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ABsTRACT.

T~s’’reportcoversthe work dons duringthe pari~ JeNWY ls 1949,to
,.

June30, 1%9.” “’

On thebasis of the diactieion,Of the work rQPotiedin the second

progresereport,SW-33,the projectA@@ry kmxzftteerecamded that”the

behaviorof two additionalprojact steels,11A!!~ IIW!I’eho~ ‘m dete%ed a.t

variousteqeraturee (2(Y3F to -lCQ‘,F) ua~g the Kinzel+pe specimen. ItiWi?@
.,... ,,

elm decidedthat a studywoUld.b?made to detertie the effectof Preheat@

poethaat,trsatizentson the behaviorof !IB=!:“andIlcnsteelswhen teetsdat various

tamperat~es (2CQF to -1OO F) USins the Kbel >,s~c~n.

Testsusingthe Kinz@ specimento determinethe trksition-temperature

r-e ofI!AWand WFt steelerate thesetwo steelsin tie“’s@eo~eq that all. the

other,typespeaimanshave done. The four steelswhichhave now.been.,ratedwith
,;i
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the weldedK@zel specimenhave the following

temperat~erange: !lBrtt,VW”, MAII,and llC’J.

orderof increasingt.ransition-

~en test~ with Khzel-type

specimens,but withoutthe weld”beads,llBrlt,W aid ~~A~%ehevedvery much

alike,while !ICIIhada considerablyhigher”transition-temperaturerange.

The studieson the effact of preheatend poetheaton weldedKinzel

specimensof !lBrfIand !ICMsteelsrevealedthatthe IIBrIIsteelrespondedmore

than IICWsteel to the use of pmh~t. As the preheatwas raised,the transition-

temperaturerangesfor both steelswere lowered. A postheattreatmentimpreved

the amountof energyabaor~ by both steelsat low temperatures.
,. .,....

Vickershardnesssurveysof Kinr,elspecimensof )lBrmand !!C!!eteels

weldedat variouspreheatsweremade. In,,thespecimensof ‘lBrtleteel,the

weldmetalwas harderthan theheat-affectedzone,whilethe reversewas true

for the IICI!eteel. Bethpreheatend a high temperaturepoethaateachreduced

hardnesein boththe weld metalSIXIthe heat-affectedzone.
,.

,,

‘Ibisis the thirdprogr?ssreporton the inve,~~ationentitled,
,:.

ljEvaluationof ImprovedMaterialsand Methodsof lubricationfor WeldedSteel

$hips!l,beingcot’miuctedfor the,ShipStruc@re Committee(projectSR-100),

and is the fin&lreportunderNSVy Oepartdzent,Bureauof ShipsContract
,.

NOb*h5543.
,, .,, ... ..

lhe secondp~gree% r?pc+%(S.S+33,November15, 1949)7*on this

projectccmtainedthe test resultsof yariousmdfications of notchedband

specimensan@ Of n~chad tensionspecimens. It was the objectof this investi-

gationto attempt@ obtainthe sametransitiontemperaturesfor the project

* See Saferancee,Page LiL.
,., ,
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st,%elej!tBrlland llCn,thatwere o“~tatidf- the ful~-male hatch-crxnertest

epectieneetudied:at the Universityof Califormk “Gtherteateof all-weld-

metal specimens,,madewi$h/E,@O ,@ndE&X20elkctrcdee,were included. The

secon&progressreportai~o ~ecribe@ anme,,preliminaryobservationomthe

initiationof fracturein the bsni-testspacimsne.A bibliogmphy of all

~teratu~, st+i,edup,t6pacq&b@.jO$ 1948,,which’partainedto the sub.jaotof

thisinyqstigation,was,@clugi@ im,the Appendix... : ~ ‘ ‘“

.,Thi,preportcove~ste,atsmade with l!Al!’&d:t!N;projecteti&ls@ cla.-.

terminetheirt~sitim+temp@ratm, &@esua@:’bothwe U&d and unwelded

Kinzel.-type;@~otien$.,.There6Ulte obtai@edontheee steels’withthe”lfinzel-““

type.,spec~ens;are comparedwiththose obtainedon the sa&”ete~le”b~several

otherqeQ@qns. .,:A,di8ct@eioncf,mathcde’oftieterki,nj.ngtransi~.ion:tek@ratur&s

is included.;..:.,. ,.. , ,~’, ,, ,,

.:@isr,.qxm$ilso,covdreteetaon llBrlkami!lC!!”eteslsto “det6Fmine

the.,.$f?ot;,ofprphs@.,~ postheat.treatmenteon.th~behav~or of:wehkd Kihzel-’

bend spec&ens. I~@pe?? surveyswere made oniwJ.dedXinzel spticimehsof W3#

and !!C!I,s$eelqfor ?ach,pr~@t and correlatedWith the test results.-!Goolirig‘‘”

rateson,w:eldwi.Kinzelepec~ens were recordedfon saciiof the“preheatt&apera-

turee. ,. ,.,, ,,

,., ,.. ..!,..

Discussionof Methodeof
~,Det,ermimin,q‘fransitiohTemReratimes ,..

,., ., ’,:, ‘,”,

“‘hesubjectof transitim”‘ti&raturee and methcdeof determining

transition temperaturesof varicusweldedand unweldedepecimensof chip-~ade
....,,,.,,

eteelhae beendiecussadat len#qh.4s~.,:-mere“& b-n e~’g~erable“confusion

and difficultyin determiningtraneitriontemperaturesand.ueingthem to compare
,,, /.,’,,..,,

performanceof varioueserieeof specimensof shipstealstestedwek a range
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of temperatures.The datapreeentedh this report,whichwere obWxred frcm

testingseveralseriesof specimensat varioustemperatures,are presentedin a

clifferentway,with verylittie

reasonsfor presentingthe data

the report*

referenceto transitiontemperatures.‘l’he

in thismannerare developedin this sectionof

The term ‘Wmansitiontqerature” refersto the t~erature at which

the mechanicalbehaviorof a materti in a given’bst s~cim~ c~ges from
;.,

shearto cleavageor fran ductileto trittl.e.Sincethis transition usually

occursover a rangeof t&mperatures,it “iausuallynot possibleto chooeea
,.,

epecific transitiontemperatureexceptby use of an arbitrarydefinition.
,..

In all previouswork on this ~veatigation,four”criteria&ve”’been
,,.. ,:,... !...f~:..:..’>L., ..

usedto evaluatethe c~e from”eh~r”to”c16avage~havior ok beni-bst specimens
.,,....!,..,.!,,:,,,: ;

testedover a rangeof temperatures.Theseaxe: (a) energyabsorbedby a
.:’“’..’: .;..::

specimenfrem the begti “~ loadihgti maxiuumlead, (b)‘the~gle through
.,:)i.,: i ,: ; ,,:..:,,,:,,‘:,:,,,,.,,?.,.,.,,,;

whichthe specben is bknt frk hginning of loadingto maximumload; (c) lateral
,, ‘.:,.,”

contractionat the’root’o~’the”nkch in”the specimenduri~’t%st~%””~ (d)
. ...,:.,...: ,.,,

frectum appearenoe. Themeaeuredvaluesare plottedas ordinateeagainst

temp6r8tureas abscissaend an averagecurvedrawn”t~ough the plottti’“da~.,
.,$

The transitiontemperatureis then determinedfrom the averagecurve.

As statedpreviously,beforethe trand,ti~~t~erature can be de-
,,..,,

terminedfromthis averagecbve, an “irbitrarydbf~tion of”the transition

temperat~,must be established.Tha.definitionsof transitioii‘.t.emparaturee

whichwereused are: ,,.!..,,. .

l,. The tanp~a$ure ccmdinate of the pointwhich mpresents.half ~~
themaximumvalueof the averagecWve.

.,. ,.,., .,
2. The tern~”rature‘coordinateof the pointwhich‘;presentsthe

. .

midpo~t betweenthe upperand Lowerlimitspf the avetage ~
curve,
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3. The highesttemperatureat which
occursin themeasuredproperty.

the firet significantdecrease

The transitionfrom shearto cleqvagebehaviorusuallyoccursovera

rangeof tmpereture and not at a specifictemperature.Therefore,a traneitiOn

temperaturechosenby definitionmightwell be 20 or more degreesaboveor below

the temperatureat which ecme testspacimenswillfail by cleavage. Thisfact

must not tM forgottenwhen the transitiontemparatureeof variousserieeof

teetsare compared. Themain edvantage,and the reasonfor the wide use of an

arbitrarilychosentransitiontemperature,is that voluminoustest datafor

many materialscan be readilycomparsdwithoutreferenceto each individualgraph~

Thereare difficultieswhichoccurin choosingtransitiontemperatures

fran averagecurvee by any of the definitionslistedabove. Thesewill be dis-

cussedin fcllowingsections.

Halfof kcimuinValue

Usingthe tanpereturecoordinateof half themaximumvalue cf the

avezagec- as the transitiontemperaturerq be misleading. For example,

a highmaximm valuewhichdetezreinesthe transitiontemperatureby this methcd

doesnot insurethat the steelwill.behavewellat low temperatures.In Fig. 1,

by definition,the steelrepresentedby CurveA has a lowertransitiontempera-

turethen thatrepresentedby CurveB, eventhoughthe maximumvaluefor the

two curvesis the same. SteelC, however,whichhas a lowermaximumvalue,is

much betterat low tacperatures, even thoughits transitiontemperatureby

definitionis tha asmeas for B,, The transitiontemperatureby itseifthen

m~t give no M=tione of greatvariationsin ths lo+temperaturePIYJPerties

of steelsbeingcomparedby thismethod,
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A

Transition
Temperature

Temperature

. . . . . .—, -
I esr Iemperorure

FIGURE 1. SCHEMA TIC CURVES ILLUSTRATING TRAN-
SITION TEMPERATURE DEFINED BY HALF

OF THE MAXIMUIW VALUE OF THE AVERAGE

CURVE

0-16694
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MidpointBetweenMm er and LowerLimits

In pickingas transitiontwcperaturethe midpointbetweenthe upperand

lowerlimitsof the averagecurve,the betterlow-temperaturepropertiesof one

materieloveramther may be igmred. Figure2 is a schematicill.uetration.In

thiseketch,materialeA, B, end C hsve the esme transitiontempraturaby def-

inition. &t to say the materialsare, therefore,dmilar completelyignoree

the betterlo-temperaturevslueeof materialsA and B.

