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of this vms still quite poor,l>ei.r.<;a’~uot5 to 1.0t“’oot-pounm~har;)yat

:)’’:?.,J;l-ecrack :ensiti.vityof>this steel.,howeve:-,ma: quite hi~h.

Tl,.ese res)ultsa~ain.(demonstrated?i~ztthe crack sensitivity was red:).ced

@. \,Ile~dditj.>llof 4 po).nld.sof ai$.~minurper tan-

L study of 2.5 and S.5 per cent nickel steels proved to be

i.rlconclusivebecallsevery recent work on anotk.er ,PIeject has shown that

it ‘.snecessary to modifi~the crack-sensitivity te~tirl~prucedu.rein

order .tOdeter~~,irletlqecrac~ing characteristi.:s of c,teel.s con:ai:)in,~

z to 5 per cent nickel. These steels show little or r,o?e];:l.eucyto

~rS. cTK ,p:hen. the crack. sen~itivity specimens are welded a.tJ°F. but,(W.Y

crack eftens?. vely when.welded at higher in~tial temperatures. ,T)-i!s ~;).c:,a

~$ the $L!~j~~t ~~~i~~~ljr~~q~i~~s additional .investi#,8t.icn<

-4n irlve~tlca~i” n of ihe in fluen L.e of’ chromium,i;lih$,ran:?eof

0,25 to 1.0 per cent showed that this S.11OYhad little, if :ny, influeilee

on the crack sensitivity of hot-rolled,0.X per cent carbon :;te@l:l:LVrl

1.30 per cent man.tanese. Since, however, the acid.itionof c!.romi.mdid

not m:.teriall-yincrease the ~yieldscrenp,thof the kmt.-rolled steel. ‘.11,+

~Se of;t,hlsalioy did not sppeer promising.

!hi:!.w the crack sensitivity can be reduced ap~recieb:y by

carriecjout irla reasonable lengtk of time or.

to plate. ~ne resuits from.slab homcgenizimg

indicated that the homogenizing time required

be entirely too long for nracbic:,.1i;Wrp05e$S.



reduced to a narked extent.

li.study o.ffnlly ql~enchecitensile and notched-”oar’~.mpaCT





~“ighYield !ltrenmthLabOret.cryi“:eats____ -q.,.. .__,,-----

Pre?aratior:of llar~ge.nese-l:olybdenu]n-l’anadiumLa”borat>ryF!eats......—..—— ---— .——.—...— —----..— ——— .-...-...—.—.,.— .-

Previous work on hot-rolled laboratory heats cho.wedthat

/5,,iK’o;O.si. rein;.rllulllyield stren@ collldbe ae-reiopedf:om steel.s with.

(1.1:5,/0.15 per cent carbon, 1..25/1.30 per eemk mangfmese, al~prcximately

0.70 molj+derwm, and 0.10 per cer,tvanadium which showed littl, or no

+,e,ldeaci:~~c~:~,.rd~l.~,.derbeadcrecking, provided they were cleoxidizecl

Wilb.:+.iarge exces6 0f alum.i.r.,;m.The notched--barim,o=.~tproperties of

+,?,c:s*steels, hclwever,were rela Lively low.

In ord.?r to determine if still.hip:heryield stxeng+;hs,80,C2G

psi, to 85,[)00psi,, could be obtained to&et;e-:with low u;.~eibead



i.n (.:mbon tl:anthe f“’irstin~:.;+.,becw).seof lower loss than expected:

otherwise the analyst,.5a’reidentical with the ex(:e~ti.O1-jof the aiu_nmuro

~onteni. I{alf“f ij~eZ by 5...inch slab from each ingot was then hcmm;en-

iz,ed at 2350” for four hours. i~c~J.lowin,~rel)eaii.rk;, the sla’h.swere hOt

ral.led ir.t,oplat,es sli~,ht’~ygreater than one inch in t:hick~)ess.??b.ese

plates were then brouqht to 1900”F. and rolled to a thj.Aness

!.nc})in one pass which insured.a

this final pass, the plates were

normalizj.rg.

lmifom fitidii:-.~ternperature.

stood cm edge .acciallowed to

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

Heat In&)t [;hemicalJmnpos:ticn, R.xrC: .t ~r

No. ;[0. — “~--‘—~; —--p——-~ ““——‘~y- -’T:;
-.—. .—,— ...
,,__.-v_.,-_~i--—..._ ——. —... —

~.-~~~ 2 0.19 1.28 ,020 .026 0.32 0“3:7 0 ‘i.3C,:.,’:!>

:{-53 1 0)1$ 1.30 .’02C’ .026 6,33 O*6G O:,;s ?~j~L

X-53A ? 0.20 1..33 .>018 .026 0. 3:L 0.s0 0.1S 3.1.8.5

.=. — -—=.._=- ,.=___-e —,- —.-. -- —= L., . ,_ .,=—_—=—=-z q., _,.

