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1. INTRODUCTION

1.1 Background

Filletweldsareextensivelyusedinshipstructures.In
a typicalshiphullconstruction~about75%of thewelds===
filletwelds.(l)Thisisbecausea shiphullisessentially
composedofa numberofpanelstructures.A typicalpanel
structureiscomposedofa plateandtransverseandlongitudinal
stiffeners.Thesestiffenersareusuallyfilletweldedtothe
panel.Forexample,a 50,000deadweighttoncargo_shiP,of
whichthehullweightisapproximately15,0uutons,hasapproxi-
mately7 x 105feetoffilletwelds,ofwhichtheweldmetal
weighsapproximately60tons.

Anoverridingconcernbyshipdesignersandfabricators
overtheyearshasbeentomakesurethesefilletweIdsare
strongenough.Althoughmanyeffortshavebeenmadetoreduce
theweightoftheshipstructurebyreducingthicknessand
dimensionsofstructuralmembers,littleattentionhasbeenplaced
onreducingthesizeoffilletwelds,weightofwhichrepresents
onlya fractionofthestructuralweight.Rulesonthesizeof
filletweldsinshipstructureshaveremainedvirtuallyunchanged
formanyyears.Itisquitepossiblethatcurrentspecifications
onfilletweldsaretooconservative.

Thereductionoffilletsizescanhavea significantimpact
onconstruction“costbyreducingconstructiontime,ltiorcost?
theweightofweldingconsumables,etc.Forexample,20%red-
uctioninthefilletlegsizewillresultin36%reductionin
theamountoftheweldmetal.Theweldingandassemblyofship
hullsrequiresapproximatelythesamenumberofmanhours,and
thesetwofunctionscombinedamounttoabout60%ofthetotal
manhoursforthecompletionofthehullstructure.(2)This
indicatesthattheweldingoperationaccountsforabout30%of
thelaborcostinplanningandconstructingshiphulls.Ifwe
lookatthetotallinearmeasureoftheweldedfilletjoints
employedinshipconstruction(75%),thelaborcostinfillet
weidingisabouta quarterofthetotal
a ship’shull.

~Reductionofthefilletsizewill
ofwelddistortion.Thereductionof
mayresultinanincreaseinbuckling.

laborcostforconstructing

alsoresultinreduction
out-of-planedistortion
strenathwhenthe~anel

issubjectedtocompressiveloading.ls)

Thisprojectwasinitiatedwithanultimategoaloffinding
whethersizesoffilletweldscouldbereducedwithoutaffecting
thestructuralintegrityofa ship.Morespecifically,the
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originalobjectivewasto‘recommendupdatedfilletweldre- ‘
quirementsfordomesticshipapplicationbyreviewingthe
developmentofcurrentmarinefilletweldrequirementsand
availabletestdata.

1.2 OutlineoftheStudy

Theone-yearstudyincludedthefollowingtasks:
1. Literaturesurvey,
2. Reviewofweldingstandards,
3. Contactwithexperts,
“4. Analysis,and,
5. Recommendations.

Therehavebeenmanypublicationsonvariousaspectsof
shipstructuralanalysis,studiesontheoverallstrengthofa
shiphull,andstudiestodeterminestressdistributionsinvarious
Structuralmembers.Infact,large-scalefinite-element
methods(FEM)havebeendevelopedbyvariousresearchgroups
includingshipclassificationsocietiesinvariouscountries
for computingstressdistributionsinvariousstructuralmembers
ofa shiphull.However,nopublishedarticlesspecifically
discussstressdistributionsinfilletwelds.

Aftersearchingforsuitabletechniquesforanalyzing
the,filletweldstrength,thefinite-elementmethodwasfound
tobea reliabletoolandprobablyoneoffewtechniqueswhich
douldfulfilltheneedsofthisproject.Therefore,efforts
weremadetodevelopa computerapplicationofanexisting
program,named“ADINA”(AutomaticDynamicIncrementalNonlinear
Analysis)whichwasdevelopedbyProfessorK.J.Batheinthe
DepartmentofMechanicalEngineeringatM.I.T.
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2. LITERATURESURVEY
A literaturesearchusedthefbllowingkeywords:

StaticStrength
FatigueStrength
ResidualStress
WeldDefect
Inspection
WeldingCracking
WeldingProcess

togeneratethe81papersthatweresurveyedinAppendix1.
A reviewofassumptionsandconclusionsofthemajo~past

contributions(9papers)inimprovingtheunderstandingoffillet
weldstrengthissummarizedinTable2.1
Thesurveyshowed:
1.

2.

3.

4*
5.

6.

7.
8.

9.

Therequirementsforfilletweldsizeusedinthecodesof
variousclassificationsocietieswerebasedonequivalentshear
loadsbetweena rivetedanda weldedstructure.
Thefirstattempttocom~ae experimentwiththeorywasdone
byVreedenburghin1954.~4f (11)Themostrecentattemptwasby_Katoin1974, usin~a finite
elementmethod(FEM),butagainwithsomesimplificat~ons.
Anaccurateanalysishasnotyetbeendone.
Filletweldsareverystrongwhenthecurrentrequirementsare
applied.
Thestatisticsindicatenofilletfailuresandtheweldsize
relatesonlyw“eaklytocrackingatthetoeofthefillet.
Morepapersdiscussfatiguestrengththanstaticstrength.
Fatiguestrengthisnwrecriticalthanstaticstrengthinfillet
welds.
Contactanqlebetwee”nthebaseplateandtheweldsurface,welding

.,
defectssu~hasundercutorcra~ksnearthefillettoesinthe -
basemetal,androotgaparefactorscmtributingtoreduction
offatigueresistanceanda filletweldfailure;

2.1 StatisticsonShipHullDamageRelatedtoWeldDefe”cts
A studyonhulldamagerelatedtowelddefectshasbe@n

carriedoutbyNipponKaijiKyokai(-14~Thestudydealtwith
generalstructuredamagesoffourtypesofships:tankers,
orecarriers,containersandgeneralcargoships.outof1200
surveyedships,cracksinshellorstrength“deckplatingwere



TABLE2.1 SUMMARYOFLITERATURESURVEY

NAME YEARSUBJECT ASSUMPTIONS CONCLUSIONS
Vreedenhrgh1954Staticstrength(Experiments) Designshouldbebasedonanexperimentally

(4) derivedenvelopeofweldstrength.Reject
theoreticalapproachessincetheydidn’tagree
withexperiments.lntroduceempiricaI
coefficientstomodifytheoreticalresults.

Macfarlane1965Fatigueof (Experiments)Thefatiguestrengthofthetransversefillet
Harrism transverse

(5) filletwelds weldsisinfluencedbytherelativesizesof
themainandcoverplates.

Swanel1 1968StaticstrengthUniformshear Effectofjointstiffnessandloadapplication
(6) oflongitudinal

filletwelds ontheshearingintensity-Toedisplacement
relationships.

