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GLOSSARY

ANISOTROPIC- notisotropic,i.e.,havingdifferentmechanicalpropertiesin
differentdirections.

BASEMETAL- thebasicmill-rolledmaterialtobewelded.

COMPONENTRESTRAINT- restraintexistingduetorigidityofthevariousele-
mentsofajointorconnection.

CONNECTION- completeassemblyconsistingof thevariousjointsmakingup
thetotalunit.

CONSUMABLES- thefillermetaladdedinmak’
theformofelectrodesorweldingrods.

DECOHESION- separationalongtheinterface
aninclusion.

nga weldedjoint- usuallyin

betweenthematerialmatrixand

DISCONTINUITIES- lackofhomogeneouscharacteristicscausedbynonmetallic
inclusions,cracks,tears,e~c.

DUCTILITY- abilityofamaterialsubjectedtostressto undergopermanent
deformationintheplasticrangepriortorupture.

ELECTRODESTRENGTH- usuallytheminimumtensilestrengthofdepositedweld
material.

ELECTRODEMATCHING- thepracticeofprovidingelectrodestrengthequalto
thebasemetaltensilestrength.

ELONGATION- percentageelongationmeasuredina standardtensiontestand
usedasa measureofductility.

HEAT-AFFECTEDZONE(HAZ)- portionofthebasemetaladjacenttothefusion
lineoftheweld,whichisnotmeltedbutisheatedduringweldingto a
temperaturehighenoughtomodifythemechanicalpropertiesofmicro-
structure.

INTERPASSTEMPERATURE- inmultiple-passwelds,thetemperatureof the
depositedweldmetalbeforethenextpassisstarted.

ISOTROPIC- havingthesamemechanicalpropertiesindifferentdirections.

JOINT- junctionoftwoormorestructuralmemberswhicharetobejoined;a
singleelementofa connection.

LAMELLARTEARING- separationinthebasematerialcausedbyinducedstrains
inthethrough-thicknessdirectionduetoweldshrinkage.

LAMINATION- largediscontinuityinrolledsteelproductsresultingfrom
flatteningandelongatingof inclusionsor voidsduringtherolling
process- usuallya layerofnonmetallicinclusions.

-vii-
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MATRIXMATERIAL- themajorcontinuoussubstanceof a metalasopposedto
inclusionsorparticlesofmaterialshavingdissimilarcharacteris’:lcs.

MECHANICALPROPERTIES- tensilestrength,yieldstress,percentageelonga-
tion,reductionofarea,etc.

MEMBERRESTRAINT- restraintinclosurememberwhereinherentrigidity
requiresweldshrinkagetobeabsorbedbythebasemetal.

MULTI-PASSWELDS- weldsrequiringmorethanonepasstocompletedeposition
ofrequiredweldmaterial.

NONMETALLICINCLUSIONS-microscopicparticlesofcompoundsinsteelmatrix;
principallysulfides,silicatesandaluminumoxides.

PARENTMETAL- thebasicmill-rolledmaterialtobewelded.

PEENING- themechanicalworkingoftheweldbeadsbymeansoflightimpact
blowstotheweldsurfacetoreduceresidualstress.

PLANARDISCONTINUITIES- discontinuitieshavingmajordimensionsof length
andbreadthina plane,i.e.,likea flatplate.

PREHEATING- theapplicationofheattothebasemetalimmediatelybefore
welding.

PREPARATION- geometryof a jointdetailincludingtheedgebeveliroot
opening,andbackup.

REDUCTIONOFAREA(RA)- themaximumpercentagereductionincross-sectional
areameasuredina standardtensiontestatthepointofruptureandused
asameasureofductility.

RESTRAINT- resistanceofthejointorconnectiontomovementofanykind.

ROLLING(orX)DIRECTION- directionthathotrolledstructuralmaterial
travelsthroughtheformingrolls- ortheprincipalrollingdirectionfor
crossrolledmaterial.

Rolling(X)Direction

/

,1 Through-
Transverse Thictiess
(Y)Direction

!
(~)
Direction

-viii-
.-



STRAIN- deformationperunitoforiginallengthcausedby changesinap-
pliedforces.

STRESS- forceperunitofcross-sectionalarea.

THROUGH-THICKNESS(orZ) DIRECTION- perpendicularto theplaneof the
rolledsurface.

TRANSVERSE(orY)DIRECTION- perpendiculartotherollingdirectioninthe
planeofthematerial.

WELDINGPROCEDURE- thedetailedelementsofwelding(u’,iuallya writtenpro-
cedure)whichdefinetheprocess,voltage,current,speed,electrodetype
andsize,position,edgepreparation,preheat,sequenceandanyother
relatedfactorsrequiredforanacceptableweld.

WELDINGSEQUENCE- theorderinwhichweldsaremadein a particularweld-
menttominimizedistortion,to compensateforshrinkageandto reduce
internalstresses.

ULTIMATESTRESS- maximumstressattainedbeforeruptureofthematerial.

UTMATERIAL-materialultrasonicallyinspectedin itsentiretypriorto
fabrication.

YIELDPOINT- thepointona stress-straincurvewhereelongationoccurs
withverylittleincreaseinstress.

LISTOFABBREVIATIONS

HAZ - heat-affectedzone

LT - lamellartearing

RAz - percentagereductionofareaintheZ direction

UT - ultrasonictesting
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DearMr.SOmJElla,

Dr.Dolbyhasaskedmetoreplyto
concerningthereport“Significanceand

yourletter
Controlof

LamellarTearingofSteelPlatein theShipbuilding
Industry.”Wefeelyoushouldbecongratulatedon
havingdrawnthepublishedmaterialtogetherverywell
andproduceda readabledocumentwhichclearsupa
numberofcommonmisunderstandings(e.g.thedistinction
betweena laminationanda lamell.artear),andgives
soundadviceonavoidanceandrepairsoflamellar
tearing.Wethushavenoobjectiontoyouruseof
someofourmaterialinyourmanualinitspresentform.

Yourssincerely,

T.G.DAVEY
MaterialsDepartment.

-x-



~

+.$
lffll+’,

.. I!USTXALIM WELIMG HESEARCH”ANOCIATION-,—,.. . 118AL F~EO STREET, VI L50NSP0 INT, r ~,W.206i,? .,, TELEPHONE: 922-3711
.,,-,,... . .,,

AV:pd397/62

8thDecember,1978

MrJ.Sonunella
GibbsG CoxInc.
40RectorStreet
NEWYORKN.Y. 10006

DearMrSommella
18521- SignificanceandControlofLamellarTearing

ofSteelPlatesintheShipbuildingIndustry-
SSCProjectNo.SR-250

ThankyouforthecopyoftheabovedocumentwhichI perusedwith
interest.
I amhappytogiveyouformalauthorisztionto includethematerial
reproducedfromAWRATechnicalNote610nbe~alf?of theAssociation.

Yourssincerely,

/
:- .L x“%+

DrA.Vetters
DIRECTOR

-xi-



i

z
o
4
m
WY

r-



1. INTRODUCTION

Lamellartearingisa separationintheparentorbasemetalcausedby
through-thicknessstrains.Suchstrainsareinducedprimarilybyweldmetal
shrinkageunderconditionsofhighrestraint.Whilethelamellartearing
phenomenonhasbeenrecognizedbyweldingexpertsforoverthirtyyears,the
incidenceoflamellartearinginshipbuildinghasbeenextremelyrarefor
shipsunderconstructionorinservice.Thelowrateof occurrenceshould
notbeliethefactthatlamellartearingcanbe a potentiallysignificant
problemwhenitoccursincriticalconnections.Theincidenceof lamellar
tearingisconsiderablymoresignificantinmobileandfixedoffshoredrill-
ingplatforms.Thesearecomplexstructureswhichusethickplatesin
highlyrestrainedT andcruciformjoints.

Wheredetected,lamellartearingcanresultinoftendifficultand
costlyrepairsandsubsequentconstructiondelays.Withtheproperselec-
tionofjointdesigns,materials,andweldingprocedures,theoccurrenceof
lamellartearingcanbeminimizedandcontrolled.Theintentofthismanual
istoprovidetheengineerordesignerwithspecificrecommendationsfor
controllinglamellartearinginthetypesofsteelsusedintheconstruction
ofshipsandoffshoreplatforms.A briefdescriptionofthecharacteristics
andmechanismoflamellartearingisprovidedtogivea basicunderstanding
ofthecomplexitiesof theproblemandtherationaleforthesubsequent
recommendationsforitsprevention.Methodsof detectingandrepairing
lamellartearsafterweldingarealsopresented.

Thefollowingorganizationshavegenerouslyprovideddataon their
experiencewithlamellartearingandmethodsforitscontrol:

* AmericanBureauofShipping

o BureauVeritas

● DetNorskeVeritas

@ GermanisherLloyd

s Lloyd’sRegisterofShipping

@ NipponKajiKyokai

● AvondaleShipyards,Inc.

● ContinentalOilCompany

● LukensSteelCompany
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Mostof thepublishedliteratureon lamellartearingaddressesin
detailthefactorsandmechanismswhichcontributetolamellartearingwhile
reviewingcontrolprocedures,particularlyweldingtechniques,ina more
cursorymanner.Theprimaryexceptionstothisgeneralizationare“Techni-
cal Note6 - ControlofLamellarTearing”publishedbytheAustralianWeld-
ingResearchAssociationand“LamellarTearinginWeldedSteelFabrication”
publishedbyTheWeldingInstitute.Withtheirpermissionportionsoftheir
previouslypublishedmaterialhasbeenincorporatedinthismanualandthe
excellenceoftheirworkandtheirgenerosityinpermittingitsuseisac-
knowledged.Specialthanksis alsoduetheAustralianWeldingResearch
AssociationforpermittingthereproductioninthismanualofAppendicesA
andB oftheirTechnicalNote6.
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2. DESCRIPTIONOFLAMELLARTEARING(LT)

2.1 WhatIsLamellarTearing?

Lamellartearinginsteelfab-
ricationsistheseparationof
parentorbasemetal,primarily
inplanesparalleltotheroll-

Z ingplaneof theplate,dueto
highthrough-thicknessstrains.
Thehighstrainsinthethrough-
thicknessdirectionareusually
inducedbylocalizedweldmetal
shrinkageathicihlyrestrained. .

T
NOTE

Lamellartearing
“laminations”wh”

shouldnotbeconfusedwith
charediscontinuitiesinro”led

steelproductsresultingfromflatteningand
elongatingofinclusionsorvoidsduringthe
rollingprocess.

2.2 WhereDoesLamellarTearingOccur?

II

Remote
ionLine

Underbe
LTNear

.HAZ
IIIIH-H--RootLT‘-w-

Thetearingalwayslieswithin
thebasemetal,usuallyjust
outsidethe visibleheat-
affectedzone (HAZ),and is
generallyparallelto theweld
fusionboundary.Thelocation
mayvaryfromwithinthelower
HAZtowellintothebasemetal
thickness.Thetearingmaybe
completelysubsurfaceanddif-
ficultto detector readily
visibleonexposedplateedges
or atthetoeandrootof the
weld.

lNumbersinbracketsdesignateReferencesinSection9.
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2.3 WhatIsTheExtentofTearing?

Lamellartearsmayvaryinlengthfroma
metersandhavea widthapproximately
weld.Thethicknessofthefracturemay
to approximately1 mm.

2.4 WhatDoesA LamellarTearLookLike?

f
Z Direction

/
1

//1/

i
1

t

NOTE

Lamel

fewmillimeterstoseveral
equalto thesizeof the
varyfroma hairlinecrack .

lartearsexhibitunique
appearancecharacteristicswhich
enablethemtobedistinguished
fromotherformsof cracking,
includingcracksin the HAZ
causedbyhydrogen.Whena tear
reaches a surface or is
sectioned,itgenerallyappears
asa straightlineinthebase
metalparalleltothedirection
ofrollingoftheplate.

Thecross-sectionisstep-like
withlongitudinalterracesthat
aresubstantiallylongerthan
thetransversedepth.

Thefracturesurfaceisfibrous
or woodyin appearancewith
littleorno discolorationun-
lesstheteariscorrodedorhas
beensubjectto hightempera-
tures.Theflatfibrouster-
raceslieparalleltotheplate
surface,withstepsor shear
wallsbetweenterracesapproxi-
matelynormalto the plate
surface.

Thecharacteristicfibrousorwoodyappearanceofthe
fracturesurfacetogetherwiththeterracedprofileand
locationwithinthebasematerialdistinguishesa lamellar
tearfromotherformsofcracking.
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2.5 HowIsLamellarTearingNormallyObservedOrDetected?

Lamellartearswhichpropagatetothesurfacecanbe detectedby
visual,dyepenetrationandmagneticparticleinspectiontech-
niques.However,sincemostlamellartearsarecompletelysub-
surface,thesedetectionmethodsareoflimitedusefulness.Ultra-
sonictestinghasbeenfoundto bethemosteffectivemethodof
detectingsub-surfacetears.A moredetaileddiscussionof the
detectionandrepairoflamellartearingispresentedinSection7.
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3. FACTORSCONTRIBUTINGTOLAMELLARTEARING

3.1 UnderWhatConditionsDoesLamellarTearingOccur?

For.lamellartearingtooccurthefollowingthreeessentialcondi-
tionsmustbesatisifed:

o Thematerialmustbe susceptibleto tearing.Thatis,the
basematerialIntheregionofthejointmusthavepoorduc-
tilityintheZ-(through-thickness)direction.

