEE ON EFFECT OF TEMPERATURE O PROPERTIES OF METALS
00 23. 98.0 - __ 80, 8 5.5 - Strain rate - 0. 0001 in, /in /sec uoe 5 Cr-1-1/4Mo-1/2 V (H-11) [E5 Electric Arc i
— - i lpaooucze
gg ig' 5 ig'z — — ;g' g i::' g — ﬁ T [FPECIFICATIONS: CHEMICAL COMPOSITION, PER CENT
— = = - = in. /sec © | wn P s B o ] < [ < ™ " ¥ [y
1300 [ 14.2 | 43.4 | -- — -- 113 - I N prv et L : d
B AMS 6487 0.40(0.30 0.90( 5. 00 1.30 0.50
ASTM-ASME JOINT COMMITTEE DN EFFECT OF TEMPERATURE ON PROPERTLES OF METALS v Fe i
st Alloy Steel OATA ANO PUBLICATIONS PANEL DATA SHEET 7-103
wor 5Cr-1-1/4Mo-1/2 V (H-11) [ Electric Arc TR 10,000 1b | Bal. |
baooucsn __ Vanadium-Alloys Steel C
ECIFICATIONS! CHEMICAL COMPDSITION, PER CENT
[FORM & SIZE - Bag SmeET, CASTINGS, EVC. Bar
AMS 6437 < [ v s s ’ cx M =3 "o w o ™ A v 0 [Frevoy or AL
AMS 64854 0.40 10,37 [0.017(0.011|0.98 (5.21 1.30 0.54
AMS 6487 —
wear reesrueny  Adr cooled from 1850 F, tempered 1 hr 4t 1050 F
Bal. Tempered martensite
lcma size
wanoness
o4 5 SITE - AR, SHEEY, CASTINGS, EXC, Bar
VF“'&T*W; Tsource o oars
Cast into 7" and 10" ingots and processed by standard tool steel practices
) .
lear mearueny _Austenitized 30 min at 1825-1850 F, air cdoled and t. ed2 +2 +2hratl050F ORIGINAL CREEP AND RUPTURE DATA
Tempexed martensite {RUPTURE TIME INOICATED 8Y R IN TEST DURATION CALUMN)
ansae___ASTM T 1/ 2z e o, 7o ToTAL ot P ST o——— | oo
nanpness . YePERATURE stazss r MinMuM RIS RATE | WYERCEFT oUen o
Jsounce or ors__Vanadium-Alloys Steel Comy r sl TTT R v i~ xun % — 3 i nougamon
v e s | o 02% PR cENT PER CERT 1000 110 == 1.0 -27.9 .
1000 75 7.0 43.0 116.0 254. 0 14
Room 31.1 263 174 212 228 8.3 34.6 1000 70 9.8 ] 52,0 134.0 318. 0 {
800 26.3 215 115 156 175 13.3 50.8 1000 50 24 0 |113.0 . .
900 24.6 197 116 149 164 13.7 53. 6
1000 23.5 176 93 128 143 14.0 54.5
1100 21.6 138 1 60 88 107 14.4 56.3
ASTM-ASME JOINT COMMITTEE DN EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
wremae Alloy Steel . OATA AND PUBLICATIONS PANEL OATA SHEET _ =
wov 5 Cr - 1-1/4 Mo - 1/2 V {(H-11) Vs Electric Arc e |
lreopucer
TFICATIONS: CHEMICAL COMPOSITION, PER CENT
AMS 6437 C Mr P s B cr N ) Mo W cx T A v B
AMS 6485A
0.4 . . . . .
AMS 6487 0]0.30 0.90(5.00 1.30 0.50
Cu Fe
Bal.
DRM & SIZE - BAR SHEET. CASTINGS, £1, Bar
ISTORY OF MATERIAL
L];r“h CREEP AND RUPTURE STRENGTHS
[ STRESS, K51 FOR RUPTURE i TINES INDICATED STRESS. K31 FOR DESIGNATED EREEF RATE
- SN ) F 10 HRS 100 HRS 1,000 HRS 10000 MRS 160000 HRS 02001 /HR SONK/NR Qo %/HR 4o E/HR
hiear gearmeny  Air cooled from 1850 F, tempered 1 hr at'1200 F
lucrostavcroee_ Tempered martensite
lcpain srze

AV OWYA L-1D6
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*]«){trlpolﬁged data.