Reportofthe Fatigue (Experi.wnts)ConsiderableincreaseinfatiWeldingInsL1968 Y ‘tren?k~yt;vefilletweldedjointsisreporedwhenResearchLaboratories beeneithergroundorhammer~~ed Forlowcyclefatigueusegrindingan
(7’)

orfiighcycle
fatigueusepeening.

Solumsmoen1969Fatigue (Experiments)Weldedspecimensinmildandhightensilesteel
(8) canherepresented,approximately,bythesame

S-Ncurve.
Butler,Kulak1971Staticstrength(Experiments)Transverseweldsshowebout44%strength

(9)
increaseoverlongitudinalweldsbutshowa
decreaseindeformationcapacity.

Clark 1971Staticstrength
(10) (Experiments)Strengthoflongjointsandgroupsof fillet

welds,undereccentricloadingisreported.

Kato StaticstrengthI)DirectstressonFromelasticsolution,transverse~illetweldsoftransversefilletwelds RR”$;M f;ceare46%strongerthanlonitudinalfilletwelds
(119 k!~{~fkked

ofthesamesizeandlen
(FiE.M.analysis)

Failurealwaysoccurredattherootof?b”fillet.
2)Breaking w<il.... occurwhentheshearstressatapointofthefilletweldis:
lnax=ut/J-3
where,. at~#&Qfltie

Iaddox 1975Fatigue“(12) F!&HmRts “ Agreementbetweentheoryandexperiments
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found‘in101ships.Almostallofthesewerefatigue-crack
initiatedfromthetoeoffilletjointconnectinginternalsto
shellordeckplating,transverse-membersto
horizontalgirderstobulkheadplating.

otherstatisticalstudiesmaderecently
ofthehullstructuraldamageswerereviewed
sevencriticaljointswere’identified:

1. Internals(longitudinalmembers)to
2. Internals(longitudinalmembers)to
3. Primarytransversememberstoshell

shellplatingand

inthegeneralarea
andthefollowing

shellplating.
strength-deckplating.
plating.

4. Horizontalgirderstobulkheadplating.
5. Doublebottomfloortoinnerbottom.
6. Doublebottomgirderstoshellandinnerbottom.
7. Faceplatesondeepwebhaunches.

Thesecriticaljointsarealsosensitivetofilletweld
defectsaccordingtothest~~ticalstudiesconductedby
NipponKaijiKyokai(Japan)? 7 NewportNewsShipyard(USA)(15)
andProf.Antoniou(Greece).(16~

2.2 ReviewofStaticStrengthofFilletWelds
Inordertostudytheeffectofthedirectionofapplied

loadonthestrengthoffilletweldedjoints,ButlerandKu~akcg~
conductedtestsandanalyzedresultingdata.

Thetestswereconductedinfourgroups,eachwiththeweld
axisbeinginclinedatanglesofO (longitudinallyloaded), 30,
60,and90 (transverselyloaded)degrees,resPecti~elYrt;h~he
directionoftheappliedload,(asshowninFigure2.1)
materialofthetestspecimenswasCSAG40.12whichhasa speci-
fiedyieldstressof44ksianda minimumtensilestrengthof
62ksi.AWSE60XXelectrodeswereusedforweldingthespeci-
mens.

ButlerandKulakchosetoanalyzetheirexperimentaldata
employinga load-deformationresponseformechanicalfasteners
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topview

Weld

appliedforce

inclinedangle

sideview

P I P

Weld

FIGURE2.1 SCHEMATICREPRESENTATIONOFTHETEST
SPECIMEN(9)
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Where

RUlt =
A =

p,A =
e =

Trial-and-error

fastenerloadatanygivendeformation

ultimateloadattainablebyfastener
shearing,bending,andbearingdeformation
offastenerandlocalbearingdeformation
oftheconnectedplates
regressioncoefficients
baseofnaturallogarithms

curvefittingoftheexperimentalresults
wasusedtoobtainthefollowingexpressions.ftirthedependent
variablesintheequation.Theinclinedangle,e,istheonly
independentvariabletobegiven.

R 10+6
Ult = 0.92+ 0.06030
Amax = 0.225(9+ 5)-0-47

Where6 istheweldinclinedangletothedirectionofthe
applied,load.

Readersarecautionedthattheseexpressionsweredeveloped
specificallyfor% inch(legsize)filletweldsmadewithE60XX
electrodes;and,therefore,careshouldbeusedbeforeapplying
thesetoothersizeweldsorweldsusingdifferentelectrodes.

Table2.2comparestestresultsandpredictedvalues
fortheultimateloadandthemaximumdeformation.

Figure2.2summarizestheresultsofloadvs.deformation
withrespecttodifferentinclinedangles.Thestrengthof
thefilletweldstestedincreasedapproximately44%asthe
angleofloadschangedfromzerodegree(longitudinally
loadedweld)to90degrees(transverselyloadedweld);however,
therewasa substantialdecreaseindeformationcapacityasthe
strengthincreased.

KatoandMorita(ll&tudiedthestrengthoffilletwelded
jointstheoreticallybyemployinganapproximatesolutionbased
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Group
9, deg

o
30
60
9b

Ultimataload
kips/in. Maximumdeformation,

in.
PradictedvalUO=

Std.
UltimaEo Maximum

Mean Std.deviation load deformation,Pkan deviation Kips/in.
10.9 0.67 0.101 0.008 10.9
Id’.6 0.03 0.049 0.011 14.6
14.1 0.51 0.031 0.004 15.4
14’.5 0.95 0.026 0.002 15.7

TABLE2.2 TESTRESULTSANDPREDICTED

0 — pointofweldfailure 1=

! I 1
0.02 O@ 0.c6 0.C4 9.10 0.1.

uwmmotl@cKF.s)

FIGURE2.2 LOADVS.DEFORMATION
e=00to900 14 in.
FILLETWELDS(13{

—

—
—

in.

0.105
0.042
0.031
0.O26

VALUES(9)

FIGURE2.3TRANSVERSELVLOADED
FILLETWELD(7)
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onthetheoryofelasticityandsupplementedthisbyan
elastic-plasticstrain-hardeninganalysisperformednumerically
usingthefinite-elementtechnique.Theapproximatesolution
isbaseduponthefollowingassumptions:

1. Thedirectstress(q)onthetensilefaceofthe
weldisuniformlydistributed.

2. Thepatternoftheoftheelasticstress.distribution
remainsunchangeduntilthebrakingoftheweld.

3. Breakingwilloccurwhentheshearstressata point

ofthefilletweldreaches
~max= —

;where

‘t = thetensilestrengthoftheweld
meta1

4. Thefilletweldhaslegsofequalsize.

ThemodelusedforthisstudyisshowninFigure2.3.
Themaximumstrengthofa transverselyloadedfilletweldwas
foundtobe:

Tt,max= 1.46~ -cmax= AwOt
H

TheobliqueplanRP(O=m/8)in”Figure2.3isthe
fractureplaneofa transverselyloadedfilletweldandthe
throatRQ is thecriticalsectionofa longitudinallyloaded
filletweld.

Thisindicatesthattransverselyloadedfilletweldsare46%
strongerthanlongitudinallyloadedfilletweldsofthesame
sizeandlength.