● Theweldingproceduresmustproducestrainswhichactthrough
thejointacrosstheplatethickness,thatis,through-thick-
nessstrains.Sucha conditionexistswhentheweldfusion
boundaryisroughlyparalleltothesurfaceofthebaseplate.

@ Thejointdesignmustpermitthedevelopmentofhighthrough-
thicknessstrains.Thesestrainsusuallyresultfromweld
metalshrinkageinthejointbutcanbeincreasedby strains
developedfromreactionwithotherjointsinrestrainedstruc-
tures.

NOTE

Forlamellartearingtooccurtheremustbea critical
combinationofmaterialsusceptibility,andwelding
proceduresandjointdesignwhichpermitthedevelopment
ofhighthrough-thicknessstrains.

3.2 ByWhatMeansDoesLamellarTearingOccur?

Lamellartearingisgenerallybelievedtooccurinthreedistinct
phases.Duringthefirstphasevoidsareformedusuallyby deco-
hesionorfractureofsingleelongatednonmetallicinclusionsor
groupsofinclusionslyingparallelto therollingplaneofthe
plate.Althoughadditionalvoidinitiationmechanismshavebeen
reported,thedecohesionofmicroscopicinclusionsisconsidered
theprimaryinitiationmechanism.Thefirstphaseprobablytakes
placeintheelasticrangewherethestressrequiredfor the
initialdecohesionwillbedependentonthetype,shapeanddistri-
butionofinclusionsandthepropertiesofthematerialmatrix.
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Inthesecondphasetheinitiatedvoidsortearsonthesameplane
extendandjoinbymeansof neckingormicrovoiclcoalescenceto
formterraces.Theelongationandlinkupof adjacentinclusions
iscausedbyincreasedstrainsduetocoolingofpreviouslydeposi-
tedweldrunsand/orthedepositingofadditionalweldmetal,As
thestrainsincreasetheligamentsofmatrixmaterialbetweenthe
inclusionsbecomefullyplasticandthevoidsincreaseinsizeby
ductiletearing.

Furtherstraininginthethirdandfinalphaseconnectstheter-
racesondifferentlevelsbyductileshearingoftheverticalwalls
betweentheterraces.Theformationoftheshearwallscreatesthe
characteristicstep-likeappearanceofthecompletedlamellartear.
Additionalinformationonthemechanismoflamellartearingispre-
sentedinAppendixA. Thefactorswhichcontributeto andinflu-
encelamellartearingmaybe groupedintothreecategories:
design,materialandfabrication.

3.3 DesignFactors

Thesusceptibilityofa structuralcomponentorjointto lamellar
tearingisaffectedbythosedesignfactorswhichdeterminethein-
ternalresistanceofthejointandtheresultingaccumulationof
weldmetalshrinkagestraininthethrough-thicknessdirection.The
principaldesignfactorswhichinfluencetheriskoflamellartear-
ingare:
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* WeldOrientation.Jointcon-
figurationswhichorientthe
weldfusionboundaryparallel
tothedirectionof rolling
ofthebasemetalpromotethe
developmentofthrough-thick-
nessstrains.Tee (T)and
cornerjoints,theprimary
examplesofsuchjoints,are
usedextensivelyinshipsand
offshorestructures,

o JointRestraint.Thelevelofjointrestraintisan important
factorindeterminingtheamountandconcentrationof strainat
theconnectionandis influencedby thesize,balance,and
distributionof theweld. Weldswhicharelargerthanthose
requiredtoaccommodatethedesignloadsunnecessarilyincrease
theweldshrinkagestrainsasdo theunwarranteduseof wide
grooveanglesandfullpenetrationweldsinplaceof properly
sizedfilletwelds.Inmultipasswelds,thesizeoftheweldbead
determinesthenumberofpassesrequiredtofillthejoint.The
smallerthebeadsize,thegreaterthenumberofrequiredpasses
andthehighertheweldshrinkagestrains.

Jointdesignswithlargesingle-
sidedweldscauseunsymmetric
strainsto concentrateon the
sideoftheweld. Double-sided
weldsreduceand balancethe
shrinkagestrainswitha result-

I > ant decreasein the risk of
lamellartearing.

FlangedGussetPlate7 @ ComponentRestraint.Struc-
turalcomponentsfabricatedof
thickand/orcurvedplates,
and stiffenedwith heavy
bracketsor gussetshavein-
herentlymorerestraintinthe
through-thicknessdirection
thancomponentsfabricatedof
unstiffened,thin, flat
plates.
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Examplesof.highcomponentre- ,
straintusuallycanbefoundat
themulti-columnconnectionsor
nodejoints“ofmobileandfixed z.
offshorestructures.

o WeldMetalStrength.Whentheyieldpointoftheweldmetalis
significantlyhigherthanthatof thebasemetal,allof the
weldshrinkagestrainsmustbeaccommodatedbythebasemetal
matrix.Theconcentrationofthestraininthebasemetalin-
creasestheriskoflamellartearing.Weldmetalisusually
“matched”tothebasemetalonthebasisofequivalenttensile
strengths.However,weldmetalswhichmatchthe tensile
strengthof thebasematerialgenerallyhavesignificantly
higheryieldpointsthanthebasematerial.

3.4 MaterialFactors

A detaileddiscussionofthemetallurgicalfactorswhichinfluence
thesusceptibilityof rolledsteelplatesto lamellartearing
wouldbetoovoluminoustoincludeina practicalguidancemanual
fordesignersandengineers.However,anunderstandingofthe
fundamentalmetallurgicalconsiderationsisnecessarytoobtainan
appreciationofthecomplexityoftheproblemandtheunderlying
rationaleforthecontrolmethodspresentedinSection6. Addi-
tionalinformationonthematerialfactorsinfluencinglamellar
tearingmaybefoundinAppendixB andtheselectedworkslisted
inthebibliography.

Lamellartearingisdirectionallysensitiveandatleastpartially
dependenton thethrough-thicknesspropertiesof the base
material.Theanisotropyofhot-rolledsteelplatesusuallypro-
ducesthegreateststrengthandductilityinthelongitudinaland
transversedirectionswithsignificantlylessductilityinthe
through-thicknessdirection.Thesusceptibilityof carbonand
low-alloysteelstolamellartearingisprimarilydependenton
theselowthrough-thickness(Z-direction)ductilities.Thetype,
number,shapeanddistributionofthenonmetallicinclusions,as
wellasthematrixpropertiesoftheparticulargradeof steel,
aregenerallyconsideredresponsibleforthereductioninductili-
ty intheZ-direction.
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Allnormalqualitystructuralsteelsforhullandmarineapplica-
tionscontainquantities.ofexogenousandindigenousinclusions.
Exogenousinclusionsusuallyconsistof ladlerefractory,ingot
scum,orslagthatisoccasionallytrappedintheingotduring
solidification.Theyareusuallylargeincomparisonto indige-
nousinclusionsandwhenlocatedclosetothesurfaceof a rolled
platesignificantlyincreasethesusceptibilityof theplateto
lamellartearing.

Indigenousinclusionsareformedasa resultofthechemicalreac-
tionof elementsinthesteelor elementsaddedto thesteel
usuallyduringdeoxidation.Thenumberanddistributionofindig-
enousinclusionsdependsonthe steelgradeanditschemical
composition,thedeoxiciationprocedure,themeltingtechnique,
positionintheingot,andthehotworkingtemperature.Whenthe
ingotisrolledtoforma plateorsectiontheinclusionsarepro-
gressivelyelongatedandflattenedto varyingdegreesto form
platesorstringersparalleltotheplatesurface.Materialwhich
hashighconcentrationsofelongatedorflattenedinclusionswill
havelowerthrough-thicknessductilityanda greatersusceptibili-
tytolamellartearing.

Thedominantinclusionsaresulfidesandoxideswiththedeoxida-
tionpracticedeterminingthetypeofeach,’inclusionpresent.For
comparisonpurposesdeoxidationpracticesareusuallyclassified
intwocategories:non-aluminumtreatedandaluminumtreated.In
semi-orfully-killednon-aluminumtreatedsteelssilicatesand
TypeImanganesesulfidesaretheprimarytypesof inclusions.
TypeIImanganesesulfidesandaluminaaretheprincipalinclu-
sionsinfully-killedaluminumtreatedsteelswhileTypeIII
manganesesulfidesandaluminainclusionspredominateinfully-
killedwithexcessaluminummaterials.Inthenon-aluminum
treatedsteelsthesilicatesbecomemoreelongatedthanthesul-
fidesduringhotrollingandareprimarilyresponsibleforthe
reductioninZ-direction(ST)ductility.However,inaluminum
deoxidizedsteeltherodshapedmanganesesulfideinclusions
becomehighlyelongatedduringrollingandaretheprimarycause
ofthelowZ-directionductility.Highconcentrationsorelongat-
edclustersofmanganesesulfidesandaluminacanalsoproduce
locallypoorZ-directionductilityinnon-aluminumandaluminum
treatedsteels,respectively.

Manyoftheearlierworksonmetallurgicalaspectsof lamellar
tearingemphasizedtheimportanceofsulfurcontentandinclusion
shapecontroltoimprovethrough-thicknessductilityasmeasured
bythepercentagereductionofareaintheshort-transversedirec-
tion.Fora reductionofareahigherthan25percent(a levelat
whichtheriskoflamellartearingissignificantlyreduced),the
sulfurcontentmustbe lowerthan0.010percent.Additionof .
rare-earth(RE)metalreducestheresidualsulfurlevelswhile
alsopreventingtheformationofmanganesesulfidesandsilicates,
forminginsteadonlysmallglobularshapedRE-containinginclu-
sions.However,fornon-alunlinumtreatedsteels,wheresilicates
areprimarilyresponsibleforreducingtheZ-directionductility,
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thesulfurcontentalonecangiveaninadequateindicationof the
susceptibilityof thematerialto lamellartearing.Improved
manufacturingprocessessuchaselectroslagremeltingandcalcium-
argon-blowingmayalsobeusedtoreducethemaximumsulfurlevels
and/orremovemostofthenonmetallicinclusions.

Thepropertiesof thesteelmatrixarealsoimportantinall
phasesoftearing.Forsteelswitha low-strength,highlyductile
matrix~thematerialattheedgesof inclusionscandeformplas-
ticallywithoutpropagatingthefracturesorvoidsformedby the
decohesionofthenonmetallicinclusionsandthematrixmaterials.
Inhigherstrengthsteels,thethrough-thicknessductilityde-
creaseswhilethehigheryieldstrengthof thematrixmaterial
permitsthedevelopmentofhigh-strainlevelsacrossaninclusion
beforethematrixyields.Thesehigherstrainlevelsinturn
facilitatetheextensionandjoiningof adjacentvoidsinthe
secondphaseoftearing.

Ferrite-pearlitebandinginthesteelmatrixhasalsobeenre-
portedtocausebothinitiationandpropagationoflamellartears,
partiallybecausetheferritehasa lowercleavagefracturestress
thanthepearlite.Strainaging,hydrogenembrittlementand
differencesinthethermalexpansionbetweentheinclusionsand
thesteelmatrixallcontributeinsomedegreeto thesuscepti-
bilityofsteelplatestolamellartearing.Susceptiblesteels
withhighbrittlefracturetransitiontemperaturesshowimproved
resistancetotearingwhenpreheatedabovethebrittlefracture
transitiontemperaturebeforewelding[2].

3.5 FabricationFactors

Fabricationpractices,particularlyweldingvariables,helptode-
terminethelevelofjointrestraintandtheresultingriskof
lamellartearing.Factorswhichaffectlamellartearingsuscepti-
bilityincludepreheattemperature,heatinputlevel,beadorrun
sequence,andfabricationsequence.Increasingpreheatandheat
inputlevelsarereportedtoincreasethepostweldductilityof
themetalwitha correspondi~yimprovementintearingresistance.
Explanationsfortheapparentlylowerriskoftearingwithhigher
preheatandheatinputweldingprocessesarevariedandinclude
increasedweldpenetrationandweldmetaldepositionrate,reduced
rateofpostweldcoclingandproductionof a wider,softerand
tougherHAZ. Increasedpenetrationcaninterceptandbluntexist-
inglaminationswhilehigherdepositionratesdecreasethere-
quirednumberofweldrunsandthesubsequentnumberof strain
cycles.Thereductionincoolingratespermitsstressrelaxation
andthedevelopmentofsmallerstraingradients.Theuseofhigh-
erheatinputprocesseswillalsoproducelowerstrengthwelds
whichwillaccommodatemoreoftheshrinkagestrain.In addition
to improvingthepostweldductilityof thematerial,preheating
mayretardthepropagationof lamellartearingby raisingthe
temperatureofthesusceptiblematerialaboveitsbrittlefracture
transitiontemperature.
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Basedontheseresearchresultstheinfluenceof higherpreheat
andheatinputweldingprocessesontheincidenceof lamellar
tearingappearssubstantial.However,reportsof fabricatorex-
perienceindicatelittleornodiscerniblesuccesswithincreasing
preheatorheatinputwithina givenweldingprocess.Onthecon-
trary,higherpreheatandheatinputlevelsmayincreasethe
amountofsubcriticaltearingandcontractionstrains.

