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COLRREiATIONOFLABORATORYTSSTSNITHl?WLLSCAm
SHIPPL.4TEFRACTURETdSTS:
SLOWNOTCHBWDTdST

INTRODUCTION——

presentprogressreportisessentiallya continuationof

March19,1947L,Theobjectiveandoutlineofworkwere
that

indi-
thatplace;theformerconsistti,,inthedevelopmentofa test

capableofconductioninthelaboratoryandwhichwouldcorrelateclosely

withthelargeplatetestresultswhichwereobtainedattheUniversityof

CaliforniaandattheUniversityofIllinois3.Thelatterconsistingin

partintheexaminationOi>theCharpytestinthepyeecribedmannertoascer-
,“tainifinthistestthedesiredcorrelationcouldbeobtained,Close

correlationwasnotobtainedinthistest.Iiordertoobtainthedesired
correlation,a slow-bendnotched–bartestwasdevelopedanditiswiththe

resultsofslowbendtestingthatthisreportisconcerned.

Thefollowingpersonshaveconstitutedtt,estaffandhavecontributed

tothevariousphasesoftheinvestigation:

1.!.Gensamer
F,.C.::~agner
E.P.Klier
J.O,hack
i~iaryAnn13ishGp
EuniceMarks
SelmaKrause
Minahioessen
PhilipVonada’~,. Her~~anColyer

TechnicalI?epnesentative
Supervisor
Investigator., .
Investigator
ResearchAssistant
ResearchAssistant
Drafting
TechnicalLabor “ ‘.
TechnicalIabgr
TechnicalLabor

—-- —..._ _

l,2&3- SeeBibliography
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STEELS

ThesteeldesignationsarethOSeusedformerly].Noadditionalsteels

havebeenusedtodate.

SLOW’BENDTESTING.—.

ResumeofTestingPro~rq:

Specimenshave,butfortheindicatedexceptions,beentakenfromthe

platesothatthelongdimensionwasparalleltotherollingdirectionwhile

thenotchwasparalleltothethicknessdirection,ThesearedesignatedLH

specimens.Similarlycutspecimenswithtl!enotchintheplaneoftheplate

aredesignatedasLBspecimens;whilespecimenstakenfromtheplatesothat

thelongdimensionwasparalleltothecrossdirectionwiththenotchparallel

tothethicknessdirectionaredesignatedasBHspecimens.
1~~ttherat,eoftestingcouldpossiblybevery(1)Itwasindicated

importantindeterminingthetransitiontemperature.Todeterminethis

effectquantitatively,sets Of s+eel.s & CS % and E were te~te~ in a S1OW

bendfixtureforthestandardT.HV-notchedCharpybar,

(2)Theresultsin(1)didnqtappearpromisingsoasecoildseriesof

testsmereconductedfor

testbarwasofstandard

SteelsA,Br$~?c?Dr9Dn~.E9H9Nand~G The

CharpyV-notchedtestbardimensionsexceptforthe

height,whichwase?~~inchesinsteadof+394inc~]es*‘he‘est‘ata‘ffered

definitepromisebutwerenotfullycorrelative.

(3)Thesecondmodificationoftheslowbendtestwasagainwithrefei”-

encetothespecimen;inthisinstancethewidthwasalteredtofull.plate.-

thickness,whiletheheightandnotchgeometrywereheldthesame,.Tests

wereconductedonvirginplatestockfromtheprojectsteels,



, large

.. -3-
(4)Adequatecorrclationbetmeentheslowbendtest”results

platetest~es?fltswereobtainedin(3)exceptforsteelsBr

Forthesetwo,steeistheopening”up’of-craiks’onthecentralplane

specimens‘perpendiculartothenotchb notedel~ewhere2appearto

andthe

andHi

ofthe

beeffective
inprdveniingtheappearanceofabrittle-fractureexceptatmuchtoolow

‘ternperatureiC’Inanef’forttopr.evefitthistypeof~racking”anLBsetof

specimensandaBHsetofspecimensforsteelsBrandHwereused.

