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ABSTRACT

Inordertoenlargeuponcurrentunderstandingofthebehaviorofship
steelsandweldments,a seriesofmechanicaltestswereperformedonseven
gradesofshipsteel.ThesesteelswereABS-B,CS,AH-32,EH-32,ASTMA517-D,
A678-C,andA537-Bandcoveredtherangeofordinaryas-rolled,tohighstrength
quenchedandtemperedalloys.Inaddition,allmaterialsbuttheEH-32were
utilizedtoproduceweldedplates.Theseweldments,eithermanualshieldedmetal
arcorsubmergedarcprocedure,werethenmachinedintotestspecimens.

Thetestprogramwasdesignedtoprobea largenumberofspecimen
andmaterialparameters.Themechanicaltestsperformedwerethestatic
tensiontest,theCharpyimpacttest,weldsidebendtest,dynamictear
test,andthedropweight-nilductilitytemperaturetest.Twostructural
testsweredesignedtoexercisethecrackinitiationandarrestcapabilityof
thesteels.Oneofthesetestswasthestandardexplosioncrackstarter
testwhiletheotherwasavariationoftheexplosionteartest.

Theresultsindicatedthegeneralsuperiorityofthefractureper–
formanceofthehighstrength,quenchedandtemperedalloysoverthe
ordinaryshipsteels.Thestructuraltestsdemonstratedthesuperiority
ofthemanualmetalarcweldingprocedure.Thisresultwasgenerallycon–
firmedbytheresultsofthedynamicteartests.Thedatawerecompared
totheproposedfracturecriterionproposedbyRolfe,et.al.,aspresented
inSSC-244.Onlyonematerial,EH-32,passedalltestsprescribedbythe
proposedcriterion.
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1. INTRODUCTION

Initsquesttoimprovethesafetyandreliabilityofweldedship
hullstheShipStructureCommitteehasinitiateda seriesofprojectsin
recentyearsaimedatevaluatingthefracturebehaviorofshipsteels.
Aspartofthiswork,therehasbeena clearneedfora suitablecriterion
forqualifyingstructuralsteelsandweldments.Inoneoftheearlier
projectsinthisseries,SSC-244,Rolfe,et.al.(~),proposeda tentative
criterionforinsuringadequatefractureresistanceofawiderangeofship
steelsandweldmentsforprimaryandsecondarystructurala
subsequentproject,SSC-248,HawthorneandLossattheNRL($%%;:; ‘na
a limiteddatabaseonl–inchthickshipsteelsandweldmentsforthepurpose
ofevaluating,atleastina limitedway,theSSC-244proposedcriterion.

Thepresentworkwas,therefore,undertakenwithtwoobjectivesin
mind.Thebroadobjectivewastheexpansionoftheunderstandingofthe
fracturebehaviorofshipsteelsandweldments.Thesecondandmorefocused
objectivewastoexpandupontheNRLworkcitedabove,inorderthatamore
thoroughevaluationoftheproposedcriterion,SSC–244,wouldbepossible.
Thiswasdonebyconductinga comprehensivemechanicaltestingprogramon
variousheats.ofsevengradesofshipsteel,rangingfromas–rolled,through
normalized,and.uptohighstrength,Q&Talloys.Inparticular,oneortwo
heatseachofABS-B,AH,EH,CS,ASTNA517-D,A678-C,andA537-Bwereselected
forfabricationofparentmaterialandweldmentspecimens.Twoweld
procedureswereevaluatedduringthecourseofthisproject:Manual
ShieldedMetalArcWeld(SMAW)andtheAutomaticSubmergedArcWeld(SAW)
processes.Thetestingprograminvolvedstatictensiontests,Charpyimpact
tests,weldsidebends,dropweight–nilductilitytemperature(DW-NDT)tests,
dynamicteartests,aswellastwokindsofstructuraltestsdesignedto
exercisethecrackinitiationandarrestcapabilityofthesteels.Oneof
thesewastheexplosioncrackstartertest,andtheotheravariationofthe
explosionteartest,designedtotestcrackarrestcapability.

Thepresentprojectisa companiontotheSR-231projectconducted
concurrentlyatSWRIentitled“FractureCriteriaBasedonLoadingRates.”
Inthatproject,temperatureandstrainrateeffectswereexaminedonthe
sameparentmaterialsusedheretodeterminetheireffeccsonstrengthand
toughnessofshipsteels.



11. BASEMATERIALSANDWELDMENTS

A. ShipPlate

A totaloftwelveheatsofshipsteelplatewerechosenforspecimen
fabrication.Theseheatswereselectedtorepresenttypicalsamplesof
ordinarystrength,quenchedandtempered,andhighstrength-lowalloyship
steelshavingyieldstrengthsrangingfrom40-100ksi.Althoughitwas
desiredthatallplatebeoneinchthick,considerationsofavailability
andtimingimposedcertaincompromises.Mostoftheplatewasobtained
fromArmcoSteelCo.inHouston.TwosmallplatesofABS-Bwereobtained
beforethisprojectwasinitiatedthroughtheNavalResearchLaboratory,
whichdeclaredtheseplatesexcess.Table1 providesa summaryoftheheats
usedinthisprogram.Throughoutthisreport,“HeatNo.”istobeunder-
stoodastheSWRIdesignationofheats1-12.,

A chemicalanalysisofsamplesfromthetwelveplateheatswascon-
ductedbyArmcoSteel.ThisanalysisservednotonlytoverifytheArmco
certificationreports,butalsotoassurethecompositionofthetwoheats
ofABS-BobtainedthroughtheNRL.Table1 summarizesrheresultsofthat
analysis.

Figures1 and12indicatetheshapeandsizesoftheplatesreceived,
andshowhowtheywerecutforspecimenfabrication,accordingtothekey
providedinTable2.

Althoughtheseheatswereselectedinanefforttoencompasstypical
properties,theactualmaterialsshowedsomedeviationsfromthestandards.
Withoutdiscussingthetestresultsindetail,thesedeviationswillbe
notedsothattheycanbeborneinmindwhileexaminingtheresults.It
shouldalsoberemarkedthattherearerequirementsforonlya fewmechani-
calpropertiesandthattheredoesnotexista largedatabaseforthese
properties.Thus,a singlemechanicalpropertythatdoesnotfitthe“nor-
mal”rangeofvaluesmaynotbetoosignificant.

Allheatswerewithinthespecifiedchemistryexceptforone.The
ABS–CShadamanganesecontentof1.42vs1.35maximumallowable.All
otherelementsforallmaterialsfiteithertheAS~ ortheABScodes.
Regardingtherequiredtensileproperties,thereweretwoexceptions.The
AH-32exceedsthemaximumallowabletensilestrengthof85ksiby5 ksi;
theyieldandtheelongationareacceptable.Theotherexceptionisone
heatofA517;heretheelongationis13.6percent,orslightlybelowthe
16percentvaluespecifiedbyASTM.

Otherproperties,particularlytheCharpyandNDTvalues,aremore
difficulttoassess.Forexample,theNDTforABS–Bwasfoundtobe50-60”F
inthisinvestigation.Whilethisishigherthansomeotherinvestigators
havefound,itshouldbenotedthatamongfoursourcesincludingthisprogram,
a spreadof60°FisreportedbetweenthehighestandlowestNDTvalues.On
theotherhand,forABS-CSmaterial,threeinvestigationsincludingthisone
alsoreporta spreadof60°FintheNDT.Sizableheat-to-heatvariationscan
alsobecitedforCharpyanddynamictearresults.Thus,withouta large

-2-
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A

!%terfal

ABS-IAS
MSIJ7-32

ABSF.11-32(a)
AWCS(a]
ASTYA517-D(b)
‘MmA51m(b)
).sTtiA5?&c(b)
ASTHA578-C(b)
AST!iti37-D(b)
ASTMA537-3(b)

(c)AMS-B
AES-B(C)

—.

sum
HeatNo.

1

2
3
4
5
6
7
8
9
10
11
12

Table1.SummaryofChemistryandHardness
TestsUsedinReportSSC-276

Thickne5S
(in. )

1.029
1.010
1.L326
1.013
1.O.L1
l,~gz
1.421
1.302
1.058
1.016
1.018
1.018

Brinell
Hardness

13.4
183
14?
142.
262
255
217
202
159
174
121
126

Uet
c

.10

.18

.16

.1?