Thesequenceofdepositingtheweldbeadsorrunscansignificant-
lyaffectthelevelandconcentrationof shrinkagestrainsnear
theHA2andparallelto thedirectionof rollingof thebase
plate.Whenfabricatingdouble-sidedT jointsunsymmetrical
depositingoftheweldmetalcancausestrainsto concentrateon
thesideoftheweld.Symmetricaldepositi[jnof therunswill
reduceandsomewhatbalancetheweldshrinkagestrains.

In multi-jointcomponentsthefabricationorweldingsequencecan
affecttherestraintlevelofeachjointatthetimeof welding.
Theriskoflamellartearingincreaseswhenthemoresusceptible
jointsaremadetowardstheendofthefabricationsequencewhen
themaximumrestraintofthestructureisbeingapproached.
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4. OCCURRENCEOFLAMELLARTEARING

4.1 WhatTypesofStructuresAreSusceptibletoLamellarTearing?

Lamellartearingusuallyoccursathighlyrestrainedjointsin
largeweldedstructures,Therestraintmaybe imposedby a mas-
sivecomponentorbya smalleronewhichhasbeenstiffened.Tee
(T)andcornerjointsarethetwobasicjointconfigurationsmost
susceptibletolamellartearing. Thecruciformjointiscon-
sidereda moresevereformoftheT jointsincetherestraintof
thebaseplateinwayoftheweldishigher.Thesusceptibility
ofthesejointsreflectsthefactthattheinternalrestraintof
thejointinthethrouqh-thicknessdirectionissufficientto
causetheweldshrinkag;strainstoexceedtheductilitylimitsof
thebasemetal.

Withtheexceptionofcruciform
joints,T jointswithsingleor
double-sidedfull-penetration
weldshavethegreatestinci-
denceoftearing.T jointswith
simplefilletor partialpene-
trationratherthanfull-pene-
trationweldsappearto present
lessriskasdobalanceddouble-
sidedweldscomparedto large
single-sidedwelds.

In cornerjoints,tearingcan
occurin one or more planes
throughthebaseplatethick-
ness.Thetearsoftenextendto
theexposedplateedgewhere
they are eithervisible or
readilydetectedby standard
non-destructivetestingmethods
suchasdyepenetrationormag-
neticparticleinspection.
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t<lgmm boundaryisata largeangle

tothe~latesurface.How- 1
i ever,tearinghasbeenre-

t
portedinbuttweldsofthick
plates(ta 19mm)withanx-
groove.

t
t~19mm

In theheavyfabricationandconstructionindustriesjlamellar
tearingiscommonlyreportedtooccurinthefollowingtypesof
structures:

1 1

o Nozzleorinsertsetthrough
a rlald~late.Tearingcan
occurin a rolled p-late
nozzleor penetratorset
througha vesselshellplate
orendwall,or in a fabri-
catedinsertinthewebof a
largegirder.Forexample,a
Vierendeelgirderfabricated
ofheavyplatesectionswith
a ringstiffenersetintothe
webopeningissusceptibleto
lamellartearinginthering
stiffener.Inallcases,any
tearingwilloccuronlyin
thenozzleorinsertplate.

%,e, :
P1ate
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Shellof
Vessel

●

Cylin’’&ical
/

RigidEndPlate

Stiffenersor end closure
PIatesIncylindricalstruc-
tures.Shellplatesof cy-
lindricalstructureswhich
areinwayoftheendclosure
platesor heavyinternal
stiffenersaresusceptibleto
lamellartearing.Instruc-
turesofthistypethetears
canbecompletelysubsurface
anddifficulttodetect.

Boxstructuresandstiffenedjointssuchas beam-to-column.
Structuresinthiscategoryrangefromsimpleboxcolumnstolarge
structuralconfigurationswithcomplexmulti-memberconnections.

I I ——/------[

.

For
11.highlysusceptiblemateria.,

tearinghasbeenreportedin
apparentlylowrestraint

y Heavy

l’c)

Lifting
Lug

situationssuchaspulloutof
liftinglugsandinflange-
to-webconnectionsinfabri-
catedI-beams.Theriskof
lamellartearinginappar-
entlysimple,unrestrained
jointsmakesit essential
thatforcriticalcomponents,
suchas liftinglugs,post
weldinspectionfortearing
beperformedandoftenaccom-
paniedbya reductioninthe
through-thicknessservice
loads;
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Documentedcasesoflamellartearingareextremelyrareforships
underconstructionorinservice.However,isolatedinstancesof
lamel”lartearinghavebeenreportedinthefollowingtypesof
structuralconnections:CVK/innerbottom,CVKriderplate/trans-
versebulkheadgdeckstringerplate/sideshellsheerstrake,con-
tainerbuttresssupportsandthick-walledboxgirdersof large
containerships.

ngerInnerbottom-
?1NoteUnusual

Configuration Il!!!rSheerStrake

DeckStringer/SheerStrake(
\ \

CVK/Innerbottom

w

TransverseBulkhead

RiderPlate

.CVK

CVKRiderPlate/TransverseBulkhead

Bulkheadorinnerbottomheelconnections,heavysternframeweld-
mentsandthickwebframeflangetolongitudinalbulkheadconnec-
tionsinlargetankersarealsoconsideredsusceptibletoIamellar
tearing,althoughnoactualfailureshav@beenrePorted”
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Itisimportanttonotethatallofthesesusceptibleshipdetails
areessentiallyvariationsofthebasiccorner,T andcruciform
jointsdescribedinthebeginningof thissectionasbeingthe
mostsusceptibletolamellartearing.Theweldsmaybeeitherof
thedoublecontinuousfilletor bevelgroovetypewithfullor
partialpenetration.

Todate,lamellartearinghasnotbeenresponsibleforeither
numerousorcriticalfailuresinshipbuilding.Whileitcannotbe
considereda seriousproblembasedontherateofoccurrence,the
designerorengineermustbeawarethatlamellartearingcanbe a
potentiallysignificantproblemwhenitoccursincriticalconnec-
tions,suchasbulkheadorcofferdamheels.Intheseareas)proced-
uresforthecontrol,detectionand,Ifnecessary,therepairof
lamellartearsshouldbeimplemented.Wheretheincreaseinthe
sizeofshipsresultsinstructuralassembliesfabricatedfrom
thickerplates,theriskoflamellartearinginjointswhichare
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acceptablewhenfabricatedof thinnermaterialshouldbe re-
evaluated.Whilethesignificanceoflamellartearingshouldnot
beunderestimated,theextentoftheproblemshouldnotbe exag-
geratedtothepointthatexpensivematerials,andfabricationand
inspectionproceduresareunnecessarilyspecified.

TheproblemsofIamellartearinginmarinestructuresareconsid-
erablymoresignificantintheconstructionofmobileandfixed ..
offshoredrillingplatforms.Theconfigurationof thesestruc-
turesisverycomplexwiththeuseof thickplatesinhighly
stressedweldedT andcruciformjoic:s.Thesejointsusuallytake k
theformofmulti-columnconnectionsornodejointsatwhichtubes
of largediameterandthicksectionpassthroughor aresurface
weldedtoanothertubewithfull-penetrationfilletwelds.

L’

L HeavyWallPipe
AtIntersection
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Samplestructuralconnectionsofcolumnstabilizedan’dself-eleva-
tingmobileoffshoreunitsandfixedjackettypeplatformswhich
aresusceptibletolamellartearinginclude:

ColumnStabilizedUnits

1. Intersectionofverticalcolumnsandupperandlowerhulls.

2. Majorintersectionsofhorizontalandverticalbraceswith
themselvesandwiththeverticalcolumn.

3. Portionsofdeckplating,heavyflanges,andbulkheadswith-
intheupperhullorplatformwhichformi~oxorI typesup-
portingstructure.

Self-ElevatingUnits

1. Jackhousesupportingstructureandbottomfootingstruc-
ture.

2. Verticalcolumnsinwayof theintersectionwiththemat
structure.

3. Combinationsof deck,side,bottomandbulkheadplating
withintheupperhullwhichformboxor I typesupporting
structure.
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JacketTypeFixedPlatforms

1. Decktolegcanintersections,

2. Majorintersectionsofhorizontalandverticalbraceswith
themselvesandwiththeverticalcancolumns.

4.2 HowOftenDoesLamellarTearingOccur?

Larnell”ar”tearinghasbeenestimatedtooccur“insignificantly-less
thanonepercentofallweldments.Thefrequencyof occurrence
increasesslightlyforlargeweldedstructuresfabricatedof
platesorsectionsover25to30mm inthicknessunderconditions
ofhighrestraintinthethrough-thicknessdirection.Forappli-
cationswhichdonotsatisfytheessentialconditionsofmaterial
susceptibilityandthrough-thicknessstrainsdueto weldingpro-
ceduresandjointconfiguration,theriskof lamellartearingis
negligible.

Thefrequencyoflamellartearingintheconstructionof ships,
andmobileandfixedoffshorestructuresisdifficulttoestimate.
Repliestoquestionnairessenttotheworld’smajorclassification
societiesindicatethattheincidenceoflamellartearinginship-
buildingissmall.Isolatedcasesof lamellartearinginsuch
connectionsasthedeckstringerplate/sideshellsheerstrake
havebeenvirtuallyeliminatedby theuseof improvedweldand
jointdetails.

Theproblemoflamellartearingisconsiderablymoreseriousin
theconstructionofmobileandfixedoffshoredrillingplatforms.
Thegreatersusceptibilitytotearingofthelargenumberofhigh-
lyrestrainedT andcruciformjointsinthesestructuresincreases
thefrequencywithwhichlamellartearingoccurswhennormal
structuralqualitysteel(sulfurcontent> 0.020%by weight)is
used.Thefrequencyof tearingisreducedsignificantlywhen
steelswithimprovedthrough-thicknesspropertiesareusedincon-
junctionwithrevisedweldingproceduresandjointdesigns.One
oilcompanywhichfabricates15to20fixedoffshorestructuresa
yearestimatestheirfrequencyof lamellartearingat lessthan
oneperyear.

4.3 WhenDoesLamellarTearingOccur?

Lamellartearingusuallyoccursduringfabricationjoftenatanad-
vancedstagewherpthemaximumlevelofrestraintisapproached.
Thereisconsiderabledisagreementintheliteratureconcerning
thetimeandtemperatureattheonsetof tearing.Somereports
indicatethatlamellartearingisinitiatedshortlyafteraddi-
tionalweldmetalisdepositedoverpreviousbeadswhichhave
cooledtothepointofdevelopingweldshrinkagestrainssuffi-
cienttocausedecohesionattheinterfacebetweenmicroscopic
nonmetallicinclusionsandthesurroundingmatrix.Otherreports
conclude,however,thattearingisanambienttemperature,delayed
cold-crackingphenomenon.
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4.4 WhatTypesofSteelAreSusceptibleToLamellarTearing?

Lamellartearinghasbeenencounteredprimarilyinnormalquality
structuralsteelplatesofthecarbon,carbon-manganeseandlow-
alloytypes.Thesteelmaybeinthenormalized,as-rolled,con-
trolled-rolledorquenchedandtemperedcondition,or be fineor
coarsegrain.Examplesoftypical.AmericanSocietyforTesting
andMaterials(ASTM)andAmericanBureauofShippingsteelspeci-
ficationswithreportedhistoriesoflamellartearinginclude[3]:

SpecificationTypeofProduct

ABSAH36 HigherStrengthHullStructuralSteel
ASTMA36 StructuralCarbonSteel
ASTMA283 StructuralCarbonSteel- LowandIntermediate

TensileStrength
ASTMA285 PressueVesselCarbonSteel- LowandInter-

mediateTensileStrength
ASTMA515 PressureVesselCarbonSteel- ForIntermediate

andHigherTemperatures
ASTMA516 PressureVesselCarbonSteel- ForModerateand

LowerTemperatures

Nonmetallicinclusionshavebeenshowntobeprimarilyresponsible
forlowthrough-thicknessductilityandthevoidinitiationphase
of lamellartearing;andthedeoxidationmethodusedinthesteel-
makingprocessdeterminesthetypesofinclusionspresentinthe
steel.Theearlierliteratureindicatedthataluminumtreated-
semikilledsteelscouldbeexpectedtohavebetterresistanceto
lamellartearingthansilicon-treatedsemiskilledsteels.However,
recentstudiesreportthatthelamellartearingmechanismistoo
complextosimplyrelatesusceptibilitytosteelgradeor inclu-
siontype.Hence,aluminumtreatedorsemiskilledsteelscannotbe
consideredmoreorlesssusceptibletotearingthannon-aluminum
treatedorfullykilledsteels.

Intheory,thereisanincreasedriskoflamellartearingwithin-
creasingstrengthlevels.Forhigherstrengthsteel,thethrough-
thicknessductilitydecreaseswhilethegreaterstrengthproper-
tiesofthesteel’smatrixmaterialwillpermitthedevelopmentof
higherelasticstrainacrossaninclusionbeforethematrixitself
yields.Theincreasedsusceptibilityofhigherstrengthsteelsis
offsetinsomecasesbytheincreasedflexureduringweldingdue
totheuseof thesmallerthicknessespermittedby thehigher
strength.Somehigherquality,high-strengthalloysteels,such
asHY-80,HY-1OO,HY-130andHY-180,haveshownminimumsuscepti-
bilitytodecohesioncracking.However,thisresultisattributed
totheincreasedcleanliness(reducedinclusioncontent)of these
special-purposesteelsproducedby electricfurnacesteelmaking,
coupledwithvacuumdegassing.
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Lamellartearingoccursprimarilyinrolledstructuralplates,to
a lesserdegreeinrolledsectionsandrarelyinforgings.Steel
castingsarenotsusceptibletotearing.