,,,

.~cid-solllblealumirmm contents

Tensile Properties—.___—.——

The tensile properties were determined <i-cmstandard 0.505..rI:.k-

dianwter speciu)ensmachined from the center cf the

specimens being prepared longitudinalwith respect

rcl.lhg. Yield strengths were calculated i’rcmthe

test plate, dupiicz.tf

to tne iii.recticn (of’

stress-ctrain curves
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usimg the load at 0.2 per cent Offset. A summary of the tensile data

is given ir,‘Iable2, and the complete data wil1 be fo,n i in ~able 1 of

tl~eA.?pndix.

x-51 l!otrolled 23.0 51.0 68,8c0 g?,3(>0

x-51A 2 “ “ 21.5 58.0 76,500 1.37’,800

Y.-51. 1 Fomozeni.zcd+ 23,0 64.0 ’11,300 100,500
x-5i/1 2 ‘“l, z~.o 60>0 7E,XXI i09,30Cj

Tensi.lchwn~r+ies

Table 2 sho,,~sthat the yield strenqth of the regu].ar h~i-rolled

steels fal.lsl.>e’bween68,800 and 64,300 psi. and the %el]sil.e strength

bebween 99,3[)0and 114,’700psi. Bo’cnthe yield and tensile stren:t?jof

the homogenized st{~clwere slightly higher, the yieicistrength ve.ryj.~.:~

from 71,300 to 86,400 psi. and the tensile iO0,50U to 117,000 psi. ~~.~

du.ctili’v~of both groups was essentially the same





It wili be noted that

crack sensitlv!.ty.9.scompe.red.

-9-

the homo~eni.zin:,tre?.tment reduced

with the regular hotro:l.cd steel.

the

f.

sumil.ar effer,t of alumjnum wris:,1s0 noted in the homa~enizcjrlsteels as

was i’o,undillthe hot-rolled steels, tl,elar~;e addition of aluminum

reducin,? tbe creek sensitivity.

?!otched-BarTmpact F’rouerties— ..———. -—..-.-—

Y’heimpact streng%hs wc.re

with V-t~n>enotches cut Deruendicula.r to the plate surface, 1111

specimens were prepaled from the center of one-.incl-.-thiokplates, the

length being in the direction of rollifig. 17estswere rwL cut eacl u? six

te~,lperaturesin the range of -75CF. to +210”F,, four specimens from ea h

heat !beingbroken et ea.c’ntempertiturs. The data.from thsse tests arcj

sb.omn graph~.cal.lyin Fi,qures1 to 4, inclusi-ie,, We not.c:”hed-”’ba:-in;>gC*

streugth of ail fOIIrof’these steels was f’oilndto be reiatI.-,e:Ly:OW g.i

room teaper%t.uresa,~d‘oelow. It will be noted that the addition of

aiumirmirndid increase the impac-tstrength. (See Table 3 of ~pPendi< foi

complote da.ba..)

Study of the Effect of Aluminum Conten’tiT:Don the-.—....—.—. ,.—;——. .-— .- —— ..... ..-.<____
J.mpac?Prooert16s of ~~rh ?[leldStrer,gihbl;ee~s-— -—-— ,-..—d—._._ -_.,,___________

111an attempi;to improve the impack prGper’tiesof the hcb..-oiled

high yield strength steels, 80,000 to 85,000 psi., wl)ichwere a:Lloyed

with a co]blr?atior.of manganese, :nclybdmmun,and vanadium, three spIi+,

heats were made s.nddeoxidized with or,e,two,

alu:nim.unper ton prior to pouring <ne ingOts.

made wi tb the Aluminum being omitted from the
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i?.go ‘t, w]i.ie.the s+.eel ‘.istufc>rthe second ingo’b was.decxic!iy,cdwith four potincis

of alvminm per tm %r,urcierto ftu-ti!erinvestigate the effect oi al,.uninlmlupc’r?

c:nderbead c.rackir.,?.Aside from these differe,-,c~sin alumimrm, each heat was fud.~

t> contain a~;pruxi~La.telyO.21 per cent carbor,j1..35per cent manganese, 0.50

p r cent ,mOlyT.x3enun,and 0,22 per cent wnarl~..urn,

listed in

are qui’:e

w,ried,

— .—. .—,—

The heats were ~ast and p~-oceseedIr.the manner pre’~iol~sl,ydescribed..

