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.,.,: ABSTRACT ....
.. .. .,.~.

Tiisreportsumarizes‘the’
;.

. .

ofterminationofU,S.HavyBtihipk

Thematerialsusedinthis
.,

killedhull.qualitysteels,one10bof&ckelalloy,onelotoffully-killed,

testresultson’wide’’flatplatestodate

contractNObs-31222,August31,1946.
..

investigationwerethree’lotsofsemi-

,, .,,, .,.,.

andonelotoffully-killedquenchedfiddrawn’steel.

ThespecimensusedintheprincipalprogramWere3/4~nch’thick
,,,,

‘platescontaininga narrowtransverse””slotkavinga‘lengthequaltoonefourth

ofthespecimenwidth.Theseweretestedintensioninwidthsrangingfrom
,, ,.,..,

i2inchesto108inches.Testswere&deateachofafiumberoft~peratures
,,,, .:

inordertodetermine‘-theternperat’ureatwhichthemodeoffailurechanged
..!,

fromsheartocleavagetype.
.... ,,.

Inthetests,observationsweremadeofthefollowing:themaximum

load,loadatdevelopmentofcracks,fractureload,energyabsorbed’tomaximum

Ioadjmodeoffracture,
!.

strain‘distributionoverthefacesofplatesand
,.,. ,.

thicknessreductionsnearthelines’”offracture.

Resultsfromtestsofwideflat”notci,ed
. .

itiontemperatures”“ofsemi-killedsteelsmayvary

,,.

platesindicated

fromfreezingto

thattrans-

wellabove
... “. :.:.

roomtemperature.““Testsoftwo’lots’ofsteelofessentiallythesamechemical

composition,exceptfornitrogencontent,revealedthatthesteelwithtb~
,,

highernitrogencontenthada considerablyhighertransitiontemperature.The
..

microstructureofthesteelwiththehighertransitiontemperaturewasalso

considerablycoarser.Noappreciabledifferenceintransitiontemperatures

wasfoundwhenonelotofsteelwastestedinthe‘Ias-rolledrtandinthe

normalizedconditions.
.. .,.. .

.

“’‘.



iii

Improvedmetallurgicalstructureofanotherlotofsteel,

accomplishedbyrequenchingandredrawingatalowertemperature,resulted
;,>,,. ;,

‘ inloweringofthetransition;temperatureandanincreaseintheabilityto
!, .,.,. .

absorbenergy.

The3+percent’nickelsteelwasfoundtobefarsuperiortothe,,,..,
mildsteel,havingamuchlowertransitiontemperatureanda higherenergy,.
absorption.

,, ,..,
ItwasfoundthattheCharpy~:e.i~ie-notchimpacttests,tension

.,
testsof3 inchwida:edge-notchedspecimensandtensiontestsofcentr~&-

,...
‘notched12--inchand72-inchwideflatplatesareall.usefulforratingthe

stee~sinorderoftheirrelativebrittleness.Howeverjthetransition

temperatureforanyparticularsteel,asdeterminedbythevarioustests,

differconsiderably,withthelargertestspecimensgivingnigheranibetter,.,,
,,
definedtransitiontemperatures. ,.,.,,.

Thenominalstrengthofplateswasfoundtodecreaseslightlyas
,.,,,-,;

thewidthofthetestspecimenwasincreased,thistendencybeingmorepro-
,...,,

nouncedforspecir,ensfailinginshear.

Transitiontemperatureswerefoundtodecreaseasthespecinen

thickness’wasdecreased,~~’effectintroducedbygeometryandtheadditional
!,-..

rolling.
,,

Antiber”ofsupplementalstudiesweremadetoprovideadditional
.+’ ,,.

.’.,, ;:
informationoncertainquestionsraisedbytheprincipaltests.Resultsof

1~2whilea studysomeofthesestudieswere“reportedinpreviousreports,,..,.,“
ofgeometricallysimilarspecimenstocheckthevalidityofmodellaws,,,

.. .
andresultsoftestsoftensionbarsatlowtemperaturearegiveninappencjices

ofthisreport.

1,2 SeeBibliography

——
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BYDESIGN

.
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M.P.0113rien,Technicalrepresentative

,...,.’
,California

ReportPreparedby:..,....} ,.’. ,
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EarlR-pa’rker ) UniversityofCalifornia
AlexanderBoodberg) .,:

,.,..,

.,
.
The

originatedby
..,..’,,!

thecauses”of

INTRODUCTION

workcoveredbythisreportispartoftheresearchprQgram

theOfficeofScientificResearchandDevelopment,tadetermine

cleavagetypefailureofshipplate.Theworkconductedby

theUniversity’ofCaliforniawas,dividedintotwoparts:Part1 consisted

oftestsconductedprincipallyon
.!

in‘Part2tgsts’wereconductedon

coiner-structure.Thisreportis

notched”flatplatestoAugust31,

.!

centrallynotchedlargeflatplates,and.
builtupsectionssimulatingahatch

concernedprimarilywiththeworkon

1946,t,hedateoftheterminationofthe..
contract.Alsoreportedhereinaretheresultsoftestsontwolarge

tubularspecimensfabricatedfromshipplate,whichtestsweremadeto

supplementtheinformationobtainedinapreviousinvestigation,NRC-75.

TheworkonProjectNRC-.92startedinNovember,,19~,andwas

conductedundertheauspicesoftheOffice’ofScientificResearchand



2

DevelopmentuntilAugust31,1945,dndwasstipervisedbytheVarNietallurgy

Comittee.Afterthatdatetheprogram-;~ascontinuedunderUnitedStates

XavyContractNobs-31222eThechiefphase’of’theinvestigationwasthe
,:

determinationofthetemperatureatwhich’occurredthetransitionfromductilej

sheartypefailurestobrittle,cleavagetypefailuresforseveraltiypesof

steelandforvariouswidthsofplates.Theworkwasconfinedprimarilyto

3/4-inchthickplatesthathadtransversenotchesatthemid-secticns.Six

differentlotsofsteelwereinvestigatedinthismanner,thespecimdnwidths

rangingfrom3 inchesto108inches.Aprogramofsupplementarytestswas

alsoundertallenthatincludedthefollowing:standardtension

testsonfullthicknesscoupons,Charpyimpacttests,hardness

analyses,metallographi.cexaminations,andhardnesssurveysof

plates.

tests,tension

tests,chemical

thefractured

Twopreviousreports1~2covered”theprogressoftheinvestigation

indetailtoApril30,1946.Thecontinuationoftheworkto~ugustj1946,

andthefinalresultsaredescribedinthisreport.

Testresultsandtheworkdoneinconnectionwithtwolargetubes

aregiveninAppendixB. ThesetestscompletetheworkstartedonNDRC

Project

showing

tested.

NW-753, .

AppendixA ofthisandtheproiiousreportlcontaindrawings,.
thepercentelongationsandpaths”offractureforalltheplates

AppendixCgivestheresultso.Pstandardtensionteststhatwere., ‘...,,,.

conductedatlowtemperatures,andAppendixDgivestheresultsofstudies

ongeometricallysimilar,specimens,

,,,,,
—’—.—

1,2,3 SeeBibliography

—



EXPERIMENTALdORK

.

.

.,

!,,

. . .

TestProgram,.- . .
The~,incipalphaseoftheprograminvolvedtensiontests‘ofwide,,.,..... ..+.. .,

3/4-inchthickflatplatespecimensofthevarioussteels,atseveraltemper-. ,},“ .:.. .,
atwesinordertodetermimethetemperaturerangeatwhichthemodeof

,..”
failurechangedfromsheartocleavagetype.Theplateswerenotchedatthe

mid-secti~]withatransverseslothavingalengthequaitoonequarterof

thewidthoftheplate.Formostofthesteels,plates12-,24-,48-,and

72-inches.inM@dthweretested.Two108-inchwidespecimenswerealsotested,,. .,.
onemadeo,fsteelBintheas-rolledconditionandonemadeofsteelC. The,, .’...,.’.,
m~imumloadttheloadatdevelopmentofcracks,theloadatfailure,the

>“
modeoffracture,theamountofenergyabsorbedtothemaximumload,there-

,“. ,,.:,,...,
ducti.oninthicknessnearthebreak>andthestratidistributionontheface

oftheplateweredeterminedforeachofthespecimenstested.

Asanauxiliaryprogram,tensiontestsundercontrolledconditions:,
w{ereconductedon~-inchwidespecimenstodeterminethetransitionranges

,,,,’ !,,,
forthevarious,steels.Three3-inchspecimenswereeasilyandcheaplypre-

pared;the,f,ourtypesusedintheinvestigationareshowninFig.23.

Thedescriptionofthesteelsusedandtheprogramoftestsare,..
givenin,Table1. Thesummaryofphysicalpropertiesandchemicalanalyses,,., ,.
ofthesteelsare,giveninTable2.,, ,, ,.
TestProcedure,.’..,

Adetaileddescriptionofthetestingandgagingmethodsisgiven,. .,
.

inthepreviousreport.1Fig.1 sliowsatestset-upinthe3-millionpound

testingmachinefora108-inchwidespecimen;theplywoodboxservedasa
.,’,’ .

temperaturecontrolchamber.NumerousSR-4electricstraingagesand,,.
resistance-wireextensometerswereusedonthefacesofeachspecimen

,..
—

1 SeeBibliography



measuretheelasticandplasticstrains.Residualstrainsweremeasured
.,..
m’cansofd specialmechanical;gageusedon”a systemofgridsthatwere

‘markedononefaceofeachspecimentested.Theresults‘ofthesegrid

measurementsaregiveninAppendixA.
.,,

Q1

were”takencm

readingswere

sistance-wir~

specimenswer’eloadeduntilfractureocc”urredandreadings

straingagesatinteAalssot}iata“to”taiofatleast10strain

bbt+aineduptoam&chumload.‘From‘thereadingsofallre-

6xtensometershavinga’lengthequel’tothree-fourthsofthe

‘spe’cimenwidth,‘anaverageelongationforthe‘specimenwascomputedand””

plotted;andbyfitegratiohoftheresultingload-straindatatheenergy
.

absorbeduptoa
...

max&umloadwasdetermined.
,. ,.

: Specimensweremaintainedat‘thedesired’temperaturethroughout

thetestbycirculatingheatedorcooledair”thi’ough’aplywoodboxthaten-

closedth’especimen.Awindowwasprovided’intliisbox’inorderthatthe

forhtion’of’tiracksandthepropagationofthefractur~couldbeobserved.
.,,,... Sincetheearlierresultsof’wideplatetestsindicatedthatthere

wasa“tendency:”forthenominalstrengtfi’of’theplatetodecreaseasthe

widthoftheplateincreased,iti~as’-decidedtotestafew10&inchwide
,..

platestoverifythis.
, .:..

Asno10&inch‘widepiateswerebediatelyavailable,

two7Zby120-inchplateswereweldedtogetheralongthelong”edgeandthen.
..

trimmedtothe108-inchwidthsothattheweldedjointwasalong”the”’longi-

tudinalaxhofthespectien.
,,-.

I’nordtirtotike’surethattheseamhadno

effectonthestraindistribution,severaitests‘wereconductedon23-,48-,
,,

and72-inchwide’platesthat~~eremadeupoftwo“narrowerplateswitha
,’.-.

longitudinalunionmeltsea&.Thesewereequippedwithnumerousstraingages

tocheck-thestraindistri%utioniNoappreciabledifferencewasfound
.. . ,

-— —



.

between

madeup

5
thestrain”distri’butionj.ns~~cimensmadeofwholeplateandthose

witha centerseam. “ .,.,. ,,, .. ....
, .,, ,. ,.,.. .

TestResults..: , ..”.
Theresultsof.,chemi,calanalysesofsamplesfromindividualplates.. . ..

ofthevarioussteelsaregivenin,Table3,andtheres~tsof’thestandard

tensionandhardnesstestsaretabulatedinTable40

Table.5givesthes~aryofresultsforthenotchedwide-plate
.:

tests,andTable6summarizesthethicknessreductionsalongfracturelines

forthesameplates.
.,.,

Tinecompleteresultsofthe3-inchwideplatetests
.,

aresummarizedinTable7. ResidualstrainsaregivenintheAppendixA of

thisandthepreviousreport.~

Resultsoft~leCharpykeyhole-notchimpacttestsfor.thevarious..
steelsaregiveninFigs.2to7inclusive.Hotchesweremachinedperpen-

diculartotheplaneoftheplateforallCharpyspecimens.

Table8givesa comparisonofthetransitiontemperaturesforthe

varioustypesofspecimenstested.

Table9 summarizesth”ereduct~ohsinthicknessofplateobtained

fromsamplesoffracturedplattisofshipsthatfaiiedinservice.
,.

Dataonthenominal’stress
,,

crackstar{edaregivenin‘Tab~e10.

Transitiontemperattiesas
..-‘.

inth$largeflatspecimensatwhich
.,,’

definedbyttx’.energyabsorbedto
,,

maximumloadarerepresentedinFigs.8;~,””and10forthe’72-and12:-inch
,,

widespecimensofthevarioussteels. .’.,,
Figs.11~i2and13presentthetransitionranges,’asdefinedby

thepercentoffracture”in’theshearmode,for72-,12+;and3-inchwide

specimensforthest;elsusedintheinvestigation> ,.

~e Bibliography

—



6
Figs.14, 15, 16and..l7showtemperatwe.transitionrangesfor

thevarioustypesof3-inchwidespecimens.

Figs.18and19showthevariationofnominalstressofa specimen

withwidth,whileFig.20showsthevariationofthenominalskresswith’”
,. ,:

t~}]eratureforthe12-and72-inchwidespecimens.
1,

Figs;21and22shh’’theinfluenceofspecimenwidthonductility

atmaximumloadandatfailure.,,
Fig.23showsthefourtypesof3-inchwidespecimensused.finthe

investigation.
.,
Figs.

varioussteels.

,.,

27to29inclusiveshowtypicalphotom.ocl’~gre,~>ljsfor‘Me

DiscussionofResults”. .....- :.,

Theflatpla-betests.provodco~clusivelythati?,waspossiileto

produceinthelaboratorybrittlec].cava.gofrac-kUuresidentic.a.;.‘wit$~ttilose

foundonsectionsoffracturedsteel~liips.Theth~cknas.s:cedu~tici?~forthe

flatplatesarelistediJITable6; thesemay-becomparedwithsimilar

“measurementslistedinTa’o].e:9,,@-jich~~ei+emadeonportionsoffracturedplateS

cutfrom.ships.Twotypesoffracturesoccurredintl-le.laboratorytests,

(l),thenormalductileshea??-typefractureand(2)thecleavage-typefracture,

whichmayoccurwithoutappreciabledvc~ility.butwhichmayalso.bepreceded

byagreatdealofplasticflow~:,Athightemperatures,shear,fracturesin-

variablyocc.~red.andatsufficientlylowtemperaturesthesteelsfailed

bycleavage.Atanintermediatetemperature,whichiscalledthetransition

temperature,thefractureoccurred-eitherbyshearorcleavageorbya

mixtqreofboth.Steelsmayberated.inarelativeorder

bycomparingthetransitiontemperaturesofthematenials
. ....

ofbrittleness

andbycomparing
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theenergiesabsorbedbythematerialsatbothhighandlowtemperatures.!,
Intheflatplateinvestigation,transitiontemperaturesweredeterminedby
,,
meansofCharpykeyhole-notchimpacttestsandbytensiontestson3-,12-,

24-,48-,and72-inchwidecentrally-notchedspecimens.

Oneofthemostsignificantresults,oftheinvestigationisthat

allofthetestsusedfordeterminingtherelativebrittlenessof.steels,,
ratethesteelsinapproximatelythesameorder.Formoststeels,thelarge

specimensgavedefinitetransitiontemperatures,‘This,however,wasnot.,.
foundtobe,truefortheCharpy,, ,,.
rangeoftemperatureoverwhich,,:,
Figs.2 to7clearlyillustrate

fortheCharpytests,listedin

spectiensjwhichinmanycasesshowedawide

thetransitionfromshearto,,cleavageoccurred.

thiseffect.The<transitio~temperatures,,

Table8areconsequentlynotdefinitelyde-

finedanditisnecessarytoconsidertheenergyabsorptions.for,thevarious

steelsinordertohaveaclearpicture

deter@ningtherelativebrittlenessof

reportedhereinwereincludedprimarily,,.,,

ofthemeritsoftheCharpytestin

steels.TheCharpytestresults

toshowthevariationwhichcanbe

expectedfromplatetoplateina singlesteel.A

gationofthesteelsbyuseoftheCharpyt~s$has

programofworkofProjectNObs-3121~conductedat

morecomplete,investi-

beenincludedinthe

PemsylvaniaState

College.
:.,“..

Thewiderspecimensusuallyshowedhighertransition,..4: ,.-‘-
Thedifferencesbetweenthetransitiontemperaturesofthe12-

temperatures.

andthe72-inch

wideplatesforaparticularsteelrangefromL to40%. The,transition
.f.‘ ~~

temperatureofsteelCwasthehighestofallthesteelstestedandwas
,..

essentiallythesameforallplatewidths.Ho~:ever,thetransitiontemperatures,..,!
ofthesteelswithlowertransitionrangeswereinvariablylowerforthe

12-inchspecimensthanforthe72-inchspecimens.Becauseofthegreater

.



8 . .

. spreadbetweentransition
.’

widespecimenseemstobe

tie steel

thewider

temperaturesofthedifferentsteels,the12-inch
,;i,;.,

moreSuits-blcthanthewiderspecimensforrating

inorderoftheirrelativebrittleness”;

Fromtheoreticalconsiderations,itis’reasonabletoexpectthat

notchedplateswouldhavehighertransitiontemperaturesthantli.~

narrowerones.Itissomewhatsurprising,howeicr,thatinseveralcases

therewaslittleeffectofplatewidthonthbtransitiontemperaturewhile

withothersteelslarge differencesintransitiontemperaturewerefound,

Thereseemstobenosimpleexplanationforth{~scresults,Thetransition. .

temperatureverylikelyisafunctionoftheamountofplasticflowwhich.,.
has.occurredpriortotheonsetoffracture.It:is’possitilethatamore

,.
detailedstudyoftheconditionsoflocalplasticflowaroundthvnotches

oftheindividualplateswoulddisclosethereasonsforthedifferencesin

behaviorofthevarioussteels.

Fromthetheoreticalconsiderationsdevelopedinthesection

‘fStudiesofFormationandGrowthofCracksinNotchedPlatesr~ofNDRCReport,....,”
OSRD6452);2itfollows,thatforanotchof’a’giv&shaipness,t~letrans-

itiontemperatureshouldincreasewithincreasingplatethic.~essuptoa

certainthicknessafterwhichincreasingtheplatethicknessstillfurther

shouldcausenochangeintransitiontemperature.Apparentlythisistrue
.,becausethetransversestressdevelopedbyrestraintissmallinthinplates

but,wi,thincreasingthickness,itgraduallyincreasestoamaximumvalue
,’

whichwouldprobatdlyre.nainconstantwithfurtherincreaseinplatethick-

ness.Toobtainanestimateoftheeffectofplatethickness,somespecial

testswereconducted.TheresultsofthesetestsareshowninFigs.14and

15. Platethicknessesrangingfrom$-to1l/8-inchweretested”intheform
..

of3-inchwideedge-notchesb~.~~todeterminethetransition’temp&atures
.2,~eeBibliography

.-—

—
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,. ,,

ofeachthici:nessofplate.TWO‘series were tested:(1)platesfromthe
,.

sameheatrolledtoeachofthe”variousthicknessesand(2)platesfromthe

thickestrolledplatemachinedtoeachofthevarious:thicknesses.The

firstseries(resultssh’ownin’Fig.14)involveddifferen~esin~etallurgical.

structurebroughtaboutb~”t’he’’”differencesinro3&&proce$hresaswell

asdifferencesinspecimenthickness.‘Thesecondseries:(resultsshownin
,.

Fig.15)involvedonlydifferencesinspecimen,thicknessbecauseallspecimens

weremachinedfromthesameplate.Theeffectofplatethicknessuponthe

transitiontemperatureisver~~evidentinFig,L4;Theresultsindicatethat

whentheplatethicknessexceedsoneinch,thetransitiontemperatureis

apparentlyindependentofplatethickness.Thisconclug,ionisnotdefinitej

however,andadditionaltestsonthickerplatesandon.othersteelsshould
,,

bemade.Itispossiblethatthethicknesseffe’ctdiffersforvarioussteels.

Theeffectofadditionalrolling;assl!ownbycomparingFig.15

andId+,istoraise’thetransitiontemperatureofthesteel.,Tiliseffectis

inagreementwiththeknowneffectsofrolling-upontheothermechanical

propertiesofsteei. ..
,,.,
ComparisonofFig.’14and16indicatethatthewidth.anddepthof

notchandminorvariationsinwidttiofthespecimenhavelittleeffecton
,,.-

thetransitiontemperaturerangesofedgenotchednarrowspecimen::,

FromexaminationofresultsforsteelCin,Fig.17,whichgivesa

comparisonofthetransitionrangesforvarious.typ@of3-inchwide ‘
,.

specimens,itappearsthatshe~red’edgesofthe.platasasreceivedfromthe

millhadundergonestrainagingandcontained’small,cr.ackswhichactedas

moresevere
,.,

edgesorin

stressraisersthan”notches

thecenterofthespecimen.

madewithhaoksawseith~;ratthe

,,,,,,.’...
..:,.. .,.

—-
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Thetestresultsforthe3-inchwideplatesindicatesthat’the
...$1

steelscanbearrangedinapproximately,thesaneorderbymeansofthese
,. .‘,

testsasby’”tensiontestofwidenotchedplates,althoughtheactual

transitiontemperaturesmay

Testsof108-inch

differforthetwotypes-oftests.

widespecimensfailedtoindicatethatthere

isadefinitedropinnominalstre,ngthast:h,etestspeci,menwidthisin-

creasedbeyond72inches.fixaminationofFigs.18and19showthatthere,, ,-
isaconsiderabledropinnominals,trength,ofnotchedtestspecimens,as

thewidt’hisincreasedto24inches.Furtherincreasesin‘specimenwidth
,. ,.,

havelittleeffectonthestrength. ,..
,’

“Thereductioninnominalstrengthissomewhatmorepronounced

forspeciinen$failinginshearthanforthosethatbreakbycleavage.

Variationofnominalstresswithtemperattieisnotveryevident

for‘tspeciaillsteelsusedinthisinvestigationalcanbeseenfrom’ex-

aminati.onofFig.20.ThestrengthofsteelsN,Q,ahdQSisnotaffected

bytemperature,whilethatofthesemi-killedsteelgkoup(steelsA,B,and,,,.!
C)tendstobelowerattemperaturesbelowthetransitiontemperaturefor

theparticularsteel.Thei’ully--kili.ed,fiteelH doesnotexhibitany

appreciabledecreaseinstrengthwithlowertemperaturesforth~12-inch

specimens~but’behavesinthe

testsof72-inchspecimens.

,,
samemannerasthesemi-killedsteelgroupin

.,,
,),,

.
:..

Comparisonsoftheelon~ationatmaximumloadandatfractureof

platesthatbehavedinaductileandarelativelybrittlemanneraregiven

inFigs.21and22.Theelongationsaresl-,owninpercentya“ndtocompare

platesofdifferentsizes,thelocationsofthegagepointsonwhichthe
,.. ,!

measurementsweretakenareplottedasfractionsofthespecimenwidth.

Amarkeddifferc--e“W be-‘..Jbetweenspecimensthatfailedinshear
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andt~ose-that’failed

“plates’exhibitedmuch

specimensthatfailed

bycleavage,Fbr s~ecimensfailingby,~heti,‘narrower
,,

greaterducti~itiy;this,however,wasnot’truefor

bycleavage.,~~

Dtiingthecourseofthet’ests,certainspecimensexhibited’~~

anomalousbehaviors.Inparticular,spdcimehsIW,H1O,andH82Xwhichwere

cutfromthes~elargeplate&diestedatthesametemperaturebehaved

entirelydifferently.SpecimenHIOabsorbedmorethantwicethe”tiount

ofener’gy”th~nwasabsorbedbyitssupposedduplicate,spectienH62X;

specimenH8absorbedmore’than’ttiee~imes”asmuchenergyassp’eci.menH82X,

Thesespecimenswerestudied‘ind’etailtodeterminethecauseforthedis-

crepancy.A studyofthesurface‘of””thefracturenear.thebaseofthenotch”

revealedthatthespecbefiswhichhadabsorbedtheabnormallyhighainount

ofenergyhadmanyopefi~sinthe’metalrunningperpendiculartothe’

surface’dfthefractureandperpendiculartotheapexofthenotch.This

effectis”shown’in”Figq25awhichshowsthesurfaceofthefractureadjacent

tothebaseof

oftheportion

theportionof

thenotch.Fig.2&skio~isthe

ofthefractureshowninFig.

thefracturenearthebaseof

locationintheplatespecimen

25:SihUarphotographsof

thenotchforspecimenH1O

andH82XareshowninFigs.25band25crespectiiv~lyeTheopeningsinthe

metalperpendiculartothefracture‘surface’wereprogressivelyfewerin

numberandsmallerinsizefortheSp”eeim&swhichfracturedwithlowenergy.

