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AESTRAC~

This reportcoverswork done duringthe

December30, 1948. ,.

periodFebruary1, 1948,to

Duringthe earlypart of this investigation,a surveywas made of

publishEdand unpublishedreports,,to appraise,.thevariouskindsof testsused to

studystrength,ductility,and..t,ranaitiontemperaturesof weldedjointsin strustur-

al steels, On the basisof this survey,thqProject,AdvisoryCommitteeeelected

the”tee-bendtest,‘thelongitudinallyweldedand transverselynotchedbead-bend

tests(Kinzelsnd Lehightypee),and the transverselyweldedand transversely

notchedbad-bend tests(NqvalResearchIq@ratory high constraintand Jackson

typee). The ‘Br” and “Cn steelswhichwereknown to be differentin behaviorwere

to be used in studiesof thesetests. The resultswere to be comparedwith those

obtainedfrem the hatch-cornertestsmade at the Universityof Californiaon the

came steels. It was thoughtby the Committeethat$shouldone of thesesmall-scale
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tests givethe same transitiontemperaturesfor ‘Brnand ‘Cn steelsas were

obtainedwith the hatch-cornertestswith thesesteels,thenthe %st wouldbe

worthyof furtherstudyae R possibleacceptancetest of steelsfor shipplate.

In work describedby the firstreport(1~)*, the transitiontemperatures

of unweldedand welded‘Brfiand ‘Cn steelswere obtainedby usingthe vsrious

epecimensmentionedabove. Transitiontemperatureswere obtainedfor thesesteels

whichwere bath aboveand belowthoseobtainedfrom the hetch-cornertests;however,

thoseobtainedby the Kinzel@ype and tee-bendapecimenewere closerto the hatch-

cornertrensitiontempernturesthan thoseobtainedby otherspecimens.

On the basicof theseresults,the Proj,ectAdvisoryCommitteerecommended

that furtherstudieswith variousmodificcit,ionsof the Kinzel-typeand tee-bend

specimensbe conductedin an attemptto matchthe hatch-cormerteet of the ‘Brnand

‘Cltsteelswith a small-scaletest. Also, it was decidedto make transition-

temperaturetestswith the two steelsusingnotchedtensionspecimens.

The mcdificstionsof the Kinzel~typespecimenusedwere$ (a)E@20

electrodeswere used insteadof E6010;(b) specimens1-1/2and 6 Incheswide were

used insteadof the standard3-inchwide specimen;and (c) a notchdepthof 0.090

inchwas udod insteadof standard0.050-inchnotch. The changein weld metalhad

littleeffeetupon the transitiontemperature.The 6-inchspecimensand the stand-

ard 3-inchspecimensgave the same transitiontemperature,but the l-1/2-inch

specimenhad a transitiontemperatureabout40 F lowerfor the ‘Bro steelthanwas

obtainedby standardspecimens.The increasein notchdepthto 0.090inchraised

the transitiontemperaturefor the V+.n steelabout60 F, but had littleinfluence

on the transitiontemperatureof the ‘CW steel. In additionto beingdeeperthan

stmdsrd, the O.090-inchnotchleftvery littleor no weld metalat the root of

the notch.

* See bibliography



-3-

Modificationeof the tee-bendspecimenused were: (a) modificationof

weldingprocedure,and (b)modificationof specimenwidth. The modificationof

weldingproceduredid not changethe transitiontemperai.urefrom that obtained

with standardspecimens. The increasein widthof specimenfrom1-’7/8inchesto

3 inchesraisedthe transitiontemperaturesof both the rl+.fland ‘lCnsteels. For

the ‘Bro steel,it waa raisedaboutzOF, and for

about@F.

Testswith the modifiedKinzel-typeand

the ‘Cm steel,it was raised

tee-bendspecimensshowed,

generally,that the transitiontemperatureof a singlesteel

or down by modificationsof the specimen. However,the ‘Brw

usuallynot influencedin the sameway or tm the samedegree

couldbe shiftedup

and flCnsteelswere

by any givenmodi-

ficati.on.Therefore,if the hatch-cornertransitiontemperatureof @Br” steel,

for example,shouldbe matchedby a certainmodificwbionof theKinzel-typeor

tee-bendspecimens,therewouldbe no assurancethat the hatch-cornertransition

temperatureof ‘C’tsteelor any othersteelwouldbe duplicatedby the came teet

spacimen. On the baeis of theseresults,it seemsdoubtfulthatspecimenssuch

as the Kinzel-typeand tee-bendwouldbe of much value in predictingthe transition

temperatureof largeweldmentssuchas a hatchcornermade of varioustypesof

eteel.

Testsmade with notchedtensionspecimensdifferentiatedbetween‘Brn

and ‘!CWsteelin aboutthe samemannerthat all othertestshave. The transition

temperatureobtainedfor the two steelswere

by tinehatch-cornertests. This type of test

advantage, for thiswork,over the bend-test

perhaps,thatit gave sho.rpertransitions.

considerablybelowthoeeobtained

specimendid not have any di.etinct

specimensused previously,exceptj
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A studyof the all.wel.d-metalspecimens(Kinzel-type)showedthat

E601O and E&720meld metalhavea much lowertransitiontemperaturewhen tested
*

alonethanwhen testedas in a standardKinzel-type(beadon plate)epecimen.

A few preliminarystudiesof fractureinitiationin weldedbend

specimensshowedthatfracturestartedin the weld area at a littleabavetine

yieldpointof the specimenand usuallyfar belowthe maximumload. Further

etudiesalongthis lineare beingconducted.

INTRODUCTION

This is the secondprogressreporton the investigationentitled,

eEvalustionof ImprovedMaterialsand Methodsof Fabricationsfor WeldedSteel

Shi.pslt,beingconductedfor the Ship StructureCommittee, underNavyDepcrtment,

Bureauof Ships,ContractlTObs-L55&3(ProjectSR-1OO).

The principalobjectiveof this projectis to evaluatethe usefulness

of variousmechanicaltestsof smsllweldedsteelepecimensfor indicatingthe

performanceof largeweldedstructures.Anotherobjectiveis to studyfundamental

factorscontributingto the performanceof suchweldedlaboratoryspecimens.

The firstprogressreporton thisprojectcontaineda summaryof a

surveyof publishedand unpublishedreportswhichwas made to appraisethe varioue

kinde of testsused to studystrength,ductility,and transitiontemperatureof

weldedjointsin structuralsteele. Also, the detailsof the test specimens

selectedfor use in etudyingthe propertiesof projectsteels*, the welding

and testingprocedure used,and reeultsobtainedfrem the initialphasesof the

experimentalwork were described.

---

* The variousheatsof steelused in the investigation?sponsoredby the Ship
StructureCommittee,havebeen designatedalphabeticallyand are termed
‘projectsteelsn.
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modificationsof the
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coverstestsmade on the projectsteelsusingvarious

testspecimensemployedin the work describedby the first

progressreportand with notchedtensionspecimens.It was the objectOf these

modificationsto obtainthe same transitiontm.peraturesfor the projectsteels

(‘~” and “C!) thatwere obtainedfrom the full-scalehatch-cornertest specimens

studiedat the Universityof California(~3). Othertestsof all-meld-metal

specimensand specimensweldedwithE6020 electrodesare included. A few prelimi-

nary observationson the initiationof fracturein the test specimensused are

described. ‘

A bibliography

pertainsto the subject

of all literaturestudiedup to December30, 19L8jwhich

of this investigationis includedin the Appendix.~:

However,the firstprogressreport,datedMarch30~ 1949,is also listed.

MATERIALS

Two semi-killed,as-rolled,medium-carbonship steeisjdesignatedas

‘tB=m and ‘?CK~ were ussd in thisphaseof the investigation.Thesesteelswere

selectedfor this work becausetheypreviouslyexhihiteddifferingproperties

when used in the full-scalehatch-cornerand otherteststo determinetheir

mechanicalproperties.A supplyof the two etaels}3/4 inch thick,was received

fram the Universityof California.The mechanicalpropertiesand cl?e!hioalcompo-

sitionsof thesesteelsare as follows:



MechanicalPmn?erties(1)(2)
Steel ~ Yield ultimate Elongation Red. in Hardness
Code steel Point, Strength,

Letter
in 2 Tn,, in 8 In., Aras, Rockwell

Steel Condition psi psi % % % B

Br Semiki.lled As rolled 32,200- 55,&lo. l&..&
%;&lo

35-33 71-58
58;.600

58-63

c Semikilled As rolled 3&50fl- 61,500. 4+25 32-28
37*600 68,@o

63-50 66=69

.—— ——

I
0

—. -L

Steel
Code ChemicalComposition,Per Cent(1)
Letter c Mn Si P s Cr Ni Do Cu Al Sn N

0.18 0.73 0.07 0.008 0.030 0.03 0.05 0.006 0.07.0.015 0.012 0.005

0.24 O*43 0.05 0.012 0.026 O*O3 0.02 0.005 0.03 0.016 0.003 0.009

—

(1) Boodberg,A,, H. E. na~is>E= R. parker>and G. E. Tro=ll~ fiCau,seSof CleavageFracturein Ship
Plate- Testsof ~ide NotchedPlates’!,Weldink?~ourna~, April 1948.