FirstSi& “ icentDrop

The definitionof transitiontemperatureas the highesttemperature8t
4,7

whichthe firstsignificantdecreaseoccurswas used in previousworkat Bettelle.

In a case in whichthe curvehad a eharpdrop,the transitiontemperaturewae

readilylocated. Figure3 showseuoha curve. In othercases,the curveshad no

sharpdrop,as in Figure4, and thsrewas no point on the curveto chcceeas the

transitiontampsrature.The choice,in thesecases,was influencedby the

,$.ndividualdatumpointsad was looatadmore by thesepointsthanby the average

curve. The reportedtransitiontemperaturemightbe anywherewithinthe trans-

itionrange. ~ many cases,no two parsonscouldagreeon the location@? the

transitiontsinperature.

!l~velop IIMeth~ of pree~tinR Data

TO avoidthe problemsof usingaverageourveeend the locationof

definitetransitiontemperatures,the date in followingsectionsof thisreport

are presentedin most casesas envelopes,drawnarourdthe plcttedpoints. These

envehpes make it poeeibleto easilycomparetwo sets of data ard at the same

time eee the scatterin each case. It is aaeyto notewhetherthe transition-

temperaturerangeof one seriesof epectiensis generallyhigheror lowerthan
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A

B Transition Temperature

r,

Test Temperature

FIGURE 2. SCHEMA T/c CURVES ILLUSTRATING TRAIV-
S1 TIOIV TEMPERATURE DEFINED AS MID-
POINT BETWEEN UPPER AND LOWE%’

LEVELS OF THE AVERAGE CURVE

O ‘16695
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FIGURE 3. CURVE SHOWING HOW THE FIRST SIGNIF-
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SAME TEMPERATURE
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Welded ‘b’’Steel Kir?zel
400F Preheat
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FIGURE 4. CURVE WHICH HAS NO FIRST
SIGNIFICANT SHARP DROP

O ‘16697



that of the other.

curvead envelope
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10 Figurs5, the samedataarem’=$wt~W theavewe

methcdsfor casperison.‘Iheeecurvesshowthat thereis a

defbite differencein the behaviorof the two seriesaf specimenswhen tested

at varioustemperatures.It is obvious,when it Le attanptedto representthese

clifferenceeby arbitrarytransitiontemperatures,thatmuch is loet. However,

if the transitiontemperaturesshownon the averagecurves(determinedby the

firsteignificantdrop) are ccmpared,and are regardedas representinga range

and not a epecificpoint (accurateto about~ 20F), thenthey show,theswe

trendsthatare shownby the curvestakenas a whole.

F6e-evaluationof Deta Presentedh
=w~SSG23 and SSC-32

‘l’hedetA presentedin previouereportsSSC-234and SSO-337on thie

investigationhave now been re-eveluetedby usingthe envelopemethodinstead

of averagecurvesand transitiontemperatures.In instances,it wae foundthat

““no importantnew conclusionscouldbe drawnfrom the datawhen studiedby this

method. As long as the transitiontemperaturescitedin thesepreviousrepox’ts

are not consideredas precisepoints,the seineoveralltrendsare obtainedby

theiruse. Hcwever,if the detslledcurvesare ignoredcompletely,much in-

terestingand importantinformationcan “m overlooked.

MATERIAIS

Steels——

Two semi-killed,as-rolled,medium-csrbonchipeteels,designatedas

l!BrlT~ IICU,were used in thisphase of the investigationfOr StUdY@ the

effectsof preheatand postheaton the perfonnanceof teet specimens. In
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,

,FIGIJ7E 5. 1X2WPARIS0%a= AVERAGE CURVE AND ENVELOPE METHODS DF ~ESENTING DATA
rhese dOtO m for welded %r” steel kinze! -type specimens h0vin9 .050 - !no~

dgep notch. Reference ~

0-,88t3

—
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,1AM (,~~~) @ IWO (killed)botha5-rOll~> were
i’,,

Ccmmitte8for determinationof their$ranaitiontenpera-
.

tams withthe &inael.typespecimen. ‘lhemechanicalpropertiesend clwmik

c~ositicns of the four above-mentionedsteelsare givenin ~ble 1.

Electrodes

The electrodesused,~~out thisphaseof the invaktigationwe.ra

3/16-inch-diameterclaseE601oelectrodes. The weldingschedulewed ,forthe

electrodeswill be discussedin a latersectionof the report.;

At the December,~191# meetingof the ProjectAdvi$or$-tteeg ,it
:,

w&s recd~e~ed ,that”llAl~and !I@ steels’be~stuc@edwith the Kinsel”specicaen.
,!

Thiswss suggestedin orderto c-~ such res~ts with resultsO~ainSd ‘witi

t,he” K&& specfienon !tB#and l!C!~et@S.

Preparation and WeldinK Of &@CtiIIS ‘,,, .

~~Couponsfor the test specb~s were aa~ cut ira’ platesof ‘~A~~ar@ W!

steels,and thesurfaceswere cleanedby grit blasting. In oti8rh conearve.
:, ..’

materj.al~the lengthof ttiespecimenWS ~educad”from“L?in@es to 8 inches.,,

Pilot,t?mtsindicai+dthe resultswere not.changedby usingthh shbrtsrspqciuien.

Figure6 showsthe detaileof the’Kincel-typespecimenas used in theseteate.
,.,,

The weldbeade were depositedon the testcouponsby’aut6meticwelding

using3/16-inch-diameterE6S11Q

rpom temperatureand cooledin

welding’and testingwas 8 days

electrodes. All of the specimenswere wel~edat

air.‘iieagingtime for all the specimensbetween

at “NOM temperature.The we~dingschedule.follows:
,,

——..—— .—. —.— —



TABLEI - M1.CHAWICAL

Mechanical
steel Type ~~k- Yield

Pmmerties
Ultimate Elongation Reduction Hardhese

code nese, steel Point, Stitigth, “in2rn. in$w. in Area,
Latter Steel

‘Rockwell
In.,,,Condition psi .pei “% % % “B ‘:’

%(1)(2) Ssmikill~ 3/4 . As Rolled 3i,2W
s;;yw’

43 33 +58
34,603

5563

>.
$0(2) s~d 3/4 As”Romd .. 34,5Q- 61,500- “, 43-35 32 63-50 &@ ,:

.. 37,@o 68,500

A(1)(2) aed j/4 ~~~AOtol& ,. 35.,4&- 57,6w :. 45 37-32 62-53 %62 ,, :
. 36,700

,.
62,900

..,-
~ (3) Kslled ~ 3/4 Ae R&d: 37,2iii ‘ 62,50Q ;, ,!‘ 30 -,” ~“ .’:.

,! ‘“k’.,. . +–
....

I

SteelCode :’ chemicalCKsnoQsition.%
Letten:“c “f“I&l “’“Si “P - ~: Cr ‘ Ni MO cuAl . Sn N

B=(l) O.M 0073 p.07 0.008 06030’:.O.ti 0..05 0.C06 ‘0,07 o.oi5 :0.032 CUDS: ,
,,

@ . oe~ 0.43 0.05, 0.012 0,,026 0,03 O>(X2 0.005 0.03 ‘0.016 0.003 O.~ ::

A(l) 0.26 !0.50 C.03 o.o~ 0;039 O.g’ 0.02 0.~6 O*O3 ,Q.og 0.C03 0.004” ‘

1$3) O.~ “0.52 0.23. 0.013 0.010 0.07 0.10 0.010 0.17 6.006 ;.0.035 0.005 .:

(1) Boodberg;A., H. h. Iavis,E. IL Parker,ad G.”E...Troxell,!?Causesof CleavageFracturein *P Pl+-
‘Test“sof”Wide NotchetiPlates,IIWeM i.ngJournal,April1948.

i?
The dab” f+ tie ~~,miml propefiieaare the bweat and highestvaiuesobttied for -h ete~. “, .,

;, K?ho.iAl.A., and E, h. Imbelubo,IINotih.%nsititityof StealEvaluatedby the TearTeet,”
Wc’d?.fiqJoumal~ April1949.
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weldingcurrent,amps 175
arc volts 26
weldingspeed,in./mh. 6

Lengthof weld bead,b. 1+
Length of eleCtrode per inchof weld 1.4
Initialplatetemperature,F 70
CooLingmedium Air

Duringthe agingperiod,the finelmachiningof the specimenswas done

acconiingto the sketchshownin Figure6.

TeStingPr0CSd@4—.

A mixtureof methylcyulohexeneand dry ice wee used to obtainteeting

temperaturedown to -lCO F. Temperaturesabove80 F

bathwith resietence-immersionheaters. The bemiing

cmletely iaunersedin the cooling(or heating)bath

The loadwas appliedto the bend specimens

were obtainedby a water

jig ani test specimen

duringtest-.

at a rateof one inch

minutefree displacementof the platen. Load-deflectioncurves,later~-

contraction measurements,and fracture-appearanceappraisalsweremade for

Specimens.

The variousseriesof testsand summaryof the resultsfrom each

are discussedin the followingsectionsof the report.

TeetResultsof Unweldedand Welded
>ecimens of l’Amand !%P Steels

Four seriesof testsweremade to studythe behaviorof unwelded

weldedKinzeL-typespecimeneof ‘lA!tand ‘W steels. The detaileddata for

weldedand unweldedspecimensof llANsteeltie givenin AppendixA, Tables

were

per

all

series

end

the

A-1

end A-2 respectively.For comparison,curvesbasedon absorbedenergyto maximum

loed,hnd ‘angleto maxhum load,lateralcent.-action,end fractureappearance
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were plotted,and are shownin Figure7. lhe date for the ‘TV’steelare given

in AppendixA, TablesA-3 end A-4,and CUrVSSare ehownfi Fkiww 8.