TF~issuperficial”exami.nationirididatedthatthemetalwasopeningalong’

seamsofnonmetallicinclusions.Thecause’f’ortheopeningwasthePoi&son~s

ratiocontractioninthethicknessdirectionbroughtaboutbythelongi-

tudinalextensionofthemetslbytheload.Sectionswerethentakerithrough

thethicknessandperpendiculartothefracturesurfaceformicroscopic
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examiiiation.The;re&lts‘are”sho~vninFig&’~2jd,2’5e,and2$f.These

“:photomicrographtiAh,iithesmalltransversefratitures”progressingalonglines
,.

ofnonmetallicinclusions.SpecimenH1O~acP.manymore~inerofnonrii’qtdlic

inclusions,alongwhichthetransversefracturesc~uldoccureasilcy,t’:1=.r~

did”specimenH82X.SpecimenH8hadstillmoreI:inesO:nohmetallicsth:’~~

didspecimenHIO,Theextensiveseparationofthemetalinsped-menH8
.,,,.

alonglinesofinclusion’spreventedthetran&versestress”frombuilding
,,

uptoitsnormal’(probablyhigh)value,and”thus’:b~fectivelyincreasedthe

shearstressandproniot$dplasticflow;thusa~argetiountofenergy’was

absorbedalthoughthespecimeneventuallyfailed”$bycleavage.Thespecimen

actedessentiallyas:’thoughitwerecanposeclofanumberofthiririerplates

placedfacetofacetoforma ccvnpositethickplkte.Specimen’H82Xwas

cutfromadifferentpartoftheorigitiallargeplatewklichhappenedto
.,

‘containfewernonmetallicandconsequentlybehavedinamorenormalmanner

“’thandidspecimensH8andHIO(seeFig.10whichgivestheenergyvs.

temperaturecurveforthissteel).’Theconclusionrsachedasaresultof

thisstudyisratherunusual.’Nonmetallicinclusions;ordinarilyconsidered
,.

undesirable,actedinthiscasetomakethesteellessnotct~-sen’sitive,

andhencetiproveditsperformance. .

AnotherunusualresultwasobtainedwiththeQ steelwhichhad

.,ibeenquenchedtiddrawn.Intheoriginalheattreatedcondition;thissteel

wasnotparticularlyoutstanding.Howeverjwhenrequenchedfrom1600°Fand

redrawnat1245%for2hours,‘itsperformancewasmarkedlyimproved.ItS
,.:.

transitiontemperaturewas”loweredslightlyjbutmoreimportantwastheb-.

provementobtainedintheamountofenergyrequiredtorupturethematerial.

Themicrdstructures6fthissteelareshotiinFig@26,Themicrostructure



oftheQS

specimens

steelwasverymuchlikethatofsteelQ,
.,

ofsteelQthereap’pearedto‘besomefree

13

butinsomeof-the

ferrite.”Theworst

exampleofthiswasfoundinspec’tienQ-l’whichfracturedwith~ofienergy
,,,

atatemperature‘considerablyaboiethe’’’normaltransitiont’emperattiefor

thissteel.Whenthisspecimenwasexaminedmicroscopically,itwas’found

tohavean&usualmi.crostructtie.(iceFig.26c)Much

was@eSentinthiss:pecimenth&in”theottidrsofthe””Q

presenceoffreeferriteinquenchedanddrawnsteelsof

beenfoundin’’’otherteststobeassociatedwith&bnormal

mor”efreeferrite

series,The

thistypeilasalso

brittleness.The

brittlebehaviorofspecimenQ-1thusseems’tobeinlinewiththe‘known
,,,.,behaviorsofthesteelshavingsmilarmicrostructure.Thefreeferrite

couldbeth’e”resultof’(1)inadequatequenchor(2)reheatingslightly
,.

abovethelo~iertransformationduring“the’temperingtreatment.

Thereis-sti~iadeplorablelackof-fundtilentaliiiformationabout
,.

thebehaviorofsteelinthevicinity”ofanotch.Thewideflatplate’.:,

testshaveclearlydemonstrated”thateachsteel”behavesdifferentlyand

‘tfiat&eri’t~&‘ielativebehavibis”aredifferentfordifferentplatesizes
,,

Theneedforafundamental’studyofthebehaviorofsteelsinthenotched

conditioniscleaplyindicatedbytheresu”ltsofthetestsperformedonwide

flatnotchedplates.’ .,
,,.,,.

~,,,t,, ‘., , .,. :

,. . ./’

●

—.
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Conclusions
,;
The

..,.,.’,

,>

followingconclusionsseemjustifiedonthebasisofthe
>.—..,.

resultsoftheentireinvestigationincluding
.,
1and2 (seeBibliography)aswelJ~asthenew

;!
timeinthisreport. .“.

theworkdoneunderReferences,,
workpresentedforthefirst

1. Fractureswereobtainedinthelaboratorywhich.:.
appearanceandreductioninthicknesswiththosefoundin
,, ,

fracturedships.

wereidentical

sectionsof

in

2. Allsteelstestedwerearrangedapproximatelyinthesameorder
,,”

ofrelativebrittlenessbyCharpykeyhole-notchtestsad bytestsof,

notchedplatesofdifferent

Charpytestsarelowerthan

3. Platesfailingby

widths.Transitiontemperatui-esdeterminedby

thosedeterminedbynotchedflatplatetests.

cleavagefailwithslightlylowernominal,’
stressvaluesthandosimilarplateswhichfailentirelybyshear,.,, ..
4. Thechemicalcompositionhasa,parkedinfluenceuponthetrans-

itiontemperatureofsteel.Thisiswelldemonstratedbytheresultsof

testsonthe3&percentnickelsteelwhichwasfarsuperiortothemild
.,

steelsboth

ofchemical

onsteelsA

sitionwith

.,,..

intransition‘temperatureandinenergyabsorption.Theeffect

compositionwasfurtherdemonstratedbytheresultsoftests

andC. Thesesteelshadessentiallythesamechemicalcompo-

theexceptionofthenitrogencontent.SteelA contained0.004

percentnitrogenwhilesteelCcontained0.009percent.Thedifference

inthebehaviorsofthesetwosteelsmaybemainlyduetothedifference

thenitrogencontent.However,themicrostructureofthesesteelsalso

differedslightlyandpartofthedifferenceinpropertieswasprobably

duetothedifferenceinmetallurgicalstructure.Apparentlya higher

rollingtemperaturehadbeenusedforsteelCthanforsteelA. The

in



transitionte;aperature’’ahdenergyabsorption:areapparentlyaffected

15..

as

muchby’the’metallurgicalSt’fuct&e”of’thesteelastheyareby.the

chemicalcomposition.SteelQ,whichwatiquenchedand

wasgreatlyimprovedbyheat-treating,‘@hiSt&atment

ferritefromthemicrostructure,

drawnoriginally,

eliminatedfree

.,,.

5* Forhull-qualitysteelsofthesemi-killed’type,producedunder

ordinaryconditionsofpresefit”commercialpractice,.thetemperaturesat

which

shear

above

“60

themodeoff’ai~ureofsharplynotchedplateschangesfroma,ductile

toabrittlecleavagetypemayvary’from’belowfreezingtowell

roomtemperature.

Intheset+st~itwasfoundthatonthebasisofthetransition

temperatures,the”steelscouldbemoredefinitely.ratedbytests.of12-inch

specimensthantiytestsofwiders“pecfiens.;

7. “k~it~thes~e””shd~p~essof’notchand“afixed’ratiooflength

ofnotchtofiidthofplate,thenominalstrengthofplatesofthe.same
..

thicknessdecreased’withincreasingwidth.‘Thedecreaseinstrength.is
,..

considerableastheplatewidth’isincreasedfromafewinchestooneor

twofeet,butthedecreaseinstrengthisrelativelysmallastheplate
,,

wid~h’5areincreasedbeyondtwof’ee”t:‘The~ndninaLstrengthofsteelBis

“:onIj’’about1000psilessfi”168-inchwideplaie~’thanitisin72-inchwide
:,,,. ,,,.

“plates. ,,’ ,:., .. .

“8.’ “’ ‘:?ithagivennotchgeometryanda-fixedplatewidth,thetrans-

itiontemperaturewasfoundtoincreaseasthespecimenthickness.wasin-

creased.Inspecimenscutfromplatesrolledtodifferentthicknesses

fromthesameheatofsteel,twofactorsinfluencedthetransitiontemper-

atures;thesewere(1)specimenthickness,and(2)metallurgicalconditions

introducedbytheadditional.rollinggiventothethinne’rplates.Thin

— .
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specimensmac,hined

thahdidapec.tiens

fromthickerplateshadhighertransition”temperatures

of’thesamethickness‘inadefrom~s-rol.ledplates.

,; :9* SteelsC- be~rr~llged:i,n.~ed~eOrder’of’notchsensitivityby

testsofedge-notched3-inchwidespec’im@ks~S.’bytests’ofcentrally-notched

widerplates,althoughtheactualtranshti.ontemperature”inaydifferforthe

twotypesoftests. .,,,,::

~10. Fora seriesoftestsconductedongeometricallysimilarcentrally-

notchedspecimens3,6,and

lawsapparentlydonothold

u. Fortensiontests

12-inchQswideittiasdemonstratedthatthemodel

for’fracture.

madeoncylindricalun-notchedspecimensat

varioustemperaturesdowntoliquid-airtemperature,bothyieldandfracture

strengthwerefoundtoincreaseasthetemper’ature’was’lowered.Asthe

temperatureapproachedliquid-airtemperature,themodeof;fracturechanged

fromthesheartothecleavagetype,and

decreased.Thecleavagestrengthatlow

uponthestrainhistoryofthemateriel.

thefracturefstressandductility

tem~ratureswasfoundtodepend

Barsstrainedatroomtemperature

werefoundtohavehighercleavagestrengthwhensubse~uentlybrokenat

liquid-airtemperature.

3.2

research

withlow

andthat

.,we,l,d.

,,, ~,
.,.

..,,: ,.

Testsoft’woadditionaltubularspecimens,madetocompletethe

programd.ginatedasNDRCProjectNRC-75,showedthatwelding

hydrogencontentelectrodesapparentlydoesnotinprovetheductility

postheatingto1100%affterweldingimprovestheductilit~ofthe

..’ ,,.-,’

,,..,,
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Organization~~ . .:
,,. .,;

The.investigationsw&e’Condu&edby”theUni’vers,ityof:Califorrlia
,“

inthehgineeringl(iaterialsLaboratory,liyP.O~Brien,DeanofWe College
..;.,.’ ,“ ,, ~,.“~.

ofEngineering;was”th~Tech~ic&.Representat~veforlth~~oject.Thework.,,. “
was’underthegel.eraldirectionofP.aymondi.Davis.,Directorofthe’

,.’
EngineeringMaterialsLaboratory.G.d.Tioxell.,“ProfessorofQivilingi-

,,
neering,HarmerJ.Davis,AssociateProfessorof’CivilEngineering,dariIi.,.
Parker,AssociateProfessorofPhysical’Metallurgy,andA,Bo~dberg,kesearch
,...flngmeerjwereinchargeofthetechnical’pliaiesofthe’investigation.

,.’
Special‘studieswereconductedbyCharlesH.Avery,JosephJ.l)eVito,R.Payne,

andT.Robinson.Theskio~ work,weldingandriggingwasunderthesuper-

visionoftilvinL.Whittier.Othermembersoftheprojectstaffwhohave

servedeither

D.~3ehM,~LarJ/

i?. Brezee,E.

fullorpart-tfieincluded:

d.Bennett,N.Berliner,,D.

~~.cleave,llinifredDunlop,

J, Hancock~EloiseHornstein,R.Johnsen,

P. R. Angell,G.Barringer,

Berner,E,Betts,R.Bousquet,

C.Glassgow,Davidd.Giobs,

InezLeklak,Ruth,,imball,R,

blorge,S.Lever,J.Logan,N.k,cLaaghlinjJ.Lednick,‘,/.liillins,Jean

Neilson,F.OrmsbyjD.Peterson,li.T.Rains,VeraRideout,A.D.Ringj

fi~F.Schord,Le.Seaborn,D.Unger,

HarryE.Kennedy,ResearchAssociate

asconsultantonspecialproblems.

T.

in

Ysmamoto,andPhebeZimmerman.

theGollegeoftingineering,served
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.APPENDIXA: ,.,
,

ResidualStrainDistributioninI~otchedxFlatflate&terFracture

A systemofrectangulargridsdescribedinaprevious.reportl,.
wasappliedtoonefaceofal..”thefiidenotchedflatplatesthatwere

,.
tested.Readingsreproducibleto~‘0.002werebkenbymeansofa special

mechanicalstraingagepriortothetest-andafterfracture.Percent
elongationswereCalculatedforthedifferentgagelengthsandtheresults

arepresentedinFigs.A-68toA-153“ofthisreport.Residualstraindis-

tributionsforplatesbrokenintheearlierpartofthe

presentedinFigs.A-1toA-67inclusiveoftheearlier

tobenotedthatthevaluesgiven& thefiguresdonot

programwere

report;lItis

includeelastic

elongat~onsnorthe

thefractureline.

onlyononefaceof

duringfracturemay

amountofseparationofthepartsoftheplatealong

Alsojsincetheresidualelongations“weremeasured

theplate,theeffectofpermanentbendingofaplate

beincluded”inthevaluesshowninthefigures.In

mostcases,however,verylittlebendinganddistortionoccurredduring

fracture.

Linesoffractureareshownonthedrawings

gridsystemisplotted.Thetemperatureoftest,the

themodeoffailureareindicatedcmthefigures;

. . .
. .

1 beeBibliography
,! ...’..’..

forwhichtheoverall

nominalstressand

——.
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‘To

APPENDIXB

AdditionalTestsofLargeTubularSpecimensofUildSteel

supplyadditionalinformation,asaresultofquestionsraised

bya studyofthedataobtainedfromthetestsonlargetubularspecimefis

includedintheprogramofworkofNDRCProjectNRC-75,3testsweremadeon

two additionaltubularspecimensat-/+OOFwitha stressratioof1:1.

Thespecimenswerehollowcylinders20-inchesinoutsidediameter,

18~-inchesininsidediameterand10-feetlong.Thetubesweremadebyforming

two3/4-inchthickplatesintohalfcylindersandweldingthemtogetheralong

two longitudinalseams180?apart.Thesamesteelwasusedasforthetubes

previouslytested(steelA).Theplatesusedinbothspecimens‘TL1land“O”

wereheattreatedat11OOOFforalyut 8 hours afterfortingoperationswere

completed.Fordetaileddescriptionoftheapparatususedandthetestpro-,.
cedurereferenceismadetotheoriginalreport.3 Specimen!1011waswelded

withNRC-2Aelectrodesandwasnotstressrelievedafterwelding.Insofar

as thefabricationprocedurewasconcerned$specimen“L”wasaduplicate

ofspecimenl’l!!andwasweldedwithE-6020electrodesandwasgivena so-

called

ofthe

stress-reliefheattr(?atflLent at1100%for6 hoursafterthecompletion

welding. ,,

Figs.B-1andB-2showthenatureofthefracturesinthetwotubes.

Figs, B-3andB-4 showthe strain distribution fi

determinedfromgridmeasurements.Figs,B-5and

stress:effecti_ve-strain6curvesplottedforall

3,5SeeBibliography
6 SeeBibliography.

asfollows:
Effective-strain=

thefracturedtubesas

B-6showtheeffective-

ofthetubularspecimens

Effective-strainand’effective-stressaredefined

=:

(G -E )2+(%&-- E~)2+ (e~-e)
z
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forwhi~hload-strainreadingswereavailable.Figs.B-7andB-8showplots
.,’

oftheStraindistributionsinthetubesforvariousstresslevels.Some

oftheresultsobtainedonsmalltubesofthesame”steel,testedatIllinois

InstituteofTechnologyonNDRCProjectNRC-77,4areplottedinFig.B-9

forcomparisonwithFigs.”B-5.andB-6.Curvesforresultsobtainedfrom

standard.505-inchdiametertensionspecimenscutfromtheweldandtheplate

materialneartheendsofthelargetubeandtestedattheUniversityof

CaliforniaareshowninFig.B-10.

Specimen110’1,weldedwithNRC-2Aelectrodes,didnotshowany

appreciablein.provementovertubelfF}t,weldedwithE-6020electrodes;both

tubesweretestedundersimilarconditions.Thetwotubeswerealsosimilar

inmethodoffabricationwiththeexceptionoftheelectrodesthatwereused

inwelding.Thesameheattreatmentpriortoweldingwasusedoneachtube-

plates beingfirstformed,thenstressrelieved.Neitherofthecylinders

waspreheatedpriortoweldingandneitherwasstressrelievedafterwelding.

Theweldingofcylinder‘!O~’wasdonewithl/4-inchdiameterNRC-2Atype

electrodespreheatedto600°Fpriortciuseandusedwhiletheywerestill

hot.Thelongitudinalweldrequiredquiteanunberofrepairsnearoneof
.— —

~ ;3:t~dbliography ,,

el=measuredaxialstrainand

where~= average

a>=average

axialtruestress,psi

circumferentialtruestress,“psi

radialtruestress~psicr~=average
Inthesetests,effective-strainswerecomputedfromtheaveragestrain
readingsofthe2-in.clipgageslocatednearthemid-sectionofthe
specimenawayfromthewelds,

—
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which

areas

pairs

thefractureorigihted.Nopreheatwasusedinreweldingthe

thatwererepaired.

weremadeshowedno

break.Cleavagefracture

110!1about22-inchesbel~~

X-raypicturesoftheweldtakenafterthere-

vindication“ofanydefectneartheoriginofthe

originatedatthelongitudinalweldofspecimen

mid-sectionandproceededinbothdirections

paralleltotheweldalongtheheataffectedzoneforabout12-irlchesand

thenpropagatedaroundthespecfieninseveraldirections.

SpecimenI!L1lfailedtoshowasg’oodresultsfrompostheatingto

llOO°Fasdiditscounterpartspectien‘11’1,‘itwas”moreductilethan

specimen!’F1l,whichwasnotstress’relievedaft&welding,but”ciidnotex-

hibitasmuchofareductioninthickness,asgreatanelon~=tion,oras

largeatruestressatfractureasdidspecimen‘tIfr.

ThefractureinspecimenllL”originatedinthepl~atematerial

wellawayfromthewel’d,neartheupper

apparentlystartednearadefectinthe

werenotforthisdefect”itispossible

endofthetube.Thefract’ure

plateshowninFig.B-11,Ifit

thatsomewhathigherstrengthmay

havebeenattainedaswellasgreaterelongationandreductioninthick-

nessandthustheresultsfromtubet!Lllwouldcomparemorefavorablywith

thosefromtube‘ll!!.LaminationofFig:B-5showsthatthestress-strain

curves

strain

onthe

forbothtubes!IL!land‘tit!donotdiffergreatlyuptoaneffective-

of0.09atwhichpoint’tubeIIL!:fractured.Thefractureoccurred

sectionperpendiculartotheaxisatatruestressof62,ooopsi,

whichisbelowthetruestressatfractureina simpletensiontest.

Itm.aybenotedinpassingthatintheeffective-stress:effect

straincurvestherearediscrepancieslargeenoughtoindicatethatexisting

theor”iesofplasticflowareeitherincompleteorinexact.
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Conclusions

tubular

andthe

scribed

The
,,

I%il.owingconclusionsmaybedrawnfromtheresultsoflarge

specimentestsdescribedinthefinaltieport01’“NDRCProjectJEW-753
,,
results”o’otained:fromthetestsofthetwoadditicna~specimensde-

inthisreport.Someoftlie‘conclusionsarebas~dcnresultsfrom

‘testsofpilotBeriesonsmalltubular’specimens.7

“1’.” Widdd20-inchdiametertubesof’hull-qualitiysteel’testedunder

variouscombin~tion~ofinternalpressureandaxialloadexhibi~$dstrengths

and’’ductilitie’sconsiderablylessthanthe’utensil.estrengthsandduc-

‘tiiitiesofktandardcouponstideoftheplatematerial.‘Thistendency

‘was’alsoexhibitedina nuinberofthesmaller,morehotiogeneous,tubesof

thepilotseriesoftests.

2.‘ :~Thestrengthsofthe’’tubesascalculatedonthe~!conventionalu

“ basisdidnotvaryaswidely’withdifferenttesting condiki’onsastheso-

called“true!!stressesat‘failure,,Also;forthipurposesofinterpretation

ofthephenomenaobsefved‘in‘theSktests,thetruestressesatfailure

appeartobe-a’moresignificantindexof‘strength,‘eventhoughtheyare

computedas~averag&”’stre’ssesacrossanentitiese~tioniathe.rthanstresses

atapoiht. “ ,,’ >,. . .,,

3. “ Unde&certairi’co~lbiriations’of’’t~m~~raturejratioofapplied

stresses,andconditionsoftubeasregardsheat-treatment;itwaspossi’ole

--tb’attainfailures’withveiy’lowducti~ties,approachingthoseobserved

in.fractwedships,&enthoughtherewasnomechanicalnotchinthetubular

Specimens.Thestrengthsattainedundersuchconditionswerecorrespond-

inglylowascomparedwiththestrdngthjofth&mostductilespecimens.,,,

-— : .,.,.—: .’. .,
3,7 SeeBibliography. , ; ~ ,
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40

whichthe

causedby

:...<,. ,,. ,. ... ,.

Allthetubestestedat70°F,withtheexceptionofthosein

fracture’occurredneartheendsduetocomplexstressconditions

endrestraintandconsequentexcessivebending,exhibitedappre-

ciable ductilitypriortofracture. ,..,

5. Allthetubes’testedat-40°F,withtheexceptionofoneofthe.
twowhichwereheat-treatedafterwelding,were~elativelybrittle,i.e.,.,,..

,,
exhibitedrelativelylowplasticstrainsprior,to,rupture,,..,

,’
6. Twotypesoffracturewereobseyvedtot~eplace,depe’tiing~~

upontheconditions”leadinguptofailure:(a)shearfracturesoccurring

apprOkimatelyon!planesofmaximumshearstress,and(b)cleavagefra~tures
..

occurring’nck%altothedirectionofthecriticaltensilestress.--

7. Inweldedtubes,whiletheratiooftheprincipalstressesin

attibewallmayhave”playedsomepartindetermining,theoverallstrength

andductility,theorientationofthecriticaltensilestresswithrespect

tothedirectionoftheweldedseamappearedtobeagoverningfactor

asregardsinitiationoffailure.Itisnoteworthythatinthetestsat.,
roomtemperature,inthosecaseswherethecircumferentialstressesw:efe’:

critical,failureoccurredintheplateawayfromtheweld,whilein

thosecaseswherethelongitudinalstressesbecamecritical,the

occurredinthewad‘orweldzone. ,,:

8. Xtisbelievedthatthegrossresidualstresses’dueto

failures

welding

contributedrelativelylittletowardcausingfailgre,atleastwithin

therangeoftemperaturesatwhichthesetestswereconducted,because

alltubesinwhich””fractureinitiatedinthelongitudinalweldstretched

sufficiently(1.6percentormore)priortofailuretominimize,ifnotto

eliminate,theinfluenceofresidualstress.
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9. Intubesinwhichfracture@itiated,intheregionofaweld,,.,..,,”:.Ii. ,.,,;...:..,.’
acrackappearedtohavestartedintheweldorweldzorie~andthen

frac!turepropagatedinto,theplate. ,,,,,,
10. Smalldiscontinuities,.suchasdefects,gougesornicksmay

becrack-starters,@particularlyatlowtemperatures(TubeGahdTubeL).

U. Inallthetestsmadeinthisirlvesti,gationj.; .},.~~
startedintheweldzone,failureoccurredby,cleavage

,’.’,
wasbrittle.

whereverfraciure

andthespecimen

12* Thebeneficia~,re:ultsofheat-treatmentoftubesafterweld-
...’:“
ingisattributedprimarilytoalterationofthemetallurgicalstructure

oftheweldzoneratherthantoreliefofresidualstress.(Seees-

peciallyTube1).Theso-called“stressrelieving’!heat-treatmentmarkedly

improvedthestrengthandductilityatlowtemperatures.Thisheat-treat-

mentreducestheresidualstressesanditaltersthemetallurgicalstructure

oftheweldzone$maki~~thematerialinthisregionmoreductile.The

residualstressisalsoreducedbycausinga smallamountofplasticflow

tooccurparalleltotheweld.Thiseffectoccursatatmospherictem-

peratures;consequently,themetallurgicalstructureremainsthesame.

Theplasticflo~wissufficientinallofthetubestestedintheIIas-welded!l

conditiontoproducestress-reliefbystretching,ThetubeIIstress-relieved

byheat-treatmenthadmuchgreaterductilityth~nanyoftheas-welded
v

tubes.Sincestress-reliefoccurredinalltubes,eitherbyheat-

treatmentorbystretching,itappearsthatthemainbenefitderivedfrom

theheat-treatmentisthebeneficialalterationofthemetallurgicalstructure.

Itisindicatedthatappropriateheat-treatmentsorpertinentchangesin
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weIdingtechnique

prematurebrittle

3-3e Bending

aremeansofreducingoreliminatingtendenciestoward

cleavagefractures.

stresses(suchasthosewhichcanoccurattheend’

ofa closedtubeduetoradialrestraintof‘theheads)orabruptchanges

inwallthicknessareli.kelycauses’ofprematurefailureatbothroom

andlowtemperatures.Itwasfoundnecessarytotakespecialcareto

provideaverygradualtransitionat”theendsofthetubesin;orderto

obtainfailuresnearthemid-section.

14, A specimenweldedwithlowhydrogenccntent,NRC-2Aelectr~des,
,, .,

wasapparentlynomoreductilethansimilarspecimensweldedwithE-6020

electrodes.

,“

,.

.“,’

,. c

.,

,.,

., .’

,.
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.APPE~DIXC f,. ,i ;.> .,~. ...
,, .,.:.,. ResultsofTestsonS-impleTensio~bpe’~imens

TestedatVariousTemperatures

Tensiontestsweremadeonunnotchedcylindrical

4

.,. ,,..

specimensof

steelsA,Bn, andCatvarioustemperaturesrangingfrom450°Ftoliquid-

airtemperature.Yieldstrength,fracturestressandreductionofarea

weredeterminedateachtemperature.Inaddition,theeffectofpre-.
straining.atvarioustemperaturesonthecleavagefracturestressatliquid-.,

airtemperaturewasdeterminedforsteelA. Thesetestswereconducted

withtheobjectofobtainingbasicdataonyieldstren@handfracture

stre.~th,andtodeterminetheter.peratureoftransitionfromshearto

cieavagefractureforthecaseofsimpletensionloading.,.
The

andC-3.The

is lowered

resultsofthetestshavebeenplottedinFigs.C-1,C-2

yieldstrength.increasesrapidlyasthetesting,temprature.,
untilitisessentiallyequaltothefracturestressat

liquid-airtemperature.Thefracturestress(breakingloaddividedby

finalarea)risesmoreslowlybutcontinuestoincreaseasthetesting

temperatureislowereduntilthecleavage-typefracturebeginstooccur.

