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ABSTRACT

Twenty-nineheatswereproducedandprocessedin the laboratoryin
ordertostudytheeffects ofcompositionandferritegrainsizeondrop-weight
transitiontemperatures.Toprovidean internalcheckandtopermitcomparis-
ons withotherinvestigations,parallelstudiesweremadeonV-NotchCharpy
specimens.Theexperimentalsteelscoveredthefollowingrangesincomposi-
tion: O.10/0.32 70 carbon, O.30/1.31 7’omanganese,0. 02/0.43!70Silicm
andnil\O.13670 acid solublealuminum.These rangeswereintentionally
widerthanthelimitspermittedfor shipplate. Althoughmostof thedatawere
obtainedon hot-rolledsamples,someplateswereheat–treatedin orderto
covera widerrangein ferritegrainsize.

Theexperimentaldatawereusedfora multiplecorrelationanalysis
conductedwiththe aidof anelectroniccomputer.Thestudyshowedthatcar-
bonraises and manganese,silicon, aluminumandfiner ferritegrainsizes
lowerbothdrop-weight andCharpytransitiontemperatureS. Quantitatively,
variationsin compositionandgrainsize havea moremarkedeffect onV15
Charpytransitiontemperaturesthanon”thedrop-weigh-ttransitiontemperature.

Usefulcorrelationswerefoundbetweentransitiontemperaturesin
drop-weighttests andthose definedby sevendifferentcriteria forCharpy
tests.

Evidencewas accumulatedthat conditionsordinarilyusedfordrop-
weighttests are moreseverefor 1–l/4-in. thick platethanfor5/8-to1-in.
thickplate.



CONTENTS

Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1

ExperimentalProcedures. . . . . . . . . . . . , . ., .’. . . .’;. . . .

Preparationof Materials.. . . . . . . . . . . . . . . . . .
Composition. . . . . . . . . . . . . . . . . . . . . .

TestingProcedures....... . . . . . . . . . . . . . . .
TensileTests . . . . . . . . . . . . . . . . . . . . .
CharpyTests . . . . . . . . . . . . . . . . . . . . .
DeterminationofGrainSize andPearlite

Content. . . . . . . . . . . . . . . . . . . . . .
Drop-WeightTests . . . . . . . . . . . . . . . . . .

Discussionof ResultsonLaboratorySteels . . . . . .
TensileProperties. . . . . . . . . . . . . . . . . . .
GrainSize. . . . . . . . . . . . . . . . . . . . . . . .
Drop-WeightandCharp”yTests . . . . . . . . . .
CorrelationBetweenNDTandCVTT . . . . . . .

Effectsof CompositiononTransitionTemperatures.. . . . . .

SimpleCorrelationAnalyses. . . . . . . . . . . .
MultipleCorrelationAnalysisofExperi-

mentalData. . . . . . . . . . . . . . . . . . . .

ComparisonofExperimentalandCalculatedTransition
Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ExperimentalWorkonCommercialPlates . . . . . . . . . . . . .

Conclusions. .

Acknowledgment

References . . .

AppendixA

. ...*. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . ..**. . . . . . . . . . . . . . ...*

. . . . . . . . . . . . . . . . . . . ...*. . . . . .

TestData . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AppendixB
StatisticalAnalysis. . . . . . . . . . . . . . . . . . . . . .

AppendixC
GrainSize DataNotGivenIn Test . . . . . . . . . . . .

B.9E
1

2

2
4
4
4
5

6
6
9
9
9

13
14

19

19

23

26

30

32

34

34

36

64

71



SR-151 PROJECTADVISORYCOMMITTEE
“MetallurgicalVariablesandDrop-WeightTest”

forthe
COMMITTEEONSHIPSTEEL

Chairman:
J. R. Low,Jr.
Metallurgy&CeramicsResearchDepartment
GeneralElectricCo. ResearchLab.

Members:
W. J.Harris,Jr.
BattelleMemorialInstitute
R. D. Stout
TheGraduateSchool
LehighUniversity
R. W. Vanderbeck
AppliedResearchLaboratory
U. S. Steel Corporation
T. S, Washburn
Manager,QualityControlDepartment
InlandSteel Company



INTRODUCTION

ProjectSR-151, to studyquantitativelytheeffects of metallurgical
variablesonperformancein the drop-weighttest, wasestablishedbythe
ShipStructureCommitteelate in 1958onrecommendationof theCommittee
onShipSteel of theNationalAcademyof Sciences-NationalResearchCouncil.
Thisprojectwasinitiatedas a resultof the increasinguse of the drop-weight
(nil-ductility)test in predictingtheductileto brittlebehaviorof steel.
Qualitativedataindicatedthe drop-weighttest wasnotas sensitiveto metal-
lurgicalvariablesas theCharpyV-notchtest. Furthermore,theavailablein-
formationindicatedthatthe drop-weighttest didnotshowthe superiorityof
killedsteels oversemiskilledsteels reflectedbyCharpytests. Thisdifference
in sensitivityto brittlefractureis consideredimportantbecausethe drop–
weighttransitiontemperaturehadbeenreportedlas correlatingbetterwith
servicefailuresthantheV-notchtest didat a constantenergylevel. There-
fore, this projectwasconcerned
of metallurgicalvariablesin the
notchdatawereobtainedforthe

withestablishingquantitativelytheeffects
drop-weighttest. Forcomparison,CharpyV-
steels investigated.

Thisreportsummarizesthe resultsof the investigation.Mostof the
steels usedforthe studyweremadeandprocessedin thelaboratory.How-
ever, sometests werealso madeoncommercialABS–Class C shipsteels.
Duringthecourseof the investigation,datawereobtainedonthe effects of C,
Si, Mn, andAlontransitiontemperaturesof drop-weightandCharpyspecimens.
In addition,the effects of heattreatmentwhichchangedthe ferritegrainsize
andthetransitiontemperatureswerealso investigated.Finallya fewexplora-
torystudiesweremadeoncommercialClass C shipplatesto evaluatethe ef-
fects of platethickness, grainsize, andheattreatmentontheperformanceof
drop-weightspecimens.
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XPERIMENTALPROCEDURES

Preparationof Materials—
Atotal of twenty-nine,500-lb induction-furnaceheatsweremadeand

processedin the laboratoryforthe investigation.C, Mn,Si, andAlcontents
weresystematicallyvariedbeyondtheirnormalrangesforcommercialship
plate. Thesuccess of the investigationdependedto a largeextentoncontrol-
lingthe meltingandrollingpracticesclosely so thatthe laboratorysteels
wouldhavepropertiescomparableto thoseof commercialsteels withsimilar
compositions.Sincethetechniquesdevelopedin a previousproject=had
provedsatisfactorytheywereusedas a guideforthecurrentinvestigation,

Briefly,the meltingprocedurewasas follows: The500-lb heatswere
madefroma chargeof low-metalloidironin magnesiacruciblesundera blanket
of argon. Afterthechargewasmeltedandthe desiredtemperaturereached,the
meltswerepartiallydeoxidizedbyaddingaboutninelbs of silicomanganese
pertonofcharge. Thisadditioninsuredconsistentrecoveriesof subsequent
additionsof ferromanganeseandferrosilicon. Carbon,in the formof graphite,
wasaddedabout45 sec beforeta>pingto producethedesiredcompositions.In
someheats, aluminumshotwasaddedwiththegraphite. Thesteels were
pouredintotwo6 in. x 6 in. big-end-upmoldsandthe ingotswerecappedwith
a steel platewhennecessary.

Subsequently,the ingotswereheatedto 2250F andpressedto slabs
4-1/2in. thickand5-1/2in. wide. Afterreheatingto 2250F, theywere
rolledto 1-3/4-in.-thick slabs usinga reductionof approximately1/4in. per
pass. Theslabswerethencut intothreepieces, to facilitatehandling,and
reheatedto 2250F. Theywerethenrolledto aboutO.725-in. thickplates
usinga reductionof approximatelyO.170in. perpass. Afterequalizingat
1850F for20 rninthe finalreductionto O.625(5/8)in.-thick platewasmade
in onepasswhileat thattemperature.Afterthefinalpass the 5-in. wideby
60-in. longplateswereplacedorIedgeona brickplatform,witha bricksepa-
ratingeachplate, andallowedto cool in still air.
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TABLE1. CHEMICALANALYSESOFEXPERIMENTALLABORATORYSTEELS

HeatNumber
. . ,-, ,,,~sslgnea

1
2

2-2
3
5

17
6
7

15
4

8
9

9-2
10
12
18
13
14
16
11

19
20
21

22
23
24

25
26
27

~atteue

B6353
B6327
B6932
B6366
B6360
B6879
B6368
B6359
B6903
B6367

B6406
B6409
B 7064
B6464
B6405
B6904
B6427
B6361
B6880
B6410

B6930
B6931
B6914
B6933
B6913
B6929
B 7191
B7192
B 7193

Mn/’C ChemicalComposition,‘:’:percent
Ratios C Mn Si P

Carbon-ManganeseSeries

1.50
3.84
4.32
6.55

1.37
2.92
4.00

3.50
5.33
10.90

2.00
3.95
3.68
5.95

1.39
2.68
3.80

3.50
5.23
13.00

3.62
3.52
4.00
3.82
3.95
3.26
3.04
3.54
9.77

KilledSteels
0.20 0.30 0.21
0.19 0.73 0.24
0.19 0.84 0.26
0.20 1.31 0.26
0.32 0.44 0.24
0.24 0.70 0.23
0.30 1.20 0.22
0.12 0.42 0.22
0.15 0.80 0.24
0.11 1.20 0.22

SemikiUedSteels
0.22 0.44
0.20 0.79
0.22 0.81
0.21 1.25

0.28 0.39
0.29 0.75
0.30 1.14

0.12 0.42
0.13 0.68
0.10 1.30

0.08
0.05
0.02
0.04

0.05
0.03
0.03

0.10
0.03
0.05

0.016
0.014
0.016
0.016
0.016
0.016
0.015
0.016
0.018
0.015

0.015
0.015
0.016
0.015
0.012
0.015
0.015
0.015
0.016
0.015

Silicon-AluminumSeries
0.21 0.76 0.40 0.018
0.21 0.74 0.03 0.013
0.21 0.83 0.42 0.019

0.22 0.83 0.06 0.016
0.20 0.79 0.24 0.018
0.23 0.75 0.23 0.018

0.23 0.70 0.13 0.013
0.24 0.85 0.43 0.015
0.13 1.27 0.16 0.014

s Al
(Soluble)

0.022
0.018
0.029
0.024

0.030
0.029
0.026

0.029
0.031
0.026

0.025
0.025
0.020
0.027

0.025
0.031
0.027

0.030
0.022
0.027

0.024
0.024
0.027

0.024
0.025
0.026

0.029
0.023
0.026

‘:’Dashesindicateanalysesnotmade.
‘:::::NitrogencontentsofHeats1 through5 rangedfromO.005to O.0061%.

0.039
0.039
0.039
0.038

0.036
0.045
0.066

0.019
0.050
0.093

.-
-—
--

.-
-—
--

--

--

Nil
0.017
0.043

0.114
0.136
Nil

0.034
0.120
0.039

Al
(Total)

0.041
0.042__:..
--
.-

--
--
--
-—

--
--
--
.—
--
--
--
--
--

-—
--

--
-—
--
--
--
-—

Heats8through12hadnitrogencontentsrangingfromO.004toO.O05Y0.
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Composition
Thecompositionsof the 29 laboratoryheatsmadeforthis projectare

givenin Table1. Thesteels can be classified intothreegroups. Thefirst
groupconsistedof 10 aluminum-killedsteels similarin compositionto Class
C ship-platesteel. Thesecondgroupconsistedof 10 semiskilledorClass B
typesteels. In bothof thesegroupsthe C andMncontentswereintention-
ally variedovera widerrangethanthatpermittedbytheAmericanBureauof
Shippingspecifications. Thiswiderangein compositionwashelpfulin ob-
tainingquantitativedatafroma limitednumberof steels. Theprimarypur-
poseof thesetwogroupsof steels wasto determinethe effects of C, Mn,
anddeoxidationpractice. In addition,onesteel in eachgroup(Steels 2-2
and9-Z)weremadeaboutoneyearafterthe startof theprogramin orderto
checkconsistencyof meltingpractice.

Thethirdgroupof ninesteels listed in Table1
studiesontheeffects of Si andAlas alloyingagents,
In eightof these steels C andMnwereheldrelatively

wasintendedfor
notdeoxidizers.
constantat levels of

aboutO.2 andO.8 ‘%,respectively,whileSi andAlwerevaried. Thelast
steel in this groupwasdesignedto provideinformationontheeffects of Si
andAlat anotherC andMnlevel.

TheSi, .P, andSucontentsof all of the laborato~steels fall within
ABSspecificationsunlessintentionallyvariedas in thecase of Si forthe
silicon–aluminumseries of steels.

TESTINGPROCEDURES

TensileTests
In mostcases, longitudinaltensile tests weremadeonflat, full-plate-

thicknessspecimenshavingan 8 in. gagelength. Becauseof a shortageof
wroughtmaterial,specimenswith4 in. gagelengthswereusedfortesting
Steels 25, 26, and27. Theloadingratesfortheyieldandtensile strengths
wereO.02 in. perrein,andO.2 in. perrein,respectively. Testsweremadeon
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a 200,000-lbcapacityBaldwin-Southwarduniversaltestingmachine.Anaverag-
ingextensometer(microformedtype)wasusedto recordstress-straincurves.

- T-
TheV-notchCharpyspecimenswerenotchedwitha fly-cutter. Periodic

checksat a magnificationof 50Xshowedthenotchdimensionswerebeingheld
withinthetolerancespermittedbyASTMspecifications. TheCharpyspecimens
werebrokenona Riehlependulum-type220ft-lb capacitymachinewitha strik-
ingvelocityof 18.1 fps. Ordinarily25 to 30Charpyspecimenswerebrokenin
orderto establishcurvesfortransition-temperaturedeterminations.Samples
weretestedat intervalsof 20 F onthe upperandlowerplateausandat 10 F in-
tervalsin thetransitionzone. TheCharpybarsweretakenparallelto the major
rollingdirectionandnotchedthroughthe platethickness. Theperformanceof
the experimentalsteels in the Charpytest wasevaluatedby severalcriteria.

Energy-temperaturecurvesweredrawnthroughaverage
menstestealat varioustemperatures.Valuesforthefollowing
~ra~lsition–temperature(CVTT)criteriawerethenobtainedfrom

CV15TT= 15ft-lbs
CV25TT= 25 ft-lbs

valuesforspeci-
CharpyV-notch
thecurve:

CV50~0TT= 50~0of the maximumenergyvaluere–
cordedforthe highesttesting
temperature.

Generally,thehighesttestingtemperaturewaschosenso thattheenergycor-
respondedto the upperplateauof the Charpycurve.

Thepercentageof fractureareaexhibitinga fibrousappearancewas
also determinedonall Charpyspecimensto establishtransitiontemperatures
basedonfracture–texturecriteria. Thesedatawereobtainedbyvisualexami-
nationandmeasurementwitha pairof dividersanda scale. Largerpercentages
of fibroustextureareconsideredindicationsof greaterabsenceof brittlefrac-
tureundertheconditionsof testing.

Theseventhcriterionusedto establishtransitiontemperaturesfromthe
Charpydatawastheatiountof lateralexpansionoppositethenotch. Toobtain
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these data, thewidthof bothhalvesof brokenspecimenswasmeasuredwith
flat-endmicrometersat thecompressionside oppositethenotch. Fromthese
valuesthetemperaturecorrespondingto a lateralexpansionof O.015 in. was
determined.

Determinationof GrainSize andPearliteContent—— ——
Earlyin theprogramthe ferritegrainsizes andpearlitecontentsof

the laboratorysteels weredeterminedbya pointcountingtechniquewiththe
aidof photomicrographs.Later, in determiningtheeffect of normalizingon
theferritegrainsize this methoddidnotappearto havethe requiredsensi-
tivity. Althoughdataobtainedbythis methodwerenotusedin evaluatingthe
resuits obtainedin this study,the dataaregiveninAppendixC.

Themethodsubsequentlyusedto evaluatetheeffect of ferritegrain
size andpearlitecontentmadeuse of the Hurlbutcounter. Thistechnique
consistedof movingthepolishedandetchedmetallographicspecimenat a
constantspeedundera microscopeequippedwitha cross hairat a magnifica-
tionof 1000X. Thenumberof ferritegrainscrossedandthe distancecovered
in thelineal traversethroughthe ferrite“andpearlitephaseswasrecorded.
Theferritegrainsize wascalculatedfromthenumberof ferritegrainscrossed
andthe lineal distanceoccupiedbytheferritephase. Thisvaluewasthen
convertedto theASTMscale bythe relationshipof Sv = 2NLwhereSv is the
grainboundarysurfaceareaandNLis the numberof grainboundariesorgrains
(fora largenumberof grains)intersectedbya randomline acrossthe micro-
structure. Sv is relatedto theASTMnumberas indicatedonP. 405of the
MetalsHandbook,1948edition. In this methodtheactualferritegrainsize
is determined.Variationsin pearlitecontentdonotaffect its value. Theper-

.“ centageof pearlitewascomputedfromthetotal distancecoveredandthatcov-
eredforthepearlitephase. Theinformationonpearlitecontentsof thevarious

,..—.; samplesis giveninAppendixC..-.

Drop-Weight’Tests
Thedrop-weighttest evaluatesthe behaviorof a steel in the presence
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of anultra-sharpcrack, originatedduringtestingfroma hardweldbeadprevi-
ouslydepositedandnotched,onthe surfaceof the specimen. Thespecimen
configurations,weldingtechniques,andtestingproceduresweredeveloped
anddescribedbyPelliniandco-workers.3j4 Thetransitiontemperaturein the
drop-weighttest, sometimescalledthe nil-ductilitytemperature(NDT)is the
highest
mation.
whith 1:

temperatureat whichthe specimen
Thesampleis brokenas a simple

mitsthe deflectionandtheplastic
In preparingandtestingthedrop-weightspecimensforthis investiga-

breakswithlimitedplastic defor-
beamin a devicecontaininga stop
deformation.

tion, theprecautionsdescribedin the publishedliterature’3‘Gwerefollowed.
Theweldbeadsweremadewith“Hardex-N”hard-surfacingelectrodeswith
zOOamp,22 v anda feedof 6 in. permin. Thedrop-weightsamplesof the
laboratorysteels were2 in. x 5 in. x 5/8in. ; thecommercialClass G ste@ls
wereevaluatedonspecimens3-1/2in. x 14 in. x 1-1/4in. Basedonadvice
receivedduringa visit to theNavalResearchLaboratory,theconditionsused
to depos’ittheweldbeadwerethe sameforbothsizes of specimens. How-
ever, the smallerspecimensweresubmergedin a bathof flowingwaterduring
welding. ThistechniquewasrecommendedbyPuzakas a precautionto mini-
mizethe heat–affectedzone.

Thestopscontrollingtheamountof bendingin thedrop-weighttests
wereset at 0.075 in. andat O.30 in. forthe 5/8in. and1–1/4in. plates,
respectively. Thespanbetweensupportswas4.0 in. and12.0 in. , respec-
tively. Anumberof checkmeasurementsweremade,as describedbyPuzak,4
to be certainthatthedesiredcrackopeningswereobtained. In addition,
numeroushardnessmeasurementsweremadeontheweldbeadsandin the
heat-affectedzones.

In this study.the drop-weightornil-ductilitytransitiontemperature
(NDT)wasdefinedas the highesttemperatureat whichthetensile surfaceof
at least onespecimenfracturedcompletelyto oneedge. Usually,threeor
fourspecimensweretestedat 10F abovethe NDT.
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OFHOT-ROLLEDLABORATORYSTEELS

Tensile
Composition YieldStrength Strength, Elongation

Steel C,~. Mn,70 0.2%Offset,psi psi in 8 in., !10

1
2

2-2
3
5

17
6
7

15
4

8
9

9-2
10
12
18
13
14
16
11

19
20
21
22
23
24
25
26
27

0.20
0.19
0.19

0.20
0.32
0.24
0.30

0.12
0.15
0.11

0.22
0.20
0.22

0.21
0.28
0.29
0.30

0.12
0.13
0.10

Si,70
0.40
0.03
0.42

0.06
0.24
0.23

0.13
0.43
0.16

0.30
0.73
0.84
1.31
0.44
0.70
1.20
0.42
0.80
1.20

0.44
0.79
0.81
1.25
0.39
0.75
1.14
0.42
0.68
1.30

Al,70
Nil
0.017

Carbon-ManganeseSeries
KilledSteels

33250
36200
40050
42700
39350
42850
49300

32150
38950
36150

SemiskilledSteels
35250
36000
36100
39250
33950
39300
40650

29700
33600
35200

59950
64150
67450
71600
69700
72600
82400

53800
62350
58750

61450
63050
62850
69900
63250
69850
79150
51150
57600
58150

Silicon-AluminumSeries*

41400 71200
35950 63200

0.043 45200 71850
0.114 37050 64250
0.136 38900 65300
Nil 36900 66200
0.034 40050 68980
0.120 42800 73150
0.039 39680 65850

29.4
28.4
30.0
24..7
23.2
26.8
20.0
29.4
31.5
26.4

29.2
29.1
30.8
27.8
25.6
28.0
24.8
30.8
31.2
30.8

26.0
25.8
27.8
30.5
26.2
28.8
43.5**
44.5#
46.0**

*With theexceptionofSteel27, whichcontainedO.13C and1.27 Mn,
thesesteelscontainedaboutO.2’7’oC andO.8~0Mn.

**Elongationin 2 in.
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DISCUSSIONOFRESULTSONLABORATORYSTEELS

TensileProperties
Theaveragetensile propertyvaluesforduplicatesamplesof the hot-

rolledsteels madein thelaboratoryare listed in Table2. Completetensile
datais givenin TableA-1 ofAppendixA. Allof the heatsmetthe minimum
yieldstrengthof 32,000psi requiredbyABSSpecificationsforhullsteels.
Becausethecompositionscovereda widerrangethanthatencounteredin
commercialshipsteels, however,someof the otherpropertiesfell outside
specificationlimits. Fiveof the steels hadtensile strengthsfallingeither
aboveorbelowthe specification. Thesedeviationsrangedfromplus11,400
psi (Steel 6) to minus6850psi (Steel 14). Onlyoneof the steels failedto
meettheductilityrequirements.

