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ABSTRACT

TheDeltaspecimenhasbeenappliedtotwodifferentheatsof
A517gradesteelinoneinchplatethicknessandtotheoneheatin1/2
and2 inchplatethickness.Variousmodificationsofthebasicspecimen
havebeeninvestigated,a non-standardgeometryanda compositeformof
thespecimenintowhichdifferentsteeltypeswereincorporated.The
influencesofvariousweldingprocedureshavebeenexaminedaswellas
theperformanceofallsteelsinthenon-weldedcondition.Thespecimen
wasfoundapplicableandappropriateforallconditionstested,showing
sensitivitytoallvariables.Atthesametimethespecimenshoweda
consistencyinbehaviorwhichcouldberationalizedwithcommercialex-
perienceanddatafromcorollarytests.Thesteelsexaminedshowedsev-
eraltransitionalbehaviorswhentestedasweldments,thesetransitions
occurringinplaceoffracture,lengthof fracture,loadcarrying
changesandoverallductilitymeasuredbydeflectionatfailure.
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INTRODUCTION

Increasingreplacementofuseof as–rolledcarbon
steelplatematerialsbyquenchedandtemperedsteelplate
inengineeringconstructionhasbeenaccompaniedby increased
concernrelativetotheweldabilityofthesesteels,par-
ticularlyinrespecttotherelatedproblemof fracture.
Intheprocessofmasteringtheweldabilityandfracture
probleminthecarbonsteels,recognitiondevelopedthat
therealconcernwastheplatemetalsincethiswasthe
leastfractureresistantcomponentofweldmentsofthese
steels.Appropriateweldingproceduresusingthereadily
availabletoughfillermetalscouldessentiallyremovethe
fractureproblemfromtheimmediateweldareasinceboth
thewelddepositandheataffectedzonecanbemuchtougher
thanthecarbonsteelplate.Theassessmentofweldment
toughnessthenwasa relativelysimplematterofmeasure-
mentoftoughnessoftheleasttoughcomponent,theplate
metal.Theproblembecamemorecomplicatedintheweld-
mentsofquenchedandtemperedhigherstrengthsteels.
Inthese,fracturemaybea concernineitherweldmetal,
baseplateorheataffectedzone.As a resulttheincreased
useoftheQ+Tplatesteelshasbeenaccompaniedbyneedof
appropriatemeasurementofthefracturetoughnessnotonly
ofthesteelwhichcanbeverytoughbutofallthemetall-
urgicalandmechanicalcomponentswhichresultfromweld–
ing. Twoapproacheshavebeenusedto attemptoverall
evaluationofthequenchedandtemperedsteelweldments.
ThefirsthasbeenuseoftheCharpyV-notchtesttoattempt
toevaluatetoughnessintheindividualareas,weldmetal,
heataffectedzoneregionsandbaseplate.Thereare
fundamentaldifficultieswiththissmallspecimenapproach
whichbecomemorepronouncedwithincreasedsectionthick-
nessbecauseofvariationinpropertiesinallareasfrom
oneplatesurfacetoanotherforexample.Thesecond
approachhasbeentoattemptevaluationbymeasuringper-
formanceby testinga weldmentcomposite.Thetwomost
prominentlyusedspecimenshavebeenthewideplatetensile
testandtheexplosionbulgetest.Bothhaveshowncon-
siderablemeritbutdespitethese,theypresentseveral
difficulties,a majoronebeingtherequirementof appropriate
facilitiesfortestinganda secondbeingcost.As a
resulttherehasbeencontinuinginterestina moreaccept-
ablesimplifiedapproach.
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Ideallya weldmentspecimenappropriateforQ+T
steelsshouldnotonlybeeasytoprepareandtestbut
alsoshouldbe ofdesignsuchthatbothspecimengeometry
andmechanicaltestingmethodallowfracturetoseekthe
leastresistantpathwhetherthatbe inweldmetal,plate
orheataffectedzonewithoutbuiltinbias.TheDelta
specimen,evolvedfromresearchsupportedby theWelding
ResearchCouncilthroughthePressureVesselResearch
Committee,wasproposedtomeettheserequirements.The
needforsucha specimenisbestrecognizedby considering
thedifficultyofappropriatetensiletestingofwideplate
weldments.Intheseiftheweldlinerunsparallelto
thetensiondirection,theeffectsof theweldandheat
affectedzoneareminimizedsincewhiletheymayparticipate
instartinga fracturetheyconstituteonlya minorfraction
ofthetotalspecimenthroughwhichfracturecantravel.
Ifontheotherhandtheweldlineistransversetothe
appliedtensionintheplatespecimen,otherobjections
arise,forexample,thattheeffectofsignificantweld
stressesinthewelddirectionisminimizedandthatfrac-
tureisprejudicedina directionparalleltotheweld
line.Ineitherevent,theloadsfortestingaresohigh
thatonlya veryfewlaboratoriescanconductsuchtests.
Thesedifficultiesareminimizedinpreparingandtesting
theDeltaspecimenwhichcanbemadeusingactualfield
weldingconditionsina specimenofsizeconvenientfor
testingandrepresentativeofa fieldweldmentwitha rep–
resentativecrackstartingflawfromwhichfailuremay
travelintheleastresistantpath,plate,weldmetalor
heataffectedzone.

THEDELTATESTSPECIMENA31DPROCEDURE

Thegeometryofa weldedDeltatestspecimenshown
inFigure1 isa 24 inchequilateraltriangleformedby
weldingtogetherthreesegmentsformedby flamecuttinga
trianglefromthegeometriccentertothemid-lengthof
eachofthethreesides.Thethreesegmentssoformedare
thenrejoinedusingthedesiredweldjointconfiguration
andprocedure.Forthepurposesof allworktobe reported
here,exceptasnoted,thejointconfigurationandweldpass
sequenceusedconformedtothoseshowninFigure2a.

“.
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A6@DOUBLEBEVELJOINT
FLAMEPREPARED.WELD
FROMEDGETOCENTER,
GRINDWELDSFLUSHAND
SMOOTHBEFOREAPPLYING
CRACKSTARTERPATClWELD,

I 24”
I I

EL.1 1,3
2,4

4 5,6
8 7.8
m 9,10

DIA.
ROD
5/32”
3/16”
5/16”
1/4”
1/4“

TYPICAL
HEATINP~
JOULES/IrJ,
35,000
38,000
48,000
72,000
85,000MAX,

(A)STANDARD5PASSPERSIDEPROCEDURE,ONE-INCHPLATE

32=4 5
3 1,2 5/32 35,000MAX,
2 3,4,5)731N5 57,500MAX,
1
b 6 5132 47,000MAX,
7

(B)WELDINGSEQUENCE,1/2”PLATE
Fig.1-DeltaSpecimen,

GeneralDetails
Fig.2 - StandardWeldingProcedure,

1“and1/2”Plate

D SLOWLYAT
EROFSPECIMEN

DELTA MPRESSIONLOADING
SPECIMEN
~T THICKNESS60”DOUBLE

LWELDS,GROUNDFLUSH
THICKNESSPLATE
24”X24”
ORTATTHREE
ERSAT 19’’DISTANCES

Fig.3-TestingtheDeltaSpecimen,Schematic

Theseare designated“standard”.TestingoftheDelta
specimenisaccomplishedasillustratedinFigure3. The
specimenissupportedatthecornersasa flattriangular
plateoncylindricalcolumnsupportswithhemispherically
roundedcontactpoints.Thesupportpointsforma 19inch
equilateraltriangle.Compressiveloadisappliedtothe
specimenatthegeometriccentertocausea dishingdeforma–
tion,usinga cylindricaltupwithendgroundflatto
presenta oneinchflatincontactwithspecimensurface.
Thecrackstarterweldappliedasa patchonthesurface
only,priortotesting,isplacedonthesideoftheplate
weldedlast.Thatsideisputonthedownortensionside
intesting.Specimensaretestedtofailureafterbeing
broughttodesiredtesttemperature,generallyinanalcohol
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orotherlowtemperatureliquidbathcooledbydryice.
Duringthetesta loadvs.centerpointdeflectioncurve
isrecorded.A headspeedof1%inchesperminutehasbeen
usedinalltestsreportedhere.Failureisjudgedtooccur
attheonsetofa lossofthemaximumloadgenerallyaccompanied
byvisibletearingfailureorsuddenaudibleandvisible
failure.Otherdataavailablefromthetestareenergy
absorbedbythespecimen~pathoffailure,lengthoffrac–
tureandmodeoffracture.Foralltestsa mechanical
machineof180,000Ms. capacitywasusedexceptfortest–
ingthetwoinchthickplatespecimens.

SCOPEOFTHERESEARCHPROGRAM

Researchforthisreportwasperformedundertwo
successivecontracts.Theintentofthestudyinthefirst
contractwas(1)toinvestigatereproducibilityofthe
specimen,(2)todetermineinfluenceofa modifiedcrack
starterweldbead,(3)todeterminereproducibilityof
resultswhenweldingwasperformedbydifferentoperators
atdifferentlaboratories,(4)to determineapplicability
oftheproceduretootherplatethicknesses,one–halfinch
andtwo-inch,and(5)to determineresponseofthetest
whenspecimenswereofcompositenaturemadeofsegments
ofdifferenttypesofsteel.

Thesecondresearchcontractcovered(1)investiga–
tionoftheeffectsofa secondsteelcomposition,(2)effect
ofchangeinwelder,(3)effectofchangeinmanualwelding
procedure,(4)effectofchangeinweldingprocessand(5)
effectofspecimengeometry.Inadditiontotheresearch
onweldedDeltaspecimens,allmaterialswere,testedinthe
primeplatecondition.Table1 followingliststheseparate
variablesinvestigatedusingtheDeltaspecimenaccording
tosubjectunderstudy.

ForpurposesofcorrelationwiththeDeltatest
results,theresearchesincludedCharpy-Vnotchtestsof
allweldmetals~allplatemetalsandCharpyV notchtests
withnotchintheweldheataffectedzoneofA517-Fsteel
in1/2,1 and2 inchplateweldedDeltaspecimens.Al1
Charpytestsweremadeovertemperatureranges.Metallo-
graphicspecimensfromrepresentativespecimenswerein–
eludedinthestudy.Hardnessdeterminationswerealso
madeonvariousspecimens.AllDeltaspecimenswere
photographedaftertesting.

SOMEDETAILSONDELTASPECIMENPRJN?ARATION

A.ONEINCHTHICKPLATESPECIMENS

TheDeltaspecimencanbepreparedinmanyof
variouswaysdependingonthevariablesintendedforstudy.
Theprocedureusedhereandtermed“standard”consisted
offlamecuttingthetrianglesintothreesectionslaterto
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8.
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10.
11.
12.
13.
14.

15.

16.
17.

18.
19.
20.

