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Part I of this reportstatesthe testresultsfor the followingsteelst

‘P, S-9,S-12,and S-22. The testmof Part I are tenelontestsrun at various

temperatureson specimens%* longsW wide and 3/w thick,hs,vinga central

internalnotchone-qua@er of the widthof the platewith ends of the notah

0.010inchwide made by a jeweler!shack-saw. ‘fheloadwas appliedin the

directionof rolling. l’hereportoontainstablesgivingthe load at first

visiblecrack,at maximumload,end at the failoreloadjtagetherwith the

energiescomputedto theseloads. Iaad elon~tion curvesfor each epacimen

testedare‘included,togetherwith diagramsshowingmaximumload,vs. tempera-

tureand diagramsshowingenergyto maximumload vs. temperature.The

characterof the fracturees determinedby the percentageof sheerfailure

is also given.

The transitiontemperaturezonesof theseeteels~ the basisof

both enerw considerationsand the mode of the fractureare reported.

Part 11 of thisreportdescribesthe aspectratioprogremnow under

way to determinethe effectof platewidthend thicknesson transitiontemper-

ature.



‘- ii *

,.

TableNo%
,.,. .,.:’:

u

1
,,,,.;.,

WW Sti”eft.”Tests of SpgCiMM tia,,,,
wide, 3/4s thickwithStandard‘Notch
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Specimens12W wide,3/4n thickwith

..,i~,t=?+afiNOtch .. .

,:”- J’. ....’<, .

,. ..,. /,..,.:, .. . . ....

.,
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on

TensionTestsof Flat Internsl.ly-NotchedPlstas

The resultspresented

EQ.J

~WELVEINCHFUT PJ.$+TETESTS

in Part I representa continuationof the investi-

gationof 12n wide full-thicknessspecimensof steelplatetestedwith tempera-

tureas n variable. Each specimencontaineda centrallylocatedinternalnotch

3W wide terminatingwith a .$ewel.er)shack-ee.wcut l/8w,longand O.OIOWwide.

(SeeFig. ~~,. All testsweremade with tension

of rolling. The techniquesemployedin carrying

portedin a previouspaperl#C

100dingappliedin the direction

out thesetestshave been re-

The physicalbehaviorof the steelewith reepectto maximumloads;strain

energyand mode of fracturewas investigatedwith the principalpurpoeeof es-
,,,

tabllshingtreneitiontemperaturesbasedupon 2LW long and 128 wide bY 3/4trthick

specimens.’

The steelstestedand reportede.rsdesignatedas W?~,*S-9W,‘S-12nand

11.S*2,2W*

The chemi,calanalysieof thesesteelsis as follows$

,,
ChemicalAnalysis2

QgQ comPcsitiOQ

c I&l: ,,Si il. N.

ii ●21 .52 .23 .005””
s-9 .18 ●5O .07 %. .004
sin .19 .77. *O7 .04 .Ook
;s-22 .19 *77 .09 io06 .oo&

,,

*~Iumerals”refer to referencein Bibliography “‘

,.

:.

Fully-kilbd.
Semi-killed‘“
Semi-killed,finegrained
n n coaree W

,,, ...

.,. ,
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S-9 is an A.S.T.B.-A7-46atael.” It is to be notedthatS-12 and S.22whioh

are nominallyAM ClessB steels

Resultsof

,.

Code

w ,,..,

s-9 ~~““:’

S-12

s-22

:!,,$,

tensiletestsof

,,.

YieldPoint
(P.S.I.)

37j29”

32,600 ‘

34,70U

35,000

are from the seineheat.

th6eesteelsare aa follds$
,..,.

TeueileTeete2— :

ultimate % Elongejtion
P.S.I. in &

62;tio 30.3

57,900 3A*5

ti,loo 28*O
.$.

63,1XYJ % 32,0

,,,,,

iwi@!2J ,Identification

The locationsof the speoipenain the @ate ,areeipwnon the figuresgiving~.

load and energydatafor each steel, The specimenmerkeds.I.z-8identified ,,

specimenNo. 8 frainthe plateof S-12 eteel. A similarnotationis us~d.for the ~,., ,!