2.3 ReviewofTatigueStrenEthofFilletWelds

Itwasreported(,17)thatthefatiguestrengthofa 5/16-
inchfilletweldedTee-jointwasreducedtremendouslyfrom
plain-platestrengthundercertaintypesofloadingandstress
level.Table2.3showstheexperimentaldataofsuchstrength
reduction.

Sincefatiguestrengthisa majorfactorinfilletwelds,



TABLE2.3 FATIGUESTRENGTHOFFILLETWELDEDTEE-JOINT

UNDERCYCLICLOADING(17)

O toTension Reversed
F1OO,OOOF2,000,000F1OO,OOOF2,01)

PlainPlate(A-7steel)47.8ksi 31.7ksi 26.8ksi 17.5ksi
Tee-Joint- 5/16”Fillet19~ k~i
Welds,FailureinWelds “ 9.6ksi 13.3ksi 6.2ksi



anditisdifficulttoalterthedesigntoeitheravoidfillet
weldsorplacefilletweldsinareas”oflowstress,thereis
muchinterestinmethodsthakmayimprovethe“fatigue‘strength
ofjoints.TheWeldingInstitutecond~ctedexperimentsto
determinetheeffectofpeeningandgr~nd:ngonthefatigue
strengthof filletweldedjoints.(1~1The”testpieces”have
non-load-carryingattachmentsfilletweldedeitherparallelto
ortransversetothedirectionoftheappliedstress.These
specimenswerefabricatedinsucha mannerthatthedirection
ofstressingwasparalleltotherollingdirectionofthematerial.
DetailsofthetestpiecesappearinFigure2.4.

Tostudytheeffectofpeening,thesampleswerepeened
witha pneumatichammer,fittedwitha solidtoolhavinga
roundedendofapproximately1/2inchdiameter,thatwas
movedalongthetoeoftheweldata speedofapproximately
18inchesperminute.Usually,threerunsofpeeningwere
requiredoneachspecimentoensurethatthewholelengthof
theweldtoewassubjectedtothepeeningtreatment.

Twotypesoflocalmachiningwerealsostudied.Thefirst
consistedofgrindingonlyattheweldtoe.Thisgrindingwas
carriedoutsoas-Loensurethatthegrindingmarkswere
paralleltothedirectionofthestress.Thesecondtypeof
machininginvolvedmachiningthewholeweldtoyielda concave
profileanda smoothblendoftheweldintotheplatesurface.
Thegoalofthistreatmentwastoobtainthemaximumpossible
increaseinstrengththatcouldresultfrommachining.

Duringthetesting,allspecimenswereaxiallyloaded
withoneofthefollowingstresscycles.Eitherthetest
piecewasloadedunderpulsatingtensionwitha lowerlimit
of”zerooranalternatingloadcausingminimumandmaximum
stressesequalinmagnitudebutoppositeinsign.Thecri-
terionoffailurewasthecomp~eteruptureofthetestpiece.

Someofthesampleswerefabricatedwithweldsaround
theendsofthegussets,whileotherswereleftwiththeends
unwelded.Itwasfoundthatthefatiguestrengthofthese
twotypesofsampleswasthesameforthenon–load-carrying
longitudinalfilletwelds,andincreasedwithboththepeening
treatmentandlocalmachining.Theincreaseinstrengthgrew
largerasthelifeincreasedinthecaseofpeening;whereasfor
“’thelocalmachiningoperation,theincreasewasaboutthesamefor
‘thewholerangeexamined.Thetestresultsontheeffectsof
grindingandpeeningformildsteelspecimenswithlongitudinal
andtransversegussetsareshowninFigures2.5and2.6,respect-
ively.
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Inthetestsemployingpulsatingtension,itwasfound
thatpeeningincreasedthefatiguestrengthbyabout75%.With
bothpulsatingtensionandalternateloading,thefulllocalgrinding
operationincreasedthefatiguestrengthbyabout50%inallcases
exceptthatofmildsteelspecimenswithtransversefilletwelds
whichyieldednearly100%improvementovertheas-weldedcondition.
Eventhoughthisislessofanincreasethanthatobtainedfrom
peening,thedifferenceintheslopeoftheS/Ncurvesforpeened
andgroundspecimensaccountsforthefactthatgrindingwasfound
tobemoreeffectivethanpeeningfortestsinwhichthenumberof
cycleswaslessthanabout50,000.Fullgrindingofthetest
pieceswithlongitudinalfill&cweldsnormallyfailedasa result
ofinitiationattherootofth~weld.Inthecaseoflightgrinding
attheweldtoe,theimprovementvaried.Thisisassumedtobe
relatedtothefactthatitisverydifficulttocontrolthe
degreeofgrinding.Thistechnique,consideredtobeunreliable,
is,therefore,notrecommended.Itisinterestingtonotethatin
testsperformedonsampleswithtransversegussets,fullyground
andalsopeenedlfatiguestrengthsashighastheparentmaterial
couldbeobtained(Figure2.6).
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3. REVIEWOFSTANDARDS

3.1 Review“ofl?illetWeldSpecifications

Forconvenience,thefollowingabbreviationshavebeenused
torepresentvariousclassificationsocietieswhosespecifications
arereviewedinthischapter:

L.R. = LloydRegister
ABS = AmericanBureauofShipping
GER.L..L.= GermanischerLloyd
Alws = AmericanWeldingSociety
?Kcsc = AmericanInstituteofSteelConstruction
D.N.V. = DetNorskeVeritas
B.V. = BureauVeritas
NKK = NippcnKaijiKyokai
USN = TheUnitedStatesNavy
USSR = RussianClassificationSociety

Therearetwomeasuresoffilletweldstrengthextensively
usedinthevariouscodes.Oneofthemisbasedontheeffect-
ive throatthickness(t),definedastheshortestdistance
fromtheroot(A)tothefaceoftheweld[Figure3.1),Another
oneisbasedonthefilletleg(W)which,foranequalleg
fillet.weld~isequatedtothethroatthicknessby

w= Cr’t

Alltherulesofthevariousclassificationsocietiesgivethe
rn”inimumrequiredweldsizebyfilletleg(W)orthroatthick-
ness(t).

Thefilletlegorthroatthicknessisgivenasa function
oftheplatethicknessoftheattachedmembersaswellasits
positionintheshipstructure.Thelatterreflectsthedifferent
loadingconditionstowhichtheattachedmembersaresubjectdue
totheirposition.

Someofthecodesputlimitsonweldlegsizeaswellas
someallowances(forexample,corrosionallowance)orrestictians
(forexample,maximumpermissiblegap).Aswillbediscussed
later,ABSincorporateda corrosionmarginof1.5mm (0.059inch)
inthroatthicknesswhentheychangedtheirrequirementsonfillet
weldsizefromintermittenttocontinuousweld.ABSruleshavealso
incorporatedthecorrosionmargininthebaseplatethickness
requirements.