SubjectunderStudy
Reproducibility
Variedcrackstarter
patchweld
Reproducibility

Reproducibility
Applicabilityto
+ inchplate
Applicabilityto
2“plate
Compositespecimens,
twosteels
Compositespecimens,
twosteels
Compositespecimens
twosteels
PrimePlate
Primeplate
Primeplate
Primeplate
Primeplate

Effectofsteel
composition
Effectofwelder
Weldingprocedure

Weldingprocess
Specimengeometry
Compositespecimens

TableI-DeltaTest

No.of
Steel,ThicknessSpecimens

A517-F,1“
A517-Frl“

A517-F,1“

A517-Fr1“
A517-F,+“

A51.7-F,2“

A517-Fwith
A515-J3,1“
A517-Fwith
A537-Al“
A537-Awith
A515-B,l“
A517-F,l“
A517-F,+“
A517-F,2“
A515-B,l“
A537-A,l“

18
6

6

6
12

6

6

6

6

6
6
6
6
6

Series-PartI

VariationfromStandardProcedure
None
Crackstarterweldinring
shaper2’rIJ
Specimensweldedbycommercial
@searchlaboratory
Specimensweldedbyshipyard
%“plateandappropriate
weldingprocedure
2“plateandappropriate
weldingprocedure
WeldedwithE7018electrode

WeldedwithE7018electrode

WeldedwithE7018electrode

None(notwelded)
None(notwelded)
None(notwelded)
None(notwelded)
None(notwelded)

DELTATESTSERIES- PARTII
A517-E,1“ 6 None

A517-E,1“ 6 and6 Regularwelder& newwelder
A517-E,1“ 6 Weldedinsteelmilllab,

theirmanualprocedure
A517-E,1“ 6 Submergedarcwelded
A517-F,1“ 6 Weldsfrom.platecenter
A517-F,A537-A 6 toapicesoftriangle

Threedifferentsteels-all
weldedinonespecimen

References
TablesFigs.
A-2 5,6,7,8
A-3 5,6,7,8

A-5 10,11

A-4 9,11
A-6,712,13,14

A-8,915,16,17

A-II

A-12

A-n

A-1
A-6
A-8
A-1O
A-10

A-14

A-14
A-14

A-14
A-13
A-15

18,19,20

18,19,20

18,19,20

5,8
12,14
15,17
18,20
20,21

25,26

26,27
26,27

26,27
22,23,24
28
Paqe5
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berejoinedbyowelding.Thesectionswerethenprovided
withdouble60V-jointsby flamecuttingmerelybecause
thiswasconvenientformanualweldingprocedure.Welding
wasperformedintheflatpositionafterthethreesections
weretackedtogether.Itwasfoundbesttobeginwelding
bydepositofa rootpassinthestartingsideofeachof
thethreeweldjointsusing5/32inchelectrode,this
followedbya secondpasswith3/16inchelectrodeafter
whicharc–aircleaninganddiskgrindingfromtheopposite
sidewerepractical.Followingthis,rootpassescouldbe
placedinthecleanedroot,followedbyalternateside
weldingtocompletethejoints.Anypasssequencewas
completedinallthreejointsononesideoftheplate
beforeproceedingtotheoppositesideofthespecimen.
Allweldingproceededfromspecimenedgetocenter.Atany
time,sixspec~menswereinprocess,allowingplatetempera-
turetobe125F orbelowatonsetofwelding.During
weldingnoweavingwasusedalthoughsomelatitudeon
manipulationofelectrodewasnecessaryforsatisfactory
slagcontrolandpenetration.Alljointswerecompleted
using1/4inchelectrodeandanintentionalbuildupof
reinforcementtoamaximumofabout1/8inch.Thisbuild
upwasremovedbymachiningona shaperfollowedbysome
handgrinding.Followingremovalofbuilduporreinforce–
ment,thespecimenswerereadyforapplicationofthe
Hardex-Nhardoverlaypatchweldatthecentralweld
junction.A two–inchdiametercirclewasoutlinedby
punchmarkstoguidethewelderincontrollingthesizeof
thispatch.Theweldingproceededaroundthecircumference
ofthecirclelay-outandcontinuedincirclesofdecreas–
ingdiameter,spiralstyle,untilthepatchwascompleted.
Allweldingdata,arcvoltage,amperageandarctravel
speedweremeasuredandrecorded.Detailsareshownin
Fig.2,Appendix.

B.ONE-HALJ?INCHTHICKNESSSPECIMENS,A517-FSTEEL

BecausethiswasthefirsteffortattestingDelta
specimensfrom1/2inchthickplateitwasfounddesirable
tousea relativelylargenumberofspecimensforde–
terminationofoverallcharacteristics.Thesewerewelded
manuallyaccordingtot~eplatemanufacturer’srecommenda-
tionsusinga single60-VjointasshowninFigure2.
Inotherrespectstheprocedureconformedtothatusedfor
theoneinchplateexceptthatmaximumheadinputlevel
waslimitedto57,000JPI.

C.TWOINCHTHICKPLATESPECIMENS,A517-FSTEEL—
Thesewereweldedmanuallyusinga double60°V

Atthemanufacturer’sreconunendation
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madeitnecessarytousea threeinchdiameterhardsurface
crackstarterpatchtobecertainthepatchwouldlieon
platemetalaswellasweldmetal.

D.COMPOSITESPECIMENSOFDIFFERENTSTEELS,ONEINCHTHICK

Thesespecimenswereformedbytheusualprocedure
exceptthatineachspecimentwosegmentswereofonesteel
whilethethirdwasofanother,forexampletwosegments
ofA537–Asteel,oneofA515–70steel.E7018fillermetal
wasusedforweldingallcompositesprimarilybecauseit
isa matchingstrengthelectrodeforbothA537andA515
steelsandproducesa quitetoughdepositappropriatefor
thepurposeshere.

THEDELTATESTANDTYPESOl?DATA

Inattemptingtomeasurebrittlenessor fracture
characteristicsitisimportanttorecognizethatbrittle-
nessorlackofitcanbemanifestedinvariouswaysarid
invariousmeasurements.Consequentlyvarioustypesof
dataweretakenfromeachDeltatesttoaffordasmuch
dataaspossibleforcomparisonandanalysisofthevariables
beingstudied.Theyinclude:

1.loadvaluesatyielding,failureormaximum
load

2.strainvaluesat yielding,failureormaximum
load,expressedasdeflection

3.pathoffracture(plate,weld,HAZormixed)
4.lengthoffracture
5.dropinloadatfracture

Althoughthefirstthreetypesofdatahavebeenthetypes
usuallyusedasindicesofperformance,thelattertwo
dealingwithperformanceaftertheeventoffailurehas
initiatedcanbehelpfulinfullerdescriptionofbehavior.
Forexample,ifintwospecimenstobecomparedfailures
occuratthesameloadsanddeflections,onespecimen
shatteringatfailureandtheotherexperiencinga short
tear,itisobviousthatthetwobehaviorsaredifferent
andtheshorttearingfailureistobepreferred.Similar–
lythegradualfallinginload,characteristicofslow
tearingfailures,istobepreferredoverthesuddendrop
accompanyingtheformationofsuddenfractures.ASthe
datawilldemonstratelongfractureswereaccompaniedby
largedropsincarriedloadandwerenecessarilysudden.
Shortfailuresontheotherhandweregenerallymanifested
bytheappearanceofslowvisibletearingattheonsetof
slowlossofmaximumload.

IthasbeenfoundfromDeltatestingoftendifferent
heatsofsteelsofthetypesconsideredinthisreportthat
thereissomesimilarbehavioramongtheminthewelded
condition.Briefconsiderationwillbehelpfulhere.
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Fig.4 - GeneralizedLoad-DeflectionDiagram

Figure4 showsthatseveraltypesoftransitionalbehavior
occurredastesttemperaturewasraisedfrombelowplate
metalNDTtotemperaturesatandabovetheroomtemperature
range.Thetransitionswereassociated.Firstrtherewere
transitionsinlocationoffracture.Brittleplatefractures
occurredonlyintestsnearorbelowNDToftheplate.
Thesebeganinthecrackstarterbutranonlyintheplate,
ultimatelyasmuchasthreeinchesawayfromtheweld.
FracturesattemperaturesjustaboveNDTgenerallywere
brittlebutrestrictedtotheweldmetal.Increasingtest
temperaturesresultedintougherweldmetal,shorterweld
metalfracturesandincreaseddeflectionatfailure.With
highertesttemperaturesa pronouncedriseindeflectionat
failureoccurredduetotoughenedweldmetal.Inthis
regiona transitionfromweldpathtearingfailuretofailure
alongsidetheweldtookplace.Thesetransitionswere
accompaniedbychangesintheload–deflectionpatternsand
extentoffracture.Figure4 thenillustratestransitions
in (1)deflectionatfailure,(2)pathoffailure,(3)length
offractureand(4)loadtocausefracture.Furtherasthe
load–deflectiondiagramsatthetopofFigure4 show,
fractureoccurredwithoutanygeneralyieldingatsufficient-
lylowtemperatures.Further,attemperaturesontheupper



9

shelf,forcingfracturestoextendaftertheybeganproduced
significantload–deflectionpatterns,especiallywhen
fracturesranintheheataffectedzoneregion.Theseran
atrapidlyfallingloadsbutnotwiththespeedassociated
withcleavagefracturingincarbonsteels.Thatis,the
energyrequiredtoextendfracturesbytearingintheheat
affectedzonewassignificantlylow.

DISCUSSIONOFRXSEARCHDATA– PARTI

(a)General,DeitaTests

DatatakenintheDeltatestingarepresentedin
tabularformintheAppendix.Foreachspecimen.tested,
thetesttemperature,loadatspecimenyield,fractureload,
specimendeflectionatfailurerlengthoffailureoutside
thecrackstzrterpatch,locationoffractureandloadloss
atfracturearerecorded.Wheremeaningfulornecessary
forcomparisonpurposesthesedataareplottedinthereport.

Thedataon“loadlossatfracture”arehelpfulin
indicatingthetypeoffracturenoted.Ingeneral,sudden
fracturestendedtobelongandaccompaniedbyappreciable
dropintheloadsustainedbythespecimer,.Tearingfailures,
whichare necessarilygradual,ontheotherhandoccurred
atornearuppershelftemperaturesandwereaccompaniedby
onlyslightornegligiblelossinload.Thuslittleif
anydistinctionshouldbedrawnbetweenloadlossesrecorded
aszeroversuslossesoftwoorthreethousandpounds,these
ordersofdropbeingverydifficulttomeasure.Thedata
willshowthatbothloadlossatfractureandfracture
lengthsshowedtemperaturetransitionalcharacter.