S-9 and S-22 steels.

The notationfor the specimensof ~Wm steelis similarexceptthatw-~~~ ~.

identifiedepechen No. 8, frompla.taNo. 32 of ‘~ steel.

,.’

~
,..,.:.,.,

~Q
,.,. .. .. ... . -.

n MeasurQQpJ&: To determinestrain,energyjt was ,necessaryto
,

meaeurethe elongationof the taat specimenso The gage lengthwee eetablishad,,,.,,.,,

ae three-quartersof the widthof the platej or 9R&;with tk@ ends of the gige ~~

length4& aboveandbeloW the notch. The inet,?umentdevelopedpe&itted a

determinationof the elongationsof the

range. BakeliteSRa gageaare used in

were meaeuredover twelveseparategage

platein both,the elasticand plaatic

theseinstruments.The elongation

lines. Five of the gagelinesware
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on each of the 12n facesof the plateand two of the gagelineswere on the

edges. The five gagelineson the face of the platewere locatedas follows%

one at the longitu&tnslcenterlineof plate,two 1~ eithersideof the csnter-

llne,end two 3 3/4Ueitherside of the centerline,Tbe elongationfor each

gagelinewas determine~eepsrstely.

grenarat ion of Not@$ Carefulattentionwas giventa the preparationof

the notch. The acceptedprocedureat all laboratories”wherewide full-thickness

platstestshavebeen madehas been to use a jewelerlehack-sawto establishthe

acuityof the notch. To provide~iform aouity,ths widthof the last 1/8 of

an inchof the notchon both sidesof the internalnotchwas specifiedto be

0.010inch. A jig-sawwas utilizedto make the jeweler~shack-sawcut.

~~m~~- COntroLQW&#?.! The tempe=ture cOn+rOlCh.emberwas made of’

Plexiglsa,so thatths specimenand instrumentswouldbe visibleat all etages

of the test. Stripheaterswere installedto give tamper@turssabovethat of

the labersto~m Coolingwae obtainedby.blowingair over,dry ice and conducting

this coolair to the PlexigLaebox by insulatedducts.

M$!urement of TemperatureL The temperaturewas detsrmiqedby the use of

thermocouples.Threethermocouplesare mounted.oneachspecimen,one in the

3/4ndrillhole in the centerof the.plate,one 5& abovethe notchin,.&e

centerof the plate,and the thirdone locatedI/& fromthe end.,of.the notch

immediatelyabovethe junctionof the standardand jeweler$ahaok-sawcuts. A

fourththermocoupledeterminedthe ambienttempemturewithinthe box.

The temperatureat the 3/4* drillholehas been used in interpretingall

tests.

LOAD ELCWATION C{R.~-—.—.

The load elongationcurvesfor each spschsn are showmin Appendix‘An.
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The elongationused is the e,verageof all twelvegageeoverthe established

nine inchgageLength.

The areasunderthe load elongationcurverepresenttotalstrainenerg.

The strainenergyabeorbedby the,specimento the firetvisiblecrackis desigmt-

ed as‘*E;. The.strainenergyb maximumloadand to failureare designatedas

El and E2 respectively.E2-E1repreeentethe strainenergynecessaryto propagate‘

the frsctureafterthe maxima load.

REsuL’fq

w St-— .-..
,,.

Fig. 2 showsthe frectun”surfacesfor all

.,

,.,

specimensof the ‘?F s,tael.

TableI givesthe load,at and the

crack,maximum load, and failure.

failurein termsof the percentage

energyin inchpo@3e te, the fir~t.,tieible

It also gfvesthe:temperatureand t~ of

of shearfailure.tithinthe 9W.pet;.width?

Fig. 3 ehcwsthe maximumload plcttedae ordinateswith temperatureae EbSOiaeaS.
,>.

In Fig. 4 the energyto meldmumlciadis plottedas the ordinatewith t+3mperat~e

as the abecissa,and Fig; 5 is a piotof the percentage”“ofshearf?%,l~?in the
,,,

variousepecimeneof ‘h eteel.