1

ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ? ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
arerw,  Alloy Steel - DATA AND PUBLICATIONS PANEL DATA SHEET 7-106 K aremn,  Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-107
7Cr - 1/2 Mo Electric Furnace i : Iasar 7Cr ~1/2 Mo [iERE  Electric F o
U. S. Steel brovucss __Babcock & Wilcox
ICATIDNS: CHEMICAL COMPOSITION, PER CENT [SPECIFICATIONS: CNEMICAL COMPOSITION, PER CENT
c [ w | 5 | s cx W[ co Mo W < T ~ 5 M [3 s s | o ™ co Mo W c T ~ v B
0.13.0.50,0.007;0.003| 0.88 7.34] 0.11 0.52 0.12]0.45|0.018|0.024] 0.80] 6.70 0,20 0.47
[ e N cv Fe
0.09 0.018 0.14
ocopanos_Silicon plus 1. 4 pounds of aluminum per ton
IFoRM & Siz€ - AR, SHEET. CASTINGS. Bars, 1 in. square lFoRu & 1€ - AR, sHEET, casvinGs. Ee. Wrought 3/4-in, -diam. bar
[HISTORT OF WATERIAL [RISTORT DF WATERIAL
luear TREATMENT Annealed at 1550 F lear Rearmer Annealed per ASTM Spec. A-213 !
lora sire loram s1ze
Inaroness luamonEss VHN 151
upcE DF DATA U. S. Steel Applied Research Laboratory ounceoroars__ Babcock & Wilcox .
SNORT TIME TENSILE PROPERTIES MISCELLANEOUS OATA - .
SEMpeRATURE | SLASTIC TENsILE TIELD STRENGTH, K1 ELONGATION | REDUCTION DRIGINAL CREEP AND RUPTURE DATA .
R MDDULUS STRENGTH 1N AREA (RUPTISRE TIME INDICATED 8T R IN TEST DURATION COLUMN)
orst XSt g | 0% 0.2% PER CENT PER CENT
80 83.3 I 36 X TIME. HOURS, FOR TOTAL DR PLASTIC STRATH TRARSITION T0 THIRD Ll
30 o3 ' ;?{ g s ocss “oacon wmsny o mare | s Bttty o | i
015 o2% 25 1w Houss % R )
1000 - [ 25 j 23
1000 22 -89 T2
18 E 330 | 75
1000 14 M 17
! - ..1000 10 19,842 61
- 1100 12 ‘74 I3.5
1100 9 832 82
1100 7 3,495 | 72.5
1100 5.7 7,874 52
1100 5.4 14,548 .59
‘ORIGINAL CREEP AND RUPTURE DATA
(RUPTURE TIME INDICATED BT R IN TEST DURATION COLUMN) 1200 7 i 212 62 5
" B | . FHAL 32 3
T— soges TIME. HOURS, POR Eln’i :Evi? STRAIN o e o e ARSITION TO THIRO mi:jl« . ;::Eo::f:; ii g g g — 24: ;9
% ] 0s% 0% nours % L] 1200 4 9,166 | 46
900 50. 0 0.7 40 1200 2.5 9. 575 -
900 45.0 6.3 42 N
900 42.0 16.1 55
- 900 38.0 67.5 38
900 32.0 550.4 54 1 7
900 30.0 836.0 61 ; ]
_ CREEP AND RUPTURE STRENGTHS
1050 35.0 0.3 50 STRESS. K51 FOR RUFTURE IH TIMES INDICATED STRESS. K51 FOR DESIGNATED CREEP RATE
1050 28.0 5.1 55 F 10 HRS 100 HRS 1200 HRS 10000 MRS 100,000 HRS. " nscanisg/HR AO1/NR S /HR ses/HR
1050 22.0 32.1 13 1000 15.4 11 7. 9%
1050 17.5 253.1L_{ 15 1100 8.7 5.8 3.8+
1050 14.0 1650.0 81 1200 5. 4 3.9 3%
1200 20.0 0.4 70 T
1200 15.0 4.2 64
1200 11.0 4 22.8 62
- 1200 8.4 160.4 65 *Extrapolbted.
1200 6.4 709.6 81 N ] X
! ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
wrenAlloy Steel i DATA ANO PUBLICATIONS PANEL DATA SHEET 7-108
lwip 7Cr - 1/2 Mo W55 _Electric Fy e c 1al
rrooucee___Babcock & Wilcox
CREEP AND RUPTURE STRENGTHS [SPECIFICATIONS: R B CHEMICAL COMPOSITION, PER CENT
STRESS, K| FOR RUPTURE I TIMES INDICATED STRESS. K FOR DESIGNATED CRECP RATE = v ; 5 - - - P - - . . ﬁ " 5
i 10 485 150 RS 1.000 455 10600 HRS 100,000 HRS. o000V F/HR 0.20005%/HR 2001 %/HR 2001%/HR + -
500 55 6 5. 0% 0.11]0.49 [0.014/0.013|0.72|7.17 .19 0.50
< Fe
1050 14.8 11. 2%
0.03
1200 6.0 4. 2%
roRw o s17e_san, sueeT, casTinGs, Frc. Wrought tube
IFTSToRT B7 MATERAL