Inrespecttodeterminingtheoccurrenceoffailure,
inalmostallcases,thedeflectionatfailurewasjudged
ordetectedwithoutdifficulty.However,therewerein–
stanceswhena crack,particularlya weldmetalcrackbegan
withaudibilitybutwithoutvisibilityorindicationon
theloadrecorder.Thesewerenotinterpretedasconsti–
tutingfailuresincetheywereobviouslylimitedtothe
areabeneaththecrackstarterpatchweld.Furthermorethe
occurrenceofthesewasalmostalwaysfollowedbymajor
failureuponcontinuedbutverylittleadditionaldeforma–
tion.Hencesomediscretionwasrequiredinevaluating
thoseparticularperformances.Ofone–hundredfifty
specimenstestedforthisreport,onlyninespecimenswere
inthiscategory.

Thetablesintheappendixrecordplaceandlength
offailures.Theremaybesomequestionastotherecording
ofsomelongfailuresasoccurringinbothweldandplate.
Thistypefailure,particularlyatlowtemperature,was
common,withbothfailuresoccurringtoallappearances
simultaneously,noindicationofseparatefractures
detectableeitherbysound,appearanceorloadchange.
Ifindeedthesewereseparateoccurrences,theytook
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placealmostsimultaneouslywithoutanyopportunityto
judgetheorder.Respectingtheplaceorpathoffailure,
commentneedstobemadeconcerningonlythedesignation
ofa fractureaslocatedintheheataffectedzone(HAZ).
A1lfractureswereclassifiedby locationaccordingto
surfaceappearanceonthetestedspecimen.Fractures
identifiedasplateorweldmetalincharacteralways
lieclearlyinthoseareasthroughouttheentiretyofthe
fractureandthroughtheentireplatethickness.Cracks
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designatedasoccurringintheheataffectedzonedonot
alwaysnecessarilyfollowtheheataffectedzonethrough
theplatethickness.Theymay,becauseofthegeometryof
theheataffectedzone,veerfromitatsomedistance
belowthestartingsurfaceandentertheplateina straight
throughdirection.

(b)TriplicateSpecimenTestsofOneInchA517-F
SteelPlate

Theoutcomeofthesetestsispresentedgraphic–
allyinFigures5,6 and7. SeveralfeaturesfromFigure5
shouldbenoted.First,respectingdeflectionatfailure~
thedataindica?-esubstantialdifferencebetweentheprime
plateandweldedplatestypicalofthistypesteel.The
dataforweldedspecimensintheupperportionofFigure5
representthelocationsoffailuresandshowa shiftin
fracturepathinmovingfromthelowesttohighestte~t
temperatures,thepatterngenerallyfollowingthatof
Figure4. Theseshiftsareillustratedphotographicallyin
theAppendixaso~llustration1. Platemetalfractures
occurredat–60 and–80°Fwhereasweldmetalfracturepre–
dominatedat-40°F.At O°Fandabo’reheataffectedzone
fracturesoccurredsometimesmixedwithwel-i!metalfailure.
ThedatainFigure5 showa behaviornotnotedinprevious
Deltatestsofsteelsofthistypeandthatisa possible
secondpronouncedductilitytransitionatabout800Fin
additiontothatata,bout-60°F.Respectingreproducibility,
itappearsthatalltesttemperaturesexceptthatofO°F
fortuitouslyfellinthetransitionzoneswherescatter
isnormallyexpected.Inthatlightespeciallyitcanbe
concludedthatthereproducibilitywasquitesatisfactory.
ClearlythedataatO°F,notina transitionregion,show
essentiallynoscatter.

AlthoughthedataatthetopofFigure5 arehelp–
ful.inexplainingsomeoftheperformanceoftheDelta
specimens, furtherilluminationispossiblefromFigure6
relatinglengthsoffracturesandloadlosstotest
temperatures. Thatdataplotconfirmsthesharptransition
at-60°FinFigure5 andagainrelatesthattransitionto
thelengthoffracturea~dloadloss.Sinceallthe
frac-i-fiuesat80°and120F wereoftheductiletearing
type,thereisnotransitionindicatedonthebasisof
fracturelengthatfailure.Figr.re8 showingtheCharpy-V
characteristicsofweldmetal.,platemetalandheataffected
zoneindicatesa ratherclosematchinCharpy–Vtoughness
ofallthreeareasatlowertesttemperatureseventh..ough
theusualscatterindatafromweldmetalandheataffected
zonesispresent.TheplatemetaltoughnessintheCharFy
testappearstobesignificantlyhigherthanthatinweld
orH.AZattesttemperatures–40°Fandhigher.Further
analysisoftheDeltaspecimendataisgiveninFigure7
whichshowschangeinloadcarryingcharacteristicswith
changeintesttemperature.A notablepointmadein
Fiuure7 isthatyieldingfailedtooccurinspecimens
testedbelow–60°Fagainconfirmingthetransitionsnoted
attt,attemperatureregioninFigures5 and6.
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Theclosematchofweldmetaltoughnessandplate
toughnessatthetemperaturesneartheplateNDTpresent
aninterestingsituation.Asa resultofthisclosematch
thetransferoffailurefromplatetoweldwithrising
testtemperaturehasnotbeenasdistinctasinpreviously
reportedtestsGfsometenotherheatswherethematchwas
notasclose.Thedifferencehereisintheprominence
ofweldmetalfracturingalongwiththeplatenearNDTand
below.However,consideringtheCharpydataofFig.8 the
Deltadataarereassuringandindicatemixedfracturepaths
shouldnotbeunexpectedatthelowesttesttemperatures
wherebothweldmetalandplatemetalshowlowCharpy
toughness.

Thisseriesoftestsshowedseveraltemperature
dependenttransitionsoccurredinperformanceofwelded
Deltaspecimen~rinpathoffailure,indeflectionat
failureandinload-carryingcapacity.Thedataconfirm
previousfindingsthatalthoughbrittleplatefailureis
notnormallytobeexpectedaboveplateNDT,lcwdeflection
atfailureispossibleattesttemperaturesaboveplate
NDTiftheweldmetalcansustainbrittlefracture.The
testsdemonstratedthatthelengthoffracturecanbeused
toassessspecimenbehaviorandthatlengthGffracture
correlatesverywellwithloati.losssustainedatfailure.

(c)EffectofModifiedCrackStarterWeIdPatch

Thisinvestigaticmrelatedtomodificationof
thestandardcrackstarterpatchwelddescribedasbeing
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depositedintheformofa circularsurfacestringerbead.
ofHardex–Naroundthecircumferenceofa twoinchcircle
atthecenterplatepositionoftheDeltaspecimeninstead
ofthestandartifilledcircletechnique.TheDeltatest
dataarerepresentedinFigures5,6 and7 andshowno
deviationinbehaviorfromthatofstzndardspecimens.
observationsoffracturedspecimensindicatedthetechnique
tobeaseffectiveincrackstartingasthestandard.patch.
Ingeneraltheresultsofthesetestswereindistinguish-
ablefromthoseofconventionallypreparedspecimens.

(d)SpecimensWeldedbyOtherOrganizations

Sixspecimensweldedina shipyardbuttestedat
LafayetteCollegeperformedasillustratedinFigure9.
Thedatapointsreproducereasonablywellthoseobtained
fromtestsofthespecimenspreparedatLafayette.The
specimenspreparedintheshipyardwereweldedinaccord–
antewiththeprocedureusedatLafayette.However,in
preparationofthespecimenthatwaslatertestedat-80°F
scmedifficultywasencounteredwithweldmetalcra~king.
Thisspecimenwasrepairweldedwithpreheatof200F after
initialweldingwiththe125°Fmaximuminterpasstemperature
res’ultedinweldmetalcracks.Thatparticularspecimenwas
theonlyoneofthissteelwhichdid.notfailintheplate
metalwhentestedata tempe~aturebelowtheNDT. Itis
possiblethatthefactorwhichaccountedfortheweld
crackinginfabricationwasalsoresponsiblefortheweld
metalfailureencounteredintheDeltatesting.Some
confirmationofthismaybeseeninFigur~11showingsome–
whatloweredweldmetaltoughnessat-100F thougha
detailedexplanationwouldbedifficult.

SixDeltaspecimensweldedina commercialresearch
laboratoryweretestedatthetemperaturesusedfor
specimenstestedatLafayette.Thedeflectiontofailure
dataarepresentedinFigure10andshowtwopointslying
appreciablyabovethedatacurvewhichrepresentsthe30
specimenstestedpreviously(24weldedatLafayette,6 in
a shipyard).Thedeviationwasprobablyduetoweldmetal
characteristicsinthesespecimens.Considerabledifficulty
duetoweldmetalcrackingwasexperiencedbythecommercial
re~earchlaboratoryweldersinadheringtothestandard
weldingprocedurecallingfor125°Fmaximuminterpass
temperatures. Accordinglya 125°Fpreheatand250°Finter-
passtemperatureprocedurewasdevelopedwhichalongwith
standardheatinputsallowedcrackfreewelding.The
Charpytestsofboththecommerciallaboratoryandthe
shipyardweldmetalsconcentratedinthelowertemperature
rangesshowedlittledifference(theshipyarddataat–lOO°F
excepted)fromtheLafayetteweldmetals.However,the
yielclloadsfortheDeltaspecimenspreparedinthecommercial
reseti.rchlaboratory(AppendixTable5)doshowsomediffer–
encefromthoseplottedinFigure7 andmaybeassociated
witheffectsontheweldmentsoccasionedbyuseofincreased
interpasstemperaturesinweldingorotherunknownfactors.
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Theprincipleobservationtobemadefromthese
testsisthr.tspecimenspreparedbydifferentweldersin
differentla.korat.oriesbehavedessentiallyidentically
whenweldingproceduresusedwereidentical.Theinstances
wheredissimilarbehaviorsoccurredwerethc~einwhich
modifiedweldingproceduresand/orrepairwerenecessary
forsuccessfulweldfabrication.Itisnotknownwhether
themodifiedweldprocedureswereneededbecauseofin-lot
variationinweldingelectrodeorsteelorotherpossible
unknownvariables.Emphasiscanbeplacedhowever,onthe
factthatidenticallypreparedspecimensperformedessentially
identically.