(2) The data for the mechanicalpropertiesare the lowestand hi[hestvaluesobtainedfor each steel.
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LLectrde s

The electrodesused throughoutthisphc.seof the investigationwere

3/16-inch-dinmeterClassE601Oand E6320 electrodes.The weldingschedoles

used for the varioustestswill be discussedlaterin thisrepert.

DEFIlJITIONANB INTERPRETATION

The term ‘transitiontemperaturehas beenbroadlyused to mean that

temperatureat whichthe behaviorof a givenmaterial,in the shapeof a specific

test specimen,chmges from ductileto brittlebehavior. Since,in most cases,

this changein behavioroccursgraduallyovera temperaturerange,it is not

possibleto assigna specifictemperatureto representthe change,exceptby

usingan arbitrarydefinition.The use of differentcriteriafor determining

the trensitioatemperatureinfluencesthe actualnumericaltransitiontempera-

ture obtainedfor a materialand a givenspecimendesign. Also, in usinga ~~

certain criterion,differentmethodscan be used to locatethe tr?nsition

temperature,Becauseeach criterionrepresentsa clifferentaspectof the

behaviorof a specimen,no singlestandardcriterionhas been chosenfor

universaluse in determiningtransitiontemperature.

‘l’hemost commonlyused criteriaused in the determinationof the

trms itiontemper..tureare listedas followsJ

1. Energyabsorbedby specimen.

a. Energyabsorbedto maximumload.
b. Energyabsorbedaftermaximumload.
c. Totalabsorbedenergg.

~2. Bend angleof specimen.

a. Bend angle
b. Bend angle

c. Totalbend

at maximumload~
aftermaximumload.
angle.



3. Lateralcontractionof

L. Fractureappearance.

.8-

sp.6cimenat rootof notch.

Some definitionacommonlyused for ntrcnsition temperaturefollows:

Type 1.

Type2.

Type 3.

Type4.

Figures

The highesttempere.tureat whichthe first
significantdecreaseoccursin the measurem-
ents of abaorbedenergy,bendangle,lateral
contraction,etc..~ obtainedby testinga
seriesof specimensof a givendesignand
materialat varioustemperatures.

The temperature‘on’th&’‘ivei~gecu&e at the
midpointbetweenthe upperand lowerlimits
of the curve.

The temperaturecoordinateof the pointon
a transition-temperaturecurvewhichrepre-
sentshalf of the maximumvalueof the’c-we.

The temperatureat which the frscturechanges
from a fibrousductileto a brightcrystalline
(brittle)structure.

1 throughL illustratethe variationsin transitiontemperature

that are obtained,whenthe samedata are analyzedon the basisof the various

definitionsof transitiontemperaturegiven above.

The transitiontemperaturedeterminedfrom the curvein Figure1 ranges

from -90F to 20 F depandingupon whichdefinitionis used. The Tyjk 1 transition

couldnot be e.ccuratelylocatedbecausethe limitednmber of testsdid not proper-

ly establishthe scatterin the plQtteddata that indicatethe’beginningof the ‘”

ductile-to-brittletranai tionof a material. ~.

The bend angle(atmaximumload)vs. temperstuiectu’veof *Bro steelfor

unweldedKinzelspecimens,shownin Figure ?, d- the =@ general v~ri~i”ns in

transitiontemperaturewhen different,definitiQnsare used. Dependingon the
,,,.,

definition,the transitiontemperaturesvary from+75 F to 20 F. AlthOugh the

accuracyof the Type 1 transitionis restrictedby the small”amountof test data,

it can be reasons.blylocatadat 20 F. .. !,. ,,,

.,
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The transitionrangeshewnby the curvein Figure3, whichwas basedon

fractureappearancevs. temperaturefor the came type specimenand steel,was

considerablynarrowerthan thoseshownby the curvesin Figures1 and 2, which

were establishedon the basisof absorbedenergyand bend angle. From a practical

standpoint,howsver,the transitiontemperaturefromthe curvesin Figure3 would

be the sambregardlessof the methodused for determiningit.

Figure4 showsan absorbedenergyvs. temperaturecurvefor unwelded

Kinzelspecimensof ‘rCl!steel. In thisparticularcase,the Type1 and Type2

transitiontemperaturescoincide. The transitiontemperaturedeterminedby

fractureappearance(Type4) is quitedifferentfromthoeeobtainedby other

methodsof establishi~transitiontemperature.This indicatesthattransition

temperaturedeterminedby fractureappearancealonemay be misleading. It is

significant,however,that the fracture-appearance(Type4) tr.ensitiontempera-

ture is usuallyhigherthan thatobtainedby the othermethods. The transition

temperatureof the fractureappearanceVS. temperaturecurvefor the unwelded

:!c,!steelis the samewhen determinedby all methods,8S shO~wby Figwe 3 (b).

In lightof the abovediscussion,the transitiontemperatureby Type 1

definitionis used as extensivelyas possiblethroughoutthis reportfor con-

sistency. The Type 2 and Type 4 transitionsare used when supplementarydata are

requiredfor correlationwith othertests. Type 3 transitionis not used in the

report.

I T
~-wma

~ IT17N AND ‘iCnSTEELS

In tha firstprogressreport‘172),the transitiontemperaturesof “Br”

and ‘Ci)shipplatefor severallaboratory-sizeepecimenswere comparedwith re-

sultsof the hatch-cornertestsmadeat the Universityof California,as shown

in Figure5. The testsof weldedand unweldedspecimensratedthe two steelsin
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th~ same quali~tive orderas the hatchcornore,i.e,, the mBrn

transitiontemperature than the ~Cilsteel. On the basisof the

thesetests,the ProjectAdvisoryCommittee,.sked

of variousmodificationsof lon~itudinallywelded

bend (Kinzelor Lehigh)and“tee-bendspecimensof

steel.hai n lower

resultsfrom

ths.tfurtherstudiesbe made

and transverselynotchedbead-

‘~” and “C” steelsin an

attemptto find a smallspecimento mstch thetransitiontemperatwes of hst&-

cornerweldmentsmadewith the same steels.

The Kinzelspecimenwas chosenfor furtherstudy,becausethe transition

tempemturefor the ‘iBrnsteelobtainedwitinit~ as shownby Figure5, vms cloeer

to the hatch-cornertransitiontemperaturefor ‘Brn steelthan that obtoinedby

the Lehighspecimen.Furthermore,the weld on the Kinzelspecimenwas deposited

undernormalconditionsthatproduceda l.nrgerand more typics.1weld with slightly

deeperpenetrationthan the weld on tlieLehighspcimen. For the ~!Ctisteel,how- ,

ever,the transitiontemperaturesdeterminedby the Kinzeland Lahighspecimens

were the same and,thus,did not influencethe

The immediateobjective,then,was to

attemptto raisethe tro.nsitiontemperatureof

and lowerthe ‘Cm steeltransitiontemperature

The tee-bendspecimenwas e.lsochosen

specimenchoice.

modifythe Kinzelspecimenin an

the ‘~m steel.from20 F to 40 F,

from150 F to IZO F.

for furtherI?orkbecausethe

transitiontemper?turesfor the ‘lBrnand ‘Ch steelsobtainedwith themwere

both lowerthan the respectivehatch-cornertransitiontemperatures,as shown

by Figure5. Thus,it seemedfee.siblethat a modification

specimencouldbe made so thatthe hatch-cornertrmsition

be duplicated.

Variousmodificationsof the Kinzel-typespecimen

of this type of

temperaturescould

wereused in attempts
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tO find conditionsby whichtransitiontemperaturesobtainedfrom thehatch-corner

tests couldbe duplicatedwith this typeof testsp@men. The modifications

were in the type of weldmetalu8ed, width of e~cimeri,and depthof noti. The

detailsof the mcdificatiomein the weldingproceduxrQnd the speoimendesign,

and theirinfluenceon the transitionterspmatureof S%w and fiCWsteelsare
,,

discussedin followingsectionsof the report.’

Preuarationof Soeci~n~

“Thecouponsfor the test

Snd ‘!C”steeland the surfacewas

specimenswere saw cut from the platesof ‘Br”

cleansd by gritblasting.

The weld beadswere depositedon the couponsby automaticweldingusing

3/16-inch-diameterE601Oor E6020electrodes.All of the specimenswerewelded

at room‘temperatureand cooledin air. The agingtimefor R1l specimensbetween

weldingand testingwas eightdays at room tesiperatu.re;

Duringthe agingperiod,”the finishingmachiningof the specimenswas

doneaccordingto the

‘festine ProceUur~

A cdxtureof

sketchsho,n”in Figure6.

alcoholand’dry ice was used to obtoin testingtemfieratures

doun to “-m. Lowertsinperattieawere attainedby coolingmethyl

liquidnitrogenintroducedthrougha heat exchangercoiledaround

bottomof the tank containingthe test specimenand bendingjigi

cyclbhexanewith

the inside and

Temperatures

aboveSO

heaters.