Theexperimentaldatashowthatthe hot-rolledlaboratorysteels with
compositionsfallingwithinABSspecificationshavetensile propertiesequiva–
lentto thoseof commercialshipsteel. Theyare in goodagreementwiththe
yieldandultimatestrengthsandelongationvaluescalculatedfromtheformulas
developedin a previousinvestigationonshipsteel.2 Furthermore,thetensile
strengthsagreequitewellwiththosepredictedforcommercialsteels using
theformuladevelopedbyQuestandWashburn.7

GrainSize
Basedonthe datain Table3, theaverageASTMferritegrainsize num-

berof the hot-rolledsteels, whichhadbeenfinishedat 1850F, was 8.3. The
averageASTMgrainsize numbersof thethreeseries of semiskilled,killedand
the silicon-aluminumsteels were8.2, 8.3, and8.4, respectively. Thisindi-
cates thatfinishingtemperatureandcoolingrateweretheprincipalfactorscon-
trollingferritegrainsize of the hot-rolledproducts. ,Deoxidationpracticeand
siliconcontenthadlittle ornoeffect. Datafromotherstudiesindicatethat
theamountof reductionin the last severalpasses mayalso be important.

CoarserferritegrainswereassociatedwithlowerC contents. The
averageASTMferritegrainsize numbersfor steels containingO.10/0.15 and
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TABLE3
FERRITEGRAINSIZEANDTRANSITIONTEMPERATURE

OFHOT-ROLLEDLABORATORYSTEELS

Ferrite
Grain TransitionTemperatures, F

Commsition,percent SizeA J& Cent CharpyFt-Lb
Soluble ASTM Fibrous“Texture

Steel C Mn Si Al
at NDT

Number NDT V15 VZ5 V~~,% 15 30 50 Ls15 TemperatureC

1
2
2-2
3

5
17
6

7
15
4

8
9
9-2
10

12la
13

14
16
11

19
20
21
22
23
24
252627

0.20
0.19
0.190.20
0.320.240.30
0.120.150.11

0.220.200.220.21
0.280.290.30
0.120.130.10

0.210.210.210.220.200.230.230.240.13

0.30 0.21 0.039
0.73 0.24 0.039
0.84 0.26 0.O39
1,.31 0.26 0.038

0.44 0.24 0.036
0,70 0.23 0.045
1.20 0.22 0.066

0.42 0.22 0.019
0.80 0.24 0.050
1.20 0.22 0.093

0.44 0.08
0.79 0.05
0.81 0.02
1.25 0.04

0.39 0.05
0.75 0.03
1.14 0.03

0.42 0.10
0.68 0.03
1.30 0.05

0.76 0.40

D.-
-.
--
-—

--
--

--

--

0.74 0.03 0.017
0.83 0.42 0.043
0.83 0.06 0.114
0.79 0.24 0.136
0.75 0.23 --
0.70 0.13 0.034
0.85 0.43 0.120
1.27 0.16 0.039

7.9
8.0
8.2
9.4

8.7
8.5

10:1

6.9
7.4
7.5

8.0
8.4
8.1
8.6

8.6
9.0
9.3

7.4
7.7
8.0

8.2
8.6
8.6
8.3
8.9
8.0
8.3
8.4
8.2

Carimn-ManqaneseSeries

KilledSeries

o 28 41
-lo -18 1
-5 -31 - 9
-20 -21 0

5 42 72
0 18 42

-20 -36 -5

-20 2 13
-20 -18 -9
-40 -53 -35

SemiskilledSteels

20 43 64
0 16 30

10 26 47
-10 -13 10

30 81 105
20 41 85
20 10 48

-lo 20 36
0 32 44

-20 -28 -25

54
28
32
28

72
38
33

29
10
9

85
50
59
49

93
90
40

59
56
-3

Silicon-AluminumSeries

10 15 38 60
10 26 44 59

-lo -24 -2 41
-lo 1 23 40
-30 -17 -4 33

0 0 23 25
5 -19 2 40

-15 -3 24 34
-lo -72 -41 -22

16
-13
-38
-23

20
-3

-16

-lo
-22
-40

22

z
-15

44
18
22

-3
6

-25

1
-14
-40
-23
-32
-4

-22
-46
-65

41 74 18
12 41 -26
24 44 -42
18 69 -29

50 111 21
26 60 9
8 33 -33

13 29 -10
2 22 -23

-14 12 -45

47 88 28
44 75 9
31 64 17
25 55 –9

82 133 72
49 88 35
54 81 5

27 49 5
0 52 14

-20 21 -29

30 56 10
27 53 16
18 46 -34
16 54 -3
2 40 -19

14 35 -3
19 60 -20
17 78 -11

-19 32 -64

7
21
25
14

6
10
17

7
11
24

8
7

10
10

5
7

12

7
7

40

13
9

22
12
18
23
30
16
70

‘ASTM numtiris the averageof twoor moredeterminations.

‘The transitiontemperatureswere definedas follows: cAveragefor specimensbrokenat theND~.

cV15
temp. at whichtheaverage Charpyvalue ‘Dashes indicatetestswere notmade.

was 15ft-lb

cV25=temp.at whichtheaverageCharpyvalue
was 25ft-lb

cv50&emp. at whichth~averageCharpyvalue
was 50%of themaximumenergyvalue
recordedfor thehighesttestingtemperature

PerCentFibrous =temp.wherethe averageamountof fibrous
texturewas 15,30, or 50percent,
respectiv~lY

%5 =temp.whinethe lateralexpansionwas
15.roils
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Steel

1
2
3
5
6
7
4
8
9
10
12
13
14
11

2
9

2-2
5
6
7
4
9-2
12
13
14
11

TABLE4
FERRITEGRAINSIZEANDTRANSITIONTEMPERATUREOF

HEAT-TREATEDLABORATORYSTEELS

Femite
Grain TransitionTemperatureB, F

Size~ PerCent CharpyFt-Lb
Composition,percent ASTM FibrousTexture at NDT

c Mn Si Al ‘umber ‘DT ’15 ’25 ‘507, ] 5 30 50 ‘15 Temperaturec

0.20
0.19
0.20
0.32
0.30
0.12
0.11
0.22
0.20
0.21
0.28
0.30
0.12
0,10

0.19
0.20

0.19
0.32
0.30
0.12
0.11
0.22
0.28
0.30
0.12
0.10

0.30 0.21
0.73 0.24
1.31 0.26
0.44 0.24
1.20 0.22
0.42 0.22
1.20 0.22
0.44 0.08
0,79 0.05
1.25 0.04
0.39 0.05
1.14 0.03
0.42 0.10
1.30 0.05

0,039
0.039
0.038
0.036
0.066
0.019
0.093

--D
--
--
--

Normalizedfrom 1600F

9.3 10 22 38
9.3 -40 -49 -33

10.1 -6o -81 -66
9.1 -lo 38 70

10.8 -40 -44 -15
8.2 -10 -10 –1
8.1 -60 -34 -29
8.2 10 51 71
8.1 -lo 17 38
8.9 -20 -9 2
8.8 30 92 110
9.7 10 -5 42
7.8 -lo 19 37
8.6 -20 -19 -8

55
-5

-24
53
10
a
6

77
62
31

104
25
49
12

Normalizedfrom1900F

0.73 0.24 0,039 8.0 -20 -15 -6 16
0.79 0.05 -- 7.5 20 44 61 71

-3
-41
-8z
-2

-50
-29
-37
21
2

-28
44
2

-40
-28

-30
24

HeatedOneFIourat 1900F andFurnaceCooledto 800F

0.84 0.26 0.039 5.5 0 28 40 43 7
0.44 0.24 0.036 5,1 30 94 135 118 58
1.20 0.22 0.066 7.1 0 55 80 82 26
0.42 0.22 0.019 4.5 20 42 68 88 7
1.20 0.22 0.093 7.2 -50 -31 -18 5 -46
0.81 0.02 -- 5.5 40 54 73 77 13
0,39 0.05 -- 5.9 70 137 176 160 69
1.14 0.03 -- 6.9 60 64 111 81 50
0.42 0.10 -- 4.8 40 61 89 109 17
1.30 0.05 -- 5.8 20 39 53 65 -4

34 61 8
-41 4 -52
-50 -15 -80
50 94 26

-22 18 -39
–1 11 -19

-16 41 -38
52 79 37
33 63 15
17 43 -18
80 122 68
20 75 -1
30 58 5
3 20 -24

-3 22 -18
57 90 31

35 85 19
105 153 74
63 90 53
50 94 23

-19 - 8 -40
66 111 53

130 188 108
100 164 58
50 101 39
43 67 13

11
9

M
5

17
17
6
6
5
8
2

15
6

20

9
11

9
6
5
8

10
7
4

10
8
9

AASTMnumberis the averageof two or moredeterminations. ~== temp. wherethe lateralexpanison
B

12 was 15roils
Thetransitiontemperatureswere definedas follows:

cV15= temp.atwhichtheaverageCharpyvalue rAveragefor specimensbrokenat the
was 15ft-lb NDTtemperature.

c DDashesindicateanalysiswas not
V25 =temp. atwhichthe averageCharpyvalue made.

WaS25 ft-lb

cV507i= temp.atwhichtheaverageenergyCharpy
valuewas 50percentof themaximum
valuerecordedfor thehighesttesting
temperature

PerCentfibroustexture =temp.wheretheaverageamountoffibrous
texturewas 15,30,or 50percent
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0. 26/0.32%C were, respectively,7.6 and9.1. ThiscorrelationbetweenC
andgrainsize wouldbe expectedto interferewiththeireffects ontransition
temperature.HigherMnlevels also resultedin finerferritegrains. Theseven
steels containing1, 10/1.31 ~0 MnhadanaverageASTMferritegrainsizenum-
berof 8.8 in the hot–rolledcondition. TheASTMgrainsize numberof the seven
steels containingO.30/0.6870Mnwas 7.9. TheaverageC contentsof these
high-Mnandlow-MngroupswereO.19andO.20~0respectively. Thedatain
Table3 showthathigherMncontentsresultin smallergrainsandbothcharac-
teristics are associatedwithgreaterresistanceto brittlefracture. Apparently
partof the beneficialinfluenceof Mnontransitiontemperatureresuitsindirectly
fromthegrainsize effect.

Thevariationsin grainsize amongthe hot-rolledsteels weretoo small
to provideinformationaboutthe influenceof grainsize ontransitiontempera-
ture. Therefore,twosets of experimentalsteels wereheat-treatedto change
theirgrainsizes andto determinethe effects onperformanceof drop-weight
andCharpy“specimens.Thepropertiesafternormalizingfrom1600F andafter
furnacecoolingfrom1900F are givenin Table4. Theeffects of thetwotreat-
mentsare summarizedin Table5. Thechangesin ferritegrainsize resulting
fromnormalizingthe semiskilledsteels at 1600F weresmall, less than0.4
ASTMnumbersontheaverage. Therefore,the dataforthosematerialswere
neglectedin preparingTable5. Furnacecoolingfrom1900F increasedthe
averageferritegrainsizes of thekilledandthe semiskilledsteels as reflected
bythe 2.2 and2.5 changeontheASTMscale, respectively.

Table5 showsthatlowertransitiontemperaturesareassociatedwith
finerferritegrainsizes. ForthevariousCharpycriteriaa changein transi-
tiontemperatureof about20 F correlateswitha changeof oneASTMntimber.
Thisvalueagreesquitewellwithdatapreviouslyobtainedat Battelle2andby
otherinvestigators.

TheNDTwasless affected, (thanCVTz)byvariationsin grainsize
resuitingfromheattreatment.Nevertheless,the drop-weighttransitiontem-
peratureswerechangedbyheattreatment,a conclusionreachedbyother
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TABLE5
EFFECTOFHEATTREATINGHOT-ROLLEDSHIPSTEELSONTHE

FERRITEGRAINSIZEANDONTIWNSITIONTEMPERATURES
MEASUREDBYDIFFERENTCRITERIA

FurnaceCooled
Normalized from1900F
from1600F (5 Killed,

(7 KilledSteels) 5 semiskilledSteels)
Averagechangein Ferritegrainsize 0.9 -2.3
Number,ASTMscale

AverageChangeIn Transition
TemperaturePerChangeof One

ASTMNumber,F
Nil-ductilitytemperature -16 12
CharpyV-notchtest

15ft-lb level -20 22
25 ft-lb level -22 24
50~0maxenergy -24 23

15~0fibroustexture -29
30YOfibroustexture

10
-27

50YOfibroustexture
16

-“26 20

0.015 in. lateralexpansion -8 19

investigators.8‘10
Thegrainsize valueswerealso includedas oneof thevariablesin a

multiple-correlationanalysismadeonall of the experimentaldata. Thefactors
indicatingthe independenteffect of ferritegrainsize ontransitiontemperatures
definedbyvariouscriteriaare discussedin anothersectionof thereport.

Drop-WeightandCharpy
TheaverageNDT

marizedin Table3. The

Tests
and(CVTT}of all hot-rolledlaboratorysteels are sum–
individualtest dataare listed in TablesAZandA6of

AppendixA. Dataobtainedonsomeof the steels afterspecific heattreatments
are listed in Table4, (also in,TablesA–3-5, 7’-9ofAppendixA).



-14-

Thedatain the Tables2 and3 showthattheNDTof the steels differing
in compositionandheattreatmentranged130F, from-60 to 70. Thisrangeis
appreciablyless thanthosefortransitiontemperaturesbasedorICharpyspeci-
mens. Forexample,thefollowingcomparisonsare of interest:

TransitionTemperature,“F
Charpy Criterion Maximum Minimum !l%!XIE

15 ft-lb level 137 -81 218
50~0maximumenergy 160 -24 184
0.015 in. lateralexpansion 108 -80 188
15~0fibroustefiure 69 -82 151

Thedataindicatethatthe drop-weighttest is less sensitivethantheCharpy
test in detectingthe effects of the metallurgicalvariablesinvestigatedonthis
program.

Datain Tables3 and4 showthatthe amountof energyrequiredto break
a Charpyspecimenat the NDTvariedconsiderablyamongsteels. Figure1
showsthattheCharpyvaluesof bothkilledandsemiskilledsteels wereusually
less than16ft-lb at the NDT,however,the distributionindicatesthatthe
killedsteels generallyabsorbedslightlymoreenergyat the NDT.

Althoughtherewerenotableexceptions,the steels withlowerCcontents
andhigherMncontentstendedto havehigherCharpyenergyvalueswhentesteal
at theNDT. ThetwohighestCharpyvaluesof 40 and70 ft-lb, wereobtainedin
Steels 11 and27whichcontainedabout.0.1170C and1.29‘%0Mn. Atendency
for steels witha lowNDTto havehigherChaipyvaluesat the NDTwasalso
noted.

CorrelationBetweenNDTandCVTT—.
TheCharpytest is relativelysimpleto performandis usedbymoststeel

producersandmanycustomersorfabricators. Withthe increasinginterestin
the drop-weighttest it is desirableto findusefulcorrelationsbetweentransi-
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FIG. 1. FREQUENCY
OFVARIOUSCHARPY
VALUESIN TESTS
MADEATTHENDT
ESTABLISHEDBYDRCP-

!WEIG~TESTS.

0/5 6/10Ii/15 16/2021/2526/3031/3535+
CharpyValueatNDT,ft.lb.

tiontemperaturesdeterminedin drop-weightte”stsandthosedefinedwithV-
notchCharpytests byvariouscriteria.

Dataonthe correlationof the Charpyandthe drop-weighttest appear
i-nthe literature.9~11’13 Grossl~ has shownthatthe lateralexpansiontransi-
tiontemperatureat a level of 0.015 in. hasverynearlya one-to-onecorrela-
tionwiththeNDTtemperature.Otherlevels of expansioncriteriaas wellas
energyandfracturecriteriahavealso beenfoundto correlatewiththe NDTtem-
perature.

Figures2 and3 showthecorrelationobtainedfortheCharpycriteria
consideredin this study. Theregressionlines shownin bothfigureswerecom-
putedby standardstatistical me”thodsassumingthe independentvariable{in
this case, the CVTT)to be correct. Thismethodminimizestheerrorin the
dependentvariableorNDTin this case. Sincesimilardegreesof errorcould
be consideredto exist in bothtests, orthogonal-regressionlines couldalso be
computedforthe data. Thismethoddoesnotassumeeithervariableto be cor-
rect andminimizesthe errornormalto the line. Forpurposesofchoosinga
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NIL-DUCTILITYANDCHARPYTll&NSITION
TEMPERATUI?X-ENERGYCIUTEIUA.

criterionforpredictingtheNDTtemperaturefromCharpydatathe orthogonal
methodof analysisis the moredesirable. However,the authorsdo notfeel
thatthe rangeof steel compositionsandconditionstestealforthis programwas
sufficientto warrantthecalculationof the moreinvolvedorthogonal-regression
lines. Furthermore,standard-regressionanalysisreadilylendsitself to the
computationof theerrorassociatedwiththe regressionline.

Theregressionequations,standard-deviations,andfractionofvariance
removedbythecorrelationsare givenin Table6. Therz (fractionof variance
accountedforbythecorrelation)valueslisted indicatethecorrelationsare
highlysignificantat the 99‘?oprobabilityl~vel. In otherwordsjthevarious
Gharpycriteriaactuallydocorrelateclosely withthe NDTtemperature.With
theexceptionof the 15-ft- lb criterionwhichshoweda significantlypoorerre-
lationship,thecorrelationshaveaboutthe samedegreeof significance. The
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TABLE6
STANDARDREGRESSIONEQUATIONSRELATINGNIL-DUCTILITY
ANDVARIOUSCHARPYV-NOTCHTRANSITIONTEMPEIWTURES

CharpyV-Noteh Criterion RegressionEquation

15ft-lb

25 ft-lb

50’7’oof Max.Energy

15%Fibrous

30~0Fibrous

50%Fibrous

15 mil

EnergyAbsorptionCriteria

NDT,F = 0.46(15 ft-lb TT, F) - 7F
S. D;: =~ 17.5 F; r2*’~C= 0.563

NDT,F = 0.48 (25 ft-lb TT, F) - 18F
S. D. =f12.8F; rz= 0.764

NDT,F = 0.62 (50Y0M.E. TT, F) - 31F
S. D. =~ 14.1 F; rz= 0.703

Fracture-Appearanc”eCriteria

NDT,F = O.72 (15Y0FibrousTT, F)+ 3 F
S. D. =~13.9F; r2 =0.725

NDT,F = O.64 (307’oFibrousTT, F)-20 F
S. D. =~ 14.6 F; r2 = 0.696

NDT,F = 0.57 (507’oFibrousTT, F)- 38F
S. D. =~12.1 F; r2= 0.791

LateralExpansionCriterion

NDT,F = 0.60 (LE15TT, F) - 4F
S. D. =~ 14.OF; r2 = 0.721

W. D. = standarddeviationaboutfittedline.
>~’;~r2=Fractionof thevarianceremovedoraccountedforbythecorrela-

tion. Valuesof r2 mayrangebetweenOand1. Ahighvalueof r2 indicates
a close relationshipbetweenthevariables,whereasa lowvalueindicates
a poorrelationshipbetweenvariables.
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FIG. 3. REI.ATIONSHIPBETWEENNIL-DUCTILITYANDCHARPYTRANSITION
TEMPERATURES--FRACTUREAPPEARANCEANDLATERALEXPANSIONCRITERIA.

spreador scatterin the dataas representedbythe standarddeviationranged
from~ 12.1 F forthe 50‘7’ofibrouscriterionto~ 17.5 F forthe 15ft-lb criterion.
Consideringthatthe estimatedsensiti~it.iesof the NDTandCharpYtests are
10 and15 F, respectively,the scatteris reasonable.

Becauseof the lowstandarddeviationandthefact thatthe slopemost
nearlyapproachesone(slopeof the line of perfectagreement),thecorrelation
of the 15~0fibrouscriterionwithNDTis consideredthe mostusefulonefound
in this study. Othercriteriadonotcorrelateas well. Thatlowpercentages
of fibrousfracturemightcorrelatewellwiththeNDTtest wassuggestealby
Gross.11 Theexistenceof a reasonablecorrelationforthis criterionwould
also be predictedfromthe fact thattheregressioncoefficientsdeterminedfor
theeffects of compositionandgrainsize in a multiplecorrelationanalysisof
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thedataarequitesimilarforthetwotests.
Thecorrelationsnotedforthis projectare furtherevidencethatappro-

priateCharpytransitioncriteriadocorrelatewiththetransitiontemperaturede-
terminedbythedrop-weighttest. Basedonthese dataandtheworkof other
investigators,it appearsthatCharpycriteriasuchas lateralexpansionandfi-
brousfractureshowgoodcorrelations.

Figures2 and3 also showthe changingrelationshipthatthesetests
havewithrespectto temperature.Acritical temperatureexists foreachcriteria
wheretheCVTTis higherthantheNDT,andbelowthis critical temperaturethe
reversesituationoccurs. Forexample,steels witha CV15TTof 60 F wouldbe
expectedto havean NDTof 20 F, or 40 degreeslower. At-20 F, however,the
twotransitiontemperaturesarethe same. Butat a CV15TTof -60 F, theNDT
is -30 F, or 30 degreeshigher.

EFFECTSOFCOh’lPOSITIONONTRANSITIONTEMPERATURES

Sincetheanalysesof theexperimentalsteels covereda reasonablywide
rangein composition,theeffects of variouselementsontransitiontemperatures
couldbe estimatedwithfairprecision. Twodifferenttechniqueswereemployed
to estimatetheeffects of differencesin C, Mn, Si, andAlcontentsonNDTand
CV15TT. Thefirst approachwasbasedonsimplecorrelationanalysesof transi-
tiontemperatureswithonevariableat a time. Thesecondtechnique,a multiple-
correlationstudywithanelectroniccomputeralso showedthe effects of ferrite
grainsize ontransitiontemperatures.In additionit showedthe independentef-
fects of grainsize andcompositiononseveralotherV-notchCharpycharacter-
istics of interest.