(e)one-halfInchPlateTests,A517-FSteel

Thepatternofperformanceintheone–halfinch
plates,weldedandprimeplate,departedsomewhatfrom.that
ofoneinchplatesandtwoinchplateandthatofthe
generalizedpatternofFigure4. Thereasonforthisas
willbeshownistherelativelylowtoughnessofplatemetal
comparedtothatofweldmetal.InFigure12primeplates
showa transitiontemperatureatabout-BO°F. Thistempera-
tureisanestimatedNDT,FTE minus40°F,andclosetoa
-90°FNDTdeterminedina modifiedNI)Tdropweightprocedure
usingonehalfinchplate(a90milstopdistance), there
beingnoacceptedstandardNDTprocedureforone--halfinch
plate.TheweldedspecimensinFigure12showa transition
atabout-60°Fbasedondeflectionatfailureaccompanied
bya transitioninopathfromplateessentiallytoHAZ. The
transitionsat–60F inweldedplateshowninFigure12were
accompaniedbytransitioninloadatfailureshownin
Figure12. Theinterestingfeatureofthesetestsisthat
thetransitionswereassociatedessentiallywitha plate
metaltoHAZfracturetransferwithrisingtesttemperature,
theweldmetalbeinglittleinvolved.Thatthisshouldbe
isdemonstratedinFigure14whichshowsthatweldmetal
inthesespecimenswasconsiderablytougherthantheplate
metal.TheheataffectedzoneintheCharpytestsas
conductedshowedintermediatetoughness.Illustration2
(Appendix)andAppendixTable7 bothillustratethatat
alltemperaturesonlyrelativelyshortfracturesoccurred
andthatweldmetalinvolvementwasminorwheneveritwas
involvedinfracture.TableA–7showsfurtkerthatfractures
inweldedspecimenswerealways
thoseat–60°1?occurredwithout
detectabledropinload.These
runningcracksofNDTcharacter
thefailuresat–60°Fandbelow
relativelyshcjrtlengthbecause
specimencanstorerelatively1
uponfractilreinitiation.

relativelyshortbutthat
prioryieldingandwith
weresudden,thereforefast
Itcanbereascnedthat

thoughbrittlewereof
thethinone–halfinch
ttleenergyforrelease

InattemptingtocorrelatetheDeltatestperformance
oftheweldedone-halfinchplatewiththeCharpy-Vdata,
someinterestingpointsarose.FirsttheCharpydatain
Figure14clearlyshowthattheplatemetalwasmarkedly
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lesstoughthantheweldmetalandseccmdthatthetough–
nessoftheone–halfinchplatewasmarkedlylow-erthan
thatoftheoneinchA517-FplateinFigure8 thoughboth
camefro~r:thesameheat.Consultationwithtwomanufactur-
ersofthistypesteelindicatedthatthissituationisnot
uncommoninthistypesteel.Noreasonisknownforthis
lowertoughnessinone-halfinchplate.Thetoughnessof
theweldmetalintheone-halfinchweldmentswasessentially
thesameasthatintheone-inchweldmentsshowninFigure8.
Thusthefi”ndingthattheweldmetalwasinvolvedinonly
a minorwaywithfractureintheone–halfinchspecimens
asshowninTableA-7andFigure12isquiteconsistentwith
theexperiencethatthefracturepathinDeltatestsfollows
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thepathofleastresistance.However,thequestionarises
thenastowhya predominanceofheataffectedzonefailures
shouldhaveoccurredsinceFigure14indicatesittobe
tougherthantheplatemetal.Thereareseveralreasons.
Firstasindicatedearlier,pathoffracturesisreported
fromsurfaceappearanceatthetimeofthetest.Second,
metallographiccross-sectionsofone–halfinchweldedplate
fracturesindicatedthatfracturesdesignatedHAZingeneral
initiatedattheHAZfusionlineregionofthelastpass
weld,a regionnotsubjectedtolaterpasstemperingand
thusquitebrittle.AsIllustration3 (Appendix)shows
thesefractureswerefoundsometimestomovetoplatemetal
atsubsurfacelocationsortostayinthefusionlinearea,
sometimesontheweldmetalside.Whatbecomesclearly
pertinentthenisthattheatte~lpts tomeasureCharpy-V
toughnessoftheHAZandtheresultingdataonthattough–
nessareusefulforthepurposeshereinthattheprocedure
showedtheccmpositeheataffectedzonetoughnesshigher
thanthatoftheplate.,TheDeltatestfracturesclearly
avoidedthetoughcompositepathwhereCharpytoughness
wasmeasuredsometimestostavinthebrittlefusionline
area.Toughnessofthatarea
intheCharpytestduetothe
intryingtoplacea notchin
usedandinhalfinchplate.
linewhenuntemperedhasbeen
manylaboratories.

ispreventedfrommeasurement
geGm.etriclimitationinvolved
thatlineinthe.jointgeometry
Thebrittlenessofthefusion
demonstratedmanytimesin

TOsummarizebrieflyhere,fractureinDeltatests
onone–halfinchplatewereconsistentwithexperienceand
Charpytoughnessdata.Brittleplatefracturespredominated
atandbelowNDTtempe~atures.Wove NDTtheweldmetal
wasinvolvedinfractureinonlya minorway,dueto
superiortouyhness.FracturepreferenceaboveNDTwas
foundtobeinitiationatplatesurfaceinthefusion
line-HAZregionwithtransfertothelowtoughnessplate
occasionally.NO fractureswerefcundtobepredominantly
inthatregionof thie HAZshowntougherinCharpytests
thantheplatematerial.Thesuperiorityoftoughnessin
thellAZasmeasuredheretothetoughnessoftheone–half
inchplatewasconsistentwithgeneralknowledgeand
experience.ThetestsshowedtheDeltaprocedurediscriminat–
edbetweenwelded“andunweldedplate,producedtransitional
typebehaviorinweldedspecimensandresultedinfracture
patternsandpathsconsistentwithmeasuredandknown
toughnessdataofindividualcomponentsoftheweldments.

(f)Two-InchPlate,A517-FSteel

Thetwoinchplatespecimenswereweldedat
LafayetteCollege.Nodifficultywasexperiencedinwelding
thesespecimens.Duetothewidthofthecompletedweld
throatitwasnecessarytousea threeinchdiametercrack
starterm plate,weldmetalandbentaffectedzone.The
specimensweretestedatNavalResearchLaboratorybythe
authGrbecauseoftheavailabilitythereofthenecessary
capacitytestingmachine.Loaddeflectioncurveswere
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recorded.Theloadswereobtainedfrou,str~mgagesplaced
ontheloadingtup. Thesamegeneralbehaviors”shownby
theoneinchplatewereobservedinthetwoinchplate.
DataarepresentedinFigures15and16.

Figure1!5illustratesthebehaviorofweldedplates
measurec!bydeflectionatfailurewas notradicallydifferent
fromthatoftheunweldedplate,bothshowinga sharp
transitiontemperatureatabol~.t-40°F.Figu~e16showsthe
ductilitytransitionwasaccompaniedbya sharpchangein
fracturelengthsan~.loadat fracture.Thesewereaccompanied
by a transitioninpathoffailurechangingfromplateto
weldtoheataffectedzonewithrisingtemperatureas
exhibitedbyweldedoneinchplate.Thisisshownin
Appendix~llustration4. Figure16demonstratesthatbelow
yield,low-loadfailureoccurredinthetwo–inchspecj.men
atthetesttemperature–lOO°F,clearlybelowNDT. Figure17
portraystheCharpydatafGrnotchpositionsintheweld
metal,heataffectedzoneandbaseplate.Thesimilarity
intouqb+nessinallthreezonesaccountsinlargemeasure
fortheratkexsmalldifferenceindeflectionatfailure
betweentheweldedan?unweldedplatesinFig.15.

ThisseriesoftestsdemonstratedtheDeltaspecimen
responseoftwoinchplatefollowedthegeneralizedpatterns
foundforoneil-]:rhpla”hwshown.inFigure4. Brittlsplate
fractureswerefoundtooccuronlynearandbelowplate
NDT. FractureatshelftemperaturesinvolvedtheHAZ.

(g)Compositespecimens, OneInchPlateSteels

Thepurposeofthispart of the investigation
was to determinethe responseof the Deltaspecimenwhen
it was formedby joiningsegmentsof significantlydifferenli
typesof steels. Threesteelswere used,A515-70(as-rolled
carbonplate),A537–A(C–Mnplatenormalizedandtempered)
and.theA517-Fusedforthebulkoftheproject.They
representthreediffereni-strengthlevels,45Kpsi,75Kpsi
and100Kpsiyieldstrengthsrespectivelywithaccordingly
differentcompositionsandpropertiesasgi~+eninTable2.
Thesteelswerepairedoffagainsteachotherinthree
differentgroupsofsixDeltaspecimenseach.Thusin
onesetofsixspecimens,eachspecime:twasmadebywelding
onesegmentofA537–AsteeltotwosegmentsofA515-70
steel.ThesecoridsetwascomposedofA537-AandA517-F
steelsandthethirdsetofA537-AandA515–70segments.
TheweldingwasperformedwithE7018electrcd.esincetb.is
wasappropriatefortheloweststrengthplatemetal.present
inallcases.Thestandardweldingprocedurewasfollowed.
Inordertoestablisha baselineforcomparativepurposes,
allthreesteelsweretestedsepar;~t.elyintheprimeplate
conditionasDeltaspecimens.
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Theresul.’tsareportrayedinFigures18and19.
Figure18demonstratesthattheperforma]:,ceofthecomposite
specimenstreatedtherewasdictatedbytheleastfracture
resistantmaterialinthecomposite,inthiscasetheA515–70
platewhichislesstoughthaneitherofthesteelsA537-A
orA517–FortF.eweldmekaldepositofE7018electrode.
Allfracturesinthesecompositesp=cimezistockplacein
theA515–70plate,noneintheheataffectedzor.(<orwel.cl.
metal.Thisbehaviorconfirmspreviousexperiencewith
weldedA212–B(nowA515)Deltaspecimenswhichshowedno
weldmetalorheataffectedzonefailures.Figure20shows
thetoughnessoftheE7018welddepositsandoftheA515
plateascom,paredtothatofA537–Asteel(Figure21)and
A517-Fsteel,theA515platebeingfarinferiortoall
OtkL@r elementsinthecompositeDeltaspecimens.
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TableII=ChemicalCompositionandMechanicalProperties

A.A517-FSEeelrThreeThicknesses
ChemicalAnalysis,
%for1/2,1 and
2 InchPlate
c- .17
m .89
P .015
s .OI.5
Si .19
Ni .84
Cx .52
MO .42
v .04
B .003

B. A515–Gr.70Flange,l“
ChemicalAnal=
c- .2s%in .73
P .013.
s .017
Si .24

c.A537-A,1“
ChemicalAnalysis
c- .20
Mn 1.33
P .012
s .020
Cu .29
Si .25
Ni .18
Cu ,11
MO .05
Al .024

TensileandMechanicalTests—.
1/2” 1“ 2“

YieLd,.2% 115,000 109,5OOL
109,3OOT

Tensile psi 126,000 122,300L
120,400T

Elongation% 18.5 18.8L
19.OT

PA% 60.0 62.OL
61bOT

NDT FTE(-40)-&OoF -80F

Tensile Tesk5

Yield 46,500
Tensile 80,200
Elongation23.o%
Bends OK

TensileandMechanicalTests
Yield 59,200
TwMi3.e 84,200
%.s1,8“ 26*
Bends OK
NDT -600!?

cm,ft.lbs.-75°F-60°1?0° RTO—— —— ——
‘rrans. 39 50 .9285
Long. 28 29 54 61

Figure19illustratesthepointofFigure18further
showinga sharptransitionnearthe-60°FNDT.oftheA537–A
platewhichishigherthantha’r.fortheA517–Fplateand
approximatelythesameestimatedasthatforE7018weld
metal(-50°F).TheverysimilartoughnessoftheA537-A
plate,A517–FplateandE7018weldmetalinthetemperature
regionaround–60°Fislargelyaccolm;,,bleforthescatter
showninFigure19. Inadditionthisisinthetransition
temperaturerangeforallthethreematerials.Theexperience
hereconfirmspreviousfindinqsfromDeltatestsofwelded
A537–Bsteel(similartoA537-AexceptthatitisQ+T).
Thatsteel“showednoheataffectedzonefracturesorweld
metalfailureswiththeresultthatweldedperformancewas
esscn:iallyidentical.tonon-weldedwhentoughE8016C1
weldmetalwasused.