Annealed per ASTM Spec. A-213

[HEAT TREATMENT

lGRAIN 178

aRDNESS

fsourceoroars _ Babeock & Wilcox

14%

OWZ 1D/



ORIGINAL CREEP AND RUPTURE DATA
{RUPTURE TIME INDICATED 8Y R IN TEST DURATIOH COLUMK)

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

TIME. HOURS, FOR TOTAL OR PLASTIC STRAIN TRANSIVION YO THIRD st L hsres. Alloy Steel DATA AND PUBLICATIONS PANEL DATA SNEET 7-110
TeurEpaTuRe b DELETE oNEY I e AT e STAGR ehes? DA o FLoNgRTIN latov 8Cr-1Mo-1/2Ch enme__ Electric Furnace [
1% 2% 05% 1% HOuRs % £ U. S. Steel
lpRoouceR .S,
1000 22 118 54.5 JEPECITICATIONS? CNEMICAL COMPOSITION, PER CENT
1000 17 359 51 c- o v s s = N co Mo W cn ™ n v, )
1000 14,5 0,018 1178 65
1000 14 0.0082 2114 P 0.09] 0.47,0.015 0.011 0. 34 (8.20 1.00 . 0.55
|—L000 12 0. 0036 5202 | 60.5 v Fe
1100 12 190 76
1100 10 467 79.5 6
1100 8 2996 | 81.5 lroRu  size - oA, suEeT. casTIHGS. ExC Bars, 1 in, square
1100 7 6834 1.5 FISTORY OF WATERIAL
1100 3 0. 000043 Test di d at 9999
1200 6.5 0,044 331 54 lhear eearuenr___Annealed at 1700 F
1200 6 0. 020 661 49,5 Ferrite and carbides
1200 5.7 0.013 1130 52 loraw s1ze ASTM 8 to 9
1200 4.3 0. 0021 6186 | 54.5 maoness DPH 143
. soossroronrs . U. S. Steel Applied Research Laboratory (published ASTM Proceedings,
1300 3.5 647 65.5 CREEP AND RUPTURE STRENGTNS
1300 3 1586 63 'STRESS, KSI FOR RUPTUNE IN TIMES INDICATED STNESS, XS1 FOR DESIGNATED CNIEZP RATE
1300 2.5 4913 57 F 10 HRS 100 HRS 1.000 485 10000 HRS 100,00 HRS. 0.00001%/HR .00m/HR aoos/HR GIE/HR
1300 2.2 6900 66.5 1050 18,3 11.9: 14.4°
: 1100 13,5 8.1 10.0
CREEP AND RUPTURE STRENGTHS 1200 7.0 3.8 " 5.1
FEMPERATURE STRESS. KSLFOR RUPTURE IH TIMES INDICATED STRESS, KS1 FOR DESIGNATED CREEP RATE 1250 5.0 - 2.60." 3.6 "
’ 10 HRS. 100 He'S 000 HRS. 10000 HRS 100000 HRS S.0000015/HR OoE/HR 00I%/HR ase/HR 1300 3.7 1.8 2. 6
1000 15 11 8% 10.5 1350 2.6° 1.275 1.9
1100 9.1 6,7 % :
1200 5.6 4 2.8% 3.8 bt
1300 3.2 2.2