F were obtainedby heatings wateror oil bath with‘resistanceimmersion

The loadwas ?.ppliedto the bend specimensat a rate of one inchper

minute,freedispl”cementof..‘dieplaten, LQadJdeflectioncurves,laters.1con-

tractionmeasurements,and fractureappearanceappraisalswere mode for all

specimens,
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The varioustestsand summaryof the resultsfrom eachseriesare

discussedin the followingsections.

Influenceof Weld Metol on.TraneitionTemDeratu.T&

A seriesof standardKinzeI-typespecimens,as shownby DesignA, Figure

6, was made usingE6020 electrodes,to determineif the transitiontemperntu’e

wouldbe changedfrom that obtainedwhenE601O electrodeswere used, The data

from standardKfnzelspecimensweldedwith E601Oelectrode and thosefrom

unweldedKinzel-typespecimenswere reportedpreviously(172). Thesedata are

repeatedin this reportfor comparisonwith thoseobtainedfrom specimenswelded

with E6920electrodes.

The weldingscheduleused for the previousseriesof specimenswelded

with E601O electrodesand thatused for specimensweldedwith E6020are shown

belowfor comparison

EJQQ 13$3Q?Q

Electrodediameter- in. 3/16 3/16
Amperes 175 198
Arc vo~tage 27 33
Speed- in./min 8-1/.4
Arc time- seconds 4$ 29
Lengthof weld bead - in. L
Heat input- joules/in, 44;750 4,752

As shownby the abovetable,the heat inputper inch of depositedweld

metalwas made the samefor specimensweldedwith the two typesof eleotrOdes.

This variable was controlledcloselyso that transition-temperaturechanges

couldbe attributedto differencesin type of weld metal.

The transitiontemper~turesof unweldedKinzelspecimensof ‘Br”

steel,the standardKinzelspecimensof ‘Br”steelweldedwith E@lO~

and thoseweldedwithE6020electrodesare shownin Figure7. The de-

taileddsta fromthesetestsand thoseused for comparisonare givenin
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AppendixA, TablesA-1, A-a, and A-5$ and are compared

B.lA and B-JB. In general,the tr~nsitiontemperature

havingE6020weldbeads

E601O weld beads. This

significat.

E6020

stock

Testswere not

weldmetalon the

of

that the

than for

in AppendixB, Figures

for ‘Brnsteelspecimens

was about10 to 20 F higherthan for specimene having

differencewas so smallthat it was not considered

madewith ‘Cw steelbecaueeonlya smallinfluenceof

transitiontemperatureof ‘~n steelwas noted,and the

nC” steelwas limited.

FromFigure7 and AppendixB, FiguresB-1A and H-lB,it is apparent

tranaitiontemperaturesfor ,pnwelded‘B# steelare considerablylower

the specimensweldedwithE601O and E6020electrodes.Type 1 snd Type 2

transitionsare shownfor unweldedWBr~ apeimens, bnt Type 1 trineitionis not

consideredveryreliablebecausethe ,curvesshowno sharpdrop off in absorbed

energy. FiguresB-lA and B-lBalso show thatthe amountof absorbedenergyand

the ductility(bendangleand lateralcontraction)are considerablyhi~herfor

the unweldedspecimensthanfor both seriesof weldedspecimens. However,the

trs.nsitiontemperaturesof the unweldedand weldedspecimenson the basis of

fre.ctureappearancewere higherthanby any othercriteria. This furtherconfirms

the statementmade at the bottomof page11, thattransitiontemperaturesdete~

minedby fractureappearanceere usuallyhigher.

Jnfluenceof S12ecimenWiw
gn TransitionTemperature

Two seriesof modifiedKinzel-typespecimenswere preparedand tested

to determinethe influenceof variationsin specimenwidthon transitiontempera-

ture. The specimensof one serieswere 1-1/2incheswide and the otherswere

6 incheswide,as shownby Figure6, DesignsB and C. All of the specimenswere
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made from m+n steeland were weldedwithE601Oelectrode. The weldingschedule

was the same as used for standard3-inchKinzel-typespecimens.

The transitfontemperaturesof stc.ndard3.inch-wideKinzelspecimensand

the modifiedspecimens1-1/2inchesand 6 incheswide of ‘Br!~steelare shownin

Figure8. The detaileddata fromthesetesteare givenin AppendixA, TablesA-6

and A-7, and the comparisonof tram itioncurvesis givenin AppendixB, Figures

B-.22I,B-2B,(andB-2C. A ~,rease in widthfrom 3 inchesto 1-1/2incheslowered

the transitiontemperaturefrom #20 F to -20 F for the ‘Brn steelwith the three

wcriteria?with othercriteriaj the effectwas smaller. Tiietransitiontemperature

by fractureappearance,however,was 10 degreeshigherthanshownby the bther.’.

criteria. This furthersubstantiatesan earlierstatem.ent(page11 ) thQt tran-

sitiontemperaturedetermined”& fractureappearanceis usually above’ thtitob-

tainedby the othercriteria”used.

The increasein specimenwidthfrom 3 inchesto 6 incheshad littleor

no effecton the tro.neitiontemperatureof the‘nBrwsteel. It was easierto teet

the 3-inchspecimenthan the 6-inchspecimen, and betteruniformityin testre-

sultswas obtsine”dwith it than either1-1/2”or 6-inchspecimens. Therefore,no

furthertestsof the 1-1/2and 6-inchspeciskniwere plannedb6causeno apparent
,.,,

advantagema obteinedfr6m‘thefruse.

Q.ZLwwa Or ~otcb Depth on
‘l&@tton Temperature

The thirdvariableconsideredto have an influenceon the behavior.of a

notched-bead-bendspecimenwas notchdepth. Kf.nzel-typespe’cirnens3 incheswide
..

of nI+.”and ‘C* steelshaving a notchdepthof 0,090inchwere prepdred,as ShOW!I

* Totalabeorbedenergy,totalbend angle,and Ieteralcontraction.

++$+dbs~rbgd energy to mnximm load, absorbedenergyaftermaximumload,
bend angleto maximumload,and fractureappearance.



-20-

Hotch Corner
(Absorbed f%erg~

Absorbed Energy

TO hiox.Lood

Toiol Absorbed
Energy

Bend Angle
TO MOX Lood

?btol Bend
Angle

Lot erol
Contraction

Frocf ure
Appeoronce

FIGURE 8.

(I)

I I

m -A I o 40 m 120 160
Temperature Degrees E

~ 1$ -Inch Kinzel-Type Specimen

A 3- Inch Stondord Kinzef Specimen

A 6- Inch Kinzel- Type Specimen

TRANSITION TEMPERA TuRES OF WELDED “Br”
STEEL DETERMINED BY STANDARD AND
MODIFIED KINZEL -TYAE SPECIMENS .USIIVG
VARIOUS CRITERIA. f TYPE I TRANS1 TION)

“C “Steel Was Not Tested

t3ATTELLE MEMORIAL INSTITUTE

0-12159



-21-

in Figure 6, DesignD. Thesespecimenswere weldedwith 3/16=tlnchE601Oelectrodes

usingthe weldingscheduleshownon page16. It was dssiredthatthesespecimens

h~.vea notchsufficientlydeep to eliminatethe weld metal,but not to penetrate

belowthe fusionline and intoheat-affectedzonesat the bettomof the weld.

Macrosectionsof severaltypicalweldeindicntedthata notchdepthof 0.090inch

belowthe platesurface wouldbe satisfactoryfor thesespecimens.

The transitiontemperaturesof the modifiedKinzelspecimensof ‘Brnand

tlCnsteeldetetined by variouscriteriaare givenin FigUZW9. The detaileddeta

from thesetestsare givenin AppendixA, TablesA-8 and A-9, and the transition

curvesare comparedwith thosefrom standardspecimensin AppendixB, Figures

B-3A,E+-3B,B-4A,and B-LB. A comparison,as in Figure9, shewsthat the increase

in notchdepthraisesthe transitiontemperaturefor both steels. The transition

temperatureof the ‘tBr!jsteelwas raisedfrom the O F to 40 F rangeto the LO F

to 100 F range. The ~lC1lsteel,however,did not changeso much as the !lBrnsteel,

and the transitiontemperaturewas increasedonly slightly.

The acoumcy of the transitiontemperaturesfor the ‘!Brl]steelis

questionedbecauseof greatscatterin the tiet data,as shownin AppendixB,

FiguresB-3Aand B-3B. The scatterin the plotteddata showsthatthe transition

characteristicon this type specimencovera temperaturerangewhich is quite

wide. The etatteris greatestfor the absorbedenergyva. temperaturecurves.

The transitiontemperaturefrom thesedata establishedby the Type 1 definition

is 100 F. A possibleexplanationfor the scatterin absorbedenergy measuredfor

this steeland specimenis the normalvariationin the locationof the root of the

O.090-inch-deepnotchwith respectto the fusionzone. Thismighthavean inflw

ence on the amountof energyto initiatefracture.