The ckiem:cal analyses 01’ these heats, A-55 to .t-58jinclusi-,,e,a.]e

Table L. It will be noted that.tb,echenticalanaly$.esof these heats

Sim.lar with the exception of the al!lffl~h?ufllr.ontentwhich was purposely

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

~ea~ I.ngot Chemical C~os+tj. OnL j%~.~~Jl;L_-.-.__,_.._ .W,—— -.. — .--.— -,.-.—.--
_,-l~O&-_-_~~,_,e-,_C_ ]!L? p S_.-. = ._l].O_.__y__,_....&~_ ._–...&’;L.;’);.

X-55 1 0,2:. 1,35 .015 .02L 032 0<,50, ~,2i \lJi] c
~..5’;~ 9,. 0.20 1,35 ,015 ,025 0..33 0>52 (),2; O,lso !.,.

x-56 1 0621 1.,35 .019 .027 0,27 0.51 c.2. z 0,(2?0 1

x -56.fl 2 0.22 1“35 .021 .0.28 0.,2s 0,,51 (),:23 0.070 .2

!{-y/ 1 0.21. 1.,35 ~o~$ .031 0,28 0.52 0,23 3 015 1
X-57A 2 0,22 1,33 .020 ,033 0.2”8 0..,51 0,23 (Cl.l.o~ ?

X-5S ~ 0,20 1-,34 .O:y ,028 0.27 0,52 (J.~~ 0,Cr/() “2
~..~~A 2 0.21 1.”2i5 ,022 .030 0.30 0,51 c ,23 91C5 3

—..-.- —. ——. — ,—.--. —.—— — -,------ .-—.. -— .—. -—,- ..-” ..— — ,.- . .— .—— —. —----------- ——---——-———— .- —.—. ,.- .— .- .-..-. —.——- ,—- .—---- ----..—- . .

+$ Aci.ci-sokbleslurmrwm content



-15-

and t,er.s.Ll.e prep.erties.

strenl~ths. The per cent elon,qation was

reduction o;?&ree 52.:jto 58 per cont.

Vnderbe$idgrack Sensitivity—— .—,_.__ —._— _

19 to 2G p5r Cxlt and the
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~_= ..— .—. .—. —. ._. __._,____ ~_. _ .- ——. —, -—. .-— =.,..=.__,-_-,=.==...____..=

~irJng. in iLecl.of l“ield* ~er~:i~Le

Izeat Ingot .PrOcessin~ 2 Inc:hes, Area, Strength, ~.~re,lqi”~,,

l!JC. No. ?!e4Lh0d ~d ‘Z r3sir 0s!.t.—. ———-— ————. ...——-..—.,. —.- -..—.-—..—.——

1
2

18.0
19.0

3.5.5
20.0

19.0
16.0

17.0
19.0

20.0
1.9.0

20.0
19.0

19.0
19.0

54.0
5“i,,5

118,900

120:3s0

59:0
58.0

84,000
86,500

i12,300
11.6,200

Mot rolled
,! !1

84,100
879300

114,4(Y3
115,800

1
2

1
2

Hot rolled
!, :!

43.5
56”0

84,30!2

‘37,dO0
11.j.,5(JC
117,470

Tm?erid 1 hr.
at 1000” F .,

air cooled
IIitto
!,

58.0
54”5

93JC0
91,300

11.!5.700
.LI.56’0,.

1
2

56.0
52?5

90,,800
91,300

,:
,,

55.5
54.0

92,, 500

92>300
I
2

——.. — . ..—.- .—— — ——. —... —--——— ----- .-—. —— .—— ,—- .- —------- .—— —.-. ,—. — ..—. .——.-.—. ——-— —. .—-— .__. --., .,..——. - ,.-

*
Yle’.tistrenLths were calculated from tinestress-sbra+.ncur~-e
~~irt,;+,heload at 0.2 per ce’]toffset.

bead test, ten specimens from <%cF steel being wel.iedusing t“e Stantard

procedure. A summary of the cracking data wili bc f’o’i:ndin ‘la”blc6, and

the complete data are listed in Table 2 of ;F.elpuendi.x.

As observed from Table 6, the extent of Inderbead c.-ackinqfor

th,:.steels tree.ted with O to 3 pounds of al.umimm ;wr t-cm,O to O.“!05

per c.n’tacid-soluble aiumim-un~~nte~t~, W=;852 -?0’75pe- cent :’s

c,omparei to 29 psr cent:when four po,undsof a?!,urn.mxunper ton were molded.



