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CA”WESOF CLEAVAOEFRACTUREIN SHIPPLATE,
TESTSOF FUiSTRAINEDWELDEDSPECIMENSAND RATCH

CORNERSPECZMENSOF MILD STEEL

From: Universityof California
Berkeley,Calif.

ReportPreparedby:

AlexanderBoodberg
Earl R, Parker

ABSTRACT

This reportsummarizesthe resultsof a seriesof testsconducted

as a supplementaryprogramto the researchinvestigationthatwas carriedout

on the behaviorof high yield strengthstructuralsteelsunderthe U. S. Navy

ResearchcontractNObs-31222. Themain objectiveof this auxiliaryprogrm

was to providea basisfor comparisonof resultsfromthe highyield strength

structuralsteelsand the extensiveresultsthatwere obtainedin the numerous

investigationsconductedon the shipqualitymild steels. The temperatures

at whichthe mode of fracturechangedfrom shearto cleavagetypewere de-

termtiedfor two of themild steelsby means of testson severaltypesof

specimens.

Severalwidelydifferenttypesof specimenswere used in thisinvesti-

gation. The firsttype of specimenwas made in two differentsizesbut with

the samethicknessof steelplate. Theyweremade to providerestraintto

plasticflow at a cornerproducedby weldingtogethereteelplatesset along

threemutuallyperpendicularplanes. Otherspecimenswere in the form of



simplenotchedplates

inchthickflatplate

.

,,

of differentsizes. Also, tensiletestswererude on 3/4-

spegtiens. Some of thesecontainedweldsonlyalongtheir

longitudinalaxeswhileothershad both transverseand longitudinalwelds.

The resultsof the testson the two sizesof largerestrainedwelded

specimensindicatedthat the widthand heightof this typeof specimenapparently

had little or no effecton‘thetransitiontemperature.~“e resultsof the tests

performedon notchedplatespecimensshowedthatthe transitiontemperaturesde-

terminedby testsof the two sizesof thistype of epecimenwere in goodagree-

ment with aachother,but thatthe transitiontemperaturesas determinedby

notchedplatetestswere considerablylowerthanthoseobtatiedwith largere-

strainedweldedspecinentests.

Tensionteetsof simpleweldedfiat platespecimensindicatedthatthe

transitiontemperaturesof the steelswerenot materiallyaffectedby the intro-

ductionof a singlelongitudinalweld alongthe loadtigaxisor by the presence

of two intersectingweldsat the centeref the unnotchedplatespecimen.
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INTRODUCTION

The work describedirlthispart of the reportwas done as an auxiliary

programto the researchconductedon the behaviorof highyield strength

structuralsteelslWalerthe U, S, NavyResearchContfactNObe-31222.In order

to makepossiblethe comparisonof data obtaintifremthe high skr~ngthsteel

testswith thosethatwere gatheredthrougha periodof yearsby variousinvesti-

2J3>4?5 @ditiOnal testswere made on the mildgatorson shipqualitymild steels,

steelsBr and C that had been previouslyinvestigated.3~~

The primaryobjectiveof thisauxiliaryprogramwas to obtainthe

transitiontemperaturesand edditionalinformationon the behaviorof steelsBr

and C when testedin the form of restrainedweldedspecinensidenticalto the

ones used in the high yield strengthstructuralsteelinvestigation.

The minorobjectiveof the programwas to investigatethe effectof

longitudinaland crossweldson the transitiontemperatureof unnotchedflat

plate epecimeneof mild and alloysteels.

The physicalpropertiedand chemicalcompositionsof the mild, chip

qualitystselsused in thisprogramare shownin TableI.

‘JXPERIUIZNTALWORK

TestProgram

Tensiontestswere conductedat varioustemperatureson specimenscon-

tainingabruptchangesin sectionproducedby weldingtogetherfour piecesOf

plateset alongthreemutuallyperpendicularplanes. Thesepieceswere cut from

a 3/41!x 7211x 120rlplateaccordingto the layoutshownin Fig. 1 and were

assembledto form a ‘restrainedweldedspecfieni!,shownin Fig. 2a and 2b, the

sametype of specimenthatwas usedin the high yieldstrengthstructUral steel

~52,?,b,5 See References
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1
investigation. Thesespecimenswere similarin construction,but were con-

siderablysmellerthan the previouslytestealI!hatchcornerspecimens!!3 shownin

Fig. 3a and 3b.