*Extrapolated.
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS ,
arenm___Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET 7-111
Loy 9Cr -1 Mo . [Wtst  Flectric Furnace T
paopycer __Timken Roller Bearing G
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS [FPECIFICATIONS: CNEMICAL COMPOSITION. PER CENT
bareen,  Alloy Steel DATA AND PUBLICATIONS PANEL DATA SNEET 7-109 c- Nn P [ s s cx ™ co o W cx E ~ v 5
oy 8Cr ~1 Mo HEHA Electric F: e a) 0.11 10. 0.013]0.013]/0.75(8.42(0.37 0.98
g DS Steel —— - SRR S S A R 3
[SPECIFICATIONS CNEMICAL COMPOSITION, PER CENT ¢ Cu Fe 17
c Nn v s cx ™ o Mo W cx T ~ v 0
0.099( 0.38/0.018/0.0150. 32 |8.21 .[0. 14 1.06 -

lFoRM a s1zE - aw: SHEET. CASTINGS, ETE.
[HISTORY OF MATERIAL,

Pierced, bot rolled, cold drawn, tempered 1475 F

Tempered 1475 F

IHEAT TREATMEHT

lsmam size

[HARDHESS

[HEAT ReATMENT

Annealed at 1700 F

Ferrite and carbides

lGRAIN SIZE

ASTM 8

naRowESS

DPH 142

U. S. Steel A

plied Research Laborator

publisbed ASTM Proceedings, 53

1953, pp 627-658)

Lsource or oata Timken Roller Bearing Company

ORIGINAL CREEP AND RUPTURE DATA

{RUPTURE YIME INDICATED 8Y R ™¥ YEST DURATION COLUMMN)

souRcEoroatA_ Pp | Researcl \borat
SNORT TIME TENSILE PROPERTIES WISCELLANEQUS DATA
p——T s YIELD STRENGTH. K1 consanion | Reoucrion
1w rsi xsi [ (X o025 PeR Cenr PER CENT
1 1
I[ i
CREEP AND RUPTURE STRENGTNS
CPMPERATURE STRESS. K51 FOR RUPTURE IN YIMES INDICATED STRESS. K51 FOR DESIGNATED CREEF RATE
f 10 HRS 160 HRS i 1.000 HRS 10,000 HRS 160000 HRS 001/ HR D.000H%/HR 000 B/HR 0ONE/HR
1000 19.0
1050 14.6 9.5
1100 11.3 5.4 1.5
1200 6.6 4.6 |
1250 5.0 3.1
1300 3.9 2.1 2.9 |
1350 3.0 2.3

pasTic AL
. e e e, o ora on '::u st IO - TSN voTHRD ""%,,‘?‘ m?:‘;
A% % 5% 0% HOuRS £
(a) 1100 23 9 70
1100 19 ie 73
1100 16 % 73
1100 12 o7l o7
1100 2 5271 92
(b) 1100 15.0 o4l s
1100 11.0 625 96.5
1100 9:9 2415 73 -
c) 1100 16 0 s
= 1199 12 173 66.5
1100 2 1901 90.5