- coITelat~onAna~wes
Thesimplecorrelationanalysesweremadeby stepwisegraphicalproce-

dures. ‘Fu-st,thetransitiontemperaturesof steels withotherwisesimilarcom-
positionswereplottedagainstthevariableof interestto get a preliminaryesti-
mateof its effect. Suchplotsgaveusefulapproximationsof the effects ofeach
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variableduringthecourseof the investigation. Next,whenall datawere
available, movingaverages’~forgroupsof five steels werecomputedafterthe
datahadbeenarrangedin increasingorderof thecompositionalvariableof
majorinterest. These averageswerethencorrected,onthe basis of theap-
proximatefactorsmentionedabove, forminorvariationsin othercoppositional
variables. Finally, these correctedrunningaverageswereplottedto obtain
improvedestimatesof theeffects of variationsin C, Mn, Si, andAlcontents.
Plotsobtainedin this wayare shownin Figs. 4 and5.

Figures4 and5 indicatethe followingeffects ofcompositionalvariations
ontransitiontemperatures:

*Therunningor movingaverage,as usedin Figs. 4 and5, is a devicefor
obtaininga series of figureswhichindicatethe trendof databetterthanindi-
vidualreadingsbecausefluctuationsare averagedoutin thecalculations.
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Range Changein
Changein Composition Covered,TO NDT CV15

Increaseof O,01~0Carbon 0.10/0.30 1.35F 1.8F
11 of O.0170Manganese O.40/1.25 -0.2 -0.85
II of O.01%Silicon 0.02/0.20 -0.6 -2.0
11 of 0.0170Aluminum 0.00/0.03 -1.8 -8.0

Theseapparenteffects of the elementsontransitiontemperaturesshouldnot
be acceptedwithoutseveralresemationsbecauseof the assumptionsunderlying
thetreatmentofthe data. Forexample,the treatmentimpliesthattheeffectof
onealloyingelementis nutinfluencedbyvariationsin the amountsof other
elementspresent. Secondly,it is impliedthatthechangesin transitiontem-
peraturesarecausedentirelybythe majorvariableplottedandnotbyanother
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stronglycorrelatedfactor. In thepresentcase, it appearsthatpartof the ap-
parenteffects attributedto C andMn, in Fig. 4, maybe causedbyvariations
in ferritegrainsize.

Figure6 showsthatincreasesin eitherC or Mncontentsof the exPeri-
rnentalsteels wereaccompaniedbyfinerferritegrainsizes. Consequently,it
appearsreasonableto attributepartof thechangesin transitiontemperatures
to indirecteffects of C andMnongrainsize. Figure6 indicatesthatincreas-
ingthe C andMncontentsby O.0170increasestheASTMgrainsize numbers
byO.075and0.01, respectively. Variousinvestigatorshavereportedthatan
increaseof oneASTMgrainsize numberlowersthe CV15TTapproximately20 F.
Basedonthese estirnates,it appearsthatthe grainsize variationsresuiting
fromincreasingC andMncontentsbyO.01YOwouldaccountfordecreasesof
1.5 F andO.2 F in CVTT,respectively. VariationsinSiandAlcontentsdid
nothavea significanteffect onthe grainsize of the hot-rolledsteels usedfor
this study.

Thefactorsindicatingtheeffects of C, Mn, andgrainsize ontransi-
tiontemperaturesof the experimentalshipsteels can be combinedas follows:

Changein GV15TTfor
the CompositionalChangeIndicated
+0.01yo c +0.01~0Mn

-1.5 F -0.20 F
1.8 -0.85
3.3 -0.65

Indirecteffect throughgrainsize
Apparenteffect fromFig. 4
Effectforconstantgrainsize
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Thedifferentfactorslisted abovecan be usedforpredictingdifferencesin
CV15TTto be expectedfromchangesin composition.Thechoiceof theproper
factordependsonwhetherthegrainsize of the steel is knownornot. Similar
calculationsforthe effects of C andMnonNDTwerenotmadebecauseno
independentestimatesof the influenceof grainsize wereavailable.

MultipleCorrelationAnalysisofExperimentalData—
Amultipleregressionanalysisof the dataforcompositions

andthetransitiontemperatureandgrainsize-datein Tables3 and
bycomputertechniques. Thedataobtainedonbothhot-rolledand

in Table1
4 wasmade
onheat-

treatedsampleswereusedforthecorrelationanalysis. Multipleregression
analysisis a standardstatistical methodforestablishingthe effects of a num-
berof independentvariablesona dependentvariable. In this case, the de-
pendentvariableof interestwastransitiontemperature.Theobjectof the sta-
tistical analysiswasto findanequationwhichbest fittedall of the datapoints.
Therelationshipexpressedbya regressionequationmaybe eitherlinearor
curvilinear. In this case, previousexperienceandpreliminarystudyof the
dataindicatedthatSi andAlmighthavecurvilineareffects andthatSi might
haveinteractingeffects withAlandMn. Therefore,thecomputerprogramused
forthe analysisallowedforthesepossibilities. Theresultsof the multiple
correlationanalysisare summarizedin Table7. Auxiliarydata, definitionsof
terms,
sented

forthe

anda briefdiscussionof the statistical techniquesemployedarepre-
inAppendixB.
Thegeneralformof theequationto determinethe transitiontemperature
NDTor sevenCharpycriterionis as follows:
TransitionTemperature=a + b(YoC)+ c(YoMn)+ d(%Si)+ e(%Si)l

+ f(%Si)(%Mn)+ g(%Al)-1-h(%Al)2+ j(’%Al)(’%Si)
+ k(ASTMNo.)

wherethe lowercase factorsa, b, c, . . .etc. are
Thestandarderrorslisted in Table7 indicatehow

equationfit theexperimentaldata. Thestandarderrorof

obtainedfromTable7.
wellthe regression
a regressionequation
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TABLE7
FACTORSAFORCALCULATINGTHEEFFECTSOFC,

Mn,‘Si, Al, ANDFERRITEGRAINSIZEONTHE
DROP-WEIGHTANDCHARPYV-NOTCHTRANSITIONTEMPERATURES

Criterion

NDT

15Ft-lb
25Ft-lb
50’?70max
energy

15~oShear
fracture
?.070shear
fracture
50%shear
fracture
Latera1
expansion
at 15rolls

~

210

333
456
291

277

347

439

331

Mn Si

-15.9 -182

-66.6 -267
-61.3 -265
-68.3 -352

-22.0 -8.6

-27.8 –141

-36,1 -257

-52.0 -237

377

210
216
332

-118

171

246

173

SiQWi Al 4w- AIXSi

-6.9

116
111
211

5.8

24.0

84.6

105

Drou-WeiahtTe@
-159 321 -258

CharpYV-NotchTest

-512 2849 367
-583 3228 360
-356 2601 -135

-449 2580 -128

-334 1329 2s2

-375 1121 975

-458 3056 131

AThefactorsor regressioncoefficientsareusedinthefollowingtransition temperamre
equationfor calculatingtheNDTtransitiontemperaturesbasedon compositionand
ferritegrainsize:

GrainS,ze
Number

-11.0

-18.1
-20.2
-L5,,5

-12.1

-15.3

-18.9

-14.0

Gonstant

77.2

168
178
189

60.5

119

177

129

Standard
Errorfor
Equation

11.4F

16.9F
16.8 F
15.3F

14.3 F

14.7 F

18.4F

13.7 F

NDT,F = (210x 70C)- (15.9 x YOMII)- (182x % S~)+ (377x %Si2)- (6.9 x 70SiX7dvfn)- (159x %Al)+ (321x %A12)
-(258 x YoA1x 7oSi)- (11.0 X ASTMferritegrainsize number)+ 77.2

0Calculat~onsbasedon steels coveringthefollowingranges: 0,10/O.3270C, 0.30/1 .31%Mn, 0.02/O.43%Si,
nil/o. 1367.acid-solubleAl.



-25-

is roughlyanalogousto the standarddeviationusedto reportthe scatteramong
experimentalobservationsonostensiblyidenticalsamples. Bothstatistics are
measuresof residualorunexplainedvariability. Table7 showsthatthe standard
errorsof theregressionequationsrangefrom11.4 to 18F. Thesevaluesindicate
theequationfits the experimentaldataquitewell, apparentlywithinthe preci-
sionexpectedfortransition-temperaturedeterminations.

Thestatistics giveninAppendixB also indicatethata highdegreeof con-
fidencecan be placedin the significanceof the multiplecorrelationcoefficients
andregressionequation. Forexample,thecoefficientsof multiplecorrelation
indicatethatthe independentvariablesconsideredin the equationsaccountfor
82 to 89 percent of thevariancein transitiontemperaturesfoundbytesting.

Theregressioncoefficientsorfactorsusedto calculatevarioustypesof
transitiontemperaturesfromgrainsize andcompositions,in general,have
qualitativelysimilareffects ontheNDTandeachof the sevenCVTTcriteria.
Forinstance, finergrainsizes areassociatedwithlowertransitiontemperatures
definedbyany
in composition
amongtests.

criterionconsidered. However,the effect of a particularchange
orgrainsize on

Forexample,the linear
transitiontemperaturesdefined

Increaseof O.0170C
II of 0. 01%Mn
11 of O.OIYOSi
II of 0.0170A1

Refiningof ferritegrainsize
byoneonASTMscale

transitiontemperaturesdiffersquantitatively

effects of certainmetallurgicalchanges’:=onthe
byvariouscriteriaare:

Charpy,
NDT 15~0Fibrous CharpyV15
2.10 F 2.97 F 3.33 F

-0.16 -0.22 -0.67
-1.82 -0.09 -2.69
-1.59 -4.49 -5.12

-11.0 -12.1 -18.1

~:These factors, orregressioncoefficients, areforsteels containing
O.10/0.307’oC, 0.40/l .25Y.Mn, 0. 02/0.20%Si, and0. 00/0.03%Al. The
factorsdo‘nottakeintoaccountanyof thepossiblecurvilineareffects (e. g.,
Si2)whichmayexist.
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ThistabulationindicatesthattheNDTis less sensitiveto variationsin C, Mn,
Si, andAlcontents,andto grainsize thanin the CV15TTlevel. Thesizes of
theregressioncoefficientsalso indicatethattheeffects of the metallurgical
variablesontheCharpy1570fibroustexturetransitionternperatureare interme-
diatebetweenthoseshownbythe othertests. Theonlyexceptionis thatthe
temperatureassociatedwithsmallamountsof fibroustextureis least affected
bySi content.

In passing, it is worthmentioningthatthe regressioncoefficientsshow-
ingtheeffects of C, Mn, Si, andferritegrainsize onthe CV15TT, shownin
Table7 are in reasonablygoodagreementwiththosereportedbyHarris~4 and
otherinvestigators. Theyalso agreewiththe factorsindicatingthe effects of
C andMnonthetransitiontemperaturesof steels withequalgrainsizes given
in theprevioussectionof this report.

COMPARISONOFEXPERIMENTALANDCALCULATEDTRANSITIONTEMPERATURES

Probablythe bestwayto illust~atethe utilityof the equationderived
throughmultiplecorrelationanalysisis to comparecalculatedresultswithex-
perimentaltransitiontemperatures.Thiswasdoneforthe drop-weightandCharpy
test forsteels madeonthis projectandforcommercialsteels andfor steels made
in otherlaboratories.

Figure7 comparestheexperimentalandcalculatedNDTvaluesforlabo-
ratorysteels madeforthis study. Theagreementis verygood,abouttwo-thirds
of thepointsfall within~ 10 F of the line forperfectagreement.Thisis probably
as goodas can be expectedforthis test.

Figure8 showsthecorrelationbetweencalculatedandexperimentalCV15”
TTof the steels madeandtestedforthis program.Thevaluesagreewithin~ 15F
whichis a reasonableestimateof thereproducibilityof the Charpytest. The
scattershownbyFig. 7 andFig. 3 is withinthe limitsexpectedfromthe standard
errorsof the multipleregressionequations.

Figures9 and10givesimilarcomparisonsbetweentransitiontemperatures
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ExperimentalTransitionTemperoture7F

140”

x Hot-rolledsteel
Iclo O Heat-treotedsteel

L o

~ 60

~
#
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.-,x

;
g -20

0
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E -60 0

ExperirnentolTmnsitionTern-m, F

FIG. 7. CORRELATIONOF
EXPERIMENTALANDCALCU-
LATEDNIL-DUCTILITY
TRANSITIONTEMPERATURES
FORLABORATORYSTEELS.

FIG. 8. COMPARISONOF
EXPEIUMENTALANDCALCU-
LATEDCHARPY15 FT-LB
TRANSITIONTEMPERATURE
FORLABORATORYSTEELS
MADEONTHISPROJECT.

reportedforhot=rolledsteels byotherinvestigatorsandthosecalculatedby
formulasdevelopedonthis project. Theinformationavailableforthecalcula-
tionsandforpreparingthefiguresis recordedinAppendixA. Whenthegrain
sizes wereknown,thetransitiontemperatureswerecalculatedbytheequation
obtainedbymultiplecorrelationanalysisillustratedin Table7. Unfortunately,
thegrainsizes hadnotbeenreportedfor 29 of the 62 steels. In thosecases
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FIG. 10. COMPAIUSONOF
EXPERIMENTALANDCALCU-
LATEDCHARPY15 FT-LB
TRANSITIONTEMPERATURE
FORCOMMERCIALANDLAB-
ORATORYSTEELSOTHERTHAN
THOSETESTEDONTHIS
PROJECT.

thetransitiontemperaturesusedforthecomparisonswerecalculatedby
. followingequations:

NDT,F = OF + 135(YoC) - 20 (YoMrI)- 60 (7oSi) - 180(YoA1)

the

v15Charpy,F = 80-F+ 180(YoC) - 85 (YoMn)- 200(7oSi)- 300(~o
Theseformulasare’basedonthe sim~le(notmultiPl~)correlationanalYses
the dataobtainedonthe 5/8-in. thicklaboratoryplates.

Al)
of

Figure9
determinedNDT

showsthatabouthalfOfthecalculatedandexperimentally
fall within~ 10F of the line forperfectagreement.However,
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the dispersionof thepointsaroundthetrendlinewasaffectedbytheplate
thicknessat whichthetests weremade. Specifically,the relationships‘be-
tweencalculatedandmeasuredNDTwereas follows:

Numberof Specimens
Specimen Below

Dimensions, Trend Calculated-Measured
in. Total Line NDT,F

3-1/2x14x5/8 4 0 i- 18
3-1/2x14x3/4 17 4 + 5-1/2
3-1/2X 14X 1 22 16 -3
3-1/2X 14x 1-1/4 19 15 - 16

These comparisonsindicatethatthe equationsdevelopedonthis projectfrom
datafor 2 x 5 x 5/8-in. specimensfit experimentaldataobtainedon 3/4or
1-in. plateby 3-1/2x 14 in. specimensquitewell.Apparentlythe differences
in length,width,andthicknesscompensateso the specimensgiveapproximately
equivalentresults. Onthe otherhand,the equationpredictsNDTabout16F
belowthoseobtainedexperimentallywith3-1/2x 14-in. specimenson 1-1/4in.
plate. Thisindicatesthattheconditionsrecommendedfor 1-1/4in. plateare
moreseverethanthoserecommendedfor 1, 3/4, and5/8-in. plate. Conversely,
Puzak’sdatal~5 forthe 3-1/2x 14x 5/8-in. specimensindicatetheywere
testedunderconditionsless severethanthosefor2 x 5 x 5/8-in. specimens.
SimilarexperiencesledPuzakandBabecki4to recommend2 x 5–in. specimens
fordrop-weighttests on5/8-in. plate.

Figure10 illustratesthe extentof theagreementbetweencalculated
CV15TTandthosedeterminedexperimentallybyotherinvestigators.15’1G Al-
mosttwo-thirdsof thepointsfall within~ 15F of thetrendline; this indicates
reasonablyclose agreement.It is apparent,however,thatformostof thecases
showingpooreragreementthecalcd’atedtransitiontemperatureis higherthan
thatobtainedbyexperiment.Thistypeof nonuniformdistributionaroundthe
trendline wouldoccurif the factorforgrainsize, usedin thecalculations,was
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too srnal~.Thisappearsto be the mostlikelyexplanationbecausethe factor
of -18 F foran increaseof oneASTMgrain-sizenumberwasusedto calculate
all butthreeof thepointsin Fig. 10. Thatfactor, obtainedfromthe multiple
correlationanalysesis smallerthanthevaluesof 20 to 25 F pergrain-size
numberreportedbyothers.

EXPERIMENTALWORKONCOMMERCIALPLATES

TheNationalBureauof Standardstesteda numberof 1-l/4-in. thick
Class C and3/4-in. thickClass Bcommercialshipplate. Theaveragecomp-
ositions of thetwotypesof shipplatewere:

~ w ‘7’0si w
ClassB, 3/4in. 0.18 0.98 0.04 <O*O1
Class C, 1-1/4in. 0.16 0.71 0.24 0.04

TheirresultsindicatedthattheaverageNDTfortheClass C steels wasJ3 F . ,, ,<..-:,.,.-.. .,f,?:;.L.:,,-“., ,-:,..’ ‘hbti~ jheaveragefti t~,@ass”B sieels. 17 ::;i~:~.,,;,2,..,4“,..Thi4 fi@@# wa~‘~is~oncert~nq-~.:.,~~y.::~::,~.-.:.1 ; .“.:,, ,.: .,-“’;.:,,::,...! >L.*A!;,:::< ,, ,.’,..P,,! :.!:..‘.‘~;:.’,,..:‘~~~:~fis~”~A~~ve~age ~~~ 5 “TT’W&S”:2~ ~“~~wer furthe .G~~$&”~~~~’~~~~~~~‘‘‘“’%~,~”:,’, ~,
Class B steels. Furthermore,thepresentinvestigation~~dicatesthatthe
Class C steels madebyfine-grainedmeltingpracticeshouldhavehadlower
NDTthanthe semiskilledClass B steels whentestedundercomparablecondi-
tions. Consequently,a briefstudyonfactorswhichmightaccountforthe
discrepanciesseemeddesirable. Forthis reasontwocf thecommercial
steels suppliedbytheNationalBureauof Standardsweresubjectedto drop-
weighttests in variousconditions. Thedataarerecordedin Table8.

Table8 showsthatthe NDTpredictedbytheregressionequationde-
velopedonthis projectvariedbyonly5 F and9 F fromthosemeasuredon
2 x 5 x 5/8-in. specimensmachinedfromthetwo1-1/4-in. commercial
Class C steels. Thecalculatedandexperimentaldataforheat-treated
samplesagreealmostas well. In sevenof eightcases, thepredictedvalues
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DROP-WEIGHTTRANSITIONTEMPERATURESOFCIASSCSTEELSFROIVI
NATIONALBUREAUOFSTANDARDSFORVARIOUSCONDITIONSAND

SPECIMENSIZES*

Nil-DuctilityTemperaturefor
ASTM SpecimensIndicated
Grain 2x5x5/8in. 3-1/2x14xl-l/4 in.

HeatPlate Gondition SizeNo.CalculatedMeasured Measured
C 6 250 Rolledcommercially 6.9 -5F OF 10, 20,930F
G13 296 ‘i ,, 7.4 -9 0 20
C13 296 1 hour1600F, Furnace9.4 -30 -- 0

cooled
C13 297 1hour1600F, Furnace10.1 -38 -30 -.

cooled
C 6 250 Rerolledto5/8in. in 8.3 -20 -10 --

laboratory
c13 296 RerollEdto5/Sin. in 7.9 -14 -10 -.

laboratory
C 6 250 Rerolled,1hour1600F, 9.4 -33 -4-o

Furnacecooled
C13 296 Machined,1hour1600!?,9.4 -30 -30 -—

Furnacecooled
C 6 250 Rerolled,1hour1600F, 9.2 -31 -50 --

Atrcooled

AAnalyses andgrainsizessuppliedbyNationalBureauofStandardsfortheplates
rolledcommercmlly-were:

Plate250,0.1570C;O.747’oMn;O.247’OSi; 0.0370Al;ferritegrainsizeNo.,7.1
Plate296,0.1970C;0,8070Mn;0.24~0Si; 0.057’0A1;ferritegrainsizeNo., 7.2
Plate297,0.19%C;0.81%Mn;0.z6%Si; 0.057’0M; ferritegrainsizeNo., 7.2
BIntests at the National Bureau of Standards the NTDT value was 20 F at the edge

and10Fatthecenteroftheplare.

agree with lNDTmeasuredonsmallspecimens within 11.4 F, thestandarderror
oftheregressio~-equation.Thisis asgoodagreementas shouldbeexpected.
Therefore,thedata are consistentwiththeopinionthatsteelsmadetofine-
grainedpracticeperformbetterindrop-weightteststhansemiskilledsteelsun-
der otherwise similar conditions.
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Thechangesin NDTassociatedwithheattreatment,in Table8, are of
the orderexpectedforthe differencesproducedin ferrite

Whenthe differencesin grainsize aretakeninto
the 5/8-in. platererolledin the laboratoryagreeclosely
machinedfromthe 1-1/4–in.platerolledcommercially.

grainsize.
account,the NDTof
withthoseof samples

Table8 also showsthatthe NDTwere10to 30F higheron 3-1/2x 14x
1-l/4-in. specimensthanfortest on2 x 5 x 5/8-in. specimens. Theaverage
differenceof 20 F, attributabkto platethicknessandtestingconditions,is
similarto the valueof 16F estimatedfromdatadiscussedin theprevious,sec-
tion. Apparentlytheeffect of increasingtheplatethicknessfrom5/8in. to
1–1/4in. is notentirelyeliminatedbythechangesin specimendimensions,
span,anddeflectionlimitsrecommendedbyinvestigatorsat the NavalResearch
Laboratory.4 Onthe otherhand,
l-in. by 3-1/2x 14-in. samples
for2 x 5 x 5/8-in. specimens.

thedatain Fig. 9 indicatethatthe 3/4-and
haveanNDTcomparableto thoseexpected

CONCLUSIONS

Theobjectiveof this investigationwasto establish, quantitatively,the
effects ofcertainmetallurgicalvariablesontheperformanceof shipsteels in
the drop-weighttest. Toprovideaninternalcheckandto permitcomparisons
withotherinvestigations,parallelstudiesweremadeonCharpyspecimens.