(5)Sornii’kpecimensasin(~)werealso

ladgeplatesec~ionsoriginallystudiedl.

Testing“Procedure:...——.——

gone

ofa

Thefixtureusedfortheconductionof

severalmodifications.Thealterations

moresturdyunitineachinstance.,The

cutasin’Figure1fromthe

theslowbendtesthasw.lder-

consistedintheconstruction

finalformw.h~.chnowisin

usetogetherwithcomplete”’instruc-tlonsfortheccmductionof’thetest

ispresen~edinAppendix1.-
,’.’ ..’

‘heRepresentationofTestData:.’...~— —------------>.,
Severalfactorsareavailableto

andductilefailureofthetestbar.“,,

.,.

. . . .

,,,. ,,

allowdifferentiationbetweenbrittle
...

Notalioftheseareequallyconven-,.’ ,.
ienttouse9hqvever.Thusthecustomarilyusedenergyabsorption-,.,? ,,.,.,
temperaturecurveobtainedinthestandardimpacttestisnotobtainable

withoutanappreciableexpenditureintimeand,.e$fort~:slowbendte~ting.

Itis”est~”at~dthattheaut~graphic

requiresanincretiseinthetiredfor

factor”offive,and‘~~iththepresent

recordingofthe,loqd~benddiagram.....

thetestingofonetestbarby.a

testprocedurerequiresthetimeof

twomenasagainsi

deflectiondisgram

barisofthesame

oneiftherecordingisnot.atbempted.Iftheload-

isnotrecordedythetimeforthetestingofonetest

orderasthatfortheconductionofthestandardimpacttest=



,C9
,, 4-

Afac+~rwhichisaconvenience,i:,~~@,

whichcannotberecorded.isthenoisewhich

conductionof.:’
accompaniesa

Thisinaudible,evenwhenbrittlefailureprogressesonly

thetestbut

brittlefailure.

a

throughthebar.Accompanyingbrittlefailurethereisan

inload,Themagnitudeofthis-dropinloaddependsonthe,“
the

the

brittlefracture,fal.lingtozeroyhenit

bara

Two’additional-factorsdiffe,re,ntiatethe

fractureandarenrwnelyytheangle,ofbendof

ofthefracturedsurfacese

....’ .,
shortdistance

immediatedrop

penetrationof

passesessentiallythrough

brittlefromtheductile
,,

thetestbarandthecharacter

Ithasnotappeareddesirabletoreportintheirentiretytheexperi-

mentaldatawhichhavebeenaccumulatedforthedeterminationofenergy

absorptionversust~mperaturecurves.Fortnis.r~asontypical.Io.ad-extension,.,

summarycurvesonlyareincluded.Energyabsorptionversustemperature

curvesforallsteelstestedareincluded.!..

Thecriterionforselectingatransitiontemperaturewasinmostcases
,,

thatofselectingthepointatwhichafiactureofbrittle.appearance

startedtooccurinthetestpiece-,Thisisindic~~tedonthetemperature

energyabsorptiondiagramsforspecimensfromthelargeplateseetionsby
.. .

averticaldashedlineseparatingbrittlefromductilefailures.

ResultsofSlamBendT&~ting<—-= .....—----------......

1. StandardV-notched~&&.Q::ThestandartiINCha.rpyV-no-bched—..-—-..—.——.

testbarwasusedwiththetestbeingconductedtocompletefailureofthe

bar.Inallinstaticesthereforetheloadhadpassedthroughamaximmand..,,
hadJ.ropped’toaverylowvaluewhenthe.testwasstopped.‘heload

,,
,.. ‘,, ,.