.18

.18

.20

.1.9

.15

.17
,18
,17

h

1.07
1.16
1.2?
1.62
0.61
0.55
1,4.4
!.55
l.~~

1.32
1.04
0.97

P

.010

.012

.010
,016
,012
.011
.0:0
.010
.010
.010
.010
,020
——

Net
s

.015
,C24
.025
.026
.~’lz
,012
.027
,013
.021
.019
.Ozfl
.033

—

Si

.21

.26

.22
,34
.18
.27
.45
.67
.Go
.33
.03
!til
—

—

Cr
—-

.13

.11

.12

.13

.12
,98
.22
.18
,23
.21
.01
.01

tJi

.13

.07

.09
,04
,19
,C9
.22
,19
.13
.25
Nil
y~l

h

.02

.03

.03

.02

.21

.2C

.06

.07

.04
,06
Nil
~~1
——

Cu

.09

.11
,(IQ
.Q3
.30
.24
.13
.tl~
.09
.13
.03
.01

—

Ti

!lil

Nil

Nil

Nil

.995

.101
~~~
~:i~

Nil
Nil
Nil
Nil

v

N:l

.P4L

.042
~il
!Jil
Nil
xi]
Ni1
Nil

Nil

Sil

Nil

B

Nil
Nil
Nil
Nil
002
003
?lil
Kil
Nil
~~1

Nil
Nil

Cb

Nil

X11

Nil

Nil

Nil
Nil
Nil
xii
Nil
Nil

Nil

Nil

Al

.01

.03

.02

.03

.03

.04

.03

.05

.03

.02
Yil
.00

(a) !iormalized

(b) Q.LT

(c) Semi-killed
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databaseofmaterialpropertiestodrawfrom,itisverydifficultto
specifytypicalpropertiesfora material,particularlywhena testitself
involvesa degreeof-uncertaintyas,e.g.,intheCharpytest.

B. WeldingProcedures

Oneoftheobjectivesofthisprogramwastostudythefracture
toughnessofweldmentsusedintheproductionofweldedships.Thismeans
thattheprocedures,fillermetals,jointdesigns,etc.,usedintheproject
shouldallreflectshipyardpractice.

A telephonesurveyofshipyardswasmadeandconsultationswereheld
withSR-224Committeemembers,steelcompanypersonnel,andSWRIwelding
engineerstodefine“typical”shipyardpractice.Theseconversationsrevealed
thattwoweldingproceduresareprimarilyusedinshipfabrication;theyare
theManualShieldedMetalArcWeld(SMAW)andtheAutomaticSubmergedArc
Weld(SAW).Basedonthesetwoprocedures,theweldpreparationwasalso
chosentosuit“typical”shipyardpractice.Theotherparameterssuchas
fillermetal,flux,etc.,werechosentomatchtheparticularmaterials,subject
tobeingABSapprovedconsumables.

Whileitwastheintentionoftheprogramtoutilizetypicalship
weldments,theweldsproducedpotentiallydifferfromshippracticeintwo
respects.Themajorpointofvariancewouldbetheproductionoftheweld-
mentsthemselves.Becausetheseweldswereproducedunder“laboratory”
conditions,itwouldbeexpectedthatthepropertiesmightdiffersomewhat
fromweldsproducedunderproductionconditions.However,itmustbe
emphasizedthatwhiletherewasnointentiontoexerciseunduestandardsof
qualitycontrol,thesmallscaleofthejobmeantthattheweldswereprobably
morecarefullymadethanwouldbethecaseunderproductionconditions.
Itisexpectedthatthisfactorwouldbereflectedinlessdatascatterandin
amoreconservativeevaluationoftheproposedSSC-224criterion.

Thesecondpotentialdifferenceliesintherelativesizedifferential
betweentheplatesinthisprogramandshipplates.Becausesomeofthe
platewasinshortsupplyrelativetothenumberofspecimensneeded,itwas
notalwayspossibletoweldlargeplatesegmentsandthenremovespecimens.
Whileattemptsweremadetokeepthepiecessubmittedforweldingaslarge
aspossible,viz.20incheswide,itwasnotalwayspossibletobesogenerous;
a fewpiecesasnarrowas10inchesweresplitandwelded.Whileitis
certainlytruethattheresidualstressdistributionwilldifferwithpanel
size,thefactthatonlysmalllaboratoryspecimensweretestedmeansthat
residualstresseswerelikelynotamajorproblem.Itis,however,a factor
thatshouldbeborneinmind.

Therewere12heatsofmaterialinvolvedinthisprogram.Ofthese
12,sixheats(sixdifferentmaterials)wereselectedtobeweldedandused
forsmallspecimens;fourheats(threedifferentmaterials)wereselectedfor
structural–typeweldedspecimens.Thematerialsandweldproceduresused
were:

-5-



Welclments: Weldments:
HeatNo. Material SmallSpecimens StructuralSpecimens

3 ABSEH-32 SAW
4 ABS-CS SAW,SMAW SAW,SMAW
5 ASTMA517-D —+-—---- SAW
6 ASTMA517-D SAW,SMAW SAW,SMAW
8 ASTMA678-C SAW,SMAW SAW,SMAW
10 ASTMA537-B SAW -----——-
12 ABS-B SAW -—--—---

Thedetailsoftheweldprocedureforeachofthesematerialsaregivenin
AppendixA. Theonepointwheretheproceduresuseddeviatefromthe
recommendedproceduresisthatthebevelusedinthejointpreparationwas
70°insteadof60°.7~Sincesomeofthesebevelshadalreadybeenmadebefore
therecommendationwasreceivedandsincethiswasnotperceivedasamajor
technicalpoint,allbevelsweremadetoanincludedangleof70°.

Thefillermetalwas,inallcases,selectedtomatchtheCharpyimpact
energyandtensilestrengthofthebasemetal.Existingdatawereusedto
determinethesematch-ups.

Thepiecesusedinpreparingtheweldmentsrangedfrom96inchesby
22inches(GradeCS)to10inchesby14inches(GradeB). Allweldswere
madetransversetotherollingdirection.Allpieceshadtabstack–welded
totheendsoftheweldpathforrun-outtoallowfullweldmentsfortheentire
lengthofthepass.Evenwitha fullpass,theendsofallweldswereremoved
priortocuttingforspecimens.Generally,theASTMDropWeightRecommendation
wasfollowed,i.e.,thespecimensweretakenatleastoneinchfromthe
weldmentendoranyflamecutsurface.Inthecaseofplate12,GradeB,
whichhadalreadybeencutintosmallpieces,thepiecesweretackedtogether
toformonelongerpiecewhichwouldallowa continuousgrooveforSAW
passes.

Inadditiontothesmallspecimens,i.e.,dynamictear,Charpy,etc.,
twokindsofstructuralspecimenswereprepared.Oneofthese,theExplosion
CrackStarterspecimen,wasremovedfromthesamematerialandweldmentsas
thesmallspecimens.Theotherstructuralspecimen,avariationoftheExplosion
Tearspecimen,wasa three–piecespecimenpreparedespeciallyforthisprogram.
Thislatterspecimen,describedinSection3H,requiredthejoiningofa
brittlematerial,A36,withthemoreductiletestmaterials,CS,A517,or
A678. Sincetheobjectofthistestwastodeterminethearrestcapabilities
ofthetestmaterial,thefillermetalwasdeliberatelymadeofa brittle
material,topreventtheweldfromarrestingthecrackpropagatingoutof
theA36steel.Thejointdesignitselfwasthesameasusedintheotherweldments
i.e.,70°bevel,etc.TheSAWprocesswasusedfortheactualweldingin
allofthetearspecimens.

Twoexamplesofwelddatasheetsgivingtheactualweldinginformation
areincludedinAppendixB.

*LetterfromGeorgeKampschaefertoT.S.Cook,datedJune22,1976.
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c. NondestructiveInspection

Ttwasnotconsiderednecessarytoconductnondestructiveinspectionof
allweldments,particularlythoseusedforsmalllaboratory.testspecimens.
Thisdecisionwasbasedonthefactthatthesmallspecimenssamplea rela–
tivelysmallvolumeofweldment.Whatwasdone,however,wasthatduring
fabricationboththeweldpassesandthebevelededgesofthebasemetalwere
monitoredfordefects.Forexample,whena delaminationinthebasemetal
interceptingtheweldpreparationsurfacewasdetected,itwasgroundout.
Defectsintheweldpasseswerenotedandrepairedduringfabrication;mag–
neticparticleinspectionoftheweldmentsurfaceswasalsocarriedout.

TheExplosionCrackStarterspecimens,ontheotherhand,sample
amuchlargervolumeofweldment.Theyarealsousedforcrackpropagationas
wellascrackinitiationstudies.Thismeansthatdefectsinthevicinityof
thestarternotchshouldbeeliminatedinsofaraspossible.Thus,theweldments
usedforthe18ExplosionCrackStarterspecimensweresubjectedtoa complere
radiographicreview.Thesetestsshowedthat13ofthespecimenscontained
nodefects.Inthefiveremainingspecimens,the.acceptabilityofthe
defectswasjudgedaccordingtoRef.3. Thefollowingdefectswerenotedin
GradeCS,SMAW,andtheA517,SAW:

1. Themostsevereindicationswerelinearandtransverseindica–
tors,whichcouldbecracksorlack-of–fusion,ormightbe
acceptablesurfaceconditions.

2. Thenextmostsevereindicationsweretheslaginclusionswhich
weregenerallynotconnectedandwereforthemostpartacceptable.

3. Thethirdtype,andleastsevereindicationlisted,wasclusters
ofporosity.Mostoftheporositywasbelievedtobefoundon
thesurfacebeadareas,andifithadbeendesirable,couldhave
beeneliminatedbysurfacegrinding.Mostofthisporositywould
bejudgedborderlinebyABScriteria.

Inaddition,oneGradeCS,SAW,displayeda defectwhichwasjudgedan
acceptablesurfacecondition.

Theintentoftheinspectionwastoinsurethatsoundweldswere
beingtested,nottoallowunsoundbutacceptableshipweldments.Therefore,
themorestringentASMEinspectionwasusedbut,asnoted,onlytoprovide
a rigorousdefinitionofwelddefects.Theresultsofthisinspectionrequired
thatinterpretationsbeplacedonthesedefectsastowhetherornotthey
wouldberepairedWherea decisionnottorepairwasmade,thisdecisionwas
usuallyjustifiedintermsoftheABSinspectioncode.

Followinga carefulexaminationoftheradiographictestresults,it
wasjudgedthata transverseanda linearindicationintheABS–CSanda pair
oftransverseindicationsintheA517-DwouldnotbeacceptablebytheABS
code.Theseindicationscouldnotbesufficientlyresolvedfromtheradto–
graphicfilmtobrandthemascracksorotherunacceptabledefects.All
indicationsappearedtobenearsurfaces,sotheweldareawasgroundand
bothultrasonicandmagneticparticleinspectionsweredonewithoutlocating
thesuspecteddefects.Moreover,followingseveraladditionalapplicationsof
grindingandinspection,no‘traceofthedefectscouldbefound.Itwasdeemed
thatfurthereffortwasnotjustifiedandnoweldrepairswereattempted.
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111.SPECIMENFABRICATION

Thissectiondocumentsthespecificationstowhichallspecimensused
inthisprojectwerefabricated.Allweldingandmachiningweredoneat
SouthwestResearchInstitute.Inthecaseofthedynamictearspecimens,
notcheswereproducedintwodifferentorientations;thekeytothespecimen
orientationcodeisgivenasFigure13.

A. TensionSpecimens

Tensilespecimensforparentandcrossweldstatictestingwere
fabricatedas0.250inchdiameterroundspecimenshavinga gagelengthof
1.0inchaccordingtoASTIlE 8. Thisspecimenisproportionalinscale,
butsmallerinsize,tothestandardASTM0.505inchdiameterRoundTension
TestSpecimen.Theendsofthespecimenswerethreadedtol/2–13NC-2A
forusewiththegripsintheInstrontestingmachine.Allthesespecimens
weretakenwiththelongdimensionintherollingdirectionoftheplate,from
a cylinderwhoseaxiswasatthe1/4T thicknessposition.

Theparticulartensilespecimenwaschosenforseveralreasons.While
notsamplingtheentireweld,it’certainlysamplesanadequatevolumeof
material.Infact,bytakinga quarterthicknesslocation,itactually
permitsamorpuniformsampleofweldmaterialthanwoulda largerspecimen
whichwouldhavemoreweldmetalbutalsomorebasemetalaswell.Moreover,
thislocationsamplesthesamematerialasdoestheCharpyspecimenandso
providesamoredirectcomparison.Thebasemetaltensilespecimenisnot
subjecttotheseconstraintsbutwaschosenthesamesizeforconvenience.
The1.25inchgagelengthwasusedbecausethe1.00inchlengthcauses
extensometergrippingproblemsattheradiusattheendofthegagelength.
Thusa longergagewaschosentoeliminatethisproblem.Thebasisforthe
stress-strainplotswasa oneinchgagelengthbutthepunchmarksforthe
percentelongationweretakenonthefull1.25inchlength.

B. CharpyV-Notch(Cv)Specimens

StandardCharpyV-Notchspecimensoflength2.165inchesandcross
section0.394x 0.394inchwerepreparedperASTME 23. Thelongdimension
ofthespecimenwastakenintherollingdirectionoftheplateinall
cases.Theparentmaterial,theweldmaterial,andtheheataffectedzone
CvspecimenswereallmachinedintheL–Torientation.Thenotchwasmachined
toa radiusof0.010”~ 0.001inchinaccordancewithASTME 23practice.
Allspecimensweretakenatquarterthickness;theweldmentspecimenshadtheir
notchcutperpendiculartothesurfaceofrheplate.Thelocationofweld
andHAZspecimenswasselectedbyetchingthematerialandthenlocatingthe
centerofthenotchtipinthedesiredweldmentarea.Noattemptwasmade
tolocateaminimumtoughnesszonethroughextensivematerialsamplingas
thiswouldhavebeenoutsidethescopeofwork.Sincethejointdesignwas
doublebevel(seeAppendixA)thismeansthattheCharpyvaluesobtainedare,
tosomeextent,averagesofweldment,HAZ,andbasemetal.
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Figure13. SpecimenOrientationCode
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c. WeldSideBendSpecimens

Allweldside“bendspecimensweremachinedperASTME 190,“Side-
BendSpecimenforFerrousMaterials.”Thelongdimensionofthespecimen
wastakenintherollingdirectionoftheparentmaterials;thespecimen
itselfwasoffullthickness.

Il. DropWeight-NDTSpecimens

Dropweightnilductilitytemperature(J)W-NDT)specimensof5/8in.
thickness(parentmaterialandweldmaterial)werepreparedperASTME 208.
Specimensweremachinedsothatonesidewasatthesurfaceoftheparent
plate,witha notchedcrack–starterweldbeadplacedontheas-fabricated
tensionsurfaceinaccordancewithE208specifications.Thelongdimension
ofthespecimencoincidedwiththerollingdirectionoftheplate.Brittle
MurexHardexN hardfacingelectrodescrackstarterweldbeadswereapplied
toeachspecimenperASTME 208.

E. 5/8-InchDynamicTearSpecimens

Thedynamictear(DT)specimentestprocedureispresently(1976)
proposedasanASTMstandard.Thespecimenisa singleedgenotchedbeam
7.125inchesinlength,0.625inchinthickness,andnotchedatmid–spanto
a depthof0.475inch,wherethetotalspecimenwidthis1.60inch.The
specimenisdynamicallyloadedinthree-pointbending,onsupportsplaced
6.5inchesapart,bya strikertupofradius0.5inchsoastoplacethe
notchinmodeI tensionloading.Thespecimenwastestedina doublependulum
typemachine,andtotalenergylossduringseparationwasrecorded.Details
ofthetestspecimenandtestproceduremaybefoundinReference4.

ParentmaterialspecimensweremachinedintheL–TandT-Lorientations
(Fig.13),fromtheplatesurface.WeldmetalandHAZspecimenslikewise
werepreparedfromtheplatesurfacewiththelongdimensionofthespecimen
intheplaterollingdirection.Thenotchesoftheweldmentspecimenswere
perpendiculartothesurface.Followingetching,thenotchupwascentered
intheappropriatematerial.Noattemptwasmadetolocateaminimumtoughness
area.Mostofthespecimenswerepress-notchedwitha hardenedtoolsteel
bladesharpenedtoa razoredgeat45”.Thebladewaspressedintothe
machinednotchtoa depthof10roilsinaccordancewithASTMrecommendations.
Someofthespecimenswerefatigueprecrackedratherthanpressnotched;this
wasdonetodeterminetheeffectofnotchacuityonthefractureenergy
measuredbythedynamictearmachine.Thefatiguecrackprovidesavery
sharptipsothatfractureconsistsofcrackpropagationonly;theblunter
pressednotchmustdevotepartofitsenergytostartingthecrackbefore
thepropagationphase.Theprecrackingoperationwasaccomplishedinthree
pointbendingcyclicloadingat23Hzwithamaximumcenterpointload/cycle
of4500lb. Thiscyclicloadingwassufficienttocreatea crackofabout
.060to.120inch,visiblefrombothends,inapproximately5 x 104cycles.’~

* Thespecimensweresubjectedtofrom22,000to145,000cyclesofload.
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F. I-InchDynamTcTearSpecfmens

InadditiontotheproposedASTMstandardforthe5/8-inchDTspecimen
mentionedabove,thereareatleasttwoothersimilarbutdifferenttest
specimensusedinevaluatingthedynamictoughnessofthickplate.The