The temperaturerangesfor the transitionfrom shearto cleavage

behaviorbaaedon absorbedenergyto maximumload,for both unwelded~Anand

w?’)steals,are similar. The fullykilled “WIIsteel,however,absOrbedmore

energythan Steel‘Idtl,as shownin Figures7 end 8. In addition,the unwelded

qyn steel~lowsda lowertr~sitioxtq~t~ rangebasedon fractureappear.

ante.

When testedin the weldedcondition,the IWF steelhad a lower

transition-temperaturerangewith respectto energyabsorption,and it also

absorbedmore energythan the !!AIIsteel. However,when fractursappearances

were compared,the WI steelshoweda cleavage-typefractureat highertempera-

ture thanthe ‘!AIIsteel.

comparieon of ‘Id~ and I!WWSteele
with l!~lland I!CIISteeh

Valuesof abeorbadenergy to maximumload of !!Brfl,n~, OAN,and ‘ICI!

steeleare comparedin Figure9. ‘Ihese data rate the “A*and WW eteelsbetween

Me llBrllend IICIIsteels. I.JnweMed11~, nbpt,and uAllsteeilshave aboutthe same

transition-temperaturerangesas deterodnedby absorbedenergyto maximumload,

whilethat of unweldedltC~stealis higher. Theamountof absorbedenergyof

unweldedmW! and ‘!%1 eteeleis stiilsr, but ‘lAWsteelabsorbsmore ener~~than

IIfyste~. Weldingraisedthe transition-temperaturerangesof W! and ~Am

slightlyatmvethe !tBr”steel,but lese then for !!CWsteel. The weldedllBrm

steelabsorbd much more energythan the W!, IIAI{,or ‘ICI?steels.

—
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Cazparisenof TeatResultsof Kinzel-
Typeand Othe~Tyue Specimam-

Transition-temperaturerangesof the projectsteels,!lErr’,‘An,and

ncIIsteels~w been dete~~ by Other in~estiga’&r8 us& the Navy tear &St,

Charpykeyhole,CharpyV-notch,and 72-inchcenter-notchedplate specimens.
1,2,3,6

WV steelhas been testadonlywith the Navytear test5previousto testswith

the Kinselspecimen. Thesedata are shownin Figures10 through1.3,alongwith

IIB=IIand IIC*steelhatch-cornerdab for comp~ison of trSIISition-tenlps~ture

ranges, Similarcurvesfor unweldedend weldedK5nselspecimensare shownin

FigureslL and 15. Additionaldata for tee-bend4 Lehighspecimensof ‘t~w

r+ndMC* steelare shownin Figures16 and 17.

All of thesetestsrate the steels~tBr!l,llA~,and MC~~in the same

orderof increasingtraneition-temperaturerange. Bothweldedand unwelded

Kinzelspecimensplace ~tWlsteelbetweenl!~wand ~An eteel,and the Navytear

test showsa markedsimilaritybetwean!!Brl!and !!WI)steels.

To comparethe specimensin ratingsteals,the weldedand unwelded

Kinzelspecimens,the Navy tear teet epecimansend the Cbarpykeyholeepecimems

showmarkedlythe rise in traneition-tmperature rangeof !IAIIsteelabove llBr!r,

and IICIIsteela~ve IIAIIst~~ ~ All of the tests~ includingthe hatch-corner

tests,showthat ll~msteelabsorbsmore energysai has a lowertransition-

temparaturerangethen !’C\~steel. In additionto distinguishingbetweensteels,

the weldedKinzelspecimenand the Navyteartest spectienof primeplatealso

@tch the transition-tenperaturerangesfor llBrffand

specimens. The Kinzelspectisn,however,appearsto

transition-tmzperaturerangesbetweenthe steels.

IIC II et,gel hatch-~~~~r

showa widerdifferencein

—
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ThatweldedKinzelspecimens,and the Navy teartest specimeaccn- ,

tainingno weld,matchthe hitch-comertransition-temperaturerangesmay be a

matterof coincidence,althoughtheprobeb~lityexiststhat the SMsJ.1WScti@~

simulatethe notchand reetraj,ntconditionsof the mtal in frent @ the crack....,.

in the hatch-cornerspecimens,Had the transition-temperaturerengefor another

steelor another@tc&corner designbeen deternd.ned,.it is quitepossiblethat ‘

sase otherepecimen,such as the Lehighspscimen,might havematcl@ thst

transition-temperaturerange.

Withthe knowk@ge that the transition-temperaturerangeof a steel

is influenced.bythe spec~e,nor wekimant‘Idesignl!or condition,ofrestraint,it

ia reaeo~ble to bel$evethe batckcorner specimendid not have the eanwtrsns-

ition-terperqturerangethat it wouldif testedas incorporatedip a ship!s

hull. But this doesnot in any way,invalidatethe,,,Qaefulnessof any or all.of
.,,

the smalllaboratoryspecimenseuch as t&e Kinzelor Navy tear test in evaluating

steels,as longas it is realizedthat the .iqformat.ionrelatingto transition-

temperaturerangesis strictlyrelativeratherthan actualin relationto some,.

large scalewe~ent, lheremust stillbe correlatiq,nbetweenserviceper-,,.

formanc,eand test predictionsin orderto set an IIacceptancelevel!lfor a

materielas deteqm$nedby the laboratoryspecimen.

EFFEOTOF THERMALTICIXIIIENTSON WELD~
KINZ.FLSPECIMENSOF sB#~~ ~tC*STEELS— —

The effectof certainthermaltretitmentsbh the behaviorof welded

Kincelep6cimeneof \\Brttand !ICMsteelshas been determined.The thermaltreat-

ments were:

a. ‘lheuse of 10 F, 70 F, 150 F, 250 F, 400 F, and
500 F preheatson fiBr”8nd ‘Cn steels.

—
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b.

c.

Coolingrates
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‘l%euse of 70 F prahsatand a postheatof 13.50F
for one houron !!Br!tand SCS steals.

lhe use of LOO F preheatand a postheatof 1.150F
for one hour on llS#ste~

were recordedfor eachconditionof preheat. Also,hardnesssurveys

weresiadq.of the ef,fectgof the variousthermalt-taibnts on “~th ~~~s.

.,.,
Premration.Wsldimz. 4 Testbg

of recimti

The test couponsof n~n ad IICMsteelswerepreparedand weldedin

the seinemanne,ras the couponsof.RAS and nW~steels,deecribsdpreviously.

‘i’necoolingrates,for eachpreheatweremeasuredby means of a chrcmel-

alumelthermocoupleflashweldedintoa smell.hole drilledin the bottomsida..

of the epecimsn,as shownin Figure18. COOlingcurveswere recordedon an

automaticSpeed- reco~er. Afterprsheatiiigand welding,the specimenswere

permitted.to ,COC1in air at 70 F. .Averagecooling’dirvesfor the variouspreheats
,.

are shown~ Figure.19..... ,.
.,, ,,, ..., .:.

An egwninetifmofthesecodlfigcurv6sshowethat the rate of cooling..).,

changeswith preheat, For a preheatof 10 F, the coolingrateis much faster

than the,rate for 500 F.preheat.~ThuS,in sixtysecoriist coolingtti~,the end

temperaturesfor 10,F, TO F,.150 F, 250 Fj 4C0 F, and 5CX3F preheats’are 350 F,

450 F, .500F,,550 F, yCCl,,F,:& 800 F.,respectively,‘illustrating‘~ksdly the

effectof preheatin.slowingthe cool~ rate...

Effectof VariousPreheatson !!CUSte@

The teet resultscf the Kinselepecimensof “Cm steelusing10 F,

70 F, 150 F, 250 F, 4(XlF,.a+i$.5:)0F preheatsye gi~en~ ‘AppendixA, Tablee

A-5 throughA.-I.O.Abscrt&denergyversustemperature.curvesam shown..in



-28-

—.



-29-

Figure20, end fractureappearanceversuetemperaturecurvesare shownin

Figure21.. Basedon absorbedenergy,10 F end 150 F preheathad littleeffect

on the trsnsiiion-temperaturerangeor abeorbedenergy. Freheateof 250F,

I@ F, end 500 F, however,each successivelyloweredthe transitionrange,with

the 500 F preheatbeingmost effective. None of the preheatsincreasedab-

sorbedener&yat the highertest temperatures.Consideringthe fracture-

appearancecurves,a similartrendin loweringthe transition-temperaturerange

of wc1!steelis observedwith the increase in preheattemperatures,eXGePtfor

500F preheat. No significanceis attachedto thisdeviation,thoughthis is

well to keep in mind when usingfractureappasance to judgebehavior.

Effectof Postheaton ‘CttSteel

Energyand fracture-appearancecurvesfor tizel specimensweldedat

’70F preheat,followedby a postheatof 1150 F for 1 hour,are shownin

Figures23 and 21. Completedata are recordedin ApperxiixA, TableA-lJ-.The

pastheattreatmentdid not lower the transitiontemperaturerangebelowthat

of 503 F preheat,but the maximumabeorbedenergy was increasedabout3CQ0

inch poundsoverthat obtainedwith 500 F preheat. ‘fheshiftin transition

temperaturerange,as meaeuredby fractureappearance, was similar to that of

250 F ani 400 F preheats.

Effectof VariousPreheatson “Brl!Steel

The test resultsof the Khzel specimensof WBr’tsteelusing10 F,

70 F, 150 F, 250 F, 400 F, and 502 F preheatsare givenin AppendixA, ‘fables

A-12 throughA-17. Curvesof abeorbedenergyversustemperatureare shownin

Figure22, andfractureappearanceversustemperaturein Figure23. Considering

absorbedenergy,10 F preheatbad no effecton the transitiontemperaturerange.

—
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Prehastsof ljO F, 250 F, 4C0 F, ad 500 F successivelyloweredthe transition

temperaturerange,altho@ less energywas absorbedby the 5(XIF preheat

specimensat highertestte~eratures. The loweringof tranaitiontemperature

with increasingpreheatis betteriuustrated for t!~ steelby the fracture-

appearmce curves,as shownin Figure23~

Effectof Postheaton l!~teel———— .—

A seriesof Kinzelspecimensof llBrMsteel,weldedat ~ F, was POS~

heatedat 1150 F for one hour ad furnacecooled. Anotherserieswas weldedat

4C0 F preheat@ giventhe samepostheattreatment. Testresultsare givenin

AppendixA, TablesA-3.6and A-L9. Figure22 showsthatthe postheattreatments

in both casesresultedin transition-temperaturerangessimilarto those obtained

from specimensweldedat 400 F and 503 F preheat. In add~Lion, the amountof

absorbedenergywas noticeablyraieed. The envelopesfor both seriesof W3rlt

steelwhichhad been postheatedare sisd.1.er.Thereis apparentlylittledifference

betweenspecimenspreheatedto 4C0 F ad thosepreheatedto 70 F, when the post-

heattreatmsntwas used.