-5- .
deflectioncurvewasrecordedwibhtheener~absorptionbeingtheareaunder

thecurve.Theenergyabsorptionversustemperaturecurvessoobtainedare

presentedin

evidentthat

equalsThis

Figures2a,2b,2c.Thesecurvesarenotcompletebutitis

thetramitiontemperaturesforsteelsAandCareapproximately

testevidentlyisno’tiselective,sowasnotprosecutedfurther.

2, DoubleHei@tV-Notched~~ecimens:Thehei~htoftheLHCharpy.—.—. ——— .—
V-notchedbarswasincreasedto0C788inches,otherdimensionsremaining

standard.Thesespecimensweretestedatanoloadheadspeedof1 inchper

minute.A correctionfactorof*10°to+20°Fisrequiredtoobtainfull

correlationinallbuttwoinstances.Inthesetwoexceptionsnocorrelation

obtains,

3..DoubleHeiFhtaPlateThicknessi~idth,V-Notchedb~ectiens.———-..,..,——....——.—. .—.——-.-—————
A-LHOrientation:Thedecisiontoincreasethewidthofthespecimensto——.

fu~phtethicknesswasmadeuponobtainingslightlylowtransitiontemperatures

fromthedouble-heightV-notchedspecimensasc“omparedwitlithelarge-plate

tensiletests.

Bendtestswererunonallofthestockprojectsteels,andgavequite

gocdcorrelationyiththelargeplatetestsforallbutsteelsI&a~~dHas

indicatedinTableI,,TheenergjT-absorptionversustemperaturecurvesare

showninFugures3ato3hwiththeexceptionofBrandH.’Forthese~rticular

steels,correlationwasstillnotobtainablewiththistestpresumablydueto

thefissuringatthefracturesurface.

Thesmallverticalarrowsabovecertainpointsinthetemperature-

energyabsorptiondiagramsindicatethatthespecimenscorrespondingtosuch

pointsfailedinaductilemannerwithnoabruptdropinload,As
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pointedoutintheappendixjtheactualemrgyabsorptionvaluewhichis

usedinsuchacaseisforatotaldefl.cc~ionof0.4inches)andhence

isnotthetotalenergyrequiredforbreakingthespecimen.

Somepointsarealsoevidentforspecimenswhichshoved10Venergy

absorptionandyetbehavedinaductilemanner.Thesteelsforwhich

thisoccurredmerermeviouslyobservedtohaveinternalflawsofmajor

slaginclusionsoractualvoidsinsomecases,

B-LBandBHOrientations:.— .-— —
surfacesofthe

menorientation

SetsofLB

LiHtestbarsled

fortheBrandH

<andBHspecimens

Theappearanceoffissuresinthefracture

toanexaminationoftheeffectofspeci-

steels.

werepreparedandtestedintheusual

manner,TheresultsobtainedfromtheLBspecimenswerenotsatisfactory

asthisorientationalsopermittedtheopeningupoffissuresatthe

fracturesurfaces,Inthiscase~ho~~ever!thefissureswerePa’rallel

tothenotchjinsteadofperpendiculartoitasintheLHspecirncns.

-Thisfissuringincreasedthescatterinresultstosuchanextent

astomakethemofnovalue,

TheBHspecimensueretestedandsharptransitionzoneswereobtained

inthiscase.Theenergyabsorptioncurvesforthesesetsofspecimens

ares~owninthecurvesinFiguresi+fland4b*

40&QecimensfromlargedateZ?.Q.S:‘ets‘f‘PecimenslTerccut——-

fromthe7211widefracturetestspecimensinrelativelyunstrainedportions

oftheplatesimr,edio.ielyadjacenttotheinternalnotches.
Thisposition
,,

isshowninthesk&tchinFigure1. ,,

Theresultsofthetestsconductedonthesespecimensaretabulated. . .