-15-

A

\

Filletweld

XT roatthickness
/

t /
/

/
/

\
\

\
/

,/

w
Root weldleg Toe

FIGURE3.1 DEFINITIONOFBASICPARAMETERSINFILLET
WELDS



-16-

Thefilletsizerequirementsspecifiedbytenmajorclas-
sificationsocieties~th@‘USNavyandthe“StructuralSteelDesigner’s
HandbookaresummarizeinTable3.1’,The1977,orearlier
editions,oftheclassificationsocieties”wer”eusedforthese
comparisons.

Inordertocomparethevariousrules,the“requiredthroat
thicknessfordoublecontinuousweldsisplottedagainstthe
platethickness(thinnerofthetwoplatesjoinedbythefillet)
withrespecttothelocationoftheinostcommonapplicationsof
structuremembersupto24mmthicknessinFigures3.2athrough
3.2j.Itisseenthatthehighes”tvalueismorethantwice
thatofthelowest.The“plotsoffillet”sizesalsoshow
dramaticallythevariationamongthevariausclassification
societyrulesandsuggestopportunityforrationalimprovement.

Investigationofth@reasonsforthedifferencesinfillet
sizesamongthemajorshipclassification”societieswasnottoo
successful.Manyoftheweldingspecificationsweredeveloped
manyyearsagoandthehistory”oftheirdevelopmentwasnotwell
documented.

3.2 CorrosionConsiderations

Indesigningweldedjointsofships,forgeneralcorrosion,
amethodcommonlyusedtoensurea proper.des”ignistheuseof
corrosionmargin.TheU.S.Navyspecificationsdonotrequirea
corrosionmargin;however,ABSspecificationshavea coirosion
marginbuiltintotherequirementsforplatethicknessandauto-
maticallyprovideoneforthefilletweldsbecause“thesizesof
filletweldsarebasedonplatethickness.

Specialprotectivecoatingshavebee’nusedasanalter-~
nativeforcorrosionmarginbysomeshipclassification
societies.However,thiscorrosionma~gincannotbetaken
astheallowablereductionineitherplatethicknessorfilletsize.

Platematerialstendtocorrodemorethanweldmaterials
asfarasusualcombinationsofplatematerialsandweld
materialsareconcerned.Thecorrosionrateofordinaryship
hullsteelsinseawateris~accordingtoProfessorsH.H.Uhlig
andR.M.Latanissionof M.I.T.,roughly0.005inchperyear.
Sincethisratedecreasesduetoa build-upofoxidesonthe
surface,normallya rateof0.003or0.004inchperyearis
usedfora periodoftenyears.Ifafcorrosionmarginor1.5mm
isimposedon‘aweldedplate,a servicelifeofapproximately
20yearscanbeobtained.rSincemostsurfacesona shipthat
areexposedtoseawaterorbilge”wateraremaintained‘sothat:
someformofprotectivecoatingiskeptintactmostofthetime,
thecorrosionmarginof1.5mmisconsideredsufficient
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TADLE3.1SUMMARYOFFILLETWELD5PEC1FICATION5
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TABLE3.1 SUMMARYOFFILLETWELDSPECIFICATIONS(CONTINUED)
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forsteelweldjointsina seawaterenvironment.

3.3 Fabr’icatioriLilriits

Metallurgicalrestraintsimposeaminimumsizeoffillet
welds.Todecreaseaweldspecificationbelow~\liinch(leg
size)wouldbeunrealisticbecauseitistoosmallforwelding
practice.

Thereareoccasionsinwhichfilletweldsmadeunderop-
timumweldingconditionstendtobeslightlyundersized,as
showninFigure3.3.Itisa commonattitudeforaninspector
torejecttheseslightlyundersizedfilletwelds.Inmanycases,
twoormorepassesofweldmetalmustbeaddedtosatisfythe
requirements.Itisusually,inthiscase,impractical(ifnot
impossible)toaddonlya smallamountofwelddeposit.Theweld
isalwaysoverwelded,asshowninFigure3.3b.Thisnotonly
wastestime,labor,andmaterial,butalsocreatesmoredistortion
whichcausesmorefabricationerrorsinotherjoints.Thiskind
ofwastecanbereducedbyallowingsomeundersizedwelds,if
thestructuralintegrityofa shipisnotimpaired.Distortion
canalsobereducedbynotaddingmoreweldmaterialtothejoints.

Themaximumgaprequirementsandtheallowableconvexityfor
filletweldsspecifiedbytheU.S.Navyisdiscussedin Section3.4.
A13Sruleshavethesamemaximumgaprequirementbutdonotrequire
themaximumallowableconvexity.Otherclassificationsocietids
donotmentionrequirementsforeithergaporconvexity.

3.4 Revi’eW“ofU.S.NavyWeldingSpecifications

TheU.S.Navyweldingspecificationsarepresentedina
differentformatthantheotherstandardsdiscussedinthe“previous
section.The“requiredweldsizes”arepresentedingraphicalformof
a‘plotof:platethicknessversusjointefficiency.*Differentplots
arepresentedforeachdifferentcombinationofoonstructl,onni~~:~l~ls
andelectrodesused,andtypesofweldedjoints.Ratherthanuse
a differentgraphforvariousjointlocationsintheship,the
Navyspecificationsforjointefficiencyincludethefactorof
jointlocations.A partiallistingoftherequiredjointefficiency
isgiveninTable3.2. Fora completelisting,seereference19.

* Jointefficiencyisdefinedastheratioofultimatestrength
ofwelddeposittoultimatestrengthofbasematerial.
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TABLE3.2 RJZQUIREDUSNJOINTSFFICIENCIESFORVARIOUSFILLET
V7EIIDEI)Jo,~~,(1’)

Item Connection JointEfficiency
(PerCent)

BilgeKeels

Bulkheads,Longi-
tudinalandTrans-
verse

DecksandPlatforms

Foundations

Framing,Longitudi-
nalandTransverse

MastsandBooms

PipingPenetrations

VerticalKeel

Connectionstoshell

Mainsubdivisionbulkheads

Longitudinal
Transverse
Withdeckondrilyoneside
Withdeckonbothsides

Shellandinterbottom

GunFoundations

Connectionstoflangesor
faceplatesaroundlightening
holesEndconnectionsto
intersectingmembers

Ordinaryframes(lessthan
24-inchesindepth)

Alljoints

Shellplatingandsupports

Connectionstbflatkeeland
riderplate

75

100

75

75
100
75

100

75

100

100

100

75
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OneexampleoftheNavyweldingspecificationsisshownin
Figure3.4.Thegraphisplottedfora continuous,double-
filletweldedtee-jointmade‘ofmediumsteel(U.T.S.60,000
PSI)usingMIL-6011electrodes.

ComparisonsoftheU.S.Navyspecificationstoother
weldingstandardsforrequiredweldsizeversusplatethickness
forjointsbetweendoublebottomfloorsandshellplating,between
webframesandshellplating~andbetweendecksandshellplating
canbeseeninFigures3.5,3.6,and3.7”respectively.While
GermanischerLloydisthemostconservative,followedbythe
AmericanBureauofShippingandtheU.S.Navy,,,BureauVeritas,
LloydRegisterandDetNorskeVeritasarethemostliberal.
Also,itisveryapparentthatthereisa widerangebetweenthe
mostconservativerulesandthemostliberalrules.Infact,there
isovera factoroftwodifferenceinsomecases.Thisdifference
maynotbeaslargeasitseemsbecausethespecificationsmaybe
baseduponslightlydifferentmodelsor’includeorexcludedif-
ferentconsiderations.Forinstance,onemayincludea corrosion
allowanceandanothermaytellthe‘designertoaddona marginin
additiontowhatisrequiredbythechart.