Thesteels madeandprocessedin the laboratorycoveredthe following
rangesin composition;O.10/0.32YO C, O.30/1.31~0 Mn, O.02/0.43%Si,
nil/O.136~0acid-solubleAl.

Theinformationobtainedduringthe studyjustifythefollowingcon-
clusions:

1.

2.

TheABS-ClassBandABS-ClassC typeshipsteels madeand
processedin the laboratoryfbrthis studyhadpropertiescom-
parableto thoseof similarmaterialsproducedcommercially.
Anequationderivedfromthe experimentaldata
tatively, the effects of coppositionandferrite

shows,quanti–
grainsize on
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3.

4*

5.

6.

7.

8.

9.

10.

11.

12.

NDTandonCVTT, definedby sevendifferentcriteria, for
pearliticsteels.
Thedrop-weighttest is less sensitivethanthe Charpytest
to variationsin grainsize, or in C, Mn, Si, andAlcontents.
Qualitatively,however,thevariablesinvestigatedhadsimi-
lar effects ondrop-weightandCharpytransitiontemperatures.
Forthe steels investigatedandadjustedforconstantgrain
size, raisingtheC contentO.01~0raisedtheNDTandCV15
TT2.1 F and3.3 F, respectively.
Raisingthe Mmcontent0.01 YOlowerstheNDTandCV15TT
O.16F and0.67 F, respectively.
Thereappearsto be an optimumSi contentforobtaininga low
transitiontemperature.IrItherangeupto O.2570,raisingthe
Si contentby 0.01 %lowersthe NDTandCV15TT 1.8 F and
2.7 F, respectively. Thereis somesupportforthe opinion
thatincreasingtheSi contentaboveO.25~0raises thetransi-
tiontemperature.
RaisingtheAlcontent0.01 YOlowerstheNDT1.6 F. Charpy
dataindicateraisingtheAl“content0.01 YOlowersthe CV15TT
5.1 F in a rangeto O.02TObutscatterpreventsfurtheranalysis.
Differencesof 11.0 F in NDTand18.1 F in CV15TTare associ-
atedwitha differenceof onenumberontheASTMgrain–size
scale. Finerferritegrainsizes‘arepreferable.
Drop-weighttransitiontemperaturescalculatedfromequations
givenin thereport,basedon5/8in. plate, agreequiteclosely
withexperimentalvaluesreportedforClass B shipsteel. The
agreementis poorforClass C shipplatewhichis furnished
aridtestedin heavierthicknesses.
Thepooragreementbetweencalculatedandexperimentalvalues
for 1-1/4in. Class C steels is attributedto the failureof recorn-
mendedprocedures’fordrop-weighttests to compensateforem-
brittlingeffects of heavierplatethicknesses. It thereforeap-
pearsdesirableto determinetheeffects of variationsin thegeo–
metricalandproceduralfactorsof thedrop-weighttest.
Equationsweredevelopedforestimatingthe NDTfromanyone
of sevenclifferentCharpytransitionhemperaturecriteria.
Acritical temperatureexistsforeachof the sevencriteriawhere-
bytheCVTTis higherthantheNDTabovethecritical tempera-
tureandlowerthantheNDTbelowthecritical temperature.
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TABLEA-1
TENSILE*DATAFORHOT-ROLLEDLABORATORYSTEELS

FINISHEDAT1850F

YieldStrength, Tensile ElongationHeatNumber Strength, PerCent.
BattelleAssignedO.*Offs& psi in8in. in2in.

B6353

B6327

B6932

B 6366

B6367

B 636o

B 6368

B6359

B6@6

B6JJ09

B 706fl

B6h64

B6U0

B 64($

B61127

B6361
B 6903

B 6880

B6879

B 690L

B 6930

B 6931

B 691JJ

B6933

B6913
B6929
B7191
B7192

B7193

lT

2T

2-2

3T
4T
ST
6T
n
8T
n

9-2
lcn!
lTT
12T
13T
Wr
15
16
17
18
19
20
21
“22
23
24
25
26
27

32,800
33,700
35,800
36,600
39,500
)J0,600
43,000
42,400
35,900
36,400
39,500
39,200
h9,200
&9,400
32,S00
31,8c0
35,00d
35,5
36,3

235,7,
36,OOO
36,200
39,1100
39,100
3~,200
3S,200
33,70034,200
111,11oo39,90028,6oo30,800
39,20038,700
33,30033,900111,300
44,40038,900
39,700
Ill,l!ooU,30035,60036,2ooJls,loo
45;30036,900
37,200
;:p;
36,1@
37,1@039,8~ho,3m
::7: i’3~200

73,100
39,1100 65,7oo
39,900 66,000

59,700
~;:

64;600
66,900
67,900
71,600
71,600
58,hoo
:;:%
70,000
82,500
82,300
!53,300
&Jo

61:900
63,100
63,00062,60063>100
70,20069,600
57;90058=400
63,200
63,300
79,30079iooo50,200
52,M0
62,1Lw
62,300
57,50057,70072,100
73,1W69,60070,000
71,30071,00062,70063,800
71,9m71,80064,3006L,2006Jl,8m65,90066,50065,90068,w069.000

30.9
28.o
27.9
28.8
29.0
31.0
23.5
25.9
24.0
28.9
22.5
24.0
20.1
20.0
28.o
30.7
27.9
30.6
29.0
29.2
29.S
32.0
27.8
27.7
30.7
30.9
25.1
26.1
25.0
2h.7
30.8
%-M
31.0
32.0
31.0
31.5
26.0
27.S
28.o
28.o
26.0
26.0
21;5
30.0
27.0
28.5
32.0
29.0
26.0
26.S
29.0
28.S

-

5h.o51.0.50.0

47.048.o
51.5
52.536.0
lll!s39*O38.552.0
$:;
51.051.052.050.0
57.553.050.0
57.557.046.0L5.o
47.5h6.5b9..5
g.;

56:0
53.0$.;
47:549.0
117.5
3::0*
51*5119.o54.0
53.5J17.o
50.5113.o
~LOo

~,..*Fu1lplatethickness tensile
~.o sPecimens were 21.5 in. long by
&s.O 2 h. wide With a gagesectiOn
hk.O1l/zin.wideby8in.long.
U.o
~8*o~~Brokeongagemarks.
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TABLEA-2
TESTDATAOFHOT-ROLLEDLABOIU4TORYDROP-WEIGHT

STEELSFINISHEDAT1850Fx

Testiw Impact
‘rmperatwe,Completemew, iiu’1,

F Fractwe Th-lb.F

T..ting Unpact
flempwlturc,Complehihe~y, mT,F Wacture F&lb. F

‘IestinE Impact
Tmpwat.m, CO@*t.e .Enc~y,mT,

F Practwe .M-lb.F

.Numbei-(BattcllaAssqned)
B63531
No 150
Ditta 150,, 120. 150“ 150“ 1.20,, 150
Xes Ditto

Ditto ,,

B64o9

68
60
30
10
10
10
0

:
-lo
-10
-lo

20
20
20
20
10
10
10
10
0
0
0
0

68
60
30
10
0
0
0

-lo
-lo
-10
-20
-20

68
60
30

G
-lo
-lo
-20
“20
-20
-30
-30

130
57
57
57
ho

E

g
30
20
20

!10
Ditto,,
,,
1,
,,

60100
100
61
61

No 120 0

I.o

-30

-10

“20

2!3

o

10

-lo

-20

30

0

-lo

0

-lo

-20

40

Ditto 120,, 60,, 120,! Ili’kto!, n

120
Ditto
,,
,,
,,
,,
r,

,,

n

,,

,,

9-2

10
10 “ ,,

Yes ,,
Ditto ,,
“ “
?JO ,,
Yes “

(DuPIIcate)

10
0
0
0

-1,0
-10

0
0

-lo ,!
,,
!,

o 120. Ditto,, !, -H
B63605B6327 2** B70b4

63
63
Lo
20

No
Ditto

120
60

20
20
20
20
10

iio Uo
Ditto Ditto,, “

No 120
Ditto
n
n
!,
,!
!,
,,
,7

,,

!,

.

10

Ditto,,
1,
.
!,
“
.
,,
!,
“
.

Ditto
1,
,,
,,
,,

n
,,
!,

II
o
0
0

-10
-10
-lo
-20
-20

10
10
10

Ditto
“
,,
n
.
,,
.

,,
,,
,,
!,
1,
,,

0
0
0
0Yes

B63686B69322-z B6464

To 60
Ditto 220“ Ditto“ “

E
30
10
10

-10
-10
-20
-20

No
Uitto,,

60
120

3.0 No
10 Ditto
10 “
10 “
o 1,

120
Ditto
,, Ditto

!,
n

,,

!,
.
,,
“
,,
,,

,,
“
“
n
,,
,,
,,

Tes
Yes

“

n

“
.
,,
,,
“

,,

“

“
.
,,

Yes
Ditto!,
“
“

B6410II

NO

“

“
“
“

n
“
.
“

60

0 n
.~ Yes
c Ditto

-lo .
-lo ,,
-lo ,,
-10 “

-20
-30
3.0

B69322-2(DupLicate)
B636S6
0
0
0
n

(Duplicate)
o
0
0
0

-lo
-lo
-10
-10
-20
.70
-20
.20

6L
6h
63
ho
20

-1:
-10
-20
-20
-20
-30

t
10
0

-lo
-30
-30
-ho
40
-Lo
-50
-50

No
D$L+,o“

120
Ditto
n

No 120
Ditto Diti’h“ !! Di.t’wf, 120

Ditto,,,,
Yes
Ditto“
“
“
“
,,
“

,,
.
“

“

.

.

.

.

“

“

,,

!,

,,

,,

!,

,,

,,

“

n
.
“

“

o
-10
-lo
-lo
-10
-20
-20

.
“

“

“
,,

“

.

“

Yex
Dittu
“

“

n

3 B63597 B6’20512

E
30

.%
-10
-lo
-20
-20
-20
-20
-30

No
Ditto
“

n
“

“

“

120
60

120
No
nj,tto
,,

120
250
160
D?Lto“

W 60
Ditti 120,! Dit’w“ ,, 1s0

120
Ditto,,

,,
,,
,,
“

.

,,

“

n

m

“

,,

,,

“

“

.

,,

Yes
Ditto,,

n

1,

!,

,,

.

.
,,

B64o6sB63674 B642713

No
nit’to

120
60

220
Dfkto
n
.
m
n
.
“
“
.

60
66
30

No
Dit.tm

71
:
30
30

No
mtto.
,,
.
“

Yes
Yes
v

Y::
Ditt.o
,,

60 20
lzi
Ditton

“
“

,,

.

“
Yea
lntt.o,,

20
20
20
10

H
o
0
0

,,
n

“
.
“
“
n

,,

,,
“

,,

,,

,,

1,
,,
,!

20
20
20
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TA13LEA-2 (CONTINUED)

iksting *act

‘rempe.atu.,complete Enerw,bmT,
F FractureFL.lb,F

Testing Jmpa.k

T.mporatuE,cmple+* Fhercy,.NDT,
F FractureFL-1b. F.

Testinc .rmpac%
Tenqaraturc,Cmlpl.eteEnew, NDT,

F FractureW-lb. F

B636114 B693120 B719125 (Duplicate)
10 No 1:0X9

DihtO,,
!,
,,
,,
,,

60
120
13ikko“
,,
i,
,,
,,
!,
“
II
,,

-10

-20

0

0

20

10

20
20
20
20
10
10
10
0
0
0
0

-20

10
10
10
0
0
0

-lo
-10
-10
-20
-20
-30

10
10
10
0
0
0

-lo
-lo
-lo
-20
“2o
-30

-10
-20
-20
-20
-20
-30
-30
-30
-30
-Lo
-Lo
-Lo

10
10
10
10
0
0
0
0

-lo
-10
-10
-10

20
20
70

No 120
Dttto Ditto

10

.-10

-10

-30

‘o

10

0

~lo

-20

-lo

-10

71
71 10

la
10
0
0
0

.1:

niito,,
,,

Ditto
,,
,,
,,
,,
“
.
,,
,,
n
,,

26

30
10
0
0
0

-Y.o
-10
.10

. ,,
!, ,,

Ye,
D5kto
“

,, 150
Yes 120
Ditto Ditto. ,, ,,

n

II

,,

,,

B719Z

Yea
IHtto ,, ,,

!, ,,

1, ,,
,, ,,

-10
-1n
-lo

,,
“

,,
-20
.20

B691421B690315
NO 120
Ditto DiMo,, ,,

10**** No 250
Ic D$’cto 180
10 “ Dittu
n . ,,

0
0
0
0

No
Ditto
n

120
Ditt.O,,

“

,,

n
,,
,,

,,
n

,,

,,

,,

“

,,

,,

!!

. n
“ ,,
,, “

o “ “

o . 1,

-lo Yes so
-LO**** No 120

.10
-io
-10
-lo
-20
-20

Yes “

h!o ,,
Yo n

v.. n
-lo YeS 180
-10 Ditto Ditta
-20 ,, “
-PO*** ,, n

Yos
Ditto
,,-20

“ ,,-20 ,,

B719226 (Duplicate)B69337-ZB688016

E
10
10
10
0
0
0
0

-lo
-10
-10

No 120
Tlitto .Ditt.
!, ,,

-10 ilo 150
Ditto
“
“
“
,,
n
,,
n

“

“

“

No 120
Dik+Jo Ditto,, ,,
“ ,,
“ ,,

-lo
-lo
-10
-20
-20
-20
-20
-30
-30
-30
-30

0
0
D***,>

-1:
-lo
-lo
-10
-20
-20
-20
-Lo

,,
,,
,,
T,.
Tes
No
m z

Ditto“

“

,,

n
,,
,,
“

,,

,,

,,

Xes

Ditto,,Yes ,,
Ditto !,
,, “ !,

,,

.

1,

.

k r,

Yes “

Ditto ,,
,, .

B691323 27B6879 17 B7193
No 120

Ditto Ditto
!, ,,
“ ,,
. n

lio

Ditto,,
“
Yes
Ditto,,

120
120
120
150
120
Mo
Di*t.o

10
10
10
10

No 120
nitto Ditto
,, n

,, “

Y*LI ,,
Dilib ,,
“ “

o
0
0
0

-10
-10
-10
-lo

Yes ,,
Ditto 1,
!, ,,,, “

“ ,,

“ “

,, “

,, n

n

n

,,

,,

!,

“

130
Eo
2s0
120

,, ,!
. ,,
1, “
,, .

B719327 (DuPMatc)B6929Z4B690418

120
Ditto“

n

“

,,

“

n

“

“

,,

.

No
Ditto

!,

120
Ditto

o
0
0
0

-10
-lo
-lo
-lo
-20
-20

?JO
Ditto,,

130
Dil,’ho
“

30
30
30
30
20
20
20
R
10
10

,,
“

,,
,,
“

,,

n

,,

,!

,,

!,

,,

“

Tes
Ditto!,
,!
!,
!,
“
1,

,,
.

n
II

“

,,

.

“

“

,,

u

m s
Ditto
“

Yes
Ditto,,No

Yes
Ditto
n
,,

!,

h

“

,,
-20
-300

B719125B693o19

20
20
20
20
10
10
10
10
0
0
0

No
Ditto

220
Ditto.

No 150
Diti,o. 3

70*+* “ 120
10 !, 120
10 Tes No
10 No Ditto
10 w 1,

* SPCCmWndimensionswere2x5x
5/8in,Platethicknes$was
5/8in.

.
,,
“

,,

“

“

.

n

“

n

,,

“

“

“

**Battelle-AssignedHeatNo.
***l*itoffcentH
****Didnotmarkanvil.

o Ye9 ,!

o Ilitto “
0 ,, “

-10 “ 220
“

.0
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TABIEA-3
DROP-WEIGHTTESTDATAFORLABORATORYSTEELS

FORONEHOURAT1600F ANDAIRCOOLED*

TcstinE Illlpsct
Tenp3ratwe,CmnpleteFJlcrgy,NOT,

.? FracF,ur.Ft-lb. F

B6353 B6360 5 B646410

80
20
20
20
10

:
10
10
0
0
0

72**

-::
-30
-30
-30
.Lo
-y
- ,0
-50
-50
-50

aO
-20
-30
-ho
+0

%
-60
40
-50
-?0
-70

-::
-ho
-Lo
-Lo-50**X<
+9
-50
-50

2:
-70**

No
D5tto“

120
Eit.t.o

10

L-,0

-6o

80
10
0
0

.1:
-lo
-lo
-3.0
-20
-20
-20

.%
-30
-30
-1!0
-140JLl
410
-50
-50
-50
-50

80
0
0
0

-lo
-lo
-lo
-lo
-20
-20
-.?0
-20

20
20
20
ZO
10
3.0
10
lC
o
0
0
0

n
o
0

-J’
-10
-lo
-20
-20

No 120
Ditto Ditto,, ,,
!, r!
,! ,,
,, ,,

-10

-ho

.Io

10

-10

-lo
-10
-10
-10
-20
-20
.20-po
-30
-30
3.0

-30

-lo
do
-lo
-lo
-20
-20
-20
-20
-30
-30
-30
-30

t
ho
Lo
30
30

:

20
20
20

20

%
20
10
10
10
10
0
0
0
0

73
0
0
0
0

-lo
-10
-10
-lo
-20

No
Ditto
,,

120 -20
Ditto!!,!

m
,,
,,
.
,,
,!

,,

r,
,,

,!
Yes
No

Ditto

,, ,!
“

.

!,
!,

,,

,,

Ycs
Ditto
,,Yes n

Ye. ,,
,NO n
Yes ,,
Dittc .
n ,!

“
,!
Yes
Ditto.

.
,,
,,
,,

,,

E63272S16 B6368 b B641O11

xO 120
Diti. Ditto

i%
Ditto,, 29:

159
Ditto,,
n
,,
,!
,,
.
,,
,!

!?0
Ditto
,,

1?o
Ditto

!!

!,

“
,,
“
,,
!,

,,

,,

.

-20
,, ,,
,, ,!
,, “

“ ,,

,,
,!

1,
,,
‘<es
!iO
-y,~
Ditto
1,

Yes ,,
Ditto u
,, ,,
No !1

Yes ,!
res ,,

!!
,,
!,
1,
,,

B63663 B63597 B6405 12

180
DiLk.
n
“
“
,!
“
,,
n

,,

“

“

Iio
Dit+x

3-?0
Ditto.
n
,,
n
.
“
“
,,
,,
“

30No 120
Ditto Ditto
,, n
,, ,,
Yes .
!?0 “

Ditto .
,, “
Yes 150
Yez 120
NO Ditto
No .

“

“
Yez
Ditto“

“

“

,,

,,

“

B6367 4 B6406 S B6427 13

220
D$t.tn.
“
“

.

“
“

“
n
“

“

120
Ditto
“
r
“
,,
“
,,
!,
,,
“
,,

:10
~i-tt.o.

220 10
13itto“.

“
,,

.
Ye.
m.tto
1!

n
“
n
,,
“

,,

n
!,

“

ma
Ditton

?es
JO

Ditto
1,

“

“
“
“

,,

“
,!

.

,,

.

,,
,,
,,

B6409 9S16B6367 4 (Duplicate) B6361 14

–s0
-50
-50
-60
z
-70
-70
-s0
-80
-30
-90

-60 x. 120
Ditts Dikt..

*.
Ditto
,,

120 -10
Df$ti“
,,
,,
n
,!
“
“
“
.
.

,, .
n m
Yes “
!JO “
%0 “
103 .

Ditti “
,, “

. .
“ !,

Yes ,,
Diit. ,,
. ,,
“ !,
“ ,,
“ n

,,
“

,,

,,

.

Yes
Ditto,,“ “

“ ,,
-20
-20

* Specimendimensionswere2in.x5in.x5/8in.
**Did“OLmarkanvil.

*** Fractul’ed 1/’3in.fromweldbparj.
****gattell~assignedheatno.

Plalethicknesswas5/sin
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TABLEA-4. DROP-WEIGHT TABLEA-5. DROP-WEIGHTTESTDATA
TESTDATAFORLABORATORY FORLABORATORYSTEELSHEATEDFOR
STEELSHEATEDFORONEHOUR ONEHOURAT1900FANDFURNACE
AT1900F ANDAIRCOOLED* COOLED*

Te,t@ Impact ‘2esting Impact
Temperature,CompleteEn.rty,m, Tcmperahro,completeBrIerm,

F
ml,,

Frac%llreFt.lb. F F Ml.bum KC-1b. y

B63272S19++ B6360 5

No Iso
Uit%o 12itto

B641o11

No 150
Ditto llit+o. ,,

,, ,,
,, n
n “
,, !!
!, .

Yea “
TO3 .
NO u
No m

-20

20

Lo
1,0
R
30
::
20
20
20
10
0

10
10
10
10
0
0
0

30 150 20
Di+h,,
II
,,
,,
n
“
,,
“
,,
n

20

-1~
-lo
-lo
-20
-20
-20
-?0
-30
-30
-30

30
30

%
20
20
20

n

:
0

,,
“

“

,,

“

,,

!,

,,

,,

,,

,,

!,

MO
Ditto
“
,,
!,
n
“
!,
!,
,,
,,
.
,,
,,
,,
,,
,,
,,

MO
D5iAo
,,
.
,!
,,
,,
,,
,,
“
“
.
,,
,,
.
“
“
,,

350
Ditto
II
,,
“
,,
!,
.
n
,,
,,,!

!,

r.s
D$LLO,,
1,
,,
,,
,,
u

:
20
10
10
10
0

!?0
bs
Ditto.

“

B6>686 B640512B6409 9S19

NO Go
Ditio Ditto,, ,,

NO
Ditkon
,,
,,
,,
!,

Ye8Yes
Iuo
Yez
Ditto,,
n
,,
n
,,
.

0 60
@o
80
80
70
70
70
60
60

$
ho

150 To
Dikto
,,
,,
,,
,,
1,
,,
,7
,,
!,
.

,, ,,
,, 120. l.so
Yas nitt.
No ,,
No 120
Tes 120
Ditto 150“ 120

o
0
0

-10 ,,
,,-lo

-10
-lo
–2C
-20
-20
-20

B642713

TABLEA-5
150 60
J3itt.
,,
“
,!
,,
!,
,,
,,
,,
,,
,,
n
,!
,,
,,
m
,,

Testing Lnpact
Temgei%vkure,Completemlm-gy,NOT,

F FracturEm-lb. F
B63597

30
30
30
30
20
20
20
20
20
20
10
10

20
B6932 2-2

,,
Yes
No

13itt.o
“

,,
“

,,

.