On the basisof lateralcontractionsnd fractureappearance,the

transition temperaturefor the *BrN steelwas lowerthnnshownby the other

criteriain Figure9.
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Trmeition-TeroueratureStudiesF~
Modified‘fee-BendSpec&se~

The tee-bendtestwas used previouslyduring

determinethe transitiontemperaturesof ‘Br!land ‘Cn

and cbataof thesetestshave been reported(172)~ The

this investigationto

ship steels. The details

transitiontemperatures

for both the IIBrm and flCnsteelsdeterminedby’the standardtee-bendtestswere

lowerthan thoseof the hatch-cornertests,as shownby Figure5. The objective

of this phaseof the investigation,then,was to modifythe tee-bendspecimenin

an attemptto raisethe transitiontemperaturesof the steelsto thoseof the

hatch-cornertests.

Two typeeof modificationsto accomplishthis objectivewere considered.

The firstwas a modificationof the weldingprocedureand the secondwas a modifi-

cationof the widthof the epeciman. The generalprocedureused in preparingand

testingtee-bendspecimenswas followedfor all of the testsof modifiedspecimens.

The platesfor the specimenswere flamecut to the size shownin Figure10. The

platesurfaceswere grit blastealpriorto weldingto removemill scale,rust,or

othercontaminators.All specimenswere manuallyweldedand then cooledin air

to room temperature.The aging

Influenceof WeldinrSchedule
&Transition TemDeraturq

Previousexperienceon

Limebetweenweldingend testingwas eightdays.

thisproject has indicatedthat the greatest

disadvantageof the tee-bendtestover some othertestswas the difficultyin

adheringto the weldingrequirements.It was not easyto producethe size of

welds requiredwith the 5/32-inchelectrodespecifiedfor the test. Consequently,

a 3/16-inch-diameterelectrodewas used insteadof a 5/32-inch-diemeterelectrode,

and a weldingschedulewas set up that woulddeposita 3/16-inchfilletwith
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slightlylessheat

electrode. It was

the

the

,.,

inputper inchof,weld thanthat depositedby the emaller

e~cted that this changein,weldingprocedurewouldinfluence

transitiontemperaturesof the steelsbeingtesteal.The

standardand modifiedtee-bendspecimensfolkws:

weldtngschedulefor

Electrode’class
Electrodediameter- in.
Averageweldingcurrent. omp
Averagearc volts
Averageweldingspeed- in./min
Arc time- seconds
Lengthof weld Increment- in.
Heat”input- joules/in.

Stand~d
~

E601O
5/32
U5
25
2.8
57
2q7

76,5oO

Modified
&A&&@

E601O
3/16
180
27
&o

6a
4

73,000

A weldmentwas made from~Brn steelusingthe modifiedmeldingprocedure.

It was cut intostandard.sizespecimens,1-7/8incheswide,and testedat vmious

temperaturelevels. The transition temperaturefor the ‘Br]tsteelobtainedwith

the modifiedspecimenswas about10 degreeslowerthanfor the standardtee-bend

specimens,as slIownby Figureq. The detaileddatafor thesetestsand thoeeused

for comparisonare givenin AppendixA, TablesA-10 andA-12, and are plottedin

AppendixB, FiguresB-5A and B-5B.

Thesetestsshowedthatthe changein the weldin~schedulehad only a

minor influenceon transitiontemperature.Thisdid not accomplishthe desired

Increasein transitionteqpera.ture,but it wss decided,on the baeieof the re-

sults,to use the IRodified weldingschedulefor tee-bend

widths.

. ,,.

Jnfluenceof S~ecimenWidth
on TransitionTemDera’ture

Other investigatorshave shownthat an increase

specimensusuallyraisesthe tr?.nsitiontemperatureof a

specimensof different

in the widthof bend

steelbecauseof the
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addedconstraint.Therefore,tee-bendspcdimens

made in whichthe widthwae increasedfrom l-7/g

increasethe tram”itiontemperature.The modifiedweldingschedulewaa also

‘Illw steelswere

in an attemptto

used for thisseriesof testsratherthan the standardschedule. A “comparative

seriesof testsusingspacimens3 incheswide &d meldedwith the standard

schedulemight,@ve been desirableto determinethe influenceof specimenwidth

aloneon transitiontemperature.However,the relativelysmall.influenceof the

modifiedweldingon tho ‘Brn stepldid not warrant.thosetestssincethe supply

of ‘Cn steelwas very limitede

The transitiontemperatureof the ‘~!l.,ateelfrom the.medifie~ tee-
., :.,

bend specimens(3 ‘incheswide)wasabout ~20 F, as shownin Figure11: “Thiswas

decidedlyhigherthari‘theO F obtainedpreviouslywith the standardtee-bend

specimensof ‘Ernsteel;‘butwas stillbelow the transitiontemperatureof the

‘Br” steelhatchcornero The #C1’steel,however,was influencedmore by the

modifiodweldingand increasedwidththan the‘“~!~”Steel. The transitiontempera-

turewas 160 F, whichis 1,0degreeshigherthanthe tr&siti& temperatureof the

‘Cw steelhatch corner. Thesetestsindicated”that the transitiontemperatureof

‘Cn steeltee-bendspecimensis more susceptibleto variations in specimendesign,
.:.,

and possiblyweldingprocedure,than that of the ‘B# steelspecimens.The
,,

detaileddatafrom these%s ts are givenin AppendixA, TablesA-10,A-n, A-12,

A-13, and A-U+,’and are comparedin AppendixB, FiguresB-5AYB-5B,B-@, and

B-6B.

TliAiXSITION-TEMPERATUSE TESTSUSING
NOTCHEDTENSIONSFECIWEhB

Transverselynotchedtensionspecimensrangingin widthf,rern3 to’ ~“” “““

incheshave beenusedby investigators(79, 101,~1, 125) to &&rmine the
,.
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trsnsition temperaturesof variousmild-steelshipplates. It has been suggested

that the tensiontest is more representativethanthe short-radiusnotchedbend

test of the conditionsthat takeplacewhen a shiphull,deck,or hatchcorneris

loaded. Therefore,it was recommendedby the ProjectAdvisoryCommitteethat

transitiontemperaturesof weldedand unwelded~~w and ‘Cn shipsteelsshould

be determinedby usingnotchedtension specimenssimilarin designto thoseused

for the bend tests,.md the resultscomparedwith the bend-testresultsend the

hatch-cornertestresults.

$ensionSoecimen

h tensionspecimen,as shownin Figure12, was used for thesetests.

Its designwas the sameas theKinzel-typenotched-beadbend specimens(Kinzel

type)exceptthe widthwas reduced‘cm?.-3/L+inchesto accommodatethe testing

equipmentand to preventthe possibilityof failureaway from the notchedsection.

The electrodesand weldingprocedurewere the same as thoseusedwith the standard

Kinzel-typebend specimen. Adapterbars were weldedto the ends of the project

steelsto redwe the amountof the ‘JBr@and ‘C” steelsrequired. Theseadapter

barsmade the tensionspecimenslongenoughto reducethe influenceof eccentric

loadingat the notch.

TestinaTensionSnecimene

The specimenswere cooledby meansof copperheat-exchangerblocks

clampedtightlyagainstthe surfacesof the test specimen,as shownin Figure13.

A shallowgroovewas machinedin one blockto accommodatethe weld bead. Cooling

on the edgesof the testpiece,exceptwhers the straingaugeswere attached,

helpedto maintaina constanttemperatureecrossthe entirespecimen. The



-28-

—.

T
3 “

1

n Line

Yi
45”

.050” TOP

n

Surface---— —

[

T
of Plate

Root Rodius
.01 “

Section A-A Detoil B

(on ~ of Weld Beod)

FIGURE 12. TENSION SPECIMEN WITH LONGITUDINAL

WELD BEAD AND TRANS VERSE NOTCH

BATTELLE MEMORIAL INSTITUTE

0-12163



.29-

desiredtemperaturewas obtainedby pumpingthe coolant or heatedsolution

throughthe heat exchanger. The specimentemperaturewas measuredby a cooper-

constantanthermocoupleweldedto the specimen1/8 inchbelowthe surfaceadjscent

to the beadand slightlyabovethe notch,as shownin Figures13 and 14.

Testsshowedthat,at a temperatureof -80 F, therewas onlyan 8 degree

differencein temperaturefrom the centerto the outeredge at the notch. This

differencebecameless as the temperaturewas rsiaed,and, at about50 FI the

specimentemperaturewas completelyuniform,

The tensionspecimenswere pulledin a 200,000-poundBaldwin-Southwark

hydraulictestingmnchineloadedat the rate of 0.02 inchper minute. The amount

of energyrequiredto breskthe specimenswae obtainedby load-deflectioncurves

plottedfrom strain-gaugemeasurements.Detailsof the clip-typecompensating

straingaugesare shownin Figure15, (Thismethodof measuringstrainin tension

spec~.menswas obtainedfrom the Staffof theEngineeringMaterialsLaboratoryat

the Universityof California.) The clipswere fastenedto tinnerfsrivetswhich

were soft solderedto each side of the test specimen,as shownin Figwres13 and

14. The leadsfromSR-4 straingaugeswere connectedto two Baldwinstrain-gauge

indicators.The indicatorreadingswere takenat successiveload incrementsuntil

the specimenfailed. The load-elongationcurveswere plottedfrom thesereadl.ngs,

-s of TensionTests

The criteriaused for determiningthe tr.nsition-temperaturecurveswere:

energyabsorbsdto maximumload,la.terelcontraction,and fractureappearance.