inTable11$whiletheenergyabsorptionversustemperaturecl~vesareshorrn
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inFigures% -5v.Incertaininstj~ncgsthetransition

catedbyverticaldashedlines-couldnotbedetermined
temperatureindi-

fromtheenergy

absorptioncurves.Brittlelybreakingspecimensrequiredasmuchqnergy
.,

asdidductillybrcsl~ingones.,Thctransitiontempqraturcwastakenas,..,..,.$..,
thattemperatureatwhichasharpdropinloadwasconsistentlyobserv~d

.“. ‘,:“ ‘“ ,<
inthetesting,

,,
5.Q ~.P&c@l?~mo.chinocls~qcimensfromsteelC: Thesemereprepared-. ———.-

byshapingonesurfaceonlyandnotchinginthesawedsurfaceopposite

(seeAppendix1),ResultsareshowninFig~e6a.Thistestindic~ted,.
thepossitiklityofquitelowspecimenpreparationcost,,.,

DISCUSSION” ,....,-....--.—-

“Thefore~oinghasbe&piesentedtoshowWe v~i-idusstagesin””the

development’ofcnety~%cf”smallscaletestforcm?ielationwithfull-scale

largeshipplatefracturetests. .,.

Of’themanytestspwposedforthiscorrelationtheslow-bendtest

givesr“esults’which‘seemtobcjinthesthtilstestedtodatejthetiost

uniformlycomparableuiththelarge-platetests.

Theimportantpoints,tllcn~intheselectionofanyoneofthese

laboratorytestsasaspecificationstes”t5are(1)“thoroughchecki?Wof’

t~,.ea~~eficeofhnomalies(2)’resultswithavarietyofsteelstoinsure

‘considerationofth~overalleaseand“ecooomywith-which’thetest’?kybe

conducted~i.e~gtimeofspeiimenpYe:pamtioHj-sizeofequipment”necessary

toconductthetestjtiimenecessarytorunthetestzandtimeandskill

necessaryfortheinterpretationofresults. ,.’”

F?omthisstafidpointj
,. .

‘ofthe‘notched-bendtest>

therearecertainthingstobesaidin~avor
,, ,..,
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1, Thespecimensizeissmall.?“cillo+;!in~more
.

mateiialandinequipmentnecessaryfortcstinge

2* Thtinecessarymachiiiingislittle,

dconomyintheuseof

3.Theconductionofthetestrequiresarelativelyshorttime‘andby
..

uscofthedropin’loadandexaminationoffracturesurfaces,thetirn~for,.

interpretationofresultsisshort,

4.. Inalikemanm~r,thet~strequiresonlyonepersonforits

conduction.

ThespecificcasesoftheBrandHsteelsare

TheresultsfromtheBHsetsofspecimensindicate

the‘~2~1widelarge-platetestsfortheH

steelwiththej.2iIwideplatespecimens.

theproceihxrc$itwouldseemagoodplan

asbothBHandLHorientation,

steeland

mattersforsomeconcern,

goodcorrelationwith

goGdcor~elationofBr

(Tatik1).For consistencyin

totakespecimensfromailsteels

,,

Theconclusionstobedrawnfromtheaboveresultsmaybelistedas

follows:

(1)Thedevelopmentofanotchedbendtesthasbeenattainedwhich

‘correlateswellwith7211wideplatespecimensinregardto

temperaturesfromductiletobrittlebehavior,

(2)Theori.ento.tionofspecimensisof,importancein

thoseofthetestsonBrand.Hsteels,

touseBHspecimensforthesatisfactory

temperature= ,.

.Forthesesteels$

definitionoftho

(3)Thenotched-bendtestisafairiysim@etestto

t,hetransition

twoiastances,

itisnecessary

transition

conduct~andthe

equipmentinvolvedisavailableintheusualtestinglaboratoryoriseasily.,

constructed.
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(4) ‘fh~ Cost ofspecimenpmpamtion islo~~ascompw’.d,ith~

standszdCh~i-py‘.?~p~ettestspecimen.