The transitiontemperaturebasedupon the energy.tamaximumload,lies in a

temperaturezonebetween40 and &3°F. ‘Baseduponths appearanceof the fracture,

the treneitiontemperature”would lie closeto 50%,.~~

S-9 Steel

The fracturesurfaceeof t,hespecimensof S-9 steelare shownin Fig. 6.
.:

TableII recordsthe energyin inchpoundsto the firstvisiblecrack,to maximum

load;And to failure..It,S.lS.Ogiveethe type of fracturein termsof”’percent

of shear. Fig. 7 is a plot of maximumload ve. temperature.Fig.””8represents

... ,
.,. .
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energyto maximumload vs. temperattie,end Fig. 9 is a plot”of percent”shear

ve. temperature,

The maximumloadsobservedfor cleavagespecimensare on an averageabout

50,000poundeless thanfor a ductilespecimen. A considerationof the energy

to maximumloadwo~d placethe trar&itiontemperat~ in a sone of frcnz50 to

75%. The characterof the frectureas deteriziiiedby the percentof shear

indicatesthe sametransitiontemperaturezone.

The fractureeurfacesof the S-L? specimensare shownin Fig. 10. TableIII,

whichgivesthe loadat, and energyin inchpoundsto, the firstvisiblecrack,

maximumload,and failure,also givesthe type of failurein termsof the percent

of shear, Fig. II

abscissa. Fig. 12

Fig. 13 representa

showethe maximumloadsas ordinateswith temperatureas

is a plot of the energyto maximum load vs. temperature.

the plot o.fthe percentof shearfailurevs. temperature.
,,

It is to be mted that with the exceptionof specimenNo. 7, the maximum

load is quiteuniformthroughoutthe entire.%zperature range. Fig. 1.2showing

energy to maximumload vsi temperaturedoeenot provide’a goodoriterionfor the

eetabliehmentof the tram”itioritimpeiatul’ezone,sincethe energylevelfor.

cleavagespecimensremainsnearly:as’high“RSfor a completelydtitilespecimen,

It is to be notedthatof all the epeciuietitested,only specimenNo. 7 repre-

senteda completecleavage”failure. Iniufficientspecimenspreventedthe.temper-

aturerangebeing’loweredto”procurea‘number of’specimensin completecleavage*

A coneideratiofiof ener~ to maxiuaimload doesnot petit a positiveetatement

regardingthe trsn$itiontemperature.The transitiontemperatureae determined

from the appearanceof the fractureis fairlydefinitkandindicatesthat the

traneitioritempetituremay be between10 and 30’27.The totalenergyti failure ~.
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would indicate the trensition temperatureas beingbetween10 and 20°F.

The cleavsgefractufesfor the S-12 steelsare extremelyroughand ragged,

showinga pronouncedchevronpattern. This is a departurefrom the general

cleavagesprfscenotedfor othersteelstestedin thielaboratory.The ductile

specimensshow a traceof fissuringat mid-thicknese.oHence,the S-12 steel

shews two eesentialdepartmee from the norm,namely,that the energy to maximum

load for eitherthe ductileor cleavagefailureeis essentiallythe same,,and

thatthe cleavagesurfaceis more irregular.

The S-12 steeland theS-22 eteelreportadsubsequentlymay be compared.

The differencebetweenS.12 steeland the %22 eteel,whichare from the same

heat,is one of fineand coa.reegreinedpractice,the S-12 beingof the fine

grainedpractice.

In passing,it shouldbe etatedthat the energyto maximumload for the

S-22 steel is discretionaryand,thatthe appearanceof the brittlecleavage
,.

frscturerepreeentathe normalappearancenotedfor othereteels.

S-22 Stee&

The fracturesof the S-22 steelare ehownin Fig. ~. TableIV givesthe

load at, and energyin inchpoundsto, the firstvisiblecrack,maximumload,

and failure. It alsogivesthe type of frscturein termsof percentageof sheer

failure. Fig. 15 chowsthe maximumloadsas ordinste8with temperatureaa

abscissae.Fig. 16 repreeenteenergyto maximumload vs. temperature.Fig, 17

representsa plot of the”percentof shearfailureve.,temperature.