,,

No
Ditto,,

250
Ditto,,

0

,,
n
“

“

“

“

n
“

,,

10
10
0
0
0
0

0
-lG
..10
-10
-10

i3636114“

.

“

B70649-2B63674 N.
~itto“

X50
DittoM
,,
“
“
“
n
“
“
“
,,
“
,,
“
,,

Lo

!,

,,

“

-20
-Lo
-ho
-ho
.Lo
-50
-50
-50
-50
-60
40
-60

No
Ditto

150
nittO
,,

-50 50
50
50
K
ho
Lo

No
Ditti,,

Lo
“

“

.

Yes
No
Yes
Ditto“

Yes
?lit*o“

,,
,,
“

,,

,,

!!

,,

,,

“

“

“

No
b
Ditto,,
“

30
30
20
20
20

Y**
nitto“
“
“

,,
n

—
* Specimendimension%were2x5x5/8In.Platettucknesswas5/8m
*+Battelle-ASsignedBeatNO
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TABLEA-6
V-NOTCHCHARPYTESTDATAFORHOT-ROLLEDLABORATORYSTEELS

Testing CharpyGpact BrittleLatera
Tmpqature,Ene.v. F?..i.ure,q=

1’ It..-lb. pm-cent
B63531+

120

80

Avg.
60

AVE.

50

ATC.

ho

ATE.

30

ATE.

20

ATE.

o

f.vg.

—. =327” .
I..!lo

%-

100
Avg.

do
ATE.

M
AT&

30

ATE.

20

ATg.

10

Av&.

0

J,C.

-10

ATE.
-20

Avg.

-30

w<.

07

%

+-

50

-%

115

+%5

~;

lii-
3$

%5

32
25
12
8

T

211
23
Y
;9

X5

9
20
2a
u’

~

:
7.5

26.2

66.5
1,0.0
51.E
L6.8
Loo
r
62.5
%
68.0
56.IJ
67.5
m
611.O
76.0
76.9
76.11
m

77.0
71L.8
g

85.1
81.0
m

93.1
92.8
91.9
92.7
m

@
fi.o
l’I.8
19.7
IilT7
27.2
m
55.0
5L.1
-5J=5
66.0
61,.C
m
69.7
61J.6
m
76.b
75.2
m
71.L
7L.3
83.1
82.3
m
asJ
85.2
76.5
75.2
m
96.2
M.1
&.5
a~.a
w

90.0
@

q

60.59
60-59
~;-5:

%?
112-ill!
llo-h2
-Iiii7
IJ7-47
27-27
33-37
-363
1,2J.J2
23-23
19-17’
33-33
-T9-
21-21
26.26
17-18
x
w-u
25-16
m
10-10
m-lo
7-8
12-I,C
-z6

73-78
m

7L-75
7?-75
m
60-W
-%’7-

55”51

-

b5-1.,6
I!W7
m

117-1’7
LO-39
m

16-16
L1-l!o
m

llt-lli
16-L7
33-33
26-25
22

?7-27
25-25
~.?$
39-no
m

13-11
20-22
31-31
23.-21
T

1?-10
~
10

—
?ewti~ Charpy31Pa.k Brittle‘ateral

TemperahXCC, 3.,r~y, FraeLure,hkpansion,
F ?t-lh. PCTcent mils
-,10 —:~ 8B.q 28-29

13. 88.8
90.0

! 90.0
3 92.5
18 88.8

ATE. X6 m
-60 3 97.5

5 97.5
LVE. T mB63272 (Duplicate)

111o 93 0
87

A~g. w %
mu 79 6.9

93 25.lI
AVg. -K m

78 20.6
x 311.6

AVE. -m5 m

ho g 511.o
56.7

.lTg. X5 m
30 Lb 61.9

u 61.9
AVE. X5 w

20 L2 67.5
112 67.5

AYE. 112- m
3.0 U 78.8

76.8
AT:, %5 m

-lC Q 76JJ
2< 79.6

Av:. ~ m
B63272 (Du;li~ate)

-20 83.2
11 78.8

AVW T m

-30 12
10

Avg. ~

-ho
:

AVZ. ~
-60 5

3
ATE. ~

B69322-2
78 M

75
Avg. -K6-

60

Aq.
Lo

Avg.
20

Ave.
10

AVZ.
0

75
z
73.5
53

+
27

-%+5
36
23

T
2a
21
2L
28
T

29
25
T

05.3
87.9
m
97.!,
97.11
m
98.0
98.8
m
17.7
3.9.6
m

32.7
%%
51.0
53.1
m
76.7
73.1
m

72.2
$5#

72.2
72.2
76.5
72J
m

69.2
~
70.7

?- ?
5- s

x
79-79
a3-7a
-BT

7C-75
711-79
7
60-71,
71-70
T

LL-UI
55-52
T
L6-186

v
113-113
LIJ-L2
T
21-21
16-17

19
y-&
37-3?
T
26-26
~

2~_
25-1,6
13-13
--T

15-15
u-n
T

o- 0
6-6

T

7-7
0- 6

L8-L8
69-71
7

6W9
73”-69
T

51-5:
37-38
-m

32-32
31-30

31

25-25
~

30

25-2L
30-29
?6-?6
~

30-29
25.25
27.2
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?XBLEA-6(COTJTINUED)

Avg.

-30

Avg.

-Lo
Avg.

-60

.4.?g.

80
Avg.

1,0

Avg,

30

AVc.

20

AT:.

10

B63663
-lo 8

*A“?E.

-20

w~.

.1’0

Avg.

-50
Avg.

-60
ATE.

-Bo

12
10

;

?
18
7

-%7

5

+

3
+

5
4

77.8
79.0
79.2
m
(5.6
32.2
B202~

57.7
a5.2
m
fill.2
86.2
WTF
37.0
20.L
m

119.3
m

59.0
57.9
m
70.5
68.6
ZX5
77.0
77.6
m
79.3
~
79.3
80.7
80.5
77.7
73.5
m

81
79
26

73.5
79.7
81.5
81.7
m
911.O
91.1
95.2
92.8
m
97.5
97.5
m
98.8
90.8
m

98.8
98.8
TalB

B6366_3 (q:phcate)
120 21.0

.97 5.0
Avg. v m

80 62 L6.7
68 39.0

%. ~ m

Lo 39 65.0
52

Avg. T6_ @

30 L3 60.0
Ll 60.0

Avg. T m

21J-2b
M-1>,
13-13
m

16-17
13-12
19-20
m

lb-u!
18-18
T

5-b
12-J.1
%3
6B.63
61-63
m
119-1!8
m
L7-186
U-M
T
36-36
38-38
T
30-30
26.26
T
19-19
w

33-32
25-25
211-23
25-25
m

12-12
28-28

20

31-31
21-21
20-21
13-11
--r

9-9
21-21J
m-lo
12-13
m
5-5
3-3

3-3
*

9-1o
%4
67+
~

71
61F59
56-58
T
38-37
117-68

M-39
3943
T

Tc%tinE CharpyimpactWitLle Latoi-al
T,mperatwa,P,n.rEy,Fracture, EXpansi.n,

F M-1b. p*PCent mils
B6366 3 (DwkuL&)

20
Avg.

10
Avg.

o

AVE.

-10

Avg.

-20

Avg.

-ho

Avg.

-50
Avg.

-60
Avg.

69.1
69.1
z

73.1
69.1
~
78;7
~

83.2
73.1
DII.IJ
78.:,
m
78.7
8L.)J
73.1
m
96.5
86.6
96.5
m
96.5
98.7
m

98.7
98.7
m

-80 100.0
-Avg.

B63663 (llPllcJLc)
120

75
AVE. T5

80 5L
66

e.vg. Ti3-
IIo 50

L?
q. T

20 38

AVE. *

10 jo
A“w. %5

o ?1
~

AVE. 20.5

-10 7
22
27
7.5

Avg. m

-20 6
19
25
27

w+ TFJ

37.1
17.8
m
L9.a
U.3
m
S0.6
60.0
m
65.o
66.1
51.2
70.0
m

5a.0
65.o
m

67.3
67.6
m
72.2
7L.3
m
81.0
7L.7
73.6
u
“7Y.2
66.2
75.3
711.3
87.3
m
89.o
%

76.7
90.0
95.5
-Km

—

ho-m
~

39
3L-311
~

31,
28-27
2],-23
T
33-33
27-27
19-19
30-30

2?
12-12
23-2j
33-33
T

9-9
21-21J
UJ-lo
T
7- B

y

9- ?
7- 7

0- 0
Q-Q

o
63-6Y
66-67
m
119-117

%
Lk-L6
111-140
-L?T7

31-26
28-?7
115-L>
U2-lB

30

37-38
%%

30-32
g-@
29.2

22-23
~
21.7

12-12
21-22
2?-28
l&19
m
0-9

20-20
2J+.25
8-9

m
7-8

12->2
-z?7
26-26
7- 7
3-3

T2zl
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TABLEA-6(CONTINUED)

Te?tin~ CharpyLnpactiBrittleLateral
TcmFcratu~,ll~eiyy,Fracture,bkpansion,

F !Jt-lb. percent nlik
a63663 (Triphcaie)

40 6 92.7
3 99.0

Avg. ~5 m
-80 5 95.5

3 97.7AVK. ~ m
B 63674 .

80 109 32.h
130 26.3

m m
B6 h5.3
97 37.0

T m
89 55.2

1,9.6
-7% m
al 59.7

56.5
# m

6L.6
;~ 6L.2

77.6
76.5

% m
83 62.0
55 67.0

6-6
~
3.9
6- b
0- 1
2,9

79-aY
92-93

81-85
79-79
T
82-78
71-72
m
75-82
76-77
m
h9-50
55-5h
3’/.36
29-30
-K’5
81-82
ao-ao
7a-7a
69-59
73-73
$6-55
m -.”

Te$tirIE Cha~yIm@ct BrittleJ,ateral
Temperz<urc, &eru, 1,racturcExpansion,

F Ft-lb. percent roils
B63674 (uwhcatej

B636o5
160

2?
AVE. ms

tio 115
AVE. %5

120 36
112

Avg. T
80 31

Zh
.4V6. ~s

70
: A?J. %. . ...

33.3.
67.s
69.7
m
‘(3.?
73.1
~
79.2
+.a
B

95.5
dd.7
m

13.0

+%

13.3
13.6
m
119.9
39.8
m

h

&-

10-9
LII.lJ3
1,2-111
30.1

35-35
32-35
?- 7

-z5-
7- e

+

&l
lU

55-56
56-SL
T
56-59
51-)7
=2
L7-18L
38-1,3
T
34-35
~

3.1.5

-so

80

60

ho

30

20

10

0

-10

81.B
78.7
m
87.5
86.6
90.0
9L.o
92.7
m
96.2
96.?
m

23.2
23.2
m
26.0
15.1
m
17.5
30.7.
m
311.o
2k.5
m

::.:
ti

lm.s
63.0
m
-/1.5
66.6
m

5’0.0
56.o
m

. ;g-;~
A17.2

12-12
27-25
lL-lL
8-7

13-13
m
L-5
3-2

-z5-
88-65
ao-91

8241
92-H8
m
89-s2
77-79
m
a2-79
8045
w
M1-113
22-23
T
a2-20
uPl,5
=5is-
23-22
31F35
-2%J
69-75
70-77
T

ho L5
m. -+&

30 29
J&

AVt. 2Y.5

?0

%--
75.9
75.9
m
78.8
78.8
m
83.9
83.9
m

9h
92.7
911
~

97.5
%

0.0
&o_
0

29.6

%
35.9
37.0
39.5
38.5
m
:~.;
S&5
55.5
51.8
m

&23’
23-25
=’F-

21-20
16.s

19-19
U-ul
=5
12-13
%?7
6. 7

lo-n
9-9

-%
6-9
l!-1

T

60-58
61.50
T
53-51
55-53
T
41-41
h-ho
39-38
LI+
T
M-Q
1,1-39
T
30-31
28.29
T
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TABLEA-6(CONTINUED)

Tost~ chqy@act Brittle Lateral
‘Ml!per2tm,Energy, Practuro,w=

F F&lb. percent

20
B 6368 6

~ 29-30
26-26

Av2. X5 -m-

0

-10

-’20

-30

-L!o

5-o

i363597
79

60

Lo

30

20

AVE.

M.

Avg.

Avg.

Aw.
20

o

-10

-20

-30

ILO
Hi
Ul
1211
ms
us
s
IL
~

-#-
21
66
69
62
19

-%
20
15
19

%-
16

-%5
15

%5
8
8
6

+
29

%

611.5
%
66.2
68.2
m
70.?
75.8
m
aO
80.7
m
b3
87.9
55X
93.8
;:.:
a
90.8
90.0
m
90.8

%

29.1
3
30JI
22.~
m
35.6
$%
58.5
116.7
J42.565.3
m
6L.3
55.0
53.9
56.3
69.0

%
n.8
79-0
71kJl
%$
77.7
78.2

Bo.5
BO.2
m
811.3
84.5

%
96.5
WI!
m

2L-211
26-27

26-25
29-28

16-15
18-19
17-17
--fi-

l&15
8-9

T

88-95
96-77

81-90
88-31

87-91
89.8L

50-)49
;E;:
31-30

26-27
6849
70-60
62-65
26-27
53”511

Test@ CharpyImpact Qrittle Lateral
Temperature,.wmrgy, F.ctwe> kqm&oq

F I&lb. percent
B64o68

160 78
A*6. +

llio

120

K!)

90

80

60

50

ho

20

10

0

B64o99
120 79

80

26-26 70
211-23
2626
21.2JJ

60

2c-21
21-21 50

21-22
16-36

U-22 llo
u-13
1+10
7-8

32-9
11-10

10.5
30

20

3JI

%
13.3

+%

29.3

%
1.12.O
29.2
m
lJ9.11

B

55.8
51.8
57.0
52.3
m
65.5
61.0
m

65
65.b
m
711.11
7JJ.L
m
85.0
66.0
m5-
93.1
93.1
95.11

%%
96.5

%

i7.B
26.0
m

18.2
38a
m

57.0
52.3
m

67.1
53.2
m

6$.5
?O.11
63.2
614.9
m

75.9
56.8

z

75:IA

%%

;~

%5

Th-m
_

67-72
69-6L

~;:$

=’7
53:59
‘116-h2
T
L9-!.17
L3-L3

32-3S
L(o-l,o
hz-ho
~

37.1
27-211
3L-33
X2

;C::- 27.2
18-18
16-1+2

1O-3J
7-8

;-1:
9:8

%+
3- II
1,-L

T

68L711
7k59
--i7iZ
57-61
6349
T

!,5-1,5
38-61
=2
$7-I!6
%-55
-5
L3-1,6
3638
35-37
IM21
X3
31-32
JA9419
32-31
23-29
22-22
T
32-30
30-29
X2
21-21
211-21!
T4
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TABLEA-6(CONTINUED)

Testing CharpyImpactBrittleLateral
Temperature,khea-gy,Nya=iwe, Eqzy

T Ft.-lb. nercent
Tastirg CharpyJnpactBrittlelateral

Teqeratt!ro,Energy, FKlct.we,*3F m-lb. uercent

looB7064‘9-2
70
65

AVE.~~

78 %
ATE. %

70 30
39
119

).VE. -F
60 33

~
,AvK.32

B646410
160 97

97
AVE.77-

120 90

AVE. +%
80 70

70
Jw. T

20 51

AQ% +-

82.1
81.3
m

87.5
87.3
92.8
91.5
m

90a
93.8
m

12.7
25.3
m

311.1
112.5
m

b3.7
52.5
36.7
w

g

m

%.5
m

66.8
68.1
m

72
66.8
m

&
77.3

85.7
811.3
78.8
81.0
m
88.6
81.0
m

90.2
90.0
m

96.7
~
97.3

96.1
~

o
~
o

12.8
17.0
m

li2.o
20.0
m

59.3
59A
~;:;
m

72.li
76.li
m

ti-16

%?
10-9
m-lo
9-9
9-9

x
2- 3
h- 5

-’m

71-61
6L4
T2

5h-52
h6-117
--7X7

311-31
M-u

%%

374!0
~

37
28-27
36-36
W7

30-30
2C-21
72

16-18
17-17

17
1746
16-16
X2

11-9
16-17
15-114
%3

6-10
U-12
-’m
& B

-%
l!- 11
h. ~

2- 2
+4

75-79
76-80

72.5

?5-71
76-7JJ
T
62&2
75-59
T

Lc-Lo
30-32
30-29
38-39
X7
11645
3+5

-10 B
7R

-20 16

-ho 3

Avg. +

80

20

0

Aw.

Avg.

AVG.

-20

Avg.
-30

Avg.

-Lo
Avg.

rL9

135
123
226

%

73
29
32
IL
07

+

5

+5

B6405 12
lb Ill

h. -&

78.8
81.1!
76.L
79.6
r
89
82.9
85.6
a2.7
90.6
01.6
m
81,.3.
Bh.1
59.0
81,.0
811.1
@L.1
w

95
93.8
m

o
0

T
21.3
10.8
0

+
o

29.0
0

20.2
m

511.6
57.0
L2.7
m
62.1

%+
7L.8
::;
19:8
m
61.2
8h.5
;:.:
60:6
81!.9
m
90.2
911.0
m
96.2
96.2
m

39.1
311.1
m
k7.7
119.7
m
118
61.3
51
%

3&29
2A-211
M-16
19-20

22
1-1-9
9-10
9-9

u-u!
7-7

&&
12.5

16-16
18-17
7- a
L- L

2q-2Q
‘21-23
X9
2- 2
7-7

x

92-90
*7
8847
9c-82
86B3
9C-92
T2
85-92
83-88
92-91
8@-83
X5
65-56
@o-so
77-79
T5
61-61
65-51
X5’

13-15
8;:9;
81-9z
%2
72-71
29-28
33-32
33-.33
77-72
7-8

=2
6-6

%+
2- 2
II-s

m

L2-IJII

W2
L7-L7
M.-LO
X7
36-36
30-29
h2-37

*2
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TABLE

‘resthg Charp~IupatiBrittle
‘temperature,

lateral
Energy, Fracture,%=

F F&lb. parcent

100B640512 -
22 52.8 28-29

ATE. +
5h.a 35-35
m xl

90

80

70

ho

30

21 67.8 20-23
ATE.*5

6h.o 20-27
m %5

n 71.0 19-18
7L.O

:
K-16

70.0 2.5-U
Avs.-&

72.1
m %7

9 73.1 3.2.12
U 70.0

Avg.T m
*2

i
88.4
88.1

7-8
8-9

7 85.0 6“0
81.0

ATE.+5
11-11

m -W
5 88.1
4 85.5
l!

:;
90.0

~% + % G

tio

79

@

ho

30

20

10

0

-lo

-20

B6361 14
lzo u?

AVE. ~

?0 %

2
ATE. %%7. . . ...

31.0
36.6
m
56.3
60.5
m
69.7
67.2
=5
72.1
76.5
m
80.5
78.2
m
89.5
8L.8
92.9
85.0
m
g3.8
92.8
89.1
91.2
m
91.2
87.5
91.2
93.5
m

97.5
95.0
m
98.8
9E.8
m

9
+5

13.7
%+
33.6
25.2
35.0
%7
m

L1l-h3

W7

37-35

%

28-29
~

31.2

27-26
3C-30
X2

19-19
18-1s
X5

12-U
2*16
l!- II

2c-lL
--2X7

7-6
12.14
16-u
1616

U2.7

24-20
2J4-20
ll!-).h
17-18
X8

16-3.5
MI-U
=7

6-6
9-9

T

gl-95

%%
97-19
%?

79-84
63-67
811-84

%7

A-6 (CONTINUED)

!eeYking CharpyImpactBrittlo
Temperature, Lateral

Energy, Fracture,
T EXpansion,

~.lb. perCenk Mi13
60 B636114

#

30
h2

AVE. Y

50

ho

20

10

0

-lo

112
25

Avg. ~

60

Ilo

30

20

10

0

-20

-30

.60

;:.:
g:;
Ji’7
5!I.8
L8.o
m
58.3
55.2
m
69.0
52.o
m
71,.k
71.5
m
80.8
%
8M

%
88.2
89.h
81.0
811.6
am

93.5
9L.11
mm

22.0
211.O
m

17.0

%?
28.3
32.3
m

55.0
36.1
m
58.,3

B
58.5
79.6
m

~.:

73’:6
68.2
63.0
m
32.5
81.3
82.1
%%
811.3
67.5
88.7

%
85.5

$%
62.7

&

5JJ-52
E3-811
37-39
L8-lJ&
T572
119-118
L3-L2
=7
33-29
w
2S-26
28.29
T
18-18
21-21

19.5
16-15
32-16
X7
U-lb
III-IL

7-B
12-U
U-12
%
7-9

10-10
m

71-83
9
78-03
9
7C-73
%2
61.56
%5
57-57
53-51
-X5
69-70
18-20
%2
50+9
53-53
19-21
M-43
%
61-61
22-21J
22-23
28-28
X6
9-1o

464(5
a-9
7-6

X5
U-32
%?7
15-14
7-7

=7
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TA13LEA-6(CONTINUED)

Testtig CharpyImpactBrittleI&eral
‘temperature,.Energy,Fracture,ELxpnsion,

F F&lb. pcrcent InilS
B688o16

100

00

78

70

60

50

Lo

30

20

10

0

-lo

-20

-30
Avg. +

B6880 16
103 7$Duplicatel20.2

Avg. %5 21.0
m

1.25

E-
112.8

26.7

L7.5
32.5
IJ3.1
21.0
m

L5.5
L6.2
m
52.5

%
56.8
61.6
m
72.0
69.6
m

70.5
7L.6
06.3
61.B
m

90.0

%s

g

95.5
9L.O
m

93.7
92.6
m

96.7
9&

80

70

60

50

ho

30

20

31.?
==$227.1

39.3@
39.9
LO.5
E
119.3
1%
60.0
%
63.7
68.2
m
70.7
72.7
72.3
%$

7c-80
7749
T
6+

w
11747
62-62
11949

%%
Lo-38
92

29-30
-5

30-32
21w26
T
21-23
L&#

17-17
U-16
la-3.5

%%

lld-1
u-u
T
1C-10
lo-n
nmll
6-6

J-Q
7

5-6
7- 7

l!- l!
+

70-77
~

73.5
71-70
~

73.2

711-79
%$

h645

9
b5-118
%+7

L647

%&
23-21J
~

20.5
19+0
17-18
17-18
l&l+2

Testing CharpyIrpck Ri-ittleIatera2
Temperature,Energy, Fracture,

F
Zxparwion,

?t-lb. uercent lllils
B66’8016(Dupli;;t;)

10 U
10 71.0
10 82.2

~
ATE. 10.5 %

o 7
~

AVE. 7
-lo 5.5

7.0
,@. T’?

