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CORRELATIONOF LABORATORYTESTSWITH
SCALESHIP PIATEPRACTURETESTS

FULL

!,. ,

Introduction.—

In the investigationof the possibledevelopmentof a Iaboratory

test for correlationwith largeplatsnotchedtensiontestson ship

qualityplate,a seriesof notchbend testshas been conducted. It

was expectedthatan adequatelaboratorytest woulddisplaythe came

transitiontemperattwe

observedfor the brge

citiesof Illinoisand

or one t$s.twas readilyadjustableto that

plateteneionstestsconductedat the Univer-

Californ@.’t2

Initially,standardCharpyimpacttestswere made on all pf the
:, ,..:

steels3and

tests. The

tv?eenthese

One of

the resultscompred with thosefor the 7211wide plate

com~risons shcwyed,that no directcorrelationexistedbe-

two widelydifferingtypesof notchedspeoimenteets. ,

the,strikinginadequeties of the impacttestwas thefailure

to showa differencebetweeneteeleA and C, a differencewhichwas niost

pronouncedin the 72ttwide platetests. Separationof steelsA and C,.

to someextent,and in the rightdirection,wae achievedby the uee .of

preetrainedCharpykeyhole-notchtestbare,but the overallresulte!did

not warrantthe furtheruse @ thistest,as the temperatureof tcugh

to brittletransitionwere too loy to uss directcorrection procedures.

Becauseof this,a programwas initiatedin which the effectsof speci-

1,2,3- See Bibliography
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men size,geometry,and testingvelocityon the temperatureof transition

fromtoughto brittlebehaviorwere investigated.

The resultsof slowbend testing(at11!per minute)of standard

V-notchCkarpyimpectbars did n,o$seprate SteelsA and C. The transi-
,,:

tion temperaturesfor thesetwo steelswere appreciablyloweredhowever,
.:.

as comparedto thoseobtainedfromthe im~ct test,and fell in the range

of temperatwes obs,ervedfor the largeplatetest resuits. An increase

in the specimensizeto 0.788!!highx .394!!wide gave

turesfor most of the stbelstestedwhichwere 10° to

for the 72!!wide platetests. “’

Fipally,specimegswere pre~red whichwere full

transitiontempera-

20°Fbelowthose

platethicknessin

width,and,O.788!!~in height. The”toughto brittletransition,as measured

by ener~ absorptionvalues,occurrdd””for these’specimensat temperatures

which,~~:eedfairlywell‘with‘the’transitionrangesfor’the 72!1wide:,. ..

Platepr( .,:.
,,

J,

,,,$pci.mens of this type,.whm t&&t6dacross“h46’millimeterspan,had
,,, ,.,.

the d+,~dvantageof~notbreaking”:bdmpietely.
.

~ drilling”the compression

zone f~omthe specimen.and using“’a14iirkiiedsteelpin on whichto apply

the k+ ,.6sdescribedby,‘Schnadk5’:~‘ixwss possibleto circ~vent this

difficulty. ,,’.‘:., “ , ‘ : “ ‘“

The,prese@repqrt.*s confine~ to”the outlineOf exPe~irnentswith. .

this ~l$,c~nadt.type!!.spe?imqaazfd“%h$i+SuitspertainingtO those”exP~ri-

menta.
,.., ,.!.,,

The,pqr,~qp?lcontributingto the collectionof the’~editaare ~s

follows:,..~~,...
.,

. .. ..,...,”



J.

M.

F.

E.
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R. Low, Jr. - TechnicalRepresentative

Censamer- TechnicalAdvisor

C. Wagner- ,%pervisor

P. Klier- Investigator

EuniceMarks - ResearchAssistant

M. A. Biship- ResearchAssistant

MineMoeesen- TechnicalIabor

HermanColyer- Technical

PhilipVonada- Technical

EleanorTevlin- Drafting

&g&

The eteelsare thoseused

manner.3

TestinRFrofzram
, ,,

Iabor

Iabor

.

formerlyand are designatedin the same

,;

Testswere firstconduotedon certaineectionsfrom72’!wide flat
.,.’ ,,:,

platetestsin orderto checkpreviousresultsobtainedfor undrill.ed

specimens.

~ther testswere then conductedon materialfromall of the

projectsteels,usingboth Illand BH orientations.The meaningeof

the designationsIlland BH are as shownin Figure51; L, H. and B

representdirectionsin the plateprallel to the length(takenas the

rollingdirection),the heightor thickness,and breadth,respectively.

The firstletterin the designationof the specimenindicatesthe

directionof the longaxis of the specimen,whilethe secondletterin-
,.,

dicatesthe directionof the notch. For example,an Illspecimenis one
,.,..

with the epeoimenaxis in the rollingdirectionand the notchin the

thicknessdirection.
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SpecimenPre~ratiOn

ing

Specimensfor this set of

canner:

Barswhichwere about2~!

experimentswere preparedin the follow-

in widthwere sawedfromthe plateand

machinedby shapingto 2.16s,this latterdimensionbeingthe final

lengthof the testbars. Thesebarswere then sawedtransverselyinto

bars slightlylargerthantest specimenheight,and again machinedby

ehapingon two eidesto 0,788rl.Thie proceduregave test specimensof

0.788sin height,fullplatethicknessin width,and 2.16sin length.

The standardV-notch(.079!Idepth,0.011!radius,45° includedangle)

was ueed. ,Afternotching,the specimenswere placedin a drillingjig

so set up thata @ diameterhole couldbe drilled@ck of the notch.

The distancefrem the kase of the notchto the edge of the holewas

he+d.atO.3121!.Figure1 is a photographof the teet specimen,while..:““
,. ,., .,

Figure,3,.is,alinedrawinggivingthe dimensionsof this specimen.