Reeultsof HSldileS S Sarvovs——-.

Hardnesssurveysweremade with a VickersHardnsss

lo-kilogramload, on samplesof l!Brljand I!CIIsteelwsidedat,

Tester,usinga

the variouspreh.~ts,

aridgiventhe postheattreatmsntdescribedprevio.mly. Figure24 is a sketch

showingthe mannerin whichtiiespecimenswere prepared. The res’ultsof these

surveysare shownin AppemiixB, FiguresB-1 throughB-U.

Figure25 summarizesthe resultsof the hardnesssurveysmsde on f!Ca’

steel. The heat-sffectedzone,i.mnsdiatel.ybelowthe fusionline, had the

highesthardness. AS higherpreheatswere used,this zoneand the weldmetalwere

softened. As was expected,the 1150 F postheatproducedthe softestheat-affected
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zone. Theweld metal,aitinoughsofterthan thishardenedzone,was harderthan

the rest of the heabaffectedzonoend the unaf.fected‘beaeplate.

Figure26 sumaa~ize~the hardneeesurveyson lfBr”steelweldedat

variousPrekleats,end with preheatand posthssttreatments. h the caseof !lBr~

steel,the heat-affectedzonewas softerthan the weld metal at ell the conditions

of preheat. As wae observedwith !!C+!steel,the applicationof preheatsoftensd

both the weldmetal and the heat-affectedzone.

In general,the effsot of preheaton hardnessresultedb an over-all

aofteningof the variouszonesof the weldedspecimensof !!BrlIad W!t steels.

The WC!!steelwith 0,~ per cent carbonhad a heat-affectedwne whichwas

harderthan the weld me’ti. However,the rtBrIt~teei,with 0.1.8per centcarbon}

produceda heat-affectedzonewhichwaa softerthan the weldmetal.

In general,as the preheatingtemperaturewas increased,the hardnti.s

was decreasedin both the weld and the heat-affectedzone of both W3r*and lIC‘i

steels. Withthis decreaaein hardnese therewee a generailoweringof the

transition-temperaturerangesof the specimensmadewi’bhboth s~teels.It appears

thenthat lowering of the transitionrangemay haveb8en a directresultof

loweringof lxmxlnesein the weld and heat-affectedzone. Howevel”,there~Y have

beenotherchangesin the weldmetal and heat-afIectedzonewhichaccompanied

the preheatingwhichwes responsiblefor the loweringof the transitionranges

o: the specimens.

.
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stMwtY

The transition-tmperaturerangesfor 11A(Iand !W!f$teelsweredetermined

usingthe Kinzelspecimen. ‘i’he.transitiop-temperatureranges,taeedon

absorbedenergy,of the unweldedspecimensof both stislswere similar,

althoughthe ‘W1 steelabsorbedmore energy.

tie Wlded Ei,nzelspecimenratadthe”‘~~r”,W],

that orderof increas~ transition-temperature

tests.

Increasingths preheatsucceseivelyloweredthe

flAfland WI: steelsin

range,the camsas other

traneition-temperature
.,.

rangeof bothwelded11~11and !ICt!steelKinzelspecimens. n~t steel~~s

more responsivethan ‘!C!Isteelto prcheat. Seth absorbedenergyand fracture

aPP~ance da+a tidicetethesetrends.

The use of postheatof SL50F for 1 hour did not lowerthe transition-

temperaturerangebelowthat accompliahedby /.@ F preheatfor ei~her
,.,

steel. However,absorbedenergywas increaeedfor bcth l!BrIland IICIIsteel

weldedKinzelspecbner.s.

Hardnesssurveyswere made on Kinzelspectiensof !J~ and IIC!Isteels

whichhacibeenweldedac varicuspreheats. lhe resultsshowthat the weld

metal of the spec.i.mensof !lBr(tsteelwas harderthan the heat-affectedzone.

On the ohherhsnd, the heat-affectedzoneof the specimsnsof IICIIsteel

wee harderthan ths weldmetal. Thesediffersnceaappearto be u.sociated

0.24per cent,.respecttvel.y.In general,tlieuse of preheator a high

temperaturepostheattendedto.softe!iboth theweld metaland the heat-

affectedzone.
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60 Cooling rateswere determinedfor the Kinselspecimenweldedat preheats

of 10 F, 70 F, 150 F, 250 F, 4CXIF> and 500 F.

~~FUTURYW3RK ,.;——

,. .,,

On June2, 1949,the AdvisoryGnd.ttee for ProjectSR-103,Contract
,~,

NObs+55&3, tlEvaluetionof ImprovedMaterialsand Methcdsof Fabricationfor
,!.,.,,,. ,.

WeldedSteelShips,!!met to reviewthe progressof the work being hne”at

EattelleManorialL_@titute. The informationcont~d in”ttia riport,de-

scribingthework recanmendedby the committeeon December7, 1948,~s pr*-
‘, ,.

sentad for the coumittse!sapproval.
,.

lhe followingprogramof futurework at BattelleMeweriaiInstitute
,,, .

was discussedaml approvedby the AdvisoryCtittee z

1.

2.

,.

.,. ‘. ,,. .:

Unierbead-crackingstudiesof @ heatsof ABs typesof steele
.! .,. ,,, .,.

will be continued.
,,.,.. . . ,:,.:,.,.,

Studiesof fractureinitiationah propagationwifi’be iradeon
..... .. ..,,,,...!. ,,,,,, ,,,.:,.,,.,

Kinzelspecimensof ‘lBrl!and ltC:lsteels. On the basis of these

studies,furtherrecommendationswill bk ~de for this aspect

of the work.
,,.,,, ,: ...,,

,, . . . ...”.. . .

,;. .. ,’,! ,., .$

, ,,,,, ,,. :’: ,

t?at+givenin,this:rpp@ +re rso@ed:l~, Batt@le Iabq,ratoryBook,..,,..

No. 3856,Pp. 25-33,@-41, and 5.4-79;~k Mo. 4698sP!??52--?.~~

FRB:KGK:PJ2:CBV/mt
Cctobsr25, 1950
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TABLEA-1. RESULTSOF SLOWBEND Tl?STSOF STANDAROKINZEL-TYPE
SPECINZNSOF “A” STEEL LWJX30AT ‘iUF

Testing Bed Angleat AbsorbedEnergy
Specimen

Fracturs
Temp, Msximum 14aximumLoad, ~ Co%%c;ion( ~) Appaaranoa,

Number F Losd,Lb Degrees Sq In. In.-Lb In. Per Cent % Fibrous

AC121-3
ACIZ1-2
AC158-4
AC121-1
ACL21-15
AC158-3
AC121-4
AC121-14
AC15842
ACI.21-5
AC121-13
AC158-10
ACI.21-6
AC121-12
AC158-5
AC121-7
AC158-6
AC121-3
AC15S-7
AC121+
AC158-8
AC121-10
AC121-11
AC158-9

+143

+W
+W
+120
+1.20
+120
+100

+Nxl
+100

+80
+80
+80
+&)
+(Q
+43
+@
+40
+ 20
+ 20

0
e

-20
-20
-20

16,OOO
16,3cN3
16,9oo
18,100
16,5oo
16,’N)o
17,250
16,7oo
15,100
17,000
16,200
16,ooO
16,200
16,930
16,000
17,19
16,100
16,500
13,500
1.4,150
13,700
12,9C0
13,300
14,w

21
25
27
29
21
27
26
25
15
16
12
16
16
15
15
11

16
12
~
2
4
1
1
5

3.33
3.88
4.25
5.02
3.36
4.26
L.zl
4.02
2.18
2.34
1.77
2.44
2.40
2.33
2.37
1.93
2.40

::z
0.3s
0.64
0.16
0.19
0.73

7,500
8,740
9,550
11,290
7,560
9,6CU
9,4itl
9,050
ij,~

3;980
5,440
5,400
5,2@
5,330
4,350

:%
1,350
855

1,440

?%
1,640

0.092
0.096
0.108
0.080
0.093
0.102
0.091
0.085
O.llz
0.094
o.o~
0.045
0.047
0.046
O.ofl
0.037
0.042
0.037
0.019
0.016
0.013
0.013
0.013
0.020

3.06
3.20
3.6
2.66

n
3.03
2.82
3.74
3.13
1.46
X.92
1.56
1.53
1.33
1.23

M
0.63
0.53
0.43
0.43
o.~
0.66

100
100
la)

100

100

100

lea
ml

8
3

2.5

1.;

2.;
o
0
0
0
0
0

(1) AbsorbsdEnergy= nmaeuradareauuiarthe load-deflectionourva (in
inoh-poumis.

(2) Measuremmt tie at pointof ~ contraction(usually1/32 inoh
of the frseturewith pointsdmioromtere.

coluxmheadad‘Sq In.”)tlmse2,254)

belowthe notuhroot)on both eidea



TASIXA-2. RESULTSOF SLOWBEND TESTSOF ONWELDEDSTANOARDKINZEI.#lWSSPECIMENSOF
‘Aa STEEL

Teat- Bend Angleat
‘b”mkd ‘%31) ,o:~;on(2)

Fracture
Spedmen Tamp, Mexilsum &JXiMUISLoad, to Meximum kp~earanue..
Nunter F Load,~ Degreee Sq In. In.-Lb In. Per Cent % Fibrous

AC136-15
AC136-L4
AC13&13
AC13&12
AC13~ll
AC136-1
AC1362
AC136-3
AC136-4
AC136-5
AC136-6
AC136-8
ACl~9

+160
+Uo
+120
+1CX3
+77
+40
+ 20

0

:$
-&
-80
-1oo

17,500
18,CG0
17,750
18,3c@
18,700
20,300
19~500
19,400
20,300
19,300
18@0
19,400
19,250

6.28
6.7o
6.51
6.75
5.65
7.03
6.44
5.97
6.32
.!$.66
3.68
~~

●

Li,w
15,1C0
14,6m
15,m
12,7CX3
15,800
1.4,490
13,430
14,200
10,500
8,290
9,450
6,520

5%
0.100
0.1o5
0.111
0.103
o.om
0.087
0.088
0.067
0.058
0.058
0.045

3.70
3.53
3.33
3.50
3.m
3.43
2.33
2.90
2.93
2.23
1.93
1.93
1*5O

100
100
lca

lCKI
20

$

10 E
4’
4
2
0
0

:“

(1)

(2)

AbsorbedEnergy= measuredarea underthe loed-deflectioncurvetimes2,250inch-Founds.