-20 II

Avg.+

-30
+

Avg.

B6879 17
120

*w. %.5
102

A.,.%5
78 29

AVE. +%5

60

Aw. $
50 21

21

AVE. &7

Lo
A.,. z

30 27
~

Avg. 22.5
20 9

21
16

10 u
20
Ml

Avs. +
o 9

~
Avg. 9.5

-30 5

A%. +

UU.7

a
89.6

%
96.0

E
lCO
~
100

26.2
s

33.6
%+
140.7
H
116.8

%
L9.3
L9.6
m
60.0
56.5
65.o
62.o
m
68.0

$%
61J.2
%+

73.1
65.o
79.1
~

77.6
77.8
77.2
81.0
m
86.2

%
90.2
*

16-18
ti.)11
13-L

?

9-9
11-lz
X2

10-10
~

10.7

5-6
*

3-3
9

52+5
q

I&M
‘%%7
31-33
%

32-32

v
3&38
y

25-26
23-25
26-26
*
211-25
29+7

26-27
~

23.S
11-22
U-19
22-23
19-M
X3
M-17
la-21
K-16
%?2
12-U
&#5

g
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TABLEA-6(CONTINUED)

70

60

50

Lo

30

20

10

0

-lo

-30

‘lest- CharpyZWgactBrittleIateral Testing Charpy@act Brittlelateral
Tc~eratwe, .tne~, Fracbum, iikPanaiOfi, ‘1enqrature,E1l.rgy,Practure,Bqa&On#

F Ft-lb. percent D!ils I&lb. percent
B6879 17 ~D.pfica~C)

—
120 27.6

~
27.1

100

80

220

XLo

lW

90

78

70

Ea

113.7
s

Ilh.3
%

4M
M.1
m
54.0
M1.o
m
56.2
60.0
m
5a.0
@
61.6
@

76.7
~

72.0
%
86.6
87.1
89.o
85.o
86.7
88.1
m
90.0
%

89.2
~

10.0
~
11.1
30.8
~

g

30.5
%
L9.2

B
IJO.2
li3.7
‘%
56.8
61.o
m
59.5
%

633-32
%P Avg. +5

o311-34
9

:
Avg. =5

2?-2B
24+5

16-17
*

17-20

B-1o
6-6

m

IL7-46
*5

29-30
45+4

26-31
*2

IL-M
26-27
q

29-29
26-28
-58-

2&21

-30 3~
AVE. 2.5

1693r!19120 70

100

90

70

70

60

50

ho

30

20

10

0

-30

70.0
68.6
69.B
m
72.o
76.0
m
81.0
60.5
E6.5
%

91.6
88.2
m

100.0
100.0
m

11.5
%
2h.3
Q
22.1
27.L
2L.O
m
23.6
%+
31.0
11o,2
m
50.0
5+j

&
58.0
%
72.6
$#g

70.6
02.7
78+

ao.o
78.7
82.1
%
86.7
%
86.1
~
90.3

18-19
26-27
%5

16-17
l&l+5

12-12
1o-1o

.
1?- ;
xl

9-1o
J’%&

3- L*

66-57
5%$+,

55-50
~

117-IIJI
%

53-53
%&2
L1l-111$
%%
ho-ho
*2

29-32
y

3L-35
*7

23-23
~

22.2
26-25
16-2.6
27-26

22.6
14-15
25-2B
~-la
17-17
X6
7-8

IO-a
x
& 7

++
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‘r.mtill& Chqy JiqmctBrltileLiteral
Teu@emtm, mew, F,a.chro,Eqam:nn,

.? r%-lb. ner cmt
B6931211

120
*“E,$5

10CI

78

70

60

50

ho

30

20

10

0

-20

-30

B6914 2!
70 67

60

ho

30

20

10

0

-10

16.7
~

21.b

%

39.3
3%

112.O
33.2
m

51J.1

%+

61.2

8

60.7
62.o
m

75.0
65.7

%

80.0

%

70

L
t114.3
!h.o
m

09.4

%
89.1
BH.1
m

29,2

%

116.Q

@

~~:

*

63.2
7&

43.0
6&

73.1
7L.2
m

76.5
&

01.8
76.5
73.1
77.2
m

&-70
Q’%

55-61
%%
50-51

W7
511-52
59-60
X2
33-41
IJ2-IA
T
27-27
~

37
26-27
22-27
=5
20-19
32-32
@#

17-16
l&5

U-U
lb-u!
16-16
~

13.3
ZL-ll!
~

13.5
5-6
& 6

-K-2

+

55411
%%

5C-L9
L7-La
-7X5
35-32
*

LO-LO

97
31-36
.3.MJ

3*29
211-2L
X7

B691421
-20 16

21
9

Avg. +%5
-ho 6

8
Avg. ~

+0 a
10

Avg. 7
-60 5

7
.4VG.T

B693322
80

*V,.%5

78

60

Lo

30

20

10

0

-lo

AVE.

AVK.

Avg.

Avg.

Avg.

Avg.

&5
U

*5

g5

33ho

*

l)!

%5
19

+5

27
22
18

-%5
10
M
U
E

X7

7
+

40

60

50

ho

30

20

65

Avg. %5
M

Avg. +5

z
Avg. 39.5

,,gm $5

37
J&

Ave. 33.5

84.1
86.3
88.0

%
BII.3
M&

a6.3
~

d9.O
%

37.0
33.2
m
3LJ
~
32.(I

116.8
M.7
m

51[.2
@
65.8
60.0
60.5
m
65.o
%

77.e
76.L
m
60.3
68.8
711.7
80.0
m
80.2
76.1
01.0
~
79.0
81.8
d9.6
m

97.0
96.0
F-G

17.$
29.2
m
30.8
E
LO.5
I13J
m
58.5

E
‘/6.0
63.o
m
113.2
M.1
m

V-22
22-22
3h.13

V7

17-1’7
*

4
2.C-10
&Q5

7-7
10.8

604
63-62
Xs

611-61

%7

rl-1111
117-117
X2

~4-35
%2

36-35
L1-IJ2

%3

M-19
16-18
17.7

22-22
l&3.9
19.7

2E-29
22-22
21-23
-l

13-12
19-20
16-13
~
L5.2

fi-~
+

L.3

*

59-71

%7

58-57
M-L7

Lti9
L9-L7
77

LO-35
~
39.7

35-3L
&&z

37-36
.2.@&
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T.$tin~ charpyImpactBrittie Lateral
‘temperaLure, ElleYgy,Fractur&,~ansion,

F Ft-lb. uercent nlils
B691323

10
g

AVE.

o

.10

-20

-30

-60

30
32
18
22

~
Avg. 23.6

22
J&

Avg. 19

*,E. #

7
7

11
Jw& --+7

8

AVE. +

-/0

60

50

ho

30

20

10

0

do

-20

-ho

77.0
QJ
72.2
63.0
60.0
73.0
66.0
68.6
m
82.5

%%

75.5
H
86.7
80.7
80.0
82.1
m
N1.1
67.1
w

31L.6
M
112.7
~

37.8
%

&
51.0
%
50.0

%
67.5

%
7JJ.3
M.3
66.6
67.0
m
73.1
79.8
77.0
67.7
73J
60.6
m
89.o

w
91.8
87.8
m

91.1
Q@
90.0

35-37
EYQ

32.7
31-31
3L-33
22-21
21-22.
21-21
X6
25-26
19-19

22.2
12-12
~

13.5
16-12
6-10

~a-~7
a-a
12.1

n-lo
L-L
7.2

51-51
q5

50-51

9
L7-L9
9
113-115
*3
37-39
D-D
T
33-3b
q

29-30
%!5
27-31
lo-lz
19-21
18-18

19.5
23-22
16-15
la-i7
33-3L
26-26
&

23.5
1o-13
*

9-B
*
7-7
6-8
7

Testing CharpyImpactBrittleIate.al
Temp.r.tum,.EWrw, Practurc,*:2?

F Ft-lb. percent
B719125

90 70.0
m

Avg. 73.0
60

ATE.

Lo

AVE.

30

AvF..

20

he.

10

AVE.
o

Avg.

-lo

AVE.

-20

AVE.

-30
AVE.

-6o

AVZ.

b5.0
3?.0
m
3?.5
@
3b.7

27.0
L3.o
23.0
@

33.52d.5
3L.O
x
31.7
11o.o
1?.0
30.0
$%

11.5
111.5
30.5
m
2?.9
21!.0
~

111.;
m%
8.5

>
0.3
5.0

-&
B7192 26

90 113.o
L9.O

AVE. m
60 25.o

~AVE.

30 30.0
25.o

Avg. m
20 24.0

Q
Avg. 2>.5

10 111.o
13.5
18.5
28.0

Am. =
o 20.5

21!.5
9.0

32.0
m. m

-10 18.0
18.5
19.5

AVE. d%

211.2
27.h
m
L7.1
SII.9
m

60.9

%

59.6
61.7
63.7
61d
m

67.1
72.0
72.0
72.9
m

68.1
;;.:

&
71.2

W.6
81.4
76.0
72.0
m

73.7
~
7Y.Y
ao.l!

%

85.7
82.11
m

98.7

%

lL1.9
lIIJ.6
m

56.11
6M
m
65.1,
69.o
m

73.6

%

70.5
77.0
73.1
~

77.9
72:;

72.2
m

76&
79.0
77.1
~
77.3

68-63
65-7o
X5
UJ-113
L1-hl
T2
Lo-ho
*7

U:g
>1-30
m

39.6
3A-35
26-25
35-36
.&U31.11
40-39
23-23
30-29
w30.6

12-13
17-17
29-29
35#5

25-25
~

22.5
17.17
l&15
XZ
la- 9

w
6-6

+

h7-h2

%%
2f-27
&#

32-31
-5

26-26
~

27.2
17-16
M-16
21-19
%5

21-22
25-27
11.11
*

21-21
9-1o

18-18
~

17.1
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TABIX

‘1.stin~ChqwI,wactBrittl,cI&cral
TempcIaLure, Zneqy,

F
Fracture,ilxp~~

Ft-lb. percent
-20B719z2h

9.0
26.0
11.0

‘iv&. r%’
-30 5.0

12.0

AVE.
g

-60 6.0
AVE. ++

B-719327
60 3.11.0

105.0
3W. m

30

0

-lo

-20

->0

-Lo

-50

40

-70

“do

80.5
~AVE. .

67.5
L3.5

*VC. g

59.5
82.0
51.5
@&

Avg. bY.ti
55.0
23.0
61.0

Aw. ~
60.0
63.5
&

Avg. 60.1
26.5
3.5

16.0
.%VE. m

27.0
1!.0
23.0

AVK. m
22.0
23.0

Avi!. m
25.o

Av<.
&

2.0
11.5
11.5

Avg. m

81.L
75.1
80.7
81.),
m
dO.5
M1.b
81.11
%

87.2
90.6
n

?.0.0
&Q
32.0
M.11
5%.9
m
5a.1
72.9
66.2
m
67.6
%;
60.6
m
68.1
76.11
61w5
m
65.7
65.2

%

81.6
83.6
Ie.o
m
82.IJ
ao.lt
81.6
m
a2.7
%+

EL.9
B5.7
m
YO.9
90.6
~
91.0

12.13
23-22
L3-14
~

10.5
7-6

13-12
7.8

J-#

7-17
-%
M5-83
N@80
T
77-73
‘/h.7b
X5
6543
L3-L2
56-56
ml
5b-5d
‘111-(7
5J-~
%-
511-53
LL-IA
55-S6
T

~~
m

5L.B
27-26

GE

20-26
17-M
~
22.6

23-T2
%2

25-25
~
13.2

Id-2
12-U
~
9

A-6(CONTINUED)
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TABLEA-7
V-NOTCHCJM2PYTESTDATAFOR LABORATORYSTEELS
HEATEDFORONEHOURAT1600FANDAIRCOOLED

Testing CharpyIqact Brittle Letcral
‘2emptimtm.,Energ, Fractwo, l@a~=on,

F Ft-lb. porcehk
B6353lTZ
76 ;; 72-74

ATE. z @#2
26.8
21.2
m
112.8

B
50.lJ
a
60.o
56.3
113.9
66.0
F3X
59.2
%
69.0

~

7JI.L
m
72.2
78.0
76.5
79.0
‘/7.0
83.0

%
all.&
$%
87.5
06.II
m
95.5
yOJ
y3.o

o
g
o

U.7
&.g
7.9

30JI
%$
L6.2
L2.O
Ki

1%
ld.o
w

g

#.3
B
67.5

%
03.2
8h.o
373

q

6. 7
5 8

-7”-

7&69
IQ&

7147
9
61-511
60-60
-iKZ
*

65

L3-LL
%%

IIIi-b2
v
39-39
=+7

33-32
3.&7.
28-28
26-28
25-25
30-39
22-Z?
w~a
-X5
26-26
%%
2C-20
5-6

;:-:
X3
10-10
h- L

-i-

81-92
%+
yl-Rl
w
80-6%
80-80
-aii-

5847
2+

90-96
9
85-$L
58-56
M-LA
y

13-13
%%

96.5

%
97.11
%

:
T
U.2
25.11
m
30.11
##

U.o
m
61L.O
M&

52.0
~
52.0
66.0
66.0
m
69.0
~

72.8
73.2
73.2
67.5
78,0
Ho.2
m

77.3
~

80.5
M.1
62.5
80.8
m
90.2
%

a.o
@
>.0
6.2

~
iL.9
~~.:

e
60.0

$+
lIo.8
%+
6P.S
73.5
72.1
79.0
m
!32.1

$%

70

lL1-112
L8-116
--GK2

B6366 3TZ
76

AVE. 3

60

50 LO-LO
3840
53-M
29-26
-G5-

llo

20

0

-20

-30

&o

-50

-60

AVC.

&’JE.

Avg.

.W.

Lo

30

36-36
97

25-25
35-33
1.9-19
X8
18..18
~

19.7

16

20

10 12
ti
10
3J
9

10
Ii

13-13
~o

Ll

o

-lo

-20

10
-i

70

-9030

B63674T2
76 110

136
Ave. m

20

10

0

k6”2@ 20

%$”
11740 0

%

-20

“>0 37-38 -20

%?
40 %$ -30
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TABLEA-7(CONTINUED)

‘~csting Chwpylqa,ctEh-ittltiM,e;ai—
Tempemtue,.&W-gy, Fracture,&P~

F F&lb. percent
Bb36T4T2

-ho 6
20
:

A*g. G

EL.3
85.7
89.2
H
87.11
%%
91.5
88.2
;:.$
963
‘%

36.6
LO.8
jEL7
113.a
%
L9
%
67.2
68.2
m

%
m

.X
T6-
76.9
W
73.1
75
%.5
78.8
+%
79.9
%%
85.0
80.0
w
87.8
92.1
87.1
%
86.3
B9.L
m

o
21.8
T
25.2

%
31.5
31M
ZCE
39.5
L3.3
KG
119.o
56.o
FZ5

9-12
12-13
22-21
+

70.0
50.0
63.o
m
62.7
63.o
m
68.8
7a.3
m
73.1
72.0
m
79.9
69.3
76.5
79.9
m
80.7
79.9
m
87.8

%
90.5
83.1
m

10.1

+%
~

35.8

%%
17.5
28.9
311.1
m

26.3
~

28.1
69.0
m

~

~;
77.9
m
~

~

25.9
21.0
m

33.3
~
31.0
L7.L

s
52.8
56.0
Z7iX

k18
3&31
23-22
=3-
30-29
27-27

26-25
19-22

23
20-20
2h-25

16-17
20-19
19-29
13-12
-T7-
12-12
lz-11

8- 7

1+
.

J-i;
-m-

98-1c5
91-97~

65-911
X5

69.89
86-88

77-96
8J-;:

%-

69-79
15.#

81-93
*

q

25.26
211-2L

%?

i7-17
T

6-10
T

:35

T

52-59
L9-59

L5-111
EL-MI
T
I&39
q

AT&

Arg.

AVg.

Avg.

13-12 -lo
U+-50

Avg. <
-m

-30

26

%s
-50 5s

9.5
5
L

ATe. 45
B6360“5T2

120
~J

Avg.

L3-118
-40

%$

35-36
q -59

39-38 -co
%-?5

26-30 -80
2+Z’J

27

Avg.

Ar&

Avg.

A~g.

Iw

90

76

2h-25
211-21
T

B63597T2
76

,,,. &

60

50 25-28

9
60

ho

30

ho

30 23-23
17-17

20
20 25-16

* 20

1010 12-13
lc-11
12

0 o

“loE2
7-7
8-7
7 -20

-Ilo
-20 9-8

9-1o
-9-

63-56
51J-52

52-1111
52-57

B“64068T

co 58
AVE. %5

100 50
Avg.E

U-39
%?

90 36

Avg. %
20 37

37Avg. T
76 33.5

26.0
AVE.~

10 39
ATg. %5
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TABLEA-7(CONTINUED)

60

50

ho

30

20

10

0

B64099s16
120 79

Avg. %

82

70

60

50

Lo

30

20

10

0

-lo

-20

53
Avg. 3

39
31

A.,. %

3L
39

Avg. %.7
20

AVE. %
26
Ill

A.g. m

Ill
211

Am- B

2321
ATE. E

3.2
U.

Avg. E.5

7
+Avg.

1
5

Aw. +“.7

Ayg. i

65.0
65.o
60.0
62.o
m
70.9
69.0
m
78.8
78.0
w!
%
01.0
77.9
m
81.0
78.8
m
92.5
82.0
83.9
05.3
96.8
m

89.7
87.2
Bw

0.8
%

;:.;
*

LII.o
119.1
118.7
h2.3
m
147.5
55.0

%
58.9
%
65.8
%+
75.7
*
72.3
75.3
72.0
m

;;.;
*

814.3
%
B7.h
03.6
86.3
02.7
m
91.9
%

119-50
33-29
23-26
?Z2Z

33/
21-21
3%2

17-17
1.5.17
IL-13
w
16-IL
10-3.2

13
10-9
16.3.6

12
12-13
U-11
l;::
~

10

7--1
10-9

76-77

v
55-5B

%%
36-35
h3-1.lL
3942
112-L5
--IF
L1-37
38-lIo
L3.Lll

3L-35
++

21-21

w
19-19
28.29
T
27-28
2k26

27
16-16
17-16
T
m- 9
lb+

9-9
8-7
9-9
8-9

6- 7
~

3

76
E

w. z
60

A.g. i

20 31
AVG.*.5

-10 10
Avg.%5

-20 9
9
:li

Avg.~

40 1!
+

AVE.
B641OllT

76 In
117

Avg.~

20 55
20
82

1o11
AVE. -.5

2.2
77
70

0

“20 60
9

17
12
7

Avg. d

36.6
19.7
m

311.5
%

39JJ
32.9
50.0
%
55.0

B
g.:

*
71.5
62.3
?K5

73.1
77.9
77.0
%$
70.0
6B.6
m
711.7
~

8L.O
81.IJ
80.5
83.1
E&+

95.0
9L.o
m

30.0
0

m
56.3
&

33.8
33.R
m
L5.7
65.6
59.L
H
50.0
h?.5
63.5
59.9
%=
78.8
62.6
65.4
80.0
~
73.3
81.IJ
70.0
86.6
W.o
85.8
E

61-66
*
63-62
%%

::$:
~6-~2
5$+1

L5-50
%?
L6-117
x

39
3b-34
*

@-39
27-27
16-17
~

23.9
30-30
29-29

29.5
22=21
l+

lz.11
9-9

13-13
13-IL
w
8-6

13-12
10

93-06
80-66
-Si-
69.67
97-90
T
92-93
~

92
80-83
29-31
81-80
q

69-91!
9a-a7
62-61
q

21-19
79-77
21-21
&&

15.l&
‘/0-70
22-22
19-18
U-13
16-16
T



TABLEA-i’

-30 5
&. +.6

“ho L
AVE.4.5

Bb4(J512T
150 L14

L3
AVK. 7i375

Uo 27
25

Avg. 13-

100 35
15
16
~

Avg. z2.