The transitiontemperaturemoneas determinedfromenergyto maximumload

appearsto be quitesharplydefinedand liesbetween55 and @F. The appearance

of the fracturestiuld indicate”the“transitiontemperatureat about60%. Theee

statementsconcerningtransitiontemperatureare basedupon a limitednumberof
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tests,and must be consideredas tentative‘omly.

The maxim-innloadfor spectins’failingcompletelyin cleavagewas about

50,000lbs.Zowerthan for specimensfailiggcompletelyin ehear.
,.! ,,

Code

— . .

w

s~9

S-12

s-22

,,

,,

.,

,,

SUMM4W OF TRANSSTIQN_TEMPEiAgA

Basedon Basedon appearanceof
Enei’gyho k. L&id f~actureas definedby

—----- % of.s.@!r-------

4oto’@F ,. ~~. , .,

50”to 75% 50 to 75%

indefIniti: 10 to 30%’ “

55t060% ’”’ “ (33%
,,

,..;

.,,..’

,..,,

. .;
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P&~

ASPECT RATIOPRCGFQ3M— .-—

The aspectratioprogr~,is a studyof the effectsof width and thickness,

usingcentrallynotchedtensilespec@ene, cti“ener~”absorptionand transition

temperature.The thickneesof any specimensis the as-rolledthickneesand

thtoheseestobe investigatedare l/2~,3/4fl,In and l&. The steelis a eemi-

killedsteeland all thicknessesare rolledfrom the sameheat.

The aspectratio(AR]is definedas the widthof the specimendividedby

the thickness of the plate. Fig. 18, showinga typicalspeclmn, explicitly

definesthis term. In Fig. 18 the notchlayoutis ehown,and it @@id be

particularlynotedthatthe notchterminateswith a drillhole instead of a

jeweler~e hack-eawcut. The diameterof the drj.11hole ie directlyproportional

to the thicknessof the plateand ,thediametersfor particularthicknesses

shown.

Preliminaryconsiderationsindicatedthatgeometricsimilitudeshould

adheredto in planningthe aspectratioprogram,and thatefmilitudewould

are

be

necessitatea varyingnotchradius. Laboratorytesteindicatedthat a drill

hole of 3/64!1diameterin a plate3/4n thickwouldprovidea notchacuity

sufficientlysharpto give trsnsitiontemperaturesnear thoeealreadyfoundby

usingspecimenshavingnotchesterminatingwith a jeweler~s hack-sawcut.

Specimenswith equalaapsctratiosare geometricallysimilarin all

respects. ‘I’heymay be dissimilaronly in the metallurgicalconatituancyof

the se-rolledplate. To investigatethe effectcf widthof platewith a given

as-ral.ledthickness,the aspectratio studiesextendovera rangeof fromb

ARof Ltoan AROf 20.
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zmwE..F_w_w

Fig. 19 indicatesthe soopeof the tentativepmgrsm. Not all of the

specimensshownon Fig. 19 are to be testedat this time. An explorato~

programconsistsof the‘followingaspect’ratiosin the variousthicknesses.

!i’hicknesg ‘tiesCt Ra

l/2* 4, ,8,16, 20

3/4” 4, 8, I-2,16

in L,8,

@l 4,6

In orderto utilisea limitedamountof steeland to secureinformation

relativeto changesdue to positionof the specfmenswithinthe plate,the

availablesteelplateshavebeen laid out as shownon Figs.20, 21, 22, and

23.

Our testingprogramat this timehas not been in effectlong enough

presentthe resultsof thfsprogram. It is anticipatedthat in an early

ProgressReportsomeof the resultsof this programcan be reported.

to
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FIG. 2 W/n STEEL
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TABLEI

‘WP Stee~

T~t SDecimens&2R wide x 3/4~ thick.with,standardnotch

The notch is 3n wideand has at its extremitiesa cut 1/80long and O.OIOnwide made with a jewelerIs hac

——.. _. ——...——
First

Spec. Deg. Visible Crack To MaximumLoad To Failure
No, F EnergyE Load

Energy %EnergyEl Load. Energy;E2 Load E2 - El Shear
in. lbs. lbs. in. lbse lbs. in. 1$s. lbs. in.lbs.