Thesalientobservationtobemadefromtheseseries
oftestsisthatwhentheDeltaspecimenwasofcomposite
naturemorecomplicatedthanthecaseinwhichonlyone
steelisused,thepathoffracturewasth.~.toftheleast
resistar.tmater<;IL.Furthertheperformanceofsuch
specimenswasesser,tiallyidenticaltothatofspecimens
containingonlytheleastfractureresistantsteel.

DISCTJSSIONOFRESEARCHDATA- PART11

Uponcompletionoftheresearchdescribedunder
Discussion- PartI ofthisreportitappeareddesi:f~lbleto
investigateseveralmorevariables.DuringtheperiodPartI
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researchwasbeingconducted,theU.S.Steellaboratory
wasperformingindependentresearchonstrainandstress
distributionintheDeltaspecimenunderload.TheU.S.
Steelresearchwasperformedusingelectricalresistance
straingagesonnon-weldedDeltaspecimenswithno central
crackstarterweld.Thisconditionwasquitedifferentfrom
thatofa weldedspecimenwhichincorporatesa crack
starterpatch,residualweldingstressesanda non-homogeneous
characterinrespecttomechanicalpropertiestobefound
inweldmetal,heataffectedzoneandplate.However,the
Us. Steelresearchfindingsareusefulinunderstandingthe
Deltaspecimenbehaviorinthattheyshowedfracturesfrom
specimencentertoplateedgeshouldbe favoredover
fracturesfromspecimencentertotheapexofthespecimen.
TheU.S.Steelworkistobereportedina WeldingResarch
CouncilBulletinin1971.Ingeneralthefindingscanbe
interpretedassupportingtheresearchconductedforthis
program.ASa resultoftheU.S.Steelresearchitwas
feltthattheresearchreportedhereunderPartIIshould
includea modifiedspecimenwiththeweldlinesrunning
fromcenterspecimentoapicesoftheDeltatriangle.
Furtheritwasfeltthattheresearchshouldbeexpanded
toincludea steelofmechanicalpropertiessimilarto
thoseoftheA517–FsteelofPartI butwithchemistry
slightlydifferent.Hence,one–inchthickA517–Esteel
wasselectedtodeterminethesensitivityofthespecimen
tothischange.Additionallyitwasfeltthatanyeffects
ofdifferentweldingproceduresshouldbedeterminedby
using“standard”Deltaweldingconditionsasa basisfor
comparisonagainstfieldandshopweldingconditionsof
thetypesrecommendedbythesteelmanufacturer.Further
checkoneffectofchangesinweldingconditionwasfelt
desirableasoccasionedbyperformanceof “standard”welded
specimensfabricatedbya weldernotpreviouslyexperienced
inweldingDeltaspecimens.FinallyforPartTIofthe
investigationitwasdecideditwouldbevaluableto
determinetheresponseoftheDeltaspecimenwhenthree
substantiallydifferentsteelsaretestedtogetherina
compositeDeltaspecimen,onesegmentofeachofthethree
steels.

(a)EffectofModifiedSpecimenGeometry,Center
toApexWelds

TheoriginaldesignoftheDeltaspecimenwas
basedontheconceptthatitshouldrepresenta weldment
witha potentialflawsoplacedthatintestingtofailure
equalopportunityforfractureisgivenweldmetal,plate
metaland“heataffectedzone.TheU.S.Steelresearch
indicatedthatthespecimenfavorsfailurefromthecentral
crackstartertothemid–lengthofthesidesofthespecimen
inthepathoftheweldmetalinthestandardspecimen.
Thepurposeofthisportionoftheinvestigationwasthen
toinvestigatea suggestedchangeingeometrybypreparing
andtestingspecimensinwhichtheweldlinesextendedfrom
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thecenteroftheplatetotheapicesofthetrianglerather
thantothesides.Theweldlineinthisarrangementis
thereforenotinthepathofa maximumtransversebending
moment.

SixspecimensofA517–Foneinchsteelplate,from
PartI oftheprojectweldedasindicatedinFigure22were
testedatthetemperaturesusedforthesamesteelin
standardconfigurationspecimens.Thedeflectionatfailure
characteristicsaregiveninFigure22alongwiththe
plotteddataoncracklengthatfailureforboththe
standardandmodifiedgeometryspecimens.Threefeatures
ofFigure22arenoteworthy.First,specimensweldedapex
tocentershowedhigherdeflectionsatfailureattest
temperatures0°,40°and80°Fthanconventionallywelded
specimens. Allfracturesintheapexweldedspecimens
failedintheplate.Second,thedeflectionsatfailure
forthesespecimensalthoughgreaterthanforconventional
specimenswaslowerthanthatforprimeplaterdespite
thefactthatno fracturesinthesespecimensfollowed
pathsinweldmetalorheataffectedzones.Third,the
fracturelengthsatfailurewereessentiallyindependent
ofthespecimengeometry.Inadditionthelowtemperature,
transitioninthe“apexwelded”specimensmatchedthat
forconventionallyweldedspecimensidentically.

‘TOcomparefurtherthe behaviorof the standard
and apexweldedspecimens,the datafor Figure23 were
takenfromload-deflectioncurves.Thevalueofload
remainingona specimenafterfracturehasoccurredis
usefulasanadditionalmeasurementtocompareperformances.
TheplotsinFigure23indicatethatfortheweldedDelta
specimensofA517-Fsteel-40°Fisthetemperaturebelow
whichabilityofthespecimentocarryloadisveryad-
verselyaffectedbytheoccurrenceofa fractureirrespect–
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iveofspecimengeometry.Thusthegeneraloutcomeof
thispartoftheinvestigationindicatesthatthe“apex
weld”geometryresultedina somewhatmorefavorable
behaviorthanthe“standard”geometry.The’’apex”specimen
biasesfailurefromtheweldpathanddoesnotrepresent
the“worstcase”situationwhichmaybemoremeaningful
inexaminationofactualweldmentsparticularlywhenthe
fractureproblemmaylieinweldmetal.Howeverdespite
thefactthatfracturesfollowedplatepathsthisspecimen
modificationstillreflecteda changeinperformancedue
towelding.Thisisprobablyduetotheroletheweld
metalunderthecrackstartingpatchplays.Theweld
metalatsometesttemperaturesaboveNDToftheplateis
lesstoughthantheplateandfailsintheapexweld
specimensasitwouldina standardgeometryspecimenand
thuspresentsanenlargedflawtotheplate,resultingin
performancepoorerthanthatshownbyprimeplatebut
betterthanthatshownbystandardweldedspecimensin
whichthefractureonceinitiatedisfreetocontinue
travelinginweldmetal.

(b)OneInchPlatetoA517-ESpecification

ThestudytovalidatetheDeltaspecimenwas
extendedtoincludea secondcompositioninthegeneral
A517classification.Accordinglyoneinchthickplateto
A517–Especificationwasincludedintheprogram.Proper-
tiesandcompositionaregiveninTable3.

TestsofthesteelweldedatLafayetteusingstandard
DeltaprocedureproduceddatashowninFigures24and25.
Shortageofmaterialallowedtestingofonlyfourprime
platespecimensratherthanthesixoriginallyplanned.
Figure24illustratesthegeneralbehaviorfoundinthe
A517–EmaterialtobequitesimilartothatofA517–Fsteel.
SpecimenspreparedbytheLafayettewelderexhibiteda
ductilit~transit”~oninFigure24ataboutthesametempera–
ture,–60F,asprimeplatespecimensbutshowedpoorer
performancethanprimeplatewhentestedabovethattempera–
turewherefracturestransferredfromtheplateto”theless
fractureresistantweldmetal.The–600!?temperaturehere
asintheA517–Fspecimensdefinedthatbelowwhichyielding
failedtooccur.Figure25illustratesthechangeinload
carryingcharacteristicsforweldedandprimeplatespecimens.
TheperformanceisverysimilartothatfortheA517-Fsteel.
Thesimilaritiesbetweenthetwosteelsovershadowany
differencesasmeasuredintheDeltatest.

Figure26portraystheCharpycharacteristicsof
theA517-Eplatemetalandvariousweldmetaldeposits.
TheA517–Eplatemetalappearstobemoreanisotropicthan
theA517–Fplatebutthetoughnessesofweldmetalsfrom
standardprocedureweldswerecomparable.Withthese“
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TableIII- A517-E,1“

ChemicalAnalysis.%
c- .15

m- .52

P- .014

s- .020

Si - .30

Cr - 1.65

MO - .4a

Cu - .25

Ti - .076

B- .002

TensileandMechanicalTests
Yield 115,200psi
Tensile 122,800psi
Elongation% 18.5
RA% 64.8
Bends OK

W, Ft.lbs.+759F0° -50°.— —
Long. 75 64 49
Trans. 41 33 2a

similaritiesandthefactthatplatemetalfracturesdid
nOtOC!~i:L’in eithersteelabove–60°Fitisnotsurprising
thatthebehaviorofthetwosteelswasverysimilar.

Theoutcomeofthesetestsindicatedthatthe
differencebetweenA517–FsteelandA517-Esteelinwelded
Deltatestswasmodestandwithintherangetobeexpected
consideringthemaindissimilaritybetweenthetwowasone
o+slightlydifferentchemistry.

(c)VariationsinWeldingProcedure,A517-E,——..OneInchPlate,StandardProcedure,Second
Operator

A competentwelderwithoutpreviousexperience
inweldingDeltasp~c~menspreparedsixspecimensofA517-E
steelwithstandardprocedureandthesameelectrode
materialusedbythewelderwhohadpreparedallother
specimensdiscussedtothispoint.Thenewwelderen–
counterednodifficultiesandproducedworkmanlikewelds.