TheU.S.Navyspecificationshavethesamemaximumgapre-
quirementsasthatrequiredbyABSspecifications.Themaximum
gapthatisallowedwithoutincreasingtheweldsizeis1/16inch.
Ifthegapisgreaterthan1/16inch,therequiredweldsizeis
equaltothenormalxequiredsizeplusthegap.Themaximumper-
mittedgapevenwithincreasingtheweldsizeis3/16inch.

TheU.S.Navyspecificationsalsolimitthemaximum
allowableconvexityforfilletweldswhichvarieswiththeweld
sizeasshowninFigure3.8.

Thetoleranceonfilletwe~dsize“isasfollows(19):“Fillet
weldsuptoandincluding3/8-inchs“izeshallnotvarybelowthe
specifiedsizebymore“than1/16“inch,andanysuchvarianceshall
notextendfora total distancegreaterthan1/4ofthejoint
lengthnorformorethan6 incheSatanyonelocation.Fillet
welds,7/16-inchsizeandlarger,shallnotbe‘lessthanthegage
limitsfortheirrespectivesizes.”
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4. DgVl?jLjOPMENTOFANALYTICALMETHOD

Tostudythestressdetailsintheweldsofafilletjoint,
eithera photoelasticanalysisormathematicalstress-strain
analysis,canbeused.Withcomplexstructuressuchasships,
thousandsofcombinationsofdifferenttypesofjointsandtheir
appliedloadsmayexist.Thepho.toelasticanalysisisnotpractical
toapplytoalljoint-loadcombinationsina ship,Forthisreason,
mathematicalstress-strainanalysisisconsideredamoreuseful
andeffectivemeansforcalculatingstressesinfilletwelds.

4.1 AnalyticalMethod

A finite–elementcomputerprogram,named“AutomaticDynamic
IncrementalNonlinearAnalysis(ADINA)”,wasusedtodevelopthe
toolforreviewingthecurrentlyexistingfilletweldspecifications

ProgramADINA,a generalpurposefinite-elementcomputer
programforlinearandnon-linear,staticanddynamic,three
dimensionalanalysis,isanout-of-coresolver,i.e.,the
equilibriumequationsareprocessedinblocks,andverylarge
finite-elementsystemscanbeconsidered.Also,allstructure
matricesarestoredincompactform,i.e., only non–zeroelements
areprocessed~resultinginmaximumsystemcapacityandsolution
efficiency.

Inputsintheprogramarethejointdimensionsandgeometries,
coordinates’ofeachnode,appliedloads,boundaryrestraintsand
materialproperties,suchasYoung’smodulusE,tangentmodulus
E (forthecaseofstrainhardening),yieldstresso and
P&isson’sratiou,ofthebasematerialandwelddeposit.

Theoutputsfromthecomputeranalysisarethestress
distributionoverthefilletweld,displacementsin-everynodal
pointandstrainconditions(ela~ticorplastic)ofthestressed
areasundercertainexternalloads.

Figure4.1showsthegene~alsolutionprocedureoftheADINA
program.

4.2 MethodforDetermining Minimm Fillet WeldSizes

Todeterminetheminimumfilletweldsizes,eitherallowable
designstressintensitiesor tl-le strain conditionsin weldhaveto
beintegratedintheanalyticalstepsofADINAprogramming.The
filletjointdimensionsandgeometrycanbeobtainedfromactual
drawingsofships.Figure4.2 showstheworkingprocessofhowthe
computerprogramdeterminestheminimumfilletweldsizesifall
requiredinformationisknown.
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Overallstressanalysisoftheshipstructureusingeither
theoryofstructuresorfinite-elementstressanalysis”mustbe
performedtoobtainthelocalloadsactingonthejoint.The
boundaryconditionssupportingtheedgesofthecut-offjoints
arealsoessentialfactorsintheanalysisandhavetoberationally
assumed.

A criterionisrequiredintheanalysisfordeterminingthe
minimumweldsizes.LetX bedesignatedasa criterionquantity
suchasyielding,andx asthecriticalquantity.If
X isnotequaltoX ~equir~fiefilletweldsizemaybereduced
orincreasedbyan~~~~$~~’A1 anda newwelddimensionis
formed.Theiterativeprocessthenbeginsuntilthesituation
ofx=x . isreached.Thesizeoffilletweldsresulting
fromtl$$~”~$~~ativeprocessisthetheoreticalminimumsize
requiredundercertainappliedloadingconditions.Corrosionmargin
may.beaddedto,thistheoreticalweldsize?.Thefinalfilletweld
sizeisthencheckedby.themanufacturinglimitscausedbymetal-
lurgicaloroperationalconsiderations.-Forexample,thesmallest
weldsthatcanbemadebytheavailableweldingprocessorthe
minimumrequiredweldsizesforpreventingcrackingduetorapid
cooling. .

4.3 MathematicalModeling“andGe”neralYieldingCriterion

Duetotheoverallgeometryofships,thelocaldetails
ofa tee-jointmaybeanalyzedinaccordance“withthetypes
ofloadingwhichareeitherlongitudinallyeffectiveortrans-
verselyeffective.Insomecasesthelongitudinaland
transversestructuresinteract,suchasthecornerweldsofa
panelstructure~sothata three-dimensionalmodelmustbeused.
Inothercasesitispossibletoisolatethelongitudinaleffects
froma transversestructure,treatingthemasboundaryconditions,
anddealonlywiththetransversejoints.Insucha case,a two-
dimensionalana,lysismaybeapplied.

A two-dimensionalanalysisfora tee-jointundersimple tension
actingontheflangewasusedtocheckthevalidityofthe
ADTNAprogramandtomodifytheprogramforgeneralapplications
ofthefilletweldstrengthanalysis.Figure4.3showsthemathe-
maticalmodelofa tee-jointundersimplifiedloadingcondition.

ThejointwithtensionontheflangeshowninFigure4.3may
representa tee-jointinthefloorofmidshipsection,midway
betweenthestiffenersbutwithonlyshiphullgirderstress
whichisuniformlydistributed(approximately)acrosstheflange
thickness.

,“,,..“
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e = gapbetweenthewebandtheflange

6 = angleoffilletweldwithx axis

E = filletlegsize

‘1= webheight
!1= lengthofflange

‘1
= flangethickness

‘2= webthickness

FIGURE4.3MATHEMATICALMODELOFA FILLETWELDEDTEE-JOINT
UNDERTENSILELOADACTINGONTHEFLANGE
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A criterionX . isneededfordeterminingtheminimum
weldsizesinADIN~e~~~@is.Inthisresearch,a general
yieldingconceptwasdeveloped.Thisistousethegener”al
yieldingconditionalongtheweldlegasa determiningfactor.