Atthistemperature,thetransitiontemperatureinsimpletension,the

fracturestressreachesamaximumandatlowertemperaturesdropstocon-

siderablylowervalues.Thetransitiontemperatureswerefoundtobe

about-Z50°Fforallth!reesteels.Thusitwasindicatedthatthesimple

tensiontestapparentlyisnotassuitableforratingsteelsintheir

relativeorderof’brittlenessasarenotched-bartests.

—
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Thereareseveralresultsworthy’”offurtherdiscussion.Steels

BnandCtestedat-3C)0°Ffracturedat,,stresseslowerthantheyieldstress....... ,:,,,.’......,..’....$. ........
‘Jhenthespecimensyielded,theloaddrop~doffasitnormallydoesat:..-
roomtemperatureformildsteel,andfractureoccurredbeforetheloadin-

‘ThisunuSualeffectwascheckedbytestsonanumberofcreasedagain.”

additi’oaalspecimens,

A seriesofspecimen’smachinedfromsteelAY;erestrainedtoa

20,20,30,:40,’50and60percentreductionofareaat212,70,and-105%?,

andthenthetemperaturewasloweredimmediatelyto-300%andthe”Apeci.me.ns
,“

,,
brokenwit’ilnoadditionalplasticflowoccurring.The’cleavagefract~e

.. .
stressat“-,300%7wasfo”tidtoincreaseastheamountofprior‘strainwas

increased;Theseresult+,showninFig,C-4,indic~teforthesesteelshow

thefracturestressatalowtemperaturedepe~ldsuponthestrainhistoryof

themateriAl,

seemsto’have

.,

Thetemperature

littlehfiuence

,,,

.,... .

. . .

atwhich

uponthe

,,

.

. .. . .
theprestraining

fracturestress.

. . .

wasdone,however,
.,

.,,.
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APPE@IXD

desultsofTestsonGeometricallySimilar—— —.——., &entral.ly”NotchedFlatPlateSpectiens

Testsweremadeat

similarspecimens.Thetype

threesizesofspecimensare

dataforeachtest,andFigs.

severaltemperaturesona seri&sofgeometrically

ofthe’specimenandthedimensionsofthe

giveninFig.D-1,TableJ-1givestheprincipal

D-3andD-4showthevariationoflongitudinal

strainwithdistancefromthenotchofa3-inchwidesize-effectspecimen.

Fig.D-2givesnominalstress-straincurvesforlongitudinal

elementsatthebaseofthenotchobtainedongagelengthsofO.O1}0.02,

and0.04inchesforthethreesizesofspecimens.Thespecimensdonot

behavesimilarlyuptostrainsatwhichthefirstcrackformsintheroot

ofthenotch,Consequently,itisquestionableastotheextenttowhich

modellawsarevalidintheplasticrange.titercracksform,similarity

inbehaviornolongeroccursbecausethespecimensaretherafternolonger

GeometricallySimdla.rvTheresultsoftilesetestscontradictapreviously

reported2conclusionthatsti,larlynotchedsamplesseemto@ergosimilar

strainswithintheplasticrange.

Thefactthatthemodellawsdonotholdwithintheplasticrange

issurprising,becausetheoreticalconsiderationsleadonetoexpectsimi-

larityinbehavior.Apossiblecontributiontotheobserveddifferences

inbehavioristhesurfaceconditionofthespecimens.Afterannealing,

allspecimenswereffistcarefullymachinedina shaper,withthefinalcuts

beingverylight.Allspecir.enswerefinishedinasurfacegrinder,with

thefinalcutsagainbeinglight.Evenwithlightcutsthesurfacelayers

ofthe

plate.

worked

2 SeeBibliography

specimensarecoldworkedandareconsequentlystrongerthanthe“base

Thepercentageofthetotalcross-sectiontakenupbythecold-

surfacelayersislargerforthesmallerspecimensandconsequently
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mightconceivablyexplainthere.suXts.A.roughestimateoftheamountof

strengtheningwhichcouldresultfromsuchsuyfacehardeningindicates.,
. . .. ‘i .,“.,. ..

thatthedifferencescannotbeexplainedbythisfactoralone.
..-.

Additional,,.,, ..’
testsshouldbemade’onspecimensfromwhichthecold-workedsurface

layershavebeenremovedcompletely.

,,

.,

.,,,

.. .. .

,’

,...

,.

,.,,

,,

-,.,

,, ,.

,:
.,.

;.,

.

.

.
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TABLE1.--DTSC21~TIOlJ07S$EEJ-SUSEDINFLAT‘PLATET“ISTS

Allsteelsweretostodattenper~turesselectedsoastodefineth~tell,-
pefaturetransitionrange’withinreasonablelimits.

Steelsusedintestsof12-in.specimens(orwider)vrerefurnishedin
plates3/4by72by120in.

--— .. . ,—-.— —--.—.————-——— . ..—
~Approximate~

——.——:: ——,...-—
CodeLetterfor Chenica1 Typeof

~

Steeland Anal~sis~Steeland I UseinTestProcram
Nailufacturer .-—..
——.—. 7ZC ?nir ; condition “/:”———- —— ----------...—-..— ___,.

/Largecylinders;! I 72:43,24,12
A !Semi-kil16d,1and~-,innotched~>la-tes.iO*250,47,asrol~efi./lc1,arp3ri;nD;ct~9s,5i;~a;t$to~Carnegie-Illinoisl .,. ,-! Iperatiureier.silebars
~ ‘—l-----+ ~ }----”-–———-—————-——--—-

~o~l~0.721‘Semi-?;illed,72,48,24,12acdS-;n..notched
Bethl~;em, iasrolled,plates;,Ckarpy:Jxnacttests:

5———- —.~ ——–--+ —— .-.--..,..—-,-----..,.—----
I72,48,24,12and~..in,notchedBnI 1.Bethlehem ~.180.72lseni-~zilled[ latec;Charpy~mpo.ct-tests;:~normalizedIpt ~lowtemperaturetons.i]ebars

—..-. ——.- y.-—____ ~. ~.-..
!

— ——-— .................._.,____.-—______
~‘~2~4~jZq.cI.2~.nc~s-in,notched

c i’
~0.250.49 Semi-killedIpiates;~;kzwp~iimpacttests;

Carnegie-Illinois/ asrolledll~vJt~fi~erz:tu:-ctensilebars.;
[ I

{ -1
size=ffects-bwiias

—. ---—.—*— .——.—..—”————.—,--i_-—_—-,—...---—.------_-__,-_-
D I0,190s52~l’ullj-!:illed[lOne72-inspl~teac.d~-in.

I.ukens ,normalizedl;notchod’~lates#I
-.--. --.-:.— -~———-— -’--i’---”-’--+’———— “.—.-,.....-.-.,.-,--_____.-----_,

E
Lukens

—
1 .— — --.+--

t

- — -—-?------- -- ------- . . ... . . -... -.-—----

i? i0.160.85‘Fully-killed72,1.2and3-in.notched
5ekhlehem tis rolled”~P]ates;Charpyirmmcttests

—,—-.—___-..~----–------+-------—l----—-— ---.-.-—,.—.-—_
],?

!0.13, 3<49 !3 l/4~ Ni ,
Lukens, 1 p~~tes;Chalspyi’rnpacttests

——-. .—.—--,.___-.....—----......–:::1$: and3~:~~~:-jFully-killed,
‘waterquen-I

Q
,, ,. ~12 and 3-in.notchedplates;; 0,23 1.05 g::op?~epublic .and~CherpyilnpacttestsI ‘dramat It 1300°F. ;,--—..—,— .—~..— — : ——--——..~--.-.-..-. .—!IFully-killed’

‘waterquent-,.
,:,s

~ 0’.23l$o~ ChedfromRepublic ,1600°F.and.12in,notchedplatesonly

--— —— -———.- —.— - — ——— —

* Six12-’in.SpeCb9nS OfQ steetwerereheattreated.

— —
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Steel CodeLetter
and

Manufacturer
,ChemicalComposition
I c

]+~

TypeandHeat
Treatment

?hysicalProperties
;YieldPoint,psi
Ult.jtrencth,psi
1210ng.,~;in2in.
Hon~9,Zin8 in.

Deoxidation
?ractiee

Notes:a --Analys~

SteelA
Carnegie-
Illinois
a b

0.23 0.26
0.47 0.50
0.02 0.03
0.0110.012
0.0420.0s9

—. 0.2
— .0.’-)12
— 0.03

0.03
— 0.006

0.003
0e004

SteelB I SteelC
Bethlehem Carnegie-

i Illinois
I

a bfa b
0016 0.18 0.24 0.24
3*74 O*73 0,49 0.48
2.03 : 0.07 0.043 0.05
3.011 0.009 0.0150.012
3.030 0.030 0,033 0.026

0<05 ..- 0.02
— 0.015 “—. O.ole
— 0.07 i— 0.03
— 0.03 — Q*O3
—. 0,006 — 0.005
—: 0.012 -- 0.003
— 0,005 -=- 0.009

SerA-killed I,Semi-killed-.......
4.srolledAsro’~fi=m-a~’--~”Asrolled

I !
ized. II -L—---––-4————————

37,950 I35,%00 j 34,800 139,000
59,910 593600 I58, 920 57, 493

I I
33.5 —, —
— , 26,0. , 32.0 , 25.5

1-1/3lb{
toninladle
l/2lb./
tonAlin
themold

—.— ——8-l~ib~-~nof
ferro-manEanese,1-
1/8lb/tonferro-
siliconarrd2-1/2
lb\’tonofA1-Siin
Ladle;sfiallamount
c?Aladded.in
:.31d

TX/tZnYT!.,180~ferro-
‘maizganeseand
2.5lb,/ton
of50$Yerro-
siliconin
ladle;1/3 lb.
pertonof’Al

SteelH

L

SteelN
Ilethlehem Luicons

. —.—
a

0.16
0.75
0.17
0.010
0.022

—.
—
—

—
—

b
0.18
0.76
0.16
0.012
0.019
0.05
0.053
0.09.
0.64
0.006
0.004
0.004

a
0.13
0.49
0.22
0.019
0.027
3.34

—

b
0.17
0.53
0.25
0“011
0,020
5*39
0.077
0.19
0.06
0.025
0.017
0.005I

Fully-killedAlloy
AS rolled Asrolled

I—- —.-t —.
59j800 49, 800
63,100 78,300

— 25.5
27,0 —

—.-
6.1 l~~a~
80~ ferro-man-
ganeseand7.2
lb./tonof50$
ferro-silicon,
4.3lb/tonof
A1.sifermscl2.6
lb/tonofAlin

—— —

Not
ileported

I inmolde ladle
rnishedb~theSteelRa.nufacturer ——*AVera3eValuesforthe10I]

SteelG
;{epu-blic

—— .

b
0:210.22
1.05 1.13
0.05 0.05
0.0110.011
0.030”0“.030
— 0.05
— ,0.G38
—“ 3.13
— ~.~~
. 0.006
— 0.018
— 0.006
Fully-killed
7&i.erQuenched
]“rort16250FDrawn
at13!)OOF
for1 3/4hrs.—.
46,600*
72,450*

49*

No-t
Reported

.tesfurnished
b --Analysisperforme~byDr.S,Eqstein(13ethlehemSteelCo.)forthisinvestigation,

I
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~.— —

IPlatelJo~,C=d~~ionardType!
--+ c’

emlcalAnalysls ““–~
(co c

@ ~
,..

; A-l t Asrolled,semi-killed ~0.27 “0.47
A-2 ,1 II !1 oo~5 0.47‘ I

1A-3 11 ,, 11 , 0.22 0.47
! 0.25

1
A-.4 II !?.
i’1-5 II !! ~ 0.24 ::::

1 .—— J

I
1B-1 , Asrolled,semi-killed I 0.17 0.’711

B-3 t! It

[1

‘~tt
j S.18 0,70

B-6 11 ‘ 0.17 0.7’!?
~ “. 11 ~

B-7 1! : I 0.17 0.68
5-9 1! !1 .. i0.17 0671

————.—.——.—,—.——4
; B*2 Normalized,semi-killed !0.18 $3.75
! B-4 f : 1! ~0.18 ().73
/ %: ‘ ,,

II ~0.18 9.71.
II, \0.16 ().‘7’1

i B-1o [ II 11 ~ i3.17 0071

~ ; ~5 ,olled,–;mj~kill;;-—–”-”—
._-. _.-. -.-— .—- ........ . ,.—-— ..——

‘~ 0025
\ & II 11 I 0.26 ~ ;;;
~ C-3 !1 !! 1 0223 0 ~(>
1 ~,-4 !!’ . !1 I 0,25 ~,gg

I
~ C-5 I

,,: 1! ; 0,)26 i’j,~~
; C-6 lt 11 ~ 0.25 G,48

.y---.——. ..—— ——.—.—-— ..———
“i D-1 ~ NTormali.zed,full~-killed j0..19 o,5cJ
I .——- —.— .—-..——.—-.—___ -..—— .-.

1

k-i’--::s~~-.~~ q#
j N-1 As rolle443GZki~N: 0.18 0.48
I ~1-z j 11 303470N: I

0.17 0.48
1?-3 I : ‘t ; 3.37/:N: :8 }O*15 ., 0.50 t

I:7-4 i“ 11 3.38;;’N; 0.17 ‘“’-- 0.50
i 1
Q-1 ~Quenchedand~rawn,f’ully-killed0“22 1.11

i
!I~ Q-2 j !1 ,. .I1 ‘ 0“21 1,13

~ 3-3 i
1

11 - . 11 , 0.22 1.12
f -. ——

. . . . . . . . .

—
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—.—— .—.

1-------+-— --

i

A

,

!Al

.. ..

A2

..----

A3

—___

i A4
I
f.......

: A5

“+
-—. ..--—

I ~~

~._...

! 133
~

I
As ~-”’--””

“L.._.

Lolled
FIG

B7

—------ ...

,...— —, ..-.—---

“T]-peI

,:fai %%
,—,—-

1
.-——-----

,505 T’
,505 L
s~J.are L

Flat L
. . . . . - .+. _-...-_-.

.50’5 I T

.305 L
Square L
Flat

!

L- ...-,-----..-..-— -
.505 T
.505 , L
Square L
Flat L -
-----------......-..
.505 1
,505 L

.505 I i

..-.1----------square L
Flat L

.505

L

T
.505 L
Squaro L
i~lat L..... .-.,,----

.505’ T

..505 L
Square L
Flat L...-..-..-—.-.,-—...-

. ,. . ,. .. . . .
—.-...—-
Yield
Point,
psi..... --—...
34,575
35,550
35,070
~~.,510

-...—,--
35,390
36,200

~JJ~ao
32 950._-A...—.
36,500
35,500
36,620
35,3~c

.. ..

3s,180
36,G80
35,200
3!,800...-,.—---.
35,100
“5,000
35,100
32,800-..——— .
~fl.,6o0

32,200
3~,460

.32,210-.......”
:~,~~o
~~,oso

32,700
31 ;fjrJ

.--.....>-..

35,500
yJ;$$()

32,410
31,960

3s,500
33,050
33,000
32,300

.- ~—.. m...
)nslle.-r,.._—. .—
Tensile
;trength,

nsi.

57,875
58,300”
58,460
58,320.-—--------
55,700
57,6S0
56,190
57,~$o

..-
58,50C
,5::,400
53,630
53,620

132,475
62,~70
60,?00
60,900...-.--— ,...

57,100
57,400
57,800
57 500-_2-..
56,950
57,050
57,680
56,460...— -----
55,64.0
55,850
56,350
57,680

,,.56,950
56,630
S7,200
56,860--.---..,.

56;500
57,150
57,000
57,000_...—_

.- .=... ..-. . . .. -,.
ertles

Elong.
r-c
h
....

42.0
42.8
50.5
34.0———
4.3.3”
4.,:.7
53.2
32.4--.... .
C2.O
~~”o

51.0
36,6.........
38.0
42.2
47.5
~~.~

4.3.2
4,3.0
50.0
52.4.......
4,4.3
44.8

48.8
35.0..-—.-,...
44.3

42.8
~~.a

32.8.,.------.

42.0
45.3
~Q:.5
33.9

~~.g

45.7
53.5
:3.4

-----..

.- —-. —,-. ,

Hardness,~
p.~~;re11 :
B ]?umbers~
-. ...... .;

61

--.--—.-.

60

-----------

60-62

.........

61 ~
,

a - .5o5 E A.s.’r.u. std. roim.cl 0.505-im. dia. bar; square = fu~l thie~mess
of square cross section; fl~.t= A.S.T.~’.std. full thickness flat bar.

b - L=~XisOr bar parallel ~’~ith-direc:ion :,frOl~ing.
~=ttlln perpendicular tO

c- Elongations measured.on 2-iri.original ~age length except on std.
flat bars for uhich gage length was 8 in.



TABLE 4. -- R.ES.ULTSOF STA171ARDTENSION

AIJEHARDNESS TESTS

“(Sheet2 of”S)

———-..7-.-.=-..——— —.

I Plate I ‘Ype ~ Orien- ~1~
Type \

~ of
Steel ~ ‘0’

+

B~ra

~

tationb Point,

—.....—7— ,—...-

T

psi—_..,. _ —___ ,_< . .

B:
.505 T 34,600
.505 L

:1:*1 “; ~~ ~,

B9.. 32,400
!{s Square L 30,600

FJak L 30 800--..-+--- . ——$— .
.505

: ‘f~ ~

‘T 36,370
.,
~.,?2

.506 L 57,100
Square L 34,l~o

l-——
Flat

.505 -+4-:-

1 B4 .505 L

4

M:41O

, l._

Square L 51/0s0
Flat T, 30 900..— -.-..-..—.- _.~__ ...
.505 “T’ 37,150

, B5
,505 L

,1

35,650
i? Square .L 32,300
Nom ~

.— ~la~+~--
33,970-— ....

.1~
,5G5 T I .33,600

T.

~::_ _~~’e
,;’

:1

38, ”s00
31,900
~-~?”g::

- . . ...T __ ,.__. .
ro~ m.V 31,?,00

.] ~lo .>5d5 L :3,:9!)0

“1’ square ‘L .J~,q~CJ

r+ ~~ ~~ ,

Flat L—— —. ..._._ .-J31~s~m_

.505 , ‘T 35,500

, cl
.5d5 ‘L 35,330

I j

Sqtiam “L 3s,330
Flat L 35,300

I

~ .L

--------- ___ .__,:_____ ,...___

.505 ? 36,,000

i 1C2
.505 ‘L 37,130
Square L 36,200

Ij ~~w~ L 35 ,G50.—--- —----- .—_.-J----

.505 T 35,650

‘ ‘t

c I ‘3 $;’” : ‘ $:~
+ -—- —--- ~6”E

.505 T 35,500

C4
.505 L 57,650
Sqv.are L ---

-i

Flat

Im

L --
—-

.505 ,.1 36,000

C5
.505 I L 34,700
Square

~ Flat -;_,. !gx——

3’2‘“.!>..)

Pensile Pr
WiliY6--
.Strength.

psi—...—-.
67,~oo

58,600
57,000
56,900.-._______

5s,320
57,930
57,440
56,88o--.—...__,—..
56,710
57’,26o
55,470
~~,l~o

.-.———
58,,530
52,’?00
[>6,6’70
56,94C

57,.500
56,’![;ti
36,7CX3
56,200.-..——-.,.._.

56,0J0
55,s00
:.5,350
55,300_________

61,500
61,G1O
63,000
64 600--J. .,.—..
6B,130

68,500
66,54.0

.-,66,170

6;,s.50
6.3,650
65,500
64,500——.
M, 200
63,750
--
--

—.—
64,000
64,200
66,000
65,700—.—

—.=.
cmrtle-—. .

Elong
zc

-.—
43.5
4,3-5

54;,0
~2.5—-.
?;.8
~~.s
Sq:o
35 0

-..:.. .
4.1.8
45”,5
.54,G
f5.i.....—._

4‘52
?:4.s
:~~()

,?4.P

<:.55
,,~.C;~,
,$~:,~
:,~ -1

.-.,.-.,—
~,~,~
<3,.5
54.5
33,4—,——

40.0
41,5

49.0
31,6-. ----.
35;5
38.0
45.5

30.0-,-------
138.7
42.2
47”7
31.7-— —.-

39.0
42.0
--
..-

—.-

3s.5
4~,5
47.0
28.0.—

35

+---–

65.4

.6(LO.I=9-=%------
::,::] 60

ek,,g.....___,-..,,_

61.0

,.-.-..-.J
59,6

66
59.5
57”4 151:,.,j,

50.1 I

+“
57.0
54,2

6!2

53.0 J4/.00.-.. .. .c—

54.5
60.6
61.0

67-74

60.1 ~! 5J0
— ..—.

53.0
59.6

68.-
--

—
55.0
61.5
58;7

69
1]61.7 ] 171,,>J-.-—.-
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~. . . . . . . . . ..

,-...-——-. -—

i ~1

.
H L —..-,.

I

__p._.

I ~~

I
I I&3

. ....

AND W,RIMS S TESTS

(Sheet 3 of 3)

. ... .. .. .

Type
of

3ara

.505

.505
Sc.uare
.rlat-— _..

.505
.505
Sgiuare
Flat

.505

.505
Square
Flat,.-_.-,-

.505

.505
Sqmx
Flat-.—--
.505
.505
Square
~lak...-.— -.

-------

Ori.en-
t.ationb

—. . . . ..-—

T
L
L
L-— —-.

T
L
L
~

-.——. -

T
l.,
L
L........ .

T
L
L
L——.-

T
i,
L
L—---- ----

T
L
L
L

T
T.,
L
L.—.—.
T
T_
L
L-.—-,-—

T
I : .505

Q.3
L

Square~ L
Flat L—--.-—. ,-— -----.-.--..--—-——

-- ..— —

——-. . ..
YieId
Foir.t,
psi.—-----.—

33,900
37,000
W, 500
3<,500

34.,000”

37,500
33,70C
~~,~oo

61,000
63,000
5.9,000
60 100—-J ------

61,500
59,000
53, s00
~~ 700

—-L—-

52,750
58,000
50,600
50,300

61,,300
60,100
60, ~oo

59,800..—.—-- .-

4.9;000
48,300
53,100
51 900.-.J ----
44>000
43,500
48;400
4:3,600—..
.45>200
44,800
53,000
50,700-.. —-... . .

------- . . .,-. . .. ---— . . . ------
ensile Pr---------.-.
Tensile
Strength,

,psi.—-----

63,200
63,700
52,600
62 100-—._~.__

63,000
6.5,900
62,300

--!-:JQo_o-.-

76,850
7?,100
75,600

_-7-4L70-9-,_

77:600
76,100
77,5!)0
77 100--.—?——.

S3,300
S2,000
S2,700
82 300--..<-—-

30)000
w, 100
78,s50
78 000—-L -—

71,Soo
72,500
73,800
71,900

,70,550
70,850
71,050
70,800

73,800
74,~50

74,000
71 600—- 2---.-.--

erties.---,--

Elon.g. \

$C \
... . . .. .-1
4.1;5!
@,o !

52.0
29.6 I.-,----..-,

40.5 !
4’4.0!
51.5

I30.0-,----- .-,
37.8 ~
37.5

46.0
26.1..-_-.-—

38.2
38.0
45.3
25.7

32.5
3s.0
41.7
26.0—.-,-...

Z3.5
36,0
~q.o

27.0—.— .

42,5
45.0
q~:o

z~.~-—--
44.2
49.0
43.0
22.2-——

42.8
47;0
41.0
23,0—------

_. -----
Red.
in.

rea, $—---- .,
59.0
68;6
68.7
6S.7......_,.

60.0
67.2
68;7
67.0......

62.0
69.7
70.8
69.1---------

61.0
6~,1

69:5
66,3—. ..-
54.0
61,5
62.1
61.2.-—— ---
59.0
65,4

66.1
64,.3.—.——

61,2
65.0
74,!.
70.9—.—
59:7
62.3
74”0
71.8.—-—
58.3
6OOZ

73.8
71.3---.— -,-

— --—--

%rchness,
?oc?me11
~ ]T~?,eri

-- —... . ---

70

— ..--,-. -

70

83

——-..

83-64

_—-—

85

~~

-— ..—-..

82

.— ---

83

——

81
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THICKNESS RELWCTION ALONG FRACTURE LINES
~

TABLE- 6 OF NOTCHED FLAT PLATES *
5HLTT 2. Of. 3

. .. . . .,..? . ..” . . . . . ,AWM,=.

RIGHT SIDE OF PLATE 1,- ,TU.-..m 7.“rc,1 I.r I I ,,,. ,.-. L./.



THICKNESS REDUCTION ALONG FRACTURE LINES
TABLE- 6 *EET 3 F 3

OF NOTCHED FLAT PLATES *

TEL FiA?F S=ftz4E,v 7Es rING 01S7ANCE FROM NOTCH, !,4CUL7S

Wiom, .ulA@5R TEMP

IN -F LEFT YDE OF PLATE RIGHT S,0.S OF PLATE

26 16 8 4 2 i ~ % ~ /“ 0 0 ~6 ~ ~ $ [ .? 4 8 16 26

N-3A. @ 2(0 s !9.0 S 150 s !2. 5 s !0.5 S 95 s ao s 8.5 5 9.0 s 8.5 _S ! 3.0 5 3.0 5 12.0 s 13.5 s 17~5 Is:o_ s] Pm s 19.5 s 21.0 s 260 s]

72+ &2A /.?574325 3.5 c 5.0 G 9.0 c /3.0 S ,3.5 s /50 s 16.5 S ,0.5 S ,4.0 s 55 s 20 s 6,5 S 6.0 S 10.0 s 9.5 S,.?o s ,40 * ,Z.5 c 6.5 c: 35 c 4.0 c

*IA 655%51.) E.5 c ‘ 5.5 c 6.0 c 6.5 C 8.5 C 15.0 C 2U5 s !85 s !6.0 s /6, 5 S 45 s 60 s ?0””5 8.0 S 85 s 11.0 s 135 c Z5” c 4.5 c 4.0 C“25 c .?0 c

N–3D 7?- 73- 2?20 5 8.5 s 9,0 S 8.0 S 65 S 6.0 S 6.0 s 25 5 /.5 Si 55 s 6.5 S .?5 s 85 Sllo,o s 13.0 s ,4.5 .5

N-16XD w-w 6.0 s {.35 S:!!.5 s 35 s 9.0 S : 8.0 ““”S 65 S 35 s ;0 s 55”5 8.5 S 80 S SW Sill.o s, 12.5 s /2.5 S,

W21X0 -r
,

6.0 5 /4.5 s !Z5 s !1.5 SIQO s: 75 s 65 s 30 S @s 55 5 775 s 95 S’lc?o s~12.5 s {3.5 s 165 s !