A steelmilllaboratorypreparedsixweldedspecimens
usingtheirrecommendedmanualshieldedmetalarc(EllOIE#)
procedure.Thisconsistedofpreparinga single–vee,60
includedangle,gappedO to1/8inchwithnolandface.
Thejointswerefilledusing15passes,“preheatof100°to
1500Fandinterpasstemperatureof300°Fto350°F.A seal
beadwasdepositedontherootside.Weavingto2*times
electrodediameterwaspermitted.Maximumheatinputwas
5C,000joulesperinchcomparedtothe80KJIimposedin
theLafayettestandardprocedure.

ThesteelmilllaboratoryalsopreparedsixDelta
specime~]:jusingtheirrecommendedsubmergedarctechnique
consistingofa double-bevel60°includedanglejointwith
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.080”gap, nolandface,15passes,preheat100/150°F,
ir,terpasstemperature250/300°Fandrnaxinumheatinputof
55,000joulesperinch,fillingpasseswith1/8inchwire,
coverpasseswith5/32inchwire.

AllspecimensweretestedatLafayetteafterremoval
ofsealbeadsandreinforcementandapp~-~.~:ationofHardex-N
crackstarter.Becausethethroatwidthwaswiderthan
“standard”inthespecimensweldedinthesteelmilllabora–
toryitwasnecessarytousea largerthanstanda~t.Hardex–N
patchdiemetertoplacecrackstartingmetalonweldand
plate(maximumdiamet~:<ofthreeinches).Allspecimens
weretestedwiththelastsideweldedputonthetension
ordownside.Deflectionatfai~.uredataarepresented
inFigure26. Theseindicatethatthechangeinprocedure
from“standard”toeithersubmergedarcorcontrolledlow
heatinputweldswaseffectiveinproducingimproved
performance.SpecimensweldedatLafayettebythesubsti–
tutewelderessentiallyduplicatedtheperformanceofthose
bytheregularwelder.

TheCharpy-VdataofFigure27arehelpfulin
explanationoftherelativeper:~furmancesofA517–EDelta
specimens. TheCharpydatacorrelatewellwiththedata
fromtheDeltaspecimenspreparedinvariousprocedures.
Thisconfirmsfindingsinpriorinvestigations,namely
thatimprovedweldmetalqualityishelpfulinimprcved
overallweldmentpe~formance,particularlyinthetempera–
turerangesorcon[?itionswhen,suddenplatemetalfailure
doesnotoccur.

Thesetestsindicatedthatchangeinwelding
procedureiseffectiveinchangingresponseofwelded
Deltaspecimens”.Thechangesfoundwereinthedirection
ofcommw.:-cialexperienceandofthegenerallyexpected
order.Atthesam~;timethetestsindicatedthatcompetent
weldersusi~gthesameweldingprocedurecanproduce
specimenswithduplicableperformance.

(d)CompositeSpecimens,ThreeSteelsinOne
Specimen -—.—-.

Thepurposeofthisinvestigationwasto
determinethesensitivityoftheDeltaspecimentopresence
ofth~eedifferentsteeltypesincompositespecimens.
ThethreesteelswereA517-F,A515–70andA537–Aall
consideredandtestedearlierunderProgran’–P~rtI
indiv-iduallyasprimeplateandthenascompositesoftwo
steels. Herethethreesteelswerejoined,onesegment
each,ineachofsixspecimensaspreviouslywithE7018
manualweldsfollowingtb.estandardprocedure.Theresults
areshowngraphicallyinFigu::e28. AllfailuresatO°F
andaboveoccurredasshortfracturesintotheA515–70
platewhilethefracturesatlowertemperatureswerein
theA515–70plateandweldconcurrentlyat-60°Forin
theweldat–40°F.Thisperformanceduplicatedthatin
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thecompositetestswhenA515-Bwas weldedintospecimens
witheitherofthetwoothersteels.Comparisonof
deflectionsatfailureinFig.28withperformanceshown
intwo-steelcompositesinFigure18indicatesvery
similarperforr-[ante.Thesimilarbehavioristobeex–
pettedinconsiderationoftherelativetoughnessesof
thematerialsshowninFigure20. Thereagaintheleast
toughmaterial,A515-70,isshowntohavegovernedccmposite
performance.

Thisseriesoftestsintiicatedstronglya tendency
offracturetofollowpathsinthelowesttoughness
materialwhenpathswereavailableinfourmaterials,weld
metaloranyofthreesteels,allinthesamespecimen.
Thedatawereinagreementw!.ththosefromPartI ofthis
investigationwherecompositespecimensoftwosteels
joinedbyE7018weldmetalsweretestedandwhichshowed
fracturetooccurintheleasttoughmaterialasjudged
byCharpytests.

SUMMARY— —
Dataobtainedinthisinvestigatio~indicated

responseoftheDeltaspecimenwhenusedtomeasurethe
weld.abilityandperformanceoftheseveralsteelsexamined.
Prima?yci>servationsandfindingswereasfollows:

1.TheDeltaspecimenwasappliedto1/2,1 and2
inchthicknesssteelsoftheA517classification.
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2.Thespecimenwasconsistentlyresponsivetochanges
ir~mater~al,weldingprocedureandprocess.

3.Transitionalbehaviorsdevelopedinsuchrelevant
factorsaspathoffracture,lengthoffracture,
deflecticmandloadcarryingcharacteristics.

4.Thestandardspecimendesigninwhichthewelds
werepositionedtorunina linefrom.specimen
centertospecimenedgedevelopeda moresearch-
ingtestofth~relativepropertiesofthebase
metal,weldmetalandheataffectedzonethan
thespecimeninwhichtheweldsextendedtothe
apexofthetriangle.

5.Thecrackstarterweldtechniquewaseffectiveand
relativelyinsensitivetoslightmodificationor
variation.

6.A corre~-ationbetweenCharpydataobtainedfrom
fracturedDel-taspecimensanddatafromDeltatests
indicateda generalconsistencyinmeasuredrelative
toughnessandleastfractureresistantpathobtained
in‘dinsDeJ.taspecimen.

7.CompositeweldmentsofthetougherA537andA517
steelswithA515steelwereincapableofperformance
betterthanthatoftheweldedA.515steelalonein
Deltaspecimens.

8.ThetwosteelsA517-EandA517-Fbehavedsimilarly
inDeltatestspreparedbythesaneshieldedmetal
arcmanualprocess.

9.Lowheatinputmanualarcweldi.r.gappliedtothe
A517-Esteelresultedir.betterperformancethan
hiqi-.heatinputarcwelding,a findingconsistent
withco~~~Lercialexperience.

10.Thefracturepropertiesoftheweldmetal,plateand
heataffectedzonewerethecontrollingfactorsat
testingtemperaturesabovetheNDToftheplatie.
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APPENDIXTABLES

Test
!!21!QL
+80°F
-20°F

-40°F
-65°F
-75°F

-80°F

TableA-1- DeltaTestData,PrimePlate

OneInchThickA517-FSteel,CrackStarterSurfacePatchWeldOnly

Speci-
menNo.

D44

D43

D45

D46

D48

D47

Yield !laximum
Load,Lbs.LoadrLbs.

80,000 124,000

87,000 145,000
88,500 138,500

94,000 112,000
None 98,500

None 87,000

DeflectionFractureLbs.LoadLoss
atFailure,In.Size’’,-AreaatFracture

2.0 ~II 2,000
2.25 1,, 2,000

1.8 lo” 72,OOO

.65 16” 94,000

.50 ~~11 62,500

.45 16” 87,000
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Test
Z!2!%
160°F

115°F

80°F

O°F

-40°F

-60°F

-80°F

IableA-Z

OneInchThickA517-FSteel,

Speci-
menNo.

D-33

D-15

D-12

D-32

D-19

D-9

D-26

D-29

D-14

D-25

D-28

D-5

D-30

D-4

D-6

13-31

D-34

D-16

D27

D36

D18

D35

D2

D11

Yield Maximum
Load,Lbs.Load,Lbs.
80,000

80,000

80,000

80,000

70,000

80,000

80,000

80,000

73,000

So,ooo

87,000

92,000

90,000

90,000

76,000

80,000

80,000

76,000

90,000

None

None

None

None

None

116,000

104,000

122,000

108,000

106,000

115,000

120,000

108,000

106,500

124,000

120,000

111,600

115,500

118,300

105,000

115,000

106,000

102,000

124,200

88,700

83,000

77,000

72,000

82,000

- DeltaTestData

E11018MWelded,StandardProcedure

Deflection FractureLbs.LoadLoss
atFailure,In.Size’’,-AreaatFracture

1.40 3
1.35 2
1.50 3
.90 3+
1.50 3%
.95 3+
1.25 24
.90tol.2524
1.25

1.0(

.91

.81

.87

.87

.90

.90

.75

.625

.88

.45

.50

.35

.35

.40

3

2

2

3+

1

3

4

6

3

6

16

6

1%

2

14

1

H,w o
w o

w o
H o
H,w 2,000
W,H 2,000
H,W 3,000
H,WO@.9;2,000@l.25
H,W

W,H

H

w

wtoH

w

w

W,P

w

w

W,P

w

w

W,P

W,P

w

o
0
0
0
0

2,000
2,000
2,000

0
15,000
19,000
60,000
80,000
7,000
70,000
1,000
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Test
Temp.

115°F

80°F

o

-40°F

-60°F

-800F

Test
Temp.
80°F
o°F

-40°F
-65°F
-aoo~

TableA-3- DeltaTestData

A517-FSteel,OneInchEffectofNotchVariation

Speci–
menNo.

D7

D3

D1

D1O

D8

D13

Yield Maximum
Load,Lbs.Load,Lbs.
80,000 123,000

80,000 106,000

90,000 119,000

80,000 121,000

88,500 110,000

None 99,500

Deflection FractureLbs.LoadLoss
atFailure,In.Size’’r-AreaatFracture

1.20 1% H o
.90 2 W,H o

.87 2+ w 2,000

.20 3 w 8,000

.60 11 P,w 40,000

.50 16 W,P 99,500

TableA-4- DeltaTestData

OneInch,A517-F,Weldedbya ShipyardLaboratory

Speci– Yield Maximum Deflection Fracture Lbs.LoadLoss
men No. Load,Lbs.Load,Lbs.at Failure,In.Size’’,-Areaat Fracture

D38 84,000 112,000 1.20 3 H,w o

D42 86,000 124,000 1.38 1 w o

D41 87,000 115,000 .95 1 w 5,000

D39 87,000 97,500 .65 3 w 17,500

D37 None 90,800 .45 6 w 10,000

TableA-5- DeltaTestData

OneInch,A517-F,Weldedina CommercialResearchLaboratory

Test
Temp.

70°F

40°F

o

-40°F

-600F

-80°F

Speci-
menNo.