The transitiontemperatureso.fthe weldedand unweldednotchedtension

spec~ens of WBrl!and I}CN Steels determined by the variouscriteriaare shOwnin

Figure16. Ths detaileddataand transition-temperaturecurvesfor the welded

and unweldednotchedtension testsare conteinedin AppendixA, TablesA-15,



-30-

FiGURE13. APPARATUSUSED FOR TESTINGTENSIONSPECIMENS
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A-16,A-17,and A-18,and.AppendixBg FiguresB.7A,B-7B,B-7C,and B-7D. These

transitiontemperatureswere considerablylowerthan thoseshownby Kinzel-bend,

Lehigh-bend,

steels. The

same.

The

tee-bend,and hatch-corner

qualitativeorderof their

testsof specimensmade from the same

transitiontemperatures,however,was the

transition-temperaturecurvesshownin AppendixB, ?’l@?esB-7A,

B-7B,B-7C,and B-7D, are of sufficientinterestto warrantsomediscussion.

The ‘lBrnsteelin all testshas showna’moreabruptchangein transitionproper-

ties thanthe.‘lCnsteel. In the tee-bendand notched-beadtensiontests,however,

this conditionwas most pronounced.The “Cm steeltransitionwas more gradualand

wae aboutthe sameas for the,Jmndtestsin general.

The maximumload vs, temperaturecurve,AppendixB, FigureB-7B,showed

a verysignificiantdrop in thestrengthpropertiesof the welded‘Brnsteelat

tbe transitiontemperature.Thispropertywas not so ~pparentfrom the bend

testsof ‘iBrftsteel,becnuaein bend teststhe specimenis loadedin an entirely

differentmanner(AppendixB, FiguresB-lA,B-lB,B-2A,B-2B,and B-2C). This

also indicatesthatthe over-allpropertiesof tha ~}Brl’steelare betterthan

tinoseof the ‘Cilsteelonly to a certiin temperature,beyondwhichtheyabruptly

chcngeto atputthat shownby the more notch-sensitive‘Cn steel. For the “Cn

steelnotch-beadtension tests,the curvewae not welldefinedand the average

curve.indicmteda more gradualdrop in load.

The lateralcontractionvs. temperaturecurvesfor the tensiontests

reflectedthe ductilitypropertiedof the steelin the samemannaras the bend

specimensdid, i,.e., ae t,hetemperaturedecreasedthe ductilitydecreased.AS

with some of the.bend specimens,it was not possibleto determinea definite

transitiontemperaturefor *!Cssteel,weldedor ~eldod, by the use of this

criterion, The testingtemperaturesused were not low enoughin all caeesso



-34-

that the transitiontemperaturecouldbe determinedby the 1 per cent lateral-

contractioncriterion.

In general,it seemsthmtthe notched-beadtensiontestmay h?.vesome
,.

advontageeover“itsbend-testcounterpart.The most app&ent disadventage at

presentis the low temperaturesrequiredfor testj.ng,whichare well belowoperat-

ing temperaturesof ships.
. Ll, ,,.:”. ,,

TFtANSITION-TEMPERATUFLESTUDIESOF
E601.O AND E6020WELD METAL.—

,.;

Durihg the earlier phase of this investigation,therewere”indicatlone

th&t the weld metaland heatiaffectedzone in the longitudinallyweldedAnd

transverselynotchedspecimenshad a transitiontemperatureindependentof that

(lm). “Onthe basisof theseobservations,thePro-exhibitedby the base”metal

ject Advisorycommitteerecoinmendedthat furtherstudiesbe made to deteimine

the transition-temperaturepropertiesof mil+steelweldmetaland theirinfluence

on bead-weldedand transverselynotchedbend Specimens.

Preparationand Te~tingof Specimcmg

The designof the specimensused for thesetests’is illustratedin

Figure17. The weld’”metalwas depositedby 3/16-inch-diametcm,ClassE601Oand

E6020Alectredeson’‘E$.ltsteel’in accordancewith the requirementsset fOrthin

the Navy DepartmentBureauof Ships InterimSpecifice.tion.L6E3,datedNovember1,

1945. Thisprocedureconsisted’of heatingthe tackedjointid boilingwater for

5 minut& priorto“weldingj Within1’minuteafterthe”tiotipletionof”each layer,

includingthe last layer,the essemblywas immersedin boilingwd,erand,within

one minute”afterthe boilinghad subsided,the specimenwas removed from the

wwte~ and the subsequent1:.jervi% ‘startedimmedietely. The firstthreelayer&
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were weavedthe ful.1widthof the jointand the netifour layersconsisted of

two splitpasseseach,

Afterwelding,the weld.reinforcementwas machinedflushwith the plate

surface and a notch (Kinzeldesign)was cut in the weld metel transverseto the

longitudinaldirectionof the specimen,as shownin Figure17. In most of the

cases,the root of the notchwas in columnargrainsof weld metel.

The specimenswere testedin the samemanneras previouslydescribed

for the notched-beadbend tests. The lowertestingtemperaturesrequiredfor

thesetests,however,wera obtainedby usingliquidnitrogenand a heat exchanger

in the coolingbath.

Resultsof Tests

A comparisonof the transitiontemperaturesof the bead-weldedand all.

weld-metalnotched-bendspecimensis shownin Figure1S. The detaileddataare

givenin AppendixA, TablesA-19 and A-20, and in Figure18. The changefrom

ductileto brittlepropertiesfor bothE6Q1O end E&120weld metaloccurredat a

lower temperature and covereda considerablywiderrangethan the notched-bead

bend testsof ‘E$.mand RCW eteel. Both kinds of specimeneweldedwith E601O

electrodes,however,had a lowertransitiontemperaturethan similarspecimens

weldedwithE6020electrodes.

Beforetheseresultscouldbe correlated,it was necessaryto determine

the causefor the wide transition-temperaturerangefor the all-weld-metal

specimensillustratedin AppendixB, FiguresS-8A,S-8B,and E.&. Microsections

of a sufficientnumberof representativespecimens,cut throughthe weld metal

transverseto the notch$showed‘thatvariationsin the grainstructureat the

root of notchwere responsiblefor the wide transitionrange. Specimenshaving

the notchcut in a heat-refinedgrainstructure,as shownby Figure19, showed
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ahsorptionand ductilityfor a giventemperaturethanthosehaving

in the coar6ecolumnar,as-deposited,weld metal,ae shownby

Figuz-e20. The specimenshavinga fine-grainstructurealsohad a lowertran-

sitiontemperaturethan the coarse-ginin specimens.Figure21 furtherillustrates

the signi.ficantinfluencethat grain stmcture has on the fracture or behavior of

nOtched-bendspecimens. This all-weld-metalbend specimenwas notchedin the heat-

refinedgrainstmcture, but failedin the unnotchedcoarse-columnarweld metal

midwaybetweenthe notchand the base metal.

This suggeststhatat low temperaturesthe coarsecolumnarstructure

‘as-depositednweld metalwithouta notchmay be more susceptibleto fracture

than the heat-refinedweld metalcontaininga notch. In notched+eadbend

specimens,initialfractureoccursin the weld beadat the root of the notch.

of

The

coarse-grainweld metal(alongwith otherfactors),in all probability,contributes

to the locationof initialfractureand the tra.nsitiontemperatureof the specimen.

This phsseof the work is beinginvestigatedfurtherin fractureinitiationand

propagationstudies,alongwith studiesof impuritieswhiohmay make the columnar

structureparticularlysusceptibleto the initiationof a brittlebreak.

PRELI1lINARYFRACTUREINITIATION S’ITJDIES

A considerableamountof effortand timehas been expendedby many

investigators

of a material

attemptingto

to developa Iaboratoxg-sizespecimenfor predictingthe performance

used in largeweldedstructures.The criteriagenerallyused for

establishQ qualitativerelationshipbetweenlaboratoryspecimens

of differentsteelsand fieldstructuresare! fractureappearance?transition

temperature,ductility,and the smeuntof energy requiredto breakthe test

specimen. Load-deflectioncurveshave been widelyused to determinenumerical
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Wdl.les fOr thesecriteriaso thatthe behatiorof differentsteelstestedat

definitetemperaturelevelscouldbe correlated.In analyzingthe test results

up to now, ‘the maximum load has been used as the point at which the specimen or

structurefailed. Consequently,the deflectionat maximumload and the absorbed

-energyweraused for eval~ting the ductilityand resistanceof the materialto
,,,.:

initialfailure,kspectivelye Likewisejthe energyabsorbedby the specimen
“,:.

aftermaximumloadhae previouslybeen regardedas”the energyrequiredto

propagatethe fractureto completefailuro.
,, .. ...