*2XD (&%9(-z29 ! PI.5 ST/3.5 Syz.,o s 105 S:90 s 85 s Z5 s 20 s 35 s 50 s a5 s s?0 S~ 9.0 Sj 9.5 S 10.0 s 13.0 s

w, .+!0 (-XZJL2W7 : 100 c 14.0 s ‘12.5 S [1.0 s: 95 s ,?0 s
.,.

I — -——— —— — — — — -— ~.
2.5 s 2.0 s s 55 s 90 s 9.5 S!ll. o s 14.0 S ~

,V-4D #34?+5+.7 /2.5 s 100 s 9.5 s 65 s 80 s 70 s 55 s 20 s P.5 s , 6.5 s ?75 s 80 s a5 s 90. s4~_5 .s 5.5 s,
.,. —-. . . ..—. .–——. —–. —..

12. N–14XD {m> 2.5 c 3.5 c 60 C 10.5 C 155 s !50 S!15.O s 30 s 1.5 s; Z5 s, 9.0 s !35S,95C 55 C<o c .70 c“

t+lxo {-46%447

, .—.-... ..--..

/4. 5 S (2.5 S 10.5 s 90 .5 85 s ,ZOS65S,20S 1,5 s Zo s 90 s 9.5 s 100 s !1.0 s !(3.0 s 70 c

.

N-2D 6629+.559 ““+Zo c !75 c 1350 s 245 s 180 5:155 S,!4.5 5 2?0 s 2.0 5 .50 S’65 5, 80 s! .?0 s 245 s /2.5 C 55 c

ftzxn (&?fEo?

. . .

30 c Z5 ;:/80 c 205 S /8.5 SI190 5 /85 s {.5 s 35 s 60 S; Z5 S 85 s, 90 S’//. o s /3. 5 s 45 c!

N-15X(I -64-
—— --—

3.5 c 65 C150 c Z5 c 95 c4//.5 c /2.0 c 125 c P.5 c {1.5 c/I.5 c “(10 c! ?T5 c 55 c 5.0 C 30 C

.+13XD 665?/63 35 c 65 c 95 c 120 s 100 s 6.5 5 4.5 s 35 s 1.5 s 75 s 9.5 s !0.0 s !30 s 8.5 CL 6/ c 30 c—” ‘

N-4XD 679%Z97

“:- +.. . -,... . . ...”

30 c 55 c 60 c 85 c I !.0 c 12.0 c !2. 5 c !0.5 C 14.0 G 14.0 c !3.0 G~fl.0 C“ .40 C 6.5 C 4.5 C 30 C

Q–2 D 134. Pio s 4[5 s 35.5 s 285 S !55 s 150 5 9.0 S. 35 s 1.0 s 14.5 s /9.5 s 255 ~_s 3853~5_ .s 175 s

O–[(XD !00-/01. ~, (65 s 225 s 255 s 16.5 s !60 S !2. 5 s ,1(.5 s 25 S 1.0 s 95 s /3.5 s 17.5 S~ 205 S ,22.5 S !9.5 5 10.5 5

O–12XD 85,87- 21.0 s 320 S [55 s 16.0 S140 S !05 Sj 70 S 1.0 s !.5 5 !2.0 s 150 s !9.5 S’ 230 S1260 S 535 s !5.5 5

o–i D 71. L5 c 55 c Zo c 75c!75C70C!75C 55 c 90 c 85 c 60 c Z5 C 6.0 C,4.5 C 3.5 c: 2.0 c

O–)4XD

,f ~/G ““j:* .. . . ..~–”-”.
j “- ~~

““-;-”” ~ “,

‘ -*J “

1//.5 5 m S,230 s 270 s 226 s /70 .5 , /4.0 s 2.5 s 25 s ?70 S /00 S /4.0 S; /6.5 S /8.0 S 305 J /8.5 s
.. .

I 7.5 s 2?5 s /9.s s /9.0 S;;io s! /.0 s /35 5 30 s 2,5 s ?75 s //.0 s,/5.o s:/70 s /7,0 s /80 S 22.0 s
+—.. .——— .. . .

072.72 3?

“---+ . .. ...+.. 7-” 2.

17.5 s 2(.0 s m5 s !80 S1. ?o S,12.O .s _.~3_ s 20 s so s 90 s:f.f~.... s, i~5 ! !95 s (95 5 240 s !(O -$

0–3 D 15.-l7~ 9.0 s 17.5 5 m5 5 19.0 5~165 S 1.75 S 11.0 s 1.0 s 1.5 S, 60 S$ S.0 S,10.5 S Iz?O S 130 s !?55 s 175 s

. .. —-. ..—

O-L3XD 0. ‘1.5 CI.5C25C 35 Cl 5.0 Ci 55 C 6.5 c 70 c 55 C 65 C 60 C50C30C 35 c 1.5 c 1.0 G
.~

1

~ j

,––. — —

O-3(XO (kl.x-zo

.T—..–

3.0 C 3.5 C 5.0 G 55 c ‘~~c~90c 55 G[ 25 c 4.0 c; m_g 575__c Zo c: 60 c 325 _c 2.5 C 2.0 c
——.—. -—

0-32ZD W.kzn 30 C55C50C 50 c 5.5 c! 70 c ZO C16.0 C 4.5 c ’70C 65 C4.5G35C 20 c !.5 c; !

0-3sJ 6365’ ! 24.0 S 180 S 185 s 1?0 s 140 5’ 9.5 5 80 s! 1.5 s 35 s ,95s ,/1.5 .z~ 16.0 S, 18.0 S~180 S !80 s 85 sl

0–2s0 31~ 34.
+

13.5 Clmo 5 16.5 S !55 s 13.0 S1 !05 S 60 S; ~~ S Zo s ?75 S12.O s !65 S:Z75 S’zzo s m.5 s tao s 1~

0-6.25 !5.
2,” 12. –-

4.5 C1 6.5 C 1.55 s (40 s 140 s 13.0 S 11.0 S, 3.0 S 35 s K70 3/1.0 S-/3.0 S’150 S! 135 G; 6.0 c 3.0 c :“”

0-1s0 (-! .>61.)
-1 - —

1; . . ...! ~{__ ,..:-

“+-1 “-” I ~~~~~~~ I

1 .. . . . . . ““””-- “-”” ;50 CJ 65 c 14.0 c 140 s 14D s 11.0 5 10.5 S, 90 S ?70 s //5 S 14.5 S /5.0 5,/7.5 S /45 C 60 C 3.5 c

O-5*D &[@K-In 30 c 30 c 35 c 6.0 C ,95C )2.5 C(120 c; 4.0 c 2.5 C {2.5 C 12.0 G,IO.O C, 6.5 C; 50 G 2.0. C 20 c

0-45D @@=7 2.0 G .70 c 3.5 c 65 C 8.5 G K20 C~10.0 Ci100 C Z5 c 11.0 C 1!.5 C 35 C 6.0 C 35 C 2.5 C 1.5 c

* VALUE5 1?/ TA8LE /NL21CATE PERCENT REDuC T{ON. LETTER FOL L OWING V. L UE INDICATES TYPE OF FRACTURE: S - SHEAR, C = CLEAVAGE.
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,da
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3

s

.7

a

3

s

I-L[l

a

s

a

&

-
&

5/4

S/h

s/4

s/4

3/4

S/b

S/b

a

@

a/4

1/6

1/4

1/4

1/4

1/4

1/4

rimh

0.04,?

O.ou

0.C42

O.obl

0.OM

O.W,?

67
27

.;
-6s

:
28

7

95
80
80
71
70
62

47
so

-E

2
se
S6
.?4
,20

:
-19
-86

60
88
16

5

2
-21
-d?

106

:
ST

4:

ass
lss
ma
U9
110

100
99

:
?4
67

:
74

E
26
w

1

110
108

98
89

E
39

&
Us
107
101

E
87

z
n

:
%
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:Ld@

.

U.mo

lS,$OI

u,sm

L5.180

~.8.3u

16,790

a,?,r3@l

a0,s30
16,580

11,850
18,800

Ed %,803

!4mO?da a5,8ml
S6,960

S#&

60,190 41:780

lot 24,020
MmNM S%no

%,630
sa,490
S3,670
SB,S1O

g=

+0

So,sw

IO* 46,100
ko.r6d 4T;M0

46,sw
48,mm
47;300
49.60.3
48,500
60,100

121003 $3,S10
,10,100 4.?,600

9,990 U;7S0
41,&2-3
u., 100

lo,aaa 44,2s0
44, am

1
lot +100
R+etiti $l,lm
aa,wo S0,80D

40,W
la,7.50 40,010

40,?Lw
16,0S0 40,6.24

40,TW
9,710 U,tta

41,660
U,*O 41;SM
10,060 U,sw

*,6Pa
4s.900
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0.49
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G
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>

1

5/

1

G

3
1/4

1/4

118
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80
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170
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w

120
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=
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16,1c17
18.400

3,810

1’I,MO

a0,61?4

12,mn
ll,nm
ll,c.cm
12.976

18,860
19,320

21,6C4
21,810

9,000
9,0c0
8,2c”a

10,900
11,500

11,160
lz.z,zo
10,660
11.770

1: z
13,660

14,62o
11,100
17,S50
11,640
16,180

14,c$lo
14, E40
15,240
14,acu

4.470
10,W3O

6,015
6,430

4,772
6,9c4

7,520
8,640
5,s00
7,360
8,970

16.390
1L?,9m
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13:SC.I
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61,80o
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62,030
67,800
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6+500
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Lw,lw
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69 ,46D
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61,5W
63,000
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66,0z0

s7.8a0
69,360
89,520
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S8.030
66,100
60, OCO
68,710
58,700

58,600
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59,S10
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57,000
59,SU3
59,900
50 ,4M

58,.370
57,6C4
*.653
79,903

17,900
U,Too
W,4W
;81000
18,000
19,100

14.om
,6,9g0

%,7s0
,7,420

il, uo

,7.980
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B.’no
,1,080
a.olo
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i7.060
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57,800
49,9M
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%E
Sa, 9CQ
s4,603
69,W
59,460
56,800

lB,UO
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70,490
85,090

24,2G-3
24,700
61,4c4
63,800
66,LU0

19,680
15,200
59 ,azo
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16,U5
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60,000
57,424
Ea,sca

?8,.903
17,010
eo,uo
!0.=?90
21,2C4
68, lso
09 ,ss0
E8,1C4

k ,460
>6,ECd
k9,aoo
%,902

10,6c4

IO*OW
!s;000
K;oc.a
19,1N

U+40
!3,080
!4.7s0
17,420
;1.223

B.4m
+190 .
Pa,zdo
,7,4C4
,0,%0
A,llo
im,mo

100
m
92
w
9s
u
11
0

%
a
e

100
100

14

:
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1
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,?2
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2

J
95

#
:1
51
8
t



44 TABLE 7 WWJkRY OF .5mOH WIDE PUTE &E-SJIIS Paw30f3

St
ad. lettm, tn.
d im!mf..tlu.r

A. r.nea
,rnesl$-lllIr.01.

I M rolled
,,thloham

3 4s ,01103

Mtbleh=

m m rolled
U-*
U14W1 Allq

—

*

.25

.19

1.23

),=

,.le

0.11

0.1:

0.2

M

52

3s

3:

81

,8

.4

.!

—

w

a
*
L

.lJ2

3

3

3

3

3

3

3

w
b...

L

.1/6

s/4

a/4

3/4

d,

31

S/

v

.313.?

1/4

mm,

1/4

*

1A

1/4

th

&!----

0.068

0.c42

O.obz

m

0.042

none

0,C4

O.w

---,f !.,t

OF.

151
L39
3s1
125
119
109

66

:
S6
a
15

-2:

160
151
141
132
128
L28
110
90

2

B.?
66

47
m

56

2
3s
32
25
80
15

- 1:
- 19
- 53
-50
55
28
23

-:
- Zo
20

.%
24
16

-:
- 19
- 20
- 39
-39
-63

57
50
&2
40
S4
31
L30
.49

18

- 2=
- M
-37

7
-w
Abmmhd
to&i..

----

21,+50
36,470
26,350
24,790
24,540
28,410

15,770

21,750
17,164
19,800

7,600

10.WO
9,520
12,160

18,960
19.6-W
15,630
12,850
18,C.30
18,870
20,910
20,.?10
.20,200
18,640
15,220

19,500

22,200
16,410
19,690

17.500

18,120
18,620

22,4.70
15,925
19,785
.20,680

13,090

15,560

mctur<
t,...
P .1

9.760
3.920
6,e60
6,100
,7,790
7,660

:1,,?00
!l,LW.3
S,700
!S,260
,3,400
;5,470
,3,600
,9,760

!l,800
!4,700
)2,3%0
!+60
M, 730
!6,203
j6,505
$7,3LW
j6,301
r3.7c.l

6,390
7,9$0
LT,800
&9,760
%,000

19,750
20,270
t6.160
64,080
65.100
E4,150
B3,6W
5s,3s0
63,502
69,2.3+
64,420
68,280
66,800
l,tm

50,%
1,070

6’7,110
3,8W

44,700
29,440
79,203
83,200
84,3cm
57,100
49,310
29,330
83,500
46,660

36,W0
33,510
76,6W
$4,590
7$,130
42,870
75,690
31,800

80,500
82,960
82,300
82,400
83,570

m. of
tiactlv,
Kmu’

‘n
96
3
4
z

LOO
ml
No
97
6

s:
7

100

19%
lca
100
21
13
9
3
2

Ica
100
24

:

R
88
14

1:
86
so
16
U
18
1

1;
lW

lH
8

10:

96
96
12
6

9:
98
96

9:

192

1%
4
*

1$

4
3

1:
3
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TABLE 8- COMFAIRISONOF ESTIMATED TRANSI’ITONlWPLRATUR& FOR THE
VARIOUS TYWS OF SPECIMENS USLO IN THE INViSTIGATIOiV,’%.

——.——7. ——— .—

~,.

I Charpy Bars i3-in. Tension Notched Flat Ilat”e>ecimens
Steel Code /
Letter

“i .-;:%’” F&;;:i;q=

iLOW.. !. Trans. 1.No I&in! 24-in,; W-in J..72-in 108-in
I

-+

: 45
~— 25 j=++-- =--

i=” i: .:15 Pfb- ‘:::
~ about !80 to I

.-c ‘“’;2”’”/20
above

/90! 120 90 ,+’. 88 I 100 , 90 32.

b —+--+-- —
about

H .-io,’~-lo ‘ 20
‘-d’

~’<,~: ..15 ; -- .: l~O:,i_

1’
N !-120C L170C ~ _’ ~ -- -64 ~ --

I 1 I

“7

j – ~..45 --

,..
Q’ :-60 ; -8o ‘“ 35 ‘ --

i ‘— ~C& ! -- ,, -- -- ‘ -- . k+=+”.:~- :!_ .—,.,.,,,

a.- Coldest test at 32°F, resulted in 100 percent shear,
b.- Coldest test at 48°F, resulted in 100 percent shear.
c,- No definitetransition temperature..

Note: Transition temperatures for Charpy bars were taken as a point
corresponding to”a temperature halfway between’the ntxintumand
the minimum energy values in Fig+ 7 for the particular steel.

Transition temperatures for the 12-in. and ‘72-in,wide specimens
were taken as the value of temperature corresponding to an energy
value on tilesteeply sloping part of the emergy-temperature curve

aPPrOtimateM One-half way between the maximum and minimum in
Figs. $, 9 and 10.

Transition temperatures for 3-in.wide specimens were taken as
the temperature corresponding to a point halfway between a O
percent and a lCO percent shear fracture in Fig. 13 for the
particular steel.



1+6

. . .
TAFILE9. -- RZDtjCTICIYS1?1TKICi~lWS O.FFIATE OBTAIN.EZJFROI1SAYPLES

—. ———.— —-..—..—.. -— ..— -- —----- .. --— -.. ...—-...-.. ------ -—
DistanceIn ““
fron Mac-

Percent R&ltictioniti.,~hiclaxxsl!easured
Ship

tured Sur-
at Se.reralLocations Alon~ Fi-acture

face, inchm ..1 2 3 4 5 67
———-— -----..——. —.— ,.— ---------.-.—-. ----—- -—--...--..— —