Thecriterion

x=

where
x=

ofgeneralyieldingisdefinedby

xrequired

Lengthofyieldplasticzonealongthe
weldleg .,.. . $

Weldlegsize

Therequiredyieldingcriterionisassumedtobe1.

Toillustratetheconceptofgeneralyieldingcriterion
numerically,a calculationwasconductedfora tee-jointshown
inFigure4.3withroughmeshsizes.*Sincethejointis
symmetrical,onlyhalfofthejointwasanalyzed.

Figure4.4showshalfofthetee-jointwithfinite-element
meshes.Thedimensionsofthejointareassumedasfollows:

Length(1/2) = 800 mm
Plate1 thickness(tl) = 18 mm
Plate2 thickness(t2) = 10.5mm
Webheight(.hl) = 300 mm
Filletweldleg(.1) = 5 m
Rootgap(e] = 1.59mm

Theappliedboundaryconditionsareasfollows: “’
(i)Clamped,acrossfaceA
(ii)Simplysupported,atpointB

Sincethestress-strainrelationshipabovetheyield
pointdependsonthehistoryofloading,theloadingfunction
ofappliedtensiononthejointflangeisassumedt~have36 step
increments.TheloadincreasesfromO to50Kgr/mm,asshownin
Figure4.5.

* Roughmeshsizewasusedinthistestrunbecausethe
accuracyofresultswasnotimportantandthepurposeofthis
runwasmerelytodemonstratetheconceptofgeneralyielding.



,

-35-

FaceA-

gap—

&

—

—

=

z

FIGURE

I50-
&

20

10

** Not allthe~1~~~~~~are
Shownin thefigure

** Gap=1.59~ (1/16”)

4.4 FINITEELEMENTMESH’FORTEST

B

RUN

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

I-------------------------------------------...++---------+...
.-..”+ ------ . . ..-. ------ . . . . . . . . . . . . . . . . . . . . . . .

1
I
1

I
------- . . . . . . . . .

I
. ... 1

I

1
I
#

o 5 10

4.5 LOADING

15 20
Time

FUNCTIONFOR

25 30 35

TESTRUN



-36-

Thevariablefinite-elmtnEshcmsistsof33el~ts and48nodes.
Themeshisfinernearw rootand& duetopssiblestressmnoentrations
in theseareas.

Assumethatthematerialpropertiesofbaseplatesandweld
metalarethesame: Theyare:

E = 21,000Kgr/-m2

‘Y = 21~gr/mm2
‘v = 0.3

Theanalysisisanelastic-plastic,2-D,plain-strain
analysis,usingtheVun-Misesyield.criterion,witha linear
strain“hardening.Astheloadstartstoincrease,allelements
areintheelasticregion.Atsomeloadlevel,someelementsgo
intotheplasticreg”ion.Theresultsoftheanalysisareshown
inFigure4.6.Theshadedlinesgivetheelementstliatbecome
plasticata giventimestep.

Hence,attimestep2 (correspondingtoa loadof15Kgr/mm2),
thesmallelement& 24atthetoeofthefilletisplastic
(givenbyverticallines).Thenattimestep5,thenextelement
becomesplasticandsoon.

so,foreachtimestep(correspondingtoa givenapplied
load),theportionofthefilletweldlegwhichisinthe
plasticregioncanbefound.At timestep2,forexample,10%
ofthefilletweldlegisplastic,orusingthedefinitionof
x,X=1O%*Similarly,attimestep5,X = 20%,attimestep9,
X = 40%,andsoon, Fora givenload,aslongasX islessthan
x . thefilletsizecanbereducedandtheiteration
p$~~~~e~ontinuesuntiltheconditionofX = 1 isreached.

Intheaboveexample,thestateofX = 1 happeneda;time
step14,withanappliedloadofapproximately25kgr/mm.

Itisinteresting,physically,toexaminehowtheplastic
zoneprogresses.First,plasticityappearsinthetoeelement
duetohighstressconcentration(oftheorderof1.5).The
nextelementwhichgoestoplasticregionistheonenexttothe
toeelement.Then,plasticityappearsintherootofthe
fillet.Thisobservationmaybea goodexplanationof”the
statisticalresultswhichindicatedthatthefatiguecrack
alwaysinitiatedfroma fillettoe.
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n Limestep2
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FIGURE4.6 SPREADOFPLASTICREGIONINTHETESTELEMENT
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4.4 Numeric’alExampleofthe’EffectofIn-PlaneTensileStress
n BottomShellPlatiln’go’n’FilletWeldStrength

Theexampleshowninthissectionissimplytodemonstrate
howthefilletweldsizescanbereducedusingtheADINAprogram.
Theeffectofrootgaponthestressconcentrationatthetoedf
a filletweldunderin-planetensileloadappliedontheflange
wasalsoanalyzed.

ThejointanalyzedisshowninFigure4.3.Thefinite-
elementmodelconsistsof72plain-strainelements*and219
nodes,,ascanbeseenfromFigure4.7.DimensionsOfthejoint
shownintheFigurearethesameasthatbetweena transverse
floorandtheshellplatingofanAD-37classship.

Assumingthattheuniformtensileloadiscausedbyship
hullgirderbendingonthebottomshellplateinthemidship
sectionofanAD-37classship,t~~~)~oadmaybedeterminedby
simplebeamtimgyandtheloadis

‘T= 34,538psi
= 24.29‘~

Thisloadisappliedinthelineconnectingthenodes1,
2,and3,andina negativeY direction.

Theanalysisperformedwasanelastic-plasticanalysis
usingtheVon-Misesyieldcriterion,witha linearstrain
hardening.Thetangentmoduluswasassumedtobe

1 ~
‘t‘m = — ..

40
Thejointwasassumedtobemadeofmildsteel,withthe
followingmaterialproperties:

E = 21,000Kgr/mm2
= 24.5Kgr/mm2‘Yv = O*3

Sinceanelastic-plasticanalysisisperformed,itis
importanttomakesmallloadstepincrementsintheplastic
region.Ifthestepincrementsarelarge,noequilibrium
stiffnessmatrixcanbereformedintheprogram.So,thetotal
loadwasappliedinthqeestaticstepsof50%,70%and100%
(Figure4.8)

* Sincethejointislonginthedirectionofweldingcompared
toothertwodirections,”a plain-strainconditionis”assumed
ontheweldcrosssections.
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Thiscomputermodelissuitabletoperformvariouskinds
ofparametricanalysis,providedthatonlyoneparametervaries
pertime.ho.ldingallthe‘otkrsconstant.

Thefirstcalculationwasperformedbyvaryi”nqtheweld
sizeofthejointundersimpletension(Figure4.3’)’.The
iterativeprocessstartedwithanarbitraryvalue,2,= 4.76mm*
andgraduallyreducedthefilletsizesby10%,(4.284mm)20%
(3.8o8mm)and30%(3.332mm). TheresultsareshowninFigure
4.9.ThisfigureshowsthatsincetheslopeofthecurveX vs.
% ofreductionisstillfarfromzeroatthepointof30%reduction,
a 30%;reductionis,therefore,feasibleinthiscase.