The transitiontemperatures(the”temperaturesat whichthe mode of

fracturechangedfromthe ductilesheartype to the brittlecleavagetype)were

determinedfor SteelBr by

testsof restrainedwelded

temperatureof SteelC, as

teatsof hatchcornertype epecimensas well as by

specfiens(Fig.2a end 2b). Sincethe transition

determin~ by testsof hatchcornerspecimens,had

beenpreviouslyestablished,and sufficientstockof that steelwas unavailable,

two of the smallerrestrainedweldedspecimensof SteelC were tested.

Additionaltensiontestswere carriedout on 12-inchwide centrally

notchedspecimens(Fig.4a) and 3-inchwide edgenotchedspecimens(Fig.4b) on

SteelsBr ati C, in orderto augmentthe informationpreviouslyobtained4,ad to

establishmore closelythe transitiontemperaturesfor thesesteels.

Tensiontestswere made on 3/4-inchthickby 6-5/8inchwide unnotched

flatplatespecimens(Fig.4C), someof whichcontainedlongitudinalweldsend

somethathad intersectingwelds,in orderto determinethe effeetof the welds

on the transitiontemperaturesof the steels.

Test Procedure

The hatchcornerand restrainedweldedspecimenswere teetedin tension

at severaltemperaturee in orderto establishthe temperaturevs. energyabsorbed

relationshipfor the steels. SR-4 straingageswere used on two restrained

weldedspecimensmade of a high strengthsteeland one specimenmade of C steel

in orderto determinethe stressdistributionin the variousmembersof these

specimensand to comparethe resoltswith thoseobtainedfrom similarstudies

5 Menganinwire extensometers,shOwnmade on the hatchcornertype of epecimen.

in Fig. 5, were used on all specfiensto measurethe overallelongationof the
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specimensat the variousloads, From the load-straincurvesthus obta~ed, the

energyabsorbedduringtha test was determined.Spectienswere loadeduntil

fractureoccurredand the energyto themaximumload and to failurewere both

recorded. The specimensweremaintainedat the desiredtemperature(~5°F)by

circulatingair (cooledin a specialheat exchangsrby dry ice or heatedby

means of electricheaters)througha plywoodbox or a canvasbag whichtotally

encloeedthe specimen.Thermocouplesat variouspositionson the specimenwere

used to checkthe temperatures.

The two typesof flat plate.notchedspecimenswere also testedin

tensionat varioustemperaturesto determinethe transitiontemperaturesfor

the steels. The 12-inchwide centra~y notchedspecimensweremade by flame

cuttingand a 3/L-inchdiameterholewae drilledin the centerof eachspecimen.

One-inchlonghacksawcutswere made from this hol,eoutward,towardthe edges

of the specimen,and the notchthusformedwas made more severeby extendingthe

hacksawcutsfor an additional1/6 of an inchby meansof a O.010-inchthick

jeweler’ssaw. The specimenwas then weldedto pullingheadsand testedin

tensionwith arrangementsfor heatingor coolingsimilarto the ones usedfor

the largeweldedspecimens.

The 3-inchwide edgenotchedspecimenswere preparedby flamecutting

and makingl/2-inchdeepinwardnotchesat mid-lengthof each edgewith a

O.042-inchthickaaw blade. The specimenswere clampeddirectlyin the gripe

of the testingmachineand the temperaturewas controlledby means of a jacket

fastenedon eachsideof the specimen. The coolingor heatingmediumwas cir-

culatedthroughthis jacket. For low temperatures,alcoholcooledwith dry ice

was used;heatedwaterwas used,for temperaturesover 70%. Energyabsorbed

to themaximumloadand to failurewas measuredby meansof clip gagesand the

percentof fracturesurfacewhichfailedby shearwas recordedfor eachof the
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12-inchand 3-inchwide notchedspecimens,