Previousnotched-beadbend testsindicatedthe possibilityof the

depositedweld metalshavinga transitiontemperatureindependentof that of the

heat-affectedzoneor basemetalof the epecimen.Furthermore,the geometryof

the specimen(locationof bei’d’“andreinforcementof meld)was thoughtto be a

fActorthd might‘influencefractureinitiationand”propagation.A limited

number of bend testswere made,therefore,to obtaina betterunderstandingof
..

the mode of failureof this type of““specimengo that a more acc~ate interpretation

couldbe made of the testdata,

The Kinzel-types,pecimenwas selectedfor thesepreliminaryteststo

studyfractureinitiationand propagation,becausethis typeof specimenhas been

used most duringthis inyostigation,and it waa hopedthat the informatio~gained

frcnnthesestudiescouldbe applied% the hiterpretatlon of previoustest data.

Furthcirmoro,th~ establi.sbcdechedulbfor depositingthe weld beadwas normal,

whilethe O;050-inch-de6pnotchwde mff icb!t to f.npoeethe noeeesaryetrass

ooncontrationand at the sametimeleavesome“weldmetalbelowthe notch.

A seriesof 18 weldedKinzel-typespecimenewas preparedfrom ‘Br” steel

by the standardweldingand machiningproceduresused in precioustestswith this
,..

sPecimen, Sincethe nBr\lstielexhibitedductilepropertiesat“@ F and brittle. ,,

propertiesat O F, two seriesof nine speoimenswere bent variousamountsat the
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twO temperatures.The specimenswere eachbent a predeterminedamoumtranging

from belowthe observedyieldpointto the pointof maximumload, The loadwas

releasedand the specimenswere removedfrom the testingjig and examinedfor

cracks.

These testsshowedthatfractureinj.tiatedin the ~~eldmetaland heat-

affectedzoneat the root of the notchand at a very low bend angleranging from

3 h 6 degrees, This occurredat, or slightlyabove,theyieldpointof the

specimenand far belowthe maximw load of the specimen. At maximumload,the
,,

fracturehad propagatedthrougha cowiderablepart of the crosssectionof the

specimen.

On the basisof theseresults,it was proposedthat a thoroughstudybe

made of the initiationand propagationof fracturesin the varioustest specimens

selectedfor studyon this project, The resultsof thatstudywill be the subject

of a subsequentreport.

A

studiedis

summaryplot containing

Includedin AppendixD.

investigationar? as followsi

the transitiontemperaturesof all specimens

The importantpointsof the findingsof this

1. Gensrally,modificationsof the variousspecimens
shiftedthe transitiontemperatureof the two steels
up or down dependingupon the modification.However,
the same changein specimendesignor procedursof
producingthe specimensdid not produceshiftsof
similarmagnitudein the transitlontemperatureof
the ‘B ‘1and ‘Cn steels. Therefore,it appearsquite
unlikely,on,thebasisof informationavailable,that
any one type or designof emallspecimenwill give
the sametransitiont&mperaturefor ‘~Brl)and !lCH
steels,and othersteelsthatwas or mightbe obtained
by largespecimens,suchas the hatch-cornerspecimens,

2. The transitiontemperaturesfor Kinzel-typeunwelded
notchedspecimensof ‘B “ and “C” steel,teatedfi

%tension,were considersly lowerthanthosefor similar



-44-

!? ~~eel h~~ ,*10W’a~ trWls i-weldedspecimens. The nBr
tion thanthe ‘!Cl)steel,~,sin all othertes”’csused,
‘Me transitiontemperattiresobt?.inedfrom thewelded‘“ ‘“
IIBrnand flCJlsteeltensionppecimens wereconsiderably
lowerthan the transitiontemperaturesof hatch-corner
specimens.

3. Transition-temperaturestudiesof E601Oand.E6020weld
metals,whichwere made with all-weld-metalspecimens
simils.rin designto Kinzelepecimeneand testedin
bending,shewedthatthe transitiontemperaturesof
thesemeld metalswere much lowerthanthoee,obtained
with standard(bead on plate)Kinze~+pe specimens,~
The trensition temperatureof the E6Q1Oweldsranged
from -130F to -LO F and variedwith the loce.tionof.
the n~tch;i.en, if notchwas in .colummarstructure,
the tr.msitionwas high,and if it YJaS in tine normalized
structure of the weldmetal,it was low. The transition
temperatureof E6020weld metal re.ngedfrom -70F to OF,

&. weldedKinzel+ype epecimenaof.‘lE@ steelweldedwith
E6020 electrodeshad s tr:naitiontemperatureabout
10 F~~to 20 F higherthan that of similarspecimenswelded
with E601O electrodes.Testswere not made on ‘Cn steel.
with theE6320 electrode becauseonlya smalldifference
was obtainedon the ‘Brm steel.

5. WeldedKinzel-typespecimensof nBrn eteel,1-1/2inches
wide,had a transitiontemperatureof about-20 F,
comparedto 20 F obt?.inedwith st.ndarcl3-inchKinzel~
type specimens. (Hatch-corner transition tempero.ture
for “F&R steel was /+0F.)

6. WeldedKinzel-typespecimensof WDrflsteel6 incheswide
had very nearlythe same tr:nsitiontemperature(20F)
as the standard3-inchspecimen. (Hatch-cornertransi-
tiontemperaturefor nBrn steelwas,40F.)

7* WeldedKinzel-t.ypespecimensof ‘Brn steelwith 0.0%)-
inch-deepnotchhad a considerablyhighartransition
temperature,40 F to 100 F, than standardKinzel-typ?
s~ecimene(transitiontemperatureO F to 20 F) of the
eehe steelwith.a standardO.050-inch-deep-notch.,A
eimilar@ange in notchfor ‘Cw steelepecimenzhad vary
littleinfluenceon transitiontem~rature}whichw%..
140 F to 160 F, (Hatch-cornertransitiontemperattie
for IIc1lsteelwas 120F.)

,8. Tee-bendspecimensof standardsize (1-7/8ineheewide)
made of ltBrnsteelwith n modifiedweldingprocedure
hc+dabout$he same transitiontemperatureas.etandard
tee-bendspecimens.
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9. ‘lee-bendspecimens,3 incheswide,of ‘Brn and ‘Cn
steelshad highertransitiontemperaturesthanst-ndard
l-7/8-inch-widespecimens.For ‘~BrNsteel,the transi-
tiontemperaturefor 3-inchspecimenswas about20 F
comparedto -10 F forstandardspecimens,but was lower
than the 40 F tmnsition temperatureof hatoh-corner
specimens.For the ‘C~fsteel,the trnnsition tempera-
turefor 3-inchspecimenswas aboutI@ F comparedto
110 F for standardspecimenBand 120 F for hatch-corner
weldments.

10. A few preliminarytestsof fractureinitiationand
propa~ationin theKinzel-typespecimenshowedthat
fractureappearsto startIn the weld metaland heat-
affectedzoneat the root of the notchof.the specimen
slightlyabovethe yieldpeintof the specimeQtand,
at maximumload,it has propngatadthrougha pert of
the cresssectionof the specimen.

11. The studyof publishedend unpublishedliteratureon
the variouskindsof testsused to studystrength,
ductility,and transitiontemperaturesof weldedjoints
in structuralsteelwas continued.Literatureon this
subject published~ or otherwiseobtc.ined,and studied
sincetihedateof the firstrepertwas addedto the
bibliography,and a completeb~bliographyis included
in thisreportfor convenience.

~TURE FQF.K

This reportdescribeswork recommendedby the ProjectSR-1OOAdvisory

Coxmnitteeat its meetingof February26; 1948, and presentedfor the cOmirtttee$s

aPP~val at its meetingDecember7, 1948.

The followingprogramof futurework at BattelleMemorialInstitutewas

discussed and approvedby the AdvisoryCemmittee~

1. Studiesara to be made to determinethe effeot of
preheatand ostheaton Kinzel-typebend specimens

Pof nBr”and ‘CHsteel. Thesestudiesare to include
the following;

a.

b.

Preheatsof 10, 70, 150,Z50, and 400 F on
both llBrnand ‘er~steels.

Preheatof 70 F and postheatof 1150F on
‘Cn and ‘~” steel.
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C. Preheatof 400 F and postheatof 1150F on
llBrfl steel.

2. Tests are to be made on unweldedandwelded‘An and
‘W steelsto determinetheirtransitiontemperatures.

3. Fmcture initiationand preparationstudiesare to be
made of Kinzel,Lehigh,and tee-bendspecimensof ‘B#
and ‘CM steels, Thesestudiesare to determinewhere
and when the fracturestartsand how it propagates
throughthe vnriouetypesof specimene. In addition,
testsare to be ms.deto determinethe effectof the
followingfactorson fractures

a. Type of weld metal
b. Multipasswelds
c. Powerinput
d. Agingafterwelding
e. Geometzyof specimen

—

Data givenin thisreportare recordedin BattelleLaboratoryBook
NO. 3856, pp. 1 to 38, and BookNo. 321+0,pp. LO tO 100.