OWH -0/

¢
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TEMPERATURE || STRESS, KSI FOR RUPTURE IH TIMES INDICATED T STRESS. KSI FOR OESIGNATEO CAEEP RATE . ORIGINAL CREEP AND RUPTURE DATA
i I l0HRS. : 120 MRS 1,060 HRS. | nsoHes T wosnes o.00000 %/HR ConIF/HR | ooas/mR o WIE/HR f (RUPTURE TIME INDICATEO BY R-JH TEST OURKTION COLUMN} h
a) 100 ¢ 14 10 7.5% ; : i . o0, ron TOTAL o PLASTIC STAAI R et o
; - TeumseTuRe sragss otert o g o eare | werzpeer STAGE enter oo | g
(b) 1100 15.5 112 8.2 o [ o = s = o = B E
1000 {25
(e) 1100 13 9.7 7.2% 1000 122
— ) 1000 | 19 !
*Extrapolated | 4 1000 17 ;
) e . ! i 1000 [ 15.5
ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
womn___Alloy Steel OATA ANO PUBLICATIONS PAREL OKTA SHEET 7-112 1100 15
uor 9 Cr -1 Mo [eksr  Flectric Furnace Exr 1100 12
eroovcse ___Timken Roller Bearing Company . 1100 9.5
[SFECIFICATIONS: CHEMICAL COMPOSITION, PER CENT 1100 8
c w17 15 5 T o[ w e w [ % o n [ a [ v]e N
{a) [0.10 |0.50 :0.014(0.014 0.51} 8.49| 0.17 1.00 1 | 1200 9
{b) 10,11 !0.46 10.011{0.016 0.83! 8.25| 0.21 0.95 ] - iZOO Z
cu [ 200
; ! 1200 5
| 1 1200 4.4
Aluminum | .
[FORM & SIZE . BAR, SHEET, CASTIHS, ETC, Seamless tubing, 2.125" O.D. x 0.230" wall 1300 5
e R 1300 P
Pierced, hot rolled, cold drawn, tempered 1475 F ; 1300 3
i 1300 2 _
[HEAT TREATMENT Tempered 1475 F = —_ ASTM-ASME JOINT COMMITTEE ON EFFECT OF TEMPERATURE ON FROPERTIES OF METALS
. Alloy Steel DATA AND PUBLICATIONS PANEL DATA SHEET B J-114 -
janan fuor 9 Cr -1,0 Mo hitte _ Electric I - [ ¢ sl
paneess prooucen  Babcock & Wilcox
[source or oata Timken Roller Bearing Compan: [SPECIFICATIORS: CHEMICAL COMPOSITION, PER CENT
c Mn [ s 5 e H o | Mo w ce n | A v 8
ORIGINAL CREEP AND RUPTURE OATA . . T | r
{RUPTURE TIME IHOICATEO BY R IN TEST DURATIOH COLUMN). 0.11 |0.50 {0.015]0.010| 0..44|8.44 [0.19 0.98
TRAS FINAL !
p—— — I HOURS FOR TOTAL o PUSTI STRAM s campnare | e T o | ger w | w
3 0% 0% 3 wovas_ | ] R % 0.04
(2) 1100 15.0 i ‘ L &2
1100 1.0 : 0.5 | cru o s - oun sucer csmss . Wrought tube, 4-1/2" O.D. with 0. 500" wall
1100 9.0 2918 72 FISTORY OF MATERIAL
{b) 1100 16 H - zgg ;; 5 . )
1100 12 * N neale _ - N ]