Meeaurernentmadeat pointof maximumcontraction(ueuellyl/32 Inohbelewtbe notohroot)
on both sidesof the fraaturewithpointedmicrometers.
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TABLEA-3. SESULTSOF SLOWBENDTESTSOF STANDANDKINZEL-TYPESPECINEWSOF ‘W STEEL
WELDEDAT 70 F

Testing Bend Angleat
~)

Lateral
Spealmn Tamp,

metura
Mximm ~XiM~ Load, Contra- (2)

Number F Load,Lb Degrees Sq In.
~lM&lm~,

In.-Lb h. l%r Cent

ACI,40-5
ACUO+
AC140-3
ACL@2
ACUC-1
ACIJ+C-6
AC14Ck7
AC140-8
ACI.40-9
ACW1O

190
160
L@
100

-20
-40

17$700 34 ,
17,7CC
17,900 z
18,050
17,850 2
16,64NI 15
13,650
15,400 :
13,750 k
13,3co 2

5.54
5.29
5.t6
.4.98
4.45
2.39
0.69
1.20
0.55
0.28

12$5CC
11,9CC
12,750
11,200
lo,coc
5,390
1,550
2,700
1,240
63o

0.102
0.094
0.091
0.094
0.108
O.O.?J
0.022
0.027
0.017
0.o13

3.40
3.10
3.00
3.10
3.6
1.36
0.73
0.90
0.57
0.43

100
lCO
60
20;
35 ,
0
0
0
0
0

(1) Abaorhd Eoergy= mamsoxedarea underthe load-deflection

(2) Measurementmade at pointof maximumcontraction(usually
I on both sidesof the fraoturewith @ntad micromatere.

Cur’wtimaa2,250inell-pounds.

1/32 inohbelowthe notchroot)
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TAME A~. SESULTSOFSLOW BEND TSSTSOF UNWZLDEDSTANDARDKINZEL-TYPSSPECIMENS
OF 11~ ~~

Testing Bend Angloat
Spacdmen Temp, him :“~~~-~) &y*(2)

Fracture
UaximuaLoad,

I?usber ? LoadaLb Oegrees % b ~.-~ b
Amaararneq

Per Cant % Flbroug

1

AC141-11 100 19,100 7.77 17,320 0,128
ACIJJ40

2.35 &-

18,700
z

2 7.07
ACIA1-1

15,900 0.104
19,600

3.4’7
43

:$ t
7.56 17,CC0 o.1.15

ACML2 40 21*500
3.$3

8.17
40

18,400 0.108 3.tO
AC1.41-3 20 20,500 E 8.64 19,420
AC141-4

0.118 3.93
0

E
20,350 42 17,500 0.112

AC141-5 21,000
3.73

38 ;:
10

15,800 0.093 3.10 1
AolA1-7 ~ 19,800 28 4.90 11,050 0.072
AC141-6

2.40 0
33 6.32 ~g~ :%

$E
2.80 0

AC1.@-8 -80 25 4.35 2.03 0
AC141-9 -95 19,000 16 2.88 6,@0 O.~ 1.47 0

(1) AbsorbedEnergy= msasuredarea undertbe load-defleetion

(2) Uaasurementmade at pointof maximmncontraction(usually
on both sidesof the fracturewith pointedmicrometers.

curvetimes2,250Iaoh-pounds.

l/32 Inchbalm the notohSeat)



TASIJIA-5. SESULTSOF SIOWBEICDTESTSOF STASDARDKIHZEL-TYFE SFECIWEWSOF ‘Cw STEEL
WELDEOAT70FFRElEAT

Tenting Bend Angleat
Speoimen Temp, ~1) ~05:5h(2)

Fracture
IlexlmmLoad, ADRQa~.

Ihmber F bed, Lb hgreem %@ In*-Lb & & cant % Fibreus

AC23-7
AC23-6
AC23-5
AC23-4
AC23-3
AC23-2
AC23-8
AC23-9
AC23-10
AC23-12
AC23-1
AC23-15
AC23-14
AC2*I.3
AC23-11

18J.oo
16,8oo
17,950
17,500
17,300
17,800
18,500
17,000
17,750
15,600
14$650
15,500
14,800
15*4CC
11,300

:.-1/2

2

$
18
18

E
8-1/2
lo-1/2
lo-L/2
U
4

2.78
3.09
3.73
3.76
4.19
4.26
2.98
2.59
2.92
L74
1.06
1.51
1.27
1.53
0.25

6,25o
6,95o
8,4oo
8,460
9,440
9,590
6,710
5,830
6,58o
3,920
2,390
3$400
2,m
3,4g

0.057A
0.0670
0.0880
0.0830
0.0760
C.lxa
0.0740

O.wc
Wwc
0.0470
0.0268
0.0220
0.0270
0.0185

1.81
2.33
3.06
2*99
2064
2.86
2.58
2.92
2.26
Ion
lea
0.905
0.766
0.94
0.644

(1) Absorbedenergy= measuredareaunderthe load-deflectioncurvetimes2,250inoh-pounds.

(2) Measurementmadeat pointof maximumcontraction(ueuelly1/32 inchbelowthe notchroot)
on both sidesof the fracturewithpointedmicrometer.



TABLEA-6. RNSOLTSOF SLOWBENDTESTSOF STANDASDKINZEL-TTPSSFECIMENSOF
‘Cw am WELDEDAT 10 F PREHEAT

Testing BandA8gleat
&m&bgm-:q(l)

Lateral
Spaelmen Ternp, Maxislln

Practure
Maxima Load, Contrac~~(z) ADzearanoe,

MJnbar F Load,Lb Degrees Sq In. In.-Lb In. Per Cent % Flbroua

AC134-13
AC134-14
ACI3.4-10
AC134-12
AC13.4-8
AC134-15
AC134-11
AC134-7
AC134-9
AC134-1
ACU4-2
AC134-3
AC134-4
AC134-6
AC134-5

-20
-20

18@oo
17,900
18,550
18,1C0
16,359
16,2u0
15,900
li’,ooo
15,750
15,5m
13,500
12,500
12,500
13,000
ll#o

4.19
4.3
5.19
4*74
3*7
2.18
1.63

::;
1.0
O.u
0.17
0.12
0.18
0.11

9,2C0
9,690
11,690
lo*61M
8,34(I
4,,

gg

2,2543
990
380

405
250

0.073
0.089
0.097
0.073
O.m
0.-
0.062
0.039
0.030
0.022
0.032
0.o13

Oill
0.009

2.43
2.97
3.24
2.43
2.m
3.26
2.07
1.30
1.CN3
0.73
1.07
0.43
0.33
0.37
0.30

lCQ
100

(1) Absorbadenergy= measuredsraa underthe load-deflationcurw ti.rm2,250inah-Founds.

(2) Measurement made at pointof maximumoontraatlon(usuallyl/32 inohbale.the notchroot)
on both aide.of the fracturewith pointedmicrometer..



TABLEA-7. RESULTSOF SLOWBEND TESTSOF STANDAKDKINZEL-TYPESPECIMENSOF ‘C!’STEEL
WELDEDAT 150 F FREHEAT

Teeth Bend Angleat
Spechan Temp, Maximucl !+hXhl.ltlbad, ) . k~t ‘2) Afi<;&

Ihxstmr F load,Lb Degrees 2E Irk-m m. Per Cent $ Fibmns

ACI.20-4
AC120-3
AU20-2
AC120-3.O
AC120-1
AC120-5
AC120-6
AC120-15
AC12C-’7
AC120-8
AC120-9
AC120-11
AC120-12
ACI.20-13
AC120-34

+180
+160

+1.Ao
+@
+Z20
+1.20
+3.00
+lm
+80
+63
+40
+20

-:
-20

17,8C0
17,800
17,41xl
17,150
16,500
17,300
16,xJ0
18,000
17,100
16,200
15,CO0
16,CKQ
u,ccio
15,7C0
15,3(XI

23
23
18
16
u
13
12
22
10
8

4
2

3.82
3.96
2.87
2.58
2.17
2d4
1.90
2.08
1.40
1.24
0.56
0.75
O.IA
0.58
0.31

::%
6,45o
5,80fJ
4,889
4,83.0
4,280
4,680
3,150
2,803
1,2&1
1,690
315

1,305

700

0.082
0.079
0.088
0.076
0.069
0.069
0.075
0.0.$2
0.03.4
0.029
0.020
0.021
0.013
0.019
0.019

2.73 100
2.63 1CX3
2.92 18
2.53 17
2.33 8
2.30 2
2.50 7
1.40 3
1.13
0.% :
0.67 0.5
0.70 0.5
0.43 0
0.63 0.25
0.63 0

(1) AbsorbedEnergy= measuredarea underthe load-deflectioncurvetimes2,250i.noh-pounds.

(2) Measurementmade at pointof maximumcontraction(usually1/32 inchbel.ev,the notchroot)
on both sidesof the fracturewithpointedmicrometers.



TASLEA-8. RESULTSOF SIA3WBENDTESTSOF STANDARDKIN2EL-TYPESPECIMENSOF
llCI!STEELWELDEDAT 250 F PREHEAT

Testing Bend Angle at AbsorbedEnsr
Y

lateral
Specimen Temp, hkximm

Fracture
ldeximumLoad, to NeximumLoed1, Contraction(2) ~ppearance.