X.-55 1 0.21 ?ii.1 o $6

x--- 5e 1 0.21 .020 1 ~~

x-. 57 1 0.21 .015 1 72

f:o:,che~.]],,,r[m;~ct;Properties——. .—.—.-.—..-..——....—-.———. —
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CF L.’I3O:.MTORYHEATS

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

X’G3 C.’l& 1 ,0s ,~y~ .026 0.26 0.37 - 3.34 - .375

x-e’! 0.1.8 1.03 .021 ’031 0>24 - 0,22 3.45 ,065

X-bb 0.17 1.02 .021 .027 ()”2S c,,31 0.15 2.56 - ’075

Tencile ‘pr:;:.:er+,ies——. ——.. .—...—.——.
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Elong. in Red. oi’ Yielfi* Te>~sile
~feat 2 Inohes,** fmea, Strength, Strenf:th$
RF. C~n~i*i_O~,, ~.< Z ._,,._ p~i. ._ psi-

1.-63 11 20.0 42.0 ‘74;000 11!5,:.00
,,

!? 20>0 55.5 84,000
,,

125,’LOO
c 24.0 6100 ‘:s,two i07,50C

X-6% A 20.5 45.0 78,!300 11C;20C
,, B 21.5 52.0 82,000 128,500
1! c 21.0 59.0 109,800 130;800

x-65 A 21.5 54:.5 79,300
,,

108,400
B 21,5 ~$;zo 78,,000 IIS,,800

r, c 21.5 60.5 103,300 l~5J~$(jO

X-66 !1 17.0 33”5 83,600 13.9,300
II B 20!0 49s5
,! c

92,50f 136,300
20.0 55.5 1:L5,3Q0 1.36,303

!! D 20.0 54.!.. 111,400 13L9C,0
:, E 1960 “’ 50.5 95,000 132,‘7(QO

——. ——___—.. _— .—.. — .—---... ——. ..——.—.—.-...—. ,-—. ——— —--= .-.-.:

*
Yield st.repgthat 0.2 p~r cent offset.

** Cor.dition:
A. Hot rolled
B. Normalized 1650”F.
c. Normalized 165C”F.,

air cocied,
D. Same as ‘fC”, except
E. Same as ‘!C”, except

tempered one how 1200”iP.,

temperei at llOO°F.
temper$d =t 1000”F.

Hot-Rolled.Properties—————

~akie 8 ~hovrsthat the yield strengthsof the hot-rolled plate

from ~eats x-83, X-64$ and x-.65ranged from approxj.mately74,000 to

79,000 psi. with the copper-te?.ringIieatX-66 being slightly hi~hcr,

83,600 psi. ‘?hetensile strength.of all four steelsmre well over

100,000 psi., ranging from about 108,000 to 119,0C0 psi. ‘lheductllit:.es
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heats were>quite simileLras

that of the cOpDer-bearing

indicated by the elcngat.i.on

steel, He.c X-66 was

Effect:.of Norm..,,~1.ng..._-—..—..-..,—___”J..’-:—, a+,1.650‘ 1“’.

Sllowad

copper

izing,

17.2(K

Tent.

Effect of Tempering—. —...--,.—.——-. A

The t;ensileproperties of’etch of’the

wre dcter~lineciP.fternormalizin~ at 1650°F,,

at 1200”F. and air cooling. /s observed fror:
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deer’easedthe yis.ldstren~zt.1o.fthe .?~,5 per cent nickel s+ee!.cor,t.aining

t.hcstre:ngtl,e.fternormalizing, while the yield strength of the companion

28.000 ~>si.as ~:rewllt of the tempering treatmen-k.

The tensile strength Of the 3.5 per cent nickel heat with

107,500 psi. by the tempsrl.ngtreatment, while the streng.t}lof t,~,ere

Appendix.

We!.d Crack Sensltivity.——. —— —--------

bead tests as eescri.beipreviously. ~(~ngrOGVed SpGCillenSwere vfe~de~

from each stee.~ in the various heat-treated conditions wj.tk tine(xce&i.c:..I

of thi?tests on the norxmlized, ar.dnormalized and tempered steel.~rom

‘tics.tX-;6, aridthe tesis welded at 75”F. and 12C”F. wh.i.2h were T,IE.d.L:with

s&eols in tinehot-rolled,condition when welded at O’FJ,,the higkst



——. . .—. - -— .-—.. .— .—.. .—— . ..— — .—— — . . . . . ...—.____ .,_,_...—,.-.._-

X-ES 0,18 1.03 3.45 0.37 - - A 5 7 9
!t ,, 1, !!,, -- B o- .