specimenusedinthisprojectdifferedfromeitherofthesetwo,butused
featurescommontoboth.Thespecimencompliedinlength(10in.)and
width(3in.)toASTME 436,butwasa fulll-inchthick.Thenotchdetail
wassimilartothatprescribedbytheNRLintheirl-inchD.T.specimen
(Ref.5),butwasonlyl-inchindepth.Thespecimenchosenforthepresent
programwasdesignedtobecompatiblewithSWRI’Slargeimpactmachine,which
wasdevelopedforal–inchDropWeightTearspecimenasdefinedbyASTM.
Assuchthespecimenusedisshorter(10”vs18”)andnarrower(3“vs4.75”)
thantheNRLspecimen,butisa full1 inchthick.Whilethissizedifference
meansthattheabsoluteenergymeasuredbythetwospecimenswillbedifferent,
thetemperaturedependenceoftheimpacteventshouldbethesame.

Thespecimenwasdynamicallyloadedinthree-pointbending,onsupports
placed10inchesapart,bya strikertupofradius1.0inchessoastoplace
thenotchinmodeI tensionloading.Thespecimenwastestedina large
(5000ft-lbcapacity)singlependulumtypemachine,andtotalenergyloss
duringseparationwasrecorded.

Parentmaterialspecimensonlywerefabricated,andallwerein
theL–Torientation(Figure13).Thespecimenswerepress-notchedafter
machiningusingthe SameprocedureasprescribedbytheproposedASTM
standardon5/8-inchD.T.specimensasdescribedearlier.

G. ExplosionCrackStarterSpecimens

TheExplosionCrackStarter(ECST)testspecimenisa structural-type
specimendesignedtoexercisea completeweldedsectioninbiaxialbending.
ThetestisdescribedindetailintheNAVSHIPSreportcitedasReference6.
Thespecimenisa fullthicknessweldedplate20”x 20”square,withthe2/3T,
1/3T doubleveenotchweld(asdescribedinAppendixA)acrossthecenterof
thespecimen.A modifiedexplosionbulgespecimen,theECSTspecimenhas
brittleMurexHardexN crackstarterbeadsplacedovera lengthof2.5inches
alongtheweldononesurface.TheHardexbeadsarenotchedinperpendicular
directionstothespecimensidesleavinga prescribedligament,anddonot
extendintoeitherthejointbeadortheweldplate.Thespecimenthenis
placedatopa thickdiehavinga 12-inchcircularholewitha2-inchradius
bevelededge,asshowninFigure14.

Inthecaseofthel-1/4-inchandthehighstrengthl–inchplatespecimens
a temperbead(perprocedures,seeAppendixA)wasplacedalongeitherside
ofthetestweldtotempertheHAZofthelastfillerpass.Thisresultedin
a sizablecrownontheweld.AfterplacingtheHardexatopthecrown,the
startercrackwaseithertoofarfromtheplatesurfaceor,iftheweldwas
notchedsothatthecracktipwas0.090-in.fromthesurface,thecracktipwas
inthetemperbeadinsteadofthebrittleHardex.Basedonthediscussionin
Reference6,thesetemperbeadswerenotconsideredtobepartofthestructural
weld.Thismeantthatthetemperbeadscouldbegroundflatonthel-1/4-in.
specimenspriortoapplyingtheHardex,whenthetemperbeadsexceeded1116
to1/8in.inheight.Theeffectivenessoftemperbeadsinsuchapplications,
itmustbesaid,isopentoquestion.Ina recentreportbytheMareIsland
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Fig.14. Steel
DiesforExplosi
CrackStarter
(ECST)Tests

on

NavalShipyard(8).ltwasconcluded,forexample,
tosupporttheneedforthetemperbeadtechnique
steel.”

H. ExplosionTearSpecimens

,,””m> %~h:,,m ‘.”.~

that“thereisnoevidence
onASTMA537GradeB

Theexplosiontear(ET)testspecimenwasdesignedforthisprogramto
evaluatethecrackarrestpropertiesofthebaseplatematerial.Likethe
ECSTspecimen,itisa fullthicknessspecimenwhichiscomposedofa 6.5-inch-
widestripofa brittlesteeltowhicha stripofthebasemetaltobetested
isweldedoneitherside.Thebrittlecenterstripusedinthepresent
projectwasAS’IMA36*of1-andl-1/4-inchthicknessestomatchthethicknesses
ofthebasematerialsbeingtested.Thetestisdesignedtotestthecrack
arrestcapabilitiesofseveralsteels.Toaccomplishthis,a fastrunning
crackisneededwhichwouldentera stripofthecandidatesteel.The
A-36wasusedasa brittlestartertoproducesucha fastrunningcrack.
Alongwiththis,theweldmentholdingthespecimentogetherwasdeliberately
undermatchedtopreventthearrestfromtakingplaceintheweldment.The
totalspecimensizeisnominally2.2inchesinthedirectionoftheweldsby
25inchesinthetransversedirection.Inordertoplacethespecimen
inone-dimensionalbendingunderan.explosivecharge,two12-inchlongflame
cutsareplacedparalleltothewelds,17inchesapart.

ThestandardETspecimenfeaturesa through-the-thickness,sharpcrack
oflengthequalto2T (twicethethickness),developedintheplatebya
brittleweld“patch”technique.Inthepresentinvestigation,a slightly
differentprocedurewasused.First,twoholesweredrilledattheendsof
thestartercrackandconnectedbyflamecutting.Theresultingcrackwas
wideenoughthataweldrodcouldbeinserted;thisallowedtheHardextobe
depositedattheendsofthenotch.Thestartercrackconfigurationwas
thusanopennotchwithonlythetipsfilledwithbrittleHardex.

Duringthetesteventthespecimenislaidatopa thicksteeldiehaving
a rectangular(12.5-inchesx 18.5-inches)cutoutwitha 3-inchradiusbeveled
edgeonthetwolongsides,asshowninFigureIs,andthetestspecimen
configurationisshowninFigure15b.Detailsofthetestprocedureare
tobefoundinReference7.
*procuredfromJorgensenSteelinHouston,TX.
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Fig.15b.SpecialExplosionTearTestSpecimen
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Iv.MECHANICALTESTINGPROCEDURESANDRESULTS

A. TestMatrix

Table3presentsa summaryofthenumbersandkindsoftestsas
relatedtoeachoftheheatstested.Testspecimenconfigurationsaredefined
inSectionIIIofthisreport.Onlyelevenofthetwelveheatsweretestedin
thepresentprogram;HeatNumber1,ABS-DS,iscarriedinthetablefor
consistencywiththeheatdesignationsofPkogramSR-231,inwhichHeatNo.1
wasusedinthetestprogram.Inthetestdatatobereported,minordevia–
tionsfromthistestmatrixcanbefound.Forexample,inHeatNo.4,one
oftheCharpyHAZspecimenswaslostinamis–test.Further,all18ECST
specimensindicatedinTable3weremadebutnottestedbecausethenature
ofthattestprocedureistoceasetestsathighertemperaturesiftheweld-
ment“passes”ata lowertemperature.Thisscreeningprocessresultedin
fouroftheECSTspecimensnothavinghadtobetested.

B. TensionTests

Statictensiontestswereconductedononespecimenfromeachof
HeatsNo.2-11todetermineyieldandultimatestrengths,elongationand
reductioninareaofthebasematerials.Alltestswereconductedatroom
temperature(75”F)andata headrateof0.01inch/minute.A summaryofthe
testdataisprovidedinTable4. Comparisonofthesedatawiththose
suppliedbyArmcoSteelintheircertificationrecordsofHeats2-10
revealsthetwosetstobemutuallyconsistent.Somedifferencesarepresent
incomparinga ando ofHeats6and8:

Y Ult

Heat6: A517-D
Heat8: A678–c

o
Y

SwRI/Armco

128.2/113.7*
77.0/87.7

‘d t
SwRI/Armco

134.6/125.2*
96.3/106.9

These

*Averageoftwo

differencesare

values.

notconsideredimportant,however.

Inadditiontocharacterizingtheparentmaterial,cross-weldspeci-
mensweretestedtoevaluatethestrengthandelongationpropertiesofthe
weldiegion.Thetestconditionsforthecrossweldspecimenswerethesame
asfortheparentmaterials.ho weldprocedureswereevaluatedinthese
tests: ShieldedManualArcWeld(SMAW)andSubmergedArcWeld(SAW),
asdescribedinSection11.B.Table5 presentsa summaryofthetest
forthecross-weldspecimens.

IncomparingtheresultspresentedinTables4 and5,thereare
eightheatscomprisingfivedifferentmaterialswherea comparisonis
betweenthebasemetalandoneormoreweldments.Thesecomparative
resultsaresummarizedinthefollowingtable:

data

afforded

_14-
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TESTTYPE

StaticTension,Parent
StaticTension,Crossweld
Charpy,Parent(L-T)
Charpy,HAZ
Charpy,Weld
WeldSideBend
DW-NDT, 5/8”,Parent
DW-iNDT,5/8”,Weld
DT, 5/8”,Parent(L-T)
DT, 5/8”,Parent(T-L)
DT, 5/8”,Weld
DT, 5/8”,HAZ
DT, 1“,Parent(L-T)
lZxplosionCrackStarter{ECST)
ExplosionTear(ET)

Key

Table3. OverallTestMatrix

1

--
--
.-
--
--
--
--
--
--
--
--
--
--
--
--

2

--

15
--

--

--

6
--
6
3
--
--

3
--
--

3

1
1
15
15
15
1
6
6
6
3
6
3
3
--
--

Heat.I Heat I
No. ] Material No. [ Material

1
2
3
4
5
6

ABS-DS 7
ABSAH-32 8
ABS EH-32 9
ABS-CS 10
ASTM A517-D 11
ASTM A517-D 12

H
4

1
2
15
30
30
2
6
12
6
3
24
12
3
6
2

ASTM A678-c
ASTM A678-C
ASTM A537-B
ASTM A537-B
A13S-B
ABS-B

ZAT——
5

1
-.
15
--
--
--
6
--
6
3
--
--
3
--
--

UM;
6

1
2
15
30
30
2
6
12
6
3
12
6
3
6
2

CR
7

1
--
15
--
--
--
6
--
6
3
--
--
3
--
--

;EE
8

1
2
15
30
30
2
6
12
6
3
12
6
3
6
2

ELl
9

1
--
15
--
--
--
6
--
6
3
--
--
3
--
--

10

1
1
15
15
15
1
6
6
6
3
6
3
3
--
--

11

1
--
15
--
--
--
6
--
6
3
--
--
3
--
--

12

--
1
--
15
15
1
--
6
--
--
6
3
--
--
--

1

15
13
13

6
5
6
3
6
3
3
1



TableL - StaticTensionTestResults,ParentMaterial

[eat
TO.

2

3

4

5

6

7

8

9

10

11

Material

ABSAH-32

ABSEH-3Z

ABS-CS

ASTM A517-D

ASTMA517-D

ASTMAt17?+-C

ASTMA678-C

ASTMA537-B.

ASTMA537-B

ABS-B

43.4

50.6

45.0

120.6

129.2

74.3

77.0

61.8

69.0

33.8

=Ult
(ksi)

90.2

73.9

69.6

126.7

134.6

96.3

96.3

82.0

89.b

61.2

70
Hong.

21.9

28.7

29.4

15.0

13.6

19.9

23.0

29.7

22.7

32.0

%Red.
Area

60.1

72.3

68.4

68.5

65.0

70.7

71.8

73.9

68.7

65.8

Gage
Length(in.)

1.278

1.253

1.281

1.279

1.284

1.276

1.268

1.275

1.260

1.267

ote:Testsconductedat75”l?and.aheadrate=0.01inch/minute.

Table5– StaticTensionTestResults,CrossWeldSpecimens

Heat
No.

3
~

4

6

6

8

8

10

12

Base
Material

ABSEH-32(a)

ABS-CS(a)

ABs-Cs(b)

ASTMA517-D(a)

AsTMA517-D@)

ASTMA678-C(a)

ASTMA678-C(b)

AsTMA537-B@)

ABS.B(a)

“Yksi)

70.7

53.6

58.5

99.8

95.4

77.5

79.3

71.1

55.0

Uult
(ksi)

86.7

74.5

75.4

112.5

106.9

93.6

97.5

8%.6

70.5

%
Elong.

14.1

21.6

17.4

16.4

6.2

16.9

18.6

16.2

21.9

7%Red.Axea

61.6

74.8

69.0

65.2

24.1

66.8

70.5

61.2

61.1

Gage
Length(in.)

1.301

1.215

1.273

1.241

1.201

1.266

1.274

1.336

1.239.

(a) SAWWeld Procechare

(b)SMAWWeldProcedure

Note:Testsconductedat75°Fandaheadrate=0.01inch/minute.
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HeatNo. Material HeatTreat Parent/SAW/SYAWParent/SAW/SPiAW

3 EH-32
4 Cs
5 A517-D

,. 6 A517-D
7 A678-C
8 A678-C
9 A537-B
10 A537-13

Norm.
Norm.
Q&T
Q&T
Q&T
Q&T
Q&T
Q&T

50.6/70.7/----
45.0/53.6/58.5
120.6/----l----
128.2/99.8/95.4
74.3/____f____
77.0/77.5/79.3
ij~-8/____/____
69.0/71.0/----

73.9/86.7/----
69.6/74.5/75.6
~26.7/____/____
134.6/112.5/106.9
96.3/___-j----
96.3/93.6/97.5
82.0/----/----
89.6/86.6/----

Thesecomparisonsindicatethatforthebasemetalsandweldmentsevaluated
inthisproject,inthecaseofnormalizedsteels,theweldmentshadhigher
yieldandultimatestrengthsthandidthebasemetals.InexaminingtheQ&T
steelsitappearsthatinthecaseofmediumstrengthalloys(A537-Eiand
A678-C)theSAWandSYhlWweldmentsagainhadhigheryieldandultimatestrengths,
butthedifferencesweremarginal,certainlymuchlessimportantthanforthe
normalizedsteelsoflowerstrength.However,forthehighstrengthQ&Talloy
(A517-D)theparentmaterialexhibitedsignificantlyhigheryieldandultimate
strengthsthaneithertheSAWorSMAWweldments.

c. CharpyV-NotchTests

Cvtestingwasdoneinaccordancewiththeprovisions’ofASTME-23on
a 240ft-lbRiehleimpactpendulumtestingmachine.Machinecalibrationwas
accomplishedbytestingANMRCsuppliedcalibrationspecimensperiodically.
Coolingofthespecimenfromroomtemperaturedownto-IIO”Fwasaccomplished
byimmersingthespecimensinanagitatedbathofmethanolanddryicefor
10minutesattemperatureasrequiredbyASTM.Cvtestingaboveroomtemperature
wasaccomplishedbystabilizingthespecimensinanagitatedbathof
waterwarmedbysubmersibleheaters.

ResultsfromtheparentmaterialC testsintheL-Torientationareto
befoundinFigures16-25;detaileddatavarepresentedinTable6. Fifteen
specimensweretestedforeachheat;triplicatetestsateachoffivetempera-
turesselectedtocoverthetransitionregionanddefinetheuppershelf
energylevel.ApproximateuppershelfCharpyimpactenergiesaresummarized
below.

HeatNo. Material Cl,(ft-lb)

2 AH-32 40
3 EH-32 70
4 Cs 75
5,6 A517-D 65,55
7,8 A678-C 80,100
9,10 A537-B 75,55
11 B 50

Charpyimpacttestsalsowereconductedonweldedspecimensofselected
heats.TestsconductedonspecimensofSAWweldmentsfromHeats3,10,and12
wereconductedtoevaluatetherelativeenergyabsorptionoftheweldmetal
andHAZforthesethreeclassesofmaterials.Theresultsarepresentedin

-17-
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Table6. CvTestResults:ParentMaterial,L-T

Temt
Temp,“F

,nitia1
Kidth
.—
394
394
394
395
395

.395
394
394
394
394
395
394
394
395

,395
.394
, 394
.394
.395
.394
.395
.394
.394
.393
394

:394
.395
, 394
.394
395

:394
.394
.394
.394
.394
.394
.394
.394
394

, 394
.394

Final
WidLh

Lateral
;xpansion

:actum
UJP%—.

o
0
0

11
21
30
37
35
24
44
50
45
79
95
90
20
17
15
49
39
65
98
79

100
100
100
100
ioo
100
100
1s
23
21
46
64
’25
97
91

100
100
ioo

—
Ieat
t40.

nergy
t-Lb~

74
73
B2
71
31
23
20
46
47
45
65.5
68
72
53.5
66
65
73
68
66.5
20
12
14
25
32.5
24
36
45
37
36
39
4s
59
54
55
22
74
37
51
40
72
71

Final
Width

Lateral
:h~ansion

‘racture
APP%

100
100
100
100
32
26
22
50
42
45

100
100
100
68

100
100
100
100
100
22
17
19
44
30
57
40
47
37
39
40
35

100
100
100
40
74
3s
57
48
95

100

ner.gy
t-Lbs

9
9.5

12
22
21
9

23
30
20
32.5
30.5
55
39
49
46
27
15
15
34
4a
46
64
58
67
65
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69
65
71
67.5
24
Z5
30
36
46
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67
79
78,5
77.5

Test
remp,“F
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15
75
?5

-80
-00
-80
-40
-40
-40

0
0
0
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75
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-00
-00
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-40
-40
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0
G
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0
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WidthMat●riat

.007
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.010
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, 024
, 030
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.047
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.015
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.043
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0
0
0
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i5
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-eo
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0
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0
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-80
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0
0
0
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o
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o
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99
90
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74
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28