4.5 WhatSteelThicknessesAreSusceptibleToLamellarTearing?

Lamellartearinghasoccurredinplatesranginginthicknessfrom
10to200mm,withthemostcommonincidencebeinginplates25to ,.,
60mmthick.Thinplatesusuallyhavelowerductilityinthe
through-thicknesssdirectionthanthickerplatesdue to the
greaterdeformationofinclusionsinthinplatesduringrolling. .:
However,theydonotnecessarilyexhibita greaterincidenceof
tearing,sinceflexureofthethinnerplatestendsto limitthe
strainsinthethrough-thicknessdirection.Exceptionsto this
generalizationarerolledplatenozzles,cruciformjointsand
highlystiffenedstructuralconfigurationswhichlimittheflexure
rfthethinnerplates.
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5. SIGNIFICANCEOFLAMELLARTEARING

Wheredetected,lamellartearingcanresultincostlyrepairsandfab-
ricationdelays.Thesignificanceofundetectedorunrepairedtearson the
serviceperformanceofthestructurevarieswiththetypeof loading.The
followingsectionsevaluatetheeffectsoflamellartearingon thestatic,
dynamicandfatiguemodesofloading.

5.1 Static LoadCondition

Theextremelyfewreportedincidenceoflamellartearingfailures
inserviceindicatesthatthestrainsdevelopedduringweldingare
morelikelytocausetearingthanthestaticdesignor service
loads.Localizedstrainsashighas2%havebeenreportedduring
weldingandtheimmediatepostweldingcool-downperiod.By com-
parison,theoffsetstrainlevel,correspondingto theyieldpoint
ofmoststructuralsteels,isonly0.2%.Sincedesignstressesare
alwayssignificantlylowerthantheyieldstressofthematerial,
thestrainsencounteredinserviceareatmostonly10%of the
strainsdevelopedduringwelding.Preliminaryresultsofresearch
doneintheUnitedKingdomatTheWeldingInstituteindicatethat
evenincaseswhereextensivetearingis initiallypresent
through-thicknessstaticstresslevelsgreaterthantheyield
strengthofthebasemetalarerequiredto extendthetearsto
completefailure.Hgwever,astheextentoftheinitialtearing
increases,thestresslevelsnecessarytopromotefailuredecrease
[3].

Lamellartearingisreportedtohavenoeffectontheserviceper-
formanceof jointsstressedprimarilyincompressionin the
through-thicknessdirection.Injointssubjecttoshear,theser-
viceperformancewillnotbediminishedprovidedthereissuffic-
ientareaintheremainingligamentsbetweenthetears.In areas
ofextensivetearing,themaximumshear-loadcapacityofthejoints
maybereduced.

5.2 DynamicLoadCondition

Verylittleinformationisfoundintheliteratureconcerningthe
effectoflamellartearingontheabilityofa structureto with-
standdynamicloads.A fewstudiesreportreducedCharpyV-notch
impactenergiesanddynamictearingpropertiesinthethrough-
thicknessdirection.ShocktestsperformedbytheBritishNavyon
full-penetrationweldedT-joints,fabricatedof HY 80 andtwo
gradesofC-Mnandlowalloysteels~showedthatlamellartearing
couldbeinitiatedbydynamicloads.Ofthethreesteelstested,
onlytheHY80,withitsgreaterZ-directionductility,failedto
developlamellartears.Althoughnotconclusive,thesereports
wouldseemto indicatethatmaterialswithlowerZ-direction
propertiesaremoresusceptibletolamellartearingwhenexposed
todynamicloads.Conversely,thepresenceof undetectedtears
canonlyincreasetheriskoffailureduringdynamicloading.
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5.3 Fatigue

Forlowcyclefatigue,existinglamellartearswillgraduallyex-
tendandmayultimatelyresultincompletefailureasthenumber
ofcyclesapproachesthedesignlimit[1].However,inpractice,
catastrophicfailuremaybe avoidedby thetransferof loadto
othermembersofthestructure.Stressconcentrationsattheroot
ortoeoftheweldmaybemoredetrimentalthanexistingtearsor
poorZ-directionductilitywhenthe structureis exposedtohigh-cyclefatigue(greaterthan10 cycles)[3]. t
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6. CONTROLOFLAMELLARTEARING

Sincedesign,materialandfabricationfactorscontributeto lam-
ellartearing,controloftearingmustaddressthesesameparam-
eters.ItisevidentfromSections2 and3 thatthecausesof
lamellartearingareapplicableto generictypesofweldments
whichareindependentof thespecificendproduct.Itmatters
littlewhetherthesusceptibleweldmentsarein a skyscraper,
nuclearpowerplant,supertanker,or largeoffshorestructure.
Accordingly,mostofthefollowingrecommendationsforthecontrol
oflamellartearinginthemarineindustryarepresentedintheir
mostfundamentalform.Itisimperativethatthenavalarchitect
ordesignerusejudgementto arriveattheoptimumbalanceof
jointdesign,materialselectionandcosteffectivefabrication
proceduressuitablefortheapplication.

6..1 Joint Design

Theavoidanceandcontroloflamellartearingmustbeginatthe
designstage.Thedesignof susceptiblejointssuchasthose
showninSection4.shouldbeoptimizedwherepracticableto:

● Avoidexcessivethrough-thicknessstrains

● Reducejointrestraint

o Reducecomponentrestraint

● Allowfortheuseoflow-strengthweldmetals

6.1,1AvoidanceofExcessiveThrough-ThicknessStrains

Methodsforavoidingthecreationofweldshrinkagestrainsinthe
through-thicknessdirectioninclude:

iiii?

● Weldingbetweentheends
.,*:..... ofplatesratherthanon,...+....“,.4. thesurfaceofthesuscep-,,,.,..::..,:#,.-.:..-:..-..... tiblematerial. This

weldingtechniquedirects
theshrinkagestrainsin
the X or Y directions
ratherthaninthecriti-
calZ directionandmay
requiretheuseof elec-
troslagwelding.

Susceptible Improved
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Susceptible Improved

A“*...‘~f.,*F?.:.,.-..

Susceptible Improved

ElectroslagWeld

:

.7

ElectroslagWeld

● Orientingtheweldfusion
boundaryat an angleto
thesurfaceofthesuscep-
tibleplate.Largebevel
anglesofferlessriskof
tearing,buttheedgeprep-
arationcostandthevol-
umeofweldmetalrequired
is alsohigherthanfor
smaller edge angles.
Selectionofa cost-effec-
tiveanglemustconsider
thesusceptibilityof the
plate,theimportanceof
the connectionand the
relativecostof fabrica-
tion.

LeastImproved
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Susceptible Improved

I

Forging
or

Casting

6.1.2ReductionofJointRestraint

Methodsofreducing

Susceptible3

_l-
13t T

ii

. Replacingofdouble-sided,
full-penetrationwelds
withsymmetricalfilletor
partial-penetrationwelds
tominimizethevolumeof
weldmaterialandreduce
thestrainintheZ-direc-
tion.Thetotalshrinkage
ofthefilletweldsoccurs
atanobliqueanqleto“the
platesurfaceth~rebvfur-
therreducingthe~train
componentintheZ-direc-
tion.

. Usingcastingsorforgings
in somecriticalT and
cruciformjointstoelimi-
natethecriticalwelds
andanyriskof lamellar
tearing.Thismethodis
expensive,involvescon-
siderablymorewelding,
andisgenerallyusedin
highlycriticalsituations
inpressurevessels.

jointrestraintinclude:

J

● Reducingthesizeof the
weldby notusingwelds
largerthannecessaryto
transferthecalculated
designloads.Forexam-
ple,full-penetration
weldsatthedeckstringer
plate/sheerstrakeconnec-
tioncanoftenbere~laced

Improved bysmallerpartial‘~eri~-
trationorf“illetwelds.

1

Improved

bs
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Susceptible Improved

Susceptible
!==3

Improved

0 Joiningplatesof differ-
entthicknessesso that
theweldsizemaybere-
ducedbyplacingitinthe
thinnerplate.

o Replacinglargesingle-
sidedweldswithbalanced
double-sidedwelds in
ordertoeliminatetheun-
symmetricconcentrationof
strain.

Susceptible Improved
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Susceptible Improved

● Selectingweldconfigura-
tionswhichdistributethe
weldmetalovermoreofthe
surfaceof thesusceptible
plate.Theuseof smaller
weldsizesoflongerlength
ordoublefilletsinplace
of fullpenetrationwelds
reducesthevolumeof weld
metal and diffusesthe
shrinkagestrainsovera
largerareaofthesuscepti-
bleplate.

o Othermethodsincludespeci-
fyinglowyieldstrength
weldconsumablesandtheuse
ofbuttering.Thesemethods
are discussedin other
sections.

6.1.3ReductionofComponentRestraint

Componentrestraintcansometimesbereducedbymodifyingthe
structuralconfigurationorscantlings.Methodsofdecreasingthe
levelofrestraintinclude:

● Avoidcomplex,multi-memberconnections.Thisprohibitionis
notalwayspracticalinstructuressuchasfixedandmobile
offshoredrillingunits.

o Minimizememberstiffnessby usingscantlingsofminimum
thickness.

o Useflatplatesinsteadofcurvedmemberswhereverpossible.

o Donotusestiffeners,bracketsorgussetsnotspecifically
requiredbythedesigncalculations.Scantlingsandwelding
ofallauxiliarystiffeningshouldbethesmallestrequired
tosuitthedesignloads.
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6.1.4SelectionofWeldMaterial

o In cruciformjointsstag-
gerthememberson oppo-
sitesidesofthesuscep-
tibleplate.Thismethod
isnotalwaysdesirablein
highlyloadedjoints.

s Ifpossible,use lower
strengthmaterialforthe
membercausingthestrain
inthethrough-ti.ickness
direction.

To accommodatemoreoftheweldshrinkagestrainintheweldmet
select,wherepossible,weldingconsumableswhichmatchtheyle
strengthratherthanthetensilestrengthofthesusc@p\i~leb?
plate.DetailcalculationsofthestressesacrosstheJointW1
usuallyhavetobepreparedtojustifytheuseof lowertensi
strengthconsumables.Low-hydrogenconsumablesarerecommended
ordertoavoidembrittlementoftheheat-affectedzone.

al
ld
se
11
le
in
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6.2 MaterialSelection

6.2.1GradeofSteel

Inquiriesmadetothemajorshipclassificationsocietiesindicate
thatthemostsuccessfulandcost-effectivemethodof preventing
lamellartearingistheuseofsteelswithimprovedthrough-thick-
ness(Z-direction)propertiesatsusceptibleconnections.Improved
Z-gradesteelshavebeenusedprimarilyintheconstructionof
fixedandmobileoffshorestructures.Thelimiteduseto dateof
theZ-gradematerialsinshipbuildingreflectsthelimjtedoccur-
renceoflamellartearingintheconstructionof conventional
shipsandthefactthatmanyofthesusceptibleconnections(such
asthegunwale)havebeeneasilycorrectedbymodifyingthejoint
configurationandweldingprocedures.However,BureauVeritashas
reportedthattwoshipyardshaveputstrakesof specialZ-grade
platesinthetanktopofLNGships[4].Theseplatesareusedat
thecriticalintersectionsoftheheelsofcofferdamswhichform
thesecondarycontainmentboundaryfortheliquefiedgas.

Specificationsforsteelsto be usedincriticalcomponentsof
offshorestructureshave,inthepast,specifiedmaximumsulfurcon-
tent,minimumZ-directiontensilestrength,minimumZ-direction
percentageelongationandreductioninarea(RAz),andmaximum
allowableinclusioncontent.However,highyieldandultimate
tensile-strengthvaluesintheZ-directiondo notnecessarily
reducetheriskoflamellartearing.Thepercentageelongation
measuredbyconventionaltensile-testproceduresalsodoesnot
providea reliablemeasureoftearingsusceptibility,sinceitmay
includedeviationscausedby theformationof smallfissures
adjacenttononmetallicinclusions.Furthermore,thesmallgauge
lengthofsamplestakenfromthinplatesmakesitverydifficult
to measureelongationintheZ-directionwithanyacceptable
degreeofaccuracy.Whilesulfurcontentcangivean indication
ofthesusceptibilityofaluminumdeoxidizedsteels,itisnotap-
plicabletonon-aluminumtreatedsteelswheresilicatesarepri-
marilyresponsibleforreducingtheZ-directionductility.The
measureof inclusioncontentbytheprefabricationultrasonic
inspectionofthesteelplateshasbyitselfbeeninadequatefor
assessingtheriskoflamellartearing.

Atpresent$thepercentagereductioninareaintheZ-direction
(RAz)isthemostpracticalandaccuratemeasureofmaterialsus-
ceptibility.ReportspublishedbytheWeldingInstituteshowgood
correlationbetweenmeasuredRAzandobservedincidenceoflamel-
lartearing[5].RAzisbeingincreasinglyusedbythemajorship
classificationsocietiestodefineandapproveZ-gradesteelsfor
useinshipsandoffshorestructures.Theserequirementsdefine
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uptothreeZ gradeplatecategorieswhichvaryaccordingtotheir
minimumguaranteedmeanvalueandtheminimumindividualvalueof
RAz. ThefollowingexamplefromBureauVeritas’rulesforoff-
shoreplatformsistypical[6]:

MinimumGuaranteed MinimumIndividual
GradeCategory RAz,MeanValue* RAzValue

Z15 15% 10%

Z25 25% 15%

Z35 35% 25%

* Meanobtainedfromthreetests.