The effectof weldson the transitiontemperatureof steelswas

etudiedby meansof teetson 3/4-inchthickby 6 5/Zl-inchwide unnotchedflat

platespecimeneehownin Fig. 4C. Threegroupsof thesespecimenewere tested:

one groupcontainedno welds,one had longitudinalweldeonly,and the third

grouphad both longitudinaland transversewelds intersectingat the centerof

the specimen. All of thesespecimenswere teetedin tensionat vnrioue t&m~ra-

tures,in a mannersimilarto the 12-inchwide center-notchedspecimene,in

orderto determinetheirtransitiontemperatures.The longitudinalweldson

theeeepecimenswere depositedwith an Unionmeltmaohinein 3/8-inchdeepflame

gougedgroovesabout10 incheslong,made on the centerlinesof both eurfaces

of the specimens.The weld overbuildswere ~rtially machinedoff and then

groundflushwith the surfaceof the plate. The transfereeweldsweremade in a

similznr manner. As theeeepecimenswere flamecut from a largeplatethe edges

at the center sectionwere carefullygroundto eliminateany smallnotchesthat

may havebeenpreducedby the cutting. The typeof fracturewas recorded,and

the energyabsorptionwas measuredby meansof clip gageextensometersfor each

of the specimenstested.

WeldingTechniaue

All of the hatchcornerand restrainedweldedspecimenswere welded

aocordingto the sequenceand type of weld shownin Figs.2a and 3a. TypeE

6020and E 601oelectrodeswere usedfor weldingthesespecimensWith no preheat

employed. Voltageand currentvaluesusedwere thoserecommendedb~~’the manu-

facturersof the electrodes.All specimenswere weldedby the same teamof

weldersand extremeprecautionswere used to insuregoodpenetrationat the

criticalareasnearand aroundthe cornerof the specimens.
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flo.tplate‘iunotciied.?peoimens,the

using‘l/l+-inchred at approximately

voltsand 825 SISpS,

A periodof from ~ to @ ~fis was

pletionof the weldingand‘theactualtestof

RESULTS

Genera}

e.llmed

weldswkre madewith a

9“inches/rein.with 29

to elapsebetweenthe oom-

the specimens.

lhePrimaryobjectiveof thesetestswas t.odetermine,by means of eev-

eral typeeof specimens,the transitiontemperaturesof

thus to establieha kasiefor comparisonof the results

veetigationson mild steels2$3s4!5, with thoseobtained

highyieldstrengthstructuralsteels,

The term‘ttransitiontemperature!!,ae used in

two mild steelsand

fromthe extensivein-

from the testson the

thisreport,ie defined

as a temperatureat whichthe mode of fracturechangeefrom the sheartype to

the cleavagetype. When a sufficientlylargenumberof speoimensis tested,

the transitiontemperaturecan be establishedvery closely. However,the expense

of testinga largenumberof hatchcornerand restrainedweldedspecimensis

prohibitive.Consequently,in this investi~ztionit was m ceesaryto approxi-

mate the transitiontemperatureof a steelby arbitrarilycheosinga point

halfwaybetweenthe two test temperature- one thatresultedin a predominantly

shearfractureand the otherthritgave a “predominantlycleavagefracture.T&.

transitiontemperaturethui determinedmay be considerablyin error’bwanse the ‘

incrementsbetweenthe test temperatureswere sometimeslarge.