Initial
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Table6. C TestResults:ParentMaterial,L-T(Concl’v

Final
Widlh

.453

.45S
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.463
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.4Z1
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.45a
.465
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. 45a
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. 06G
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.039
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.071
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100
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100
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!
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0
0
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75
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0
0
0
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32
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47
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49.5
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53
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49.5
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z
3
9
7
3
5
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56
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4a
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.394
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.394
.394
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.395
.394
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Width

. 44Z
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.440

. 45a

. 44Z
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.443
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.405
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.396
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,449
,445
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Exp

.

.0

.0
,
.
.
.0
.0
.0
.0
.0
.0
.
.0
.0
.0
,
.0
.0
,
.
.0
.0
.0
.0
.0
.0



Table7 andaresummarizedinFigures26-28.InTable7 thedifferencebetween
thefinalspecimenwidthandtheinitialwidth(notshown,butaveraged0.395
in.)providedthevaluesshownundertheLateralExpansioncolumn.

TherewasnosignificantdifferenceinCharpyenergylevelsbetweenthe
weldmetalandtheHAZspecimensfortheEH-32steel.Theuppershelfenergy
levelwasapproximatelythesameasfortheEH–32parentmaterial.Thesame
conclusionholdsfortheA537-Bspecimens,althoughtheretheroomtemperature
weldmetalChakpyspecimensoutperformedtheHAZspecimenssomewhat.Upper
shelfenergylevelswereaboutthesame,averaging55ft-lbforparent,HAZ,
andweldspecimens.Moreimportantdifferenceswerefoundbetweenweldand
HAZenergylevelsfortheABS-J3plate.There,ascanbeseeninFigure28,the
HAZenergylevelsat32°Fand75°Fweresignificantlyhigherthanfortheweld
material.

OneotherseriesofCharpytestswasconducted,toevaluatetherela-
tiveperformanceofSAWandSMAWweldments.Thiswasdonebypreparing15
CharpyspecimensfromweldmentsofeachtypeforHeat4 (ABS-CS),Heat6
(A517-D),andHeat8 (A678-C).BothweldandHAZregionswereevaluated
inthisseries.

ThetabularresultsaregiveninTable7andareshowngraphicallyin
Figures29-31fortheHAZmaterials,andinFigures.32–34fortheweldmetals.
Nosignificantdifferencewasfoundintheuppershelfimpactenergiesin
comparingtheSAWandSMAWHAZspecimensofABS–CSorA517–Dheatsorwith
theirrespectiveparentmaterialuppershelfenergyvalues.Inthecaseof
theA678–CHAZspecimens,theSMAWandtheSAWspecimensexhibitedupper
shelfenergies,respectively,higherandlowerthanthatoftheparentma-
terialspecimens”.

Anexaminationofthedatafromtheweldmetalspecimensshowedthe
SMAWweldmentstohavehigheruppershelfenergiesthantheSAWspecimens
forallthreebaseplates.InthecaseofABS-CSandA517-D,theenergy
levelsfortheSAWweldmetalspecimenswasaboutthesameasfortheparent
material,butinthecaseofA678-c,bothSAWandSMAWspecimensyielded
uppershelfvaluesdecidedlylowerthantheparentmaterial.Theseresults
aresummarizedbelow.

ApproximateUpperShelfCvEnergyLevels,Ft-Lbs

Parent Uz WeldMetal
HeatNo. Material Material Specimens Specimens

4 ABS–CS 75 SAW: 75 SAW: 80
SMAW: 70 SMAw: 120

6 A517-C 55 SAW: 60 SAW: 55
SMAW: 60 SMAW: 65

8, A678-C 100 SAW; 80 SAW: 60
SMAW: 140 SMAW: 75
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Table7. CvTesEResultsinWeldandHAZRegionsofVariousPlates
WeldedwithSMAWandSAWProcesses

—— .. . . —- —-—
weldTypcf

I
Test

Locaclon TmP., “F

<AW/
weld

SAUI
HA2

-100
-1oo
-lWJ
-iliz
-60
-60
-20
-20
-20

-100
-100
-1oo
-60
-60
-60
-20
-20
-20

32

I 32
32
?5---J=-

s.Awj
Weld

-80
-Slu
-80
-40
-40
-4il

0
0
0

32
32
32
75
75
75

.—. — ___ .—.-—
ltnrr~y. Yinnl l,nter~l
Ft-lh Widtil Expansirm :Zm==.—..—-—.—-. —.—

1>.0 0.4’4 0.019 41 SAWI
22.0 0.4L7 0.022 ABS-CS HAz
15.0 (J.I,1O (J.nIrl
32.5 i3..i27 O.nyz
21.5 0.420 0.025
27.5 >.’,25 0.025
fG.5 ()./,10 0.0”,7
50.0 0.645 0.0!0
51.0 0.447 0.052
63.5 i).45? 0.0113
(!’$.5 (]./,76 o,n(ll
6h.O 0.446 0.051
67.0 0.461 0.066
6fJ.o 0.44] 0.05?
66.5 G.459 0.054

—.— .
7.5 13.bf14 0.009 4/ Smwi

14.5 0.411 0.016 ABS-CS Weld
111.o 0./,12 0.017
22.5 0.417 0.O23
24.0 0.419 0.025
23.5 0.421 0.027
57.0 0.4!+6 0.052
54.5 0.4J+3 11.049
45.5 0.437 0.043
64.5 0.455 li.LJ61
!57.5 rj./455 o.nf’in
67.5 0.453 0.05s
75.5 (3.463 0.069 )‘T70.5

+

(]./,60 o.nh?
73.n u.b59 0.064

8.0 0.403 0.009
3.0 0.J97 r.),g(]j
R.5 {)./,0/, O,ntl?

2?.(I 0.417 0.023
29.(J u.42fl 0.r>m
21.0 (3,417 0.0?’!
46.0 ij.44J (1.n45
46.5 il.h43 (1.04?
36.5 0.413 rl.()”J!J
71.(J ()./47] n.077
73.5
60,5
84.5
ao.5
85.5

0.465 0.070
0.450 0,055
0.461 I 0.067
0.470 ~ 0,0?6
0.465 I 0.071

(

-.—_
Test

Temp., “F

-80
-80
-Ro
-40
- ‘,,o
-40

il
o
0

32
12
32
75
75
75

-80
-80
-s0
-40
-40
-40

0
0
0

3?
32
32
75
75
7s

-80
-s0
-w-l
-43
-40
-40

0
0
0

32
32
32
75
7i
75

Energy, Fin~l Lat
Ft-lb Will[ll Cx;>

.——— .— .—.

11.5 0.407 0.0
8.0 .0.401 0.0

~~,o (I,!,16 0.0
22.0 0.419 0.O
41.0 0,434 0.0
37.0 0.431 0.0
$9.0 0.449 0.:
56.0 0.44s 0.0
59.5 o.45t o.i
71.5 o.k57 @.c
6(..0 0,b56 C)
69.5 0.456 0.0
7s.5 0,463 o.i
75.0 0.:46?. 0.0
75.0 0.464 0.0

37.0 o.4.2h 0.0
31.5 0,422 0.0
11.5 O,L1O 0
53.5 0.4>8 0.0
89.5? 0,459 0.0
60.0 0.:442 0.0
S7.O 0,463 0.0
C,S.0 tJ.LbL OL
95.0 0.655

1-

0.0
131.0 0.47s n.(
1?7.5 0.4$4 0.0
10s.5 0.473 0.0
113.5 O.’iil ,>.<
lls. o 0.L66 0.0
136.0 0.46Q 0.C

14.0 0.:+07 0.0
13.0 0.flOi. 0,0
9.5 o.4n4 !3.

37.5 o.L~o C)

~~1

1[7.~, n~l.’s <1
27.0 0.!,22 0.9
41.5 0<447 0.0
55.0 0,446 0.1

65,0 0.$52 0.O
60.0 ().450 O.
65.5 (1,455 O.
70.0 0.G58 O.
6S.0 0,450 0.0
67.5 0.461 0.0

—
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D. WeldSideBendTests

GuidedweldsidebendtestswereconductedononeSAWspecimenfrom
eachofHeats3 (EH-32),10(A537-B),andfromonespecimeneachofSAWand
SMAWweldmentsofHeats4 (ABS-CS),6 (A517-D),and8 (A678-c).Alltests
wereperformedatroomtemperature(74°F)usingananvilwitha diameterof
1.5inches.ThedataarereportedinTable8.

UponexaminationfollowingtestingtheEH–32,theABS-CS(bothweld
procedures),theA517-DSMAW,andtheA537-Bweldswerefoundtobecom-
pletelyfreeofseparations.Intheremainingweldments,separationsof
twogenerictypeswerefound:onetypewasa delaminationoriginatinginthe
parentmaterialneartheHAZorintheHAZpenetratingintotheparent
material.Thesecondtypeappearedonthespecimensurfaceattheedgeof
theweldcrown.Thespecificidentificationoftheseseparationsisdiscussed
below.

IntheA517-CSAWweldmentbothdelaminationandcrownedgeseparations
werefound.Nodefectcouldbedetectedintheareaofthesmallcrown
edgeseparation.Thereweretwodelaminationseparations;oneinthebase
metalneartheweld,andoneintheHAZextendingintothebasemetal.

ThreedelaminationseparationswerenotedintheA678-CSMAWweld
specimen;twosmallonesintheHAZextendingintothebasemetal,andone
muchlargerabout1.5inchesfromtheedgeoftheHAZoutintothebase
metal.IntheA678-CSAWspecimen,a 3/8-inch-longcrowedgeseparation
extendedparalleltothespecimensurfaceoutintotheweld.Nodefectcould
bedetectednear.thisseparation.

InthecaseoftheABS-BSAWweldspecimen,averytinycrownedge
separationwasnotedatthesurface;noassociateddefectwasfound.

UsingtheASMEcodeasa guide,alltheresultsoftheweldsidebend
testsweredeemedacceptable.Allofthesubsurfaceseparationswerecaused
bydelaminationinthebasemetaloropeningupoftheHAZ.Noneofthese
separationswereassociatedwfththeweldmetal.Someareasofdelamination
hadbeenobservedduringtheweldpreparation,sotheirpresencewasno
surprise.Astheyareassociatedwiththebasemetal,thereisnothingthat
canbedoneabouttheminaweldtest.

Thecrownedgeseparationsareassociatedwiththeweld,andare
thereforepotentiallymoreserious.However,sincetheydidnotappearto be
associatedwithany/defects,thesesampleswerealsoapproved.UnderASME
guidelinestheweldcrowncouldhavebeenremoved,thusremovingthestress
concentrationattheweldmentedge.Inaddition,forthehighstrength
materials,ananvilof2.5inchdiameter,ratherthanthesmaller1,5-inch
anvilcouldhavebeenused,obviouslyimprovingtheresultsonthesespecimens.

E. DropWeight-NDTTests

Table9 presentsthecompletetestresultsfortheDW–NDTtestscon-
ductedonparentmaterialspecimens.ThesetestswereconductedonHeats
2-11,andprovidednilductilitytemperaturesassummarizedinthetable.
TheABS-BplatehadthehighestNDT(50°-600F),followedbyAH-32(10°-20aF).
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Table8. SummaryofWeldSideBendTestResults

Heat
No.

3

4

4

6

6

8

8

10

12

Material

EH-32

ABS-CS

ABS-CS

A517-D

A517-D

A678-C

A678-C

A537-B

A13S-B

Weldrnent

SAW

SMAW
SAW

SMAW
SAW

SMAW

SAW

SAW

SAW

Comments

No cracks

No cracks

No cracks

No cracks

2delam.cracks;1inHAZ, 1inbasemetal

2delam.cracksinHAZ, 1largedelarn.
crackatedgeofHAZ

3/8”crownedgecrack

No cracks

Verysmallcrownedgedelam.crack
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Table9. 5/8”DropWeight-NDT.TestResultsParentMaterial

F&erialand
NDTRange,“F Break

Drop
Height

IHeat
No. T°F

-6o
-30
+10
+50
+40
+20
+20
+30
+20

No Break

2 ABS-AH-32
-!”10to+20

~l_oll

~,_~rr

~r_2,,

,51411

61_*l,

.jl_ft

~ ,_ Ott

x
x
x

x

x
x
x
x
x

3 ABSEH-32
-50to -40

-6o
-40
-30
-40

-20
-60
-40
-50
-50

x
x

x

x
x

x

x

x
x

x
x
x

ABS-CS
-6oto -50.

4

5 ASTMA517-D
-70to-60

-40
-90
-70
-60
-6o

x

x
x

x
x
x
x

x

x
x

x

x

x“
x
x

ASTMA517-D
-40to-30

6 -40
-30
-30

7 ASTMA678-c
-1ooto -90

-50
-90
-130
-Uo
-1oo
-90

x
x
x

x
x

8 ASTMA678-C
-110to-1oo

-50
-90
-130
-1oo
-110
-1oo

9 ASTMA537-B
-90to -70

-6o
-90
-70
-80
-80
-70

-60
-90
-80
-80
-70

51_fl

5 l_yl

4,_~l,

x

x
x

10 ASTHA537-E
-80 to -60

x
x

x
x

x

x

x
x

x
x

x

11 ABS-B
+50to+60

o
+40
+80
+60
+50
+60
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ThetwoheatsofA678–ChadthelowestNDT,intherange-llO°Fto–90°F.
DW–NDTdataforthetwoheatsofA537–Bagreedreasonablywell,andprovided
DW-NDTresultsintherange-90”Fto-60”F.ThetwoheatsofA517–Dgave
quitedifferentDW-NDTresults,ascanbeseenfromTable9: onevalue
wasintherange-70”Fto-60”F,while-thecompanionheatprovided-40”Fto
-30”I?.TheDW-NDTtestseriesonEH-32,a normalizedsteel,gavea result
(-50”Fto-40°F)closetothatofABS-CS,alsoa normalizedalloy.

DW-NDTtestswerealsoconductedonSAWweldmentsofHeatsB,A,6,
8,10,and12assummarizedinTable10. SMAWweldmentsaswellweretested
forHeats4,6,and8. ThesedatashowedtheDW-NDTtobelessthanthat
oftherespectivebaseplateforABS-CSandA517-D,andaboutthesamefor
theA678–c.Foreachofthesethreeheats,SAWweldmentsyieldeda higher
DW-NDTthandidtheSMAWweldment;inthecaseofABS-CS,theDW-NDTofthe
SAWweldmentwasmorethan100”FhigherthanthatoftheSM.AWtestresult.
Thislattertestresultwassurprisinginthatthetwonormalizedheats
(EH-32andCS)withtheSAWweldmentgavesuchdifferentDW-NDTresults.

l?. DynamicTearTests

DynamicTeartestswereconductedonspecimensof5/8-inchandl–inch
thickness.The5/8-inchspecimensweretestedina 2000ft–lbcapacity
Mark11dynamicLeartestmachine,havinga doublependulumarrangement.
Thismachineiscalibratedperiodicallyusinga staticmomenttechnique.
Additionally,itischeckedeachdaybeforea testseriesisconductedby
lettingthependulaswingfreelythroughonecompletecycle,thenchecking
thatthedialindicatorreadszeroft–lbsenergy.Thismachinealsohasan
instrumentedtup,sothata specimenfittedwitha CODgagecanprovide
informationnecessaryforthecalculationofa dynamicfracturetoughness.
Thiscapability,however,wasnotusedinthepresentproject,althoughit
wasusedinSK–231testing.

Thel-inchthickspecimensweretestedina largesinglependulum
5000ft-lbcapacitymachine.Itiscalibratedbeforea testseriesisunder-
takeninthesamemannerasdescribedabove.

Specimensweretemperatureconditionedinthesamewayaswerethe
Charpyspecimens,describedinSectionIV.C.Specimenswerecooledby
immersingtheminanagitatedbathofmethanolanddryice,andheldat
temperaturefor20minutes(ratherthanten,as requiredbyASTME-23for
Cvtesting).Elevatedtemperaturetestingwasaccomplishedbystabilizingthe
specimensinanagitatedbathofwaterwarmedbysubmersibleheaters.

Thedataforthe5/8–inchparentmaterialspecimenshavinga press
notcharepresentedinTables11and12,andshowngraphicallyinFigures35-
44. ThedatainTable11areforspecimensintheL-TorientationforHeatsz-
11,andTable12showsthemorelimitednumberofdataforT.-Lspecimensfrom
thesameheats.Figures35-44includebothL–TandT-Ldataforparent
materialspecimenshavingpressnotches.A reviewofthesedatashowsthat
thereisno importantdifferenceintheDTenergyforL-TandT-Lorientations
inthetransitionregionortheuppershelfforHeats3 (EH-32),4 (ABS-CS),
and6(A517–D).Thesameconclusioncanbetentativelydrawnfromthedatafor
Heat2 (Al%i3-DS),althoughtheuppershelfisnotadequatelyinferredforthe
T-Lspecimensfromthedatapresented.

-33-



IABSAI{-32(IIAT2)
Pi{ESS-N@lCll

_ 800 0 L-TORlrNTATIO:d
T o T-LORIENIAllL)N /c

TEMPkR},TUllE,‘F

Figure35, 5/8[’-FarentDT,Pr-~~=T~t~h,
AK~32(Heat2)

HiD[

-m

600

400

ma

c1

——--~-T--
AB5CS(FIEAT4)
PR[SS-NOTCII___—

13L-1ORltNThlIOU
Q T-LORIEffTAIION

/) .----&_
——

{f

/

/

/

P/——z“
-80 *——-+-&_L-&_L.0 120

I

Figure36. FM-32(Heat3),5/8”ParentDT,
Pre.m-Not&

ASTM!,517-!){HEAT5}
PRESS-NOTCII

e L-TORIENTATION
Q T-L0RIH4TATION

TEMPIRAIURE,“F
Figure37. ABS-CS(Heat4]35/8’!Parent Figure38. A517-D(Eleat5)DT,Press-Notch ,5/8”ParentDT,

Press-Notch



1 I w

z
m
m

LJ

aJ

f’ 7’ 1

I

!
I

-35-



(.!J
m

1lMJI—-—r~-r-----------l

Figure42. A537-B(Heat9),5/8”Parent
DT,Press–Notch Figure43, A537-B(Heat10),5/8”Parent

DT,Press-Notch

Figure44. AIM-E(HeatlL),
5/8”ParentDT,
Press-Notch



.

Table10. 5/8”DropWeight- NDTTestResults
SMAWandSAWWeldments

‘r°F ToBreak

x
x

x
x

Base Material and