Duetothecomplexinterrelationshipsbetweenthefactorswhich
cancauseandcontrollamellartearing,theselectionofcandidate
sitesandZ gradecategoryisusuallyleftto thediscretionof
thedesignersubjectto theclassificationsociety’sapproval
duringdesignreview.

Whenselectingmaterialsforsusceptiblecomponentsinoffshore
structuresthefollowingrequirementsshouldbeobserved:

o Atjointsconnectingstructuralelementswhichareessential
totheintegrityofthestructure,andwhicharesubjectto
highstressesinthethrough-thicknessdirection,specify .
steelswithaminimumguaranteedmeanvalueRAzof25%anda
minimumindividualRAzvalueof15%.Examplesofsusceptible
connectionsinmobileandfixedoffshorestructureswere
notedinSection4.1. It isnotedthatsomemarineclassifi-
cationsocietiesandmajoroilcompaniesrequireminimummean
RAzvaluesof30%to35%forcriticalapplicationssuchas
thenodeplatesinoffshoredrillingrigs.

s Foraluminumtreatedsteels}thesulfurcontentshouldnot
exceed0.01%byweight.

● Prefabricationultrasonicinspectionofthesteelplatesto
beusedinsusceptibleconnectionswillnotgivean adequate
indicationofthematerialsresistanceor susceptibilityto
lamellartearing.Whereultrasonicinspectionisto be used
to indicatethenumberandsizeoflaminationsorinclusions,
theplateshouldbecontinuouslytestedalongthelinesof a
meshgrid100mm square.Alledgesshouldbeinspectedfora
widthequalto1-1/2timestheplatethicknessor 100mm,
whicheverisgreater.
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o Thefollowingfigure,publishedby theAustralianWelding
ResearchAssociation[1],maybeusedas a generalguidein
selectingminimumRAzvaluesformaterialto be usedin
structuralelementssusceptibleto lamellartearing.The
designermayvarytherequiredminimummeanRAzvaluewith
theimportanceofthecomponenttotheoverallintegrityof
thestructureandthelevelofrestraintof theconnection.
Forextiple,materialusedinthehighlyrestrainednodes
connectingcriticalmembersof anoffshoredrillingrig
shouldhavea minimummeanRAzvalueof 25%. The risk
categoriesshownon thefigurearebasedon a qualitative
evaluationof therecommendationsof bothindustrialand
marinereferences(seeAppendixB)ratherthana statistical
forecastoftheprobabilityof a lamellartearoccurring.
Similarly,thelevelsofjointrestraintcannotbe equated
withan acceptedquantitativemeasureof restraint.The
figureisa plicabletosteelswithaminimumyieldstressof

f40.8kg/mm (58,000PSI)or less.ThemeanRAz values
correspondto thoseobtainedusing6.4mm diametertest
specimens.AsnotedinAppendixBjthediameterof thetest
specimenissignificantwhenquotingRAzvalues.

Mean
RAz
(%)

30

25

20

15

10

5

0

NegligibleRisk

Low Medium High

JointRestraint

Withtheuseofelectroslagremeltingor calcium-argon-blowing
steelmanufacturingprocesses,essentiallyallgradesof hull
steelusedinshipsandoffshorestructurescanbepurchasedwith
improvedZ-directionproperties.Typicallytelectroslagremelting
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willdoublethepriceperpoundofanABSAH32gradesteel.The
costofmanufacturingthesamegradebythecalcium-argon-blowing
processisconsiderablylessexpensive,addingonlyapproximately
3 centstotheper.poundcostofthebasicqrade.However+cal-
ciumprocessedsteelscanonlyobtaina min~mumRAzof25 percent,
whilesteelsproducedbyESRcanobtainminimumRAzvaluesof30
percentormore.SincetheimprovedZ-gradesteelsareonlyused
locallyatsusceptiblejoints,thetotalextracostperstructure
fortheimprovedmaterialsisoftenlessthanthecostofa single
repairandtheassociatedconstructiondelays.

6.2.2ProductType

Wherepractical,replacingrolledsteelplateswithotherless
susceptibletypesofsteelproducts,suchascastingsandfor9-
ings,willdecreasetheriskoflamellartearing.

6.3 Fabrication

6.3.1LayoutandFormingofSusceptibleComponents

Whenfabricatingcomponentsoutofplatessusceptibleto lamellar
tearingthefollowingpracticescanbeusedtoreducetheriskof
tearing:

.. PlatePosition- avoidmakingheavyattachmentweldsatthe
centeroftheplatewidth,theextremeedgesof platewith
as-rolledoruninspectedflamecutedges,andareasofthe
platewhereultrasonicinspectionindicatesheavyconcentra-
tionsofinclusions.Cautionattheedgesofplatesiswar-
rantedbythefactthatthematerialat an as-rollededge
usuallyhaslessthrough-thicknessductilitythantherestof
theplate.Theheateffectsofa cuttingtorchcanresultin
thedecohesionofinclusionsinthesteelmatrix.

● DirectionofRolling- componentswithhighriskof lamellar
tearing,suchasheavyliftingeyesattachedtothickplates,
shouldbeorientedwiththeweldaxisatrightanglesto the
primaryrollingdirectionofthesusceptibleplate.

● PlateForming- thickcold-formedplatesaremoresusceptible
to lamellartearingand,wherepractical,shouldnotbe used
incomponentsrequiringlargewelds.

6.3.2WeldingProcess

Withtheexceptionofelectroslagweldingmostconventionalweld-
ingprocessesaresusceptibletolamellartearing.Thefrequency
ofoccurrenceinprocesseswhichutilizehigherheatinputisless
thanthosewhchhavea relativelylow-heatinput.Thisismost
likelyduetothedeeperpenetration,reducedhardnessintheHAZ,
andthesmallerstraingradientsencounteredwithhigherheatin-
put.Recommendedweldingprocessesinorderofdecreasingprefer-
ence(orincreasingsusceptibilitytotearing)are:
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o Electroslag

● Submerged-arc

o Gasshieldedmetal-arc(MIGorC02)andflux-coredarc
welding

s Manualmetal-arc- lowhydrogenelectrodes

o Manualmetal-arc- non-lowhydrogenelectrodes

6,3.3JointPreparation,Fit-upandJigging

Otherthantherequirementsconformingto normalgoodpractice,
jointpreparationstocontrollamellartearingshouldreflectthe
improvedjointdesignsdiscussedinSection6.1.Mainlythejoint
preparationshouldprovidefora balancedweldwitha fusion
boundarywhichisnotparalleltothesur~dceof thesusceptible
plate.Widegrooveangleswhichincreasedistortionandstrain
shouldbeavoidedandthedepthoftheweldshouldbe limitedto
thatnecessaryfortherequiredweldthroatthickness.Fillet
weldsorpartialpenetrationweldsshouldbegivenpreferenceover
fullpenetrationwelds.

J!lksoft
0.8nun

InrJ
Steel

to1.6 Wire

Tightfit-upandheavyjigs
whichinhibitlateralweld
shrinkageshouldbe avoided.
Theuseofanundressedflame-
cutsurfaceor soft-steel
wirespacerswillpermitcon-
tractionof theweldmetal
withoutproducinghighcon-
centrationsofstrain.Copper
wire should not be used
becauseitmaycontaminate
theweldmetal.Larqeqaps
whichincreasethevolum~of
weldmetalshouldalsobe
avoided.

6.3.4WeldingConditions

6.3.4.1Preheat

AsnotedinSection3.5,theuseofpreheatingtocontrollamellar
tearingcanbebothbeneficialandharmful.However,wheresus-
ceptiblejointsarepreheatedeithertocontrollamellartearing
ortosatisfyotherweldingrequirements,suchastheprevention
ofhydrogencracking,thefollowingconsiderationsshouldbe ob-
served:
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, Avoidthecreationofadditionalorconcentratedcontraction
strainsbyheatingallcomponentsaroundthejointforan
equaldistanceandtoapproximatelythesametemperature.

● A preheattemperatureofapproximately100”Cor greateris
consideredthemosteffective.

6.3.4.2DepositionRate

Weldingprocesseswithhighweld-metaldepositionratesarepre-
ferred.Thehigherdepositionratesdecreasethenumberof weld
runsnecessarytocompletetheweldwitha correspondingdecrease
inthenumberofstraincycles.Sincedepositionratesarepri-
marilya functionoftheheatinputof theweldingprocess,the
listandrankingofpreferredweldingprocessesarethesameas
present~dinSection6.3.2.

6.3.4.3InterpassTemperature

Maintainingproperinterpasstemperatureisnecessaryto prevent
excessivecoolingofpreviouslydepositedweldmetalbetweenruns.
Repeatedheatingandcooli”ngcyclesmayunnecessarilyincreasethe
totalshrinkagestrains.Recommendedpracticesinclude:

# Donotpermittheinterpasstemperaturetogobelowthepre-
heattemperatureuntilallweldingonthejointiscompleted.

o ASinnormalweldingprocedures,avoidveryhighinterpass
temperatureswhichmayunfavorablyalterthepropertiesof
thesteel.

● Allowcompletedjointstocoolslowlyandevenlyinorderto
preventexcessivethermalstrains.

6.3.4.4WeldSizeandShape

Todecreasetheriskoflamellartearinginsusceptiblejointsthe
followingconsiderationsofweldsizeandshapeshouldhe imple-
mented:

. Usetheminimumweldsizecompatiblewiththedesignloads
andstressdistributionsacrossthejoint.Oftenexcessive
weldsizesarechosenarbitrarilywhenthestrengthrequire-
mentsacrossthejointareunknown.

● Weldswithdeeppenetrationandunevenshapepermitthedif-
fusionofthecontractionstrainsintomoreofthesuscepti-
blematerialandavoidconcentrations.

o Increasingthelengthofthelegonthebaseplatewillalso
distributethestrainsovermoreofthebasemetal.
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6.3.5WeldingTechniques

6.3.5.1RunSequence

Propersequencingofweldrunswillhelptoreducetheleveland
concentrationoftheweldshrinkagestrains.Applicablemethods
include:

o Minimizethenumberof weldrunsinorderto reducethe
numberofheatcycles.

● Deposita layerofweldmetalonthesurfaceofthesuscepti-
bleplatepriortomakingconnectingrunsbetweenthecompon-
ents.Theseinitialrunsshouldbedonein accordancewith
therecommendedproceduresforbutteringandinsitubutter-———.-
inginSections6.3.5.2and6.3.5.3,respectively.

.—-——

0 Strainconcentrationsin
symmetricallyconfiguredT
jointscanbe reducedby
depositingweldrunsinan
alternating,balanced
sequence.

6.3.5.2Buttering

Butteringconsistsofdepositingoneormorelayersof lowyield
strengthweldmetaldirectlyonthesurfaceor in a gouged-out
areaof thesusceptibleplate.Thepurposeof the buttered
layer(s)istoaccommodatetheweldshrinkagestrainsbyspreading
themmoreuniformlythroughthelowerstrengthweldmetal.
Butteringalsodisplacestheheat-affectedzoneawayfrom the
susceptibleparentmetal.In ge.neral~butteringhasbeenvery
successfulinpreventinglamellartearinginnewweldmentsandin
therepairofexistingtears.Pointstoconsiderwhenusingthe
butteringtechniqueinclude:
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0 The butteredlayer(s)
shouldbe5 to10mmthick
andextend15 to 25 mm
beyondeachweldtoe.

.——..—

0

Whenthebutteredlayeris
tobeappliedin a groove,
thegrooveshouldbe ap-
proximately5mm deepand
extendunderthe full
widthofthebuttering.

Wherebutteringisto be
usedin placeof steel
withimprovedthrough-
thicknessproperties,the
relativecostsshouldbe
thoroughlyevaluatedprior
tofabrication.

Theyieldstrengthof the
weldmetalshouldbe less
thanthestrengthof the
baseplate.

Submergedarcweldingwith
low-hydrogenconsumables
shouldbe usedwhenever
possibleto obtaingood
penetrationofthebutter-
inglayer(s)andto avoid
thebuildupofhydrogenin
theweld. The levelof
heatinputshouldalsobe
carefullyregulated.
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6.3.5.3InSituButtering

Thistechniqueisa modifica-
tion to the run sequence
ratherthanan additional
preweldpreparationas is
conventionalbuttering.In
insitubutteringthefirst—. ..
weldrunsaredepositedon
thebaseplatepriorto com-
pletingth,?connectingruns.
Thismethcl.ihasprovensuc-
cessfulindiffusingtheweld
shrinkag~strainsata negli-
gibleincreaseinfabrication
cost.