The transitiontemperaturesas determinedby testsof the notched

speoimensand the smallunnotchedweldedspecimenswere establishedto within

~10% becausea largenumbarof testscouldbe conductedrapidlyand inexpen-

sively.
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Four hatchcornertype specimensof SteelBr were testedto establieh

the transitiontemperaturefor that steeland for that typeof specimen. The

resultsare shownin Figs. 6a and 6b. D.atsfrom mother reportlshowingresults

of testsof restrainedweldedspecimensof highyieldstrengthstructuralsteels

are includedin thesefi.guresfor compsrian. Propertiesof thesesteelsare

listedin TableIV, The transitiontemperaturefor SteelBr, as determinedby

testson the hatchcornert~e of specimenswas approximatelys.40’%as compzred

to aboutt56°Fm determinedby testson the restrainedweldedspecimens.The

transitiontemperaturefor SteelC was determinedin previoustests3and ap~ ared

to be about&950Fas determinedby testsof hatchcornerspecimens.Sinceonly

tm specimensof SteelC of the restrainedweldedtypewere tested,the transition

temperaturecouldnot be determineda.ccuqately,but appearedto be aboutF1OOOF.

Thesetransitiontemperaturesfor the largeweldedepecimensare subjectto con-

siderableerrorbecauseof the smallnumberof testsconducted.

The apparentlyhighertransitiontemperaturesfor bothmild steels,as

determinedby testson restrainedweldedspecimens,may havebeen due to the

higherdegreeof restraintthatww preeentin this typeof specimenbecauseof

the use of fvll penetrc.tionwelds. Full penetrationweldspresumablycreatea

more severenotchconditionat the cornerof the specimen. The use of a continu-

ous longitudinalmemberin the restrsimd weldedspecimenmay al= have increased

the severityof stressconcentrationat the weldedcorner.

Studiesof stressdistribution,by meansof SR-4 gages (Fig.7) near

the cornerof the two typesof largeweldedspecimens,havebeenmade,and the

reeultsfor the restrainedweldedspecimensof mildSteelC are shownin Fig. 8.

Fig, 9 showstheresultsof a similarstress distributionstudythatwas prev-

iouslymade3on the hatchcornertype of specimen. The generalstressdistri-

butionis similcrfor thetwo typesof specimenswith the exceptionof the
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surfacesof the platesthatmadeup the hatchcorner,

imnediatevicinityof the cornerin the deck memberWS1t.

This change in stress distributionpatternmay accountfor the differencesin

transitiontemperaturesfor the two typesof specimens.Figs. 10 and 11 eilowthe

resultsof a stressdistributionstudythatwas made on two restrainedwelded

epeciqensof a high yieldstrengthstructuralstesl. Comprison of thesetwo

figureswithFig. 8 showsthat the resultsare very similarto thoseobtained

from the specimenof tild eteel.

ITotchedSpeci=

Transitiontemperaturesof the tw mild steelsBr and C were determined

in a preyiousinvestigationby meansof tensiontestson 12-inchwide centrally

notchedand 3-inchwide edge notchedspecimens.However,addition:1 tests were

conductedto checkthese,and the combinedresultsare presentedin Figs. 12, 13,

14 and 15. The resultsshow that thereis very littledifferencein transition

temperaturesas determinedby testsof the 12-inchwide centrallynotchedplates

and the 3-inchwide edgenotchedspedmens. Similarresultswere also obtained

in the testsof the highyield etrengthstructoml steols~.

TableIII showsn compari~onof transitiontemperaturesas determined

by testsof varioustyposof specimensusedby severalinvestigators3,4. The

resultsshow thatthe restrainedweldedspccimcnindic.tcs the highosttransition

temperaturefor StoclBr, with the hatchcornerspocimcn&owing a slightlylower

transitiontcmpcraturo,and most of tho notchedspecimens givingapproximately

the samercsulte. For SteelC, all of the tests,with the cxccptionof the Chcu’py

indicatea transitiontcmpcraturcof ●@F to tlOO°F.

For the alloystoolsland mildSteelBr tho transitiontemperatures

dctormincd~ testsof 3-inchwide odgcnotchedspecimenswere invariably40°
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to 50~ lowerthan the oncedeterminedby testsof restrainedweldedspecimensJ

This is not truefor SteelC, the one sprojectssemi-killedmild steel.th-t

was foundto be extremelynotchsensitive.These results, also substantiated

in partby reSd.tS ,on the rimmed!IprojectnSteelE~~5, indicatethat for highlY

notchsensitivesteelsthe transitiontemperaturesdo not seemtobe influenced

by the sizeor m nfigurationof the epecimensused in theirdetermination.