RWBiRGK:ltFZPJRtCBV/vm
September16, 1949
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(1)

(2)

(3)

(4)

L@ %m WI 18,@x 5.?4
Am% M 21,103 ;:

U#3a $8 5,9X7 7.34 l’7,cd0 . . m
ti 6.IZ L3,m 5,640

LC25-11 UC m,ex 37 45 6.58
8.62

U.om
19,BI o.lw 3.33

1:*S
A@ >5 120

4,m 8.43
21,4W 35 $ 6.?2 U,m I.&l

19,(C4 0.097 3.23 8
3,fa 7.U

A02>1 En z ,m 5.16 #a& :
km*

17,6Ca O.lm Y.3> 25

m a ,m.1 2 33
5.16

5.U ,
ll,bM 0.07L 2.47

&w5-9
0

18,m 24 3.*
5.(4 12,fmnO.om 2.73 :

Am5-3 : %
o 3.m

19,W 25
8*YM 0.055 1.83 2

4.* ja% :
Lw 5-U 20 19,m 19 3.12 ‘I,92V o

j.?g 9,8$4 0.056 1.67 0

N.?5-4
:

19,203 H
7,UM 0.045 1.33

AC25-7
32

-2
7,cm 0 0

i? 3.23
ml 7,0!x 0.w3 1.6, :

19,324 20 7,m 0 0 3.23 7,m O.ou I.@ o

(1)

(2)

(n

(4)
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TABLEL-XL. RFSUT.TSOF SLOW.BZX3TBTS OF TEE-BENDSP021M12E’
wmm .c.STmLANDUSINGSmm$rin WELDINGsc:mum 1

—— —— .—— —..— —

Bed lnek . Dezrees
T..tins

AbsorbedFmwY( 3)
Ene,2yto EnergyAfter

A ‘E “-’ 7 ~ K!:, J%y a,,

Total
Speck Temp, MMim!m
Num6er F

Enerm
Load, Lb Lead Lad RK 7) Sq In. $q In. In.-Lb

ACM-.4
AC18-3
.6C18-i2
ACI.A-5
AG12-0
AC?&l
icl?-6
AC17-1
Ac17+
AC1’7+

,!C174
.4G17-3

150
132
L20
120
Mu
Kc
m

:
/,0
73
“0

13,@
13,39
13#N
13,300
13,m
13,4(23
34,m
13,3X
U,lm

i$E
13,9X3

$
m
n
52
78
76

120
12a

320
119
319
9/,
3.16
:$

63
0

9.67
9.2/.
9.75
9.42
9.XI
9.X?
9.75
9.18
9.m
7;23
8.35
8.65

21,W3
20,s32
22 ,IxQ
21.2m
2(;933
21 ,Cco
22,mu
20,630
20,3W
16,333
Is,m
19.5C0

8.%
9.69
.S.03
10.20
7.56
8.63
3.15
7.50
5.95
1.22
0

2.83

20 ,2SC
21,P03
18 ,Oxl
23,203
17 ,mo
19,620
7,%0

17,Ce2
13,X0
2,’FJI

6.oW

13.63
18.93
17.78
19.63
16.%
ls.co
12.92
16.68
14.95
8.45
8.35
11.fi

42,0)0
42,633
40,030
44,4m
37;5C0
40,f4’J
29,3CiI
37,603
33,fcc
19,CcQ
Ia,m
25,@J0

.

(1)

(2)

(3)

TABUiA-U?. WULTS m sum-mm mr3 OF m.-zm mcmrws I.WIS
FROM‘,B,,!STEELAND USING& MODIFIEDWTJJ114GWIAEDU13

.—

BendA.ele.~ AbaorbedEnerev(2)
Testing at after at Snergyb Ener@yAfter

S.ecimm TemF, ~Jwiu Ma&mum kimm Cmple
?

Total

Mlmber F Failulw1)
~ ~~ Emmy

. .% In. Irdb

f+cm-1 70 13,’(W 57 m
.WKM? 3

43
L4,foo 72

7.2 16,3m 6.1
28

13,S20 13.3
3.8

29,9X7

,1ciO-3 0 l,i,2cC 53
22,@2

l,: 3.W 6.8
!+.4 9,9X 14.2 31,W3

.&cm+
15,3cu 6.4

-10 13,602 57
I&y 13.2 29,W

12,3.m ;
7.2 16,1m

AC7O-10 -10 0 4$
7.2 16,1w

5.L :
AlHo% -20 13,sca 59

L2,1m 5.4 L2,102

Mm+ -@
7.6

M,m 42 ;
17,m 1.0

2
2:Ca 6.6

5.7 12,s00
19,4CKJ

W70-5 -&l 1L,4C.3 0 m
0 0

.IC’M-7 -@
8.1 M,lm

5.7 12,.sOJ

13,4!30 z
o

42
0 8.1 18J20

AC-7a-6 -m 3-2,ecm 28
5.5 12,3m

:
0

28
5.5 12,3w

3.4 7.700 0 : 3.LD 7,733

(2) .Mmrbed emr.gy. ume.sh areatier tbe loadd.fle.tim - time.2,250inchpads.



TABLEA-13.lUEXILTSOFSLOW-SENDTFSTSOF3‘INCH-WIDETZS-BEND
SPEC’IMRWMADEFROM‘Br”STEELMO USING.kMODIFIEII
SCHSDUIS

~
Test%

Abs.rbedlber~(z)
Ener~ti EnergyAfter Total

Specimm Temp, ndmumnsxhurl COmple
Ihlmbar F Load,u ? ~ ~

Failure1) SqIn. SqIn.
~
Sq b. .-

AC95&
AC9.4-1
AC%-3
AC95+
A095-2
iic95-5
AC94-2
AC95-3
AC95-1
AC9.4+
AC%.+
AG9&6

120 21,10D
21,1Do

$ 22,900
@ 22#yJo
20 Z?,tiao
20 23,9CQ

24pmo
-: 22,m
-20 22.900
-$ 24;W

24,51W
a 24,1ca 46

“o
o

21
0
0
0
0
0

115
1..15
115
11.5

2%
Q.
54
a

.&

IA.LW

2%
12.so
16.3o
I.&@
1720
I-2.IQ
1024I
13.71
11.90
10.00

33,400
2s#lJ
33,XQ
2%,7Q0

%$
3S,720
27,’W2
24,XQ
m ,WQ
26,603
22,503

I.1.lo
12.8Q
13.20
u.?

o
0
0
0

25,000
28,$33
29,7C0
31,m

o
0

I.&p

o
0
0
0

25.93
25.X
28.00
26.50
16.3o
24.40
23.7T3
12.40
10.80
13.ifl
I.1.xl
10.CM3

5g,Io3

:;:%

%%
x?,4@I
53,wI
27,%IJ
2@?o
m ,$?03
26,FlX
22,503

(1) IfSPWWM didnotpart,thiemeae.urement w takenatthepointonthelond+eflectioncurvewherethelosd
haddroppadto%JJDpoundsaftarp-w?dngmaximuxload.

(2) Absorbed energy = measwwi area under the load+iefleetion curve ti ., 2,255inchpocmds.



TABLEA-I.4.FJ13UL’fSOFSLW-BENDTESTSOF 3 INCHWIDETEE-BEND
SPECIXT!NSM&DEFROM‘iCtiST=L ANDUSINGA MODIFIED
WLDIHCSCdEDULE

BendAn@e, Demwes Absorbed.Erer,qr(z)
Testing 4t After At Ener~~to Ener~ .kfter Total

Spcimen Temp, Mlximum MaximumUaximum COmple
?

?.k@nunhad kxiuumLad Enern
Number F Led, Lb Lead, Lead Failure1) Sq In. In..Lb So.In. In.-Ik Sq In. In.-Lb

:ic9~
AC97-1
.ic97+2
AC9+-5
AC97-3
A@7-6
AQ974
AOV4

A696-1
A096-Q
AC96-3

2C0 ?1,720
190 21;WC
K?il ?l,m
160 21,730
WI 20.602
l@ 20;(m
Uo 20.&N1

21;700
$ 23,1C0
o 22, XCI

6L
68
72
m
n
’70
64
67
59
55
56
50

51

o
0
0

1.I.5 12.@ 27,9Cfl 11.5 25,W ~3.90 53,S33
115 12.93 29,m 11.2 25,2m 24.10 54,200
115 14.20 31,m 10.XI 2/,,100 2L.90
85

56,~0
13.’TJ 31,333 4.00 9,030 17.7C g,g

115 13.61 32.m Q.7iI 21.m 23.37 .
115

$!
13:10 ti;40c lo.@ 23;EIJJ 23.’FJ “53*
U.-m 26+ 7,% 17,800 19*6I
12.&l

$ytg
28,330 11.10 25,000 23,?2

11.20 25#00 2.&J 5,800 13.KI I@30
9.93 22.330 0 0 ?-M ~-yy-J

11.ti 24; ixJ o Ii:&) 24;ia3
9.50 21,400 0 : 9.X3 21,33)

(1) If specbma didnotyrt, thismeasurementwas taken atthepointcm thelnad-deflectioncurve..,fierethelead
baddroppedto 9020poundsafterpassingmaximun10SX3..

(2) Absorbed energy. measuredareaundertheload<eflection curve times 2,250inchoovnds.



.?/.

TABLE A-15. SEWLTS OF TEsTs OF NU2CHEDTEWION sPECIWSW OF DNNWJN2DT+# STEEL

Elongation Energy
Testing at Max Atmorbedto lateral Fracture

SP. i.en TemP, Maxmlun Load, (1) Area, Maximum had, (2,
Number ?