6.3.5.4Peening

Peening,thecontrolledworkingof theweldbeadsbymeansof
lightimpactblowstotheweldsurfacetoreduceresidualtensile
stress,hasnotprovensuccessfulincontrollinglamellartearing.
Excessivepeeningcancauselossoftoughnessandcrackinginthe
weldmetal.Althoughnota viablemethodofreducingtheriskof
lamell,”tearing,peeningingeneraldoesnotincreasetheriskof
tearinginsusceptiblematerial.Ifemployed,thefirstand
closingrunsshouldnotbe peened.Onereportindicatesthat
~~~ningofthelastweldrunmaycontributeto Iamellartearing
LIJ.

6.3.5.5WeldingandFabricationSequence

Therestraintlevelofa weldedjointis
sequenceinwhichtheweldsinthejoint
ricationseauenceofad.iacentcom~onents.

greatlyinfluencedbythe
aremadeandby thefab-
The

shouldbeconsideredwhknpreparingfabrication
ules:

● In multi-jointcomponents,themoresuscept”
bemadefirst.

‘Ollow’
andwe”

blejo

ng factors
dingsched-

ntsshould

@ Completel!lweldsubassemblies~riorto finalassemblvto
limitthe-numberofcriticaljoints.

.

● Minimizestrainaccumulationbyweldingfromareaofmaximum
restrainttofreeedgesorotherareasofminimumrestraint.

● Forindividualjoints,sequencetheweldingsothatthelevel
ofrestraintwillbeminimizedforthelargestwelds.

o Minimizethesizeandnumberoftackweldsusedto hold
componentstogetherduringwelding.
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● To reducerestraintat
criticalareas,suchas
corners,leavea portion
oftheconnectionbetween
lessrestrainedcomponents
unweldeduntilthecriti-
calweldsarecompleted,
asindicatedby ‘D’.

Dapprox.150mm

6.3.5.6IntermediateStressRelief

Theuseofintermediateheattreatmenttoreduce”residualstresses
hasnotbeenparticularlysuccessfulincontrollinglamellartear-
ing.Largememberswhichcannotbe placedin a furnacerequire
localizedheatingwhichcanincreasethecontractionstrains
duringcooling.Heattreatmentmaycauseadditionaldecohesionof
inclusionsinsusceptiblematerial,therebyincreasingtheindica-
tionsoflamellartearsduringsubsequentultrasonicinspection.
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7. DETECTIONANDREPAIROFLAMELLARTEARINGAFTERWELDING

7.1 WhenIsNon-DestructiveTestingforLamellarTearingRecommended?

Normalweldinspectionrequirementsandproceduresareadequate
wheretheriskoflamel.lar..tearingissmall.However,wherethe
riskof tearingissignificantbecauseof thecombinationof
materialproperties,weldingproceduresandjointconfiguration,
additionaltestmethodsforthedetectionoflamellartearsshould
beemployed.Formembersandjointswhicharecriticalto the
overallintegrityofthestructure,suchasthenodejointsand
decktolegconnectionsofoffshorejackettypestructures,sup-
plementaltestingisrecommended.

7.2 WhichNon-DestructiveTestingMethodsAreApplicable?

Standardnon-destructivetestingmethodssuchasvisualinspec-
tion,dyepenetrationandmagneticparticleinspectionaresatis-
factoryforsurfacecrackingbutnotforsub-surfacetears.Radi-
ographyisgenerallynotpracticalforthedetectionof sub-sur-
facetearssincetheinclusionsintheplatecanmaskdefectsand
itisdifficult,ifnotimpossible,todirectradiationalongthe
tearaxis.Ofalltheconventionalnon-destructivetestingmeth-
ods,ultrasonictestingisthemostpracticalandwidelyusedtech-
niquefordetectinglamellartears.

7.3 UltrasonicTesting(UT)OfWeldedJoints

Thepulse-echoultrasonictestingtechniqueisbasedon thein-
terpretationofreflectedultrasonicwavesfromthefracturesur-
faceto detectlamellartears.Theinstrumentprobeisboth
transmitterandreceiver.Theultrasonicbeamisreflectedeither
bythefaceplateoppositetheoneonwhichtheprobeis applied
(bottomecho),orpartlyatleastbyanareaof lamellartearing
oranyotherdefectofthemetal(flawecho).WhileUTmethods
normallylocateplateandwelddefectswhentheplatesurfacesare
flatandreasonablyfreefromloosematerial,it isoftendiffi-
culttodistinguishtruelamellartearsfrominclusionbandsand
otherformsofcracking.Thematerialsthataremostsusceptible
to lamellartearing,suchasthickplateswithhighconcentrations
ofnonmetallicinclusions,containthetypeof defectswhchcan
attenuatethesignalsandmakeinterpretationdifficult.Misin-
terpretedultrasonicindicatorscanoftenleadtounnecessaryand
costlyrepairs.

i-

CompreslionWave

Bothcompressionwave and
shear(orangle)probeUT
methodsarecapableof accu-
ratelylocatinglamellar
tearing.However,theuse-
fulnessof compressionwave
techniquesislimitedtoT or
cornerjoints.

7-1

—



ShearorAngleProbe

Probefrequenciesof 2 MHz
areconsideredsuitablefor
therapidlocationof true
tears.Sufficientresolution
toobtaingoodidentification
ofthecharacteristicstepped
surfaceof thetearcan be
obtainedbytheuseof4 to5
MHzprobes.Theuseofhigh-
erprobefrequenciestogether
withhighequipmentgainset-
tingsarereportedto in-
creasethe likelihoodof
erroneousindicationsoflam-
ellartears.

Detailsoftechniqueandequipmentfortheultrasonicdetectionof
lamellartearingareessentiallythesameasforthenominalUT
inspectionofwelds.Specificsmaybe obtainedintheAmerican
BureauofShippingRulesforNon-destructiveInspectionof Hull
WeldsorASTME164-StandardforUltrasonicContactInspectionof
Weldments.

POINTSTONOTE

● Ultrasonictestingshouldbespecifiedforhighlyrestrained
weldedconnections,criticaltotheintegrityof thestruc-
ture,wheretheriskoflamellartearingissignificant.

s Thereliabilityoftheultrasonictestingmethoddependstoa
greatextentontheabilityandexperienceof theoperator.
Personnelresponsibleforconductingultrasonictestsshould
befamiliarwiththeequipmentbeingusedandbe properly
qualifiedbytrainingandexperiencetoperformthenecessary
calibrations,andtointerpretandevaluateindicationsin
accordancewiththetermsofthespecification.Inaddition
tobeingqualifiedinaccordancewiththerequirementsofthe
AmericanSocietyofNon-destructiveTestingPublicationTC-
lA- SupplementC,UltrasonicTestingMethodsorotherrecog-
nizedagencies,thepersonnelshouldpreferablyhaveexperi-
encein,orbeabletodemonstrateabilitytoidentify,lam-
ellartears.

● Ultrasonictestingshouldbeperformedwhenallweldingon
thejointiscompletedandmaximumrestraintisreached.
Sincelamellartearinghasbeenreportedto occurupto 36
hoursafterthecompletionofallweldingandthecoolingof
thecomponent,finalultrasonicinspectionofcriticaljoints
shouldbeperformednosoonerthan36hoursafterweldingon .
thejointiscompleted.
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● Allcriticalweldedjoints,suchasthenodejointsanddeck
to legconnectionsofoffshorestructures,shouldbe ultra-
sonicallyinspected.

● Acceptancestandardsforlamellartearingshouldbe estab-
lishedsothatclustersofinclusionsanddensemicrostruc-
turalbandswhichappearasdefectindicationsdonotconsti-
tuterejectabledefects.Sincetheremovalandrepairof
minornon-criticaltearsmaydomoreharmthangood,the
acceptancecriteriashouldconsiderthefunctionalrequire-
mentsof thecomponentorjointaswellasthepractical
levelofworkmanshipwhichexperienceindicatescanbe ob-
tainedinweldmentsofa giventype.Atpresent,thewelding
acceptancecriteriaofmarineclassificationsocietiesand
nationalcodesandspecificationsdo notcontainspecific
acceptancestandardsforlamellartearing.

@ Inorderto distinguishlamellartearsfrompre-existing
defects(largeinclusions,laminations,etc.),the base
materialintheareaoftheweldshouldbe ultrasonically
inspectedpriortofabrication.Theseinspectionsshouldbe
methodicallyperformedandrecordedusinga gridsystemfor
locatingcheckpoints.

s Ultrasonicindicationsoflamellartearingexhibita charac-
teristicmultiplepeaksignalanda rapidchangeindepthas
theprobeismoved.Thesecharacteristicshelptodifferen-
tiatelamellartearsfromothercracks,laminationsor back-
wallreflection.

7.4 RepairofLamellarTears

Therepairoflamellartearscanbedifficult,timeconsumingand
costly;and,inthecaseof highlyrestrainedconnectionsthe
repair,canbemoredetrimentalthantheoriginalweld. Thein-
creasedriskoflamellartearingduringrepairispartiallydueto
thegreateroverallrestraintof thecompletedstructure.The
mechanicalandthermalstrainsinducedbytherepairweldingcan
causetearingtooccurata greaterdepthbelowtheoriginalweld
fusionline.Thebasicmethodsofrepairare:

● gougingoutofthetearandreplacementwithweldmetal

● cuttingoutthedefectivematerialandreplacingwith
materialwithimprovedthrough-thicknessproperties.This
procedureisoftenaccompaniedbymodificationstotheweld-
ingproceduresorjointdetailsinordertoavoidthecondi-
tionswhichprecipitatedtheoriginaltear.

o providingadditionalstructuralmemberstocarrytheantici-
patedserviceloadsacrossthejoint.
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Priortoselectingrepairprocedure,itshouldbe verifiedthat
thediscontinuityisa lamellartear. Thenumber,locationand
extentofothertears,ifany,shouldalsobedetermined.If the
crackisinfacta lamellartearandexceedsthespecifiedaccept-
ancestandards,allthefactorswhichcancontributetothedevel-
opmentoflamellartears,namelymaterialsusceptibility,joint
configurationandweldingprocedures,shouldbereviewed.Merely
gougingoutthetearandreweldingusingtheoriginaljointgeome-
tryandweldingproceduresunderconditionsofpossiblyevenhigh-
errestraint,willprobablyresultinnewlamellartears.For
thisreason,itis.oftenmoreeconomicaltoreplacea componentor
jointratherthantorepairit. Alternately,additionalsupport
memberscanbeprovidedto reducethe
joint,thusreducingthecriticalityof

Wheregougingandreweldingisjudged
proceduresshouldbeused:

serviceloadsacross”the
thejoint.

acceptable)thefollowing

● Removedamag~dmaterialusingflamegouging,arc-airgouging
orgrinding.TheAustralianWeldingResearchAssociation
reportsthatflamegougingisslightlypreferredto arc-air
gougingduetothelessintensethermalgradientsandlower
thermalinducedstressesofflamegouging[1].On theother
hand,a fabricatorwithLTrepairexperiencereportsthatgas
gougingdevelopstoomuchheatintheweldcausingthe
lamellarteartopropagate[7].Herecommendsusingonlyarc-
airgougingwithnopreheat.Grindingisslowandimpracti-
cal.

0 FlameGouging- thefirst
passofthegougingtorch
shouldcutacrosstheend
oftheplaneoftearingat
suchan attitudeas to
minimizethetendencyof
the tearto openup as
wellas “toreleaseany
tensilestressacrossthe
tear. The baseof the
gouge should be well
rounded.Subsequentpas-
sesshouldremove2 to 3
mmof thematerialbelow

theoriginaltearand3 to 4 mm beyondtheendsof thetear.
Deeperandwidergougingwillincreasetheamountof rewelding
witha correspondingincreaseintheriskofnewtearing.In some
cases,completereleaseordisassemblyoftheweldedjointmaybe
required.
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o Air-ArcGouging- thefirst
arc-airgougeshouldbe
madeadjacentto thetear
andextend3 to4mm beyond
theendofthetear.Addi-
tionalpassesshouldbe
madeparallelto theini-
tialgougeuntilmaterial2
to3mm belowtheoriginal
tearhasbeenremoved.

@

@

●

NOTE

Regardlessofthegougingmethod,allfinalsurfacesshouldbe
lightlygroundandinspectedusingmagneticparticleor dye
penetrationtestingmethodspriortowelding.

Butteringlayersof lowyieldstrengthweldmetalare
generallyconsideredessentialpriortomakingconnecting
welds.TheweldingproceduresgiveninSection6.3shouldbe
employedinordertoreducestrainsinthethrough-thickness
direction.It isrecommendedthatthe minimumpreheat
temperaturebemaintainedfor8 hoursafterallweldingon
thejointiscomplete.

Therepairedjointshouldbethoroughlyre-examinedinac-
cordancewiththerequirementsforultrasonictestinggiven
inSection7.3.

-

Duringtherepairprocess,theactuallocationofthelamellar
tearshouldbenotedandcomparedwiththatindicatedby the
ultrasonictestinordertovalidatethetestingprocedures.
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8. TESTSFORDETERMININGTHESUSCEPTIBILITYOF
STEELPLATESTOLAMELLARTEARING

Duringthelastfifteenyears,manytestshavebeendevelopedfordeter-