Testin~Equipment
.; ,

No changeswere necessaryin equipmentfrom thatused PrQViOuSlV4:

for conducting,theslowbend notched-bartestwith the exceptionof the

hardenedsteelpins onwhich the leadwss applied. The phOtogiap~,

Figure,2, showsthe equipmentas aseembledbeforethe testingopera-
,,

tion,while Figure4 showethe bendingfixturewitha notchedbar in

place...Thisfixturehas a 40 mm breakingspan, ~ith a centeringdevice

beingused againstthe backand one end of the sp~cimen. Accordingto

whetherthe.c19sirFdtestingtemperaturewas above or belowthe”freetiitig.... .,,;;.,. ,,.
point@ water,water or acetonewas usedas the tempeN”&e coritrel~.,.

‘“..:;L:,.,, ,,,
medium.
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TestingProcedure
,.

The first stepin testingis the adju:,tmentof the temperatureof

the bath to the desiredvalue.

For tsmperat!n%ebetween60°Fand uO°F, tap water is used,being

mixedin the---<.”--4,--....--.A4--- .* +1.- ““..-..*-.-3 -.--2L- Lt. -—-

tainer. For

ss required.

.GqLL*reu p.-”p”. bL”,, s a b 1,,,- l.izuev ,s Cu’u pd. yu L“ tine G cll,-

t.emperaturesfrom 32°1?to 60°F,ice is used to coolwater

Finally,for temperaturesbelow 32°F,acetoneie cooled

t’0the propertemperaturerang~.

bathtemperatureis reached,a holdingpericd

is allowedto .be,certain tbt the bendingfixture
,.,. .

with dry ice

Aft& the “desired

of at least”10 minutes

attainsthe bsth temperature,Specimene,,,arethen immersedin the bath
,,, ,,

and held for a minimumof 4 minutesbeforebreaking. As shownby the’
,,.,, .,,

coolingcurve in Figure47 whichwas determinedby means of a thermo-
,,,

couplein&&d in a smallhole drill,ed,.inthe side of the specimenjust

abovethe fmtch,this lengthof t:me.<~ adequatefor the smallmass of
,.

the sl~ bend“notched-bartest specimen.

The specimenis then centeredon the anvilsby meane of a stop

whichplacesthe notchin the middleof the 40 mm. breakingspn and

immediatelyunderthe punchwhichappliesthe Icxad.

The c&st&’ingdeviceis then removedand the specimenie bent to

fractureat a ileflactionrate of about one inch per minute. After

fracture,the specimenie removedfromthe kth, dried,and e~mined

for data & deformationand fracturecharacteristics.

Representationof TestData

“in‘conductinga
,.,

two observationare

slownotch-bend.test

made,bet@,,afterthe

usingthe Schnadtspecimen>
.,,.

brokenspecimenis removed

;.,.,,

-:,,.>, ,,,,,,,



-6-

fromthe testingfixture. Firsttho fracturesurfaceis examinedand

the percentof the fracturesurfacewhichhas a ductile(fibrous)

aPPeamnce is estimated.

face of the drilledhole

Thiswidth (WI)together

Second,the width of the fractureat the sur-

is measuredby means of a pointmicrometer.

with the originalwidth (wo)at the samepoint

is

of

used to computethe contractionW. - WI which is takenas a measure

the energyabsorbedin fracturingthe metal justbelowthe notch.

The transitiontemperaturecan be determinedin two ways: nsmely,

from fracturecharacteristicsor fromlateralcontractionat the frac-

tureedge. The transitiontemperaturesobtainedby eitherof these

methcdsare in satisfactoryagreementwith each otherand with 721!wide

platetestresuita.

tbme M.ecuseion of the reasonsfor usingthe lateralcontraction“”

measurementratherthan totilenergyabsorptj.onvaluesis in order, In““

cemparinglead deflection-es for Schnadttype specimenscorrespond-””;’
!,:

ing to.Wctile and brittlefailures,it.was foundthattherewas Wry

little”diffgrencejnto}alenergyabsorptionae determinedb;‘“theWedge
~., ,,

extensometermethod. As is shownby the curvesin Figure48 the‘bneigy

absorption%lues as representedby the area underthe lead-deflect:ion

diagrams‘are,.inthis case,too nearlyidenticalfor convenientuse in

plottin~”ener~ absorptionversustemperatureCUITJeS.The energy’~~t6r-

minedfrom the lead-deflectioncurvesis a totalenergywhich includes

the energyof deformationof the specimenat the supports. Sine@thfs

latter‘dnergj.rcproscnts,8largefpacttonof thb total,particulerly:in.

a ductilespecimen,the,behavior,of the metal juetblow the”nhtch is,..,.,

obscuredin the load-deflectioncurves.
.. . ...... .
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Sincedeformationin the cross-sectioncontainingthe notchis an

indicationof the energyabsorptionof the volumeof metalbeneaththe

notch,it is considereda validproceduxeto substitutethe changein

widthmeasurementsfor totalenergyabsorptionvalues. This is partic-

ularlytrue for the Schmidttype specimenbecauseof the removalof the

compressionzone,and becauseof the localizeddeformationdue to the

V-notch. After obtainingvaluesof W. - WI and percentductilefracture

for any particularset of specimens,the data are plottedon graphswith

WO - wl or Percentductilefractureas the ordinatesand temperatureof

testingas the abecissas. The way in whichthe curvesare drawnon the

graphais dependenton the degreeof scattmr. In caseswheretbe data, :,.,
..

shownegligiblescatter,a singlecurveis drawnby visualestimate.,.a@ ,,,,,,
...

the transitiontemperatureis takenas the pointon the curvewhich ,,:.
,,,,’

correspendsto the midpoint~~:reenthe upperand lowerportions$$.~h~,,
.

curve. However,in caseswhere scatterexists,scattertindsare,~~di-.

catedon the curvesand the transition temperatureisindicatedas,the

aPPrCX&%b mean of thisrange. The summarygraphsshown”are .al.ldrawn
,.,,

as sj.nglecurvesto simplifythe representation.