9a 12.5
12.5

Avg. ~

76 111
B

AVE. ~

70 10
g

Avg. 10
60 6

11
6

Ilvg. -a

ho 5

30 5
L

90

76

60

50

ho

30

20

Bt,4Z713T
112
L12

Avg. E

38
38.5

AVE. m5

Avg. ;

Avg. #

A... 3
27

Avg. %.5
25
18

Avg. .g.s

87.3
83.1
m
97.5
93.8
K’6

33.8
32.6
m
b6.5
52.5
m
M.6
52.6
m
6L.7
57.0
m
56.o
61.3
69.3
~

?1.0
71.0
m
70.0
75.5
m
77.9
~

82.1
77.9
81,.L
m
75.0
65.L
m
81.9
EL.?
m
85.0
90.0
811.3
~
08.3

39.5
L1.9
m
L9.7

*

58.0
60.0
m
60.a
58.LI
m
67.0
68.8
m
67.5
72.0
m
60.4
69.8
m

10-10
10-12
T

7-7
u-n
T

53-50
LIB-52
T

37-36
*

M!-L2
*

;~-;f

*

3&31
W -22
22-2L
28-28
T

20-19
21-20
T

21-22
12-H

16-17

*

12-21
16-17
~
u

12.10
~
10

9-9

-

7-8
B-7
8-9
5-n
T

M-Ll
IL2-Ll
T
39-},0
38-38
39

35-3L
3h-33
T

30-28
31-30
T
26-26
27-26
7

29-30
211-211
T

26-22
~
V

-55-

(CONTINUED)

Testing CharpyImpactBrittleLateral
Terqerature,kl,rle~,Fract.uw,~>~- Ft.-lb. perGent
loB6427 I~T

n

-10 10
g

Avg. 10.5
-20 16

10
10

AVE. i?
-30 5 5

6
Avg. 3.5

-Lo 7
2Avg. li.5

B6361 14T
76

i
60

50

ho

30

20

10

0

-10

-20

83.1
E3.1
86.7
%%
;3.:
ti
98.6
98.6
m
87.5
92.5
92.9
%
100
100
m

97.5
100
-ma

33.5
31.8
m
38.1
51.0
55.3
5h.o
m
LI,.7
L9.11
61.0
%
611.o
65.2
70.0
-6&E
70
%7
72.6
&J
72.7
82.5
U&

79.9
&

81.0
80.8
88.Q
81.0
95.0
9B.8
m
98.8
98.8
m

18-18
20.21
1!+17
13-lIJ
T

16-16
16-16
T

13-12
lJ3-JJ

13
17-17
11.lz
~

13
6-6
7-7

T

9-9
-’w
67-50
6L<-60

L5-51
L2.L!4
50-51

v

57-53
51-60
33-32
-
27-29
31-32
28-27
T
26-20
32-32

29

22-22
_

16-U
M-17
T
11.11
16-16
-m
lo-n
lL-13
10-10
12-13
;: ;

7i-
9-9
7-8
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TABLEA-8
V-NOTCHCHARPYTESTDATAFOR

FORONEHOURAT1900F

Testing CharpyImpacth-itL1* hteral
Mlpe.atm, mew, Fiwcture>EqMnsion,

F Ft-lb. percent m2M
~1B63272S19A

95
09
zz2-

10

&2.
60

AVB.

ho

Avg.

30
Avg.

20

Avg.

Avg.
o

~w.
.10

Avg.

-20

A.Tg.

-30
-&-

0
16.5
X7
32.b
25.3
m

39.9
3#

39.3
lIo.9
m
M.9
77.2
70.3
60.7
m
63.6
62.o
‘55.5
,53.2
FJJ.o
m
70.2
5h.h
72.7

‘1+
76.2

‘+%
Bl!.3
U.6
80.1
NI.3
m
66.9
86.?
8=

LABOIWTORYSTEELSHEATED
ANDCOOLEDINAIR

Testing CharpyIupek BrittleLateral
hnperatum,EnerW,

n
~raeture, -3m-lb. perCent

120B 44099s1;3

67 2519
m. T

60 Lo
15
26
ZIJ

Avg. ~

50 8
28
18
25

AVE. %2
ho 211

8
22
8

AVE. X2
30 7

12

20 5
8

25
6

.wg. T
10 6

6
Avg. 7

u.:
TKG

1,5.8
59.0
m
68.8

%$

65.9

%
67.5’
61J.o
66.0
69.0
m

72.3
70.8
66.8
71.7
m
75.2
77.2.
75.9
80.7
m
76.0
M1.9
81.0
m
80.5
72.5
01.9
90.0
m
9L.O
911.O
m

71-72
~

70

55-s14
7149

25-26
%
37-3s
28-28
T
llh-l!3
21-21
32-31
19-20
T
25-25
22-20
D-u
32-32

31-30
12.13
18-18
12-12
T
12-12
17+la
l%w

9-9
12-12
26-27
9-9

9.10
~

10



-57-

TABLEA-9
V-NOTCHCHARPYTESTDATAFORLABORATORYSTEELSHEATEDFOR

ONEHOURAT1900F ANDFURNACECOOLED

CharprImpactBrittleLateral
Teq~aturu,Energ, FractureExpansion,

Ft-lb. percent M?&
B69322-z

120

90

60

50

ho

30

20

10

0

.20

.2$

-20

-30

Arg.

&w.

Aw.

Avg.

AYg.

AVE.

Avg.

AVE.

Ar&

ATE.

AVE.

AT&

60.0
L8.O
m
4!2.0

%
Jlo.o
36.o
m
311.5
~
20.7
31.0
&

30.0

%$
511.L
M
55.6
E
67.0
68.1
m
60.7
68.2
w=
72.0
71.1
75.2
76&

76.5
82.7
m
83.6
82J
m
8)!.8
BIJ.L
85.7
90.6
m
gl.9
%

.@

92.7
m

115

30

15

0

-25

“20

-30

k. %0
L1.5

117.5
109.0

*w. +%
127.5

ATg. *
77.0

Arg. +%

101.0
80.0

Avg. ~

A,g. +%
Ir2.o
8.5
:::

L7g. m

3~.2
19.5
31.9
%%

%

%-
68.1
79.6
85.0
81.9
m

65-611
55-58
%5
119-M

‘%+$9
lJ5-lt6

%&O
23.-21
%+3
36-36
3%3
29-29
2M.11
16.15
13-13

3.7.6
2A-22
26-26
ms
a- 7

-%
2&27
9.10
7-7

+9

6-7
8-8

m
$

7- 8
T

-#
93-66
~

90.8

99-75
%5
5&5%
9679
93-80
~6

81-82
80-a!l
m
IE-73
N

79.3
87-?4
611.76
X3

&X5

19-19
12-22
U-27
16-16

CharpTIqact Bi-rrtleLa’teral
Tw erature,Enew, Fracturs,2q~~

F F’L-b. percent
B63674

II-0 8.0

A.,. @
+0 9.5

Am. %
40 6.5

10.5
z

Ave. 7.9
-60

AVE. $
B636o5210 142.O

Avg. ~
180

l.m

250

111o

230

120

2A0

Km

90

60

30

0

31.0
ATg. ~

37.0
~,g. ~

30.0
*Tg. %

30.0

A.,. w
211.o

A.. %+
20.0

A.. %%

19.0

Avg. +%
32.5
21.0

Aw. ~
1o.5
gg

Avg. 11.2

7.5
10.0

AVS. ~

2:
AVE. ~

3.5
~T,.++

B63bS.6
250 50.0

h%. g

m 25.o
28.0

Avg. ~

80.6
85.6
m
06.6
%
90.2
89.0
89.2
88.11
m
9;.0
z

35.0
~
32.3
39.0
110.6
m
35.1
%’%
511.2
E
g;
m
50.6
71.1
m
60.2
66.2
m
67.2
70.0
m
73.066.0
w
7:.0
ti
85.5
B
90.2

K!O.o
m
lW.O

M

25.2
20.2
m
36.7
%
L3.9
50.0
57.0
7’%
61.2
61.6

13-12
6-6

x
13.13
w

U-13
n-n
a

10.9

q

JJ5-L7
L&L7
=8

39-38

9

M.-llh

v

33-311

%%
36-36

%
31-32
*

29-29
2W+3

26-26
21-21
=Z5
2@20
2748
-XZ8

%?3
10-23

%

~.

5-3
*

52-51
%%
36-36
q

3&31
36-37
32-32
%%
2e-2a
3.QSU29.3
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TABIEA-9(CONTINUED)

Chain ‘DlmactBrit,t3rL.teralCharpyImpact Brittle
TW;RIWO, Faerw, Fraehwn,

F&lb. porcent—
B63686

70 2;:;

Tmqxmture,;“plp;FractuI’s, Mpn!3hn,
F peTcent. roils

—.-
Eo

B70649-2
M.o
65.o

Avg. m

59.6
69.6
%
61A.5
77.5
80.1
67.5
m
69.2
66.0
76.5
~
72.7
78.0
7U
77.0
%+
62.1
8
89.0
92.1
m

27.5
~

26.7
L6.1
Z$Z
57.7
36.0
m
511.6
&2.7
55.1
56.2
m
58.5
~

59.5
66.2
m
72.2
%%
70.1
70.1
m
70.1
7L.I!
m
71J.IJ
79.1
K7’
a3.6
8
79.9
~

32.6
19.2
m
L3.7
L3.7
IIL.6
MJ.11
m
62.6
65.11
60.7
L6.7
m
66.2
61.6
67.5
61.9
m
71.5
76.5
m
7L.6
61.5
73.1
%
72.2
-II;
Z%
77.5
80.2
m
’77;
*
93.9
59.il
m
32.7
37.9
TiX
\:.;
31:1
m
h6.1
52.1
55.1
L1.o
T6T5
59.0
119.9
m
63.0
66.2
m
70.0
73.1
75.6
IL.7
m
70.7
75.2
m
‘n+
m%
81.0
7h.7
83!.0
z

51-52
66-68
=3

:yg
5Q0
%
112-113
32-33
52-5.?
v
27-28
L2-L3
38-39
38-30
X6

25-26
28-27
75
lL-lL
32-32
2L-2L
~

21.3
25-2h
22-23
16-17

21.2
3.2-10
11-13

9-8
9-1o

5.6

+8
EO-89
86+1
=5
E&M
61-61
81P81J
T3
77-82
37-35
bl-L2
6J.+65
-55J
5E-58
6ii-67
-an
262g5
17-19
Ta
17.18
35-36
27-27
17-s

17-19
15-16
-IKE

n-lo
K-16
%3
3.0-3.2
29-29
& 7

~:

26-26
III-16
1O-3J
28-28
X9

120 113.0
115.5
;;.;

Aw. ti
36.0
27.0

,TE. f;

19.0
36.5
32.0
&

A*E. 2ti.9
19.5
~

ATZ. 2.L.2
5.0

26.5
19.0
10.0

ATE. ~

15.5
1’/.0
u,.0

AVE. m

S.o
7.0

A*E. m

?.0

%. -s

60 20.5
10.0
8.0

27.0
Avg. ~

50 9.0
a.o
8.0

AVE. -R

9012-12
n-n
12.lzl
~

31.1
80

ho 20.0
22.0
5.5

A
ATE. 13.3

20-21
23-23
9-8

+
70

60

30 6.o

Avg. G
o 5.0

kg. -H

U?o
B6359 7 83.5

Aw. %
50

Lo

30

85-09
73-711
T3

llo

L7-IJ6

‘%$3
78--R
77-75

%%6

90 73.0
73.0
31.5
%%

o .d%,+..
90 91.0

95.0
Avg. ~

AW.

Am.

80 38-39
&U8

31-32
%+0
29-30
26-27

211-2L
%8

80 60.5
50.0
90.0
m

70 22.5

%
22.5

%

16.0
17.0
m

111.5
11.o
m

60 m.o
26.0
29.0
60.0
m

70

50 ATE.

AVE.

AVE.

60

50

Lo

53.0
60.0
mllo 21-21

lJ”+

lB.19
g..g

17.8

22-13
~

u.8
12-12
~

11.a

19.5
13.0
TKz30

U.5
30.0
21.0
11.5
mm

35

Avg.

Jwrg.

A=.

o 30

20

la

12.5
1o.5
m
1.5

10.5
m

2%
5.C

I%AVE.
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TABLEA-9(CONTINUED)

CharpyImPaetBtitt3sLstcral
Te_atw, mor~, FI.acture,EqWmion,

F Ft-2b. pm cent mib
~ B641O 11 7.0

7.5
A% m

-20 3.5
3.5

A% -%5
B640512

210 33.5
31J.O

Av. =
MO

170

2.60

Uo

Zllo

Uo

220

110

m

90

60

30

0

81.&
B5.5
m
87.2
8B.5
m

K.o
40.5
m
%.4
5’2.7
m
56.0
59.5
m
65.6
70.2
m
62.1
68.L
m
71.1
62.0
m
69.1170.0m
70.1
76.7
m
7>.9
75.9
m
76.0
75,0
m
02.5
78.5
m
66.0
87.1
m
90.6
91.9
m
95.s
9$.5
95=’5

1:::
=m5
l!- 5
11-3

112413
113-113
X8
I-33
35-36
-5
37-;8
33-311
-5
21-31
19.21
m
23-23
26-28

2L24
20-28
-’253
23-26
20-19

19-20
19-19
73
;::~

73
n-q?
M-15
T8
lo-n
n-u?

5-5
-%
l!-2
11-3

-33
3-2
II-3

B6361 13
180 38.0 bl.e M-m

AVE. ~ m X5

150 20.5 55.7 34-A
%6

Aw. %
&0-39

m m
I?o 15.0 511.7 22-23

20.0 63.0 32-29
2h.o 61.5 33-27
25.o 20-28

Am. ~ e _2’za
Z.lo 29.0 62.0 31-32

22.0 77.0 26-26
AWL ~ Wz5 -x0

m 2h.o 6z.3 2&27
26.0 $8.1

ATE.=
30-29

mm

CharoyIiqact!Btittk Lataral
Tempratum, En9w, Fractvrc, -k.n,

F Ft-lb. p3rcent
B6361 1390 23.0

.90

70

60

I&

30

i?.0
211.5
20.0

Aw. ~
20.0
18.5

A~g. %?
12.o
ltl.5

AVE.=
6.C

17.0
17.0

A%. %
6.5

AVE. %

::;
Arg. m

o 3.5

,.,,:~;, ~
m“ 72.0

76.0
AVE.~

120

m

100

30

80

70

60

50

40

30

0

53.0
A%. %

3h.5
39.0

ATg.?zC7
39.5
30.0

Av. m
26.j

AVE.%
1?.0
23.5

Arg. %2
7S.0

AVE.%
1s.5
12.5

Aw. ~
12.5

AJE. %
10.0

Arg. %’$
8.0
8.5

Avg. _872

j.?
A% +

65.7
77.3
71.5
72.2
m
B1.6
77.9
m
78.7
82.7
m
8J.;
81:3
78.1
=5
88.1

%
8BJ
B9.4
K7

93.1
93.1
ml
22.6
20.5
=5
31.6
36.o
m
38.4
Lo.6
3%5
45.6
f%
55.2
60.9
m
66.6
63.7
m
68.3
70.2
m
72.1
68.0
m
71.1

%
70.0
73.0
m
80.7
70.6
m
87.1
87.3
B%z

25-26
zl-le
28-2B
22-23
X5
2L-23
22-23

lb-16
M-M

9-8
19-19
21-21
17-17
=Kll

9-3-0
30-9
-m

E

5- k

+

76-??
79-co

62-63
50-52
Xa
116-h7
lL8-52
X3
50-50
L!o-111
-K3
37-39
35-35
=5
26.26
33-35

26-27
21-22

23-23
19-20
X3
20+19

%Y
M-15
1$-16
m
13-U
l?-U
-3
7:6

%
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TABLEA-1O

DROP-WEIGHTTESTDATAFORNATIONALBUREAUOFSTANDARDS
COMMERCIALGRADECLASSC STEEL.NBSPLATE250 P

Impact
Specimen SpechenTesqemture,complete hergy, NDT,

Spectin Size, 3n. Condition P Fracture Ft-lb . F

25~AR2+
.AR3
AR7
AR8
ml
A@A%AFLL
20

2!?GE
F
G
Bc
D
A
H
J

2X-2

b
5
6
3
7
8
1
910

2SC+

12
19
19
13
16
17
G
20
14

250-21

22
23
25
26
27
21J
28

.%

3-1/2XD~t;l-ti Agreceived
Ditto

*
w
*
w
*
*
●
H

2x5x5/8
Ditto

●
n
m
●
it
m
w

2x5x5/8

Ditto9
●mnn
●Rn

2x5x5/8
Dittoounnwnm*

2x5x5ja

DittonnnnmH
a
n

m
H

n
n
R
●
u
n

& machined
Ditto
h
w
n
m
n
u
n

Ashotrolled
at15~0F

Dittow
*
w
m
m
m
u
n

Norml-izd from
1600F

Ditto
11
H
w
H
n
m
n
u

Heakedone hour at
1600F,fum=~
COOhdto800~

Ditto
m
n
u
n
m
m
●
H

40
40&oho
30

%
20
20
20

20
20

$
10
10
0
0
0

0

0
0

-1:
-10
-lo
-20
-20

-70
20

0
-20
-jo
-30
-30
40
“ho
-IJo
40

No
DtttoIt
m
n
Yes
No
Yes
Ditto
n

No
Ditto
w
n
II
II
Yes
yes
??0

No

Ditto
u
U
Tes
Ditto

n
m
11
Ii

No

Ditto
n
R
n

Yes
!JO

Yes
Yes
Yes
No

Ditto
n
n
n
m
Yes
Ditto
m
w

650 30
1300
1300
1300
1300
1300
1300
1300
1300
1300
150150
150
lJ;

150
~;

150

150 -10

0

E.o150g:
150
%150150
150 -.50
150150150150150150lgo150150
150 -1!0

* Didnotmarkanvil.



-61-

TABLEA-n
DROP-WEIGHTTESTDATAFORNATIONALBUREAUOFSTANDARDS

COMMERCIALGRADECLASSC STEEL.NBSPLATE294

Impact
Specimen Specimen T’empera*ure, Comple+,e Xnergy NDT,

Spectien Size, h. Condi%~on F Fracture R-lb. 1?

296-B*
w
J
D
w
A
F

E

296-C
D
E
F
B

:
H

296-A!I

BH
DN
EN
FN
GN
m
JN
CN

296-BY

DI’J
EN
CN
FN
GN
AN
m
JN

2x5x5/8
Dikto

n
n
It
n
N
It

3-1/2X4 X hl~

i)itto
n
n
It
n
n
n
n

2x5x5/8

Ditto
n
II
n
n
n
n
n

Asreceiwd
Ditto
n
n
U
1?
n
n
11

As machined
Ditto

It
II
n
n
E
n

Heated one hour at
1600F’, furnace
cooledto800F

Dit+io
U
n
n
n
It
n
n

Heatedonehourat
1600F,furnace
cooledto800F

Ditto
lt
n
n
n
It
n
n

30
;:
20
20
10
10
10
0

20
10
10
10
0
0

-10
-10

40

10
0
0

.1:
-lo
-10
-20
-20

-20
-20
-30
“30
-30-40-l@
-40

No
Dikko
n
n
Yes
Yes
No
Yes
Yes

No
Ditto

n
!1

Yes
Ditko

n
n

No

No
Xo

Yes
No

Yes
Ditto

U
Ir

No

No
No

Yes
No

Yes
Ditto
n
n

600 20
720
1300
1300
1300
720
1300
1300
1300

150
150
Go
150
’150
1.50
150
150

13CKI

o

1300
lmo
1300
1300
1300
1300
1300
1300

150 -30

150
150
150
150
150
150
150
150

+ Didnotma-kanvfl.
%+ Fractured~/8in.fromweldbeadnotch.
- Fractured1 iu. fromweldbeadnotch.
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TABLEA-12
DROP-WEIG~TESTDATAFORPROJECT

GRADECLASSC STEEL.NBSI
SR-139COMMERCIAL
PLATE297

Specimen
Impact

specimen Tempemture, Complete ilner~, NDT,
Specimen Size, in. Condition F Fmcture R-1b. F

297-A
H
J
i
I’
G
K
Lc
D
E

297-NA

2x5’ x5/8
Ditto

m
*
n
n
n
n
m
n
m

2x5x5/B

Ditto
It
It
Q
n
m
n
11
m
II
n

AshotTollsd atlasoF
Ditto

11
Ii
lt
m
n
u
It
m
H

I-l/lIWplata heatedone
hourat1600F,furnace
cooledto~~ F,then
mchinsd

Ditto
n
n
*
n
m
n
It
n
m
11

000
-lo
-lo
-10
-10
-lo
-20
-20
-20

0

-10
-20
-20
-20
-30
-30
-30
-30
-ho
-ho
-&o

No
Ditto
Q
n
m

Yes
NO

Yes
Ditto
n
II

No

Go -lo
150
150
150
150I$o150
150
150
Eo
150
150 -30

Ditto I“50h 150,1 15’0I* 150II 150
Yes 150
No Uo
Yes 150
Ditto 150U 15011 Eo

TABLEA-13
STEELSAUSEDFORCOMPARISONOFPROJECTSR-151DROP-WEIGHT

CHARPYV-NOTCHDATAWITHTHATOFOTHERINVESTIGATORS

Ferrite TransitionT=perature.F
m ckw V-15

Grain Composition, DropWeight Ft-lb.
Stmel Refer-Size orcent Experi-Calcu-Experi-Czlcu-

Identifi,cationmnceNumberBc 2 S1 Al mentallat*d ●entallated

5 1,5
6 1=5
22
23 :

13
14
27
28
201
226
227
212
279
284
233
236
241
271
275

1;5
1,5
1
1
17
Ditto

●

m
n
“
●

9
m
.
.