miningthesusceptibilityofdifferentgradesof steelplateto lamellar
tearing.Withvaryingsuccess,thesetestsattempttoprovidereproducible
resultswhichcorrelatewellwithknowncasesof lamellartearing.Each
testincorporatesdifferentcombinationsoftheactualjointdesign.,compon-
entandjointrestraint,weldingprocedures,andmaterialproperties.The
difficultyindevisinga single,universallyacceptabletestprocedure
reflectsthefactthat,whileitispracticaltorepresenttosomedegreethe
actualgeometryandfabricationprocedures,thetestmaterialmaynotbe
representativeofthematerialusedintheproductionjoint.Thethrough-
thicknesspropertiesof individualplatesarevariablebecauseof the
irregulardistributionofnonmetallicinclusionsintheplate.Themore
importanttestsarelistedbelowbytype:

● NondestructiveTests(withoutwelding)

(i) Ultrasonicinspectionofsusceptiblesteelplatespriorto
fabrication[8] - oflimitedusefulnessindeterminingthe
susceptibilityofsteelplatestolamellartearing;useful
fordistinguishinglamellartearsdetectedduringpost-
weldingUTinspectionfrompre-existingdefects.

s DestructiveTestsWithoutWelding

(i)

(ii)

(iii)

(iv)

(v)

Through-thicknesstensiletest- practicaltest;RAzgives
goodcorrelationwithknownincidenceoftearing.

Slice-bendtest[9]- groundsurfaceisexaminedforthe
sizeandlocationofcracksafterthespecimenissubjected
to increasingsurfacestrains;practicaltestwhichpro-
ducesrealistictears.

Specialnotchedtensiletest[10]- comparestheshear
fractureloadsonandacrossthelaminarplane;forprelim-
inaryscreeningofsusceptiblematerial.

CharpyV-notchimpacttest[11]- limitedusefulness;can
beusedonlyforplates55mmthickorgreater.

Microscopiccountofnonmetallicinclusions- usesstandard
metallurgicalexaminationproceduresto determinenumber,
size,shapeanddistributionofnonmetallicinclusions;im-
practicalforproductiontest;moresuitableforresearch.
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● DestructiveTestsWithWelding

(i)

(ii)

(iii)

(iv)

(v)

(vi)

WeldingInstitutewindowtest[12,13]- specimenof the
susceptiblebasematerialisinsertedthrougha rectangular
holeorwindowina restrainingplateandweldedto forma
cruciformjoint;observedtearingcanoftenbe inducedby
rootcrackingnotlamellartearing;restraintlevelvaries
withjigandtestplatethickness;notpracticalforpro-
ductionuse.

Cranfieldtest[14]- a stemplateisbeveledto45 or 60
degreesandmultirunweldedto thesteelsampleto be
tested;severetestconditionsareonlycapableof identi-
fyingmaterialswitha highresistanceto tearing;mixed
correlationwithcasehistories.

Short-transversenotchedbendtest[15]- complexandex-
pensivetestmoresuitabletoresearch.

Lehighrestrainttest[2]- suitableforquantitatively
measuringlamellartearingsusceptibilityunderlaboratory
conditions.

H-typerestrainttest[16]- researchorientedtest.

Testsofprototypeweldedjoint- difficultto duplicate
theexactrestraintlevelsandweldingconditionpresent
duringactualproduction;doesnottakeintoaccountthe
variabilityofpropertiesinthethrough-thicknessdirec-
tion;notpracticalforproductiontesting.

Wi”ththeincreasinguseofRAzbythemajorshipclassificationsocie-
tiestodefineandapproveZ-gradesteelsforthe.useinshipsandoffshore
structures)RAz,asmeasuredbythrough-thicknesstensiletest,isquickly
becomingthestandardtestfordeterminingthesusceptibilityof steel
platesusedinthemarineindustry.Todate,astandardRAztestprocedure
hasnotbeenadoptedbythedifferentclassificationsocieties.Whilesimi-
larintheory,allofthecurrentlypublishedRAztestproceduresdiffer
slightlyintherequireddimensionsandconfigurationoftensile-testspeci-
mens.
ofthe
lowing

Fabricatorsandsteelmakershouldfollowthespecificrequirements
cognizantclassificationsocietyruleswhilekeepinginmindthefol-
additionalconsiderations:

@ TheRAzacceptancelimitsshowninSection6.2areappropriatefor
materialswithyieldstrengthslessthan40.8kg/mm2(58,000psi).

● Becauseof thesmallcross-sectionalareaofmaterialbeing
tested,theuseofsixspecimenswillgivea statisticallybetter
samplingthanthethreesamplesrequiredbysomerules.

o Theresultscanbegreatlyinfluencedbysinglelargeinclusions
orclusters.
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o RAzvaluesarestronglyinfluencedby thediam.qterof thetest ,
specimen.Smallerdiameterspecimensareinfluencedby thesize
andpositionoflargeinclusionswhichdecreaseminimumvalues
whileincreasingmaximumvalues.Largerdiameterspecimenshave
morelateralrestraintwhichlowersthemeanvaluesandreduces
scatter.Accordingly,caremustbeexercisedincomparingRAz
valuesobtainedfromdifferentsourcesortestprocedures.

.
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APPENDIXA

MECHANISMOFLAMELLARTEARING

Reprintedwiththepermissionofthe
AustralianWeldingResearchAssociation
fromAppendixA ofAWRATechnicalNote6,

ReferencesforAppendixA arelistedatthe
endoftheAppendix.



A-1 BASIS

Lamellartearingoccurswhentensilestressesandstrainsappliedto
thematerialinthethrouqh-thickness(Z)directionofthesteelexceedthe
abilityofthesteel‘towithstandthes~stressesandstrains,andthereare
sufficientinclusionspresenttoresultinthetypicalLTfracture.

Alternativelystated,lamellartearingoccurswhenthesteelproperties
areinadequatetowithstandthestressesandstrainsintheZ-direction.

A-2 STEELPROPERTIES

.1 Anisotropy.““Aninherentfeatureofwroughtsteelproductsisthedif-
ferenceswhichcanoccurinpropertiesindifferentdirections,i.e.thesteel
isanisotropic;althoughformostapplicationsitcanbe treatedas iso-
tropic.Thisanisotropyisbroughtaboutbytherollingor forgingopera-
tionswhichmainlyflatteninclusionsandmaymodifythemetallurgical
structureofthesteel.

.2 MechanicalProperties.MechanicalpropertiesintheZ-direction
usuallyarereducedtoa varyingdegree.Thetensilestrengthandductility
(asmeasuredbyreductionofareaor% elongation)aremostaffected.In
exceptionalcasestensilestrengthmaybereducedby30%andductilityto
virtuallyzero.Yieldorproofstressishardlyaffectedexceptwhenin-
clusionsaregross.

.3 Cause.TheZ-directionpropertiesarereducedasa resultof:

(a) increaseinmaximumandaveragelengthandwidthofinclusions.

(b) increasednumberofinclusionsandcloserspacing.

(c) increasedalignmentofinclusionsonplanes.

Thiseffecthasbeenestablishedby theoreticalworkusingfracture
mechanicsandprovenbytesting.

Thesepropertiesmayalsobereducedby:

(d) hydrogenfromweldingoperationsorparentmetal;

andasmorerecentlyreported(RefAl)by:

(e) thetemperatureandstresscyclesleadingto strainageingor
similareffects;and

(f) priorcoldworkleadingtoexhaustionof ductilityandpossible
strainageingeffectsinthematrixbetweeninclusions.
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A-3 THROUGH-THICKNESSTENSILESTRESSESANDSTRAINS

.1 Cause.Thesestressesandstrainsresultfrom:

(a) weldandparentmetalcontractiononcoolingafterweld”

(b) restraintofthejointcomponents,ieexternalres
contraction,

ng,

stanceto

(c) otherthermalorloadinfluences,eg.unevenpreheat;andfrom

(d) thePoissoneffectdueto highlongitudinalstressesalongthe
weldresultinginhightriaxialstressing.

.2 LocationofMechanicalStrains.Tensilestressesandstrainsvary
acrossandalongtheweldedJoint,andmaximumvaluesmaybelocated:

(a) atextremeweldrunssuchasundertherootortoe(lastrun)as
inFig.A-la.Loaddiffusionandstrainacrosstheplatewillbe
concentratedintheseareasbecauseof thenotchor stresscon-
centration,particularlyif anybendingmomentis involved,as
withsinglesidedorunbalancedwelding.

(b) inthecentralplateareaasinFigA-lb,oftenwhenthisismore
susceptiblethannearthesurface.

(c) atweldormaterialdefectsor poorweldor penetrationshape.
Thesecanactasseverestressandstrainconcentrators- seeFigs
A-lc-e.

* ~~

1~~~IB Z-strainisgreaterat:

- “1’1

A – whencomponent(2) isfreeto rotate
B– whencomponent(2) isprevemedfromrotating

..-—- InpracticemostLToccursnearfinalweldrun(Ref.K3)
-: “’~11I .=(3-- ,,,:!,l,1-===,

‘1”‘iA
a) “~1~

eHAZS.
highhardness,
n

Ieterootpenetration
slopeofHAZ
ratesstrain

d)

angle
ntratesstrain

Smallunderbeadcold
inhigh
tration

Fi9 A-l LocationofmaximumstraininZ-direction.
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(d) justoutsidethevisibleHAZ,particularlywheretheHAZboundary
isparalleltotheplatesurface.Thispartoftheparentmetal
almostalwayshasloweryieldstressthantheHAZorweldmetalat
thetemperatureswhereLToccurs.

Weldandparentmetalcontractionincreasesastheweldwidth,volume
andnumberofrunsincrease.

A-4 FRACTURE

It is believedthatfractureor tearingoccursinthestagesshown
diagrammaticallyinFig10(fromAWRATechnicalNote6 datedApril1976),
ie:,

“Elastic
stress
concentration
attips,.

J-W:,*;.fCohesion
betweensteel
andinclusion

oPrincipal

L plasticzoneat
inclusionrips

ShearWall
tensilestrength(inZ direction)

/
(locatedatterraces
atdifferentlevels)

iecompletefracture
throuahinclusionsI I

~ dandli~aments

Decohesionat inclusion ,,~&, ... /
,&+v+&E7///~ ~

/

Ductile
fractureof

Heavyplastic ligament
tfeavvt31astic shearingbetween between
strairiirigof terraces
ligament

inclusions

Fig10 MechanismofLT.

.1 Onfirstencounteringsignificantstress- almostcertainlywithinthe
elasticrange,decohesionoccursattheinclusion/matrixinterface.The
stressrequiredwillbedependentonthetypeandshapeofinclusionandthe
microstresssystemdeveloped.

.2 Atthesametimeatthetipsorendsofinclusionsandotheradjacent
defects,plasticdeformationoccursfirstatthelargerinclusionsor those
socloselyspacedthatthereisinteractionbetweenthetwo,i.e.wherethe
spacingislessthanaboutthesizeofthelargerinclusion.

.3 Onfurtherstrainingdueto furthercoolingormostlikelydueto
furtherweldingruns,theligamentbetweentheinclusionsbecomesfully
plasticandthevoidsatinclusionsincreaseinsizegenerallyby ductile
tearing.

.4 Withadditionalstraining,theextendedvoidslinkup inplanesof
generalweakness,iewheretheinclusionsarealigned;andthe“terrace”is
formed- see-FigA-2. FigA-3showsthenatureoftheterracesurface.

—
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FigA-2 Linkingupofvoidstoformterracesx50.

FigA-3 Fracturesurfaceofterraceshowing
duct~lefractureandinclusionsXIOO.
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.5 Slightlyfurtherstrainingconnectstheterracesondifferentlevelsby
ductileshearingofthe“walls”,virtuallytogivecompleteseparation.See
FigsA-4andA-5. Shearwallsin lamellartearingaresmaller‘~hanin
mechanicaltests.

.6 Ifthematerialformingtheligamentbetweeninclusionshasexception-
allypoorproperties,~e.lowplane-strainfracturetoughness(Klc)or low
criticalcrackopeningdisplacement(&c ),theseareasmayshowareasof
brittlefracture.

.7 Theroleof hydrogenisnotclear,butprobablyaccentuateslocal
stressatvoidtips,iea positionto whichhydrogenpreferentiallydif-
fuses.Hydrogenhasbeenshownexperimentallytohavea greatereffecton
LTinsteelswithhighercarbonequivalent.Thisismostlikelydueto the
increasedriskofunderbead(orcold)cracking,whichevenifon a micro-
scalemaytriggeroffLT.

.8 ForLTtooccur,theconnectionsystemmusthaveconsiderablestrain
energyandbeabletotransferthistotheareaoftearing.

FigA-d Smallsheaxwalllinkingclosely
al,igr[edterracesX150.
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FigA-5 Electronscanningmicrographgiving
3--dimensionalviewofshearwallx200.
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B-1 GENERAL

LToccursinparentmaterialandhenceisgreatlyinfluencedby the
materialproperties.LTisalsohighlydirectionalsensitiveanddependent
onthrough-thicknessdirectionproperties.

ThesepropertiesandtheriskofLTdepend:

(a) primarilyoninclusionsinsteel;butalsoon

(b) thesteelmatrixitself.

Theeffectofinclusionsonpropertieshasbeennotedin2.3of Appen-
dixA. Thevarioustypesof inclusion,theirorigininsteelmakingand
modificationinrollingarediscussedbelow,togetherwiththeuseof