(5)Thetest~~ris relativelysmall,p~rmittingmanyteststob~r~m

uith economyofmaterial.
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TABLE I

CRARTSHOWINGESTIMATEDTRAITSITIONTZMF“3RATURESOF STEELS
FOR VARIOUSTYPESCF NOTCHEDTESTSTEMPERATURESIN ‘F.

—— ———.—-.—. .—..
STEELCODELET~ER

.—
.———.- ....-—-. —.—,

Tvpe Of Test E c ti Br ‘—”._Bn_,_~,_,_O__—.A.-—-.--——
CharpyImpact

fi?.-N—

&!~._v~Np&gdl_.150 100 90 ;0 30 L5 10 :5__Q._.__
3,/’J(TwwTo~t

-jo

-.- .. ..... .._..._ -..."-.-.-_----.-+~#._JJ___23-_J~ ~~Interwl.Notch 100 ’90 ___~o “45-
24’1Wide ?:Late ~~g~+ , %LCIW Below
InternalNotch 100 88 to 3? 35 35 32

. ,r.

.—.--.JL —.—.—-.——.—-—..-—. -......-.—-——. —
121: ~i~~ ~1.~t,~ -lo
InternalNotch 90 90 25 5 /*o 5 ~ 5 -15 ..65Q _,-——..--. -,..- =.. —.--- —- —-.- ——..-—.. . ——
3iI Tons~an About
Ed,zeNotched 120 90 ~j ,,:J ~~ 5 35 __20..-.—.-”..’...-.——... --.--—-,- ...—-—— .-.——-— —-. —---
cnmDY Izlmlct
10% $>estiwin

Kqholc gr 95 60 ?O o 7~ 20 ,-20--—-......--.—--— /----—-..——-—-—-=-—-—--
Charpyhlpa~t
5% }?%tr~in

Kcvhole 6CI 65 M o .,J2z._LL_ 10—.- ......,--—..—---. -----—— . ._2L___
CnarpyInpcct
27 Prcstrain
_-.5v~hL4-?--LT9L__55_54k-4k O

-~
“.M__—._,_.25--4~-——.———

Charpylmpaet
Full Thickness
~=T1cu: ,7X w 60 ~5 ..?0 _xL.x-_Q=u!?.-20-——.-._——- ..i—---.—— ....—--...—-------------

Chcrpy Impact
Standard
Keyhole 30 M o -20 -60 -60 -30 -55 -JO -220
____ —--— ---.———--—— — —- —--—---- ~— .—
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TABLE I

(Centinued)

METRODOF DWIERMIi!ING
TYPE CF Tl?,sT TRANSITIONTEMPERATURE——._ REFERENCE——_..,____

GharpyImpact
Std.V-Notch

3/4~’Tear Test
Jemeler:sSawcut

s/L(tTear Test
Keyhole

3,/~’1BendTest
V-Notch

72iiWide Piate

Intcrnai‘Notc!l

24(1Tide P;.ate
IntcrnalNotch

12!}~~idepiat~

InternalNobch

3“ TensionEdge
Notched

CharpyImpact
10% Prostrain
Keyhole

CharpyImpact50%
PrestrainKeyhole

CharpyImpact2%
?restrainKeyhoie

ChxrpyImpactFull
ThicknessSarcut

CharpyImpact
Std, Koyholo

50% energyabsorption

Intermediatetemperature
betweenall ductileand
all brittlebehavior

InLermcdiatetemperature
Lw+,moenall ductil~and
aQ b:i.”;~lebehavior

?x]m cnwgy absorption
va~ues

50% energyAbsorption

5C$ energyA?Jsorption

50% energyAbsorption

EJO~energyAbsorption

~()~energyAbsorption

50y~enerpJAbsorption

~@ energyAbsorption

50;~en~rgyAbsorption

ProgressReportSSG-9

Ncu York Shipyard
Reports

New York Shipyqrd
Reports

This report

Cal.iforninReport
SSCh8and 13.1.inois
ReportSSC,-10

CaiifOrniaReport
SSC.-8and Illinois
ReportSSS-10

CaliforniaRcport
SSC..8and Illinois
ReportSSC-10

CaliforniaReport
WC-8 and Illinois
ReportSSC-,1O

ProgressReportSSC-9

ProgressReportSSC-9

P>ofq.esslbportSSC-9

ProgressReportSS0-9

?rogressReportSSC-9
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TABI,EII

ESTIMATED
TRANSITION
TEMPERATURE.—

TEMPERATUREAT
WHICHLARGE

PLATEWAS TESTEDLQGE PLi;T~.-,.—.—.