Resulteof Slow BendTesting

T~efracttiretypevs. temperaturecurvesare presmted ,inFigures15
,, ,,,

to 2.4and 36 to L6, and the curvesOf wo - W1 vs. temPerat~eare sh~n

in Figures5 to 14, and 25 to 35. The resultsfor both typesof curves

are summarizedin TableI, where it is shcmnthat good agreementgxists

in a rkijorityofcases.

Thereare exceptionshowever,in the case of tbe Br and H steel,:

particularly.The low transitiontemperaturevaluesfor thesesteels
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appear to be a functionof extreme1!fisswings in the bars. This longi-

tudinalsplittingof the bars has the effectof relievingthe transverse

stresscompOnentand hence,loweringthe transitiontemperatureto an

extentwhich is presumablydependenton the numberand size of fissures

preSCnt. Experimentalconfirmationof this phenomenonwss obtainedfor

the Br steelby coinprisonof two setsof data. GrIeof thesesets,which

was takenfromthe 72!!wide flat platespecimen,BIA, showedno fissuring

and gavea transitiontemperatureof about25°F,whilea set takenfrom

virgin platemanifestedfissuringand indicateda transitiontemperature

Of -25°F. Curvesare shewnin Figure49 for W. - WI versustemperature

whichillustratesthisand the photographin Figure50 showsthe differ-

tincein fiesuring.
,,

TableII showsthe estimatedtransitiontemperatureson the b.eis of

Wo
- WI valueefor specimenstakenf~om severaladdi$iopallargeplate ~~,,.,,

teet specimensections. ,, ....:,,,

,,;
Phonographsof the J.Horic+ntetion specimens,of ~ and Br stealsace,:.”

~,..:,.,,.:,’ .,,
shownin Figures52a,-b,-c and 53s,-b,-c rcspectiv~,ly.In the pholm-~~~

graphsof the E steelspecimens,it can be seent~t thereard op,}x,,(..”.

threeepecimens whichare not consi6tp.ntwith,th~ generalbe~kior;;fihese
,,,.

are, one ductilefractureat 80°F,one ductilefractureat 75°F,and One

partlyductilefractureat 60°F. In the fracturesurfaceof each of

thosethreespecimenssomefissuring,is ,evid.ent,With the sPecimenat ‘.~~

60% beingparticularlyinterestingas it shewsthe remarkableeffectof:~

one largefissureon a epecimonabout,25% belowthe transitionternpera-.,, ,.i,,,
,,.

ture. ,.4-, ~,.,,,,,::
,..
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The fr~cture surfacesof all ductilespecimensof Br steelshew

fissuringto a largeextent. The fissuresare small,rangingin length

froma maximumof 3 mm, downward,

In the previousreporton this subject4,it was indicatedthat chang-

ing the orientationof the specimenhad sameeffecton raisingthe transi-

tiontemperaturefor steelsBr aridH. The entireset of projectsteels

was testedin BH orientation, and the indicationsnew are that this

methodis not effectivein eliminatingtho effectsof fissuring,as shown

in Table1.

In TableA-I of the appendix,all of the dataused in drawingthe

curvesin Figures5 to 46 are tabulated.

Conclusions
.,.

“.
It”fs evidentfrom the foregoingdata that the Schnadttype .&%?

,.:,:::,
bend test is an adequatetestto reveal‘thelargeplatefractm% charac-

teristics,ofthe ~rojectsteelsso longas fissqringtransverse,,,to !tho ~

notchdoes;n,ot,occur..iTben,sucbfis,syringoccurs j the trans%tim, .@.mPera-. .,

tureis markedlylowerthan thatreported,forthe 72” wide i@er@lY

notchedplate. Houwver,suchfissuringis readilyevidentso shouldnot

impir the satisfactoryapplicationof tho test. At presentan i~deqwte

numberof steelshavebeen testedto allowan estimateof the general

applicabilityof the test,and it is recommendedthatmany more heatsof

steelbe tested. It is desirablealso to determinepossiblevariations

through a given heat of steel,for e.sis indicatedin the data for steel

Br, thesevariationsmay be quitegreat.
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TABLEI

Comprison of EstimatedTransitionTemperaturesof Slow-BendNotchecI-
E?arTestsand 7211Wide NotchedTensionTests

TRANSITIONl’EWE’HATURE-
SPECIMEN

‘F
StGel

TYPE OF TEST ~IEItCATION DATA USED EGA W Dn Bn W Q HN

72!!wide tension

Slow-bendnotched-
tar test

Slow-bendnotched-
kar Schmdt Type

Slow-bendnotched-
bar Schmdt Type

Slow-bendnotched-
bar SchnadtType

Slow-bendnotched-
Bar Sch~dt TW

HI, except
as noted

LH

LH

BH

RR

5@ Energy
abscrptio~
Ref. 1 & 2

Ener~
absorption
Ref. 4

Wo - ~1

% Ouctile
Fracture ~

We-w 1

z Ductile
Frscture

100 90

73 97

85 110

85 120

70 lC$+

70 100+

35

50

50

50

40

Lo

30

19

25

25

25

25

28

23

25

25

20

20

31

30

25

25

-.