Co~ercialSteels,Testedat5/8-Thickness

-- 0.310.490.10 -- 10
-. 0.250.360.04 -- 20
.. 0.190.380.01 -- 0
-- 0.250.490.01 -- 0

CmsmercialSteels,Testedat3/4”Thickness

.- 0.290.420.07 - 30

.. 0.230.490.05 -- 40
-. 0.180.330.02 -- 20
.+ 0.250.500.05 -- 20
7.7 0.210.740.051d.ol 5
7.6 0.220.800.053a3.01 o
7.4 0.200.790.0520.01 0
7.7 0.190.810.047Q.01 o
7.8 O.la0.990.0340.01 0
7.5 0.161.090.0610.02 -lo
7.8 0.150.930.049.0.02 -lo
8.1 0.201*IM0.0740.01 -lo
8.0 0.190.960.0620.02 0
7.8 0.181.030.074u3.01 o
7.9 0.200.940.0934.01 0

32--
28 -- --
17 -- --
26 --8

33 -- --
20 -- --
16 .. -’
24 --
16 21 50
18 la 41
16 29 35
lJ. 26 30
7 13 11
-3 6 -13
-4 6 -1
2 12 160 8 5
0 4 8
3 25 16

AND
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TABLEA-13(Continued)

Ferritm TransitionTemparat.uro,F
ASTM
Grain

CharpyV-i.
Composition, ikOp Weight Ft-lb.

st**l Rofor-Sizo percmt ExpOri- Calcu-ExPeri-Id.ntificstl.n c*lcu-
encmNumbers c Ma si Al_ mentallat.dmmntallated

1-B
2-B

A
B
c
17
la
33
34

A-7Rm
A-7W
A-201RB
A-2olY
A-212W
A-212T
A-2B5RG

P
Q

R
s
T

1-II
2-A
2-D

2
80
81
85
86
87

242
247
214
219
224
252
258
263
243
248

54
l-c
2-c

16
16

11
11
11
1,5
1,5
1
1
9
Ditto9
m
w
w
w
15
15
15
15
15

16
16
16

3
16
16

LaboratoryStenli,Tastedat, 3/4- Thicknu@$

7.5 0.18 1.28 0.043 -- -20
7.5 0.16 1.04 0.017 -- 10

CommercialStools, Testedat1“Thicknecs

-. 0.200.490.04 0.007 30
.. 0.140.510.20 -- 10
-. 0.320.710.24 0.005 50
.- 0.230.410.04 -- 40
-- 0.190.4s0.09 -- 40
-. 0.190.490.05 -- 20
-. 0.240.450.05 -- 20
.. 0.200.75 -- -- 5
.. 0.270.60-- -- 35
.. 0.120.480.18 -- -5
.. 0.110.510.20 -- 10
.. 0.250.660.19 -- 15
-- 0.320.560.26 -- 35
.. 0.090.49 -- -- 5
6.7 0.180.540.04 0.005 32
6.8 0.151.070.02 0.001 14
.5.1 0.121.430.1s 0.070 -22
8.4 0.151.050.17 0.0U6 -13
8*7 0.151.440.28 0.0s0 .90

LaboratorySteels,Tested●t1’ThicknessD

5.9 0.161.250.0440.0C6 o
6.4 0.161.100.0200.003 -10
5.8 0.130.990.0150.GQ4 10

C-EIChl Sto.la,Test.d ●t 1-1/4-Thickness

-. 0.23 0.45 0.10 -- 50
-. 0.14 0.71 0.22 -- 10
-. 0.16 0.68 0.22 -- 30
.- 0.16 0.79 0.32 -- -20
-. 0.15 0.71 0.27 -- -10
. . 0.15 0.74 0.24 --- 10
7.6 0.16 0.73 0.23 0.03 20
7.6 0.14 0.66 0.21 0.03 20
7.1 0.15 0.73 0.20 0.C45 -15
6.8 0.16 0.69 0.21 0.047 -5
6.7 0.13 0.71 O*21 0.052 20
7.2 0.15 0.74 0.25 0.02 .5
7.5 0.16 0.84 0.29 0.04 5
7.7 0.16 0.78 0.30 0.04 -15
7.1 0.16 0.73 0.22 0.03 20
7.3 0.16 0.73 0.21 0.03 15

LaboratorySteolc, Testedat 1-1/4= Thickness

-. 0.19 1.33 0.03 -- 20
6.7 0.17 1.28 0.041 0.0C6 o
6.6 0.16 1.04 0.016 0.004 10

:

15
4
21
23
11
13
23
13
w
-e
-11
3
23
-3
25
13
-45
-21
-51

17
18
21

M
-11
-1
-15
-12
-11
-14
-17
-14
-9
-14
-12
-17
-M
-5
-lo

-3
10
18

-24q

-Oc

68
26
80
-.
.-
--
--
..
.-
-.
-.
--
.-
--
61
3

-76
-50
-89

It
-~or
~c

..
-.
--
_.
-.
--
-1
-13
-16
-26
-2
-11
-7
-37
-Ma
+5

-.
-12E
-8

1
13

65
29
32
.-
..

-.

--
.-
..
..
.-
60
10
44
-26
-51

22
27
36

-.

-.
.-
--
-6
11
-2
7
a
-3
-15
-16
3
1

-.
-2
26

‘Commercialandlaboratorysteels otherthanthosetestedunderProjectSR-151. AHsteels
weretestedas 3-1/2In. x 14fn. specimensexceptA, B, andC whichweretestedas 3-1/2
fn. x l$inq samples.

‘Dashes fndicateferritegrainsize numberswerenotgivenfn thereferencescited. In these
cases thetransitiontemperatureswerecalculatedwiththefollowingformulas:

NDT, F = O+ 135(%C)-20 (%Mn)-60(%S1)-180(7N)

’15’ F = 80+ 180(%C)-85(%Mn)-200(%s1)-800(%M)
Wheregrainsize datawasavailablethetransitiontemperaturesweretalculatedwiththefor-
mulasgivenin Table6 of thereport.

cAveragefor five tests madeby fourdifferentlaboratoriess.

DSpecimenswerecutfromplates1-3/4in. thick. AUotherspecimensweretestealinthefull
platethfckness.

EAverageforfourtestsmadebythreedifferentlaboratoriess.
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APPENDIXB

STATISTICALANALYSIS

Themoreimportantresultsof the multipleregi-essionanalysisaregiven
in TablesB–1 throughB-3. Forthe benefitof readerswhoare unfamiliarwith
this typeof analysis, theterminologywill be discussedbriefly.

MultipleRegressionAnalysis
I In its simplestform,regressionanalysisis a statistical methodfor

usingthevalueof onevariableto predictthevalueof another. Thisis done
bymeansof a mathematicalequationsuchas

y=a+bx,
y=a+bx+cx2,
etc. ,

ues of (x, y) obtainedexperimentally.Geometric.iy,
themethodamountsto findingthe line orcurvewhichbest fits thedatapoints.
whichis computedfromva,

Multipleregressionanalysisis anextensionof this methodforthe situa-
tioninwhichtherelationshipof morethantwovariablesis needed. Themathe-
maticalequationhasa formsuchas

y=a+bxl+cxZ+dx 22+...,

whichis computedfromvaluesof (y, x , x , x123 , . ..) obtainedexperimentally.
Therelationshipit expressesmay.beeitherlinearorcurvilinear. Geometrically,
the methodconsistsof findingtheplaneorcurvedsurfacein three-dimensional
space(in thecase of threevariables),orthehyperplaneorhypersurfacein a
spaceof fourormoredimensions(in thecase of fouror more
best fits thedatapoints.

Inthepresentcase, theequationsthatwerefittedto.
form

variables),which

thedatahavethe

y = a + bxl + CX2+ dx3+ ex32+ fx2x3+ gx4+ hx42+ ix3x4+ jx5,

wherethe independentvariablesare:
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‘1 =carbon(percent)

‘2 =manganese(percent)

‘3 = silicon(percent)

‘4 =aluminum(percent)

‘5 =ASTMFerritegrainsize number

andy representssuccessivelythefollowingeightdependentvariables,eachof
whichis consideredseparatelywiththeindependentvariableslisted above:

Dropweight,NDT
CharpyV-notch,15ft-lb

II ![ 25 ft-lb
II 11 50%maximumenergy
11 11 15’7’oshearfracture
II II 30%shearfracture
11 11 50%shearfracture
11 11 lateralexpansionat 15 roils

Thetermsin X32andX42wereincludedin theregressionequationsbecausepre-
liminaryexaminationof thedataandpreviousexperiencesuggestedthatSi and
Albothhavea curvilineareffect onthe dependentvariables. ThetermsinX2X3
andX3X4wereincludedbecauseexaminationandexperiencesuggestedthatSi
interactswithMnandalso withAlto producechangesin thedependentvariables
whichcannotbe detectedbymeasuringthe separateeffects of theseadditives.

Conclusions
TablesB-1 andB-2 leadto the followinggeneralconclusions:
1)

2)

3)

4)

IncreasingC definitelycauses anincreasein all eightdependent
variables.
IncreasingMncausesa decreasein all eightdependentvariables.
IncreasingSi causes a decreaseinlthedependentvariables,which
is fairlymarkedformostof thesevariables.
Thecurvilineareffect of Si is tooweakto be establishedbythe
presentdata.
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5)Onlyin its effect on50~0maximumenergydoesSi interact
appreciablywithMn.

6) Thereis weakevidencethatincreasingAlcausesa decrease
in the dependentvariables.

7) Theanalysisfails to showanyappreciablecurvilineareffect
ofAlorany appreciableinteractionof AlwithSi.

8) Theanalysisprovidesverystrongevidencethatincreases
inASTMgrainsize numbermeancorrespondingdecreasesin
thedependentvariable.

TABLEB-1
REGRESSIONCOEFFICIENTSANDSTANDARDDEVIATIONOF

REGRESSIONCOEFFICIENTS

ASTMFerrite
GrmnS~ze

Gartin Manqanese Sihcon d SiXMn AlumjnumL AIXSI Number

DropWiqht Test

Criter~on “G* SD
**

c SD c SD C SD c SD G SD C SD G SD c SD
NDT 210 27 -15.9 9.6 -182 85 377 165 -6.9 57.4 -159 215 321 1600 -258 481 -11.0 1.4

Ghar!wV-Notch

15Ft-lb 333 40 -66.6 14.2 -269125 210244 11685 -512 317 28492362 367711 -18.1 2.1

25Ft-lb 456 39 -6].3 14,1 -265 124 216242 ill 84 -583 315 32282346 360706 -20.2 2.1

50~oMax 291 36 -68.3 12.9 -35Z114 33z’221 21177 -356288 26012144–135645 -15.5 1.9
engery
i5%shear297 33 -22.0 12.0 -8.6 106-118206 5.871.8 -449268 258o1’?98-12S601 -12.1 1.8
fracture
30%shear347 34 -27.8 12.4 -141 109 171211 24.073.6 -334275 13292049 282617
fracture

-15.3 1.8

50%sh~ar439 43 -36.1 15.5 -257 136 246z65 84.692.5 -375 346 11212374975 775 -18.9 2.3
fracture
Iateral 331 32 –5z.o 11.6 –237102 17319s 10569 -458258 30561919131 578 -16.0 1.7
Expansion
at15roils

*c = Rsgressionaefficlent.
**

SD = Standarddeviationof regressioninefficient.

PartialRegressionCoefficient

Constant

c SD
77.2 S4.9

168 125
178 125

189 114

60.5 106

119 10?

177 137

129 102

Thechange in thedependentvariable(transitiontemperature)asso-
ciatedwitha unitincreasein a particularindependentvariablewhenthe
othervariablesof regressionare heldconstant.
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StandardDeviationofReqressioncoefficientI—
Anestimateof the variabilitywhichwouldbe encounteredamong

correspondingregressioncoefficientsif the experimentandconsequent
regressionanalysiswererepeatedmanytimes.

TABLEB-2

VALUESOFt RATIOANDSTATISTICALSIGNIFICANCEOF
REGRESSIONCOEFFICIENTS

Carlzm ManganeseW - SiXMn Aluminum (Al)2
DroDWeiahtTe&

Criteriont’ F? t s ts ts ts ts ts
NDT 7.85 -9.9 1.65 >80 z.15>95 2..29>95 0.12<800.74<80 0.20<80

GharpyV-Notch

15Ft-lb8.41=9.9 4.68>99.92.15X50.86<8o 1.37>80 1.61>80 1.21+0
25Ft-lb 11.6 S9.9 4.33>99.92.13~950.89<80 1.32 >80 1,85 >90 1.38 >80

50’%max8.11=99.95.28>97.93.10>991.50>80 2.74>99 1.24<80 1.21+0
energy
15% 8.88 *9.9 1.83 >90 0.08<800.57<800.0840 1.6790 1.29+0
shear
fracture
30% 10.1>99.92.25>95 1.3080 0.81<80 0.33<80 1.21<80 0.6540
shear
fracture
50% 10.2>99.92.32>95 1.89>90 0-93 <80 0.92 G30 1.o9 <8o 0.44 <80
shear
tiacture
fateral1o.3 >99.9 4.50+9.97.33>950.88<80 J-52=0 1.78>90 1.59>80
Expansion
& 15
hiIs

AIXSi

ts
0.54<80

0.52 40
0.51 <8o
0.21 40

0.21 .=30

0.46 dO

1.z6 &O

0.23 ~0

d =t rat>o Thfsstatisticcomparestheobserveddifferencebetweenaverageswiththeinherent
variabihtywithinthedatato detenmnewhetherthedifferenceis significant.

ASTMFerrite
GrainSize
I.fumk-

ts
7.79 >99.9

8.7o Y?9.9
9.76 W9.9
8.19 S9.9

6.87 X9.9

8.48 >99.9

8.33 X9.9

9.47 *9.9

constant

ts
0.97 <80

1.41 >80
1.5o >80

1.73 >90

0.63 <80

1.17<s0

1.36 =0

1.35 *O

s’ = statisticalsignificanceof the regressioncoefficientsas determinedbythet-ratio. The
statisticalsignificanceis thedegreeof certainty(%)thatthetrueregtessioncoefficient
is notzero.
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TABLEB-2

t-Ratio
In TableB-2, columnt is the ratioof theregressioncoefficientto

its standarddeviationandis usedfortestingthe statistical significance
of theregressioncoefficientforeachindependentvariable. If this ratio
is large(relativeto tabulartheoreticalvalues), thenthe regressioncoef-
ficient is significant. Thet-ratios“inTableB-2 areaccompaniedby sig-
nificancelevels (inpercent), whichmaybe thoughtof as thedegreeof
certaintythateachtrueregressioncoefficient(forwhith thecomputedre-
gressioncoefficientis anestimate)is differentfromzero.

NOTE:Belowaretwoalternativemethodsof presentingthe significance
of t-ratios in TableB–2.

Method~. Significancelevels between8W’Oand997’ocanbe pre-
sentedto thenearestwholepercent.

Method~. Allsignificancelevels can be presentedin coded
form,such

NS=
?.
:: =
>:#l._—

.I,.I,.,<=.,..P-,

as
less than80%
80%upto butnotincluding95~0
957’oupto butnotincluding997’o
99’70upto butnotincluding99.97’0
99.9$!0andover
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TABLEB-3

StandardErrorof Estimate——
Ameasureof hownearlytheregressionestimatesagreewith the

valuesactuallyobservedforthevariablebeingestimated(transitiontem-
perature).

MultipleCorrelationCoefficient
Ameasureof theproportionof thetotalvariationin thedependent

variable(transitiontemperature)whichcan be accountedforonthe basis
of the linearrelationsto the severalindependentvariables.

Coefficient~f MultipleDetermination
Thesquareof the multiplecorrelationcoefficierit, R. Ameasure

ofwhatproportionof thevariancein thevaluesof thedependentvariable
(transitiontemperature)can be explainedby, orestimatedfrom,thecon-
comitantvariationin thevaluesof theindependentvariables.

F-Ratio——
In TableB-3, columnF is theratio45R2/(9-9R2)fortestingthe

statistical significanceof the multiplecorrelationcoefficient. If this
ratiois large(relativeto tabulartheoreticalvalues), thenR2(andR)is
significant. TheF-ratiosin TableB-3 are all largerthan3.77, whichis
the tabularvalueof F for9and45 degreesof freedomat the99.9%signifi-
cancelevel, andthereforeveryhighstatistical significancecan be at–
tachedto the multiplecorrelationcoefficient. In otherwords,in every
case wecan be extremelyconfidentthatthe
dependentto somedegreeonat.least oneof
variables.

dependentvariableis really
the independentregression
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TABLEB-3
SUMMARYOFSTATISTICALANALYSIS

Drop-WeightTest

S.E.E.a Rb R’c F’
26.40.84111.4 0.917

Charpy V-Notch
15Ft-lb 16.9 0.932 0.869 33.0
25 Ft-lb 16.8 0.946 0.894 42.3
50~0maximumenergy 15.3 0.919 0.845 27.3
15’7’oshearfracture 14.3 0.906 0.820 22.8
30~0shearfracture 14.7 0.920 0.846 27.6
5070shearfracture 18.4 0.912 0.832 24.7
Lateralexpansionat 15roils13.7 0.941 0.886 38.9

S.E.E.a =

Rb .

R2C =

Standarderrorof estimate. Thisis a measureof theprecisionfor
estimatingtransitiontemperaturesif all of the regressioncoeffi-
cients (TableB-1) fora givencriterionarecombinedintooneequa-
tion.
Multiplecorrelationcoefficient.
estimatingequationin describing
thetransitiontemperature.
Squareof the multiplecorrelation

It indicatestheefficiencyof the
theeffects of the observationson

coefficient. Thisis a measure
of the fractionof varianceremovedoraccountedforbythecorrec-
tionanalysis.
F - ratio. Ameasureof howwellthewholeequationfits the data.
Forthis studyF at a confidencelevel of 99.9~0equals3.77.
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TABLEC-1
GRAINSIZEDATAFORHOT-ROLLEDLABOW4TORYSTEELS’:

ASTMFerriteGrain
Size Number

Correctedfor PearliteContent,
PearliteContent’~:’~= percent

Steel Area Lineal Area Lineal
Identification Count Count Count Count

1 7.9
2 7.6

2-2 --
3 8.7
4 7.2
5 8.2
6 9.2
7 6.9
8 8.1
9 8.0

9-2 --
10 8.4
11 7.3
12 7.8
13 8.9
14 7.0
15 --
16 --
17 --
18 --
19 -.
20 ——
21 --
22 --
23 --
24 ——
25 —-
26 --
27 -.

7.9
8.0
8.2
9.4
7.5
8.7

10.1
6.9
8.0
8.4
8.1
8.6
8.0
8.6
9.3
7.4
7.4
7.7
8.5
9.0
8.2
8.6
8.6
8.3
8.9
8.0
8.3
8.4
8.2

22.9
21.8

--

31.9
14.2
22.9
41.6
.9..4

31.9
32.4

-—

45.5
18.2
41.4
62.9
16.2

-—

--

——

--

--

--

--

--

--

--

-—

19.1
20.4
25.6
32.0
11.5
31.3
50.7
8.6

16.7
21.0
21.9
30.8
15.3
31.2
51.2
8.2

17.6
10.5
31.9
30.5
28.0
33.9
24.1
25.0
25.7
25.9
28.3
29.3
20.1

+Datalisted arethe averageof at least twomeasurements.Dashesin-
dicatedeterminationswerenotmade.

‘xxGrainsize numberbasedonareaoccupiedbytheferritephaseonly.
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TABLEC-2
GRAINSIZEDATAFORSTEELS’NORMALIZEDFROM1600AND1900F’~’

ASTMFerriteGrain
Size Number

Correctedfor PearliteContent,
PearliteContent’~’~ percent

Steel Area Lineal Area Lineal
Identification Count Count cOunt Count

1600F
1
2
3
4
5
6
7
8
9

10
11
12
13
14

8.3
8.9
9.4
7.9
8.9
9.9
7.6
7.7
8.3
8.0
7..5
7.8
8.7
7.2

9.3
9.3

10.1
8.1
9.1

10.8
8.2
8.2
8.1
8.9
8.6
8.8
9.7
7.8

15.9
33.5
29.7
10.5
26.8
40.5
11.5
21.0
27.8
35.8
14.6
34.9
54.8
13.8

18.6
22.6
30.7
11.8
30.4
44.6
9.9

20.7
24.4
33.5
14.7
30.6
46.1
7.9

1900F
2 -— 8.0 -- 23.2
9 -— 7.5 -- 24.0

i=Datalisted aretheaverageof at least twomeasurements.Dashes
indicatedeterminationswerenotmade.

‘:’’:Grainsize numberbasedonareaoccupiedbytheferritephaseonly.
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TABLEC-3
GRAINSIZEDATAFORSTEELSHEATEDAT
1900FANDFURNACECOOLEDTO800F’::

ASTMFerriteGrain
Size Number
LinealCount

Steel Correctedfor PearliteContent,
Identification PearliteCoritent’~’~ percent

2-2
4
5
6
7

9-2
11
12
13
14

5.5
7.2
6.1
7.1
4.5
5.5
5.8
5.9
6.9
4.8

28.0
15.7
38.1
57.8
10.3
27.1
12.9
30.0
60.4
14.9

‘~Datalisted aretheaverageforat least twomeasurements.
‘~:+ASTMnumberis basedonthe areaoccupiedbytheferritephaseonly.
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TABIEc-4
GRAINSIZEDATAFORCOMMERCIAL(PROJECTSR-139)STEELS

AS,TMFerrite PearliteSpecimen
GrainSize Col~tent,ThickneSS,

Steel Condition HeatTreatment Number percent iriches
250

250
.!

250

250

297

296

296

297

Rerolledinlaboratory None

Ascommerciallyrolled None

Rerolledinlaboratory1600F, furnacecooled

Rerolledinlaboratory1600F, aircooled

Rerolledinlaboratory None

AS commerciallyrolled None

Machinedfrom1-1/4in. 1600F, furnacecooled
platebeforeheattreat-
mentortesting

Machinedfromheat 1600F, furnacecooled

8.1
8.4

7.0
6.7
6.9
6.9

9.4
9.4
9.2
9.2
7.4
8,4
8.0

7.5
7.5
7:3
7.4

9.4
9.4
9.4
9.4
9.8

14.7
18.9
17.9
16.0
14.2
18.6

18.6
23.8

10.1
15.5

16.6
25.5
20.4
16.7
18.8
25.6
20.4

24.3
25.7
44.2
41.8
35.4

treated1-1/4in. 10.4 43.9
plate

5/8
5/8

1-1/4
1-1/4

5/8
5/8
5/8
5/8
5/8
5/8
5/8
5/8
5/8
5/8
5/8

1-1/4
1-1/4

5/8
5/8

1-1/4
1-1/4

5/8
5/8
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NATIONAL ACADEMY OF SCIENCE=

NATIONAL RESEARCH COUNCIL

The hational Academy of Sciences-National Research
Council is a private, nonprofit organization of scientists,
dedicated to the furtherance of science and to its use for the
general welfare.

The Academy itself wasestablisbedin 1883 under a Con-
gressional charter signed by President Lincmln. Empowered
to provide for all activities appropriate to academies of
science, it was also required by its charter to act as an
adviser to the Federal Government in scientific matters.
This provision accounts for the close ties tbat have always
existed between the Academy and the Government, although
the Academy is not a governmental agency.

The National Research Council was established by the
Academy in 1918, at the request of President Wilson, to
enable scientists generally to associate their efforts with
those of thelimited membemhipof the Academy in service
to the nation, to society, and to science at home and abroad,
Members of the National Research Council receive their
?PPOintment8 from. the President of the Academy. They
include representatives nominatwl by the major scientific
and technical societies, representatives of the Federal Gov.
ernment, agd a number of members-at-large, In addition,
several thousand scientists and engineers take part in the
activities of the Research Council through membership on
itsvariousboards and committees.

Receiving funds from both public and private sources, hy
contributions, grant, or cimiract, the Academy and its Re.
search Council thus work to stimulate research and its
applications, to survey the broad W,wibi]ities of science,
to promote effect?ve utilizaticm of the aci.mtific and technical
resources of tbe country, to ser.m the Government, and to
further tbe general interests of science.