58°F
33°F
500F

AIA
A2A
A3A

Bn
Bn
Bn

-2°F
,<.90F

-13°F

29 - 32°F

49 : 52°F

30 - 35°F
72°F

?

Br
Br
Br

c
c
c
c

30 - 3j°F
75 . yaO-F
80 - $2°F
100 =10~°F

fin
Dn
,“jn

@F
z-3&F
?

v’.’
31°F

30°F
5&F

E
E
E

-51 - -55??N Nik



FIG. I LOCATION OF NOTCHED-BEND SPECIMENS

IN LARGE PLATE SECTIONS

—c. D.-
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.. . . .. . . .,, ,, APPENDIXI.. ,.. ,

w..orderto :f~ilitatcduplicationof the bendtest,detaileddescrip.

tionsof specimenpreparation,

arc given,belaw...:,

.,Descr;.otjonof Test Sp.eaimeg:—..

equipmentconstructionand testing procedure

,,

The photographin FigureA-1 showsthe typeof notchod-bcmdtest

swcimen ~~hichis being.wd at presentXO detwmine cOrrelatiOn~~ithlarge

platenotched-tensiletests.

Thosespc;lmemsare of fullpiatethickness(3/4”)’~ri”~~id~~and 0.788

inchesin height;,this Ia’;-tcrdimcnsianbeing justdoublethat of a standard

Charpytestba~. The lengthis

Charpybar length;howsver,the

somewhat,greater. The distan~o

2,16 imhes ~hichis also the standard

aiiowabletolerancealongthisdimensionis

from t~e top of the specimento the base of

the nc,tch.is0.709incilgs.Thesedimensions~re shOvni! Figllre

The‘methodused in machiningof.the,,test specimensdepends,

on the avafiableequipmentand somewhaton personalpreferencc,

A-2,

of coursey

The general

procedureis similarto thatof preparingstandard,V-notchChcrpybars. TUO

methodsof preparationwhichhave bpeqused and provedsatisfactoryare as

fOI1OWS: ;,,
,,

ilet,hod1,’...—...—

(a) From the phitcto “betested,,a bar is cut vhichis”slightly

viiuerthan the lengthO: the fini,shodspet~.mans.Thisbar may

be cut long enoughto containi; w 20 wcimen~>

(b) The sidesofthis in+tialb~r ~re shaped(ormiiled)to give

, the t,e~t bar .LIlength,of2.16 inches,p~Lusor minus J02‘inches.

(c) The bar is pawed+ransvorselyinto se~tionswide &idtighto,,,
,.

m.low:
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(d) Fihishrnaohihingon both sid>sto a ,788inches,plus or

minus ,002inches~ whichmay be donbby milling,shapingor

shapingand grinding.‘”

(e) The V-notchis cut j.ntoone of the machinedfacesof the bar

with a 45° includedanglemill.irigcutt,cxhrrvingan 0,01inch radius,,

The depthof this”notchis tlk sameas for the standardV-notch

Chwpy bar, being0.079’ inchesin“.@~h.

Mothed2.-—.—- ~

Stops (’a~,”(b) and (c)are tlf same as in ll!ethod1,

(d) The machining is done from one side only ~ shwping. In

this case,some caremust be used in makingthe sawedcut per-

pendicularto the ends of the test specimen.