32 20 -L5

BH BH
-4 -11 18 -35

1

-25 -20 -35 -30 E
t

-25 -15 -35 -30

-20 -15 -lo -15

-20 -15 -lo -15
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TABT23iI

-l

A
A
A

B~

Br

c
c

Dr
Dn

E

Iarge

lkkd

AU, ,
A2A1 $
A3A

,!
,

B.4A8

CIA
CA’ ““

.,: 18JilK
5-7

13A7

TransitionTemperature
‘ .788X >/k1!V-notch,’1 25 DrilledHole~

609F
%5%
455F

+32%

+30% .

,95%?
UO*

.:259 . “’
“’lo% ,“ “

110%

* All specimenswero of W orientationand transitiontcmpek-
atureswere pickedon t~~ ksis ~,f‘Jo- wl ~lUes. Specimens
were selectedfromrelativelyunstrainedmaterialimmediately
urxlorthe notchof the 72s wide flat plate~pecimen. ~~

,.
,,,

.. . ‘!

!. ./:

,’

.,.,
!,

,.

,,

.,



Figure1 Photographof TtSchnadtType!’Slow Bend
Notched Bar Test..
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Figure2 Photographof Equipment
General Assembly
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SLOW BEND TEST

COMPRESSION ZONE REMOVED

FIG. 3
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TABL3A-I

,.4. :
-4,:
+ ‘

SE&-ii!

A-6
A-13
A-U+
A-3
A-7
A-8
A-1
A-n
A-I.2
A-5
A-I.O
A-15
A-2
A-4
A-9

Dn-8
Dn-15
Dn-14
Dn-13
Dn-12
Dn-7
Dn-9 ‘
Dn-2
Dn-1
Dn-10
Dn-5
JJ~45‘:
~n-4;,~~

Dn-3 .‘

Dr-13~~“
Dr-10 ~
Dr-8 ~~~
Dr-5 ~~
Dr-4 ,,!,”
Dr-15 ~
Dr-9 ~~
Dr-14 ~
Dr-11
~~.1
D> 12
Dr-2
Dr-7
DP-6 ~
Dr-3

w~-viq

.O,?J+
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J# “
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.060 ‘
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.017” ~: ~,
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.Om” ,.:”.
,(Joy”: .

.057
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.010
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.010 .
:011
● 007

.015

.005

.008

.005
,002

% Ductile
Fracture
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100
100
100
100

15
15

100
15
10
10 .
15
10
10
10

~oo” ~~
100
100
100

35 :
100 -

10 “
15

:;
l.j
10
10 ~~~
10

100
100
100
15

100
35

100
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15

:;
35
15
15:: ,
15

Orientation

BH
BH
BH
BH
BH
BH
EB
BH
BH
BH
BH
BH
BH
BH
BH

BH”
BH
B*.

BH
BH
BH”~

B~ .
BH :.
BH
EH -
BH:.
BH;“’.
BH
BH,
BH ,.
BH
BH:.
BE,
BH
BH
BH



&2!&_2
86
86
86
77
7’7

::
68
68
59
59
59
50

2.2

104
104
95
95
95
$6 “,
77
77
77
68

z
59
59
59

+&
fu”
$:

~ ,:

-4
-4,

-4”
-13,:
-13
-22
-22
-31

EEwd

E-7
E-8
E-12
E-2
E-n
E-15
E-1
E-6
E-13
E-3
E-4
E-9
E-10
E-14
E-5

C-11
C-15
c-3
C-8
C-13
c-5
c-2
c-4
c-lo
c-l
c-6
c-7
c-9
C-12
c-u

Br-5
Br-7
Br-10
Br-4
Br-12
Br-1.4
Br-2
Br-3
Br-9
Br-1
Br-6
Br-8
Br-13
Br-11

-2a-
TABLEA-I (Continued]

% Ductile
W. - Nl Fracture

.063

.069
.073
.069
.051
.066
.034
,067
.069
.029
.026
.039
.028
.025
.001

.043 ‘“

.043 “
.024
.048
.036 :
.027
.029
.051
.052
.009 ‘“
.020 “
.048 ‘
.025
.023 ..
.015 ,“ ‘

.058 ;

.050

.053

.052

.055

.065

.054

.057

.062

.058

.060

.062
,01.f+
.059

100
100
100
100
100
100

1:;
100

15
10
.10
15

35
50
15

100
15
15 ..
10 ., .,

100
100 .:

10 .,

1::
10
15
15

100
100
100
100
100
100
100
100
100
100 ‘
100 ,
100 ~~~.’

50
100

Orientation

BH
BH
BH
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BH
BH
BH
BH
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BH

BH .“’
BH “
BH “
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BH ‘: .,

BH ‘
BH ‘
BH~ ~~
BH “.
BH .”’.
BH
BH
BH
BH
B~.

BH “’
BH:

BH



-3a.

TABIXA-I (Continued~

Temp.‘F Spec.#

#u
+14
;14

+5
f5
+5

:;
-h
-13
-13
-13
-22
-22
-22

$
+5
+5
-L

:2
-13
-13
-22
-22
-22
-31
-31
-31

-4
-[,
-4

“3-J.
-13
-i3
-22
-22
-22
-Lo
-40
-Lo
-49
-49
-49

.,

Q-4
Q*9
Q-12
Q-1

:::3
Q-5
Q-10
Q-n
Q-3
Q-7
Q-15
Q-6
Q-8
Q-M

N-5
N-7
N-n
hi-u
iv-l
N-10
N-13
N-3
N-6
M
Ii-9
l’&15
N-2
JJ.4
N 12

H-3
H@
~ .11
~. .1
I+..9

H-i3
H-2
H-5
}~,15

Ii-i+
~.~
H..~4

H-6
H-10
H-12

“on
,071
.067
.064
.077
.069
.006
.063
.063
.068
.002
.010
.022
.020
.001

.063

.063

.063

.063

.060

.043

.060

.059

.015

.060

.020
“on
.019
.018
.014

.067

.008

.005

.062

.008

.,062

.065

.066
,005
,004
.008
.009
,003
,004
.005

% Ductile
Ekacture

100
100
100
1.00
100
1.00

50
100
100
100

10

;;
35
15

100
100
1.00
100
100

50
100
1.00
15
1.00
15
15
10
15
15

100
35
15
100
15
1.00
100
100
10
35
35
35

iO
10
15

Orientation
.—— .