~@.tPlateUnnotchedSpecimensConta.intie??elds

The effectsof welds,upon the transitiontemperatureof mildSteels

Br and C, as well as of normalizede.lloysteel11, were studiedby meansof

tensiontestsat varioustemperatureson the type of unnotchedflatplste

specimensshownin Fig. 4C. The resultsof thesetests,shownin Figs.16 and

17, indicatethatthereis a slightshiftof the transitiontemperatureto a

highervaluecausedby the introductionof weldson platesof the mild eteels.

A relativelylargershiftin tke transitiontemperaturewa.eobeervedfor the

normalizedalloySteel1. Unfortunatelythissteelwcs not of uniformqunlity

and containedrnny Eaminationeand thus theseresultsme not to be regarded

as conclusiveor indicativeof the performanceof alloysteelsin general.

It is of interestto note that the transitiontemperatureof SteelC

ae determinedby testsof 3/4~1x 6-5/8”Unrmtchedflat P~te SPecimenst the

edgesof whichwere carefullygroundto eliminateany smallnotchesthatmay

have beenleftby the flamecuttingoperation,was foundto be about*20%.

This transitiontemperatureis shout70°Flowerthan thosedetermimd by tests

of the variousnotched-typespecimens.A simil~ low tr~nsitiontemPerat~e

for thissteelwas foundpreviousl~ in teststhatwere conductedon 3-inch

wide specimens, the edgesOf whichwere caref~lY machined.

The transitiontempero.tureof -10% for SteelBr, dete~ned by
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testsof 3/4”x 6 5/8Wunnotchedflatplateepecimens,wr.ealso fopnd to be

considerablylowerthanany of the transitiontemperaturesdeterminedby teets

of the variousnotchedspecimensof thot steel.

‘Fromthe reeultsof thisinvestigationit appearsthat the slow

tensionteetswhichuse notchedt~s of specimensfor determinationof trene-

ition

forms

temperaturesof

of specimens.

steeleare more discriminstivethan thoeeueing other

1.

2.

3.

4.

5.

6.

7.

Transitiontemperatures of the tm mildsteelsBr and C, as determinedby

testsof hatchcorner type specimens,were foundto be lowerthan thoeede-

terminedby testson the restrainedweldedspecimene.

Althoughsmallerin size,the restrainedweldedspecimenwae more rigid

and thus offeredmore restraintto plasticflowbecauseof the uee in its

constructionof a continuouslongitudinalmemberand of fullpenetration

welds.

The transitiontemperaturefor SteelC was foundto be aboutt900Fby teste

of all typesof notchedspecimens(exceptthe Charpytype).

The tr?.nsitiontemperaturesof notchsensitive steels(suchas ‘Iproject”

Steels.C and E) did not seem to be o.ffectedby the sizeor the configuration

of the notchedspecimenused in theirdeterminations.

The stressdistributionin Q restrainedweldedspecimenundera tensile

loadwas foundto be almostidenticc.1for the mildand the alloysteele.

Transitiontemperaturesof steels,as determinedby testsOf unnOtched

specimenscontainin~weld% are slightlyhigherthan thosedeterminedby

testsof the sase type of specimenswithoutwelds.

The transitiontemperatureof SI%elC as determinedby meansof tension
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9.

testson unnotchedflatplate

lowerthan thatdeterminedby

The tra.nsition temperatureof

-1o-

specimenswas foundto be considerably(70°F)

testsof the variousnotchedspecimens.

SteelBr,

fistplatespecimens~ was alsofoundto

terminedby testsof notchedspecimens.

as determinedby testsof unnotched

be considerablylowerti-mnthatde-

Notchedtype specimens,when used for the determinationof transitiontem-

peraturesof steelsby means of slow tensiontests,appearto be more

discriminativethanothertypesof specimens.



-12-

‘lhewritersof this reportwish to expresstheirappreciationto the

vsrious membersof the staffof the projectwho aidedin carryingout the m rk.