NOTRange,“F

Weld
Proc.

SAW

SMAW

SAW

SMAw

SAk’

SMAw

SAW

Heat
No. Break

-40
100
100
-!70
-90

3

4

6“

8

ASSEH-32
-1oo to -90

x

x
x

x

x

x
x
x
x

-6o
,100
.100
-6o
-20
+20
o

+1o
+10

x
x
x

x

x
x

x
x

x
x~.
x
x

x
x
x

x

x

x
x

x
x
x

ABS-CS
below-100

0 to +10

ASTMA517-D
-7oto-6o

-40
-50
-70
-6o
-50
-6o
-40
-50
-70
-60
-50
-40

-60to -40

ASTMA678-C
-1ooto-90

-1oo
-60
-80
-90
-90
-80
-100
-6o
-80
-70
-70

-60
-1oo
-1oo
--.-—.

+4o
0

+2o
+10
+10

.jl_oll

ljl_~lf

~l_y

x

x

x

x

-8oto -7o

10 ASTMA537-B
below-100

SAW

— --

SAW

I
x

x
x
x
x

12 ABS-B
0to+10
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Heat
No.

2

3

4

5

6

7

8

9

10

11

—7Material T*F

AP.SAH-32 o
1

ABSEH-32 -80

ABS-CS -80

ASTMA517-D -110

ASTMA517-33-80

ASI’MA678-c-110

ASTF.A67d-C-110

ASTMA537-B -110

ASTMA537-13-110

.iW3-B o

Heath’o.

2

3

4

5

6

7

8

9

10

11

Table11.

Ft-Lbs
—-
30

35

35

100

105

45

35

35

45

65

T“F

72

-40

-40

-80

-40

-80

-80

-80

-80

5/8”DynamicTearTestResults,
ParentMaterial,L–TOrientation,
Press-Notch

?t-Lbs

100

90

105

60

200

75

140

70

90

d 75
—

T-F

100

0

0

-40

0

-40

-40

-40

-40

72

rt-Lbs

195

265

275

200

155

215

220

32o

195

335

—

r4F—
120

32

32

0

72

0

-20

0

-20

100
—

T?t.-LbsT°F—
275 160

665 72

745 72

405 72

325 120

465 72

950 0

665 72

_l-

350 0

735 120

Table12. 5/8”DynamicTearTestResults,
ParentMaterial,T-LDirection,
Press-Notch

Material

.W3SAH-32

ABS EFi-32

ABS-GS

ASTMA517-D

ASTMA517-D

ASTMAb78-C

ASTLUAL78-C

ASTMA537-B

ASTMA537-B

ABS-B

T*F

o

-60
-80
-80
-80
-1OLI

-1oo

-1oo

-1ooI

A

——.
R-Lbs

35

40

110

55

95

70

135

55

95

45

==175

0

0

0

0

a

o

0

c1
I

J?-..

Ft-Lbs
— -.—

425

6b0

705

610

555

785

1105

790

540

795

1Tr“FFi-Lbf200505

120’540

120700

12o605

160[5S5

L

120765

721040

1208S5

72 550

160760

~! Ft-I,bs

205 ~ 75
I

700

225
I

75 I 610

175 I 75 230

200 75 460
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Forseveraloftheheats,however,theuppershelfwaslowerforthe
T–LorientationsthanisthecaseforL-Torientations.Thisistruefor
Heats5 (A517-D),7(A678-c),8 (A678–C),9(A537-B),and11(ABS-B),where
theuppershelfT-Lenergyisa smallfractionofthecorrespondingL–Tenergy.
InthecaseofHeat10,(A537-B],thistrendwasreversed;theT-Luppershelf
energywasindicatedtobesomewhathigherthantheL-Tshelfenergy. The
conclusiontobedrawnisthattheratioofL–TtoT-Lupper shelfenergy
mayvaryfromheat-to-heatofthesamealloy,probablybecauseofvariations
inthedegreeofcross–rollinginthemanufactureoftheplate.

TheDTdatafromthe5/8–inchweldmetalandHAZspecimenshaving
pressnotchesarepresentedinTables13and14,andarerepresentedgraphically
inFigures45-50.ThesedatarepresenttestsonHeats3 (EH-32),4 (ABS-CS),
6 (A517-D),8 (A678-C),10(A537-B),and12(ABS-B)allwithSAWweldments.
Inaddition,testsonheats4,6,and8wereconductedalsowithSMAWweld-
ments,toafforda comparisonbetweenuppershelfenergiesforSAWandSMAW
welds,in bothweldmetalandHAZregions.

Incomparingresultsfromweldmetaltests,theSMAWprocessproduced
higheruppershelfDTenergiesinallcases(Heats4,6,and8)
thandidtheSAWprocess.Thedifferencewassignificantinthecaseof
Heat4,wheretheSM2%Wuppershelfwasabout1200ft-lbcomparedtotheSAW
uppershelf,whichwasabouthalfthatvalue.

Itismoredifficulttodrawconclusionsregardinguppershelfvalues
forweldmetalandHAZspecimensforSAWweldments,sinceonlythreedata
pointswereavailableforHAZspecimens.Therefore,onecanonlypointout
probabletrends.Ingeneral,uppershelfDTenergiestendedtobeequalto
orhigherforweldmetalthanforHAZmaterialsofSAWweldments.This
observationissupportedbythedatafromHeats3,4,6,and10. Theresults
fromHeat12suggestthereverse,althoughagain,theconclusionistentative
duetothepaucityofdata.TheHeat8 resultsalsoareambiguousinthis
respect.

Aneffortwasmadetocomparethetoughnessperformanceofweld
metalandHAZspecimenshavingpress-notcheswiththosehavingprecracked
notches.Thiswasdonebytestingtwelveweldmetalspecimens(sixSMAW
andsixSAW)andsixHAZspecimens(threeSMAWandthreeSAW)fabricated
fromHeat4,ABS–CSl-inchplate.Thesespecimenswerenotpress-notched,
butprecrackedasdescribedinSection111.E.priortotest.

Theresultsofthese5/8-inchprecrackedDTtestsarecompiledin
Table15,andareshowngraphicallyinFigures51and52. Figure51presents
alltheprecrackeddata.Onlyinthecaseoftheweldmetal/SAWspecimens
wastheuppershelfDTenergydefined.Theweldmetal/SMAWspecimens

. exhibitedthehighestfractureenergyinthetransitionregionofanyspecimen
group,buttheuppershelfwasnotdefinedbytestingupto160”F,Thetwo
groupsofHAZspecimenscontainedonlythreepointseach*andnodefinitive
conclusionscouldbereachedaboutthelocationofthetransitionregionand
uppershelf.Itisreasonablyclear,however,thatboththeHAZ/SMAWand
theHAZ/SAWweldmentstoexhibithigherDTenergiesinthetransitionregion,
andpresumablyontheuppershelf,thantheweldregion/SAWgroup.

*oneHAz/sAwspecimen was lostina mis–tes~,leavingonly EWO USefUl

specimensinthisgroup.
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{C;.tso..——

4.

4*

b

6*
8
8*

10

12

Table13. 5/8”DynamicTearTestResults,WeldRegion,
press-Notch,SAW(*orSMAW)WeldProcedure

iE-q--Ft-Lb,

105

45

L

ABS-CS -80 50

ASYMA517-3 -80 220

ASTMA5i7-D .s0 120

ASTM-4678-c.s0 w

ASTMAk78-c -00 55

ASTMA537-B -80I 100

ABS-B .40 25

—
HeatNo.

3

4“

4*

6

6*

8

$*

10

12

—

T“F—
-40
0

-40

-40

-40

-40

.40

.40

0

T“7
-.?0
40

-;0

o

0

0

0

0

43

II-Lba

410

1$0

1s5
285

295

355

,?50

4<0

150

—
~.~r

o

75

0

40

4n

4a

40

75

7s
—

Ft-Lb=

620

245

6:5

465

%0

335

6:0

700

370

—

T“r—
75

iOO

40

75

75

?5

75

i20

120

——

Ft-Lbs

740

.litl

$a5

=,80

i90

475

685

670

460

—

T.F—

120

?5

lLO

120

125

120

—

Table14. 5/8”DynamicTearTestResultsHAZ,Press-
NotchSAW(*orSMAW)WeldProcedure

Materi*l

.%3SEH-32

ABS-CS
ABS-CS

ASTM A517-3Y

ASTMA517-D

ASTMA678-C

ASTMA537-E

ABS-B

Table15.

r-..——Temperature
‘F

-40
0

~,o
75
100
120
160

.———.

--t--

T*F l?t-Lbs-.
.Bo 60
-40

I
50

0 165

-80 20

-80 100

-80
I

75

-80 60

-80 li5

-80 I 15

T-F
0

0

*O

0

0

0

0

0

c1

E’t-Lbs
——
275

90

455

270

375

365

62o

465

45

T—
‘T-F Ft-Lbs
75 630

40 34rl

75 565

75 I 45(I

75 520

75 6.45

J_

75 585

75 550

75 570

5/8”DynamicTearTestResults,
PrecrackedNotches

—-—.——— .—— .——.
_ _IA.~.LNLRGY,Fr-LB“~YU$I=*T-

.-
35
1.95
205
305
430
455

110 . . --
200 85 210
455 L
720 550 465

.- --
s(i) -- 560

IL1O I —I .-
—-———. -—.—

T-F

75

Ft-Lb,

$35

1160

693

795

bt5

7?5

Ft-Lbs

535
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Figure52drawsa comparisonbetweentheD’Ifractureperformance
of’I-Ieat4weldmetalspecimenshavingpress–notchesandhavingprecracks.
ThiscomparisonismadebothforSMAtJandSAWweldments.Asthefigure
indicates,theuppershelfwasdefinedonlyfortheprecracked/SAWspecimen
group,asrhethreeothergroupsevidentlyhadanuppertransitionregion
temperatureabove160°F.Nevertheless,someusefulconclusionscanbemade
fromkhedata.Thepress-no~ch/SMAWgroupdisplayedbyfarthehighest
fractureenergyinthetransitionregion,followedbytheprecracked/SMAW
group.Theprecracked/SAWgrouphasthelowestuppershelfbehaviorof
allthefourgroups;thepress-notch/SAWspecimensthenhavea higher
toughnessthantheprecracked/SAWspecimens.

Thereareperhapstwogeneralconclusionsthatcanbedrawnfromthe
limitedtestingdonewithprecrackedspecimens.ThefirstisthattheSFIAW
weldmentistougherthantheSAWweldmentinthecaseofprecrackedDT
specimens.Thesecondisthat,incomparingprecrackedenergylevelswith
press-notchlevels,apparentlytheweldprocessinfluencesabsorbedenergy
morethandoesthenotchingoperation.Thatis,thetwoSMAWgroupsexhibited
highertoughnessthandidthetwoSAWgroups,butwithineachgroupthe
press-notchspecimensyieldedhigherDTenergyinthetransitionregion
thandidtheprecrackedspecimens.Thehigherenergyabsorptionlevelsasso-
ciatedwithpres-notchesoccurbecausethepress-notchisblunterthanthe
fatiguecrack,andbecausethepress-notchhasa residualfieldofcompressive
stressesatthenotchtipwhichmustbeovercomebytheexternalforces
beforethecrackcanbeextended.

ThefinalseriesofDTtestswasconductedonl-inchthickplatesof
basemetalofHeats2–11,withspecimenstakenintheL-Torientation.The
resultsarepresentedinTable16andinFigure53. Thedataaresparse(only
threetest:perheat)andthereforecanonlyprovidetentativeindicationsof
theuppershelfenergyforl–inchspecimenswithpressnotches.Thesedata
wereintendedtobeusefulinevaluatingrhescalingbetween.5/8-inchand1-
inchspecimens.

Thefactthatthel-inchDTdataweretoolimitedbothinnumberand
intemperaturerangetodefineuppershelfenergyvaluesmakesitimpossible
toevaluatethicknessscalingwithanyconfidence.IntheiranalysisofDT
scalingeffects,JudyandGoode(g)proposedtheempiricalexpression
E . Rp(Aa)2B1i2fortheuppershelffractureenergy,whereAaistheunbroken

specimenligamentaheadof thenotch,andI!is thespecimenthickness.R
isamaterialconstant,whichisinterpretedasthefractureenergyof P
the5/8-inchASTMproposedstandardDTspecimen.Usingthisapproachone
concludesthatforthel–inchDTspecimenusedinthisproject,El,,= 4 x E
i.e.,theuppershelfenergylevelforthel-inchspecimenshouldbe 5/8’”
aboutfourtimesthatofthe5/8-inchspecimen.

A reviewofthel-inchDTdataandfractureappearanceshowsthatno
uPPershelflevelsweredefined.Beyondthefactthatonlythreetestsper
heatwereconducted,thefracturesurfacesfailedtoindicateanyfullshear
failuresasshouldbeproducedbyspecimenstestedattheuppershelftem-
perature.Becauseofincreasedplanestrainconstraint,thickerspecimens
generallyhavea highertransitiontemperature,andhencemustbetestedat
a highertemperaturetodefinetheuppershelfDTenergy.
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Table16. 1“DynamicTearTestResults,
ParentMaterial

HeatNo. k!~terial

2“ ABSAH-3?

3 ABS3JH-32

4 ABS-CS

5 AnMA51i.D

6 ASTMA51””-D

7 ASTMA67k-C

8 ASTM.467E-C

9 ASTMA537-B

10 ASTMA537-B

11 ABS-B

SYhl.
PRESS-NOTCH—

o
-:

A
o
●

:
.:

IEAT
&
2
3
4
5
6
7
8
9
10
11

MATERIAL
ABSAH-32
A13SEH-32
AB5CS

ASTMA517-D
ASTMA517-D
ASTMA678-C
ASTMA678-C
ASTMA537-B
ASTMA537-B
ABSB

-$O*F

. .

--

--

19
26
38

42

33

33
--

TESTq
-60. F

.-

38

29
--

--

-.

..

.+

..

-.

tPER4
O-F

b

Z61

445

1049

141

747

1204

1717

638

11

---JltL
75°F

33

1392

1465

1114

571

1849

2691

1983

804

33

.—
lhO”F

765
--

--

--

--

--

.-

.-

2345

1 I 1 1 I

■

16

●
A

A
1(0

Q
❑

TEMPERATURE,“F

Figure53. 111parentDT,Press-Notch.

-44-



Thetabulationbelowcomparesthel-inchDT datawiththe5/8-inch
dataandwiththeexpectedl-inchuppershelfenergy(fourtimesthe5/8-inch
uppershelfenergy).Alsoshownaretheapproximatepercentagesof a full
shearfracturesurfaceexhibitedby thehighesttemperaturetestforthatheat.

Heat
No.

2
3
4
5
6
7
8
9
10
11

Material

AH-32
EH-32
Cs
A517–D
A517-D
A678–C
A678–C
A537-B
A537-B
B

()=estimated

El=measured
5/8”DTshelf

(550)
650
700
600
600
750
1000
850
550
750

E2=predicted
1“DTshelf

(2200)
2600
2800
2400
2400
3000
4000
3400
2200
3000

E~=highest
recorded1“
DTvalue

765at 160”F
1392at 75°F
1465at75°F
1114at75°F
571at75°F
1849at75°F
2691at75°F
1983at75°F
804at75°F
2345at160”F

% Shear,E;
fracture
surface

30
50
50
70
60
70
50
40
20
50

NoneofthefracturesurfacesassociatedwithE?valuesexhibitedfullshear,
andnoneoftheratiosE*/EapproachedE2.$.1 Thesetwofactsaremutually
supportiveandsimplyin~catethatuppershelfimpactenergyvalueswere
notachievedwiththepresentl–inchspecimens,andthusanyscalingcornpatii–
sonswith5/8-inchDTspecimensareatbestspeculative.
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v. EXPLOSIONSTRUCTURALTESTSANllRESULTS

A. TestMatrix

Table3presentsa summaryofthenumbersofExplosionCrackStarter
(ECST)andExplosionTear(ET)specimenstestedofeachheat.Details
regardingdesignandpreparationoftheECS’TandETspecimensaregiven
inSection111ofthisreport.Whileall18ECSTspecimenswerefabricated,
only14weretestedduetothescreeningnatureofthetestsequence,whereby
testsathighertemperaturesaredeletediftheweldment“passes”atlower
temperature.

B. ExplosionCrackStarterTests

ThreespecimenseachoftheSMAWandSAWweldprocedureswerefabricated
forHeat4 (ABS-CS),Heat6 (A517-D),andHeat8 (A678–C)asdescribedin
Section111.G.ofthisreport.ThesixspecimensfromHeat4werel-inch
thickeach,whereastheHeat6 andHeat8 specimenswereeach1-1/4inches
thick.Thetestprocedurewastotestfirsta givenweldmenttypefheat
specimenatO“F.Ifthespecimendidnotfail,i.e.,ifnocrackingwas
notedwhichextendedintotheelastichold-downregion,thespecimenwas
retestedunderthesameconditions.Ifthespecimensurvivedthesecondshot,
thatweldmenttype/heatwasconsideredtohavepassed.Ifthespecimen
failedoneitherthefirstorsecondshotsatO“F,a secondspecimenwas
testedinthesamemannerat32°F.Thepass/nopassresultofthattest
indicatedwhetherornota thirdspecimenwastobetestedat75°F.Thus,each
weldmenttype/heatcombinationinvolvedatleastone,andatmostthree
specimens,withamaximumofsixexplosiveshots.

SpecimenstestedateitherO°For32°Fwerecooledinanagitatedbath
ofmethanolanddryiceandheldforatleast30minutesforthespecimen
temperaturetostabilize.Inthecaseofspecimenstestedat75aF,the
specimenswerewarmedtoequilibriuminanagitatedbathwithsubmersible
heaters.

Alltestingwasperformedata remotetestfacilityneartheSWRI
campus.Both7–and12-poundchargesofcastPentolitewereused,andthe
chargestandoffdistancewasadjustedtoaccountforchargeweightandfor
platethickness.Seven–poundchargeswereusedforthel-inchplate,and
12-poundchargesforl-1/4-inchplate.A completesummaryoftheECS3.
testseriesisgiveninTable17.ThediesusedtosupporttheECSTspecimen
duringthetesteventareshownInFigure14
testconfiguration,

,whileFigure54showstheECST
withthecastPenolitedisksupportedabovethespecimen

bya cardboardstandpriortothetestevent.Figure55a-nshowsapicture
ofeachspecimentestedafteroneorbothshots.

EachECSTspecimenwasmeasuredforthicknessatintervals1.5inches
aparttransversetoandinthedirectionoftheweld(seee.g.,Figure55m)
beforetesting,andaftereachshot.Allthicknessmeasurementsweremade
witha throughtransmissionultrasonicinstrument*havingthicknessscale
rangesof0–1.25andO-2.5inches.Beforemeasurements,theinstrumentwas
calibratedwithstandardsteelblocksofthickness0.5,1.0,and2,0inches.

*SonrayCaliper,manufacturedbyBransonInstrumentCO.

-46-



1Iual
No.

4

b

8

Figure54. ExplosionCrackStarterTestConfiguration
ShowingPenoliteDiskSupportedbyCardboard
atProperSt”andoffHeightfromSpecimen

wclci/
Material

ShiAW/AUS-CS
SM.4WIABS-CS
shf:\w/Ans-cs
s,\N’/:\lls-Gs
SAW{ABS-CS
sAwf.ills-cs
Shl:\W/A~17-D

sAw/,\~17-13
SJ.W/A517-D