““-3:16 2.93 3.09 2.61 ---- ---- -----

1;16 2.45 2.37 2.29 1.82 ---- ---- ----

S.S.Sea Bass
148 1.11 1.11 1.27 0.79 ---- ---- -----

0.32 0:55 0:40 0.47 ---- ---- ----
:9:’ O.OB 0.08 0.24 0.00 ---- ---- ----
3/4 0.08 0.00 0.00 0.00.. ---,- ---- ----

.—— .— ——.. - —-..—--_. —-—.-

0, 0.29 1.45 3.46’ 3.19 2.03 1.16 2;03

.1/16.,. 0.29 0’.58 2’.61‘2.32 2.03 0.87 1,,,74

,.S.S.Russell H.
.1/”6 0.00 0.29. 1;45. 1.45 2.03 0.87 1.16

~~~Chit%anden
1/4 0.’00 ‘0.00 1,16 1.16 1.74 0.5B 0.87

1/’2 0.00 0.00 0.87 0.87 1.16 0,58 0’958
374 ---- ---- 0.29 ---- ---- ---- 0.29

,—. ———— --—!---------.——-, -—-—. --—---- .--.—

2.33 2.04 0.58
1)16 1.&3 0.58 0.00

S.S. James Gunn 1/8 ~~~ 0.29 ‘-’0.290.00
1/4 0.23””””0.000.00

,,
‘1/2”’ 0.00 0.00 0.00 ,,.. .

3[4 0.00 0.00 0.00
..— —.-.——------ --.—,--.———m.— —-------—.

,,,

All &bove w.l~ek ?krti,,obtainedat or nenr Ikacturec of cleavage type.
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~BLE 10 - WORD OF LOAD$ AT WHICH CRACKS ST~~n

DURING TESTS ,OFMUM FLAT PLAT$S

Specimen
Number

43A
A4A
A5A
AIB
A3B
A3C
A3D
A5D

B-108
B7A
B8A
B6B
B5D
B6D
B7D
B9D
B1OD

C-108
C4A
C5A
w)
C3D
C5D
C51XD
C52~

HIA
H2A
H4A

NIA
N2A
N3A
N-iD
N2D
N3D
N41XD

Q2D
C!12XD

_ Development of Crack
Temp, Load, Nominal
‘F. Kiixi Stress

49
10
45
68
48
-6
50
.-8

32
9

16
45
50

-;:
-7
12

32
81

152
32
101
143
121
90

68
25
-18

-53
-32
2

-29
-60

-E

U:

1320
1300
S.+oo
910
950
505
250
220

1750
1250
1150
900
240
325
270
240
265

1900
1320
1350
257
270
275
290
270

1640
1500
1450

1650
2250
2000
385
435
360
430

390
385

32.6
32.1
34.6
33.7
35.2
37.4
38.0
32.6

28.8
30s8
28.4
33.3
35.6
48.1
40.0
35.6
39.3

;;’:

33:3
38.1
40.0
40.8
43.0
40.0

40.5
37.0
35.8

40.7
55.5
49.4
55.6
64.4
53.3
63.7

57.8
57,0

Max. Nominal

Stress
ksi

40.3
35,8
40.0
40.7
41.1
38.1
48.1
39.9

36.7
34.6
3303
42,6
45.9
49.3
40.0
41.8
48.7

38.4
35.7
43.0
40.0
,51.1
54.7
48.7
46.6

44.7
45.6
39.0

64.2
60.9
~;.;

75:9
66.4
69.9

61.0
60.7

Break
%

Shear

100

9;
100
100
0

100
0

100
0
0

100
100
1(2O
o

;

o

9;

5:
91
100
10

82
88
0

4
13
73
%:

100
81

100
100
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Size

Inches———..

3-in. wide
9–ti. long

0.18011thick

_———

&in. wide
18–in. long

0.36011tti.ck

——.

12-inwide
36-in.10ng

O.720tfthick

TABLJZB-1

SUMWRY OF RESULTS OF TESTS ON G30HETRICALTUf-SIl.ItL4R SPECIMENS————.———————.

Note: KLl specimms made fmm a single annealed plate cm+?ifing 25% carbOn

Temp. c
Test
‘F.—.

75
75
32 *
o +$

–20
-30
-40

90 *
70
68
50 *
3.2.:

‘&pe of

Fracture _—

10C@ Shear
K@ Shear
10@ Shear
100% Shear

94’%Shear
1% Shear
@ Shear

‘lOQ%-She ar ‘“
lC@ Shear
10@ Shem

Shear and Cleavage
@ Shear

6$ Shear
CJ%Shear
@ Shear
@ Shear
@ Shear

.——. —.—

._— —

Stress at
fcmmation
of first
crack

_ Ksi

40.3
42.5
x
~

x
x
x

————-

3?.5
37.5
x
x

32.3
x
xx
27.5
~

Nominal

Stress at
]@X. LCRd

Ksi

45.7
L5.7
h5.2
47.9
45.2
117.2
50.3

–—44.4
44.5
1+2.8
/+/+.2
L5.5

34.4
39.1
35.2
39.9
40.9

Redw tion in Thickness
%

29.8 19.8
28& 20.0
26.7 15.6
30>0 18.9
25.1 17.3
21.0 0
26.2 1.2

’25 & 17.7
25.7 15.1
20.5 6.9
23.1 7.8
22.3 9.0

19.5 2.9
19,7 1.7
14.8 0.9
17.9 1.4
16.2 1.4

* Test results reported in previous report (Bibliography 2)
x Observations not possible in these tests because of type of temperature control housing used.
z Not cbserved
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FIG / VIEW OF /08-/IVCH SPECIMEN

READY FOR TESTING AT 32 ‘F
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DWG. 44’s39
FM, 3



60

L ONGITUOINAL 8A RS

a! ..

:
2

/=&!TE B 10— +

k
PLATE 85

~- 40

~

~ —RAT E 88

:

2 PL A 7E 82
g PO

0
-80 -40 0 40 80

rEMPERA ru8E, .F

TRANS VERSE BARS

El
4
I

~ 40

;

$

PL ATE B.?—
$ ~.

~

$

0
-80 -40 0 40 80

TEMPERA TURE, T

FIG. 4- UESUL TS OF CHARPY IMPACT TESTS - STEEL B IN THE

NORM\ALIZED CONDITION.

OwG. +#E33
FM+



m

LONGI TuDINAL BARS I

t ----- . .

0
-w

rfHn4ruRE, “1?

TEMPERATURE,“.?

F/G 5 – RESULTS OF CHARPY IMPACT TESTS - STEEL C

—



I 1,+X” f I I 11111

0

TEMPERATURE, ●E

TI?A~vERsE BAVS

a
~
k40

h-

1

a
PLATE NI

1 -

m

KA7E W

Q-”

-w -.?60 -180 -100 -m 60

TEMPERAW#E, %?

FIG 6- RESULTS OF GfiARPY IA4PAGT TESTS - STEEL N



60

L ONGI TUDI NA L BAR s

50

40
s

N-, ?TE.ZL _
k AS RCILED

g 30

$

/

. .

t
~ 20 ..-

$

.

, .
/e

/“

TEMERA TURF, *F

60

T RAN S VERSE EARS

50

40

t
/

~

k

~’ 30
~

i

$ ~.
. . ~

% $; s7E~m_

$
.

/0
A----- --

I

mm

TEMPERA TuRE, ,.?

FIG, 7- COMPARISON OF RESULTS OF CHARPY IMPACT TESTS FcW STEELS A, S@lN AND O
DIAGRAMS SELECTED TO RE~SENT ~C4L RESULTS F@? EACH STEEL



I

vALw NEAR rnlNTs IAWXTE PERSENT skfAR

--u----------o- .4- STEEL AS ROLLED

S@Q,ooo
_-—-—-b—8mS~ AS SVLLED
mBm. STEEL ,WRMALIZW
v—+ G - STEEL AS ROLLED
w-- —-+ N - STEEL AS SDLLED

-—--+ H - STEEL AS ROLLED

L-,500,06u

,6, ..\~
100

I 100
L7xWWo !00i

q
I

I

~

t –

Ls EL —&s Ta
t

L-
!

~ @W~
I

l“”

!
II

4%3 =L

i

AsIi- Z

k
/ 100

t
l@z7@D

.7 /,
)

I

+

I7-: ‘f ~ ~- + y -

~ I ! 1 1 .i r r 1 1 I I 1 1

1/1

I
“ -%.+” -X+-—+--+”

so I
.80 -60 -40 -.& 0 SD 40 &O 80 /00 /20 140 160

TEMWRA77J6E , -f

mEa — VARIATION WITH TEMPERATURE OF ENERGY TO MAXIMUM LOAD

FOR ~- INCH WIDE SPECIMENS



TEIIPERATU.W, .F

FIGURE 9 — k%RAQ7701VWVW TEMP15RATU?E CF EWRGY TO MAXiMLW LOAD F~

I 12- INCH WIDE SPECIMENS

SEA.?I-KILLED STEELs
M *G



~, - I I

VALUE5 NEAR PLXN7S WOICATE Ff’EC5MT SHEAI?

&-------& A-STEEL AS ROLLED .~-~

+---— l&STEEL 4S ROLLED
*W@ -..—.< N-STEEL .4s ~LLEO

+ ... —-+ O-STEEL MO. R O ,/.8&- --”~”- *
+.-. —.—.+ Q#TE~E-~:;~::EA=o !9

.~

I#o,m

./” 66
m3

. +-- -—-z

- 81A
18(

12q m
35 T. ..d---- ‘---

---

8 +
> .

. IGO -- ~ -.”----- +... ..4 C..._...

84 - ‘“’” z
-~

m,m ,
171

I 8

z~ ‘ ‘p”
‘s- “-*- ~

: ~8
;

~m
i

/ I

~. ,,-g.

$ Ld $’ I ~

$
6WC7L9

/ F iI

/

,,’
(
to I ‘

,L~ L

40,mv /
+

I

.Q-@ ~“------ -... _.-A ;
,

I

* “ b a
0 i

Xpxl

CJ--- -
- ~-o:

0
-m -60 -40 .20 0 .?0 40 m 60 !00 1.?0 no 160

TEMPERAT(A?E, ‘F

FIGURE 10. — VARIATION WITH TEMPERATURE OF ENERGY TO MAXIMUM LOAD

FOR /2- INCH WIDE SPECIMEW,

SPECIAL STEELS



TEUPERR7URE, ?

F/G. II - TRANSL70N TEMPERATURE RANGE, 72 ‘INCH WIDE SPECIMENS

%+s 44E6 6



I
1 1

0

I

TEtdtTRATURE,‘F

FIG 12- TRANSITION TEMPERATURE RANGE 12- INCH WILE SPECIMENS

$
~

* – .Mmms sm. stew w rcmhw &no. 0G2mw AT w msf w PLATS
●4E.9



—



FIG. 14 - TRANSITION TEMPERA TURE RANGE, 3- INCH WIDE EDGE NOTCHED SPECIMENS , G – STEEL , CUT

FROM PLATES OF VARIOUS THICKNESSES.



.

/=/6/5



65



66

m,g



I I I I -+------C-. , ,- ~ ~,.. 1

‘-’I=F=%P
mm I 1 I I I I I

o ,osu Jc . ..m
%,m%, /..

FIG.18-A- VA.@lATION IN NOMI,V4L S TRESS WITH W,OTH OF
PL4TE – TESTS AT ROOM TEMPERATURE.

. ...(..,

-------—---- +- . -

- f.
_&-—- __&_ ~-sm!l As ml.w

4-s7Ea —
———. +..-. . . .

mxxe , +---—-t m . . .
—.+.. -—--0-.— c-m .* . ,

$ \.

0.
m, v.mm...-mmm

~a7aw ,. mlwE’3 SEmmTm

&.
~
.5WW

?

.%c-

OMco.,j $o. ma?
Furf A, ,..

FIG. 18-B - VA,WAnON IN NOMIN4L STRESS WITH WIDTH OF
HATE - TESTS AT 50 v

ye .4.,,,

FIG 18-C - wRIATk,w IN ,’W-MUIWU ST8ESS WITH WIDTH OF PLATE- TESTS AT .%?”E



A

/sd ,Ssaus wsiNO#

tSd ‘SS3SLS lVMNO#



80,000
I I

&
~ N-STEEL

— A .STEE.L

~ 6& STEEL
— Bn STEEL
--*-----*-C S77XL

70,000 ~ N STEEL
‘-~-----m- H STEEL
‘+---+-0s STEEL

---- ------ ~0 STEEL

O-STEEL -

604w0 T
h (

~. ~

r - H -STEEL

n 4 r
. . . . . .

w ---, P
/ #P”m-

--*---- .----. w

Sopoo ,-’ A P.. ..’

d’ If“
,, . . .,

k?nS?K& -
*

%-STEEL-
. . 4’

TEEL40,CO0
------- -

4, - A-STEEL

-60 -40 0 40 60 1.?0 160
TEMPERATURE, ‘F

12-INCH WIDE SPECIMENS

‘“”oo~

_ A STEEL_
~ & STEEL
~ Bn STEEL

60,000 ‘-O----- *-C STEEL
~N STEEL —
--w---- +-H STEEL

So,mo

- H-S7EEL
-- f - C-STEEL

.,

quuu [ I 1 I
I I I

t-
-80 -40 0

I
40 ,80 1.?0 160

TEMPERAWRE, *F

7.?- INGH WIOE SPECIMENS

69

FIG20- VARIATIO/V IN NOMINAL STRESS WITH TEMPERATURE FOR

FOR FLAT-PLATE 5PECIMENS,



I — OICTILE SPECIMEN
------ 8RITTLE SPESAMW I I

,P5W .2SW .Jw

MSTAME FRcW C, FRA5T~ OF PLATE Wk3TH.

FIG21-ELONGATICW AT MAXIMUM LOAD, ILLUSTRATING INFLuENCE OF

PLATE WIDTH ON DUCTILITY AT MAXIMUM LOAD
ELONGAWW MEASWED BY RESISTANCE Wb?E EXTENSLXfETEm

SPECIMENS S1-108 ANO CI-IOS AM 109- MHES WIDE
SRV#W?NS 8- SA AND C- .?A AflE 7.?- INSM?S WE
=CMENS B-6B M C-2 B ARE 4S- IMHES WIDE
SPEOIM?NS B-4S ANO C- ~C ~ t+ W(WES WIDE
sF!muENs S-4D AND c- I?o AnE As- msmrs m

GA6E L.SN6THm # W RATE IWOTH



/8

/6

/4

/2

/0

:

$
8

t

~-
~

3
~

6
G

4

2

0

FIG,22-RESIDUAL ELOIVGATION AFTER RUPTURE ILLUSTRATING

JNFLUENGE OF PLATE WIDTH ON DUCTILITY AT FAILURE.

ELONGA 71WS MEASURED ON ONE FACE ONLY

GAGE LENGTH - % PLATE WIDTH

sPECl#ENS BI-108 AND G!-(O8 ARE @S- lNCtES WIOE

SPECIMENS B-5A AND C-2 A ARE 72- NWHE.. WIDE

SPECIMENS B-6B AND G-.? B ARE 46- INCHES WOE
SPSCIMENS 8- 4C ANO C-Z C ARE .?4- hYOHES WIOE

SPSCIA4ENS B-40 AAD G-2 O ARE 12- INCHES WIO=

ow 44E267
FIG 22

. . . . ,“
w c, w E ..< “

MS TANCE FRoM e , FRACTION OF PLATE WIDTH.

71



IWTCHW EDGES

SHEXRED EDGE

MA6WINE0 EDGES CENTER NOTCHED

FIG 23- FOUR DIFFERENT TYPES OF 3 ‘INCH WIDE SPECIMENS USED IN THE

lNVEST/GAT/OIV



72

lL /)-- 111
I <

I \ -.
I %

VG 4#E213/
,-%.2+



74

‘L

FIGURE 254.

SPECIMEN H-8D VIEW OF F8ACTURK AT NO1’CH (5x)

FIGORE25D(SectionDDinFig.
SPECIMKN H-8D Cm ACROS:THICKNESS

OPENI?lNGS ALONG SEAMS OF NONMETALLIC

25A)

OF SPECIMEN SHCWING

INCLUSIONS. UNETCHED (50x)



FIGuRE 25 B

SPECIMEN H-1OD VIEW OF FRACTURE AT NOTCH (5x)

I

I
1

i
I.

FIGURE 25 E (Section EE in Fig. 25B)

SPECIMEN H-1OD CUT ACROSS T211CKNESS OF sPECIMEN SHWING

OPENNINGS ALONG SEAMS OF NONMETALLIC INCLOS10NS. UNETCHED (50x)



76

FIGURE 25 C

SP.ECIMSN H-82xD Vmv OF FRACTURE AT NOTCH (5x)

*

FIGUSW

SPECIM13N H-82xD

OFSNNING ALONG SEAWS

“\&y”’
, . .b,,. w

,’ ,,, . +.
:“. .

. .
.

. . 0

b.

f

25 F (Section FF in Fig. 25C)

CUT ACROSS TFIICKNSSS OF SFSCINEN SHCWING

OF NONMETALLIC INCLUSIONS. UNSTCRSD (50x)



FIGURE 26 PHO’TOMICROGP.APHSOF SPECIMSNS OF STEEL Q

(Etchedfor 15 seccmdsin 2% Nital,250x )



78

Steel C

FIGORE 27 PHOTOMICROGWP~ OF STEEM A, Bar, Bn, AND C. (loox)



79

Steel H

FIGURE 28 PHOTOMICROG~p~ oF STEEJ$J D> EI ‘D H (100x)



Steel N
( 100X )

Steel Q
( 250X )

Steel QS
( 250X )

FIGURE 29 PHOTOMICROGRAPRS OF STEELS Ii, Q, AND QS



RiGH T .51LK
LEFT S&7E

FIG A -68 pERCEiVT EmN6A?70N RATE 61’108 (I-INCH GRID)

%%7EEL, 108-INGH WIDE HATE
NOMINAL SThFNGTH 367 KSI

T&4/RSRAW7E 31-F l&J .% SM5AR
*>

1 *





83

—.— u—

‘T”

.
,0-:

0
. .

s

.
(1

-.1——. -—- —-—



84

.0 .0.0.0 ., .0.0.1.0.. ru. o.,w. fo. O./v-o.

. ...0.0 .0 .,...0 .0. k“o”fv”o’”t”o”’o”)v”’v”

.O. o.)n. o .0 .0.0’. l“/O” 0’”” O.,n. ,.o. ,e.



85

7r-

. ,, . ,, . ,, .

J._. _ ____

—



86
I

-J O*OO /’0 . 0 .A.m*avOo”lo”

FM. A-



. ,0 . .0. y..

. ,.0.. ,.0. co

.,0. ,0. ,.,

.——
—



. 00 . 00 . 00 . ,~.

Q
o

Q
+:6

o /0. . 00 . 00 0 ,0.

Q 10 . /0 . Zo. . . . .

Cu
?

;;;

. /0- . O* . ,0 . . ,.O

. Zo. Q ,0 . 20. . ,0.

. .

V*

?:

. .

. .

00 . ,0 . ,~ . ,.O .

/0- . 20 0 ,0 0 ~~ .

10 . 70 . ,0 . ~.. .

,(6, A-75



89

-.— -—. . -— w-—

,(6. “-?6



. /.0 .000.0 ‘11”’’ ”0”0”0”

:T



.
—

,,.. 47.



:

● G’z ● es . 66 0 99 0 <9 ,Ce,”$ “ z ‘9
o s+ o OF a

#“

FIG. A-79



3



9+

—



—. —-— —-—(1”

II

.70 .0,0. ,0.





,.:, ,:.., ../’9 . ,0 .?O-..0-: co.: j .0 & : ,0 .
. . . . .

.,

$ :“”;’”’:
‘$Y:a

.,.. ,0.
.

,O:,L; ,.O. ,O. ,0.7’ ?.,0. i,o:,.’.. o,.o,’.. ;Oil l:,..; ,O.:,.O. :,,. .,..:
II

—
—



5%3 .-





. ,s . In . /6- .

.y

rz .. 79 k-.9

>

*I .. . . *S

. 6E ./c

.
c+

e/

00,

/’0. /’0.

t 0 Jo

N~

Ho- . . .

e *

7’s

/ s 09 ,* . ,* .

,,6 A-87



,,-

101

.,9.

.

?

. . . .

I I ~____—.



/02

. F.
? .

9 ‘/ 0600zs o 0

w
.

To

/‘o

o

0

‘a ,* &

o ,0 :

0/

*O

/7

so

a Q Q

0000 000000 0 0 0 10 0 0

.
a q

‘000000 o 0 0 /0 o /‘o o 10 0

c+ Q ‘a

o

0

0100

0 i

00 ,.0 0 /’0 :

4 ,0,0 0 .,.02
. m
? :

0

/’0

o

0

O* #/ o 5’0 0 /’,J o

z ‘c .0 09 6.J 9/

c‘a0 c .



i 03

,—. — .T.—._ —

.9, .

N

—. —.LL—

60. /, .

.0 .,,.



——



;05

,—

00

.

.

..> . >, . -.” ,, .

H-R”! !1



. -0.3.000. .a). o. -0/00000 0000000 000

.
: a o 0 QO Q o Qo a 0 Q. 0

. .a4 . -0.3 . 0 . 0 a’oPo -0./.3000. 0.0000 -/.7 0 0 *

* m
. ~ -& Q 00 Q Q Qo Q a o

.~

. -/.1 . -07 0 -03 0 0 OO.s. -01.0.0 C-alo-o.loo 00.0.

:
m 0 Q< QQ 0 Q QQ Q Q s

‘a

-0/ .

. .

e -/.3 o -0.9 0 -0. / 000000 00000. 0.,0.0./00 o -/.0 o

G
w~ m Q 00 Q 00 0

-. Q
~ Q :

. .

.00

-o,~;;; 0 ‘0’ 0 ““ .00< 0 c1 . ;

000 -as . -08 . -0.9 0 -0.8 .

BOTTOM

o
-j’

o ./.2 . .?.8 o -/.0 LWJo 0 0 0./ o 0 C-10 o -/.6 . ./. / o 0

* w

-0.6 .

0!~ Q 6 a CJo ‘a a k
Q:

*
: 2 . ~

o -0/ o -/6 o -0.3 0 0 .00000 “.0 00. -0.4 0 -/. / o .0. s o .0, .

m o~ ; a
k

. 00 Q Q go
Q

w
-i u .~

-0.4 0

. .

. -a.? o -0/’ . -0/ *O.{. 0 0 0 . -0./ 0000. -0.5 . -0.8 0

0 0. :

-0.6 .

0 QQ Q Q 00 Q Q~ Q
. ?

o -0100000 .0,/ 000 -0! 0000 OOOO. O . -0.4 0 -0.7 0

Q o Q Q 00 Q o 9Q Q Q ; v
<

.0000 0. 0 *0. IOOC.O .aQ 000000 000 -0.3 0

FIG. A -93 PERCENT ELONGATION PLATE N -1A (5 ,NC.Y 8810)

“N” STEEL, 72 -INCH WIDE PLATE NOHINAL s rnf.wrn 64. P Ksl

TEU==RATLJRE (-55)-(- 51) “F 4 % SHEAI?

84 E.?I.! LW6



/07

—.—. — ._.

0 .

—-—--- —-—

—.—. -. ___
,



108

La . 52 12 02 0

m
9

Ok- 82

.
?

,0 0

;

0.

21 0 *F SC

;

IO- o20 0 0! . #z 00 s&-

.
? +

10- 0

.
00

0

00
0

0.

,*. o
2

,0. 0

00

,0- 0 20- 0

00

,... ,... . (0- o

0?
Q ;

,... 0

;

!0- .0.00 ,... . 00

0 ‘J:
‘o
o ,... :

0

! 0

,...

(.0

000

0
0

,.O ;

?

0062 .0 al

~
?

co o8.2 00

., ?
7 ?

0 I . . Oa

.;7
. 2.0 06.0



16

—.— .—.

T“
—-—w —-— o ,,.<

.s/.



0 /0- o 62 . ,, .

. ● O . 90 , ,!./ .

00 ./0., 0.

o 00 .0.,.0-.

. ,0 . 70 . 60 .

. /) . 6/ o of .

. ‘, . 62 . 9’ .

0s . 0



Ill

“rf”:’”””sI 4 .—. —._-_.* II —. —._ ._.

I

,/.. A-,.
I

—



60

5-o

z’o. o.o. ~ .
n ’30

0 .0:0.0 .

0 00/0.0.
Q
. ,0:0:0

;
0

20

000; 0.0;

22.0.0./0 .. /0 o 0./00

Q ‘$

,0 .

r, o 92 0

9, 0

g.? o

m. A-99



/1.3



,... .0 .0. 0.



3

.— ._

“T
o /’..,0 . <. ,