Contraction\3)
I,xd, b

A;wrerl: ,
% Sq In. In.-Lk %

Ac118-16 -Zllo w, 20Q 0.031 10.8
M118-u

L,3fxl 0.29 0
-220 135,1Kx3 0.0311 11.a

AC116-17
k,m 0.29 0

-2C6 127,6CQ 0.061 18.50
AC118-7

7,@3 1.38
~:g 150,coo 0.337 116.20

AC118-9
L6,5cx2 8.50 ;

lU3,mo 0.253 85.30 311,Km 11.ml 2
AC118-13 -170 1.L2,0X 0.280 89.30
AC118-8

35,7ca 8.05 h
-170 U2,0X 0.2h2

AC118-12
77.30 30,Wl 10.70 11

-163 l!13,m O.3L6
AC118-11

115.62 46,2c0 10.80
-160 til,ooc

15
0.L03 127.30 51,CQ0 10.50 25

AC118-6 -ll+o 136,6$0 0.328 97.6.3 39,COJ 10.20
AC118-3 - 63 135,000

13’3
0.3L0 8L.70 33,900 12.20 Km

Aolle-11 - I+o 135, m 0.290 83.5o
Ac118-5

33,Loc 11.90
- 20 132,030

lCO
0.3M 97.20 38,800 11.30 100

AC118-2 - 0 129,&l 0.305 85.m 31L,oa3 10.ko 10C
A0118-1 + 20 128,000 0.32h 89.CK3 35,m 10.80 lCC

(1)

(2)

(3)

Elongationtaken .“ 1-3/b-inchgauge length.

Absorbedenergy - measuredarea underl.ad-iefIe.tioncurve in inchestim=s i@ inch pounds.

Ueasurenmntmade at point of maximumcontraction(ueuallyl/32 inchbelow the notch root,on both
sidesof fr.cturewith pointadmicrommt.nr.

TASLE A-16. RW,ULTSOF TESTS OF NOTCHED TENS1ON SPECIl~NSOF ‘wXLOED‘Br)aSTEEL

AC1ll-2
AC1ll-15
AC1ll-11
AC1ll-16
AC1ll-1
AC1ll-14
AC1ll-4
AC1ll-17
AC1ll-10
AC111-12
AC1ll-8
AC1ll-13
AC1ll-20
AC1ll-3
AC1ll-9
AC1ll-18
AC1ll-6

-50

::
-30
-30
-30
-30
-20
-20
0
0
20
20
40
60
75

72-8U

0.029L
0.0568
0.0678
0.0390
0.165
0.2165
0.230
0.192
0.1945
0.1935
0.194
0.205
0.175
0.166
0.2125
0.210
0.2025

6.05
11.L5
15.ca
7.50
45.ti
61.cQ
63.LO
52.2U
53.40
52.50
52.60
55.1
46.6
43.4
56.7
54.7
53.0

2,420
& 580
6,oQ0
3,CW

1.S,CCJI
24,4CQ
26,2cQ
20,800
21,40’2
21,0cm
21,CCQ
22,CKC
18,(GC
17,4@c
22,6CX3
21,t%o
21,200

0.87
1.53
1.74
0.91
1.46
9.1!3
8.76
8.18
8.%
9.3a
8.53
8.64
8.4o
8.50
9.05
8.25
8.15

0
0
?
1
5

lcb
103

w
MO
100
lCQ
Km
100
100
lW
Km

(1) Elonge.tie”take. o. l-3/L-inchgauge length.

(2) Absorb4 energy. maasuredarea under load-deflectioncurve in inchestimes 4CQ inch pound..

(3) Ueaaure!r.entmade at lx.intof maximumcontraction(usually1/32 inchbelow the notch rcot) on both
sides of i’raetmwwith pointedmicrometer.
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~ABLSA-17. RESULTSOFTESTSOF NOTCHEDTENS1ONSPECIMXS w UNUELJED.!7.SIXE1

V3ating
Energy

SPclmen
Elorwtim .4E.sw+d 60 Fr?.otm

TemP, MdmlJs at him
‘?

Ares,
Numtw F bad, u had, ~ 1) Sq In. =+W’ GJ%Wn, Z(3)%%%

AC117-19 -163 134,8cQ 0.130 37.0 L4,euo 3.82
.!C117-18 -120

0
133,f,Ci7 0.139 38.3 15,300 3.71

AC117-17 -Mm :132,LCO O.I.@ 38.0 15,2ftl 3.6/.
AC117-16 - w 139,5ca 0.236 70.6 28,2&3 u4
AC117-15 - !!4 132,2cX2 0.177
AC117-13 - I@

48.0 19,X0 L47 :
132,4C0 0.181 48.6 19,41Y3 4.8/. 0

AC117-10 0 130,9C0 0.165 44.2
AC117-7 20

17,703 8.42 0
127,em 0.167 L3,3 17,3S.3 8.62

AC117-8 40 128,7tC 0.224
AC117-9

67.5 27,0xl 6.30
a

;
125,W3 0.199 51.3 20,m 5.90 6

AC117-12 60 133,2m 0.182
AC1l’LIL 70

49.6 19,903 4.95
3.28,W2 002CK 52.5 21,m 6.u 1:

Ac117-11 80 125,@3
AC1174

0.234 61.8 24,9W 6.80
m

100
125,W 0.227

AC1l?-1
6006 24,2LX 6.a7

1U3
lCO

122,tm 0.192 49.6 19,803
AC117-4 120

6.70
124,m

AC11’7-2
0.224 59.3

w
23,@3 ;%

1% m 0.M-9
AC117-3

L9.O 19,633 %
162

lCWI
125,E03

AC117-5
0.1% 52.1 20,&c 6.87

1s0
100

3.64,m O.w 38.9 15,6C0 Not Fs,fble Kc

(1) Elcmgatieutakencm 1-3/4inch.@uze lem@.

(2)

(3)

Abaorted.nersY- measuredare,underload<.sflwtioncurvei“ inohestiws &XI inchpounds.

% &@me withn.int,addercpmier.
a urementmadeat pointof maximumcontraction(usually1/32inchbelowthe.otchroot)on bothsides

ThdLI A-18. 2E21J13SOF T3,.5TSOF NmCliZDTENS1ONSFZCIWNSw KSI.C%D‘Cn STEE1

C - MOT(XXD TEIW1O?J- WELDEZ

Ac10&14 0 104,6cu2 0,0464 10.45 L,lm 1.3~
AC104-16 O

1
107,4CO 0.0557 12.85 5,3A0 1.8

AC104-12 20
1

130,&xJ
Ac104-13 20

0.0446 11.15 $@&
11O,WO

1,42 0
0.0617 lL.7C 14W

AC1OL-10 40 8;2& ;119,403 0.0788 zl.to
AC104-11 40

1.8
127,6C0 0.1037 2?.90 11,150 3,1

AC1OI.-8 107,6C.3 0.587 13.50
AC104-9 %’

5,4C0 2.0 ;
0.C922 23.20 9,280

z%
3.1

AC104-2 ~ 0.1C9W 27.$0 11,150 3,1 :
AC104-3 ill L19,@x 0.1021 26.T5 10,703 2.0
AC1OL-1 Km lzl,ccc

5
0.1131 2.3.10 11,6CC

AC104-5 lW
3.7

3.19,6ca
15

0.L286 33.50 13,4W — 8
!+CILX-4 m m, m 0.1384 31&.30 13,7CQ 5.57
AC104-6 120 l19,uc

1W3
0.12843 31.90 12,802 5.6

AC104-7 I.@ L20,4a3
100

0.1213 23.40 11,eco
AC104-2O 16o

— Kc
lzl,cc.z O.O%O 2L.20 9,703 3.48

AC104-17 1?0 135,0W
102

0.C780 20.X3 8,100 5.23 lca

(1)

(2)

(3)

Elongationtakenon 1-3/L.inchgaugelength.

Abm#bC4 ener2y. meeeuredareaunderIoad-defier.tl.ncurvein
in.hes tire.LOO inch-pcmads.

fieasurem.tmadeat pint of maximumcontraction(.SUS1lY1/32inch
belowthe notchrood o. I,otisides.f fracturewitipainted
mi.romnter.



120
m
o

a
.
-9
-40
~

4

-95
a
-UJ5
-m5
-lzo
.
-w
-u
-w
-165

0.039o.in
o.m
o.C95
0$98
0z%
0.0$2
0.lm
0.031

0.R
o.@m
O.uo
0.W9
O.lcc
O.lm
,.@a3
O.LW
,.Ou
0.033
0.W

IMIJ A-X. P1311LI?0, 75. ~ U,L4mn.. .-m ,.m+m or

Weal m m.
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A ToM 4J,ti@d Emqy .9 t%rgy Abmded ,0 Mnx,,num bad a Enemy as-d 4f/8r M.”/mum bad
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0-,,70.



-5 B-

Tmper.,.,o, Degree,F
o #e,,d A@. * ,%.m’un Lad
● TOM 8md Ang,e

FIGURE 8-48 COMPAWSC/? F ~ANS/mON T,,MPEflAT”RE c21RVE5 0= Y S~EL ,L?4XD * END ~GL.q
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