BH
BH
BH
BH
BH
BH
BH
E!H
EH
BH
BH
BH
BH
BH
BH

BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH

BH
BH
BH
BH
BH
BH
EH
BH
BH
BH
BH
BH
BH
BH
BH



-@-

TABLEA-I (Continued~

Temp.‘F

50
50

.E
50
50

45
’45
45
45
45
45
40
40
40
40

$.,
35
35
35
35
35
35
30
30
30
30
30
30
25
25
25
25
25
25
20
20
20
20
20
20
15
15
15
15
15
15

,Spec. #

Bn-31
Bn-32
Bn-33
Bn-34
Bn-35
BO”36

Bn-60
Bn-19
w-26
Bn-22
M-25
Sri-28
Bn-37
Rn-38
Bn-39
Bn-40
Bn-29
Bn-21
Bn-18
Bn-16
Bn-24
Bn-17
Bn-30
Fin-27
Bn-41
Bn.d+2
Bn.~
Bn-45
Bn-f+6
Bn-47
13n-4g
Bn-49
Bn-50
Bn-51
Bn-52
Bn-53
Bn-54
Bn-55
Bn-56
En-57
Bn-58
Bn-59
Bn-1
Bn-2
Bn-3
Bn-&
Bn-5
Bn-6

‘ 070
.064
.071
.066
.068
.061
.061
.063
.059
,069
.064
.065
.065
.060
.055
.058
.071
.064
.010
.071
.063
.068
.061
.066
.069
“001
.066
.022
.000
.009
.062
.002
.008
.009
.058
.005 ‘
.075
.006
:008
,071
.006
.005
.004
.00FJ
.002

-.004
.057
.002

$ Ductile
IWacture

100
100
100
100
100
100
100
100
100 .
iOO
100
100
100
100
100
100
100
100
25

100
100
100
100 “
100
100 ““

10
100

5
10
20

100
10
10
20

100
15

100
20
25

100
15
15
10
15
10
10

100
10

Orientation
.—

m.’,,
LH
M:,
LH

~.

LB
LB
LH
LH
IX
LB’
LH
LE
LH
LB
lx

LB
m
LB
Is+
LH
ILK
LIi
“u-l
m
Ill
LH
Ii-l



-5a-
TABLEA-I (Continued]

Temp, ‘F

10
10
10
10
10
10

5
5
5

%

70
70
65
65
65

:;
65
60

2:
60
60
60
55
55.
55:

55

;;.:

5(3

50.”
50’ ~
50
50
50 ~~~
& -,

.!$:
45..
45.

45:<
45,:
40.
40,;
40;,

Bn-12
Bn-10
Bn-11
Bn-9
Bn-8
Bn-7
Bn-13
Bn-14
Bn-15

A-1
A-20
A-14
A-9
A-53
A-26
A-49
A-8
A-38
A-50
A-12
A-5
A-29
A-19
A-4
A-28
A-30
A-39
A-16
A-25
A-18
A-27
A-54
A-52
A-33
A-34
k-&8
A-&i
A.-55
A+3
A-57 ‘“
A-35 .
A-46
A-44
A-59
A-32.
A-40 .

% Ductile
w~ - WI Fracture

.002

.001 1:
.000 5
,011 15
.007 20
.004
.002 %

-0003 15
.001 10

.055

.065

.051

.063

.059

.058

.062

.055

.061

.058

.0$3

.015

.055

.054

.059

.059

.014

.054

.029

.056

.062

.063

.018

.055

.015

.Osg

.013

.059

.009
,018
,013
.061
.055
.017
.,056
.010 :
.0L2 “.

100
100
100
100
100
100
100
100
100
100
100

90
100
100
100
100
75
100
go
100
100
95
40
100
15
100

20
95
25
10
25

100
100

10 ,
100
10
30

Orientation

m
Ix
LH
LH
HI
Ix
LH
LH
Ill

LH
LH
Ix
LH
Ill
m
m
HI
LH
Ix
Iii
m
IH
SH
LH,
LII
LH
IM
LH
LH
HI
Ill
LH
LH
IH
w
LH
m
LH’
LH
LH
HI
LH
LH
Ii-i
HI
Ill



-&l-

Temp. ‘??

40
40
40
35
35
35
35
35
35

z
30
30
30
30

0
0
0
0

-;
-5
-5

:;
-5
-lo
-lo
-lo
-lo
-lo
-lo
-15
-15
-15
-15
-15
-15
-20
-20
-20
-20
-20
-20
-25
-25

Spec,#

A-37
A-47
A-31
A-2
A-51
A-58
A-3
A-6
A-36

U2
A-1o
A-21
A-n
A-23

Br-19
Br-36
Br-18
Br-25
Br-34
Br-9
Br-13
Br-26
Br-2’?
Br-t?
Br-12
Br-15
Br-17
Br-32
Br-54
Br-30
Br-3
Br-23
Br-21
Br-22
Br-52
B+.8
Br-1
Br-47
Br-59
Br-53
Br-58
Br-39
Br-56
Br-38
Br-5