.,0. 0 .,0..

,.. .

.* ’....-. . . .

,.. o.r’, .,.o .

./,. ’O.,..

).,... ,. . @ .

..0 . // . ,, .



II6

0 80

Q

I 0 /0 0.

0 . . 9.0

0.0 . . 50

0

0

0

0

/0

0

. 0 0 0

o

0 0 0

/.0

o

0

/0

0 60

c 0!0 9’0

0 /’0

/0t 0

,=16.A ./03

.-



, ,,

—-—. -

. .

. 0.,0 ., ’7..0

.,0. H’””’”

—-—-

.$( ..0 .,0 .

..0. .0.,0 .

-..?O. . ,0 .r. .





!/9

w

. . ...s .0.

. ,0. . .

—._ ._. _ ._

—



I

e o 0 -0./ e -0.2 0 .0.1 a o a -0.2 e -0.,2 0 -0.2 el.zo -0.1a -0.2 0 -0.2 0 -0.! 0

Q..
GGQ6 o 0;0;

ml o
6

* .6 G 6

0 -0.2 .3 -0.1 0 -0.3 .3-0.100 0 -0.1 0 -0.l 0 -0.,20 0 0 4.( 0 -0.2 0 -0.l 0 -0.3 0

G) * m
OQ o Q QQ; v %

6 6 6
0

6 6 6.

c.-0.5 e -0.$ 0 -0.2 0 -0.1000 -0.1 e -0.1 e -0.1 0 0 0 -0.1 Q -0.3 0 -0.4 0 -0.5 0

9 k Q U..
o Q; w 6

6 ‘s< 6 6 6
Q

62< 6

a

L

o -0. f .-0.6 0-0. s000 0 0 0 -a O 0 0 a-o.4 o .0,7 0 -0.2 e -,0.2e

TOP 60 ?70M

o 0 e -0.4 e -0.4 0 .0.4 00.60 0 0 0 30 -0.1 0-Cllo-o.30 -0.4 0 -0.2 0 -o. 0

v k w h Q;; Q;; w
6 Q Q %

6 6 6 6 6 6

0 -0.2 0 -0.4 0 -0.1 e-O. J *0.5e -0.1 0 0 w -0.2 00 0 0 0 -0.2 Q -0.4 0 -0.3 0

“w b w. %-.‘a;;;; 6Q w
Q

Q
6 6 6 6 6 ~

4 -0.1 0 -0.4 0 -0.1 0.42’1 00.59 -0.2 0 0 0 -0.3 6-0.20 0.1 0 -0.2 e 0.1 0 -0.1 0

Q
Q o Q;;;

% b. N

G 6 66
Q

G
o

6

0 -0.1 0 -0.2 0 -0.1 0 -0.20-100 -0.2 e -0.1 0 0 Oo.leo. i o -0.1 e -0.2 0 0.2 0

ffG. A-IO? PERCENT ELONGATION PLATE B-78 (4-INCH GRID )

\
\ “B” STEEL , 48 -INCH WIDE PLATE
$

NOMINAL STRENGrH 35.2 KSI

5
4 TEMPERATURE 9 F. O % WEAR

DWG. 44E~19

!



i

:. ,



o 0 001”00 0 3“0 0 l’O 000

. Q o Q
6

0 OO1”O- 000

.

6
Q Q Q

Ol”o-otu-ooo
[

o 0: 002’00

0 000000

Q Q Q Q

0 00 0 0 1“0- 0

9 Q Q a

o 1“0 : 0;1”000 001”0000

0 000000” 0)”0000 0“1 0
1

1

I

!

FIG. A -109



——— ___ -.—.

T

. . ... . .

—.— — -— l.~.—. —.— —



124

0 1’0 0 1“0 0 1’0 0 0 1“0 0 1“0 o lo 0



I

I

I

I



o -0./ o -0.2 0 -0.1 0 0.0 0 -0.1 0 0.0 0 0.0 0 -0.1 0 0.0 0 -0.2 0 -0.1 0

k Q Q b. . . .
6

Q

6 6 6 6
Q

2 6 6 6 6 -& 6
0 -0.8 0 -0.3 e -0.3 0 0.0 e -0.4 . -0.2 0 .0,1 0 -0.4 0 -0.3 0 .0.3 0 -0.7 0

* cm. w: ~ w. a 9
6 6< Q

Q *
6 6 < 6 2 6 6

0 -0.5 0 -0.7 . -lo. -0.4 . .0./
1.

. .0,2 0 -0.3 0 -0.4 0 -1.2 . -0.2 . -0.2 0

k-lk* e

6
Q w.

6< 6
Cur, k

6 6 6
*.s< Ci

*
6

0 .0.7 * .0.2 . .0. 6-. -1.5 0 0.0 : 0.2 0 -0.1 0 -1.3. 0 -0.4. . -0.4 0 -0.4 :

.~y “$”””:”””:”+--:. *.=++ .+. AA
9 6 %

0 .0,5 0 0,2 e 0.2 0 -1.1 0 0.1 0 0,2 e 0.0. -1,4 0 -0,4 0 -0.3 0 -0.3 0

0 0.0 0 -0.1 0 -1.1 0 0.0 0 -0.1 0 0.0 . -0.1 0 -0.3 0 -1.1 0 -0.3 . -0.3 0

v w
6 m6.

%. 0? ‘v

6 6 06’, 2 * m.

6< 6<
0 -0.4 0 -0.6 a 0.0 0 0.0 0 .0.1 0 .0..2 e .0.3 . 0.0 0 -0. l . -0.7 . .1.3 .

‘s ).. Q Q * Q b
6< 6 6

w w m
6, 6 6 6

b
6 Ci 6<

0 -0.6 0 0.0 0 0.0 e 0.0 0 0.3 0 -0.5 0 -0.2 0 .O.l 0 -0.2 0 .0.3 . -0.7 0

k Q Q o * ‘w
; 6

> m. %

6 6 6 6, Q 6 6 %
6 6<

0 0.0 0 0.0 . 0.0 0 0.1 0 -0.1 0 0.0 0 0.0 0 -0.2 0 -0.2 0 -0.1 ..0..? o

FIG. A -113 PERCENT ELONGATION PLATE A-42XD (f-lNCH GRID)

> M STEEL , 12 INCH WIDE PLATE NOMINAL STRENGTH 38. 5KSI

TEMPERATURE 17 “IT O Z SHEAR



127

8 -0.8 0 -0.5 Q -0.2 0 0 0 0 0 -0.1 0 0 0 .0.2 0 -0.1 0 -0.7 0 -0.8 0

‘a\ c). .
0 ;. Q;. vL.

o

0 -0.8 0 -[0 o -0.7 ~

~
..- ., . . w“

000 0 -0,1.0 0 0 0 0 -0.7 0 -1.0 0 -1.0 0

Q Q w

w
b 0;

h

‘N ;
Q*;

w
tie <

~

o -0.2 0 -0.3 :0 .0.8 0 .I.l a .1.4 0 .1,1 0 0.1 0 -0.1 0 -0.1 0 .0.1 0 -1.4

COY w b
. w <

N ;. k mm
G ;

o -0.5 0 0.2 0 -0.6 ? sl,6 : .1.6 “

. .
‘a~ . .

0 .0.7 0 -1.1 0 -1,5 0 -1.3 0 -1, I 0 -0.6 0

k o y.~ ;
w

U) G %.. wQ~.k~ o ~ .&’ ~ ~ . .

0 -0.8 0 -1.2 0 -1.7 0 -1.8 0 -0.6 0 0.2 0 .o.Ll o .1.6 0 -1.8 0 -0,9 0 :0,7 0

u) * k?
. Q d

b
N. ;;? U Q

~ ;.

0-,.0 ?

w’

o -0.9 0 -1.3 0 -1.3 0.1,00000 00 0 -1.1 0 -1.3 0 -1,3

Q w. 6 N ,.
. ti

~; 6
<-

~ Q 0;

0 -1..? O -1.0 0 -0.8 :

G . . ~

o .0.9 0 -1.1 0 -0.9 0 0 0 0.5 0 -0.1.0 0 0.1

Ok Q;
o c1 t! N.

ti~. G;:N,- ti

o- 0.80-0.70-0. I oO. 100000 0 0 -0.l 0 .O. l 0 -0.7 0 -0.9 0

FIG A-114 PERCEIVT EI!.0h6AT10N PLATE B-21’XDhcH GRID)

“B” STEEL , 12-INCH WIDE PLATE NOMINAL STRENGTti 42.2 KSI

TEMPERATURE 10 ‘F. O % SHEAR



128

0 -/.5 . -/.4 . -,,, 0 02 0 -0,4 Q -0.4 0 -0.2 0 -0.7 0 -0.6 0 .1.4 Q -1.6 0

Owwm 0

?
*

*
< 2. < t.

6
~:?

:. u-l

o –2, / 0 ./.7 0 -/.3 o -0,7 0 -0.2 0 -0./ 0 -04 0 -0.7 0 -1.4 0 -/.3 0 2.Z o
m~ UN*WW w: ::. O ~<~ m: :ti
o -3,0 0 -2.6 0 -2.3 0 -/.2 o -0./ 0 0 0 -0.4 0 ./,4 o -2.3 0 -3.6 0 -3.2 0

:~m ~
s 6 : 0 0 : ~~;

z

0 -3.9 0 -4.3 0 -3.3 0 -2.2 e -0,7 0 -0, / o -08 0 -2,2 0 -4.7 0 -4.6 0 -3.2 0

m O)m 0). m>ti ?~ ZQd 2 0 om~

e -2,40 -2.5 ?

: =J
.

0 -2.8 0 -3.5 0 .5.2 0 .4,9 0 0.7 0 -2.7 0 -0.8 0 -6.4 0 -4.1

w Nv
;—Q~ —-.~ —~ 1%

OQk
—w —Ni . .

. -2.5 . -2.9 0 -5.6 . -6.0 0 -10 0 -2.0 0 -1.0 0 -4.7 0 -5.2 0 -3.7 0 -2.8 0

0 v ;m klq~m
Klm -

mm
= 2 0 Omti ~titi

0 -3,7 0 -4.7 0 -4.5 0 -2,2 0 -0.9 0 0,/ o -1.1 0 -2,1 0 -3.4 0 -4.0 0 -3.5 0

z GZk
mm U-); o

GO ;-.
6*

e

O -3.3 0 -3. ! 0 -2.3 0 -1,5 0 -0.4 0 -0.1 0 -0.1 0 -1,4 0 -2D o -2.4 0 -2.8 0

q% Q
9

Wmti 320
w m

:-+ 2 2;
~

o -2.3 0 -2.0 0 -/.4 o -0,9 0 -0,2 0 -0,2 . .0.4 0 -0.5 0 -15 0-!90 -1.30

o *

. ..70...3! 2 2 2 2 2 2 2 :.,5?

*
!+

-0.8 0 -0.6 . -0.3 0 -0,4 0 -0.6 0 -0.4 e -0,8 0 -/, /

F16 A - /15 PEt7CEIVT EL OAIGA TIOIV PLATE B 3/XL7 (I INCH GRID)

%“ STEEL, 12 INGH WIDE PL ATE IWhfiNAL STRENGTH 487 KS I

TEhfPERA TuRE 12-17 ‘F 20% SHEAR

DWG. 44E194 FIG. A - //5



129

0 -15 0 -1.4 e -0.9 a -0.5 a -0.5 0 -0.4 Q -0.5 u -0,8 8 -0,9 .0 -17 . -1. ? .

. .,?.0 . -1.7 0 -L6 o -0.8 0 -0.7 0 -0.70 -0.50 .16 0 -1. ? o -t.7 o -2.6 0

0 -3.6 e -2,4 0 -2.4 0 -1.5 0 -0,6 . -0.1 0 -0,4.0 -1,7 0 -2.3 0 -2.9 0 -3.9 0

0 -8.1 0 -6.9 0 -6.2 0 -5,1 0 -1.2 0 -2.6 0 -1.5 0 -5.3 e -5.9 0 -6.4 e -z4 o

0 -6.0 0 -5.1 0 -4,1 0 -2.4 0 .1.0 0 -0.2 a -0,9 e -2.3 0 -4.5 0 -66 0 -Z I o

. -34 0 -2.6 0 -2.3 0 -1.6 e -0.2 0 0 0 -0.3 0 -1.5 0 -2.1 0 -3.2 0 -4.3 0

. -2.6 a -1.8 0 -1.3 0 -0.8 0 -0.4 e -L23 o -0.3 . -1.0 0 -1.2 e -1.7 0 -2.6.

0 .J.5 . -/.2 o -1,1 . -1.8 . -0.3 . -0,2 0 -0.6 0 -0.4 0 -0.6 0 -1,1 0 -1.3 e

ffG A-f16 PERCENT ELONGATION PLATE B-32XD (I - INCH GRID)

‘6” s TEEL, 121 IWH WIDE PLATE NLMilNAL STRENGTH 50.4 KSI

TEMPERA TuRE 20-230 F 87% SHEAR



0 .1.2 0 -1.3 0 -0.3 0 -0.5 0 -0.3 0 -0.3 0 -0.7 0 -0.4 0 -0.5 0 -0.4 0 -1.7 0

0 -1.4 0 ./.6 O .1.6 0 .0.6 0 -0.5 0 -0.7 0 -0.5 0 -0.6 0 -1.4 0 -1,3 0 .1.7 0

O -1,6 0 .1.7 0 -2.1 0 -/.4 o -0.5 0 .0.5 0 -0.7 0 -1.3 0 -2.3 0 -1,8 0 -1.4 e

0 -1.4 0 -1.8 0 .2.4 0 -2.1 0 -1.l 0 -0.5 0 -1.0 0 -2.2 0 -2.3 0 -18 0 -1.8 0

— —---
--’6Q“%/ N . . t--—a~s— :—:—. v — .$.

0 .0.8 0 -0.9 0 -0.8 0 -2.7 0 -0.8 0 4.1 0 -0.7 0 -3.2 0 -1.3 0 -1.1 0 -0.9 0

0 4.9 0 -1.3 0 -1.8 Q -1.5 0 -1.4 0 0 0 .o,3 0 -1.8 0 -.?.0 o -1.6 0 -1.1 0

o ./,0 o .L$? o -1.1 0 .0.1 0 .0.1 0 -0.3 0 .0.1 0 0 0 -1.9 0 -1.3 0 -l..? o

0 .1.0 0 .0.7 0 .0.2 0 -al 0 -0.3 0 -0.2 0 0 0 .o.3 0 .o.5 0 -0.9 0 -0.8 0

FIG A-1/7 PERCENT ELC4VGA?70N PLAZE B-33XD fi-INCH GRID)

*B* STEEL , 12-IMH WIDE PLATE NOMINAL STRENGTH 43.5 KSI

TEMPERA~RE (-3)-(0 )“ F. 0% SHEAR

—





132

FIG A-li9 PERCENT ELONGA?70N PLATE C-51XD (I-INCH GRID)

‘C “ STEEL, f2 INCH WIDE PLATE IWWNAL STRENGTH 48.7 KSI

TEMPERATURE 120-123 ‘F. 100 % SHEAR



c
II
:
*

fo 2P.. 3.4 0 3.8 . 3.4 . 4.6 0 3.1 0J,8 o 3,3 0 2.2 a

0 0.1 . 0.9 . 1.7 0 4.0 0 14.9 0 4.3 0 1,8 0 0.9 0 0.1 0

b .Q”
b 9;

0)’ +i i : i ?

. -0.2 0 0,0 0 0.6 . 1.1 0 8.5 . J..? . 0.6 0 0.0 o-Or? o

. .0. / 0 0.0 0 -0,1 0 0.0 0

“o’”
o 0.1 0 0.0 0 -0.1 , -0.2 0

9 b b .. > Q
:

b P. b
b

b h u 6 * tnb
o -0. [ o 0.0 0 0.0 0 0.1 0 0 0.2 0 0.1 0 0./ o -0.2 0

0 .0.1 0 0.o 0 0.8 0 1.3 0 5;1 0 1.0 0 0.8 0 0.1 0 .0.2 0

. 0.1 . 1.0 6Jo 1.8 04.801,.304.O .1.8 00.9 c. 0,1 o



I

.

‘= 2,3.3,5.34.2.8 ‘ 6,402,903.2 0330

I

.; .:.;.;; .< .;<.;
. * u)

o 0.3 02,9 .3804006.4 0.370.79 .3.OQ

D ,0 .h .il

‘t’

<
. ;’; O .4

Cu. Q “& h

0 0,1 0070.59 . 53 . .?2 054037 QI, oo
.0 ,6. . .6 G 4

1

,< .4 .~ &
mm +.6 b

o ‘0.1 0 -0. t 0 1.0 . 63 0 12.3 0 ZI 0 1.I 0010

.0
. C3Q .Q .k

t

.; .; Q o
-~ b

0 o..? o -0,2 0 -0,1 0 C23 0t0,900.40-C?200 O
.0
. & QQ

/-

0Q< Q .&
. h Q.

0 -0.3 0 -0.2 0 -0,2 0 -0.4 0 0 -04 Q -0.3 . -0,2 0

.0 0 .Q
. 00 ‘a oh QQ

o -03 0 -0.3 0 -0.3 0 -0.3 0

T

0 -0,4 0 -~3 0 -Q3 0

.Q Q Q .&Q,
& .s

. b’
.&Q-

. -.,4 .S .o.4 . -a3 0 0.4 0 //,7 0 0.2 0 -0.3 0 -0.3 0

.Q 4.< Q .<

I

.4 ~ .4. m>m QQ

0 -0.6 0 -0.5 0 1.4 0 68 6 2.1 ~ 6.6 0 1.3 0 -0,5 .

Q o .<
Q L <

1

.<
Q

.& .: Q
b W b

0 -0,7 0 (28 o 3.8 0 4,9 022°53 0360/.0°

o .& * ,;QILn<h
‘1’

.4 < .;
G“; UQY

. 03 . 2.8 . 3,8 . 3.4 . 61 0 3.5 . .39 . 2,9 0

.4 .<

1

.; .: .: :
.

.h ‘; ~
> Q titi+.

Q 2.0 0 3.3 0 5/ 0 2.6 ~ 6.3 0 2.5 0 35 0350

2.3

0.6

(21

-0. t

-0,2

-0, /

-0,3

-0.4

-0.3

-0.5

(26

2.4

0

.0

0

Q

o

‘a

o

.s

I



135

0 -1.0 0 -0.3 0 -0.2 0 0.1 0 -0.1 0 0,1 0 0 0 -0.1 0 0.2 0 -0,2 0 -0.4 0

h w. w w w w
+

w
6.” 6 6 6 Q Q

b w
6< N

o -f..? o -0.4 0 -0.3 0 0.1 0 -0.1 0 0.3 0 0.3 0 0.2 0 -0,1 0 -0.9 0 -1.1 0

0 w. b Q
6

Q w
& * 6

w ~ Q
6 6

Uk
6 w

~ ~

0 -1.5 0 -1.3 0 -1.3 0 -0.2 0 0 0 0.2 0 -0.1 0 0.3 0 -1.l 0 -t. ? o -1.2 0

Y Q) m 6 0!
w

* 6>
6 & 6 6 0

Q:;
2 N

;

~ -1.5 0 -1.1 0 -1. ? e -f. o Q -0.2 e 0..? o -0,3 0 .4, I 0 .I.6 0 -.?4 0 -0.5 0

w
2

Q
6 ~ $; Q *9J k-l a! k u

6 6 < 6
———

h

~[

0 -1.,? O -1,2 0 - 1.0 0 -3.6 0 -0.2 0 0..2 0 -0.5 0 -3,5 0 -1.6 0 -1.4 0 -[3 o

h Q Q > ,+ m
6

m

— —“
*

—=’-%
N

*
6 Y
* *

0 -1.7 0 -1.4 ~ -1,5 0 -2,3 0 -0.2 ~ 0.2 0 .0.5 ~ -3s 0 -1.6 0 -1.2 0 -1.3 0

Y m m w ~ w m
h

* * 6
!0

n w 6 ;< 6 *
J:

w

o ,-),2 o -2.3 0 -2.3 0 -1.7 0 0.1 0 0 0 -0.3 0 -1.5 0 -19 0 -1.9 0 -1.5 0

$.
q

0 -1.? : -1.5:

*
Q 2

w
w

y b h o K1
6 9 G

*
6 %

-1,5 0 -0.5 0 0,3 0 0.2 0 0.1 0 -0,2 0 -1.5 0 -1,3 0 -0.8 0

b
2 Y

ti w
: 0 Q w k

;
b k

6
~

% z Qi

o .1,4 0 1.2 0 -0.3 0 0.1 0 -0,1 0 0 0 -0.1 0 0 0 -0,3 0 -0,8 0 -1.8 0

6 m w h

ti. 6 G 602,
b. h~ Q
6 6<< G

o -1.1 0 -0.3 0 0 0 0.3 0 -0.3 0 0.1 0 0 Q 0.2 0 0.2 0 -0.4 ~ -0.2 0

FIG. A -1,?2 PERCEIVT ELONGATION PLATE IV-14XD (I-INCH GRID)

“N “ STEEL , L2-fNCH WIDE PL ATE NOMINAL STRENGTH 69.6 KSI

TEMPERA~RE (38) - 636)*E 7 % SHEAR

0 W6, 446191 F16. A- !22



136

* -0.5 0 -0.5 e 0.1 e -O..? . 0.7 . -0.1 0 -0.3 * 0.1 9 ‘o.2 - ‘o.3 e ‘o. ~ 0

. -1.0 0 -0.7 . -0.3 . 0 0 -0.1 . 0.1 . -0.1 e O e -0,5 e -0.7 ~ -0.8 *

. -/.5 * -0.8 0 -1.1 e -0.20 -0,1 e -0.1 0 -0. [ e -0.4 e -0.8 e -!2 e -1. O e

e .0.8 a .1.3 . -1.7 e .0.8 e O e -0.4 9 0.2 e -1.0 9 -0.5 ● -1,3 0 -L.? 9

o -0. / o -0.2 0 -0,9 e -3.2 0 -0.2 0 -0.1 0 0.1 e -2.5 ● -1.0 * -0.9 9 - 1.4 e

Q
U Q bv % Q

—*— 6— Znn5-wo -0.2 e -0.4 0 -1.2 0 -2.7 a 0.1 0 -0.i .

0 -0,8 e -1.2 . -1,7. -0,1 e 0.2 . 0,2 e 0,1 . -0.1 . -1.9 e -1.5 e -0.7 0

. -/.5 0-/.490. o 0 -0.5 0 0.2 0 0.3 0 -0.2 6 0 .-[4 0 -/.3 e

0 -0.7 e 0.3 . -0.1 . 0.3 e 0.4 e 0.-0.300,2.090 . -0.6 .

FIG. A -123 PERCENT ELONGATION P.LA TE N-15XD (I-INCH GRID)

“N” STEEL, 12 INCH WIDE PLATE NOMINAL STRENGTH 667KSI

TEMPERA TURE -64 “E O % SHEAR

DWG. 44.S/92 FIG, A -123



137

0.o.9 0 .0.2 0 0 0 0.3 0 0 0 0.1 0 0.2 0 0 0 0.) 0 .0.5 0 -0.9 0

0 -2.7 e -2.o 0 .1.4 0-o.800e O 0 -o,2 0 .o,6 0 -1,2 . -~,o ~ -2,5 0

o -4.6 0 -3.8 0 -3.1 0 -1.7 0 .0.1 0 0 0 -0,3 0 -/,6 e -3.0 0 -3.6 e -4.0 0

0 -8.9 0 -6,2 0 .5,1 0 .4,5 0.o.5 0 .0.5 0 .0.3 0 .4.6 0 .4.9 e -8.0 0 -6.6°
~:
~

—:7- —! —q ._._,5il

Q w ::$

0 -Z3 o -6.2 0 -5.1 0 -4.3 0 0 0 .0,2 0 .0.4 0 -4.4 0 -4.9 0 -6.0 0 - ~0 o

0 -4.6 e -3,8 0 .2.7 0 -1.2 0 0.3 0 -0.1 0 -0.3 0 -1.4 0 -2.9 0 -3.8 0 -4.5 0

e -2.5 0 -.ZI , -1.2 e .0,2 q 0.5 0 .0.5 0 0 0 -0,1 0 .1.4 0 .1.8 n -.g7 e

e .t,5 0. O.90-O,1Oo.30 0.1000o 0 0.2 0 .0,3 0 .1.1 0 -1.5 0

0. O.6000 0 e 0.2 0 0.5 0 0.3 0 -0.4 0 0,8 0 .0,5 0 -0,3 0 -t,9 0

FIG A -/24 Pr!TRCEhIT EL ONGA TIOIV FL A TE N/6 XD t I INCH GRID)

‘h “ S TEEL, f2 INCH WIDE PLATE NOMINAL STRENGTH 66.0 KSI

TEMPERA TURE 32-33 ‘F. 100 % SHEAR

I DIVG. 44 E200 FIG. A-124



138

0 -0.4 0 -0.2 0 0.0 0 -0.2 0 -0.1 0 -0.1 0 -0.1 0 0.0 . 0.0 0 0.0 0 -0.5 0

e) ‘3 k~. . 9 ~.:6 ~
> k

6 6
k-l

6 6 Ci
w

.
@J:y.

o .5.1 0 -6.6 0 -5.5 0 -5.0 0 -0,5 0 -0.5 0 -0.3 0 -4.8 0 -5.3 0 -8.0 0 -8.7 0

.~:””-;+””;”+””;”
.;**++ **.:- *.?

.* w
o -4.4 0 -3.3 0 -4.9 0 -4.5 0 -0,2 0 -0.4 0 -0.3 0 -3.0 0 -5.6 0 -6.5 0 -8.2 0

e) Q h @ * Q ‘J-1 N @ Q

6 > Q
. $. Q < 6 0 6<< ; $ ~
o .4. o 0 .3.7 0 .2,9 0 .0.7 0 -0,2 0 -0.4 0 -0,2 0 -1.4 0 -3.4 0 -4.1 0 -4.8 0

w o b. % a k! v
> > *

< G v< 6 9 6 0< -4 @ ‘$

o .2.7 e ..?..? o .0.5 0 -0.7 0 0,1 0 -0.3 0 -0.l 0 -0.2 0 -1.2 0 -2.2 0 -2.9 0

k * o ‘N o>: w. w @ m

< 6< 6 Q Q 6 6 6< <<

0 -1,9 0 -0.8 0 0,2 0 0..? o 0.2 0 0.3 0 0.0 0 0.2 0 0.2 0 -1.l 0 -.2.0 0

k e. Q Q Q o 0. N o

G 6 0 6 6 6 6 6 6 R
o< 6

0 -0.2 0 -0.1 0 0.0 0 0.3 0 0.0 0 0.0 0 -0.2 0 0.1 0 -0.2 0 0.3 0 -0.6 0

FIG. A-125 PERCENT ELONGATION PLATE N- 21XD (I-INCH GRID)

‘b” STEEL , 12- INCH WIDE PL ATE NOMINAL STRENGTH 68.4 KSI

TEMPERATIJRE ‘2 “E /00 % SHEAR

Dw@.44E17a F16.A-/,?5



139

. -1,7 . -1.0 . -Of o QI 0 al . 0 00.100 0010 ‘(27 0 ‘1.8 0

o ‘3.1 0 ‘3,9 0 -5.0 0 -5,2 0 -04 0 -a4 0 -03 0 ‘5.2 o -53 0 -4.2 0 ’33 0

K1

..~?”-”:---?---? ---:”
-&+-&-4&-+@.--**

. Q

o ‘2.9 o ‘2.8 o ‘3.9 . ’78 . ‘0. / . ’03 0 ‘0.3 0 ‘4.6 0 ‘5.2 0 -$4 0 ‘3,1 0

Q Q ok Qk - m,
~

2 :. ~ ~. c1 Q Q. . N ~aj w’

o -3. I . -4,3 . -53 0 -1.6 0 -o. I o -a3 o -0,1 0 -II o -3, z o ’36 0 ‘4. I 0

. ‘2.4 “ ‘1.7 0 -0,1 0 “.o.2 0 0 0 -0.3 “ -a2 0 0.1 0 0 0 ’07 “ ‘).6 0
Wk w*. ~. QGG’

:. .~. ~ Q Q :.
2

0-t.40-a20-o,40at0 o,t 0-a200”-at Oa2 00 0 -0.4 0

FIG. A -126 PERCEIV T ELONGATION PLATE N-22XD ( i-lNGH GRID )

‘N “ STEEL, l.? INCH WIDE PLATE NOMINAL STRENGTH 70.4 KSI

TEMPERA TURE -60 “E 35% SHEAR



100200 OQQo O

.- 0,/ . 0.0 e 0.0 . 0.0 . . 0.0 . 0.0 . 0.0 . 0.1 .

ubQ 0Qo2E’ti ~QQQ.

. 0.0 . -0.1 . 0.0 . 0.”0 . . 0.0 . 0.0 . 0.0 . 0.0 .

00Q0Q :Yyy?
. 0.0 .0.0.0.0. 1.1 0 1~.1 . /,3 . 0.1 . 0.1 . 0.0 .



14J

0 ‘I, o O -o.6 0 -o.2 0 -0. J O -0. [ 0 0.0 0 -o.4 0 -0.1 0 -0,1 0 ‘0.5 0 -0.6 0

N m %. Q QQ o Q% Q Q
h. 6 6 6 6 Q 6 Q Q. <

0 -t.6 0 ‘1.1 O -0.8 0 0.1 0 -0,1 0 0.3 0 0,2 0 ‘0.2 O-O.1 0 -0.5 0 -1.6 0

0 -3,3 0-, ?.6 0 ‘/.7 0 -0.6 o-O. I 0 -0.2 0 ‘0.2 0 -0.5 0 -/.3 0 -1.6 0 -2.70

‘a 0) Q“? @). .w)’a