(e) The V-notchis cut ~.ntothe sciwodfaceof the specimen>

vith the distancefromthe buseof the notch.to the machined

side cf the specimenbeing‘heldat 00’709inehe,e~ plUS or minus

0,001inches,

Descriptionof TeetingEcuinmont:..-—

The necessaryapparatusf~> conductingthe bend test consistsof the

usualsupportingjig and bendingpunch,alOng~Titha~cessow equi~?merltfor

coolingthe specimen,centering the specimenin the jig,’and measuringthe

deformationand load on the specimen.

Shownin Fj.gurcA-3 is the equipmentas assowu..“’“cd b~forethe testing

operation.This photographdoes no$ shw the stippo~tihgjigcithinthe

container;howeverin Figure A-4 is a closeupvier of this jigwiththe

specimenin positionfor testing. The centarj.ngfixturowhichovorhsngsthe

specimenis ueed to centerthe spccimcnI-!ithr6~pe~ttO”the suFp0rtini3anvils~

and to placethe notchdirectlyuriderthe mxis of the’beridingpumch. The
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latt~roperationis carriedout b:?matching

of the centeringfixturenith scribedli.ucs

Linedro,wingsof the jig are shovnin

tho notchin the overhangingmember

on the frent and hack of the punch.

FigureA-5. As can be seenfrom

the drawingcf the jig,the dimensionsof the jig are suchas to S.I1OCIa 40 mm,

spanbctwoen the anvils~ihj.ch supportthe specimen. Thie particularlength

originallychosenfrom slowbend testson standardCharpyspecimensnnd

servedsatisfactorilyfor the rmwsentlargertest specimens. The anviis

m:;deof hardenable shxii,and heat-treatedto a ho,rdncssof 50 Rockwe].1C.

The ~~ch is made of heat-treatabl.csteeland the end is quenched:~~]d

tcnpcrcdto a hardnessof 50 Rockwe].1C. Tho pliotogr:~phin FigureA-6 ShOrlS

this punch,vhile the linedrawingin FigureA..7givesthe dimensionsof it,

The largel/2~1radiusof curvaturewas foundto be necessaryto prevent

excessive localcompressionof the specimenat th pointof contactuitk tho

punth, In the methodwhichis descri.bcd hero~ the punchis fastenedto tlho

stationaryhead of a tmsilc testingmachineby meansof Q bolt,n}~ichis

axiallyin linewith the contorof tho punch, The supportingjig is placed

on the““movableplaten:.ndthe wcc irwnmovodj.nrf;l,ntionto the punch,so

thatthe specimenis submittedto o.bendingload oppositethe notch.

Descriptionof Test Procedure:—.,.,——.--———

The step by step procedurefor testinga epoci.menis ss folicws$ The

testingassemblyjs set up as in FigureA-3. The conta~..neris then filled

with eitherCJCetoneor waterdepondiugcm th~ temperatureat which the tsst

is to be runt

Ey the use of dry ice with tho acctoncor by circulatingw.t.rof the

propertemperaturethroughthe cOntain~r,the jj.gis broughtto the dc,cired

temperature.
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The specimenis then insertedand centered

broughtintolightcontactuith t’r,ospccimcnto

aftermhich the punchis

preventany shiftingwhich

might occurvhilestirringthe bathor addingdry ice.

The firstspecinwnie held in the bath for a periodof fourm~.nutcs

to reachthe desiredtemperature,and additionalspecimensare addedto

the bath at this tine,thus eliminatingthe r;aitingperiodbeforc tcsti.ng

eachbar. The holdingperiodwas checkedby meansof a thermocoupleinscrtccl

in tho specimenand ws foundto be adequate, The actualtimerequiredto

coolthe specimento O°C from room temperaturewas npproxima.tolyono min-

ute. The coolingcurvefor this specimenis shomnin FigureA-8,

The speed~t~lhichthe test is made is controlledby settingthe no-load

head speedof the tensiiemachine, at a predeterminedvalueof aboutone

inchper miaute, Testshe.vebcon conductedthroughc.rangeof spccds of

from .OIY’/min.to 1l!/min.to determinetho cffccts of speedon the dueti.le

to brittle transition tempcrr.ture.This seriesof testsshowed that the

testwas not sensitiveto differencesin speedin the neighborhoodof lrr/min,,

so thishas beenthe standardspeedfor subsequenttesting.