sAw/A517-D
SAW/Ab73-C

Sh[,\W/.+[)7N-C
Shl.4W/Ab7t)-C
ShLiW/Ab78-C

.—..

T*F

o
32
75
0
32
75
0

..
0
32
75
0
.-
.-
0
32
75

-—.:harge
Wt(Lb)

7
7
7
7
7
7
12
.-
..
12
12
12
12
--
.-
12
12
12

nsrSIIOI——..---!Standoff
(in.)

15
15
!<
15
15
15
19
.-
--
15
17
17
19
--
.-
15
17
17

,—,rime
:Scc)——,
bl
48

54
4s

59
--
-.
72
54

61
..
..
61
49
-—

...-. —.
Fail/
NOFail

Fail
Fail
iii, l-till
l’all
Fail
NOFaii
NOP’all

. .
Fail
Fail
NoFail
NoFall

. .
Fail
Fail
No Fail

s..—-—charge
T-F

-.
. .
i>
.-
--
75
0
.-
.-

.-
75
0
--
..
..
..
75

Wt(Lb)

..
-.
‘1
..
.-
7
12
-.

-.
.-
12’
12
-.
.-
-+
-.
12

;owriSIIOT.—---- .=.
Standoff“T==
(in.) (WC)

-—.—-. .—-...-
-.

.- --
13

.-
-.
15 ‘-
17 48
.. ..
.- .-
-- .-
.. ..
17
17 50
.. --
-. ..
.. -.
-. --
17

Fail/
KIJFail
- -..—-.
.-
.-
14!,Fail
. .
.-
Fail
N. Fail
.-
. .
.“
.-
Fail
NfJFail
.-
. .
.-
-.
No Fail

Table17. ExplosionCrackStarter.TestSummary
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Figures 55a-n. ExplosionCrackStarter

Fig.55a

Heat4(ABS-CS),1“thick.
SMAW weld,O“F.
COnditiOnafteroneshot.

Fig.55b

Heat4 (ABS-CS),1“thick.
SMAW weld,32”F.
Conditionafteroneshot.

Fig.55c

Heat4 (ABS-CS),1“thick.
ShlAWweld,75”F.
Conditionaftertwo~hot~,

TestSpecimens, Post-Test
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Fig.55d

Heat4 (ABS-CS),1“thick.
SAW weld,O°F.
Conditionafteroneshot.

Fig.55e

Heat4 (ABs-cS),1“thick.
SAW weld,32”F.
Conditionafteroneshot.

Fig.55f

Heat4 (ABS-CS),1“thick.
SAW weld,75°F.
Conditionaftertw shots.

Figures55a-n. ExplosionCrackStarterTestSpecimens,Post-Test
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Fig.55g

Heat6 (A517-D),1-1/4”thick,
SMAW weld,O“F.
ConditionaftertWo~h~t~.

Fig.55h

Heat6 (A517-D),1-1/4”thick.
SAW weld,O“F.
Conditionafteroneshot.

Fig.55i

Heat6(A517-D),1-1/4”thick,
SAW weld,3Z°F,
Conditionafteroneshot-

Figures55a-n. ExplosionLrackStarterTestSpecimens,Post-Test
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Fig.Ssj

Heat6(A517-D),1-1/4”thick.
SAW weld,75*F.
Conditionaftertwoshots.

Fig.ssk

Heat8 (A678-G),1-1/4”thick.
SAW weld,O*F.
Conditionaftertwoshots.

Fig.551

Heat8 (A678-c),1-1/4”thick.
SMAW weld,O“F.
Conditionafteroneshot.

r TestSpecimens,post-T=t
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Fig.55m

Heat8 (A678-C),1-1/4”thick.
SMAW weld,3Z°F.
Conditionafteroneshot.

Fig.55n

Heat8 (A678-C),1-1/4”thick.
SMAW weld,75°F.
Conditionaftertwoshots.

Figures55a–n. ExplosionCrackStarterTestSpecimens,Post-Test
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Intakingfieldmeasurements,a spotofoilisplacedontheregionwherethe
thicknessistobemeasuredtocouplethetransducertothesteelsurface.

Table18presentstheinitialthicknesses(priortothefirstshot)of
thespecimensasmeasuredultrasonically.Foreachspecimen,allinitial
thicknessmeasurementswereidenticaltotwosignificantfiguresafterthe
decimal.ThefinalthicknessdatapresentedinTable18weretakenfromthe
ECSTspecimensfollowingeachshot.Thesefiguresaretobesubtractedfrom
theinitialthicknessdatagiveninTable18toevaluatethinningdistribu-
tions.InTable18thecolumnlabeled“PointNo.”referencespointO tothe
specimenmidpoint,andpoints~1,~2,etc.,tolocationsspacedatintervals
of1.5incheseithersideofthecenter.Intwocasesshowninthetable,
thicknessdatawerenotobtained.InthetwocaseswhereUTdatawerenotob–
tainable,theplatehadbeenbulgedonlyslightly,andthethicknessdistribu-
tionispresumedtobeverynearlythesameasintheundeformedconfiguration.

AccordingtoNavyproceduresforinterpretationofECSTtestresults,(6)
a specimenisconsideredtohavepassedifanycracksthatdevelopareconfined
tothebulgeregionoftheplate,i.e.,nocrackspropagateintotheelastic
hold-downregion.Thus,cracksarepermitted,butmustberetainedinthe
plastically–deformedmaterial.Inadditiontothisrequirement,a specimen
shouldexhibitatleast6%thinningafterthesecondexplosiveshot(i.e.,
3%pershot).Itisagainsttheserequirementsthatspecimensinthisproject
werejudgedtohave“passed”or“failed.’:

TheresultsoftheECSTtestseries,Table17,ledtothefollowing
results:

14aterialfWeldment TestResult

A13S-CS/SMAW passedat75°F
ABS-CS/SAW failed
As17-D/sMAw passedatO°F
A517-D/SAW failed
A678-c/SAW passedatO°F
A678-C/SMAW passedat75°F

TheABS-CSserieswithSMAWweldspassedthetestnicely(seeFigure55c)
insofarasthecrackingcriterionisconcerned,andthethinning,at4.9%
afterthesecondshot,wasconsideredacceptabletojudgethespecimenas
havingpassed.ThesameholdstrueinthecaseofA678-CwithSMAFJweld
procedure.AsrevealedinFigure55n,nocrackingwaspresentafterthe
secondshotat75°F,andthethinning(6.25%)wassufficienttopassthe
weldmentunequivocally.

TheA517–D/SMAWweldmentwhichwaspassedaftertwoshoes
atO°FisshowninFigure55g.Despitetheblowoutofa singlelarge
fragment,therewasnocrackingintotheelastichold-dowmregion.The
maximumthinningwas5.5%,aboutsufficienttoqualifytheweldmentmarginally.
TheA678–C/SAWweldment,whichalsowaspassed,isshowninFigure55k.
AlthoughtherewasrupturealongtheHAZaswellasacrosstheweld,these
cracksallwerecontainedwithinthebulgeregion.Thethinningwasonly
3.1%,andinretrospectthisspecimenshouldhavebeenreshottoqualifyit
unconditionally.
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Table18. ECSTSpecimenThicknessesFollowingTest
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Uaterlal/Ueld

A511-DjsAu

A517-DfSAW

A517-D/sAw

.467E-cIsAw

.—
A618-cIsAW

A678-c/SY.*uW

——

Shot
Ma.
—

1

1

2

1

2

1

Table18. ECSTThicknessesFollowingTest(Concl.)
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Insummary,itisnotedthattheS.MAWweldmentsoutperformedthe
SAWweldmentsintwo(ABS-CSandA517–D)ofthethreeheatsconsidered,arid
theSNAWweldmentstillpassedinthecaseofthethirdweldment,onlyata

somewhathighertemperaturethantheSAWweldment.Anotherwayofevaluating
theseresultsistonotethattwoweldmentsf-ailedtopasstheECSTtest
criteriaatanytemperature;thesewerebothSAWweldments.

c. ExplosionTearTests

TwoETspecimenseachofHeats4 (ABS-CS)and8 (A678-C),andone
eachfromHeats5 and6 (bothA517-D)werefabricatedasdescribedinSection
111.H.ofthisreport.ThecenterstripwasASTMA–36steel,andtheweld-
mentsweredeliberatelyundermatchedwiththeadjoiningparentmaterialsin
anefforttoinsurethatthecrack,onceinitiatedfromtheHardexcrack
starter,wouldnotbearrestedbya toughweldment.Itwasplannedthattwo
shotswouldbeappliedtoeachspecimen,ifnecessary,toinitiatea running
crack~althoughallsixspecimenseachdevelopeda crackintotheadjoining
parentmaterialonthefirstshot.ThetwospecimensofABS-CSwere1 inch
thick(aswastheA–36centerstrip),andthetwoheatsofA678-Cwereeach
1-1/4inchthick(aswastheA-36centerstrip).TheA517-Dspecimenswere
mixed;onewas1 inchthickandtheotherl–1/4inchthick,withtheA-36
centerstripmatchedtothickness.

TheexperimentaltestsetupwassimilartothatoftheECSTtests,
describedintheprecedingsubsection.Alltestswereconductedata specimen
temperatureof32”F.CastPenolitechargesof7pounds(forl-inch
specimens)and12pounds(forl-1/4-inchspecimens)wereusedtoexplosively-
loadthespecimens.ThetestresultsaresummarizedinTable19,andFigures
56a-fshowtheconditionofeachspecimenafterthetest.A specimenwas
consideredtohavepassedifallcracksthatpenetratedintothebasematerial
stripsoneithersideoftheA–36werearrestedinthebasematerial.Ascan
beseenfromthetableandfromthef~gures,theCSspecimensbothfailedand
theA517–DandA678–Ctestresultsweremixedinthatbothgroupshadone
specimenthatpassed,andonethatfailed.InthecaseoftheA517-Dthe
thinnerofthetwospecimenspassed.InthetwoA678-cteststhespecimen
loadedata standoffof15inchesfailed,whilethecompanionspecimenloaded
at a standoffof17inches(alessseveretest)passed.

Table19. ExplosionTearTestSummary

Heat
No.

4

4

5

6

8

8

Arrest
h{aterial

ABS-CS

ABS-GS

A517-D

A517-D

A678-C

A678-C

—.
Thickness

(in.)

1.

1.

1.

1-1/4

1-1/4

1-1/4

.—

T*F

32

32

32

32

32

32

Charge
Wt (M)

7

7

7

12

12

12

——
Sta~dofi

(in.)

15

15

15

17

15

17

55

57

60

56

66

53

4Pass/NoPass

Nopass

NoPass

Pass

A

Jfopass

No pass

Pass
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Fig.56a

Heat4 (ABS-CS),1“thick.
32”F.
Conditionafteroneshot.
(Nocrackarrest).

Fig.56b

Heat4 (ABS-CS),1“thick.
32”F.
Gonditionafteroneshot.
(Nocrackarrest).

Fig.56c

Heat6 (A517-D),1“thick.
32”F.
Conditionafteroneshot.
(Cracksarrested).

Figures56a-f. ExplosionTearTestSpecimens,Post–Test
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Fig.56d

l?igure~56a-f. ExplaaionTearTeatSp‘ec

Heat6(A517-D),1-1/4”thick.
32”F.
Conditionafteroneshot.
(Nocrackarrest).

Fig.56e

Heat8 (A678-C),1-1/4”thick.
32°F.
Conditionafteroneshot.
(Nocrackarrest).

Fig.56f

Heat8(A678-C),1-1/4”thick.
32”F.
Conditionafteroneshot.
(Cracksarrested).

.imens,Post-Test
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VI. DISCUSSION0)?RESULTS

A. Relationto SSC-244Criterion

Intheirreportonfracturecontrolguidelinesforweldedsteelship
hulls, (1)Rolfe,etal,setouta tentativecriterionforqualifyingtough-
nessandcrackarrestpropertiesofshipplate.Oneoftheprincipalobjectives
ofthepresentSR-224programhasbeentoevaluatetheproposedRolfecriterion
inlightofdatageneratedonparentmaterialsandweldments.Therefore,it
isnecessarytosummarizethesSC-244criterionbeforebeginninga discussion
ofthesignificanceofthepresentdata.

Theprincipalfactorsconsideredtobe of importanceindevelopingthe
sSC–244criterionforcontrollingthesusceptibilityofweldedstructureto
brittlefracturewere:

1. Materialtoughnessattheparticularservicetemperature,
loadingrate,andplatethickness.

2. Sizeofflawatthepointoffractureinitiation,regardlessof
whethertheflawisanarcstrikeora largefatiguecrack.

3. Stresslevel,includingresidualstress.

ThepurposeoftheSSC–244projectwastodeve?apa criterionfortheassurance
ofadequatefractureresistanceofshipsteelsandweldmentsinservice
environments.

ThecriterionproposedinRef.1 canbesummarizedinthefollowingthree
propositions:

1. Parentmaterial,weldregionsandHAZ regionsin primary
structuremusthavean NIIT(asmeasuredbytheDW-NDTtest)
nohigherthanO“l?.Parentmaterials,weldandHAZregionsused
insecondarystructuremusthaveanNDTnohigherthan+20”F.

2. Toinsurethattoughnessis satisfactory,Sj8-inchDT testsat
7L”I?on parent,weld,andHAZ specimensmustresultin absorbed
energylevelsno lessthanE75:

’75=~ (~y+60) (1)

where

Oy istheyieldstrengthinksiandE7~is in ft-lbs.

3. Failsafedesigncanbeachievedthroughtheuseofcrack
arrestorstrips.Parentmaterialsusedforcrackarrestors
mustmeetorexceedthefollowingabsorbedenergylevelE32As
measuredon5/8–inchDTspecimenstestedat32°F:

= 10
’32 ~ (Uy+140) (2)

-59-



where

~yistheyieldstrengthinksiandE32isinft-lb.

InordertoevaluatetheapplicabilityoftheSSC-224proposed
criterion,itisofobviousimportancetotestthedatabasegeneratedin
thepresentSR-224projectagainstthecriterion.Sucha comparisonleads
tothefollowingobservations.

WithrespecttotheNDTasmeasuredbythedropweighttest,AH-32
failstoqualifyforprimarystructureapplications,andmarginallyqualifies
forsecondarystructure.ABS-Bdoesnotqualifyevenforsecondarystructure
applicationsbecauseofitshighnilductilitytemperature.EH-32,A517-D,
A678-C,andA537-Ballqualifyunconditionallyonthiscountforprimary
structuralapplicationsinbothSMAWandSAWweldments.ABS-CSqualifies
forsecondarystructure,andpossiblycouldmeettheO“Fcriterionfor
primarystructure,buttheSAWweldregiondatagavesomewhathighI)W-NDT
readings.Someofthesefindingsaresupportedbyotherrecentdata.In
Reference2 theDW-NDTforABS–BandCSbasemetalvaried,respectively,
from20-30”F,and–40to–lO°F,disqualifyingtheformerandqualifyingthe
latterbytheSSC-244rules.Reference9reportsanNDTforABS-Bof20”F
andforCSof–70°F.

Turningnowto theSSC–244requirementsforabsorbedenergylevels,
Eq. (1),thepresentdataforpress-notched5/8-inchDT specimens(L-T
orientation)wereselectedforcomparison.EH-32,A678-C,A537-13,and
ABS–Ballpassedthiscontrolunconditionally,whereasAH-32doesnoteven
comeclosetopassing.A517-Dalsofailstomeetthestandardgivenby
Eq.(1),butnotby thewidedisparityas inthecaseofAH-32.TheABS-CS
passedtherequiredminimumenergylevelin thecaseof theSMAWweld
process,andwouldalsohavepassedfortheSAWprocessexceptfora some-
whatlowenergyvaluefortheweldmetal(theparentand13AZspecimen
groupspassedbywidemargins).

FinallySSC–244requiresthecrackarrestcapacityoftheparent
materialstobetestedandqualifiedviaEq.(2).TheAH-32,A517–D,and
ABS-Bclearlyfailedthistest,whereastheEII-32andCSmaterialsappear
tohavepassed.A678–CandA537–Bgaveconflictingresultsamongheats;
someheatsof-thesesteelsmaybeexpectedtomeettheSSC–244crackarrest
requirements,andsomemaynot.Theseresultsaregenerallyconsistentwith
thefindingsfromtheExplosionTeartestsreportedinSectionV.C.There
itwasfoundthattheCSspecimensfailedthetest,whiletheA517-Dand
theA678-cgavemixedresults,onespecimenofeachgrouppassedwhileits
companionfailed.However,itshouldbenotedthattheDTcurvefortheCS
materialshowsaverysharptransitionregion,with32°Fbeingjustonthe
uppershelf.Hencea smallvariationinheatproperties,etc.,couldaccount
forthelackofarrestintheETtest.

Inorderfora steeltobeplacedinserviceineitherprimaryor
secondarystructuralapplications,accordingtoSSC-244itmustmeetboththe
NDTandtheenergyabsorptiontests.Inconsiderationofthis,EH-32,A678-C,
andA.537-BpassthesetestsforboththeSAWandtheSMAWweldprocesses.
TheAIIS-CSwasfoundtobeacceptablewiththeSMAWprocessforprimarystructure,
andsomeheatscouldpossiblyqualifywiththeSAWprocessinprimary
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applications.TheAH-32,A517-D,andABS-Bfailedtomeerthejoint
NDT/toughnessrequirements.

ConsiderationoftheNDT,toughness,andarrestcapabilitiesin.
combinationreveals thatonematerial,EH-32,exceedsalltests.However,
CS,A678–C,andA537-Bcanpasswithcertainheatsandweldprocesses.The
AH-32,A517–D,and
bysSC-244.These

Material

AH-32
EH-32
Cs

A517-D
A678-C
A537-B
B

theABS-Bareinadequatetomeetallthree
conclusionsaresummarizedbelow:

NDTOK.for Toughness
P orS Structure?* OK?

MarginallyOKforS
Yes
OKP withSMAW;
OKSwithSAW
Yes
Yes
Yes
NotevenforS

No
Yes

OKSMAW;
MaybeSAW
No
Yes
Yes
Yes

testsrecommended

Crack
ArrestOK?

No
Yes
Yes

No
Yes,someheats
Yes,someheats

No

*p = primary Structure
S= SecondaryStructure

Itis importanttopointoutthatthepresentdatashowthereLObea ,
considerableamountofheat-to-heatscatterinsomecases.Thisisparticu-
larlytrueofenergylevelvaluesat32°FandtheNDT.Theseheat–to-heat
variationswi~h$nmaterialsresultinsomeheatsmeetingtheSSC–244crack
arrestrequirementsandothersofthesamematerialdonot.

InrecognitionthatCharpyV-Notchtestingtechnologyismorewide–