x-< 6 0.17 3.,02 2.59 0034 0.16 0.65 A 9- .
,, ,, r! ,< 1: n n B 8 -
,, t! !) !! ,. ,, !! c :1.!5 . .
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steels that have beer,irlvestigatedthan in the IITSsteels. FOI- exa.w 1 es

a steel which shmwed no evidence of crac’kingwh,-nweided at [?”F. C.-acked

erature to 200°F. Therefore, after ~ompletir.gthe tests at O“F-, O.

l~nited nwnber of weld tests were made using,in;tial temparatllrc+,of

7G’F..Mud 12(j°F., the specimems being held in a water bath TTeir~tcir~c?

at the above temperatwes.. Because of the lack of additi~nal sksel,

this work was limited and only five specimens were welded from :ieats X-53

and X-.65at t,nwe texperatui-es. The average of these teST.S is SI-,OWC,in

‘~abia$)0

tile~ra~k ~e113iLi.viti{of alloy steels ce.nbe z.c,~l~ratelydetermined, !t

aFpea.rs t,’natconsiderable research must be ccmriuvtied.

IJ>tched-13arImpoot Properties—..—._.. ——— . ...—

The impast propert~.es oi’this series of heats were d.etermirmd

piates end notched perpendicular to the pl~te surface,,tinelength of ‘c”@



Fot-Rol.”ledyotched-~ar Properties.-—,....—.-— ...c—— c_. ,—.
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when tcsb[d zt tenpertures -40”F., -5°F., and +75”F,
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strength after bei~’ tempered at 1200°F. for one hour, th~eyield

strefi~thof the noncopper-bearing heat reaching I03,8CC psi. compared to

i7G5,300psi. for the copper steel. The increase resulting from the

temporinC treatment was :,bw~t25,000 psi. in either case. The final

difference in yield strength was about 11,000 psi. in favor of the

copper-bearing steel.

The notched-bar impact stren@h of the copper steei after

free lme.tcrial,‘butthis difference would be expected in ~iuw of the

h:.gher yield strength of MO copper steel.

The cracking characteristics of’the copper steel in the hot-

~o~led and ~or,n~lj.zed-temperedconditions were essentially the smle,

thest]steels cr[.ckin: 9 and 13 per cent, respectively, when iested at

OO1’. TII~;copper-free heat, however, cracked 14 per oent in.the hot-

roiled state and showed no evidence of cracking after being n[jrmdizec?

and tempersd.

Study of Chromium-’h.ng(meseSteels,

Preparation of Laboratory W=ts COnt~.ining,..——. —-.. ——.
KG.7@TeK iGJ-FhF&iu.n--- ——. ..

The effect

num, ar,d.vanadium,

standard analysis,

Nc,vemher17, 1S?47,

of the elements carbon, manganese, ;ilicon, nmly!l:G-

when added singularly in various mounts to a

wms determined and the daictwere included in the

Progress Report. l:norder to invcstj.g,ateklhe

influm;ce of chromi,~rn,a series of four 225-pocnd induction-f’mnoco “P.ea+.S

VO.Smade to which a.pproxi.mz.tely0.2:, 0.50, c:nd0.?5 and 1,C,)per cent



chromium,

each !Iea.t
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respectively, was added to the st~ndard enalysis. 4s before,

was deoxidized with 0,4 pound of aluminL1mper ton and cast

into a 6-5/8-inch-squaro ingot. Tl,echmnical cnalys~s of the~e heats

appear in ‘l’able10, together with tho standard composition IloatsX-45

an,ix-46.

‘1’heprocedure folloifedin processing tt.ese steels was t!~cst.me

as ~;ivenearlier in this report for the manganese-moly’oder.um-vl.nndium

bets.

.,—. __ —— -_—-—_. —_ ——-——. ——. -- . ,.—._—.. — .—
f{$a~ Analyses, Per (lent—=— .. —... —— —. —-. —,—
-Jio. , MT P S Si T+_ ,__C~ @—-. —

X-59 0,20 1.37’ ,025 .026 0.32 .014 0.28 ..003

X-GO 0.20 1,33 .024 .030 0.33 >“)12 0.52 .G05

X-67 O*21 1.36 .024 .026 0.34 .012 078 ,003

X-62 0.22 1.30 .024 .025 0.31 .015 1.0/. .()()3

(St&ndz.rdComposition Heats)

x-45 0.2i “1.35 .021 .030 0.27 S015 .003

X-46 0,22 1.35 .023 .032 0.28 .015 ,(303

——, ———-— -—— -— ——--- ...— .——.,_-—- —..,—-— —
*

i~cid-solublaaluminum content

Tensile Properties—.