Nuudw?r F Load,Lb Oegrees Sq In In.-Lb In? Per Cent % Fibrous

ACI.2U +lm 18,10C 20 3.4 7,660
AC122-3

0.076 2.53 19
+160 18,300 26 4..45 10,OOO 0.085 2.84

AC122-1.l+.L40 18,m 28 4.$30 10,8CO 0.076 2.53 ;E
AC122-2 +140 18,500 25 4*U 9,920 0.095 3.16 100 #

AC122-5 +120 18,900 24 4.23 9,500 0.067 2.23 15 2
AC122-1 +123 18,700 21 3.89 8,750 0.101 3.36 2U 1
AC122-15 +100 18,cQ0 18 2.82 6,3,@ 0.052
AC122-4

1.73 4
+1OC 18,100 19 3.1o 6,970 0.059 1.% 5

AC122-7 + 80 16,9oo 1.95 4,390 o.o~ 1.47
AC122-8 + 60 17,800 ; 2.37 5,3X 0.015 0.w :
AC122-9 + 40 15,200 4 0.70 1,570 0.025 0.83 4
AC122-10 + 20 13,200 3 0.36 810 0.013 0.43 0
AC122-12 O 1.4,2CCI 2 0.32 0.015 0.50 0
AC122-14 O 13,400 2 0.28 :; O.OU+ 0.47 0
AC122-13 -20 U,900 3 0.52 1,170 0.019 0.63 0

(1) AbeorbedEnergy= measmad areaunderthe load-deflectioncurvetimes2,250inch-pounds.

(2) Msaaurementmade et pointof maximumcontraction(ueuellyl/32 inchbelowthe notchrcot)
on both sidesof the fracturewith pointedmicrcmetsrs.



.

TAMS A-9. RESULTSOF SLOWBEWD TESTSOF STAWBARDKINi23kTYPESFSOIMSNS
m ?@ sT~L y~~m AT @ F ~T

Testing Bend Argleat
Specimen ‘femp, Maxblsll bkXimllllLoad ‘bsorh~~fl~) ~o=O~(~) A~~:~e,to Xaxi
liumker F Load,Lb Degrees Sq In. In.-Lb In* Per Cent % Fibrous

AC123-6
AC123-3
AC123-13
AC123-2
AC123-1
ACI.23-5
AC12%4
AC123-15
AC123-7
AC123-8
AC123-9
AC123-10
AC12H.4
AC123-11
AC123-12

+1.eo
+160
+Uo
+3.40
+1%
+12c
+lCO
+3.00
+ 80
+&l
+4fJ
+20
o
0

-20

17,9CC
18,200
18,&@
18,350
18,000
18,6m
18,9CU
18,4CC
18,300
17,5@3
16,COC
1.4,3CC
17,lcm
16,750
13*3CCI

21
26
27
25
19
26
22

:
13

;
8
8
2

3.69
4.28
4.77
4.12
3*35
4.61
3.87
;:&

2.10
1.13
0.50
1.33
1.32
0.16

8,3cij
9,62o
10,720
9,270
7,540
10,380
8,7oo
7,9@
7,250
5,060
2,540
1,170
2,99Q
2,970
360

0.081
0.084
0.0s9
0.091
0.060
0.091
0.(264
0.058
0.059
0.041
0.025
0.020
0.028
0.029
0.o11

2.70
2.79
2.97
3.04
2.0%)
3.03
2.13
1*93
1.%
1.37
0.03
0.67
0.93
0.97
0.37

loo
la)

I

loo
$

5 1
20

5.5

:
0
0
0
0
0
0

(1) AbsorbedEnergys measuredarea underthe load-deflection curvetimes2,250inch-pounds.

(2) Measurement made at point of maximum contraction (usually 1/32 inch below the notch root)
on both sides of the fracture with pointed micrometers.



TABLEA-10. RESULTSOF SLCW BEND TESTSON STANOARDKINZEL-TYPE
SPECIMENSOF ‘CmSTEELWELDEDWITH 500 F PREHNAT

—- ——

Testing Bend Angleet AbsorbedEnergy Fracture
Specimen T-P, Maximum MaximumLoed, to Mhum Load(1) CO%~tion( 2) Appearance,
lhmker F Load,Lb Degreee Sq In. In.-Lb In. Per Cent % Fibrous

AC231-6
AC231-5
AC231-&
AC231-10
AC231-2
AC228-3
AC228-16
Ac231-1
AC228-17
AC228-8
AC228-11
AC228-I.2
AC228-14
AC228-15
AC228-1
AC228-4
AC228-5
AC-228-6
AC228-7
AC228-9
AC231-7
AC231-9
AC228-10
AC231-8
AC228-2

+225
+225
+200
+200
+180
+180
+160
+160
+Uo
+120
+1OO
+100
+ 80
+80
+@
+.40
+40
+20
+ 20
+0
+0
- 20
-20
-40
-&l

19,100
18,400
19,400
19,350
19,100
19,450
19,650
19,400
19,800
19,700
19,60Q
19,0CYJ
18,200
19,300
18,300
19,150
17,550
16,300
18,900
17,1OO
19,350
18,350
U. LOO
19;350
18,350

18
20
22
23
25
22
25

z
2.4
20
a
17
21
13
16
12
8
14
5
11
8
1
8
13

3.36
3.69
3.92
4.17
4.59
4.21
4.70
4.00
4.67
4.46
3.64
3.68
2.98
3.97
2.37
2.93
2.CXI
1.28
2.41
0.85
2.17
1.55
0.35
1.77
2.37

7,560
8,3CCI
8,830
9,36a
10,300
9*SW
10,580
9,000
10,500
10,030
8,200
8,280
6,7(X3
8,930
59330
6,590
L,5C0
2,880
5,420
1,910
4,880
3,490
787

3,980
5,330

0.097
0.088
0.082
0.087
0.079
0.C75
0.074
0.081
0.067
0.038
0.054
0.062
0.C60
0.065
0.043
0.051
0.034
0.023
0.039
0.023
0.061
0.051
0.011
0.054
0.043

3.23
2.93
2.73
2.90
2.63
2.50
2.46
2.70
2.23
1.26
1.80
2.03
2.00
2.18
1.43
1.70
1.13
0.76
1.30
0.76
2.03
1.70
0.37
1.80
1.43

100
100
100
100
50
100
22
10
5
5
0
5
0
5
0
0
0
0
0
0
0
0
0
0
0

— —

(1) AbsorbedEnergy= measuredareaunderthe load-deflectioncurve(in columnheadedW@ In,II)times2,250
inch-pounde.

(2) Measurementmde at pointof meadmumcontraction(usually1/32inchbelowthe notchroot)on both sides
of ?,hefracturewith peintedmicrometers.



TABLEA-l-l.RESULTSOF SIANBEND TESTSOF STANDARDKINZEL-TYPESPECIMENSOF
IICII~~L ~~~ ~ 7(3? pf@@@ ~ ~~TED F~ 1 HO~ AT ~~ F

Testbg Bend Angleat AbsorbedEner
Y

Recture
Specimen Temp, Msximum MmximumXaad, to kximum ~d 1) C&ti~t~on(2)
Number F Iasd,Lb Degrees Sq In. Itl.-k In. Per Cent ?::%?

AC126-6
AC12f&3
AC126-2
AC126-7
AC126-4
AC126-9
ACI.26-10
AC126-L2
AC126-L4
AC126-5
AC126-15
AC126-1.l
AC126-13
AC126-1
AC126-8

+200
+En
+lfw
+160
+W
+W
+1.20
+100
+80
+60
+@
+ 20

0

:$

18,51XI
18,7LM
19,500
19,150
19,3C0
19,403
19,500
18,300
18,5CKI
17,500
M;650
15,925
17,100
18,150

5.35
5.4)
5.65
5.74
5.56
5.87
5*89
3.71
L*IO
2.20
3.65
1.51
2.02

::;

12,040
12,1&l
12,710
12,900
12,520
13,220
13,250
8,35o
9,220
4,950
8,210
3,@0
4,550
4,m
3,715

0.091
0.0%
0.082
0.097
O.lo.?+
0.102
0.104
0.064
0.067
0.045
0.059
0:022
0;037
0.033
0.029

3.03
3●2U
2073
3.23
3.46
3.40
3.46
:::

1.50
1.97

0.73
1.23
1.10
0.97

0
0
0
0
0
0

(1) AbsorbedEnergy= measuredarea underthe loed-deflection curvetimes2,250inch-pounds.

(2) L&stn-enent made at point of maximum contraction(usually1/32 inchbelowthe notchroot)
on both sidesof the fracturewith pointedmicrometers.
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TASLB A-12. RESULTSOF SIAM BENDTKSTSOF STANDARDKINZEhTT~ SPECIMENSOF
w~u STEELwELOEOAT 70 F FREHEAT

Testing BaldAngleat
T~b~~m-hd 1, &’3:~m(2)

maim
specimen Temp, Maximum Mlmum had,
lhaber F Ioad, U Degreee Sq In. In.-Lb IU Per Cent e

AC137-14
AC137-13
AC137-15
AC137-9
AC137-12
AC137-1
AC137-2
AC137-8
AC137-3
AC137-4
AC137-5
AC137-6
AC137-7
AC137-10
AC137-11

160

I@
lio

-20

20,700
20,@Cl
21,000
21,000
21,2130
21,800
21,wo
16,350
17,150
U,w
15,CQ0
15,500
15,000
15,CQ0
15,00U

7.69
7.71
8.39
7.27
10.02
9.14
7.01
5.36
5*53
0.85
0.87
0.78
0.63
0.73
0.55

17,303
17,m
18,890
16,350
22*550
20,580
15,8cfJ
12,080
12,460
1,910
1,960
1,755

;:Z
1,240

0.3.36
0.125
0.128
0.3.27
0.129
o.ly#
0.3.28
0.123
0.I.28
0.022
0.017
0.022
0.017
0.019
0.0211

4.50
4.16
4.26
4.23
4030
L&
.?@
4.1o
4Q6
0.7’3
0.57
0.73
0.57
0.63
0.67

100
Km
100
99
15

(1) AbsorkedEnergyz msasuredsrea underthe loaddeflectioncurvetimes2,250inch-pounds.