ph 6

Q??
w Q Q ‘a

/
‘0.+9 ‘m

0 -5.6 0 -5,2 e ‘3.4 0 -/.5 0 ‘0,4 0 -0.2 0- 0.6 0 -1,1 0 -3.0 0 -4.1 0 -4.7 0

. Q. @w Q Qbm Qvv
Q 6Q 6.. 6 Q.ti, 6 y?

0 -3.6 0 -6.4 0 ‘7.1 0. -4,7 0- 0.3 0 -0.4 0 ‘0.3 0 -4,0 0 -5.5 0 -6.6 0 ‘8.30

pti+—

m :=-?~;>; $ $ ;**Q

o -3,9 0 -5.3 0 -4.6 .0-4,1 0 -0,5 0 -0,1 0 -0.2 0 -3.6 0 -4.8 0 -6.1 0 ‘8.3 0

N> v*. . N h * m N Q

? Q ~k< Q <. w
~

:y.

0 -3.7 0 ‘3.8 0 -2,7 0 -/,3 o -0.4 0 0.4 0 -0.1 0 ‘1,3 0 -3.1 0 ‘4,4 0 ‘4.5 O

V? ‘a Wk o Q 9

<

Klk
6V w>

w 6 0 Q Q ml< G2m

0 -2.6 0 -2.0 0 -[,0 0 -0.7 0 -0,1 0 0,0 0 0.2 0 -0.4 0 -1.3 0 -1.7 0 -2.4 0

u. at, Q?. >k Qfnm
+6 w< 6 Q Q ‘a a w < 6

0 ‘!.7 O ‘1.1 O ‘0.6 0 -0.1 0 0.0 0 -0.1 0 0.0 0 0.0 0 -0.5 0-l. O 0 -1.7 0

*
‘a 0?: Q w o.~ km

<.. Q 6 6 < <~. N

0 -0,9 0 -0.7 0 -0.2 0 0,2 0 -0.1 0 0.3 0 ‘0,1 0 0.1 0 -0.2 0 ‘0.1 O -0.8 0

FIG.A-/28PERCENT EL OIVGAT/ON PLATE Q -3D ( I-INCH GRID)

“Q“ STEEL , 12- INCH WIDE PLATE NOMINAL STRENGTH 64.oKsI

TEMPERA TURE 15-17 “F 100% SHEAR



142

0a600 o 0./ o 0./ o 0.1 0 .0.1 0 0.2 0 0.1 0 0.1 0 .0.2 0 .0,9 0

k Qq Q Q 0
Q w

2 Q m
%;

fad<
6 6

0 .1.5 0.0.70.0,1000 000 00.100 0 .0.3 0 .1.1 0 .1,9 0

*W Q %? hw

GQ5~Q*
Q

6+. Q Q Q

0 .3.00.2.2..1,1 0.0./00.00 O 0 .0.,2 0 .1.5 0 .2.6 0 -3.9 0

kv~ ‘a. 0;
NV Q u) 6

Q Kv Q o Q % G*5

0.5.70-4.70-3.10 -1.0000000 0 .1.4 0 .4,3 0 .5,7 0 .?0 o

. v
~

* Nh? 0) m~ b
ulsj~ 0 p Qy ~ ? !$
. . w

o .11,5 0 .Z4 0 .6.3 0 .4.9 0 0
>

0 -0.3 0 -0.1 0 -6.2 0 -61 0 .8,2 0 .74 0

%>
‘—p2+=+n~$J~-?0- —s

{Vm

o .9.5 0 .7,4 0 .6.3 0 -5. I O -0.2 0 -0.2 0 -0.2 0 -4,7 0 -5.7 0 -6.6 0 -8.4 0

. w % v%. .
p Cl::

Q w
~ $ m. p 0< ??.

0 .5.7 0 -5,6 0 .3.6 0 .{.2 o -0.2 ‘a (It o -0. I 0 .0.9 0 .3.1 0 -4,3 0 .4.9 0

w 0.
Q 2; Q o Q Q b%

w 6 ti +

o -2.9 f

ti

o .3. I 0 ..250-1.40-0.4 0000 0 .0.1 0 .0.2 0 -1.3 0 -2.1

~~ b Q a; Q;: * >

Q 6
w~

. m 6

0 .1.6 Q .0.8 0 .0.5 0 0 0 .O. t o 0.{ o -0. [ 0 0 0 .0.2 0 -1.0 0 -1,6 0

W** Cu . . . . ~
O.Q?

w m

w. ? ? 6 6 Q. Q

. .0.90.0.30.0.1 000000 0.0.10000 0 .0.2 0 .0.8 e

FIG.A -129 PERCENT ELONGATION PLATE Q-IIXD (I+w GRID)

“Q” STEEL , 12-INCH WIDE PLATE NOM?NAL STRENGTH 60.0 KSI

TEMPERATURE 100-101 “F. 100% SHEAR

0W6, 44E177 FIG. A- 1.?9



143

0 0 0 -0.6 0 0.000 0 .0.1 0 -0.1 0 0

b.>
9 6 0 c)

-0,2 0 000,2000 -0.1 -0.1

>
Q

o0 .0,6 0 -0.7 0 -0.2 0 -0./ . 0,1 0 .0. / o .0.2 0

. w
6

h
6 >

Q 6

0.2 4.2

0 -0.7 0 -0,6 0 -1,0 e -0,4 0 -0.1 0 -0,3 0 -0,1 0 -0.3 4.9

0 -0,4 0 -0,5 0 -1.6 . 000.1.0,1. -1,4

-1.8

-0.5

—

-0.8e .0,!

k

6

0 425

N
. .

0 .o,5 0 .0.6 0 -1,5 . 0.1 00.1.00

0 -0.4 0 -0,8 a -0.3 -1.0

. .0,4 0 -0.6
Q

o J-76

Q
. .

0 -0.3

. -0.2 0 -0.1 0 -0.1 . 0.1 0 0.2 0 0 0 0 0

0 0.1 .“ 0.1 . 0.I o .0. / 00./.0. o 0.3

F/G. A -130 PE~EIVT ELONGATION RATE Q-13XD (hvcn GRID)

“Q “S7EEL, 12-INCH WIDE PLATE NOMINAL STRENGTH 58.4 KSI

TEMPERARIRE 0?6 O % SHEAR

DWG! 44E196 151G,A -130



144

0 .0.7 0 .0.2 0 0 0 0.1 0 0.1 0 .0.1 00.20000 0 .0.4 0 .0.6 0

0 ./.9 0 .0.8 0 .0.3 0 0,1 0 0 0-0.40000 0 -0.2 0 .0.6 0 -1.5 0

0 -4.1 0 -!.2 o .1.5 0 .0.2 0 0,1 0 .0. I o 0.2 0 -0.3 0 -1.5 0 .2.1 e .2,6 0

b w
;

N . N
~: m w

6
k

6?
mk

6 6 4 * ti.ai

0 .5,7 0 .5,5 0 .4.3 0 .1, / o .0.3 0 .0.1 0 0 0 -II O -3,2 0 -4,4 0 -5. 7 0

o 4,9 0 .G,7 O .6,7 0 .5,7 0 .0,4 0 .0.2 0 .0.3 0 -3.9 0 -6,4 0 -~9 0 -10.4 0

?: WV
ti

_:/ :~:, ~ .;Q >JL-h__a
o .72 0 .72 0 .5.9 0 .4.6 0 .0.3 0 -0.2 0 -0. / 0 -4,2 0 -6.8 0 -6.9 0 -18, / o

;% w
w

* u). W ~. 9 k!

~

m

6 a 6 Q
. . 6 * $ ~ +

o -w 0 -4.4 0 -3.2 0 -0.8 0 -0.4 0 0.1 0 0 0 -0,7 0 -3.3 0 -4.2 0 .5, / o

0.3,00 -2. oO .1,3 0-0.300°00 0 0 -(12 0 -0.8 0 -2.0 0 -2,9 0

0 .1.7 0 -t,2 Q -0.3’ 0 .O. t o .0. / o -0. / 0 0 0 0.2 0 -0.l 0 -0.7 0 -1,7 0

o -0.9 0 -(22 o 0 0 -0.1 0 0.2 0 .0. I o 0.3 0 -0.2 0 0.2 0 .0.2 0 -0.5 Q

FIG A-131 PERCENT ELONGAWN PLATE GW4X0 (’I-INCHGRID)

‘Q” S7FEL, 12-INCH WIDE PLATE IW)MINAL STRENGTH 61.9 KSI

TEMI?FRATURE 68 ‘F.’ 100% SHEAR



145

0 -1. I o .0.4 0 0 a -0. I o 0.4 0 -0.4 0 .0.2 0 -0.3 0 0 0 .0,4 0 .0.7 0

k
6. v v

4.
0 Q

~

6
Q Q Q > k-l

o $< V

o .1.5 0 .1.0 0 -0,3 0 .0,2 . 0 0 0 0 .(J.I 0 0 0 .(7,4 o -l, rJ o .1,7 0

b 6; m
v ‘5 o Q -. 0 v b ~

. c1
a

6. 6 6

0 -2,4 0 -2.2 Q -1,2 0 -0.4 0 0 . o.f o -0.1 0 -0.5 a .1.3 . -2.2 . -2. / .

~h >.m +. Q.mw W)
* 6

Q
w+ 6 6 6<+ K Q

o-4.50.3,90.2, 90. /,3ooo o.ao 0 -/, / 0 .3.3 0 -4.5 0 .5.3 0

% b m 6.
y a; ‘a h N k

ti 6
>

tic 6 < k-i2< !cj

0 -Z8 O -6,3 0 -5,1 0 -4.2 0 .0.2 0 -0,2 0 -0.1 0 -4.4 0 -6.5 0 .Z.2 o -8.8 0

k
K

2 /;~g,;-o-?~;
—i~ q s

a.
G> ~

0 -~2 0 -7. t O .3.8 0 .4.8 0 .1.1 0 -0.2 0 -O, j o -4. J o -5.0 0 -56

N

o .j75 >

w Q Q
~ 6 N m

$ Q Q w @ m
. *. Q 6

~ 6 ~,<
0 -5. I o .4.2 0 -3.4 0 -].2 o -0. / o -0.2 0 0 0 -1.0 0 -2,7 0 .3,5 0 .4.1 0

a w b w m.
6 G w’ h 6 6 Q? @ Q b

Q . . v 6
m
K

o-2.6 0 -2.2 0 -1.4 0 -0.4 0 0.1 0 0 0 -0.2 0 0 0 .1,.2 0 .I.9 0 -2,4 0

v. m v
v’

. v @m
G< ‘s :

Q 6
0 ‘a k

Ci< <
~

0 -1.7 0 -1,0 0 -0.5 0 .(3,2 0 -0,2 0 0.2 0 fJ,3’ 0 0,3 0 -0,4 0 -I, o o -1,3 0

* m ‘q
N. ‘a o 0 a o Q Q 9 v Q

G. 6
e -0.7 0 -0.3 0 -0.1 0 0.1 0-/,00000 o 0.1 0 -0,1 0 -0,3 0 -2.1 0

FIG. A-132 PEI?CEIVT ELOIVGATIOV PLATE Q-21XD (&lUCH GRID)

“O” STEEL, 12-INCH WIDE PLATE NOMINAL STRENGTH 60.0 KSI

TEMF?FRATURE 57-59* F. 100% SHEAR

O& 44E186 f/6, A-IS.?

—



146



.

* -0.5 0 -0.4 e 0,/ e -0.4 . 0.1 0 0 . .0.4 . 0 . -0.3 0 .0.2 e .0.7 .

u: %. k. QI
~ 6<

m 608 0 Q
m.

6 6 6.

.-0.9 . -0,2 0 -0.4 ..0.5 * 0.4 . 0.1 . -0.1 0 -0.5 . 0- . -0.7 e -0.9 .

Q * w * 6

ti~~ Ci c1 2 0 ~ Q a w 6
<<.

. -l. ) . ./. / .. 0.8 .. 0.5 * -0.,? . 0 e -0,3 .. 1,3 .- /.0 . -/,0 .. /,0 .

k

. ..?..,.0?,.52 2 ; ; 2 2 2 : 2

<

0 -1..? . -0.4 . -0.1 . .O..g o -/,0 s -/,6 e -/.4 o -0.9 e

W Q * 6 e. ; Q2< w w
. . . 6

w w
ti~ n“ *.<

* -1.2 .. 1.2 0 -1..? e -2.4 0 -0.4 0 -0.1 . -0. / . -2.2 . -/.0 . -0.8 . -0.4 .

0
:< :—:—2 —:~;—; —; —: —.

w
w

..0.7 e -0,9 e -,?.4 . -0.3 e 0.3 . 0./ e -2.5 0 -0.5 0 .0,9 0 -0.6 e

5 m %* Q *. w ok
. . e-i Q m

6< 6+6
~ .

6
* .0.8 e -!,0 . -1.3 . -1.0 0 0 0 -0.3 0 -0.2 e -0.9 0 -1.5 0 .0.6 n -0.8 .

Q> a v * Wk x w
. w ti. 6 0<

wk
6

Q
6 LN<G

* -0.5 .-1.2 0 -0.9 . -0.2 . 0 . 0.3 e -0.9 0 .0.3 . -/.3 e 2 /.9 0 -0.9 e

w * w h.k * w * m 9.
<.. 6 6 6 6 6 6 6 4 G
. -0.9 ., -0.2 0 .0.3. 0 0 . 0.1 e -0.3 n’ o . -0. / * -0.1 . .0,3 . -0.8 .

w o 6.?>? b w h h
.< 6 Q Q o 0 6 6 w

6 6<

. .0.4 ● -0.3 . .0. / ..0. 3.0.0 . -0.3 * o..? . -0. / . -0. / e -0.6 0 -

F/G A-/.34 PERCENT ELOAfGATfON PLATE O-31#L7(I-INCH GRID)

*Q W STEEL, 12-INCH WIDE PLATE IV9MINAL STRENGTH ‘ 62.2 KSI

TEMPERA 77JRE {21) -(2?0) 0< o% SHEAR

OWO. 44 E.?3.? F18. A-134



148

0 -0.4 ~ -0.3 0 -0.l 0 0.2 0 -0.3 0 .0.1 0 -0,2 0 -0,1 0 0.1 0 0 ~ 0,8 ~

0 -0.5 0 0 0 .0,4 0 030(2 0 0.2 0 0.,? 0 -0.5 0 -0,5 0 -1,1 0 -0.3 0

-v Q Q ml
<

~
Q;

Q-
< ~ ~

6, 2 3 CJ b
. .

0 -0.6 0 -0.7 0 -0.3 0 -0.2 0 0.2 0 0.1 0 0.1 0 -0.5 0 -0,4 0 -0,6 0 .0,7 0

0 -0.6 0 -1.0 0 -1.3 0 0.4 0 O.t o -0.l 0 -0,4 0 -0.,? o -0.8 0 .0.7 0 .0.4 0

0 -0.2 0 -0. s o -0.7 0 -1.6 0 0,2 0 0.1 0 -0.5 0 ./.5 0 .0.7 0 -1. o 0 -0,4 0

O -0.3 ~ -0.1 ~ -0.7 0 -16 0 0 0 -0.1 0 0.1 0 -1.7 0 .0.7 0 -0.5 0 -0.1 0

U
w v 6 Q b Q

;
b W)

6.< ~ ~ Q %
6 N-

~
6

0 .0.1 0 ‘0.5 o -0.6 0 -0.5 0 0.4 0 0.4 0 0 0 -0.2 0 -1.0 0 -03 0 .0.2 0

0 -0.5 0 -0.6 0 -0,5 0 -0.1 0 -0.1 0 000.40 0 0 -0.8 0 -0.9 0 -0.9 0

0 -0,5 0 .0.5 0 0.1 0 0.4 0 .22 0 0 0 0.2 0 0.8 0 -o,4 0 -o,5 0 -lo 0

FIG A-135 FH?CEJVT ELONGA7701V HATE 12z32XD[1-lht7H GRID)

“Q“ STEEL, 12-INCH WIDE PLATE IWMINAL STI?ENGTH 5$! 7 KSI

TEMPEi?A7uRz? (-51] -(-50) “F O % SHEAR

0W6, 44.5?S0 F16,A-135



149

0 -0.8 0 -0.2 0 0/ 0 -0. / 0.0.100000 000 0 -0, / 0 -0.3 0

*k w.
; Q ‘a o

N. Q Q
Q

!,
o ./.4 0 .1.0 0 .0..? 0 .0. / 0.0./000 -0.1 0 0 0-0.3 :-,.0:-,,5 ?.

b w Q N Q a. bm N q
* * N Ci Q ‘a ‘6. -V
0 ..z.3 o .1.9 0 .1.3 0 .2.2 0 0 0 .0.1 0 .0.1 0 .0.3 0 ./,4 o .2. [ 0 .2,4 0

w -v ~. m? Q a w h b v N
<“ ‘o% G a Q Q

~ 6 6

0 .2.8 0 .3.4 .3 .3,00.1,100 00 0 .0. [ 0 ./,2 O -3.2 0 -3.4 0 -2.8 0

y 5 6. v a; N%6 Q * b
v Q

~
m t!+

0 .2. / 0 .4,4 0 -0.3 0 -0.2 0 0

~_ ::::&\’

o -4,7 0 -4. / 0 .2,5 0 -2.2 0

a
Q ?~:-:—:—;—:

\ O -2. / Q -2.3 0 -4.2 0 -4.2 a -0.1 0 0 e -0.4 0 -4.4 0 -4. / o -2.6 0 -2. / o

N m 6
v

N::;
mxx

o -2.6 Q 0-3.00 -i.4000 O ; -0,3! -/.5 ~ -2.8 ? -33 ~ -2.6 ~

Qw Q% b.. ‘a m Q 9 a
b v+ O.j Q Q Q Q w+ 6 6

. .2.3 0 -2.0 0 -1.5 0 -0,4 0 0./ o -0.2 0 0 0 -0.6 0 -1.6 0 .2,0 0 -2.4 0

ti w ‘.-l b Q Q Q Q 0. w
ti 6

m
v < Q . w m-+
o ./.4 o ./.0 o .0.4 0 -0.1 0 0 0 .0,2 0 .0.1 0 0.1 0 -0,6 0 -1.2 0 .1.6 0

mk~. ?
Q Q Q Q Q Q?.. m.

w. Q.. ,hi

e -0,7 e .0.3 0 0.1 e o e.o.loo. o o 0.1 0 .0.1 e -0,6 0 -1,1 e

FIG A-136 PERCENT ELONGATION PLATE Q-LSD ( I-INcW GRID)

8’0”STEEL, 12-INCH WIDE PLATE NOMINAL STRENGTH 69.0 KSI

TEMPERATURE (-.1)-( I ) “E 18 % SHEAR

LW6. 44EL%0 F%. A - !36



1s0

. -0.9 8 -05 0 0.1 0 0.2 0“ 0.1 0 00 a 0.0 . 0,1 e 0.1 0 -0.5 0 -0.9 .

w-+ b Q.
%

Q?. WQ w w
w.

~
Q Q Q Q c1. < m

o ‘1.3 o -1.2 e -0.8 0 0.2 e 0.0 0 0,2 0 0,2 0 0.1 0 -0,6 .- 1,1 .- 1.5 0

w m w b.. .
6

w
6

w
<.6 Q

w Qv
Q ‘a<ti < b

e -3, / o ‘2.3 o ‘1.5 . -0.9 . 0.2 0 0.2 0 0.0 e -0.7 0 -1.5 0 -2.3 ~ -2.9 0

v N N.m. \ Q Q
m< 6 h 6 Q; 6

.-3,3 .-46 ?.5.3 :

<i

a ‘5.4 . -4,4 0 ‘3.6 o -1.8 e ‘0.2 o -0.1 0 ‘0,4 o -/,6

5) m %
v 0> ...3 6 w 9 m

:. ~uj Q

-o,3 ; -0,9 ~ -0,6 <

Q5 vi$.

. ‘5,9 o -6.9 0 -6.1 0 -5,/. . 0 -4,9 e -6,5 0 -7,5 . -9, / o

m ~.

.-7.40-,., .c+z ~’—;—z—:—~

~=-.- ?~;

s -4.8 0 -o,8 0 -0,7 0 -0.8 a -4.7 e -5.6 0 ‘6.2 o ‘8.2 0

w W%
y

O)n. Om ‘am w
~

‘a

:<. Q 0. 6 %m.. ~

0 -5.4 a -4,4 0 -3.5 . -1,9 0 -0,4 0 -0,4 .-0,4 . -/,7 0 -3.3 * -4, f o -4.8 0

v

i -3/ f -22? -,,5 ;.o~ !.o~ ; -04 ! .02 ! .o~ :.,,6 !-2,4 f .2,8 !

m

h W.Q 0.
Ui h < Q 6 ci

o -1.5 e -0.8 e -0.5 0 0.0 0 0.1 : ‘0.2: 0.0 ! O., !-0,6 ?-/./ ?-,,8 !

Q w w QcJ. . ‘a
4. Q

hmm.
Q o Q Q

~
Q Q. h

o ‘0,8 e -0,4 . 0.2 . 0.0 0 0.1 . 0,1 . 0,0 e O.t . 0.1 e-o. + o ‘0.8 e

FIG A-137 PERCENT ELONGATION PLATE Q-2SD fi-,wcw6RID)

“O‘oSTEEL , f2-lNCti WIDE PLATE NOMINAL STRENGTH 66.6 KS(

TEA+PERATURE 31-34 ‘F 89% SHEAR

OWS.+4 E.?41 F16A-137



151

0 -0.8 0 -0.5 0 -0.2 . -0,2 . 0.0 0 0.2 0 0,1 0 0.0 . 0.0 0 -0,8 .-1,0 .

U!k b
*

y k.. W
<

; k;<+;
w k 6:~, 6<
. ‘6.5 o ‘5,7 o -4,2 0 -/,6 . -0.”2 . 0.2 . ‘0.7 O-I.6 .-4.3 0 -5,6 0 ‘6.5 .

FIG,A -138 PERCENT ELONGATION PLATE Q-3SD (1- JtvcH GRID)

“Qp STEEL, L? ‘INCH WIDE PLATE NOMINAL STRENGTH 66.8 KSI

TEMF7FRATL#?E 63-65 7 100% SWEAR

Dm. 4+EP38 Fffi.A-13( I
—



152.

. -0.7 . -0.2 . -0.1 0 -0. / o -0.2 . -0. / e 0.0 0 0.0 0 0.O 0 0.0 .-0.6 0

UIQ % Q.. . ‘a. Q kk
. ; Q Q Q ; o 6 6 Q..

. -1.2 O-LO . -0, / . 0.0 . 00 . 0.0 . 00 * 0,0 . -0.1 .-0,5 . -/.0 .

.- /.3 . -/.4 . -/.2 . -0. / . -0. / * -0.1 . 0.0 : 0.0 . ‘t,2 o-Q.8 .- 1.1 .

9QQ Q.. ‘a
&

‘a
Q%

‘-J *.9)~
6 ‘d 6 ‘s. % %.

0 -/.2 0 -/.4 e -/,8 0- /.5 . 0.0 . 0.0 . 0.1 . -/,3 .-1.7 . -/.4 . -/.0 .

Wkwk m o.~ 9 * Q
Q

Q
QIO v.’ Q Q <w % Q<

. -/.2 o -/, , . -,,5 . -3.3 0 0.0 . -0.2 ~ -0,1 . -3.4 . -1,3 . -0,9 . -0,7 .

. ‘0.9 Q ‘0.9 o ‘1,3 e -2.9 e ‘0,2 o 0.0 . -0,4 .-3,2 ~-/, o ~-/, o ~ -0.8 .

k. Q’Q. q * . w Q w~

N hg. o 6 <w w w.

. -/.0 o -/.8 o -/.9 o -/, / o -0. / 0 0,2 0 -0.3 0 -1.4 0 -2,2 .-1.4 e -1.1 .

. ccl b Q Q Q % V.-v Q b

%.. 6 Q a Q Q a. Q Q

o -/. / Q -0.6 0 0.0 0 -0.1 0 ‘0,4 o 0.2 0 ‘0,8 e -0.2 a 0.1 . -0.9 0 -0,9 0

o -0.6 0 0.0 . 00 0 -0.1 0 -0.1 . -o. \ . -0.1 . -0. / . 0.0 . 0.0 .-0.5 .

FIG A -/39 PERCENT ELONGATION PLATE Q-4SD (I-INCH GRID)

“Q“ STEEL , 12-lNcH WIDE pLATE NOMINAL STRENGTH 68. 6KSI

TEMPERATURE (- 30P(-29) “F O% SHEAR



153

9 -0.7 0 .0. / 0 -0,1 00.1.0 . 0.1 . 0./ 00./00.100 , -0.6 0

m ‘a Ov o Q; 0
. Q 9.

N’a o 6 Q. N
. .1.0 0 -0.8 e -0.2 e 0.1 0 0 0 .0,1 0 0./ o -0.4 . -0.2 0 -[4 . -/.2 o

. ./.0 o .0,8 . .I, Z . .0, / . .0.2 . 0 e -0.1 . -03 . -1.1 . .1.0 0 ./.3 o

. .1.0 * .1.3 . .1,9 . .1.3 0 -0, [ . 0,2 . -0.2 w -1.4 . -/.9 o ./.7 .. 1.0 0

‘a b.—v — w~—
u b ,—:~;—:—:-:~:

● .0.7 . ./.0 . -/.0 e -2.8 .-0.3 .00 -0,3 . -3.3 a -/.3 . -/. / o -0.9 .

u) am Q N Q Q e? N %
.- OJ a

Q
%. w Q NJ N

. .0.5 ● .0,9 . -1.7 . -t, z . -0.1 . 0 . ..0.1 0 .1,4 0 -2.0 ● -/.5 e -/.2 .

o- O.6e.O.500 :0. -0.1 .0.0.0 * .0.3 . -0.4 . -1.5 .

w. Q N: Q; Q Q
.< Q Q Q b.

Q. N
..0.5 .0.0 .0 . -0, / . -0.3 . 0 ● .0,2 0 .0. / . -0,3 . -/,0 .

FIG A-140 PERCENT ELONGATION HATE Q-5SD (I-INCH GRID)

“Q” STEEL, 12-INCH W(CA5 PLATE NOMINAL STRENGTH 66.7 KSI

TEMPERATURE (-14)-(-13) F O .% SHEAR



154

0 .0.5 0 .0. / 00.200 00.3.30 0 .0.1 c! .0.1 0 .0.4 0 .0.4 0 -/.4 0

UJmk
Q N

6. Q ;; 6 Q b?!
a. Q 6

0 -1.6 0 -0.8 0 -0.3 0 -0.1 0 0 0 0 0 -0. l 0 0.1 0 -0.8 0 -1.4 0 -/.8 O

wmm~> . Qkkk
.$6. 0 Q Q Q Q<

ti~v
o -2.5 0 ./,9 o -/.3 o -0.6 0 0.1 0 0.1 00.2 0 -0.9 0 .1.4 0 -2.3 0 .2.8 0

k??> N m.
6Q v G Q + m

% 6 0. *
ti~w~

0 -3,0 0 -3,3 0 -2.9 e -1.4 0 0 9 0.2 0 .0.6 0 -).8 o -3,5 0 -3.1 0 .6.0 e

w Vvk Q. N 00) Nmq
V@ 6< N 6 6 N

~
Uiti ‘+

.3 -2.0 0 -2,5 0 -4, / .3 .4.5 0 .0,2 . .0.4 ~ -0.4 0 .5,2 v .3.9 0 ..2.2 . .I.9 .

“—:~y;<~-c=+~w—+6 .:
0 .2.4 0 .1. .? 0 .0,8 0 -5.3 e .4.3 0 -2,8 0 -2.4 0

Q! Qkk N. Qm N?
<Q<

QQ m~ . . 6
~

kwiv
u .2.8 0 .3.5 0 .3,4 0 ..2.0 0 .0,7 ‘a o 0 -0.7 0 -2.0 0 -3.6 0 -3.7 0 -2.8 0

Qm~ *W~ * Q;; Nk w.

N 6 6 tin
w

0 -3.3 0 -3,4 0 .2.5 e .1,4 0 -0,6 0 -0.5 0 -0.7 0 -1,5 0 -2.6 e -2,5 e -3.3 0

Qm. m m.; N
w * %6 6 6 0< wn~

ti mv
0 ./,9 o -0,8 0 .0.5 0 0./ ‘a 0,/ 0 -0. / o 0./ 0 -0.4 0 -0.7 m -/.2 o .1.5 0

v Qm. 0; v> Q
ti<a~

b.-
a Q Q< N b

o 4,8 . .0.70.0,/.0 0000 0.0.10000 0 -0.8 0 -/.2 o

FIG A-/4 I PERCENT ELONGATION RATE Q-6SD (I-INCH GRID)

“Q” STEEL, 12-INCH WIDE PLATE NOMINAL .STRENG?H 69.3 KSI

TEMRSEXNK 15 “E 19 % SHEAR

DWG. 44E244 FG. A- 141



155

o-f. s 0 -1.1 0 -0.3 0 -0.3 ~ -0.2 ~ -0.4 ~ -0.3 ~ -0.3 ~ -0.6 ~ -0.9 ~ -Lo ~

o -1.4 ~ -1.2 0 –0.9 ~ -0.5 ~ -0.5 cJ -0.4 ~ -0.9 0 -1.3 0 -1.2 0 -1.2 0 -1.2 0

O- 1.5 0 -1.6 0 -1.6 0 -1.1 0 -0.3 0 -0.1 0 -0.4 ~—1. l O- I,L3 0 -1.6 CI -/.5 o

0 ‘1.4 O ‘1.7 O ‘2.2 o -1.7 0 -0.6 0 -0.1 0 -0.7 ~ —1.8 ~ -2.4 ~ -1.8 ~ -1.3 ~

~ -1.1 ~ –1.1 o –1.4 ~ –3.4 ~ -0.5 ~ –1.5 ~ -0.5 ~ -3,9 ~ –1.6 ~ -1.3 ~ –1.4 ~