A summary of tensile properties for tin>chromi.m series :nd

standard compositionheats is listed in ‘fable11. The complete d:ta ~re

listed in Te.ble 7 of the Appendix. These properti.es were determined

from standard 0.505-inch-diametertensile b?.rs,duplicate specimens
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Iongit,..ldj.ralto the direction of rolling being prepcrc~ from the ctinter

of ens-inch pletes. i“,s before, yield stren~th~wc;re ca?.culated from the

streSS-strain c~?rveusi[lgthe load at 0.2 per cent offset,

.,, .
TAF3LTi11a ‘lEI!SILE PROP”E2LTLES OF CHIWI’IO% BEARING A“:UI

STl,TDAR.1)-cO:WOS~1ION LK30K.I.TOF.YITLATS

—. ..— — ——— —. —.....-—— .— .——. -—— .—....-—.,..-..———..—..
Elong. in Red. of Y.cld* Terlsilo

~c[:.t 2 Inches, &-ef~, S-bength$ Strew;ih,
Xo. Condition-—.—.— ---.— –.——..—.-__._._ ._.._._— .@L___ ,—.}’:L’------

(l~z,nga,e.e-Chiomi,mHeat.)

Hot rolled 3?’.5 69>5 48,400 80,000

!, ?! 31.5 70.(? 49,800 81.,92[3

!, !1 28.0 65;0 51,@o 88>YJ0

!! !1 27.0 66.0 54,339 91.,930

**
:=lcmlo~, ? TT071!I. 24.5 61.5 61,200 lg;.,3K?

(Statidard-JompositicnIie:.ts)

Hoi rolled 33.8 67.2 52,100 ‘(!2,100

,! !! 35,0 70’1 50,750 80,3!)0

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

* ‘:ieldstrmu;th at 0.2 per o~nt offset.

** ~ne-i:~ch-thi~kplates were ]Iomogenizedfor 4 hjurs &.b~~~OOFo &rld

then normaliz~:dat 1650”F. -

,J.11spcci-,nensfrom one-filchplatei

An examination of Table 11 shows little differen~ccin hot-roll(:i

yield,s-m-o.~~@lof the hi!~hc;st chromium, IiecttX-62, and the stond:,r@-

composition bests without chramium. The yield strenf;t.hof t,hclmvmr

chromium steels wus similar, or slightl?~lower, +jlcmthct of sb:U1d.:.rd:-
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—.—.- ——... -.-— ,—.—-—.——..—.. -—-. .—. .——. -.. -.— —.— —._. ,__ .—..——. -—. — ,—. .— ..-.. -.-— .——. .—. —. ——— ———-—- .—.._.— ..—. —- .——
Hat -, composition,, Por Cent !.versge

.2 Z.”__,–._L._
?fll Cr Al- Condition Crtic?:in~,%——— .—. —.—. —.—. ——.. .-—

x 59 0.20

y.-~(j 0.20

X-61 0.%:

X..E2 0.22

X..6Z 0.22

x-61 0.21

X“-45 0.21

X-46 0.22

1.37

1.33

1.36

1.30

1<30

1.36

1.35

1.35

{l!aiigtinese-Chromium lleats)

0.28 .003 KOC rolled

0.52 .003 IJ !!

0“78 .003 !, ,,

1.00 .003 ,, ,,

1.00 .003 lIOIDCg. & Form.
+

0,78 .003 :1 1! t!

(Standard-CompositionH.c.ts)

.003 i{otrolled

.(3(33 ,! ,,

28

20

65

54

5

11,

57

60

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

* Acid-sOILlblefl].UIIIiIIUIII‘Content.’

+ PI.E.Lchomogenized 4 hours at 2350°F., then normalized 1.650CF.

‘?k.eO.78 and 1.00 per cent chromium hezts cracked about the smm.s

amo~untcs the stsndar’d he~l.ts in th. hot-rolisd condition, but tha cracki-

ng in tiachccse wes greotiy reduced hy I~omogenizing.