(2) kbesurementmadeat pointof maximumcentrsction(uawally1/32 inchklow the notchroot)
on both eidesof the fracturewith pointedmicrometers.



TASLE A-13. RSSULTSOF SIOW-SERD‘fEsTSOF STANDARDKIHZE~TYPE SRCI?AENSOF
‘BrmSfESLwEIDEDAT 10 F FREHEAT

Testing Send Ac@e at Abmrbed tner(w
~:~t;en(2)

Iheture
Spcimll Temp, Maxtiml hximnc Loed, m Lead(l)
Uwmber F Load,Lb Oegrees

arame,
w In.-Lb Itl. Fmr cent %A~brqus

AC135-14
AC135-12
AC135-8
AC13%11
AC135-6
AC135-9
AC135-3
AC135-15
AC135-4
AC135-1
AC135-5
AC135-7
AC135-2
AC135-10
AC135-13

12%

loo

E
40
40
20
20
0
0

-20
-20

19,400
20,250
20,700

z%
21,200
20,650
20,%00
17,700
15,200
16,1.00
L4,800
15,800
14,550
14,200

33
7
a
2
2
1

6.85
7.1$
8.19
8.46
7.7
8.09
5.85
7.4
5.55
1.0
1.22
0..45
1.0
O*.I$I
0.21

15,400
16,150
18,410
19,050
17,3(XI
18,200
13,200
16,64KI
12,m
2,250
2,720
1,010
2,250
900
450

0.126
0.13/+
0J32
0.167
0.133
0.40
0.222
0.155
0.135
0.034
0.029
0.016
0.02$
0.013
0.012

4.20
4.46
::$

4.43
4.66
4.03
5.26
4.50
1.13
0.97
0.53
0.80
0.44
0.40

100
100

100
100

100 ;

35 I

E
o

:
0
0

(1) AbeorbedEnergys measuredareaunderthe load-deflectioncurvetimes2,250inch-pounds.

(2) Measurement made at point of msximum contraction (usually 1/32 inch below the notch rod)
on both sides of the fracture with pointed micrometers.



TABIS A-14. lULSIJLTSOF SIJ3UBEMD TESTSOF STANDARDKINZEL-TYFXSPECIMENSOF ‘Brm
STEELWELDEDAT 150 F FREHEAT

Testing BendAngleet AbsorbedEnergy 18teral
Specimen Temp,

Fractore
Meximum MaximumLoad, tok imumIQad(l) Contraction(2) ADDE81’MXW.

hmber F Load,Lb Degrees Sq Ill. In.-Lb In. Per Oent % Fibrous

AC124-13 +73 19,300 5..47 12,m 0.103 3.43 100
AC1224-IA +@ 21,550 z 8.63 19,200 0.125 4.16 25
AC124-4 +@ 21,000 6.15 13,830 0.129 4.m 15
AC124-2 +&o 21,150 z 6.92 15,600
A0124-15 +4.0 18,850

0.108 3*6JI
29 5.01 11,3W 0.098 3.26 1;

AC124-6 +20 19,3Q0 32 5.59 12,@0 o.115 3.84 100
ACla-10 O 19,2CXI 28 5.08 11,430 0.1.15 3.44 100
AC124-1 -20 18,800 4.37 9,850 0.069 2.30 6
AC124-5 -20 20,m % 7.41 16,700 0.117 3●W 100
AC124-8 -40 18,15Q u 2.32 5,230 0.038 1.27 0
AC124-9 ~ 16,850 8 2,930 0.028 0.93 0
AC124-7 16,700 7 ::E 2,480 0.027 0.90 0
AC124-11 ~ 16,OOO 1.10 2,480 0.023 0.77 0
AClw3 -80 17,200 ? 1.13 2,540 0.023 0.77
AC12&12

o
-1oo 17,9CKl 6 1.00 2,293 O.oa 0.70 0

(1) AbsorbedEnergy= measuredaree underthe load-deflectioncurvetimes2,250inch-pounds.

(2) Measurementmade at pcd.otof maximuaoontraotion(uemlly 142 inohbalm tbe notobroot)
on both sidesof the fraoturewithpointedmier-eters.



TA81X A-15. RESUETSIW SIJX BENDTESTSOF STANDARDKINZEL-TYPESFSCIMFJJSOF
‘!BrnSTEELWELDEDAT 250 F FXEHEAT

Test- Band Angleat
==(1)

Iatarel“ Fraatum
Speoben Temp, Mximua Maximumkd, Contraction(2) Amaarane$.
Number F bad, h Degrees Sq In. In.-Lb In. Per Cent % Fibroue

AC125-11 +73 21,150 a 7.90 17,800 4.I.4 100
AC125-5 +60 19,600 32 5.69 12,m ::%
AC125-8 +40

3.54
19,1.CQ 5.51 12,400 0.117 3.90 ;:

ACI.25-15 +20 22,000 z 8.22 18,500 0.3.22 4.06 12
AC125-2 +20 19,700 31 5.65 12,700 0.11o 3.68 100
AC125-3 o 19*3Q0 5.82 13,1ci) 0.128 4*26 I
AC125-4 o 23,000 E 8.76 19,720 0.I.31 =4.36 15 :
AC125-13 -23 22,100 35 7.32 16,500 0.098 3026 6
AC125-7 -20 19,79 6.10 13,700 0.111. 3.70 3.00 1
ACI.25-10 -40 21$350 :; 5em 11,250 0.069 1
AC125-1 -40 16,650 1.45 3,260 0.029 ;:%

2
0

AC125-12 -60 18,00iI 1.84 4,I-40 0.035 1.16 0
AC125-6 -@ 16,8tKI 1.28 2,9e13 0.027 0.90 0
AC125-9 -80 19,500 2 2.53 5,7C0 0.039 1.30 1
AC125-14 -1oo 1.8*500 5 0.98 2,2(M 0.026 0.87 0

(1) AbsorbedEnergy= measuredarea underthe load-deflectioncurvetimes2,250inch-pounds.

(2) Measurementmadeat pointof maximum contraction(usually1/32 inchbelowthe notchroot)
on both sidesof the fracturewith pointedmicrometers.



TASLE ti6. RESULTSOF SLOWRENDTESTSON KINZZL-TYPE SPECIMENSOF
*BrnSTEELWELDEDWITH400 F PREHEAT

Testing BendAngle at AbsorbedEnergy
specimen

Fracture
Tempt Maximum kj~um Iaad, TO MeximumLoed(l) CO~0n(2) ADc+uwaIxu,

Number F Load,Lb Cegrees Sq In. In.-Lb In. Per Cent z Fibrous

AC154-4
AC154-3
AC154-2
AC154-1
AC133-1
AC133-3
AC13*1
AC138-9
AC13*2
AC133-4
AC133-8
AC133-6
AC133-IY3
AC138-4
AC138-5
AC138-7
AC154-5
Ad154-9
AC133-7
AC133-12
AC133-11
AC133-2’
AC138-6
AC154-6
AC154-10
AC133-9
AC133-13
AC138-3
AC138-8

——

21,000
21,000
21,m
21,m
1.4,CC0
18,700
22,(Y3O
24,100
23,CO0
22,500
16,850
17,m
19,400
17,4SKl
u, 500
16,500
17,7fxl
18,100
16,700
20,7W
15,7C13
19,CX30
16,@3
16,8%
15,700
22,900
17,000
15,250
16,cc0

8.19
E 8.70
45 9.00
42 8.38
33 5073

5.30
g 9011

10.62
40 8.45
u 8.50
10 1064
11 1.88
32 6.01
12 2*I.4

0.53
:
12 ::2
u

;::
$ 6.26

0059
1$ 3.08

1.00
: 1015
2 O.m
34 7.05
8 1.35

0.4.8
; 0.73

18,4!30
19,600
20,2CCI
18,90c
12,900
11,920
20,500
24,900
19*000
19,120
3,690
4,230
13,530
4,82il
1*125
2,%5
4,570
4,m
3,920
U,loo
1,330
6,940
2,254
2,590
900

15,88$3
3,048
1,080
1,643

0.3Q
0*1.49
0.152
0.131
0.118
0.109
0*1.26
0.I.40
o.119
0.132
0.032
0.03%1
0.103
O.O&?
0.017

0;036
0.037
0.034
0.1..12
0,021
0,099
0.026
O.oq
0.016
0.091
0*Q30
0.018
0.019

4.m 1043

4.95
5.07 ::
4.37 loo
3*93 lCKI
3.63 100 I
4.20 17 w
4.66 15 g

3.% 5 I
4.39 25
1.07 0
1.26
3.43 $
1040 0
0.57
0987 :
1020 0
1.23 0
1013 0
3.73 7
o.m
3.30 2
047 0
0.77 0
0.54 0
3*O3 3
1.00 0
0060 0
0.63 0



TA8LEA-16. (Continuad)

.—

j
Testing SendAngle at AbsortidEnergy Lateral Fracture

Sp9cimen Tenp, Maximum Maximumbad,
Number

g :yimum Ioed(11 ~ontra.tion~ Appearance,
F Load,Lb Degrtles . In.-Lb In. Per Cent % Fibreus

——._

AC154-7
AC133-14
AC133-15
AC154-8
AC226-3
AC226-1
AC226-5
AC226-9
AC226-8
AC226-7
AC226-6
AC226-10
AC226-11
AC226-16
AC226-13
AC226-15
AC226-12

-80
-80
-1oo
-1oo
+ 60
+ 40
+40
+ 20
+0
- 20
- 20

:$
-60
-64)
-80
-1oo

16,4cxI
18,800
18,250
18,000
17,550
17,7m
19,050
18,500
19,300
18,850
18,800
19,500
16,OOO
15,550
16,000
17,300
17,400

31
20
35
7
1
4
6
3

0.50
1.63
1.35
0.12
5.LO
4.46
6.37
5.46
6.57
6.oil
3.80
6.69
1.01
0.25
0.70
1.18
O.Q

1, L25
3,715
3,040

562
12,150
10,050
14,300
12,300
15,000
13,500
8,550
15,050
4,;:

1,5’75
2,660
1,40

0.017
0.031
0.026
0.01.2
0.107
0.084
0.082
0.077
0.103
0.111
0.057
0.089
0.012
0.013
0.019
o.o~
0.010

0.57
1.03
0.87
0.40
3.56
2.80
2.73
2.56
3.43
3.66
1.90
2.96
0.40
0.43
0.63
0.47
0.33

0
0
0
0

100
100
100
100
100
100
20
lCII
o
0
0
0
0

(1) AbsorbedEnergy= measuredareaunderthe load-deflectioncurvetimes2;250 inch-pounde.