O ‘1.l O -1.2 0 -1.4 0 -3.6 0 -0.6 0 –12 ~ -0.6 ~ –3.9 ~ -1.6 ~ -1.3 ~ -1.2 ~

0 ‘1.3 O -1.7 0 -2.3 0 -1.9 0 -0.7 0 0 -0.7 0 -1.7 ~ -2.6 C) -2.0 ~ -1.4 ~

O ‘1.4 O ‘1.7 O -1.6 0 -1.2 0 –0.2 o -0.1 0 -0.2 0 -1.0 0 -1.7 ~ -i.8 ~ -1.7 ~

O -1.4 0 -1.2 0 -1,0 0 -0.6 0 -0.2 0 -0.2 0 -0.4 0 -0.6 0 -1.2 0 -1.3 0 -1.5 ~

O –/,1 O -0.9 0 -0.6 0 -0.4 0 -0.4 0 -0.4 0 -0,4 0 –0.5 o -0.7 0 -1,0 0 —1,1 o

FIG. A -142 PERCENT EL OiVGATIOAI PLATE H-ID (I - INCH GRID)

“H “ STEEL, /2 INCH WIDE PLATE IWMINAL “.STRENGTH 53.3 KSI

TEMPERATURE G I ) - (2)*F O % SHEAR

DWG. 44E198 F16.A- 142

.—



156

,0 -/.3 o -0.9 0 -0.6 0 ‘0.3 o ‘0.3 o -0.3 0 -0.3 0 -0. z o -0.8 0 -1.0 0 -1,4 0

@ * * o * kk w Q? w m
< tii. 6 6 < <~ N G 6

0 -/, 9 0 ‘/,4 0 -/,2 o -0.6 e ‘0.2 o -0. / o -0.2 0 -0.8 0 -/.3 0 -/.8 o -,?.0 o

* * * o m . m
<

Q,*
+ <

-. w Q
G < Q 6 6< N 6<

a -,?.9 0 -,?,3 o -/,7 Q -0,9 0 -0.3 r, 0,/ o -0,4 . -/,2 . -/.9 0 -2.5 . -3. z .

* b. W m
6

>: U! ‘3 al e

v
VI

6< a Q Q 6< 4 v G
0 ‘2,0 o ‘/.5 0 ‘/.2 e ‘0.6 o ‘O..? o 0.0 0 0.0 0 ‘0.5 o ‘1,0 o ‘2.0 o ‘1.8 o

FIG. A-143 PERCENT ELONGATION PLATE H-2D ( I - INCH GRID. )

“H “ STEEL , 12 INCH WIDE PLATE NOMINAL STRENGTH ‘33.2 KSI.

TEMPERA TURI? 23“-27 “ E 74% SHEAR

DWG. +4E199 F)6.4 -143



157

0 -1.3 0 -1.1 0 -0,8 0 .0.3 0 -0.6 0 -0.5 a -0..? o -!. I o -Lo o -!.1 o -{.4 o

w Q Q * \ w * ~ * h a
6 % 6< Q 6

w
6 Q ..

< 6 6

0 ‘2.1 O ‘i.5 O ‘t. ! 0 -0.6 0 -0.6 0 -0.3 0 -0.4 0 -0.6 0 -0.1 0 -1.6 0 -1.9 0

0$ * Q * h % @ m ~
6 * 2 6 6

Q Q
6 6 6< 6 w 6

0 -3.0 0 -.?.6 o -/?.0 o -1.4 0 -0.4 0 -0,1 0-O.4 0 -1.4 0 -.?.1 o -e.7 ~ -3.5 0
a h
6 2 6 $ h h v w w w

~
< h 6 6K%

o -3.7 0 -4,3 0 -3.9 0 -g. g o -0.9 0 0.1 0 -0.7 0 -1.9 0 -3.6 0. -4.9 0 -3. S? 0
w .
~

Q o b % *
{:

b
z

g al
6 6

~
& 66.. 6.

0 -6.7 0 ‘5.7 o -5.4 0 -5. P o -0.6 0 -1,9 0 -0.7 0 -5.5 ~ -6, / ~ -7. o ~ -6.3 ~

* 6 * ~ e e
~ 6 ;—G.+<-

w.

< N
--? - -e

N * ~%

O ‘4.7 O -7. s O -8.9 -0,6 0 -5,1 0 -6.3 0 -Z7 o -10.0 0
--- ../

* * w Q w * * w o a q h

!fj G g ~ 6
~

6 < 6 w$i. ?

O ‘~t O -6.5 0 -4.7 0 -.?..? O -0.9 0 -0.1 0 -0. S O -.?.4 O -3.6 0 -4.7 0 -5.3 0

w w e * b ~ ~ u y Q
~ 6

*
d

h

. 6- <1 6 6 K Q.
0 -4..? o -3.0 0 -2.1 0 -1.4 0 -0.5 0 -0, / o -0,3 0 -1.5 0 -.?.0 o -.?.7 o -3..? o

: b Q 8
2

: w w
a

* *
6 G 6 2 6 6

;
v 6

0 -2.3 0 -1.8 0 -1. P o -0.60 -0.5 0 -0.6 0 -0.4 0 -0.9 0 -1.3 0 -1.s o -.?.1 o

u w y p %. k

< 6 w 6< 6 ;
~ m Q~ z 4

0 -1.5 0 -1.5 0 -0.7 0 -0.6 0 -0.6”0 -0.6 0 -0.S o -0.3 0 -0.6 0 -1.1 0 -1..? o

FIG. A-144 PERCEIV~ ~LOIvGArlOAJ PLATE h’-3L7 (I-INCH GRID]

*B* STEEL , 12 INCH WIDE PLATE NOMINAL STRENGTH 53.4 KS I

TEMPERATURE 40-43 ‘E 66 % SHEAR

I

OW6. 44E.?OI ‘ FIG. A-144



158

.- 0,9 . -0,8 . ‘0.6 . ‘0.5 . -0.1 . 0.1 . -0.3 . 0,4 . -0.4 . -1.0 . -2,0 .

Q 01 % w w * m~ m %.* ‘o
Ci < <~ Q 6 Q Q<. 6 *

.- /.7 . -1.4 .-t. t .-0.4 . 0,0 . 0,3 . 0.2 .-I. o .-0.7 .-I.5 s -2.3 .

WW. . * y h b m Q *> Q
<W 6 ti o 6 .6 6 G 6 w G

. -3.3 . ‘2.4 . ‘1.9 .- 0.7 .- 0.9 - 0.1 . 0,0 s ● . . s
b Qm % h Q w w % Q 6 h
6. w“ Ki w“ < < < “ w~:y
● -5.6 s ‘4.4 v ‘3.7 . ‘1.9 , -0,7 . 0.2 . -0.5 . ‘1.7 . -4,6 . -7.0 . ‘7.9 ●

k m. b. h w b m % W-- -k

.2 * ~ 6 6 6 ‘s 4
<---4+ /m w *-

. -11,1 . -8.3 . -6.6 . 5.4 . -0.7 . ‘1.9 s -0.6 “ -O.WX . -7.0 . -7.3 .
u) w

+&-
u

:~:”’ .; ; : :Q+++:J. *“*
. -8, / . -6,4 . -5.8 . -4.8 . -0.8 ● -/.3 . ‘0.7 ● ‘4.3 .-5. ! . -3,4 . -6.2 0

‘3 6 v 04. *W v 6V ‘N m
<. * 6 ‘s. < 6 6 < h< : ~
● -4.9 . -4.3 0 -3.4 ● -/.6 ● -0.3 o 0.3 .- 0.7 ● -I.8 .-3.3 .-3.8 . ‘4.0 .
Nk. k w Q. w Q)Qv w
6<<. << < 6< <G G 6

● -3.3 .- 2.5 s ‘/.7 .- /./ .- 0.,? . 0.0 . -0.1 .- 0.9 .- /.4 . -2.3 . -2.3 .

h ‘h y w 0). h ml w+. O“w
G< w< 6 6 6 0 G w,+ G
.-,,9 .-,,6 .- /,, .- 0,5 , 0,O .,-o.3 s- 0,4 o 0.5 0 -/.6 ● -/.2 .- /.6 .

w * % 0) Q ‘o ? m -’a * Q
< < < Q<< Q ci~”< (~

● -1.6 . ‘0.9 - ‘0.3 --0.6 e 0.0 - ‘0,1 s-o,6 .-o,2 .-o,9 ● -o.6 ,-,,3 .

FIG. A -145 PERCEIVT ELONGATION PLATE H -4 D (I-INCH GRID)

“H “ STEEL , 12 ‘INCH WIDE PLATE NOMINAL STRENGTH 52.7 K.S. 1.

TEMPERATURE 60°-630 F. 92% SHEAR

0W6, 44Ek02 FIG.A-145



159

0 .0.8 0 -0.6 0 .0.4 0 -0. / 0 -0.1 e -0.1 0 .0, / 0 -0. / 0 .0,5 Q -0,7 Q -0.6 0

% 6 * 6 w w w
<<. 6

~ 6 Q * Q h m
Q tiy.~

o .1,0 0 -0.9 0 -1.1 0 .0.3 0 .0.3 e .0.1 0 0 0 -0.3 0 .0,9 e -1.0 0 .1, ) Q

y w W N h
w Qi<< ci 2 2

w. w 0) Q
ci~~~ q

o -1,3 0 .1.3 0 -1.4 0 -0.9 0 .0.2 0 -0.1 0 -0.1 0 .1.0 0 ~1.3 o .1.3 0 -1.3 0

*k w q.
ti 2 Q a w e k

Oi ti w<
:

<
*

m w<
o -1,1 0 -1.3 0 -2.2 0 -1,7 0 -0.7 0 -0.2 0 .0.7 0 .1.6 0 .1.6 0 .1.4 0 -o,9 e

Q w. y
< k

ti
% % w al w>

6 v ti 6 6 d 6
*

hi N<

O -0.9 0 -1.2 0 -1,3 0 -3.4 0 -0,6 0 -1.1 0 .0.6 0 -2.9 0 .I.3 0 .1.0 0 .0.9 0

v
:~<

—q—w
N 6 —:~:—:—:—:—;

o .I. o 0 -1.0 0 .I.3 0 -3.1 0 -0.7 0 .{.0 o -0.5 0 .3.0 0 .1.5 0 -0.9 0 -1.1 0

w 6 %.
z

w
6

b
‘z

~ Q
ti <

: v
& 6 @i * h <

0 -1.1 m -1.4 0 -1.8 0 -1.6 0 -0.6 0 -0.l 0 -0.6 0 -1.5 0 -1.7 0 -1.4 0 .1,2 0

* k kw
% 6

*
*:

Q o QI w Q v *
< 4 * N<

o -1,4 0 -1.4 0 .1,3 0 -0.8 0 .0. / o 0 0 -0.1 0 .0.9 0 .1.2 0 -1.3 Q .1,3 0

k k k. w
4

Q Q * 5 01 w h
G<. 6 6~~ ti ti

0 .I,4 o -1.2 0. 0.80-o.20 O0 0 0 -0.2 0 .0.4 0 -0.8 0 -l. ) o .1,1 0

u w % w
6 Q Q w h

N= 6 Q w m *
6 6<<<

0 .I,2 o -0,8 0 .0, S e .0.2 s .0.2 0 .0.2 0 .0. / o -0.4 0 .0,4 0 -0.7 0 .0.7 0

FIG A-146 PERCENT ELONGATfON PLATE H-5D (I-INCH GRID)

‘H “ STEEL, 12 INCH WIDE PLATE NDMNAL STR5WVH 51.9 KSl

TEMPERA~RE (-22 -(-20) “F O % ShWAR

Dw6. 44EP 33 f?s.A.146



160

.

0 -/.5 o ./. / o -L18 o -0,3 0 -0,4 0 .05 0 .0,4 0 .0.3 0 -0.7 0 -/, / o -/.3 .

o .2,0 0 ./,6 o -/,2 o -0.7 0 -0,3 ~ -0. / 0 -0.5 0 -0.7 0 -/.4 e -/. / o -2. / ~

o -2.9 e -2.5 e -2.0 0 - /.3 0 -0.4 0 -0. / 0 -0.3 0 -/.0 o -2.0 0 -2.6 0 -3.0 0

0 -4.4 0 -4./ o -3.5 0 -/.6 o -0.8 0 0 0 -0.9 0 -2.0 0 -3.4 0 -4.6 0 .5. / o

0 -56 0 -5,5 0 -5. / o -4.7 0 -0.7 0 -/.6 o -07 0 -53 0 -6. / o -6.6 e -5./ o

0 .5,9 0 -6.3 0 -4,3 0 -Z, I e -0.9 0 +0.1 o -0.8 0 -2.0 0 -56 e -4.8 ~ .5,6 e

e -4,o e -3.2 0 -2.2 0 -/.5 o -0,2 0 0 0 -0.5 0 -1.1 0 .2,0 0 -2.7 0 -3.3 0

0 -2.3 0 -/.6 0 - /.3 0 .0.8 0 -0.3 0 -0.2 0 -0.2 ~ -0.9 0 -/, / o -1.6 ~ -2./ o

o -/.6 o -[.2 o -0,8 0 -0.5 0 -0.3 0 -0.3 0 0 0 -0.4 0 -0.7 0 ././ 0 -/.4 o

FIG A-/47 R5RCENT ELONGATION PLATE H-6D (I-mix GRID)

“H” STEEL , /2 - IMH WWF PLATE NOMINAL STRSW’TH 66.LI KSI

TEMPERATURE 10-13 “F 44 % SHEAR

MV6. 44E.?P8 F16. A -147
,



161

. .0,80 -/. / 0 -0.6 0 -0.4 0 -0.2 0 -0.2 0 -0.2 0 -0.5 ~ -0.6 0 -1.4 0 -/o 0

o -3.4 . -e.3 . -1.7 * -/.2 * -0,2 . 0.3 s -0.1 0 -1.3 0 -2.0 0 -2,6 . -3.5 0

. -57 . -4.7 . -3.4 . -2.1 .-0.7 .0. -0.5 0 -2.2 . .35 0 -4.3 0 -5.4 .

0 -8.8 0 -6.9 e -6.0 0 -5,0 0 0 0 ./.5 o -0, / e -5.3 0 -6.1 0 -71 0 -8.9 e

o -8.9 . -Z9 o -6.7 0 -52 0 -1.4 0 -1.5 0 -[0 o -4.1 0 -54 0 -6.2U.0- 8.1 0

%?: Q. Q b b
9 %

$ !@.’3
~

6 g ~ ;; .,~ ‘ y

o -5.6 0 -4.9 . -3.1 0 -1,6 0 -0.5 0 0.1 e -0.8 0 -1.8 0 -3,0 0 -4.1 0 -5.0 0

e -3.1 e -2.6 0 -1.6 0 -1.2 0 -0.1 0 0.1 . 0.1 0 -1.0 0 -1.9 . -2.1 0 -3.0 0

0)? m o Wk k Q Wk 0!
6

6
w.-

~ ~
a 6

~ ~
WV

e -1.4 0 -0.8 e -0.7 e -0.4 0 -0.1 . -0.1 e -0.6 0 -0.3 0 -0.6 0 -1.2 0 - 1.1 e

FIG A-148 PERGENT ELONGATION PLATE H- 7D 6-INGH GRID)

%“ STEEL, 12- INCH WILE PLATE NOMINAL STRENGTH 52.6 KSI

TEMRSRATURE 98 “F 100 % SHEAR



I

,

I

O 3.9 0 4.2 0 4.2 0 3,5 0 <4 0 3.6 0 4.1 0 4.3 0 3.4 0

o 2.3 0 3.2 0 5.0 0 5.8 0 ?!6056e 4.60 3.0 0 2.0 0

o II o 1.0 . 1.6 0 2.9 0 ~z . 3.0 0 1.6 0 0.9 0 09 .

o 10 . 0.9.1.6.33.’ 3.1 0 3.0 0 /.6 . 0.9 . /.0 o

Q.: Q: I & Q 6: 6
6. m b. Q h m

o 2.0 0 31 0 4.7 0 5.4 . ?[ . 5.6 0 4.6 0 2.8 0 2.3 0

. .
b\

4;’ 1’N: 4;>
Q : Q@ ’’J0l

0 3.3 0 3.9 0 3,8 0 3./ o 5.2 0 3.7 0 4.0 0 4.0 0 3.5 e



163



164

0 .0,9 0 -0.9 0 .0,4 e o . -0.2.0.4. Oc, o 0 -0.3 0 -1.3 0 -1.1 e
-+ Q
N

?.

o -1.0: .1.2 : -,9,7 : -..3:

W %; Q
6

m>.
6, 6. w G

o 0 0.1 0 -0.1 0 0 0 -0.1 0 -0.2 0 -1.4 e

Q -1,3 0 -1.4 n -1.3 Q -/.0 O -0..2 0 0.1 0 -0.1 0 -0.8 . -0,3e :1.4 . -1.3 0

0 -1,2 0 -[5 o -.$30 0 -1.3 0 -0.7 0 0.1 0 -0.6 0 -0.6 0 -.?,1 0 -1,5 0 -0,5 0

0 - 1.1 0 -1.1 0 -1.3 0 -3.1 0 -0.5 0 -1.3 0 -0.7 0 -3.6 0 -1,.? o -0.7 0 -1.4 0

w k y
*— —<~ . ‘—; ++-%Q

o -0.8 0 -0,8 0 -I,p o -3.3 0 .0,5 . .(,0 e .0,7 0 .3,5 0 -1.3 0 -0,9 0 -0,9 0

0 -1.l 0 -1,4 0 -1,6 0 -1.0 0 -0.6 0 -0,3 0 .o.a o .f, i3 o .3./ 0 .1,3 0 -\, ~ o

FIG A -15/ PERCENT ELONGATION PLATE H- 100 (I-INCH GRID)

“H U STEEL, f2 - INCH wIDE PLATE ACM41NAL STRENGTH 5.38 KSI

TEMPERA TURE (-42)-641) ●F O % SHEAR



165

. 0.0 0 0.0 0 0.2 0 -0.4 . 0.1 0 0.0 0 0.0 0 0.1 0 0.2 0 0.1 0 -0.4 0

0 -0.6 0 0.0 0 0./ 0 -0.2 0 0.0 e 0.1 0 0.0 0 0.2 0 0.1 0 ‘0,6 o ‘0.6 o

0 0.5 0 -(26 o -0. / e -0.3 0 0.2 0 0.1 . -0.2 0 0.0 0 ‘0.8 o ‘0.8 o ‘0.7 e

0 ‘0.5 o ‘0.6 o ‘0.8 o ‘1.0 o 0.1 . 0.1 0 -0,2 0 -0.9 e ‘0.9 0 ‘0.3 0 ‘0.8 o

Q b cm w m. . w ~ N w.
..<< G Q Q 6. w ti~~
o -0,5 0 -o,.? o -0.6 0 -2.1 0 0.1 . ‘0.3 o ‘0.5 . ‘2.1 o ‘0.7 * ‘0.6 . ‘0.4 .

9 ‘0.4 0 ‘0.4 o ‘0.6 o ‘1.6 o -0,2 . -0.1 . -0.1 e ‘1.8 o -0.6 e -0,7 0 -0.5 0

e -0,5 0 -0,7 0 -I, o o -0.8 0 -o.l 0 0.1 0 -0.1 0 -o,6 . -1.o 0 -0.7 0 ‘0.6 e

m w? Q Q Q Q> %.
. . < Q Q Q Q

em
6 Ci, a<<<

e -0.7 . -0.3 0 0,0 0 0.1 0 0.1 0 0.0 .-0.1 . 0.3 . 0.0 . -0.5 0 -0.7 .

/7G A-/52 PERK/VT ELOmT/ON ELATE H-&XD (I-INCH GRIO

*H ‘ STEEL, 12- INCH WIDE PLATE NOMINAL STRENGTH 47.4 K.S. (

TEMPERATURE -64 “F O% SHEAR

DW6. 44EtSl FIG/M5



166

0 .0.5 0 .0, [ . 0 . 0.1.0.000 0 0.1 * 0.3 0 0.1 . -0.3 0

* w w
z; 6 Q Q 9; Q

% . .
W

:<.

. -0.7 . .0.3 . -0.2 0 0.1.00 0.1 . -0.1 0 0.1.O. -0.6 0 -0.6 .

CO V)w? Q;;
W=+m b

<~,< Q Q 6.Y.

o -0.7 Q -0.7 0 -[I .-0.3000 0.1 . 0.1 0 -0.1 0 -0.3 0 .0.7 0 -1,7 .

.V >
<5 w 6 k m

2 0 Q
2 6<. Q

cu. w ~

o -0.7 . -0.8 0 -l,.? o -1.2 0 0 0 0./ . 0.1 0 -).1 o -{.2 o -0.6 0 -0,5 0

h m w..;;., < -. Qk m W’
w

Q
6. . .

~ ~ .<

. -0.7 0 -0.4 0 -1.0 . -2.1 . -0.3 a -0,2 0 -0.3 0 -1.8 0 -0.6 0 -0.4 e -0.3 0

— >y—
v :“- ~~ —~ + —2—--:

o -0.6 a -0.7 0 -0.7 . -2.1 0 -0.1 0 -0.3 e -0.2 0 -2.0 0 -0.7 * -0.5 . -0.5 e

0; w v; ~ 9)*
2<

Q m Q
Q 6 6 <.- :

0 -0.4 0 -0.8 0 -/.2 0 -/.0 o -0. / 0 -0,5 . 0 0 -1.3 0 -1.2 0 -0.8 0 -0.6 0

V>m> 9 N.
.

6
OJ. w Q 6

k!%
6

W
62 .-.

0 -0.7 0 -0.9 0 -0.7 0 0.1 0 0 0 0 0 0.3 0 -0.5 . -0.3 0 -0.7 e -0,8 0

‘oClv < w w N w m
6

m @
. . . . . . ~

6 6 6
@

6<<.

0 -0.6 0 -0.2 0 -0,3 0 -0.1 . o..? . 0 0 0 0 0 0 -0.5 0 -0.6 0 -0.7 e

wm~ o 0
w

Q; Q * w 9
< -J 6 o~.

e -0.6 0 -0.5 0 0.1 0 -0.2 0 -0.5 0 0 . -0.1000000 . .0.5 0

FIG A-153 PERCENT ELONGATION PLATE H-82XD(I-iNm GRID)

“H” STEEL,12-lN@i WIDE PLATE NOMINAL 57RENGTH 474 KSI

TEMPERATURE - 40”E 0% SHEAR

DWG, 44EPS.? FIG, A-153

—



FIG. & VIEW OF TUBE 80” AFTER FRACTUR< TESTED AT -40 ‘~



rig.B+ vmv OF mm “L” _ FRM!K7EE* ‘l!ESm A!l do~ F.



169

t--- ‘“s=s “ ‘“----l’”&-—’-”@’”---i—. . .0.4 . .O. * . 0., . O* . ~, ,

\_l:y ; : :f: J/:
. /.1 . as . ,.=>7:%7-&q,>,
. . ..<<

:1: ~
,1, ,,,

. /., . ,., . ,., . ?., . ,., . /,2 -.3. /.0 . 5./ o

. . .
. .

+:+:}

. ,., . ,.7 . ,., . 2., . ,., . ,., .,.0. ,., . ,,, .

m..
. . . ,1, ,”: p,)
. ,., . ,.6 . ,,, . ,.9 . . . . . ,.6 .,,,. ,.$ . . ,.6 .

. . .

. . .

‘t’:
,+ ,/>

. ,.6 . ,.s . ,.s . ,.9 . ,., . ,.g .,. ?. . . . . p., .

..*.. . . .

. ,.7 . ,., . ,., .

. . .
:.. .
. .?, . ,.7 . ,.6 .

. . . .. . . .

. /.. . ,., . ,,. .

b,.6 . ,,*

\<

.
0.. . 2.0

,.. “y

d~+’t~t’
. l“. ;’”’;

. /.7 .1. . ,.6 .3.0 . ,., .*. . ,.,

. I t.. *,,./.6 .0.7. 0., e 2.6 . ,,, . ,., . ,., . ,.’ .:ikm:./.../,,....: 4: !x’’’fi’”n”n
. ,.8 . ,.0 . ,., . . .. . }., . ,,, .,?.. ,., . ~!, . S.* . Z.o . ,.* . *., <

. . . .

. . . . ‘\’ + d : : ~.,.6 . !., . . . . . ,., . ~,, . ,, .,,. ,,6

. . . .. . . .
: ~,’ + ;y’ ~*“’~‘“’~‘“~.8.7 .,.8.,,,.,.,.,.,.{,,,,.,.,,, .,.,.... .,.,. ,.4 .

*.. . .
.. . . . . +1::/:: :, :. /.?. ,.7 . ,., . ,,, . ,.9 . 3., . . . . . . . . . ,., . ,, s ,,0 . ,,,

. . . . .

. . . . . .‘ ‘,+ y , * , ;’”:. . . .,

. /.6 . ,.7 0 ,.6 . . . . . ,.# . #.# ,,,0. .,, . . . . . ,,, . ,,,

. ..* . .

. . . . . . 1’\::/:>: ;’”’;’””;. /.,.,...,.,. ... . ... . ... .,.,,,.,6.,,. .,z. ,,~b, ,e .

. . . . :: I$? :5..% .f,

. . . .

. /., . ,., . ,., . ,., . ,.6
: ,,, 8..,,80 ,,, : ,,, : ,,, ~ ,,, : ,,, : ,,, :

.*** ::

t

..*N .,. ,
. . . . ..< ..< .
.,,, ./.l. ,., O .. . . . .. . . . ,,= .,,,

e.. .
.<. . :/:

s ,6 . 0,s . 0., .
~’>;:< ~:: ~:: :(0”’” ‘“ < : :fl-—-:-:

o

x

.—~—: : . :-
. .

s O.* . O,* . . . . . . 0..? . 0., .0. . 0.,

–i

. 0.4 . 0.3 . 0,7 . 0..! . 0.s .

. . .
2.. . :1.

w :/: :
:/, ,,

. .0. , . 0.0 . 0,0 . 0,’, . .,0 . . . . . . . .. . .,O . .,, . ~,, . 0.0 . 0., . 0., .

—“/

\
-UQO o“m.o MO”d.a

FIG.B3 PERcENT ELLWGATION IN TUBE SPECIMEN ‘O” AFTER RL&7Zb7E.





171

~

\

\

\\

\,

-+

—

&
\.
\i

i.

\.

\.

3

i

-

—

/S, $WW S 3AU93JJ3 -,

‘J
h

--i



/“
/

,

~

T 0,/0 0./5 C120

— Tu&E A 1—

I -- —-+ TUBE C

E EFFECTIVE S TRAIN

FIG.&6 -&FFEC~E STRESS VS EFFECTIVE STRAIN CURVES FOR TUBES A,C,Q~
TESTED AT AWROXMTELY



I 73

.3

2

$ RE*,m~~ ~~~,q&4T,~
AFTER .=RACW#F

g,

: I I
~.-. : w~Ew

o
-.—- ----

605040 .30 ,?O /00/0 .?0.?04050 60

L%$TANG ALONG SPFCIMEN, INCHES

LONGITUDINAL ELONGATION IN PLATE AND WELD

,?
/

~
8 AFTER FRACTLWE

$0
,/

w

-/ - I I \ /“ -. J

+----G wEL 0 /
? ‘

— PLATE

-%
( 1

50 40 30 20 /00102030 405060

DISTANCE ALONG SPCCIMEN , INCHES

CIRCUMFERENTIAL ELONGATION IN PLATE AND WELD

s!

FIG. B-7 - AVERAGE ELONGATION OF SPECIMEN *O: AT V21AYOUS WADS.



6 TRUE STRESS , PSI

5
62,000 _

AFTER FRACWRE
4

g3

~’p

e *
d, _ ~---: ::E

N

0
----

PO JO 0
30 40 50 60

D,S%4NCE ALONG s9EClM&> lNGHE~

LONGITUDINAL Ei0N13A T{ON IN PLATE ANO WELD

e TRUE STRESS, PSI

5

RESIDUAL ELONGATION
4 d FTER FRACTURE

~, I I

~; +-–-& WELD
— PLATE

No

“’60 50 40 30 20 fO 0 10 20 30 40 50 60
D,.5TdNCE ALOVG sPECIMEN, lNCdES

GIRCU,MFERENTIAL ELONGATION IN PLATE AND WELO

-e-----e

ELONGATION AT MID-SECTION

FIG B-8 - AVERAGE ELONGATION OF SPECIMEN ‘~: AT VARIOUS LOLDS’

F(G. B-8



I 75-

Isn ‘Ss3&ls it41.&L&9*

+

[
S

0

——



-+

-_-+

I

‘!

$‘i
‘,

\ ,

\’
\\

-+

+----F
\

F
\

“/.,‘\
b,

\,’h

\\
\;

I

L
i

,$J ‘ SS3M1S 3f181



177

m W

FIG. B-n -
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