If the specimenfailsin a brittlenanner,the load is immcdiatefi~ro-

lcascdat the pointof failure. If the specim~n”behavesin a ductile

manner,the bendingis continuedto siightlymore thnn0,.4inchesdeformat-

ion. In the caseof tho drilledspecimens the bcndj.ngis continuedto

fracturc. The spccimen is removedfrom tho jig, dried,snd the fracture

surfaceecoateduith coil..odionto preventrusting.

while testing,an autographicrecordof the load-deformationcurveis

obtainedby use of a rwdge extensometcrconnectedto a rotatingdrtlm,Ov~r

which a pen mows to recordloads’ This recordis not considcrodnocesswy
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;, to the.int:Ppd@it&:n.,dfthe testand is not,rcc,?mmcndcd,for futuretesting.

Discussionand Int~tation of Resul”ts: !.
...— ,——. .-—— .

,.,,r
Theroare several“verydefiniteindications’of ~~hc’theror not the test

specimenis brittle.
..

.... ,.
One indicationofthe mode of fractureis th6“energyabsorptionas

ccmputedfrom the ar& underthe I.oad-deformation”diagram. “Typioalload-

deformationdiagramsare shownin FigureA-9 for brittleand ductiiefaiiures,,

As mentionedin the sectionon testingprocedurc$the specimens}if

brittle~ are bent to the pointof fracture, and if ductile,arc bent to

slightlyover 0.4 inch deflectionat the midpoint,

The energycomputationsfor ductilebehaviorare made on thisbasis~

that is, alloningO.~ inchdeflectionfor uhich the absorbedenergyis comp-

uted by measuringthe are@underthe ioad-deformatilondiagram. For specimens

failingin a brittlemanner,tho area is ccmputedto the pointof fracture.

Afterthe cmergy-abs~rptionvaluesare obtahed for a seriesof speci.

mens at varioustcmperaturesza plot is mc.deof energyabsorbedversus

temperatureof testing,whichdefinesthe transitionregionin a definite

fashion. As indicatedin the main body of the report,curvesof this typo

for the projcct steelsare plottedin Figures3a to 5v,

The energyabsorptionvalueis not the only criterionfor determining

whetheror not the specimenis brittle, For instance,in brittlefracture

thereis a shmp drop in loadaccompaniedbY a sharpreportas the specincn

breaks, This sharpdrop in load doesuot occw for the specimenswhich

fail in shear. Actuallyfor this case the load remainsconstantat the ms.x-

imum or even risesslightiyas the angleof bend increases. This ie prob-

ably due to a jammingactIon at the anviU and mightbe considereda
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disalvantbgeif”it,~’~erenot for the factthat it makes separationof brittle

and ductilefractureswry simple.

Tho nr.tur~of the frr.eturcis also a positivecriterionfor the dcter-

minr.tionof the transitionfromductileto brittlebehavior,“Asthe

tcmpcratwc c’Itestingis succcsslveiylonered,tho deformationprccoding

fra.cturcbecomesless and the extentof the cleavagefracture

greater. tiisis illustratedby the typicalset of fractured

i~l. Figure A-lo.
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Fig.A-3 Photographof Equipment
GeneralAssembly
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Fig. A-L Photographof Jig,Cantering
Fixtureand Spmimen
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Fig. A-6 Photographof Punch
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1- 86%
2- 77%
3 - 680F
4 - 590F

5- 32°F

Fig. A-10 Photograph of ~iC&

Set of Frsctured Test Bsrs
(E Steel)