}?otched-Bs,r I,npactPrOpC;rtieS—... —..—

ThL impact strengthsof these steelsw r: determined from st~..nd:.rcl

~,,-notchCharUY bars, four duplics.te spccinons being brokf;nO’teach o.fsixL

tt;mperatu.res in the range of -75°Fo to +210”F. i~l1 spf.cimens wcre taken

from tho ccnttirof the plate and machined long;.tudinal to thtidirection

of rolling= Tvm sets of sp~cimcns vrcromc.de from c~ch steel, onc notchod
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SL?Cti.CMiS film tlhesame slabs were treated in tk,[~re,gularmanner i’or
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=- .=:=: _—- z, -_—_ .C. ~e.,.-. =_- _—_ = ,= .-.-.=,T_ .G_ := ..G-.—__-s. _—___.=L . _____ .—_—

~~a~ Elong. i~. Red. of Yield* Tensile
~.~eel IIomrjgemizirl: 2 Inck.es., ‘“re:1, Strength$ $trcrop;kh,
!$U. Tinw, Iirs. .,

/.—. .__. ,___ ._ ___ ._ __ –—- .2:..–.. _.._!‘&._, ___ ._.y:;_”_-

~~~<(’ FieggPractioe, 22.0 56.0 70,1Q0 10S,3C?2

25X2.5 2.5 21,5 5th,5 ‘/3,6(20 105,500

23F! 5 5 21.0 59.5 72,200 102,400

23HlG 1.0 235 65.5 6??,200 95,1.00

26H3 3 23,5 61.2 C8,500 1C4,0J0
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S.tfiel26H wip~ he found in Table 2.6and the complete results in

cl” the iLpP.Wix,

TABLE 15> CIWCK SF;NSI.’TIVITYGF S‘TEEL23H WIRi H(YTILOILIW
‘TOOIJi,-Il!Clf-’fBICK PLAT ‘i:FWO!iHOlV,0(3iM.23DsLABS

—. —.-—. ——., —. —..-.. .—— ———.. —--—. —.—--”--- ..--.—-— —— ,...—.— — .-—.—..— —— .— ,—..—.,—-.—.-..,— .—.-. — .— -—.— .-....—--

:;lab Chemical. AvmIgc
Steel !{oimo~euizing #K31.ysis,Per Cc~t l~wnbe~of Ch-acking,
No, Ti:I1eat 2300°F. _—_.?j!n MO Specimens P+r Ce!l.E_-

23no Diri;rctRJled 0.19 1.46 0.37 lG T$J

23H2.5 2-1/2 hours 11 !! 1$ 10 81

~3H5 5 hours 1! !( !! 10 80

231110 10 hems !1 II 1! 10 79

——— .—. —.. ——. ._. ——., ——-— —.._—— —_ —..—.— —-, ,..-——--——-—., — .— ...—..—.-—. -... -.—-----

As shown in Table 15, the four lots of plate from St,eel23H all

cracked approx:makely 80 per cent regardless of ths ther,ma.1processj.ng$

.indicatir,,gthat homogenizing the slab was ineffectiw-ein this ease.

~Iamtinati.onof ml.crostructure of the anneaied plate roll,,dfrom tl]e

homogenized slobs showed strong fcviclenceof banding and no iflflu,enceof the

homogenizing trea’i:!ent,

Table 16 also indicates that the homogenizing treatment did not

alter the crack sensitivity of Steel 26H) althou~h the temperature was

raised from 2300 ‘to2350°F. and the heating cycle of the fourth lot was iu-

creased from 10 to 13 houl-s. The low crack sensitivity of Steel .26Has

compared with Steel 23H was t!leresult of the difference in carbon content

which was Oal/+per cent as compared with 0019 per cent for N-eel 2SH.

From Table 16 it will be noted that the weld tests which were

made in a water bath at room temperature and tk,osewej.declin air at room

temperature cracked to about the s:xmeextent or slightly more than those

welded at O°F. There was no indication from these tests that homogenizi~~g
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——.. ——-_ ..— .-—._— ~—. ——— —-— ~=-=

~“t~~~ ___ Q.@.:j-_c:. ,_,_.__.L..L_. ._1 Compobltlor., Fur Len

1S0. C Mm y_. s Si 1!0 -

:7g 0.19 1..43 .018 0018 0.28 0.>33

—... —,. .—. .—. .—. —. ..—— —... .--. — .———. —, -—_..-_——. ——.. —. —.. ——— —.—— --— .-. — .——

Jec.tiorjssufficiently large to prepare five weld s,pec-imens were

cut and protector plates were TV:lded to the fur edges to Frevtin+,de-

carburiza.tion during ‘homogenizing. The sections were then heated to

temperatures,of 2350°F’.s.nd2400°F. 2.sindj.cated in Table 1S, for periods

of ten minutes, 1, 3, and 5 hours, and then n~rmalized at 1650°F.