D17

D22

D2O

D24

D23

D21

Yield Maximum Deflection Fracture Lbs.LoadLoss
Load,Lbs.Load,Lbs.atFailure,In~ Size’’r-Areaat Fracture

71,000 113,000 2.0 2 w 2,000

73,000 108,000 1.6 2 W,H 2,000

71,000 98,5oo .75 2 w 8,000

80,000 111,000 .85 16 w 54,000

76,000 88,000 .50 15 P 88,000

None 77,500 .40 19 W+P 77,500
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Test Speci-
- men No.

-45°F F7

-60°F F20

-80°F I?19

-80°F F9

-85°F F8

-lOO°F F1O

TableA-6- DeltaTestData

One-HalfInchA517-F,PrimePlate

Yield Maximum
Load,Lbs.Load,Lbs.

21,200 36,000

21,000 35,000

23,400 33,000

26,400 36,000

25,800 38,000

25,200 29,200

Deflection Fracture Lbs.LoadLoss
at l?ailure,In.Size’’,-Areaat Fracture

2.80 ~,, o

no fzilure nofailure
2.25 ~,, 4,000

2.50 ~,, o

2.00 3“ o

.85 1/2” 2,000

TableA-7- DeltaTestData

One-HalfInch,A517-F,WeldedWithSingle60°V
7 PassesE11018-P1Electrode,57,500JPImax.HeatInput

Test Speci- Yield Maximum Deflection Fracture Lbs.LoadLoss
E!!!& men No. Load,Lbs.Load,Lbs.atFailure,In.Size’’r-AreaatFracture

80°F

8O°F

o

-40°F

-40°F

-40°F

-600F

-60°F

-60°F

-60°F

-80°F

-80°F

-80°F

F16

F 7

F 8

F13

F14

I?18

F1O

Fll

F17

F 5

F12

F 6

F 9

19,500

20,200

20,500

20,500

20,500

20,500

22,000

20,000

22,000

20,000

None

None

None

33,000

28,000

31,300

32,500

32,000

31,000

23,oOO

30,000

26,250

34,100

21,750

19,000

16,000

2.

1.75

1.93

2.40

1.75

2.25

.78

1.50

.95

2.25

.65

.50

.60

1 H

3 H,W

3 H

2 H,W

2 w

3 H

1 H

1 H,P

2 H

1 H,W

2 P

2 P

2 P,H

o

0
0
0

0

0
1,000
1,000
1,000
1,000
1,500

1,500

1,000
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TableA-8- DeltaTestData

TwoInchPrimePlate

Test
EJ!lEk
o

-25°F

-40°F

-55°F

-70°F

-90°F

Speci-
menNo.

14

Yield Maximum
Load,Lbs.Load,Lbs.

330,000 420,000

Deflection Fracture Lbs.LoadLoss
atFailure,In.Size’’,-AreaatFracture

1.72 1 0
11 337,000 414,000 1.67 L o
10 312,000 390,000 1.14 4 35,000

9 287,000 360,000 .75 16 320,000
8 None 320,000 .52 16 320,000

.50 16 325,0007 None 325,000

TableA-9- DeltaTestData

TwoInchPlateE11018-MWelded

Test
W!!&

Speci-
menNo.

Yield.Maximum Deflection Fracture Lbs.LoadLoss
Load,Lbs.Load,Lbs.atFailure,In.Size’’,-lweaatFracture

70°F 5 300,000 395,000 1.55 2

0 3 305,000 425,000 1.67 1

-30gF 4 265,000 380,000 .84 4

-70°F 6 288,000 287-360,000 .52-.94 3

-85°F 2 310,000 360,000 .55 16

-lOO°F 1 None 220,000 .40 16

TableA-10- DeltaTestData

A515-BPrimePlateandA537-APrimeP“

(a).A537--APrimePlate

Test Sneci- Yield Maximum DeflectionFracture

W,H 0

W,H 5,000

w 65,000

W,P 15,000

P 360,000

P 220,000

ate

Lbs.LoadLoss
S <enNo. Load,Lbs.Load,Lbs.atFailure,In.Size’’,-Wea atFracture

80°F

15°F

-1O°F

-40%

-600F

-80°F

L-8

L-10

L-5

L-9

L–7

L-6

52,000 87,000

53,000 90,000

53,000 82,000

54,000 62,000

None 66,500

None 57,000

2.5+ None o

2.5+ None o

2.5+ % o

.5 4 2,000

.75 2,,-8,, 0 - 66,500

.33(.50) 3#r_8nr o - 57,000

(b)

H-5

J–4

H-2

J-1

II-6

J--2

A515-BPrimePlate

34,000 50,200

37,000 50,000

37,000 47,000

42,000 51,000

42,000 46,300

None 49,500

7O°F

80°F

40°F

o

-40°F

-600F

1.0

1.4

.85

.72

.45

.78

2

2
~,,

14

16

1s

5,000

3,300

2,000

51,000

46,300

49,500
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TableA-II- DeltaTestData

CompositeSpecimens

(a)OneInchA515-BandA517-FSteels,E7018Welded

Test Speci- Yield Maximum DeflectionFractureLbs.LoadLoss
m “~ Load,Lbs.Load,Lbs.atFailure,In.Size”,–Areaat Fracture

70°F

4o°F

o
-40°F

-60°F

-80°F

100°F

8O°F

4O°F

o

-40°F

-600!?

CP1 42,000 68,500 1.20 A51510”

CP2 40,000 52,000 .60 A515 ~,,

CP3 44,000 54,800 .50 A51512”

CP4 None 42,000 .30 A515 4,,

CP5 52,000 62,000 .48 A515+W,16°

CP6 None 53,000 .30 A515+W,16°

(b)OneInchA515-BandA537-ASteels

CP7 30,500 58,800 2.00+ 2,,

CP8 30,000 63,000 1.30 2,,

CP9 30,200 58,500 .6 ~1,,

cPlo 32,OOO 58,000 .50 ~6,f

CP1l None 54,000 .30 ~6,,

CP12 None 46,300 .25 ~6,,

A515

A515

A515

A515

A515

A515

34,000

8,0OO

36,000

6,000

60,000

53,000

1,000

1,000

1,000,24,000

58,000

54,000

46,300

TableA-12- DeltaTestData

CompositeSpecimensOneInchA517-FandA537-ASteels

Test Speci– Yield Maximum Deflection Fracture Lbs.LoadLoss
menNo.EZ!Ek— Load,Lbs.Load,Lbs.atFailure,In.Size’’,-AreaatFracture

o CP13

-20°F CP14

-40°F CP15

-60°F CP16

-80°F CP17

-lOO°FCP18

ApextoCenter

58,000 92,000

56,000 87,500

60,000 67,500

56,000 77,200

58,000 74,000

None 56,000

TableA-13- Delta

WeldsA517-FSteel,

2.50 8“ w 28,800

2.00 zU w 2,000

.50 2,, A537 5,000-3,000

.90 ~6,, A537 77,200

.50 3“w,8’’A53730,000

.15-.3016” A537 56,000

TestData

OneInch,E11018-MWelded

Yield Maximum DeflectionTest Speci-
Zw.& ‘en No- Lo’df~b’” ~’=~J~bs” at Fai~u=eJ~n”

75°F DA91 84,000 117,000 1.40

4O°F 13A92 84,000 113,000 1.25

0 DA94 87,000 114,000 1.0-1.5

-~O°F DA95 90,000 94,000 .65

-600F DA96 None 83,000 .25-.50

-800F DA93 None 83,000 .4

Fracture Lbs.LoadLoss
Size’’,-Areaat Fracture

1* P 1,000

1 P 1,000

1% P ---

2 P 7,000

10 P 23,000

16 P 82,000
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Test
E!T!E
-20°F

-40°F

-60°F

-80°F

11o°F

80°F

-5°F

-40°F

-60°F

-80°F

7o°F

4o°F

o

-2O°F

-40°F

-60°F

70°F

40°F

o

-40°F

-60°F

-80°F

7O°F

40°F

o

-40°F

-600F

-80°F

.31

TableA-14- DeltaTestData

A517-ESteel,OneInch

(a) PrimePlate

Speci- Yield. Maximum Deflection Fracture Lbs.LoadLoss
men No. Load,Lbs.Load,Lbs.at Failure,In.Size’’,-Areaat Fracture

N13 97,000 147,000 2.05 3/4“

N16 97,000 140,000 1.80 11”

N14 97,000 97,000 .43 ~~,1

N15 None 68,000 .30 ~6,1

(b) Weldedat Lafayette,StandardProcedure

N1

Nll

N2

N8

N3

NIO
(c)

N5

N4

N6

N12

N7

N9

(d)

561

564

565

562

566

563
(e)

572

576

575

571

573

574

88,000 116,500 1.25

87,000 112,000 1.25

94,000 114,000 .50-.70-.90

90,000 108,000 .65

86,000 94,000 .60

None 58,000 .25

Weldedat Lafayette,SubstituteWelder

88,5oo 124,000 1.25

92,000 116,500 1.00

88,500 110,000 .63

94,000 100,000 .50

82,000 112,000 .65

None 86,000 .40

ManualShieldedMetalArc,

87,000 127,000 1.65

90,000 135,500 1.85

86,000 116,000 .90

87,000 123,000 .90

87,000 110,000 .75

None 78,000 .40
SubmergedArcWelded

94,000 127,000 1.62

85,000 123,000 1.50

85,OOO 118,000 .87

85,000 114,000 .60

--- 80,000 .40

None 65,000 .325

1“
2“

2“
2,,

1“
2,,

~,,

2,,

.2,,

8“
8,,

8,,

W,H

W,H

H,P

P

w

P

w

H

w

P

P

P

11,000

93,000

67,000

68,000

1,000

2,000

52,000

84,000

44,000

58,000

2,000

2,000

10,000

---

45,000

6,000

1,000

1,000

0

8,000

10,000

not determined

1,000

2,000
3,000
4,000
80,000
65,000
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TableA-15- DeltaTestData

Test
EE!IL
llO°F

60°F

40°F
o

-40°F
-60°F

ThreeSteelComposites,
1“plateWeldedStandardProcedure,E7018WeldMetal

D = A517-F,J = A515-70,L = A537-A

Speci-
menNo.

DJL6
DJL5

DJLI

I)JL2
DJL3
DJL4

Yield Maximum
Load,Lbs.Load,Lbs.
47,000 77,000
52,000 69,500
52,000 76,000
48,500 68,000
52,000 57,000

52,000 67,500

DeflectionFractureLbs.LoadLoss
atFailure,In.Size’’,-AreaatFracture

1.70 ~t,,A515 1,000
1.00 ~,,,A515 1,000
.6’5 ~11,A515 2,000

.70 ~11,A515 2,000

.35 6“, w 8,000

.45 24”,A515,W 67,500



(a)

(c)

(e)

SpecimenD-32testedat115°F
showingpredominantfailurein
HAZwithsomeminorweldmetal
fracture.