—..—... ,— —— .—.

w-32-11 21

W-32-12 36

H-32-9 43

W-32-1O .45

V?-32-15 50

w-32-8 5.4

W.32-2 66

&32-6 66

w-33-16 n

R-32-17 76

W-32-1 a

w-32.7 ~

A,ocm 257,800 48,000

3,500 253,000 6?,500

5,m 250,800 40,000

8,700 256,000 120,000

5,000 253,600 325,500

4,m 257,0C@ 107,500

not obtaine~ 93,000

3,500 228,300 1.42,600

25,100 2’76,500129,~

19,70il 2&l,oO0 1o9,700

not obtained 102,700

8,000 250,000 llo,m

309,3@0

346,000

306,000

345$70Q

345,XQ

346,800

335,000

340,7CC

338,50C

31O,OOQ

345,000

342,100

L8$CQ0 309,Fo

71,000 3,40,600

40,000 306,000

W3,000 330,000

300,200 22,000

292,300 30,9J0

253,GO0 150,000

not obtained

317,0C0 126,000

244,800 61,ooo

263,&o 71,500

282,553 55,0@3

o

3,500

0

3L$CX3Q

174,700

184,800

160,0CQ

---

187,300

135,100

160,w

1729500

0

22

100

100

100

Mm

100

100

100

100
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TABLEII

Code S-9 (A.S.T.M.Steel)

Teat specimensI& wide x 3/.4m thick,with standard notch

The notch is 3W wide and has at its extremitiesa cut l/8Hdeepmade with a .OIOWJeweler*shack-saw

First
Spec. Deg. To VisibleCrack To MaximumLoad To Failure Energy
No. F EnergyE

%
Load Ener~ El Load EnergyE2 Load E2 - El Shear

in<lba lbs. in+lba. lba. in.lb. lbs. in.lbs.
——

11 92 13,600 229,600 118,200 326,6Qo 310,100 20,0G0 191,900 100

16 74 9,8C0 229,600 105,800 278,00Q 256,50a 19,500 150,700 75
1
w

10 70
03

12,000 231,800 l!l,floo 338,500 311,1OO 30,000 159,m 100 t

12 6$2 X2$ooo 233,0CQ 1308900 336,W 333,EO0 51,0G0 202,700 100

18 63 11,930 229,000 5f@oo 295,600 54,2~ 295,600 0 0

1 50 12,500 236,000 121,400 334,W0 309,000 70,000 187,&Xl 100

6 50 9,500 227,500 125,000 336,3oo 325,000 49,000 2oo@ooo lCU

7 45 9,1OQ 234,000 43,000 287,0CXI 43;OO0 2%7,000 o 0

3 40 11,000 2362800 .il,m 288@o 41,200 288,800 0 0
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FIG. 10 ‘S-U” S=
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Onde S-22 (Coarse grain)

Test snecimens12!~fide~ 3/Lw thick.with standsrd notch

The notchis 3W wideand has at its extremitiesa cut l/8n deepmade witha .OIOWJeweleris hack-saw

First
Speo. Deg. To VisibleCrack To MaximumLoad To Failure Energy %
No. F EnergyE bad EnergyEl Load EnergyE2 Load E2 - El Shear

in.lbe. lbs. in.lbe. lbe. in.lba. lbs. in.lbs.
.—

3 70 5,600 247,800 127,9C0 375,000 330,000 53,1xm 202,200 100 #

860 2,500 234,000 104,800
~

376, 5CH3 334,000 @#OO 2?9,200 100
s

10 60 7,500 253,500 13Q, 500 375,900 212,000 320,000 31,5CQ 35

9 54 7,500 261,00cl 35,C$30 31.2,030 210,0m 312,m 175,060 22

750 5,400 252,2C0 35,600 330,0CQ 35,6J30 330,0@3 o 0

1 .!+0 5,300 242,500 43,800 332,0C0 43,800 332,000 0 0

15 m 12,700 265, OfXI 29$OG0 308,5C0 29,000 308,%0 o !5
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