1100 9 1300 74 uear rreammenr A aled per AS’I.‘M Spec. A-213 . , _ J—
| .
CREEP AND RUPTURE STRENGTHS. | [SRAN SIZE. R, 84
STRESS. HSI FOR RUPTURE IH TIMES INOICATEO STRESS, KS| FOR OESIGHATEO CREEP RATE t LARDHESS B“b k & Wil
F 10HRS i 100 HRS : 1600 HRS [ osonns | 5.00001%/HR CoMEMR | osmg/HR | GoNS/MR .- lquicEoroaTs abcoc £O% - — —
i ORIGINAL CREEP AND RUPTURE DATA
(2) 1100 1551 1o.8 z4x | } I D RUPTURE DA
{b) 1100 13.5 9.4 6.5% e I | e e ron zom on s s R Traxsmor o pano e exhiiion
*Extrapolated, i | . F Ksi =T — (OTLETE ‘::ﬂ = /MR % o = ity nAuzA:m
| ASTM-ASME JOINT COMMITTEE ON EFFECT OF on OF METALS ! = "
imrerae Alloy Steel 7 OATA AND PUBLICATIONS PANEL DATA SHEET 7-113 1000 25 - i 0.034 457 43
FFee oF ; EizE oF ; 1000 22,5 . 0.015 917 | 80,5
stov 9Cr -1.0 Mo i Flectric Furnace hearCommercial 1000 20 i 0, 0034 3,215 M
lpoou Babcock & Wilcox | - : 0’ 19'453 N
[FPECIFICATIONS: ‘CHEMICAL COMPOSITION, PER CENT 1000 17. . 0008 ¥
< M 3 s i s ) ] o Mo W cr b a v B 1106 5 0085 YY) =
0.14{0.49(0.013/0.016. 0. 40| 8.41! 0.31 1.00 1100 13,5 " 0.017 . 928 | 29 |
Tt L 1100 12 0. 0044 3,136 | 48
— f 1100 10,5 0.0012 8,947 [ 35 |
1100 9.5 - 0. 00034 15,311 53 .
1100 7 0. 00003 Dji n inued 16,262
romu o siz - san, swer, castines, ere. Wrought 3/4-in. -diam. bar 1100 5 0. 00801 D““’l‘—md 16,474
1200 9 - 124 M
1200 9 9 07: 255 ;;
1200 8 0. 04 d 255
lear aeameny  Annealed per ASTM Spec. A-213 1200 7 0 018 )
1200 6 0.012 1,696 53
- 1200 5.6 0.004 2,705 | 2%
amon;ss
7 1200 5 .0. 00059 8,232 23
Joounce or oars Babcock & Wilcox _ | 1200 4 5 0 00023 Disc 7] 3
CREEP ANO RUPTURE STRENGTHS . - 1200 3 T o‘ ooo“l Di.cu “d . g!o
STRESS, KSI FOR RUPTURE IN TIMES IHOICATED, STRESS. K| FOR DESIGHATED CREEP RATE ey AN RUPTURE STRENGTIS g »
4 WHRS 100 HRS. 1,000 HRS. 10,600 HRS® 100,000 HRS 000001 /HR 0.00001 E/HR 00001 E/HR 0.001%/HR P - " - gy e——— —
1000 22.9 16.5 12 . v Tores o HRs 0 RS, oo RS | 16000 HRS a0001%/H oumR/AR a0 /HR wonmmn
1100 12 8.6 6. 2% 1000 23 18 14,5+ . 135 172
1200 6.6 4.6 3. 2% 1100 13.5 10.2 (LR | 5% 8.2 10.4-
t;‘—lL — 2.8 S 1200 7 4.3 2.7%" 2.3% 3.5 s
*Extrapolated 1300 T __ 3.4 2.1 | 128 ¢ - R
*Extrapolated. N
]
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