Shipstructures,likeanyotherstructures,arenevercom-
pletelyfreeofimperfectionsanddefectsduetodesignor
fabricationlimitations.Theseimperfectionsmaycausethe
realstructuretodepartfromtheidealmodelwhichisusedin
thestrengthcalculations.Knowledgeoftheextentofthe
departuremayprovidereasonableinsightintothesafetycon-
siderationswhichcanbeintegratedintothestructuraldesign
procedures.

Thereareseveralwaysinwhicha gapcanbeformedbetween
thewebofthejointandthebaseplate.Themostcommonwayis
duetothefactthatplatesareneverstraight.Theyalways
havesomeinitialdeflections,sothatina microscale
plateshapeisliketheoneshowninFigure4.10.Atp&i~$eA
ofthefigure,themaximumgapoccurs.Thecrosssectionof
thejointatpointA istheoneshowninFigure4.7.

Thesecondcalculationwasperformedbyvaryingtherootgap
ofthefilletweldfromthemaximumallowablevalueof1.59mm,
allowedbyABSrules,toasmuchas30%more.

Thecomputercalculationswereconductedforthefollowing
cases:

Case#1: Maximumallowablegap(1.59mm)

Case#2: Gapincreaseof10% (1.749mm)

Case#3: Gapincreaseof 20% (1.908mm}

Case#4: Gapincreaseof 30% (2.067mm)

--;.

* Thisvalue“accoxdingtoABSrule,isa requiredfilletweld
sizefora jointinthetransversefloorofmidshipsectionin
thedoublebottom.
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FIGURE4.9 REDUCTIONINFILLETWELDSIZE
TRANSVERSELYLOADEDTEE-JOINT
ONITSFLANGE

I I

VS.QUANTITYX,FORA
UNDERSIMPLETENSION
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FIGURE4.10 GAP
FORMATIONINA FILLET
WELD

Duringallthesecalculations,theweldleg,theapplied
load,thegeometcryof thejointrindthemati=rialproperties
wereheldconstant. Figure4.11presentstheresultsof the
computercalculations.Thisfigures“huwshowthestress
concentrationvaries”withthepercentofincreaseinrootgap,
forthe elementnumber38,.Thecoqclusion,fortheloadingcon-
ditiontested,isthatthestressc@@pQa.tionneartheZoeof
a fillet welddecreasesslightly~ ti;~ imcrcases.
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5. CONCLUSIONANDRECOMMENDATIONSFORFURTHERRESEARCH

5.1 Conclusions

1.

2.

3.

4.

5.

6.

5.2

ing

Someexperimentalandsimplemathematicalstudiesonfillet
weldstrength(mostlyfatiguestrength)havebeenconductedby
variousresearchers,butverylittleanalyticalworkondetailed
stressanalysisinweldshasbeendone.

Comparisonsoffilletweldrequirementsofvariousclassifica-
tionsocietiesindicatethatthemostconservativerulemayre-
quiretwicethesizethanthatrequiredbythemostliberalrule.

Manyfailuresinshipstructureswerefatiguecracksinitiated
fromthetoeoffilletwelds.
Slightlyundersizedweldsaresometimesinevitableduetothe
weldingprocesslimitationsinactualpractice.OverWelding
mayariseifcorrectionsaremadetosatisfytherequirementsby
specifications.Moredistortionsaswellaswasteoftime,
labor,andmaterialsmaycausemanyotheradverseeffects.up-datedrulesshouldthenbedetermined.throughanalysisto
acceptsuchslightlyundersizedwelds.

A generalyieldingcriterionwhichrequiresa fullplastic
zonealongtheweldlegsastheindicationoffailureispro-
posedtodetermineminimumfilletweldsizes.

The“ADINA”programora similarFEMprogram
canbeusedforanalyzingfilletweldjoints
loadingconditions.

RecommendedFurtherIle’search

withmodifications,
undercomplicated

Itisrecommendedthatfurtherresearchbemadeonthefollow-
tasks:

Task1. Dete”rmiriati’o’nofStressDistributionsinship Structures
toAssisttheAnalysisinWelds.Toanalyzethestress
andstrainconditionsinweldsofvariousfilletjoints
ofshipstructuresusing“ADINA”computerpropram,itis
firstnecessarytodeterminethestressdistributionsin
theshipstructures.Thestressfoundinthecross-
sectionsbesidea particularjointareusedasthestress
boundarycondition(localloads)actingonthecut-off
edgesofthatjointinthecomputeranalysis.Many
analysesandmeasurementshavebeenconductedtodetermine
thestressesintheshipstructurescausedbyvari”ous
combinationsof loadstowhichtheshipis subjectedin
theopensea.Theoriesofstructuresareusuallyused
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for.determiningthestressescausedbysimpleloadssuch
ashullgirderbendingandplatebendingduetolateral
waterpressureandskiffenerrestraints.Stressescaused
bysomespecialtypeof”loads,suchasliquidsloshin9
loads,andstres’setiintheareaswithmorecomplicated
combinationofjointgeo’mekriesareoftenstudiedusing
numericaltechniques.’Recently,a finite-elementmethod
hasbeenusedto.de.t~tiinethestressdistributionsover
theentire“shipsti.ucture“ofanoiltankerbyABS.
Althoughtheeffortshavebeenmadefordeterminingthe
stresses”intheship.st~uctures,thesestresseshavenot
yetbeenchar.actexizddforreviewingtherules.Itis
thereforerecoinmendedthatstressesintheshipstructures
undervariouscombinationsofloadsbecharacterizedin
termsofjointgeointitryandjointlocationfora parti-
cularship.

Task2. ReviewofFillet.WeldStr”e”ngthofVariousJointsin
Shipsby’Comptite’r“Analysis.ShipStructureCommittee
sponsoredresearchhasdevelopeda computermethod~using
the“ADINA”computerprogram,foranalyzingthestrength
offilletweldedtee-joints.A simpletensileload
actingonthetwoedgesoftheflangewasanalyedina
numericalexampletodemonstratetheprogram.Itis
recommendedthatanalysisofweldstrengthofvarious
jointsinshipsusing“ADINA”orsimilarcomputerprograms
beconducted.Theexpectedresultswillrelatethe
minimumallowablefilletweldsizes(wherethecritical
yieldcriterionisjustmet)totheplatethicknessofthe
jointsata particularlocationinships.Photoelastic,
orsimilarstressanalysis,experimentsfordetermining
thefilletweldstrengthofseveraltee-jointsunder
simpleloadingshouldalsobeconductedtocheckthe
validityofthemathematicalmodelingandthecomputer
results..Anymodificationsinthemathematicalmodeling
orinthecomputerprogramsshouldthenbemadebefore
goingontothe“analysisofthejointsundermorecom-
plicatedloadingconditions.