spreadandcommonthanDTtesting,SSC-244tentativelyproposedanalternative
to5/8–inchDTtestingbysubstitutingtheCharpytest.Thisapproach
obviouslyrequiresdevelopingCvvaluesthatare“equivalent”totheproposed
toughnessrequirements.Twosuchequivalenceswereproposedforthe75°F
toughnessrequirements,andonef,orthe32°1?crackarrestrequirement.In
AppendixE of,Ref.1 theseproposedlinearrelationshipsbetweenDTandC
valuesaresetforth.ForpurposesofevaluatingtheSSC–244criterionw~th
Charpydatafromthepresentproject,theseempiricalrelationshipsareused
intheformgivenbelow.

Notchtoughnessrequirement:

c = +(590Y- 1220]v
Alternativenotchtoughnessrequirement:

Cv= 4(1+ 0.1

Crackarrestrequirement:

Cv=~(2480+

(JY)

19cly)

(3)

(4)

(5)
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Inalloftheseexpressionso is expressedin ksi and C
Y

in ft-lb.v

IftheSSC-244criterionisexaminedwiththepresentCharpydata*
ratherthantheDTdataasdiscussedpreviously,severalobservationscan
bemade.To~eginwith,Eq.(4)aboveisa muchweakerrequirementthan
isEq.(3),especiallyfornormalizedandQ&Tsteelshavinghighyield
strengths.Infact,allparentspecimentestsat75°Fandallcombinations
ofSMAWandSAWweldmentsintheweldandtheHAZregionsat75°1?equalled
orexceededtherequirementgivenasEq.(4).Thisrequirementwasproposed
byRolfe,etal.,basedonanempiricalcorrelationbetweendynamictear
andCharpyabsorbedenergies.Ifusedtotestthepresentdatabase,no
materialsorweldmentswouldhavebeenscreenedout.Thisisnotthecase,
however,inapplyingEq.(3)tothepresentCharpydata.Thisrequirement
infactaccepts/rejectsthesameparentmaterials(at75°F)asdoesthe5/8-
inchDTrequirements:AH-32andA517-Dparentmaterialsarebothrejected.
InapplyingEq.(3)totheweldandHAZtestresultswithSMAWandSAWweld-
ments,thesameholdstrue;Eq.(3)screensoutA517-Dandpassestherest,
justasthe5/8-inchDTrequirementdoes.Thus,apparentlytheDT.andthe
Charpytestsareequallyandconsistentlysuccessfulinqualifyingweldments
andparentmaterialsfortoughnessat75°F.Thisconclusionmustbere-
gardedastentative,however,untilfurtherconfidenceisachievedbyevalu-
atingmoredata.

Eq.(5)isadvancedinRef.1 asa tentativerequirementforevaluat-
ingthecra”ckarrestcapabilitiesofthebasemetal.Applyingthisstandard
againstthepresentCharpydataresultsintheacceptanceofEH-32,CS,and
A678–C,andtherejectionofAH-32,A517-D,andABS-Bascrackarresttna-
terials.ThetwoheatsofA537-Bgavemixedresults:Heat9 passedand
Heat10failedtomeettheenergyabsorptionrequirementgtvenasEq.(5).
Theseconclusionsalsoareconsistentwiththosederivedfromthecrack
arrestrequirementsfrom5/8-inchDTspecimensdiscussedearlier.

Theinferenceshouldnotbedrawnfromthisreportthatsimplybecause
amaterialisoperatingbelowitsNDT,itisdoomedtoinevitablefailure.
Thecriterionsimplyindicatesthatcatastrophiccrackingisa distinct
possibilitytfthematerialisunabletodissipateenergybyplasticflow
atthetipofa crack.WhenoperatingbelowitsNDT,a steelislikelyto
permit”crackpropagation(ifacrackexistsorisinitiated)athighspeed
andwithnodissipationofenergy.

B. Assessment

Inrecentyearstherehavebeenheighteneddemandsplacedonshipde–
signerstoreduceweightandcosts,increaseworkingstresses,andtakead-
vantageofsomeofthehigherstrengthQ&Talloysavailable.Thesedemands,
inturn,appealforcriteriaofsomekindbywhichbasemetalsandweldments
canbeeffectivelyqualifiedbeforebeingplacedintoservice.Indevelop-
inga criterion,orsetofrulessuchasthoseproposedinSSC-244(~),there
appeartobethreebroadquestionswhichmustbeaddressedifthecriterion
istobeaneffectiveone.

*Inmakingthesecomparisons,groupsof threerepeatdatareportedherewere
averaged.Theeffectof Cvdatascatteris thereforenotdirectlyconsidered.
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1. Doesthecriterionprovidean adequatemeasureoftoughnessand
crackarrestcapacityovertheservicetemperaturesof interest?

2. Arethetestsinvolvedwidelyusedandinexpensiveenough.to
facilitateitsadoptionanduseby theshipbuildingindustry?

3. Aretherequisitetestscapableofdiscriminatinggoodfrombad
materialsandweldmentswithoutproducingsomuchscatteras
todisqualifymanysoundmaterialsandweldments?

In thepresentevaluationof thecriterionproposedinSSC-244itis
appropriatetoaddressthesethreequestions.

Withregardtocracktoughnessandarrestcapabilities,a basicgoal
ofanyfracturecontrolprogrammustbethepreventionofbrittle,plane
strainfractureandtheassurancethatthecrackextensionprocessincludesat
leastsomeenergy-consumingplasticity.Toinsurethis,onemustbecertain
thatthetemperature,loadingrate,andsectionthicknessdonotcombineto
produceplanestrainconditions.Indealingwiththicknessesintherange
0.75”< T < 1.5”,ifonesomehowcanapproximaterateeffects,thenit
merely-becom-esnecessarytoinsurethatthebulkoftheship’soperating
temperaturerangedoesnotincorporateanyregimeofplanestrainmaterial
behavior.SincelittleoperationinlessthanO“Fenvironmentsisseen,the
requirementthattheNDTofthemetalbelessthanthisappearstobea
necessaryfirststep.

Supposea crackbeginsgrowingsubcriticallyina structure.What
determineswhetherthiscrackwillrunornot?Simplyput,a hightoughness
canaccommodatea largecrack,soitisdesirablethatthematerialexhibit
non-planestrainbehavior.

Inordertomeasureandqualifysuchpropertiesa testisneededthat
willsubjecta realisticallysizedspecimencontaininga cracktoa rapidly
appliedload.(Theloadshouldbefairlyrapidsinceincreasedloadrate
shiftsthetemperaturecurvestotherightandhencereducesthefactor
ofsafety.)Ifthematerialexhibitsreasonabledeformationoverthe
appropriateoperatingrangeofthevessel,thenthematerialinquestion
mayprovesatisfactory.

Qualificationofweldmentsisa similarproblem;inabout95%ofthe
cases,theHAZistheweaklinkinanotherwisegoodweldment.Henceifthe
HAZcandemonstratethesamedegreeofdeformationastheparentmaterial,
thennotonlywillthecrackbedifficulttocausetogounstable,butit
willalsobedifficultforittomaintaina fastfractureduetotheenergy
balance.

Theprincipalproblemthenappearstobeplacingvaluesontheplasticity
neededduringcrackextensiontoinsureadequatetoughness.Sinceanelasto-
plastic,dynamicsolutionofanimpactspecimenisnotavailable,thealterna-
tiveisthentodefinetheplasticityrequirementratherarbitrarily.Aslong
asexperiencecontinuestosupportthischoice,thereisnoonewaytochoose
oneapproachfora fracturecontrolcriterionoveranother.Forexample,
theSSC-244criterionrequiresa specifiedmeasureofplasticdeformationand
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strengththroughtheNDT. Anotherappraach(alsodiscussedinRef.1)has
beenthroughtheuseof theCharpy,ratherthantheDT specimen,bymeasuring
thepercentageof shearareaandspecifyinga levelof absorbedenergy.The
twoapproachesare,of course,equivalentprovideda correlationisavailable
bywhichDT energylevelscanbe convertedintoCv energylevels.

Thereare,ofcourse,severalcommonobjectionstotheCharpyspecimen:
itssmallsizeprecludesexercisinga reasonablylargevolumeofmaterial,
andeliminatesplanestrainconstraintcharacteristicofthickplate.
Inaddition,themachinednotchdoesnotbehavelikea truenotch.These
factors,whicharesomewhatmitigatedbycostandsimplicityofuseadvantages,
tendtoscattertheC datamorewidelythanisusuallyfoundinDTdata.On
theotherhand,theC~arpyspecimenmay,byvirtueofitssmallsize,have
certainadvantagesinmeasuringweldandHAZtoughness.Theresolutionof
thequestionastowhichspecimen-–CvorDT-–isbestsuitedtoa fracture
controlcriterionmustultimatelyberesolvedonthebasisofthethreequestions
setforthatthebeginningofthissubsection.Thereare,however,atleast
threereasonswhicharepersuasiveinthechoiceoftheDTspecimenoverthe
Charpyspecimen.First,Cvdataaretraditionallyrequiredintriplicate,
whichmakesthesetestsmoreexpensiveinthelongrunthanstandard5/8-inch
I)Ttests.Secondly,mostavailabledataindicatethatthetransitioninDT
curvesagreeswiththeNI)T,whiletheCvtransitionsdonot.Finally,the
datadevelopedduringthepresentinvestigationindicatethatonthebasisof
scatter,theDTtestispreferable.

Infurthersupportoftheprecedingstatement,itisofinterestto
examinethefollowingcomparison.

Material

Cs
Cs
Cs
E
B
B
B

Source NDT,“F

SWRI* -60,-50
Bethlehem(10) -70
N~L(2) -40,-lo

Be~~!!~em(’O)“0~2~’0
NRL(2) +20,+30
SR-202(1) o,+15

DTEnergy,Ft-Lb Cv,Ft–Lb
O°F 32°F 75°F O“F 32°F

275 -- 700 80 ‘-
1000 -- 930 110 ‘-
.+ -— -- >21313 --
.- 80 300 -- 35
—- 87 150 -- 42
-- —- -- -— 20
-— 100 220 -- 10

*presentinvestigation

AlthoughtheCVdatasuggestconsiderablescatter,neitheraretheDTdata
immunefromth~scriticism.Itisalsointeresting,andindeedalarming,to
notethatthespreadoftheDW-NDTtemperaturesforthetwomaterialspre-
sentedis60°F.Allthisseemstosuggestthatthescattertolerances
permittedbyanyeffectivecriterionmayhavetobe setratherwideinorder
toacceptthemajorityofmaterial.Hand-in-handwiththisapproach,however,
comesa decreaseinstructuralreliability.

thepresentinvestigationshowedthecriterion
ln‘he‘ina~:a:::t?jproposedbyRolfe, tobea reasonableonefortheweldments

investigated.Inviewofthefactthatonlyonematerial(EH-32)passedall
testsofthecriterionforbothweldproceduresinvestigated,itmaybe
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suspectedthatthecriterioncouldbeoverlyconservative,disqualifyingsome
steels andthinweldmentsthatmayinfactperformperfectlysatisfactorily
in service.Thiscaveatismerelyspeculationat thispoint,however,and
onlythroughmoreextensivelaboratorytestexperiencecanneededconfidence
be gained.

VII. RIICOMMENDATIONS

1. Totheextentthepresentprojecthasbeenableto evaluatethe SSC-Z44
criterionproposedby Rolfe,etal,thecriterionappearstobe effec-
tivein qualifyingbasemetalsandweldments,althoughperhapsmore
restrictivethanneedbe. Thecriterionshouldbe testedfurtheragainst
othercandidateshipsteelsandweldprocedurestogainconfidence.
Theuseof theCharpytestasa substituteforthe~f~–inchpress-notch
DT testneedsmorejustificationbeforeit isacceptedas partof the
criterion.

2. Additionalworkneedstobedonetodeterminewhetherthe5/8–inchDT
specimenisadequatetoevaluatethetoughnessoftheweldandHAZ,
orwhethersmallmismatchesbetweennotchtipandweldorHAZ
locationgiverisetounacceptablylargeapparentpropertygradients.
TheECSTtestshouldbeconsideredasa substitutefortheDTqualifi–
cationofweldandHAZregionsiftheproblemraisedaboveappears
serious.

3. Anunderstandingofthereasonsforheat-to-heatandweld-to-weld
propertyvariations(NDT.,DT)shouldbedeveloped,andthelatter
shouldincludeshipyardinspectionandQCconsiderations.Whetheror
notthereisa synergisticeffect.betweenbasemetalqualityandweld
quality”shouldbedetermined.A statisticalrepresentationofheat-to-
heatandweld–to–weldvariationsshouldbedevelopedandincorporated
intothecriterionforqualifyingmaterialsandweldments.Itmaywell
bethata “go-nogo”criterionwillbetoosevereinwhichcasea
statisticaldistributionofacceptablevaluesmustbedeveloped.

4. Furtheranalyticalandexperimentalinvestigationof thedynamic,
elasto–plasticresponseof theS/B–inchpress-notchDT specimenneeds
tobeundertaken,so thatsensiblelimitscanbe imposedon itsuseas

a qualificationtestinthecriterion.Thiseffortisalsoneededto
tietheDTtesttodynamicfracturetoughness.

5. TheserecommendationsneedtobemergedwiththosefromReport
SSC–275(onloadrateeffects)forfurtherevaluationoftheproposed
SSC–244criterion.
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APPENDIXA

WELDINGPROCEDURES

WELDINGPFWEDUREIY)RABSGRADEEH32

scope: ThisspecificationisforthejoiningofABS-typeEH32materialtoitself.
fiisprccedureisonewhichsimulatesaprocedurewhichmight@ usedin
actualmerchantshipconstructionand.mnformstoABSweldingrequirement
forhullstructure.

=-seNQterial:AESGradeHI32.

FillerMetalandFlux:ACI?’ImW-18wire1/8and5\32inches,Lincoln860flux.
Sealweldingpriortoautmaticsub-arc:E-9018-ME-9018–Melect.rdefor
manual;E–8018usuallyusd forbaseEtalrepairs.

PreheatandInterpssTemperature:AlthoughABSdoesnotrequirea preheatin
normalpractice,buttweldsuptol-1/Zinchesmy havea preheatof150°F
minimumandmaximuminterpss_rature of300°F.Thernaxinnnnheatinput
shallbe60,000J\in.

PrccessandElectricalCharac-beristic:Aut.cinaticsub–arc-JXPwzse plarit-y:
Manualsh~eldarc-(Sealweld)lKreverse~larity.

JotitDesign:Thedesignshallbeasshuwnklow.

yA7’
1’ 2==”7
T *-L

AP,mx.V8~ \ -

~-
YA

113T
+

LEA
Preparationof&se Material:Theedgesofsurfacestobepreprd byanyofthe

follming: flamecutting,aircartinarcgouging,chip&ing,machining,
grinding,orplasmcutting.Thesurfacestobewelddshallbecleanedof
anymatterthatmaybedetrimentaltosoundwelds.Thesecondsideofthejoint
shallbechippd,ground,oraircarlmnarcgougedtosoundmetalpriortowelding.
Flamegougingshallnotk used.‘ITIesurfacestok weldedshallberea--
ablysrmthandfreeofnotchesNotchesshall& ground.mepnotchesshall
befilledwithManualShieldWC E–9018-Mandgroundflushwiththeadjacent
material.
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JointWeldingPmm3ureandCleaning:Theweldingtechniqueshallbesuchthat
weldheadsareuniformincontmrandtaper.srrmthlyintothebasemterial
at thetoe. Grindingmy be usedto accomplisha smmkl contourifneces-
sary. Allslagor fluxremainingoranybad ofweldshallberamved
priortodepsitingthenextsuccessiveweld&ad.

Arcstrikesshallbeavoidedinsofaraspxsible;caremustbetakento
strikearcsintheweldgrooveorinthewayoftheweldm theywill&
incoqmratedinthewelds.

Defects: Anycracksorblowholesthatappearonthesurfaceofanyweldshll
& remvedbychipping,grinding,oraircarlmnarcgougingbeforedepsit-
ingthenextsuccessiveweldbead.Brokenorcrackdtacksshallbsr.e–
rovedpriortosealwelding.

Welding~sition:Flat+ 150.—

~: Weldingmaybere@_redwithMamualShieldedMetalMC Process.

Tew=rtig-ds: ming welds,altiughnotre@red,shallk mdesoanew
h=t-aff=tdzonewillnotk created.Thetmprbeadtoeslxmldland
approximately1/8ti=f~ the&se mterial(seesketch,TemperingBead
Td2nique,&low).

TEMPERINGBEADTECHNIQUE

W!QEuForsub-arcwelding,tacksshallbemadeusingE-8018-C3electrdes.
Thesetacksshallbemadesotheycankeincorpra~inthesealweld.

InterpretationofHeatCycle:Preheattemperatureshallbemintaineduntilthe
weldiscmpleteorweldshavekendepsitedequalto1/3ofthewallthick-
ness.bwer temperaturesgraduallyuntiltheyarethe*ient tqature.

WeldingProcedure

1.0inchplatingshallbeweldedusingthe
fOlhvingprocedure:450to500A,
30V,15to20ipn,1/8inch+5/32inch.
ArnroW-18 fillermetal,Lticoln
860Flux.150”Fpreheat,300-F
maximuminterpasstemperature.Heat
input,40,000to60,000J\in.

AUTWATICSUEMEFGED
AR2WELDINGPRWEDURE
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1.0inchplatingshallheweldedusingthe
followingprmdure: 115-150A,25v,
7 ipn,1/8i.nch,+5\32inch.E-9018-Y
electrde.150F preheat,300°F
maxinnuninterpasstenpsrature.Heat
input,30,000J\in.(max).

*

-69-



WELDINGl?~EDUREFORA13S-CSGRADE

- Thiss@cificationisforthejoiningofAE!S-CSmaterialtoitself.This