TABLEA-I (Continued}

% Duotile
To - WI Fkecture

.061 100

.017 40

.009 5

.008

.008 48

.003 25
“009 0
.018
.012 4:
.000 0
; 008
. Ou
.007
.002
.009

.070

.069

.067

. 07i

.(%7

.066

.067

.071

.069

.045

.066

.050
:003
.001
.002
.069
.072
.072
.067
.000
.066
.070
.004
.000
.073
,069
.073
.062
.000

50
0
0

20
20

100”
100
100
100
10Q
100

.,100
,100
100
100
100
lCIO
100
100
,10
30
15

100
,,100
100
100

1%

100
40
15
100
100
100
100
5

tiient.ation

IH

Ill

LH

II

LH

LH

IH

m

LH

LH
Ix
H!
LH
LH
I’ll

HI
LH

“’”LB
LH
Ix
LH
LH
LH
LB
LH
LH
LH
LB
LH
LH
3X
LH
LH
L’H
.tH
I’ll
m
LB
Iii

LH
m
Ii-I “
m
LH
M
I.H

,,.



-7a-
TABIiZA-I (Continued~

TemD. h’

-25
-25
-25
-25
-30
-30
-30
-30
-30
-30
-35
-35
-35
-35
-35
-35
+&o
-40
-40 ,’;
-40
-40
-40
-45 ~
-45 ~,
-45 .,

-45 ‘“.
-45
-45 ~

105
105
105
10’3.’
105 ;:
105 ,.,
100 ;.
100
100
100
100
100
95

E
95
95
95

SIEEd!

EW-2.4
Br-20
Br-10
Br-60
Br-29
Br-33
Br-4
Br-28
Br-6
Br-43
Br-37
Br-2
Br-55
Br-50
Br-.Ll
Br-31
Br-lf+
Br-35
Br-40
Br-51
Br-42
Br-49
Br-1+4
Br-7
Br-16
Br-6
Br-57
Br-L5

E.-’6O
z.25
E-58
E-7
E-27
E-29
E-28
E-23
E-z22
E=’2k
E-17
E-5
E-5L
E-$
E-9
E-59
E-56
E-21

JYo - WI

●001
.065
.071
.002
.073
.067
.000
.004
.002
.071
.003
.020
.002
.066
.001
.069
,068
.069
.002
.005
.004
.W1
.001
.005
.001
.002
,004
●002

.065.

.061

.058

.057

.052

.065

.062

.066

.005

.057

.065

.073

.055

.054

.062

.0’77

.068

.057

>,

% Ductile
Fracture Orientation

10
100
100

1%

100

$
10

100
100

60
25

100
15
100
100
100
10
20
25
100
20
25
5
10
20
10

100
100
100
100
100
100
100
100
100
100
100
100
100
100
1(XI
85
85
100

m
Ii-I
IH
IH
Ix
m
Ix
.LH
LB
TX
LH
LH
Ii-I
LH
LH
m
Ix
m
m
HI
Ill
LH
m
m
LH
LH
LH
LH

m
LH
IIH
LH
LH
LH
LB
LH
m
LH
LH
Ix
Ix
LH
I.H
lx
LH
m

,,.

.,.

;,:,..



.- 8a-

TABLEA-I (Continued)
.

TemD.% Spec.# Wo - WI

90
90
90
90

;:
w
85
85
85

%
80
80
80
80
80
80
75
75
75
75
75
75
70
70
70
70
70
70
65
65
65
65
65
65
60
60
60
60
60
60

E-26

E&3r5

E-37
E-51
E-43
E-57
E-53
E-33
E-32
E-46
E-,44
E-31
E-45
E-20
E-39
E-LO
E-1
E-16
E-30
E-55
E-2
E-3.4 ‘
E-38
E-U ~~‘
E-15
E-4
E-42
E-52
E-3
E-18
E-H
E-47
E-19
E-3.2
E-6
E-50
E-13
E-48
E-35
E-49
E-U
E-10

.080

.072

.(%8

.083

●074
.071
,062
.034
.065
.032
.031
.060
.077
.031
.027
.022
.031
.030
.030
.025
.030
.071
.035
.031
.023
.018
.008
.017
.018
.012
.011
,02(3
.013
.012
.013
.019
.010
.009
.058
.012
.011
.016

,.

%,11.mtile
F7acture Orientation

100
100

. 100
. 100
~ 100

100
100

. 35
~ 100

. %
100

, 100
.,,
. 15

15
10

. 15
10
35
15
15
100
15
35
15
10
15
10
10
10
10
10
15
10
10
10
10
10
50
10
10
10

E
m
L-I
m
M
Hi

z
In
LH
HI

E
Ix
II-I
Ix
Ill
m
LH
u
LH
LH
IM
LH
IN
Iii
Ls
LH
Ix
LH
Ill
ix
E-i
LH
Ill
E-I
IA
H-l
I.1
LH
m



Temp. ‘F S&s?&if

55
55
55
55
55

50
50
50
50
50

z
45
L5
45

;;
40

E
40

$

;;
35
35
35
35
30
30
30
30
30
30
25
25
25
25

:;
20
20
20

Dr-27
Dr-20
Dr-lf+
DE-8
DC-9

M-7
Dr-58

‘”Dr-19
Dr-13
Dr-32
Dr-1
Dr-46
Dr-3h
Dr-40
Dr-17
Dr-55
Dr-51
Dr-30
Dr-22
Dr-10
Dr-24
Dr-57
Dr-12
Ih--47
Dr-54
Dr-36
Dr-44
Dr-/+2
Dr.-35
Dr-26
Dr-37
Dr-45
Dr-38
Dr 53
Dz-31
Dr-41
Dr-59
Dr-39
Dr-60
Dr-52
Dr-48
Dr-25
Dr-18
Dr-28