The follotigpersonswere engagedin the variousphasesof this project:

H. Anderson
E. Betts
M. Dailey
M. Green
E. Henderson
G. Leghorn
E. lJcLaughlin
G. Pelatowski
C. Peters
L. Seaborn
A. Splinter
J. Thomas
E. V?hittier



-12-

1.

2.

3.

4.

5.

6.

pEFERENms

FinalReport!tCausesof CleavageFracturain Ship Plate: HighYieldStrength

StructuralSteel~sA. Boodbergand E, R. Parker,Bureauof Ships,Navy

Dep?.rtment,ContractNObs-31222,SerialNo. SSC-28.

llTheDesignad ~lethodsof Constmction of WeldedSteelMerchantVessels,”

Reportof a,nInvestigation,ShipStructureCommittee,July 1946.

Fiml ReportliCwsesof ClesvsgeFracturein Ship Plate: Ho,tchCornerl?este,”

E. P. DeGarmoand J. L. Meriarn.Buremzof Ships,NavyDepartment,Contract

NObe-31222,Serial?$o.SSC-5. October1946.

scau~esOf CleavageFraoturein Shipplete: Testsof Wide NotchedPlates,n

A. Boodberg,H. E. Davis,E. ii,Parkerand G. E. Troxell. The Welding

Journal,Vol. XIII,No. 4, April 1948,P. 186-sto 200-s.

‘Cleavege Fractureof Ship Platesas Influencedby Size.Effect!!,W. M. Wileon,

R. A.

April

Final

Hechtmanand W. H. Bruokner. TheWeldingJournal,

1948, p. 200-sto 215-s.

Repm’t“Cnueesof CleavageFracture

and AdditionalTestson Large Tubes.’1H.

Parkerand A. Boodberg. Bureauof Ships,

SerialNO. SSC-8,January1947.

in Ship Plate:

E. Davis,G. E.

Vol.XIII, No. 4,

Flat PlateTests

Troxell,E. R.

Navy Department,ContractNObs-31222



-13-

TABLE1. PSYSICALAND CSj3MICALPROPERTIESOF THE MILOSTEELSUSED
IN THIS INI?3STIGATI01T

STEELCODE LETTER STEELB= STEELc

ChemiccilComposition a. b a. b

c
Mn
Si
P
s
~?i
Al
Cu
Cr
MO
Sn
N

0.16
0.74
0,03
0.011
0.030

.

.

.

.

0.18 0.24
0.73 0.49
0.07 0.043
0●008 0.015
0.030 0.033
0.05
0.015
0.07
0.03
0.006
0.012
0.005 -

0.24
0.4.8
0.05
0.01”2
0.026
0.02
0.o16
0.03
0.03
0.005
0.003
0.009

TYPE Semi-killed Semi-killed
As rolled As rolled

PHYSICALPROPERTIES

YieldPoint, psi 35,800 39,000
Ult. Strength,psi 59,ao 67,400
Elong.Z in 8 in. 26 25.5

OEOXIDATION 0-1/2lb./tonof ferro- 6 lb./tonof 80% ferro-
PRACTICE manganese,1-1/8lb./ton man aneseand 2.6

femo-siliconand 2-1/2 ?lb. ton of 5C$ ferro-
lb./tonof Al=Si in Ladle; siliconin ladle;1/3
smallamountof Al added lb. per ton of Al in
in mold. mold.

Fetes: ~.- Anslysisfurnishedby the Steeliianufacturer

b- Analysisperformedby Mr. S. Epstein(BethlehemSteel
Co.) for this investigation.
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TABLE II. PRINCIPALRESULTSOF TIIEINVESTIGATION
Gage

EnergyAbsorbed Length
NOmi~al

Steel
Inch-lbs. for

Test
Type

i;k.ximumTo l.lax+ To Failure Energy Fract.
Specimen Code Temp. Stress Load of Long. Meas.