Task3. DevelopmentM.a.RationalProcedurefor”Updatingthe
FilletWeld“Specifications.A shipstructureCommittee
sponsoredstudyhasindicatedthepossibilityofreducing
filletweldsize“requirements.Onewaytoachievea solution
istodevelopanalgorithmapproach.Inthisapproach,
therequiredweldsizeswouldbethesumoftheincrements
inweldsizewhicharere~iredforeachofthefactors
thatmightaffectthestrengthofaweldedjoint.With-
ineachcategory,thevalueofthe‘incrementscouldvary
frm”zerotosomemaxitiumvaluedependingontheconditions
oftheparticu”la~jointinquestion.
The“jointswouldbeclassifiedbytypetotakeintoaccount
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therequiredjoint.effici&n’cy,possibledifferentre-
quirementsof.”dif.feietitclassesofshipsandthelocation
ofthejointina givenship.A matrixwouldbesetUp
to givethevalueof.’eachincrementfordifferentjoint
classifications.

Table5.1representsthe..elkkntsof”thealgorithmsystem.
Withinforinationpreviouslydetielopkd,alongwithsomeexperiments,
a simplecomputerprogr.arncanbedeveloped”totakeaccountallthe
factorsinthealgorithmchartandtoperformtheoptimizationthrough
theiterative“proceduresinthe‘coinputer.Thealgorithmcharts
canthenbereviewedandincok~or.atedinthespecifications.

Task4. “StudyoftheSi’g”nlfic”antBe’nefitsfromtheReductionof
FilletWeldSfz~s.Thereductionoffilletweldsize
requ~rementscanbetiefitshipconstructionbyallowing
smallerwelds,,reducingthe”costofconstruction,
acceptingslightlyunders”i.zedweldsiftheitegrityof
thejointisnot‘impaired,andreducingwelddistortion
by.depositinglessweldmetaltothe.joint.Amongthe
anticipated”ben’ef.its,thecostsavingmaybethe’most
importantconbernbythe“shipbuilders.
A preliminarystudy.onthecostsavingduetothe edction

f Yoffilletweldsizehasbeen”conductedbyMalliris21.
Basedona possible30%reductionoffilletweldsize
thetotalcost~-.savingincludingweldingconsumables,
weldingtimeandlaborcostintheconstructionofa
50;000DrWTtankercanreach$102,900and22tonsof
weldingconsumables.
Itis,theretio~e,recommendedthataneconomicstudy
beundertakenthatwouldincludethe.reductionofwelding
consumables,weldingtimeandlaborcost.
Itisalsorecorimendedthatthebeneficialeffectof
reductionoffilletweldsizerequirementsonthe
welddistortionbestudiedasitmaybeonedfmany
importantconsiderationsindeterminingtheacceptable
“undersizedweldinactual.weldingpractice.Either
experimentalapproachorcomputeranalysis,suchas
usingthecomputerprog

fws developedatM.I.T.,maybeusedforthisstudy.
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TABLE5.1FILLETWELDANALYSISSYSTEMELEMENTS

Category di MethodofDetermination

Static strength

Fatiguemargin

Fabricationor

WeldingMethod

workmanship

Conditionsofwelding

Environments1:
corrosion(general)

Corrosion(local)

Quality@ntrOl:
Abilitytodetect
defects

Testprocedure
required

Designmethod

Strengthsoftheweldmetal

Metallurgicalrestraints

‘1

‘2

‘3

‘4

‘5

‘6

‘7

d8

‘9

’10

d11
d12

ConputerFEM

Experimentalresults

FEM

Experimentalresults

Industrialdata

Calculation-experimental
resuits

Experimentalresults

Industrialdata

Specifications

Judgement

Experimentalresults

Experimentalresults
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APPENDIxI

LISTOFLITERATUREONFILLETWELDS,1943- 1977

AppendixI isa listofliteratureonfilletweldsfrom
NortheastAcaemicScienceInformationCenter(NASIC)whichis
availableatM.I.T.

Example

Subjects

s:

F:

R:

D:

I:

c:

P:

areclassifiedas

StaticStrength

FatigueStrength

ResidualStress

WeldDefect

Inspection

WeldingCracking

WeldingProcess

,,,,;;m!,,~.,

76 005 RTLT
.~

follows:

Subject

SerialNumberof the
Year

,, .,

.,’ ;, ,,
,,.

,., : ‘y

YearPublished(1976)



7700M3

77002D

76001S

76002F

76003S

76004FD

76005R

760061

76007D

Antoniou,A.C.

Kaku,S.

Gurney,T.R.

Maddox,S.J.

JapanShip-
Building
Research
Institute

Malisius,R.

Webber,D.
Maddox,S.J.

Lamba,H.S.
Cox,E.I?.

A SurveyonCracksinTankers
UnderRepairs

RecentTendencyofHullStruc-
turalDamagesandTheirCounter-
measures

Finite-ElementAnalysesofSome
JointswiththeWeldsTransverse
totheDirectionofStress

Fracture-MechanicsAnalysisof
theFatigueBehaviorofFillet
WeldedJoints

DesignofWeldedJoints,Part2

TheResearchontheBrittle-
FractureandFatigueStrength
ofThickWelded-Platewith
HighHeat-InputWeldingPro-
cesses(inJapanese)

ShrinkageandResidualStresses
inWeldedT andCruciform
Joints(inGerman)

ProblemsintheDetectionand
MonitoringofFatigueCracks
inA1-!Zn-MgAlloyFilletWelds

TheEffectsofClusteredporo-
sityontheShearStrengthof
a 514FTransverseFilletWelds

ProceedingofthePRADS-Int
nationalSymposium~Tokyo~
Japan,Oct.1977

ProceedingofthePRADS-In
nationalSymposium,Tokyo,
Japan,Oct.1977

Weld.Res.
Int.

WeldRes.
Int.

Can.Mach.
Metal-Work

Jap.Ship-
buildingRes.
Inst.

Schweisstech-
nik

vol.6,No. 4

Vol. 6,No. 5

Vol.83,NO. 3

SR-153

Vol.30,No.2

WeldingInstituteConf.onth
DetectionandMeasurementof
Cracks,Abington,Cambridg

ConstructionCERL-TR-M-
Engineering
ResearchLab.
(Army)



76008DIAntoniou,A.
etal.

FabricationFactorsAffecting
StructuralCapabilityofShips
andOtherMarineStructures

ReportofCommittee111.3
ISSC,1976

7500u?

75002F

Maddox,S.J.

Mathers,E.

AnalysisofFatigueCracksin
Fillet-WeldedJoints

Internat.J. Vol.11,No.2
Fracture

Fatigueof StainlessSteel
FilletWeldsat LowTemperatures

Conf.onWd,ldingLowTempera-
tureContainmentPlant,Weld-
ingInstitutefAbingtonTCam-
bridge

75003F FatigueStrengthofTransverse
FilletandCruciformButt
WeldsinSteels

EngineeringESDU-75016
SciencesData
UnitLtd.,
London

A
MetalsTech- Vol.2,No.2 y
nology

75004C

75005C

Chew,B. DiffusionofH inFilletWelds

Araki,M
Nagae,T..

CrackinginMultipassFillet
Welds

NipponKokan No. 18
Tech.Rep.
(oversea)
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