-9a-

TABIJIA-I (Continued~

% Ductile

Wo - ml

.042

.031

.040

.054

.OLO

:05L..’ ~

.056

.061

.ol/j
,015
.059
.065
.056
.074
.065
.065
.066
.058
.005
.057
.C61
~065
.017
.006
.062
.025
.014
.018
.017
.000
.059
.002
.003
.053
,057
.061
.065
.007
,010
.006
.005
.005

-.002
.052

Fraoture

100
100
100
100
100

~~‘loo
100
100
25
55

100
100
100
100
100
100
100
100

10
100
100
100

70
10

100
60
10
10
40
10

100
10
15

100
100
100
100
25
60
30 ,,
50
20
10
100

Orientation

I-H
LH
LH
LH
Ill

LH
m
HI
LH
IH
LH
IN
Ix
LH
Ill
m
m

Tin
u+
Ill
LH
JJl

%
Ill
m
Ill
Hi
LH
m
LH
LH
Ix
M
lx
LH
Ill
m
LH
LH
LH
m
lx
Id.

,,, ,



“l&’. “

TABIEA-I (Continued~

Temp,‘F

20
20
20
15
15
15
15
15 ●

15
10
10
10
10
10

$
g

#5
+5
+5

o
0
0
0
0

-;
-5
-5
-5
-5
-5
-lo
-lo
-lo
-lo
-lo
-lo
-15
-15
-15
-15
-15
-15

Dr-6
Dr-15
Dr-3
Dr-50
Dr.29
Dr-4
Dr-33
Dr-5
Dr-49
Dr-43
Dr-11
Dr-16
Dr-2
Dr-21
Dr-23

:::
::

Q-6
Q-9
Q-10
Q-22
Q-n
Q-13
Q-17
Q-U
Q-1
Q-3

:~?6
Q-19
Q-18
Q-20
Q-22
Q-23
Q-24
Q-25
Q-32
Q-26
Q-27
Q-29
Q-28
Q-31

.001

.003

.011

.071
;000
.002
,002
.009
.004
.019
,Oil+
“.005
.001
.004
“.056
.052
.051
.065
.060
.060
.059
.062
.016
.061
.027
.004
.060
.016
.063
.023
.034
.011
.052
.009
.040
.052
.017
.062
.058
.000
.028
.011
.OI.4

Q-30 ‘“. ~ .Ou

% Ductile
Fraoture

15
10
50
100

,. 5
10
5

.10

.;;

.70

.10

.20

.10

.100
100
“loo
“loo
100
“100
100
“100
“ 15
‘100
: 30
10
100
50

;100
15
60

‘ 30
100
5
80
100
5

100
100
30

“ 70
“ 15
‘ 15
;- 25

5

Qientatiop. , ,,.

,.

.,.,. .
“’,.
,.

.

.

.,..
‘.! ,,..,

:’.,’_

.-. <

J-x
IJ’1
LH
LH
Ix
HI
LH
Ix
m
IN
Ix
Ill
Ln
I.H .,
LH
LH
lx ,’.

LH ‘.’.
HI
I/H
m
Ix
LH
Ix
I.E
IH
LY
Ix
LH
LH
Ill
LH
m
Ill
IJi

LH
LH
LH
IN ,.
.LH
LH
m



-ha -

TABLEA-I (Continued~

l’emD. OF

-20
-20
-20
-20
-20
-20
-25
-25
-25
-25
-25
-25
-30
-30
-30
-30
-30
-30
-35
-35

,. -35
-35
-35.,.

,,, -35
-40
-40

,.,-40
-40
-40

-15
-15
-15
;-15
,-20
-20
-20
-20
-25
?25
-25
-25
-30
-30
-30
-30

&l?Aif

Q-15
Q-36
Q-35
Q-4.l
Q-40
Q-39
Q-34
Q-43
Q-46
Q-37
Q-45
Q-42
Q-47
Q-38
Q-33
Q*49

Q-53
Q-J52
Q-50
Q-51
:-;;

Q-56
Q-55
Q-.@
Q-44
Q-57
Q-59
Q-60

H-9
H-12
H-38
H-13
H-37
H-23
H-24
H-4
H-40
H-25
H-36
H-26
H-42
H-30
H-n
H-6

,004
b .022

.011

.061

.019

.010

.028
-.003
.011
.020
.0C6
.020

, .03.2
.002
.029
.008
.059

-,.003
~oo2
.029
;036
.’006
.i321

-.003
.0.L4
.006
,000
.002
.004

..059

.664

.063.

.065,

.075

.o\i

.06>.

.025,

.061..

.002.

.063 .

.07i .,

.061, .,

.066
.029: ‘,
.018 “;, ,

% Ductile

Fracture Orientation

;’ Ill
u

10 LH
100 LH
15
5 ;
20 M

LH
4Z LH
25 LH
25 Ill
15 LH
25 ““, m
10 M
25 EH
10 ‘,”” LH
100 “““ LH

2 LH... ,.,
LH

: ( ‘“’” LH
20 III

Ix
“’ 1; ,. Ill

2 ,,. LH
15 Ix
o LH
2 ‘.. LH
5 LH
2 ‘U-1

100 LH
100 LH
100 LH
100 lx
10.0 IH
70 IH
100 ,:,M
90 $M
100 ‘w
5. ‘m

100. EH
100, ii+
100,, ‘2X
100 ‘I@
90 m
50 w,. ,<,

. .,,,;.
..;! .,;!,



- lza -“

,ti F

-35
-35
-35
-35
-40
-40
-40
-40
-45
-45
-45
-45
-50
-50
-50
+0
,-50

.>,? 5
-35
;-55
,.%55

\:y130
.+4130
“+130
.*13O
W&

.#125
+125
.$125
“p;;

$$:

+120
:+120
,;+120
,;+120
,:+1.20
“‘+115
:;:+115
,fl15

.:%

+115

EE2d.!..--.