No.
$

Letter } T psi Me,rnbi. in.----- Shear

S-lB
S-2B
S-3B
s-l@

s-Ic
s-2C

“L-lB
L-2B
L-3B
L-@

11 *
8*
5*

10 *
14 *
15 *
17 *
lg +!+
25 ++
26 ++

Br
Br
B=
Br

c
c

Br
Br
Br
Br

Br
13r
c
c
c
c
c
c
c
c

72
37
46
2

70
130

z
32
25

32
66
68
32
120
70
72

?2
100

29,800
31,000

33,000
31;000

23,100
25,000

28,000
27,400
25,700
26,600

25;700
27,000
24.,000
23,600
25,600
32,600
24.,800
32,8oo
29,200
27,400

110,OQO 210,000
155,000 155,000
152, coo 132,000
67,OOO 67,000

51,000 51,000
101,000 134,000

1,490,000 2,060,000
1,420,000 1,580,000

532,000 1,590,000
7460000 746,ooo

340,000 522,000
Kot ,me?,sured
]]otmeaelred

180,000 180,000
284,000 f&ooo

1,046,000 1,046,000
not measured

1,358,000 1,358,000
56Q,CQ0 900,000
342,000 342,000

54
54
54
54

143
143
143
143

143
-

143
J-43
143

143
IJ+3
143

90
0
0
0

0
100

100
84
0
0

8:
0
0

100
0
0
0

100
50

* Resultsfrom previousinvestigationseeReference3.

++ Weldedusing400% preheat.
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TABLEIII. APPROXIMATETRANSITIONTEMPERATURESOF
AND C DETERMINEDBY MEANSOF DIFFEFOWT

TYPE OF SPECIMEH STEELB.

HatchCorner +Lo f95*

RestrainedT?elded

108W NotchedPlatew

72N NotchedPlatew

48n NotchedPlatew

.21+”NotchedPlatew

12n NotchedPlate

3’!Edgeltotched-
Net sectionZ& x 3/4n

3’1Edge Notched
Xet section2n x 3/4n

CharpyV notch*”

SpecialUnnotohed3/.41!x 6-5/8”

+5$ +100

below {32 above {32

about }32 f90

about /30 about /90

below /32 about /%

f18 {95

about /10 about /90

}20 f95

ako Ut -5 abnut }20

-lo about /20

Temperaturesin Llbleare in degreesFahrenheit

Trsnsitiontemperaturetakenas the temperaturehalfwe.ybetweentwo test temper-
atures - one thatresultedin a predominantlyehearfractureand the other
thatgavepredominantlycleavagefracture.

* Reeultsobtainedin a previousinvestigat~on, see Reference3

* Rem.iltaobtainedin a pretious investigation,see Reference4
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TABLETV. PROPERTIESOF HIGHYIELDSTRENGTHSTRUCTURALSTEEIS

STEELNO. 2 4
TYPE ~LOZ ALLOY lLoY
&

ALLOY
Quenched Qucnohed Quenshed Quenched

TREAN,E!TT & Drawn & Drawn 8.Drawn & Drawn

-al prO~erties

YieldStrength,Psi 66,000 80,000 80,000 84,000
TensileStrengthpsi 89,000 97,000 100,000 100,000
Elong.in 211,% 26 20 23
FM % 64 E 60 68

ChemicalComposition.%

Carbon
Manganese
Silicon
Molybdenum
Chromium
Zirconium
Phosphorus
Sulphur
Vansdium
~li~kel

.19
1.o8 :$

●24 .77
.42 .16

.6o
- .09
.Ou .023
.023 .028

.16 .16
1.45 .27
.21 .17
.48 .20

1.13

,017 .OIJ(
.038 .021
.08
.53 2.32
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2b - F.ESTRAINEDWELDEDSPECIMIN1IN TESTING
MACHINE, SHOWINGPULLINGTAM ~
MANGAI%CNWIRE EXTENSOlfE~R.
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LOAD-STRAIN CURVES FOR REsTRAINED WELDED SPECIMEN OF STEEL C .
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LOAD-STRAIN CURVES FOR HATCH CORNER SPECIMEN OF MILO STEEL “C”
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