procedureisonewhichsimulatesaprccedmewhichmightbeusedinactual
merchantshipconstruction,andconformstoABSweldimrmirementsfor
hullstructures. -.

Base Material: W Grade CS.

FillerMetalandFlux:Lincolnb60 wireand1/8and5/32inches,
Sealweldingpriortoautanaticsub-arc:E-8018<31/8inch

Lincoln860flux.
electrdeformanual.

PreheatandInterPassTa~ature:50”??minimum.

PrccessandElectricalCharacteristic:Autanaticsub-arc-~reverse~larity:
Manualshieidarc-(SealWeld)IXreverse@arity.

JointDesign:Thedesignshallbeasshwnbslow.

TA7
Tin,’LL.AmL

PreparationofBaseMaterial:me edgesofsurfacestobeprepardbyanyofthe
thefollming:flamecutting,aircarbonarcgouging,chipping,machining,
grinding,orplamacutting.Thesurfacesto& weldedshallbecleanedof
anymatterthatmayk detrimentaltosoundwelds.Thesecondsideofthe
jointshall& chip~rground,oraircarlmnarcgougdtisoundmetal
priortowelding.Fl~ gougingshallnotkeused.Thesurfacestobe
welddshalllxreasonably~th andfreeofnotches.Notchesshallbe
ground. @ep notchesshallbefilkdwithManualShieldArcE-8018<3and
groundflushwiththeadjacentmaterial.
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JointWeldingProcedureandCleaning:Theweldingtechniqueshalllxsuchthat
weldbeadsareuniformincontourandtapsr-t-lilyintothebasematerial
atthetoe.Grindingmy k usedtoaccanplisha-th contourifneces-
sary.AU slagorfluxr~iningoranybeadofweldshallk removal
priortodepsitingthemxtsuccessiveweldbead.

wc strikesshallbeavoidedinsofaraspssible;caremust& takento
strikearcsintheweldgrcoveorinthewayoftheweldsotheywillbe
incorpora~inthewelds.

Ef ects: 7xnycracksorblmholesthatap~aronthesurfaceofanyweldshallbe
ramvedbychipping,grinding,oraircarhnarcgougingkforede~siting
thenextsuccessiveweldbead.Brokenorcrackdtacksshall& rsnwed
priortosealwelding.

WeldingPosition:Flat~15°.

WeldingRepair:WeldingmayberepatiwithManualShielddMetalArcProcess.

Tap?ring=aik : Tapringweldbeadsshallnotk required.

Tacking: Forsub-arcwelding,tacksshallbemadeusingE-8018<3electrdes.
Thesetacksshalllxmadesotheycan& incorpratdinthesealweld.

WeldingPrmdure

1.0inchplatingshalllxweldedusingthe
follwingprocedure:450to500A,
30V,15to20ipn,1/8inch+5/32inch.
LincolnL-60fillermetal,Lincoln
860Flux.

1.0inchplatingshallbswelddusingthe
follwingprocdure:115-150A,25V,
7ipn,1/8inch+5/32inch.E–8018<3
ekctrde.30,000J/b.(ntind).

AU’IUW%TICSUBMZ=
AIU2WELDINGPRXEDURE

MANUALSHIELDEDMETAL
AX WELDINGI?~
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WELDINGPRXEDUREFURM17GRADED

scope:Thiss~ificationisforthejoiningofA517materialtoitself.This
procedureisonewhichsimulatesaprocedurewhichmightbeusdinactual
merchant shipconstruction,andconformstoABSweldingrequir~tsfor
hullstructures.

BaseMaterial:ASTM517-D

FillerMetalandFlux:ArnwoW-25wire1/8and5/32inches,Linde709-5flux.
Sealweldingpriortoautcmaticsub-arc:E–11018-Melectrcdeformrmal.

PreheatandInterpassxatmre: Buttweldsupto1%inchesshallhavea pre-
heatof200°Fmininnm@maxtiinterpasstenpxatureof300”F.The
maxinunnheatinputshall~ 60,000J/in.

Prwess andElectricalCharacteristic: Autunatic sub-arc-lX reverse polarity:
Manualshieldarc-(Sealweld)IXreverseplarity.

JointDesign:!Ihedesignshall& asshamhelm.

TA7.T;
T APPROX.+”

J_

Pre~ationofBaseMaterial:Theedgesofsurfacestobepreparedbyanyofthe
following:flamecutting,aircarlmnarcgouging,chipping,machining,
grinding,orplasnacutting.Thesurfacestolxwelddshallbeclearedof
anymatterthatmaybedetrimentalb soundwelds.Thesecondsideofthejoint
shallk chippd,grourd,oraircarlmnarcgougdtosoundmetalpriorto
towelding.Flamegouqinqshallnotbeused.Thesurfacestolxwelds
shallke&asonably-m%fiandfreeofnotches.
kepnotchesshallbefilldwithManualShield
flushwiththeadjacentmaterial.
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JointWeldingProcedureandCleaning:TIEwldingteshniqueshallbesuchthat
weldbeadsareuniformincontourti tapermmthlyintothebasematerial
atthetoe.Grindingmaybeusedtoaccanplishasnmothcontourifneces-
s=Y-AU slagorfluxremainingoranybeadofweldshallb ramved
priortodepsitingthenextsuccessiveweldkad.

a
Arcstrikesshallk avoidedinsofaraspssible;caremustbetakento
strikearcsintheweldgrmveorinthewayoftheweldsotheywill&
incorpratdinthewelds.

kfects: my cracksorblmholesthatap~aronthesurfaceofanyweldshall
beremvedbychipping,grinding,oraircarlmnarcgougingbeforedeps–
itingthen=tsuccessiveweldlxad.Brokenorcrack~ticksshall~
ramvdpriortosealwelding.

WeldingPosition:Flat~ 15°.

Welding%pair:Weldingmaybere~iredwithManualShielded14etalArcPrwess.

TemperingBeads:Tenperingweldsshallh n’mdesoaE heat-affectedzonewill
notbecreatd.Thet- bsadtoeshouldlandapproximately1/8inchfran
thebasematerial(seesketch,TaperingBeadTwhnique,kluw.)

- -
- =-

TEMPERINGBEADTECHNIQUE

bemadeusingE-8018<3el@ccm3es.Tacking:Forsub-arcwelding,tacksshall
Thesetacksshall& mde sotheycank incorpratdinthesealweld.

InterpretationofHeatCycle:Preheattapsratieshallhemaintainduntilthe
weldiscanpleteorweldshavehendepsited-l to1/3ofthewallthick-
ness.Wwertemperaturesgraduallyuntiltheyaretheambiattqature.

WeldingProcedure

1.0inchplatingshallbeweldedusingthe
follwingprocdxe:450to500A,
30v,15to20ipn,1/8inch+5/32inch.
-o w-25fillerEtil,Linde
709–sflu.200”Fpreheat,300”F
rnaxtiinterpasstaprature.E(eat
input,40,000to60,000J/in.
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1.0 inchplatingshallbewelddusingthe
follmingprcc~ure:115-150A,25v,
7 ipn,1/8inch+5/32inch.E-11018-M
electrcile.200°Fpreheat,300°F
maximumtiterpasstmpreature.Heat
input,30,000J/in.(w).
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WELDINGP-URE FURA678GRADEC

scope: !17hisspecificationisforthejoiningofA678materialtoitself.This
prmedureisonewhichsimulatesaprw&lurewhichmight~ usdinactual
merchantshipconstruction,andconformstoABSweldingrequirementsfor
hullstruct&es.

&seMaterial:ASTMA678GradeC.

FillerMetalandFlux:-o w-18wirel/8and
Sealweldingpriortoautmaticsub-arc:

5/32inches,Iincoln860flux.
E-9018-Melectrdeformanual.

PreheatandInterpassTemperature:Buttweldsupto1%inchshallhavea preheat
of150°Fminimumand~ interpasstaperatureof3000!?.Themxinnnn
heatinputShll be 60,000J/in.

ProcessandElectricalCharacteristic:Autcrmticsub-arc-~reverse~larity:
blanualshield=c-(Sealweld)IXreversepolariw.

JofitDssign:Thedesignshallh asshmmkluw.

PrepationofBaseMaterial:Thedgesofsurfacetobeprepardbyanyofthe
following:flamecutting,aircarhnarcgouging,chipptig,machin~g,
grinding,orplasnacutting.Thesmfacestobewelddshallbecleand
ofanymmtterthatmayk detrimentaltosoundwelds.Thesecondsideof
thejointshallbechip@,growmd,oraircarlmnarcgougedtosound
metalpriortowelding.Flamegougingsnailnotheusd. Thesurfaces
tobeweldedshallk reasonablysmmthandfreeofnotches.NotchesshallGground.kep
andgroundflush

notchesshall& filledwithManualShieldWC E-9018-M
withtheadjscentmaterial.
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JointWeldingProce3ureandCleaning:Theweldingtechniqueshallbesuch
thatweldbeadsareuniformincontourandtapersmcothlyintothe
basematerialatthet=. Grindingmaybeusdtoaccanplishasnmth
contourifnecessary.Allslagorfluxremainingoranybeadofweld
shallberamvedpriortodepositingthen=tsuccessiveweldkad.

Arcstrikesshallbeavoidedinsofaraspcssible;caremustbetakento
strikearcsintheweldgrweorinthewayoftheweldsotheywillbe
incorporatedinthewelds.

Defects:11.nycracksorblmholesthata~aronthesurfaceofanyweldshall
ber-vealbychipping,grinding,oraircarlmnarcgougingkeforedepsit-
ingthenextsuccessiveweldbead.Brok@orcrackedtacksshallbe
removalpriortosealwelding.

WeldingPosition:Flatf15°.

TmperingBEHdS: T_ing welds
notbecreatd.Thet-
franthebasematerial(see

shallbemadesoanm heat-aff~tedzonewill
beadtoeshouldlandapproxinmtely1/8inch
sketch,TempsmingBeadTechnique,below.)

TEMPERINGB= T’EC’HNI~

=: Forsub-arcwelding,tacksshallk@madeusingE-8018<3electrdes.
Thesetacksshallbemadesotheycanbeinco~ratedinthesealweld.

InterpretationofHeatCycle:Preheattemperatureshallh maintaineduntilthe
weldiscanpleteorweldshavebeendepsited-l to1/3ofthewallthick-
ness.-er temperaturesgraduallyuntiltheyaretheanbienttqature.

WeldingProcdure

1.0inchplatingshall& weldedusingthe
follwingprmdure:450to500A,
30V,15to20imp,1/8inch+5/32inch.
ArmcoW-18fillernetal,Lticoln860
flux.150‘Fpreheat,300°Fmaximum
interpasstemperature.Heatinput,
40,000to60,000J/in.
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1.0inchplatingshallbewelddusingthe
follmingprmdure:115–150A,25V,
7ipn,1/8inch+5/32tich.E-9018-M
electrode.150°Fpreheat,300°F
maxtiinterpassten~ature.Heat
in~t,30,000J/in.(H).
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ktl%ld31NGPRCCEIWREFUR24537CLASSB

scope: ThisspecificationisforthejoiningofA537naterialtoitself.This
prmedureisonewhich,simulatesaprmdurewhichmightk usedinactual
merchantshipconstruction,andconformstoABSweldingrequirementsfor
hullstructures.

Base Material: ASTMA537ClassB.

FillerhletalandFlux:hTCO W-18wire1/8and5/32inches,Linco~860flW.
Sealweldingpriortoautcmaticsub-arc:E-9018–Melectrodeformnual.

PreheatandInterPassT_ature: Buttweldsuptol%inchshallhaveapre-
heatof150*Fminimumandmaximuminterpasstaperatureof300”F.The
maximunheatinputshallbe65,000J/in.

PrmessandElectricalCharacteristic:Autcmaticsub-arc-lXreverseplarity:
Manualshieldarc-(Sealweld)IXreverseplarity.

JotitDesign:Thedesignshallbeasshw kelm.

T*7
t

T <-+pprox.1/8°

-1__

PreparationofBaseMaterial:Theedgesofsurfacestobeprepardbyanyofthe
followlng:flamecutting,aircarlmnarcgouging,chipping,mchining,
grinding,orplasmcutting.Thesurfacestoh weldedshallk cleanedof
any.mtterthatmaybedetri~talb soundwelds.Thes=ondsideofthe
jointshallk chipx,ground,oraircarhnarcgougd.tosoundmetal
priortowelding.Flamegougingshallnotk usd.Thesurfacestobe
weldedshallbereasonablymmthandfreeofnotches.Notchesshallhe
ground. DeepnotchesshallbefilledwithManualShieldArcE-9018-Mand
groundflushwiththeadjacentmaterial.
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Joint WeldingProcedureandCleaning:Theweldingtechniqueshallk suchthat—
weldbeadsareuniformincontourandtap smmthlyintothebasematerial
atthetoe.Grindingmaybeusedtoaccanplishasnmthcontourifneces–
Sary. AU slagorfluxrmainingoranykadofweldshallkermmvedprior
todepositingthenextsuccessiveweldbead.

Arcstrikesshallk avoidedinsofaraspssible;caremustbetakento
strikearcsintheweldgrmveorinthewayoftheweldsotheywillk
incorporatedh thewelds.

Defwts: Anycracksorblwholesthatap~aronthesurfaceofanyweldshallbe
r-valbychipping,grtiding,oraircarlmn-WCgoug~g~forede~sitfig
thenextsuccessiveweld&ad.Brokenorcrackedtacksshallberemved
priortosealwelding.

WeldinaPosition:Flatt15G.

WeldingRepair:WeldingmayberepairedwithManualShieldedMetalArcPrccess.

Tem~ringBeads:T-ring weldsshallbemadesoa newhea-k-affectedzonewill
notbecreated.Thet-r beadtceshouldlandapproxtitely1/8inch
franthebasematerial(seesketch,TmperingBeadTechnique,below.)

- Forsub-arcwelding,tacksshallk ~deusingE–8018<3 electrades.
Thesetacksshallbemadesotheycank inco~ratedinthesealweld.

1.0

1.0

WeldingPrcwdure

inchplatingshall& welddusingthe
followingprocedure:450t-n500A,
30V,15to20ipn.1/8inch+5/32inch.
-O w–18*fillermetal,Lincoln860
flUX. 150Fpreheat,300”Fmaximum
interpasstemperate.Heatinput,
40,000to60,000J/in..

inchplatingshall~ welddusingthe
fOll~tigprocedwe:115-150A,25vI
7ipn,1/8inch+5/32inch.E-9018-M
electrde.150‘Fpreheat,300°1?
maximumiriterpssten~ature.
Heatinput,30,000J/in. (max)- -79-
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WELDINGPRWEDUFGZFORABS-BGRADE

Seep: ThisspecificationisforthejoiningofABS-Bmaterialtoitself.This
procedureisonewhichsimulatesaprozdurewhichmightbsusdinactual
merchantshipconstruction,andconformstoABSweldingrequirementsfor
hullstructures.

BaseMaterial:ABSGradeB

FillerMetalandFlux:ticolnL-60wire1/8and5/32inches,Lincoln860flux.
Sealweldingpriortoautcnaticsub-arc:E–8018-C31/8inchelectrdeformanual.

PreheatandIn&rpass!knp?rature:50”Fminimum.

PrwessandElectricalCharacteristic:Autanaticsub-arc-IXreverseplarity:
Manualshieldarc-(Sealweld)IKreverseplarity.

Jointlksign: Thedesignshallbeasshcwnkluw.

Y*7’r \
TJ-<‘prOx.1’8

4

ALL
preparationofBaseMaterial:Thedgesofsurfacestobeprepmdbyanyofthe

following:flamecutting,aircarhnarcgouging,chipping,machining,
grinding,orplamacutting.Thesurfacestobeweld.dshallbecleandof
anymatterthatmaybedetrimentaltosoundwelds.Thesecondsideofthe
jointshallbechip-,ground,oraircarhnarcgougedtosoundmetalprior
towelding.Flamegougingshallnotbeused.Thesurfacestok weldd
shallbereasonablymmth andfreeofnotches.Notchesshallbeground.
IkepnotchesshallbefilledwithManualShieldArcE-8018~3andground
flushwiththeadjaceritmaterial.
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JointWeldingPrwedureandCleaning:Theweldingtechniqueshallk suchthat
weldbeadsareuniformincontourandtapsrsnmthlyintothebasen&erial
atthetoe.Grtidingmaybeusdtoaccanplisha-th contourifneces-
sary. Allslagorfluxremainingoranybeadofweldshallber-veal
priortode~sitingthenextsuccessiveweldbead.

WC strikesshallh avoidedinsofaraspssible;caremustbetakento
strikeaKcsintheweldgrmveorinthewayoftheweldsotheywillbe
incorporatedinthewelds.

Defects: My cracksorblmholesthata~aronthesurfaceofanyweldshallk
r-vd bychipping,grinding,orah carlmnarcgougingbeforedepsiting
then=tsuccessiveweldbead.Brokenorcrackedtacksshallber~d
priortosealwelding.

WeldingPosition:Flat:15°.

T-ing &adS : Tanpxingweldkeadsshallnotberequird.

Tacking:Forsub-arcwelding,tacksmallhemadeusingF.-8O18<3electrdes.
Thesetacksshallk madesotheycanbeincorpratdinthesealweld.

WeldingProc&hce

1.0inchplatingshallk weldedusingthe
folluwingprocdure:450to500A,
30v,15to20ipn,1/8inch+5/32inch.
LincolnL-60fillerEtal,Lincoln860
flllx.

1.0inchplatingshallbeweld~usingthe
followingprocdmre:115–150A,25V,
7ipn,1/8inch+5/32inch-E-9018-M
electrde.

AU’KMATICSUBMEFQD
ARCWELDTNGl?~

WALHm3LDmM.ECAL
ARCWEGDTNGPRXEDURE
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WeldJointDetail
SWw

APPENDIXB - SAhlPLEWELDEDJOINTDETAILS

Y“-/
b

2f3 T
,4

r

1/3T

Sl&%W 8018-C3

RootBead MultiBcads
Electrode1/81’ Electrode5/3211
Amps 125 Amps150
Vclts20.5 Volts25
3PM4-5 1PM5-17

Weld Length31-1/2!1

Note: 1.Platewastackedand clampedto I-Beam,
2. +1is root beadon both sides.
3. Magneticparticleinxpected;foundo.k.

WeldJointDetail
SAw

Cs

~ 1/21
,,

V3T

ShLIWPass #l RootBead

AII’IPS120-130
volts20-21
1PM6-7

Magnafluxed Back Sideof RootBead
SAWpassed#2thru 12
Amps 450-500
Volts 28-31
1PM15-20

Used 860 Flux; withL-60wire,
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