SpecimenD-28testedatO°F
showingpredominantlyHAZ
fractures.

SpecimenD-27testedat-60°F
showingsuddenfracturesthrough
bothplateandweld.

39

(b)

(d)

(f)

S~ecimenD-29testedat80°F
showingfailureinHAZand
metal.

weld

SpecimenD-6showingpredominate-
lyweldmetalfracturesofsudden
type.

SpecimenD-2testedat-80°F
showingsuddenfracturethrough
bothplateandweld.

Illustration1 - Fracturepathsinone-inchA517-FDeltaSpecimens,
E11018welded,standardprocedure.
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(a)SpecimenF-16testedat80°F
showingpredominatelyHAZfrac-
turesatsurface.

(b)SpecimenF-8testedatO°F
showingmainlyHAZwithsome
minorweldtearing.

(c)SpecimenF-13testedat-40°F
showingbothHAZfractureand
someweldmetaltears.

(d)SpecimenF-IItestedat-60°F
showinga shortplatefracture
turningtoHAZ.

(e)SpecimenF-6testedat-80°F
showingplatemetalfractures
exclusively.

(f)SpecimenF-18testedat-40°F
showingtwolegscrackedin
H,4Z,oneleginweld.Seema-
crosinIllustration3.

Illustration2 - FracturesinDeltaspecimensofone-halfinchA517-F
plate,E11018welded.
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Illustration3 - Cross-sectionsoffracturedone-halfinchDeltaspecimen
fractures.Allsectionsweretakenaboutone-halfinch
fromthecrackstarterpatchweld.Fromtoptobottom:
specimensF-16testedat80°FandF-8atO°Fbothshowing
fracturesoriginatinginfusionlinearea,specimensF-13
andF-14anda secondsectionfromF-13showingvariation
infracturelocationatsurfaceandsub-surfacepath,and
specimenF-18testedat-40°Fsectionedata position
showinga weldmetalsurfacecrackturningto-fusionline.
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(a)Specimen5 showingtearingfrac-
tureturningfromweldtoHAZ

(b)Specimen3 showingtearingfrac-
tureturningfromweldtoHAZ

(c)Specimen4 testedat-30QFshow-
inglongsuddenweldmetalfrac-
ture.

(e)Specimen2 testedat-85UFshow-
ingsuddenshatteringfractures
inplate,oneina pathacross
rollingdirection,theother
morenearlyina pathparallel
torolling.

(d)

(f)

Specimen6 testedat-70°Fshow-
ingshortsuddenfractureorig-
inatinginweldandturning
intoplate.

Specimen1 testedat-lOO°Fshow-
ingsuddensimultaneousfractures
inbothplateandweldmetal.

Illustration4 - Fracturesintwo-inchthickA517-F,E11018welded
Deltaspecimens.



UNCLASSIFIED
SccuritvClassification

DOCLIMENTCONTRCILDATA-R&D
(S..ruriry rla?sifzr:, !io. of rjlle, body of ahstrn.f a!td ftId?xiJ>g,+nootafion,I)cJ.I h, rntrrcdWIIC.TtlIcover.11repor( is cl.,bsilicd)

ORIGINATING ACTIVITY (Corporatc author) 2a.REP OR TAEc UR!TY CL A551FICATION

LeonJ.McGeady Unclassified
LafayetteCollege >b. GROUP

Easton,PennsylvaniaIF?EPOI?77[7LE

ResponseoftheDeltaTesttoSpecimenVariables

4,DESCRIPTIVE 140TES(Tyv,ofrqxlrlandinclusive dates)
—

Final;.AUTHOR(S1(First name,middleirlitial, Iasi name)

LeonJ.McGeady

September1971
3., CONTRAC iXGRANT NO.

NOOC124.69-C-5463
b. PR03ECT NO.

ShipStructureCommitteeResearch
.. Project,SR-186

d.

10 DISTRIEUTIOM STATEMENT

?a.TOTAL MO, OF PAGES 7b.t.10OF REF5

42 2
g-.ORIGINATOR*5 REPORT NUMBER(S)

9b.OTHER F?EFORT t.10(51(AfIy othernumbersthatmaybe ussigricd”“-
<hisreport)

SSC.221

Distributionofthisdocumentisunlimited.

Il.SUPPLEMENTARY NOTES 12.sPONsOelMG MILITARV ACTIVITY

Naval.5hip SystemsCommand

TheDeltaspecimenhasbeenappliedtotwodifferentheatsof
A517gradesteelinoneinchplatethicknessandtotheoneheatin1/2
and2 inchplatethickness.Variousmodificationsofthebasicspecimen
havebeeninvestigated,a non-standardgeometryanda compositeformof
thespecimenintowhichdifferentsteeltypeswereincorporated.The
influencesofvariousweldingprocedureshavebeenexaminedaswellas
theperformanceofallsteelsinthenon-weldedcondition.Thespecimen
wasfoundapplicableandappropriateforallconditionstested,showing
sensitivitytoallvariables.Atthesametimethespecimenshoweda
consistencyinbehaviorwhichcouldberationalizedwithcommercialex-
perienceanddatafromcorollarytests.Thesteelsexaminedshowedsev-
eraltransitionalbehaviorswhentestedasweldments,thesetransitions
occurringinplaceoffracture,lengthof fracture,loadcarrying
changesandoverallductilitymeasuredbydeflectionatfailure.

)DT:::,51473(“” 1) UNCLASSIFIED
i/N 0101-807.6801 SecurityClassificfitiun



UNCLASSIFIED
SP,-IIrifv C:lassltmatlon

4.
KEY WORDS

)DIF%..1473(BACK)

LINK A

ROLE WT ROLE W1
LINK C

ROLE WT

(P’GE2) SecurityClassification



SHIP RESEARCH COMMITTEE
Maritime Transportation Research Board

National Academy of Sciences-National Research Council

The Ship Research Committee has technical cognizance of the inter-agency
Ship Structure Committee’s research program:

PROF. R. A. YAGLE, Chairman, Prof. of Nav. Architecture, univ. of Michigm

OR. H. N. ABRAMSON, Director, Dept. of Mech. Sciences, ,SouthuestResearch I?wtitute

MR. W. H. BUCKLEY, Chief, Strut. Criteria & Loads, Bell Aerosystems Co.

MR. E. L. CRISCUOLO, Senior lVon-DestructionTa,st.SZXC., Naval Ordnance Laboratory

DR. W. D. DOTY, Senior Research Consultant,U.S. Steel Corporation

PROF. J . E. GOLDBERG, Sehoo2 of Enginearitig,Purdue VntiJersity

PROF. W. J. HALL, Prof. of Ciuil Engineering, University of Illinois

MR. J. E. HERZ, Chief Strut. Des. Engr., Sun Shipbuilciing& Dry Dock Compang

MR. G. E. KAMPSCHAEFER, JR. , )4aruzger,Application Engr., ARMCO Steel Corporation

MR. R. C. STRASSER, Director of Research, Nwport MezJs,Shipbui.lding & Dry Dock Co.

COR R. M. WHITE, USCG, Chief, Applied Eng~. Section, L’.S. Coast Guard Academy

MR. R. W. RUMKE, Executive Secretary, Ship Research Connnittea

Advisory Group 111, “Metallurgical Studies” prepared the project prospectus
and evaluated the proposals for this project:

PROF. W. J. HALL, Chairman, Prof. of Civ. Engr., Uniuer6ity of Illinois

MR. E. L. CR1SCUOLO, Senior Ncv+Destruetive Test. Spec., Naval Ordnance Laboratory

OR. W. D. DOTY, Senior Research Consultant, U.S. Steel Corporation

MR. P. E. JAQU ITH, Planning Supervisor, Bath Iron Works Corporation

MR. G. E. KAMPSCHAEFER, JR. , Manager, Application Engr., ARYCO Steel Corporation

PROF. A. W. PENSE, Prof. of Metallurgy, Lehigh University

DR. S. YUKAWA, Metallurgist, General Electric Co.

I

I



SHIP STRUCTURE COMMITTEE PUBLICATIONS

SSC-208,

SSC-209,

SSC-21O,

SSC-211,

SSC-212,

SSC-213,

SSC-214,

SSC-215,

SSC-216,

SSC-217,

SSC-218,

SSC-219,

SSC-220,

These documents are distributed by the ?Iational Technical
Information Service, Springfield, Vu. 22151. These doc-
uments have been announced in the Clearinghouse journal

U.S. Government Research & Development Reports (USGRDR)
under the indicated AD numbers.

Slanuning of Ships: A Critical Revieti of the Current State of Knou-
Ledge by J. R. Henry and F. C. Bailey. 1970. AO 711267.

Results from Full-Scale Measurements of Midship Bending Stresses on
Three Dry Cargo Ships by I. J. Walters and F. C. 8ailey. 1970.
AO 712183.

Analysis of Slming Data from the “S. S. Wolverine State” by J. W.
WFeaton, C. H. Kane, P. T. Diamant, and F. C. Bailey. 1970.
AO 713196.

Design & Installation of a Ship Response Instrumentation System
Aboard the Container Vase 1 “S. S. Boston“ by R. A. Fain, J. Q.
Cragin and B. H. Schofield. (To be published).

Ship Response InstrumentationAboard the Container Vessel “S. S.
Boston”: Results from the Ist Operational Season in North Atlantic?
Service by R. A. Fain, J. Q. Cragin, and B. H. Schofield. 1970.
AD 712186.

I

A Guide for Ultrasonic Testing and Evaluation of Weld illausby R. A.
Youshaw. 1970. AD 713202.

Ship Response Instrumentation Aboard the Container VesseL “S. S.
Boston”: Results from Two Operational Seasons in North Atlantic
service by J. Q. C;agin. 1970. AO 712187.

A Guide for the Synthesis of Ship Structures
HoZ.dof a Transversely-FramedDry Cargo Ship
1970. AO 717357.

Part (h? - The Midship
by Manley St. Denis.

(To be published).

Compressive Strength of Ship Hu11 Girders - Part I - Unstiffened
Plates by H. Becker, R. Goldman, and J. Pozerycki . 1971. AO 717590.

Design Considerations for A Zwninum Hu,l1 Structures: Study of
Aluminum Bulk Carriers by C. J. Al tenburg and R. J. Scott. 1971.

Crack Propagation and Arrest in Ship and Other Steels by G. T. Hahn,
R. G. Hoagland, P. N. Mincer, A. R. Rosenfield, and M. Sarrate. 1971.

A Limited Survey of Ship Stmetural Damage by S. Hawkins, G. H.
Levine, and R. Taggart. 1971.