H-1!
H-1
H-22
H-35
H-34
H-3
H-18
H-39
H-32
H-27
H-31
H-16
H-28
H-33
H-21
H-19
H-29
H-14
H-2
H-5
H-8

c-43
c-49
c-3
c-38
c-42
c-57
c-37
c-48
C-60
C-50
c-24
(3-9
C-32
C-52
C-23
c-46
c-34
c-22
c-i‘

c-8,:
c-~~
c-28
c-35
C-n

~BLE A-I (Cont~nued~

.005 “

.003

.066

.029

.054 :

.057 .

.002 ,

.021 .

.003 ,

.006 .

.005
,012,
.003
.001 :
.072 ,
.007
.004 :
.010 .
.007
.008 .
.006

.051

.051 ,

.046 .

.050 .

.Of@

.039.,

.049,.

.040 .

.043.,.

.051.,

.051’,

.o@

.055.:

.030 ,

.04& ,
,04J4.
.053 ,
.028 ,
.017“.
.032 $
.026”.
.053

% Ductile

5 ““
10
100”:
85,.
100
100..
30,,
40
10,,
20.
20
25”,,
,0-
10,
100
15 ‘.
5,,
30”..
a.”
20.””
15.

100
100
100
100
97
100..
85
55
70,
25
80

z
60’
90
,20
30
50
10Q
20
10
20

:

Orientation
..

w-
LH
LH
LH-
LH”

‘U-1
“m
ill
“m
,“ml
M
m

“,W
“fk



- 138 -

Temp.%

“’jllc

+110
+110
+110
+110
flo5
+105
+105
+&

+105
+100
+100
floo
+ll&

floo
+95
+95
/95

$,;;
,,

$$
+40~40

+40
+35
#35
+35
+35
+30
f30
+30

$E
+25
+20
+20
+20
f20
+20
+15
+15
+15

Spec.#—.

c-.l2
C-30
C-17
C-47
c-55
c-2
C-31
C-40
c-10
C-15
c-u
c-6
c-36
C-41
C-18
C-19
c-39
c-53
c-16
c-7
c-l
c-27
c-25

Dn-40
Dn-26
Dn-7
Dn-41
Dn-50
Dn-16
Dn-42
Dn-36
Dn-60
Dn-37
Dn-52
Dn-3
M-47
Dn-20
Dn-22
Dn-45
Dn-24
On-44
Dn-27
Dn-51
Dn-11
Dn-21
Dn-13

TABLEA-I’(Continued~

W. - WI

.032

.031

.030

.032

.035

.026

.054

.017

.019

.029

.027

.022

.029

.022

.031

.030

.030

.028

.025

.026
:030
.004
.003

.070

.070

.023

.073
-066

.067
:070
.067
.067
.068
.075
.065
.069
.003
.066
.014
.017
.071
.070
,010
.067
.072

% Ductile
Fracture

10
5

20
20
20’

5
5
5
5
10
15
5
5~ .
o’
0..

100
100
50
100
100
100
100
100
100
100
100
100
100
100

1::
10
20

100
100

5
100
100

Orientation

M“
m
III
LH
Ill
J-H
LH
I&
Ix
LH
LH

Ii
LH
Ix
m
LH
Ill
Ii-I
LH
m

I’ll
LH
IN
~.

LH’
Ix
IH
LH
LH
M
LH
r’s
LH
m
LH



&
+15
+15
f15
+10
/10
+10
+10
+10
g

$;
+5
+5

o
0
0
0
0

-lo
-lo
-lo
-10
-lo
-lo
-15
-15
-15
-15
-15
-15
-20
-20
-20
-20
-20

.,,,

Spec. #

Dn-28
Dn-14
Dn-58
Dn-59
Dn-4

Dn-30
Dn-23
Dn-57
Dn-3&
Dn-53
Dn-38
Dn-33
Dn-35
Dn-1.2
Dn-56
Dn-2
Dn-17
Dn-.@
Dn-1
Dn-54
Dn-39
Dn-5
Dn-25
Dn-8
Dn-32
Dn-43
Dn-55
Dn-15
Dn-29
Dn-39
Dn-46
Dn-9
Dn-18
Dn-6
Dn-10
Dn-49
Dn-19

-J.@-

TABLEA-I (o@inued)

% Ductile
We-w Fracture

‘. 003
.008

,057
.010
.010

“.o12
.00.L
;082
,009

“.005
‘ .012
.021
.000
.005
.010
.002
.000.’,’..

.,. .003
:,:.006

~~..:, .000
, .004
-.001

~, -.001
-“’ ; .003

:.002
,-.001
, .002

....-.003... .,,

, .001
-.001

● 001
. .001
● .003
, .002

,. . .007
, .000

.001

,,

. ,: -:,
v,. .,.. -:..,.,,.,. ,7.:’. -,, ,.:

,’
. . .

100
20

100
3
5

5
5

100
20

3:
50

5
5

20
5
5
5
2
5
5
0
1
1
1

1;
2
2

.0
1
0
0
0
0
0
0

, ‘.

,,
,.

,,.

k;
,..,
>’

i.

‘..

.

Orientation

LB
LH
Li-1
LH
HI

B
Ill
Ill
LH
ix
LB
LH
u-l
LH
m
lx
LH
LH

II
Ix
Ix
r.M
LH
Iii
IH

m
Ix
III
Ill
LH
LH
LH

LH
LH
LH
Ill