(2) Measurementmede at peintof meximumcentraction(usually1/32inchblow the notchroot)on both sidee
of the fracturewith pointedmicrometers.



TABLlA-17. RESULTSOF SLCNBENDTESTS ON STANDARD..KINZE~TyPE
SPECIMENSOF ‘Br”STEEL WELLYIDWITH 500F PREHEAT

Testing BendAngle at .Absor@dEner~. Lateral .Fracture
Spchen Tamp, Maximom Me.ximumLoad, to.kXi!WM Load(1) Contraction2) Appearance,
Number F Load,Lb Degrees Sq In. In.-Lb In. Per Cunt % Fibrous

AC227-14
AC227-2
AC227-1
AC227-3
AC22’7-L
AC227-6
AC227-9
AC227-5
AC227-7
AC227-11
AC227-10
AC227-15
AC227-8
AC227-16
AC227-13

+ 80
+ 60
+60
+ 40
+ 40
+ 20
+0
- 20

:$
- ~o
-60
-60’
-80
-1oo

18,000
17,300
17,750
17,750
18,200
19,300
19,800
19,350
19,m
19,100
17,450
17,650
16,750
16,650
17,350

32
24
24
27
31
33
34
25
34
29
28
10
3’
5
3

5.60
4.28
4.31
4.89
5.45
6.35
6.44
4.85
6.45
5.68
5.20
1.83
0.”66
“1.07
0.73

12,6CXI
9,650
9,’700
11,000
12,270
I-4*3OO
1.4,490
10,800
14,500
12,800
11,700
4,120
l;l@3

2,410
1,640

0.092
0.089
0.107
0.089
0.101
0.109
0.Q92
CJ.C98
0.116
00093
0.088
0.034
O.oti
0.022
0.016

3.06
2.96
3.56
2.96
3.36
3.63
3.06
3.26
3.86
3.10
2.93
1.13
‘13.8u
0.73
0.53

100

100
100
100
100
lgo
100

I

P
100 m

100
P
I

100
100
0
0“
o
0

(1)

(2)

AbsorbedEnergy= measuxedarea uder tho load-deflectioncurvetimes2,250inch-pounds.

Measurementmade at pointof maximumcontraction(usually1/32inchbelosthe notchroot)
of the fracturewith pointedmicrometera.

,,

on both sides



TAB.U A-18. RESULTSOF SIO1BENDTESTSOF STANDASDKINZEIPTYFEU’SCIMESSOF
‘B0=5EL WEDti70FP5EHEAT AND POSTNEATEDAT I..I5OP~
1 from

Tesitisg Bed Angleet
pg:~-~(1)

Iatiral
speaimen Temp, Miximm kxlmua Ioed, (2) A~~~e.
Sumber F bad, Lb Dsgrees 8qIne In? ~ ~ Fibrous

AC127-1 +&I 18,350 6.63
AC127-2 +60

14,900 0.128 4.26 100
18,850 2 6.16 13,900 0J08 3.60

AC127-4 +40 19*’?UO 4640 9,9s0 O.g 4.23 100
AC127-5 +20 22,250 z 9.64 21,500
AC127-9

0.153 5.09
43 8.04 18,100

Ac127-6 :
W33 4.43 1%

2E 9.76 22Jxlo 13.165 5050
AC127-13 -20 $ 8.90 20,030 - - 1:
AC127-7 -20 ?E 40 7.51 16,9oo _ 100
AC127-3 -40 1.8,tw 2.85 6,42@ 0.049 123

:
0

AC127-8 -40 16,5%1 2.08 4,690 0.039 Ua o
ACI.27-10 22,400

z
16,3oo 0.082

$
2.73

x
2

AC127-11 15,520
2E

0.16)3 3.43 1
AC127-12 -80 1.07 2,4M 0.026 0.67
AC12%14 -80 17,150 8 1.26 2,835 0.023 0.76 :
AC127-15 -lm M3,1OO 10 1.63 3,67o 0.633 1.10 0

(1) AbsorbedEnergy= measuredarea underthe lad-deflectioneurvathee 2,250inch-pownde.

1

I

(2) Eansurensmtmede at pointof maximumcontraction(USWJI.IYI& inchbelewthe notchroot)
on bdh sidesof the fracturew,ithpointedmicromatera.



TAEILEA-19. HESOLTSOF SLOWBEND TESTSOF STANDAHDKINZELTYPE SPECIMENSOF
;B#RHEXL WELDEDAT 4CQ F PRSHEATAND FOSTHEATEDAT 1154)F FOS

Testing BendAngleat AbsorbedEnergy Lateral Fracture
s~ciman Temp, Meximnn MsxlmumLoad, to Maximumhad(l) Contraction2, Amearance,
Number F Load,Ih Degreee Sq In. In.-Lb In. Par Cent $ Fibreus

AC132-15
AC132-2
AC132-3
AC132-5
AC132-8
AC132-6
AC132-10
AC132-7
AC132-12
AC132-1
AC132-4
AC132-9
AC132-11
AC132-13
AC13%14

z
J@
20
20
0
0

-2U
-m
-40
-w
-@

-80
-lea

18,300
18,500
19,0co
22* 5m
19,502
22, Om
22,700
23,200
22,7C0
23, XI
19,200
17,393
17,700
16, 3(N3
17,350

38
38
33
52
3.i

z
46
45
44
28

;

4

6.64
6.39
5051
10.21
6.06
8.35
9●49
9.58
9.23
9.27
5.27
1.76
2.66
1002
0.59

L4,930
14,390
12,400
23,000
13,650
18,800
21,3t@
21,550
20,780
20,870
11,880
3,960
5,990
2,295
1,330

O.in
0.I.28

W
0.115
0.153
0.153
0.136
0.154
0.160
0.053
0.036
0.046
0.025
0.020

4.06
.4.26
4*W
5.43
3.83
5.10
5.1o
4.52
5012
5.33
1.76
1.20
1.53
0.83
0.67

17
0
0
0
0
0

(1) Absorbed Enargy -,measured area onder the load-cleflection curve times 2,250i.nchpounds.

(2) Measurementmade at point of maximum contraction (usually 1/32 inch belowthe notchroot)
on both sides of the fracture with pointed micrometers.
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FIGuRE B-1. HARDNESS SURVEY OF WELD BEAD AND
HEAT-AFFECTED ZONE OF KIIVZEL SPECIMEN
OF “C “ STEEL WELDED AT iVF PREHEAT
(PHO?O OF HARDNESS TRANSVERSE
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FIGURE B- 2. HA RL7NESS SURVEY OF WELD BEAD AND
HEA T-AFFECTED ZONE OF KINZEL SPECIMEN
OF “C “ STEEL WELDED AT IOF PREHEAT
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FIGURE B -3. HARDNESS SURVEY OF WELD BEAD AND

HEA T-AFFECTED ZONE OF KINZEL SPECIMEN
01= ‘b “ STEEL WELDED AT 150F PREHEAT

( PHOTO OF HARDNESS TRAVERSE TYPICAL

OF THE THREE MADE)
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HEA T-AFFECTED ZOIVE OF KIWZEL SPECIMEN
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FIGURE B -5. HARDNESS SURVEY OF WELO BEAD AND

HEAT -AFFECTED ZONE OF KINZEL SPEC -
IIWEN OF “C “ STEEL WELDED AT 400F
PREHEAT. {PHOTO OF HARDNESS TRA VERSE

TYPICAL OF THE THREE MADE )
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FIGURE B-7. HARDNESS SURVEY DF WELD BEAD AND
HEAT-AFFEC TED ZONE OF KINZEL SPECIMEN
OF ‘br’’STEEL WELDED AT 70F PREHEAT
(PHOTO OF HARDNESS TRAVERSE TYPICAL
~ THE THREE IWADE )
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FIGURE B-8. HARDNESS SURVEY OF WELD BEAD AND
HEAT-AFFECTED ZONE OF KINZEL SPECIMEN
OF ‘b” STEEL WELDED AT IOF PREHEAT
(/?HO TO OF HARDNESS TRANSVERSE
TYPICAL OF THE THREE IWADE)
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FIGURE B-9. HARDNESS SURVEY OF WELD-HARDENED
HEAT-AFFECTED ZONE OF KINZEL SPECIMEN
OF %“STEEL WELGED AT 1.50F PREHEAT
(PHOTO OF HARDNESS TRAVERSE TYPICAL
OF THE THREE IWADE)
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FIGURE B- IO. HARDNESS SURVEY OF WELD BEAD AND
HEAT-AFFECTED ZONE OF KINZEL SRECIIWEN
OF %r’’STEEL WELDED
( PHOTO OF HARDNESS

AT 250F PREHEAT
JRA VERSE TYPICAL

OF THE THREE MADE)
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FIGURE 0-11. HARDNESS SUt? VEY OF WELO BEAD AND

HEA T-AFFECTED ZONE OF KINZEL SPEChWEIV

OF “RR “ STEEL WELDED AT 400F PREHEAT
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FIGURE 8-12 HARDNESS SURVEY OF WELD BEAD, HEAT-
AFFECTED ZONE, AND BASE PLATE OF
KINZEL SPEGltWEN OF ‘br” STEEL WELDED
AT 70F PREHEAT AND POSTHEATED FOR
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FIGURE B-13, HARDNESS SURVEY OF WELD BEAD AND

tfEAT-AFFECTED ZOIVE OF KINZEL SPEC1/WE/V

OF %“ STEEL WELDED AT 400F PREHEAT

AND POSTHEA TED FOR I HOUR AT f 150F.

(RVOTO OF HARDNESS TRA VERSE TYPICAL

OF THE THREE h4ADE)

0-/44,?0
BATTELLE MEMORIAL INSTITUTE