variousmaterialpropertiesinassessingthesusceptibilityofsteeltoLT.

B-2 INCLUSIONS

Inconstructionalsteelplatesandsections,typicalnonmetallicin-
cisionsare:

.1 Sulphides,mainlymanganesesulphide(MnS)whichmaybe:

(a) TypeI,i.e.ellipsoidalorsphericalinshape.Theseareusually
smallinsizeandareseldomresponsibleforLT.

(b) TypeII,i.e.flattenedlamellarshapeas inFigB-1a. Theseare
oftena majorfactorinLT,particularlywhenelongatedin
stringers.Theyarepredominantinaluminumtreatedsilicon
killedsteels.

Othersulphidesincludetherare-earthmetal(REM)sulphidesandoxy-
sulphideswhicharefoundin steelsspeciallytreatedto givehighRAz.
Thesesulphidesarepredominantlysphericalinshape- seeFigB-lb.

.2 Silicates,metal-silicon-oxygencompounds.Inthestringerform,asin
FigB-lc,thesehavea dominanteffect,particularlywhenRAzis lessthan
15%(RefBl).

.3 Aluminates,A1203orcomplexaluminates.

.4 Mixedtypes,generallycombinationsofsul.phidesandsilicates(seeFig
B-id)whichoftenarerelativelyshort.

WhilesilicatestringersandTypeII sulphideshavegreatesteffecton
RAz,all-inclusionsmaybeinvolvedinLT.
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b)REMsulphideandoxy-
sulphide(inC-Mn-Nb
steel,Si-killedAland
REMtreated,with65%
RA,z).

a)TypeIIsulphidestringer
(inC-steel,Si-killed,
Al-treated,with3%RA-~).
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d)Duplexstringers,Mn-S
surroundedwithsilicate
tails(inC+lnsteel,
semi-killedwith50%RA~).

FigB-1 flicrogr~phsOf
6.3

c)Silicatestringer(inC-
Mnsteel,semi-killed,
with8%RAz).

——

typicalinclusionsX400.



B-3 ORIGINOFINCLUSIONS

.1 SteelmakingControls.Inclusionsexistinallsteelsto someextent
andorlglnateInsteelmakingfromimpuritiesinrawmaterialsandfromgas
reactions.

Nearthefinalstageofsteelmaking,eitherinthebasicoxygenfurnace
orafterpouringintoladlesfromopenhearthorelectricsteelmakingfur-
naces,thegeneralcompositionofthesteelis largelyfixed.Controlof
steelmakingoperationstothisstageenables,forinstance,sulphur- the
causeofMnSinclusions- tobe limitedfrequentlyto lessthan0.02%in
normalconstructionalsteels.Specialcontrolsometimesenables0.01%tobe
achieved- a levelwheretheriskofLTisgreatlyreduced.

Furthersteelmakingoperationswhichhavean importanteffectonthe
type,distributionandgeometryofinclusionsmayinclude:

(a) de-oxidisation,and

(b) sulphurcontrol.

.2 SteelmakingProcess.Differentprocessesappearto haveno important
effectonInclusionswhichpromoteLT.

.3 De-oxidisation.Thisoperationimprovespropertiesbyreducingoxygen
content,andiscarriedoutby:

(a) additionofde-oxidants(ie“killing”) to give semi-killedor
fully-killedsteels.Thisistheusualmethodadoptedforcon-
trollingoxygen.Siliconandaluminumaretheprincipalde-
oxidantsused.

Infully-killedsteel,alloxygenintheladlereactswith
addedsiliconoraluminumtoformoxides.In semi-killedsteels,
excessoxygenreactswithcarbontoformcarbonmonoxidewhichis
evolvedduringsolidificationoftheingot.

(b) vacuumdegassingusingspecialhighcapitalcostequipmentto
removegasesincludingoxygenwithouttheadditionofdeoxidants.
Thismethodreducesoxide-typeinclusionsandisusedforspecial
steelsonly.

.4 FinalSulphurControl.Atthefinalstageofsteelmakingsulphurcan
befurthercontrolledbytheadditionofrare-earthmetals(REM),e.g.misch-
metal,whichcontainscerium(Cc),orbycalciumcompoundssuchashypercal.

Thisaddition,whichmayalsobemadetotheingot-

(a) reducessulphurlevelbyremovingsulphurthroughtheslag,and

(b) tiesUD sul~hurinREMoxv-sulDhideswhichhavehiahmeltinc!.,
points:resistdeformatio~
globular,lessharmfulshape.

duringrollingandthus-retain~

,-.
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ThismethodisnowusedforspecialsteelswherehighRAzandresis-
tancetoLTisrequired.

.5 IngotPouringandTreatment.Furthermethodsadoptedbythesteelmaker
toreduceinclusions include:

(a) adjustmentofpouringtechnique,and

(b) hottoppingofingots.

B-4 INFLUENCEOFROLLINGANDHEATTREATMENTONINCLUSIONS

.1 BasicEffect.Aftersolidification,theingotisreheatedto a high
temperatureandreducedhottoslabsandthentoplateorrolledsections.
Thisdeformstheoriginallyglobularinclusionsto a flatandsometimes
elongatedshape- thusinfluencingRAzvaluesandsusceptibilitytoLT. The
grainsofthematrixarealsoelongatedinthedirectionofrolling.

Fromtheslabstagethechangeinshapeofinclusionsdependson:

(a) thedegreeofrollingorreductioninthickness,

(b) thedirectionofrolling,and

(c) thetemperatureofrolling.

Croppingattheslabstageremovesthepartof theslabcontaining
piping,grossinclusions,etc.

.2 EffectofThicknessReduction.Witha greaterdegreeof rollingand
reductionofthickness,inclusionsbecomeflatandhavemoreinfluenceon
RAzvalues.

.3 EffectofRollingDirection.Rollingpredominantlyinthedirectionof
the”originalingotaxis(l.e,straightrolling)elongatestheinclusionsinto
stringers.

Crossrolling,iewherethereisrollingbothtransverseandalongthe
ingotaxis,lessenselongationandgivesa roundershapeinplan. This
leadstoreducedRAz(Ref132)butnotnecessarilyincreasedsusceptibility
toLT.

.4 EffectofRollingTemperature.Thistemperatureis importantasthe
plasticityofmanganesesulphldeinclusionsrelativeto thesteelmatrix
increaseswithdecreasingtemperature,whilethatof silicateinclusions
decreases.Thus,thelowerthetemperaturerangeofworking,thegreater
theflatteningofMnSinclusions.ForfurtherdetailsseeRefB2.

.5 InfluenceofHeatTreatment.Modificationtoshapeof inclusionsis
notposslble bynormalheattreatment.Diffusionannealinghashelped,but
isnotpracticableforconstructionalsteels.Hence,thereisnocleardif-
ferencebetweenas-rolledornormalisedcondition.
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B-5 MATRIXFACTORS

.1 General.TheeffectofmatrixpropertiesonLTisprobablysmallwith
usualconstructionalsteelswheninclusionsarenumerousandlarge.Re-
searchandexperiencesuggestthematrixhasmoreeffectwithfewinclu-
sions,butthentheproblemofLTisless.

.2
can

.3
but

GrainSize.Experienceshowsthatbothcoarseandfinegrainedsteels
besusceptibletoLT.

R“
BandingofrolledplateandsectionsIsreasonablycommon,

t ISan othersegregationofalloyingelementsdo notappearto sub-
stantiallyreduceZ-directionpropertiesorincreaseLT.

B-6 INFLUENCEOFINCLUSIONSONPROPERTIESANDLAMELLARTEARING

Theeffectofinclusionshape,distributionandsizeisdiscussedin
2.3ofAppendixA. Usingthisandtheaboveinformationonvarioustypesof
inclusionsitispossibleto givetheveryapproximaterelationshipsin
TableB-6.

TABLEB-6 INFLUENCEOFINCLUSIONS

SteelTypes
InclusionType UsuallyInvolved

1.

2.

3.

4.

5.

SilicatestringersDecreasingIncreasingSK,FK-Si,FK-Si+Al
riskof RAz

TypeII manganese Lamellar
sulphidestringers Tearing FK-Si,FK-S+A1

Duplexsulphides
withsilicatetails

1 “1

SK

Ellipsoidalsulphides FK-Si+Al(thickplate)

Sphericalsulphides REMtreatedsteels

SK= Semi-killed Si= Siliconkilled
FK= Fully-killed Al= Aluminumtreated

B-7 REDUCTIONOFAREAASANINDICATOROFSUSCEPTIBILITYTOLT

.1 SelectionofReductionofArea.LTisclearlydependentonmaterial
properties,,particularlyInthel-direction.Itisnaturalthatconvention-
al,well-establishedmechanicaltestshave
susceptibility.Through-thicknesstensile
usedextensively,andtodaytheyareused
specialsteels.

beenusedto checkthematerial
testsofthematerialhavebeen
forspecificationpurposesfor
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Thesetensiletestsgiveyieldstress,tensilestrength,% elongation
(onvariousgaugelengths)and% reductionof area(RAz).Variationof
thesepropertiesisindicatedin2.3ofAppendixA andvariousresearchers
(RefsB3andB4)haveshownRAztobethemostdiscriminatingandaccurate
materialmeasureatthelowductilitieswhereLT isencountered.It also
hasbeen-foundtocorrelatewellwithknownLTincidence(RefB5). Thisis
notunreasonableasRAzisa measureofthelocalstrainoccurringatfrac-
tureandmorenearlyrepresentsthebehaviou~LT.

Toensurethatthefullthicknessofmaterialisassessed,standard
practicetodayistoweldextensionstubstotheplatebyfriction,studor
manualarcweldingtoprovidegripsforthistensiletesting.

.2 InfluenceofTestSpecimenonRAz.
testspecimendiameterissignificantin

(a) thesmallerdiameterspecimens
thesizeandpositionoflarge

It is importantto notethatthe
quotingRAzvaluesas:

arelikelytobemoreinfluencedby
inclusions,ieminimumvaluesare

reducedandmaximumvaluesincreased.

(b) thelargerspecimens,uptoapproximately20mmdiameter,havemore
lateralrestraintandthusgivelowermeanvaluesandreduced
scatter.Thus,6.4mmdiameterspecimensgive,inabsoluteterms,
approximately10%higherRAzmeansthan18mmspecimens.SeeFig.-

RAz
o
Io

50

40

30

20

10

00 5 6.4 10 15 2
SpecimenDiametermm

FigB-2 TypicaleffectofspecimendiameteronRAz
[forsteelwithapprox.25%Wlzon 6.4~ 4).
RefsB5andB1O.
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.3 VariationofRAzinThicknessPosition.Testinghasshownthatthe
maximumincidenceofinclusionsandfracturelocationmayvaryfromjust
belowthesurfacetothecentreoftheplateorsection,butusuallyismore
prevalentinthecentre.Experiencealsoindicatesthatplatesmaybemore
susceptibletoLTatdifferentthicknesses.

Toprovideforthis,RAztestscheckthefullthickness.

.4 VariationofRAzinPlate.Investigations(RefsBl,B6andB7)showno
apparently-consistentvariationofRAzovervariouspositionsintheplate.
Theonlygeneralindicationisthatfor.theplatestestedthere was a
slightlygreaterprobabilityof lowerRAzinthetopcentral30%of the
plate.

.5 RAzValuestoReduceRiskofLT. Farrar(RefB5)givescorrelationof
RAzwith-knownLT,andIndicates:

(a) inallsteelswhichencounteredLT,themeanRAzvalues(6.4mm
. diameter)wereequaltoorbelow15%andtheminimumvaluesofall
werebelow12%.

(b) inallsuccessfullyfabricatedsteels,themeanvaluesallex-
ceeded13%andtheminimumvaluesofallexceeded5%.

Atthisstageitisnotpossibletostatethatsteelswithhighvalues
ofRAzwillnotencounterLT,asmuch“dependsonrestraintfactors.As a
guide,thevaluesgiveninFigB-3arerecommended.Thisdatatakesinto
accountrecommendationsfrom:

o ReferencesB1andB8,
o IIW,ie15%to 20%minimummean,
o ReferenceB9,30%fornodeplatesinoffshoredrillingrigs,
o Currentpractice,25%minimummean(4or6 specimenstakenatthe

1/4platewidthposition)for.mostapplications,(35%by one
majoroilcompany)and10or15%individualminimum.

Asthescattercanbehighwithsmalldiameterspecimensthereis a
riskthatanoccasionalspecimenwillfailbelowthespecifiedminimum.This
willhavelittleeffectonLT,butshouldbeallowedforbytheusualretest
clause.

B-8 EFFECTOFOTHERMATERIALPROPERTIESONDESIGN

ThepossiblereductionoftensilestrengthandyieldstressintheZ-
directionmayinfluencethedesignofthejointinadditiontoallowancefor
reducedRAz.Thesereductionsarenormallynotgreat(see2.3of Appendix
A)andcanalmostalwaysbeignoredindesign.

Extensiveserviceexperiencehasindicatedthatconventionaldesign
whichisbasedonX-directionpropertiesisadequate.Thisis largelydue
tothefollowing:
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(a) steelswithverylowtensile oryieldstrengthoftenwillbe de-
tectedbyLTduringfabrication,whereconditionsaremoresevere
thanalmostallserviceconditions.

(b) tensilestrengthofmostconstructionalsteelsintheworstcondi-
tionintheZ-directionisgreaterthantheyieldstressonwhich
mostdesignsarebased.

(c) inmostweldedjointsthereisdiffusionof theserviceloads
througha greaterarea- thuseffectivelyreducingthestress;and

(d) theprobabilityof al
remote.

In specialcriticalcases
specialconsiderationmayneedto

1 factorsactingadverselyisextremely

whereveryhighstressesareinvolved,
begiventodesignormaterial.

w-
(J NegligibleRisk
: 20x

CiIV-P SmallRisk‘Eg15mN .-

10

5

nu Low Mediurn High
JointRestraint

FigB-3 ApproximateRiskofLamellaxTeaxing
forC andC-MnSteels.
Specifiedminimumyieldstress<40.8kg/mm2
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