after ren]om.1of tineprrtector plates. l?[~ld,-crackingtests were rllni;:

the 11Sua1 marine7 and s sunumry of tho results are,listed in Table 1.8.

The da.t..are shcwn graphically in Figure 16. The comFlet. data cre

).istedin Table 13 of the Appendix.

fiionre16 shows a marked decrease in cracking result!.ng from

heating the specimens to the homogenizing temperature for 10 minutes, the

time required to reach temperature being about two hours. Figure 3.6

also shows th:~tthe crack sensitivity decreased progressivel~-with

i.tcre~sedholding time with tb.e higher temperature>being more effective;~

as would be expected.

These results, together with those obtaired follow:ng hormgeniza-

tion of the slabs, indicate this ,steelwil1 respcl~cltc hanogenizing, bu,!,

that +0.ct<.merequired to homogenize the slabs wou~.d be prohibitive,
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— . . — -—-—— .——. —.-— ,— .—. .—. —— . . .. . . . ._., .—- ._-. —
]~~mberOf .f,verc,ge
Specir.ens Cracking,

Condition of .Plate. .-_,_ W,!.ded Per ccnn,-.—— .—

Jiotrolled 10 78

t, 1 hr. “ “ 5 28

?! 3 hrs> !! “ 5 3P

,! 10 min. at 2400°F. 5 ~+.

,, 1 hr. ‘1 “ 5 i2

,, 3 hrs. 11 “ 5 j~

,! 5 hrs. !’ ‘r 5 iO

.—-—-—---—---.=------ :-—.———------ -—— -—=--.-.---—---..-—..-----—-.—— .--——-, -,—..-—

Ir order to de-t.ermine the influence of tho slab hmnogeni~ing

treatments upon the notched.-bar impact propcrt~.es of Steels 231Tand 265,

frmm each lot wero broken at each of six tempera.tires in the range of

-75”F. to +21.O”F’. The impe.cbstrengths are shovm.grap!ucally in
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rolled sondition rnd ZISO [,.ftcr bciu;<homogenizcd for four hours at

2350”~.. follc,l,[cdby norrn$.lizing.The lower c,arbonsteels, X4(I,40, r.nd

as that usc!dfor crack-sensitivety tests, except ihc.t the 11.50’F.sJ;rcss-

Preparatory to mnking the ht.rdnesssurwy, scczivns appi-oximc.tcly

cne-fourth inch thick were cut transversely through t]],.:ccrr~c,r of.’tine

weld bead., wet ground on either side, o.ndpolished, the fin~,ipolish

bein~ with 400-grit emery pcper. The h.ardntsstraverse W:S m=de at the

with a one?-kilogrmnload. ‘-ted in weld deposit mclImpressions were st...

ccrricd throu~h the huat-affi,cted zone, t},(.distance he;twtiensucc,eedi~.g

impr~ssions bein~;.005 inch.

T]lemaximu;nundcrboad-.klr.rdness lr~lues,th. cro.cicscmsitivl.ty,cnci

15 and 16, rcspectivcly, of the Appendix.



— .— ..— ——.—. —. ,—.. ——— —._ .._.. _ ..—.. .. —- ..___ .,,—. ,__,..,—....—.—.-—..——— ———.—— --.—-

T!,fa~j.mtlm

x-17 0.23 1.32 0..30 0,32 - - Hot rwlled ~~;,, ’71
,! Homog. 551. 13

Z-16 0.18 3..18 0.28 - - - “ “ 426 ~~

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

From TI,.DIe19 it wij,lb e noted thut the mr.ximu.m l~r.r,lnessin the
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Ten~ile Prtipertiesof Hr.rden.edand lln.’bem~eredSteeis.-.-.---— —— .—— —-— —— --------.—.—.—

It i.sstill ammuonly believed timb cracks occur in th.o‘hzn-d

rn..rtons+.t.ic struoture immediately under tki~ beod becau:jet.h’.s :>.rc:!is

ha~d and devoid of ductility. In order to dcmonstr:te that h:rd

martensite is not necess~.rily brittle ,a.n.d thct under bee,a crach-ingin,

tl>orLforc;,not the result of high h:.u-dnessb,utis caustidby other factors,

tensile tests were mode on small water-quenc’q.edsp{;cir.ensfrom three

heC1tS Of HI’SSteel. Tho C}lemicalmIl?.lYSeS or the steels :re li~t;edin

T:..bk20.

—-——..—.—. —. —-..—..—. —-. _— _,----- ,-— ,.——.-.—. .—— —
Ste()”1 Chemical An:.lyses,F’crCent
$TCJ. ——————”———--—xi-’”’—c .yn P s 1![0

—— .—-. .,——— —..——-—. —_— ————. ,.—

23uo 0.19 1.46 S020 .018 0425 0.37

2@J~ 0.14 1.44 .013 .027 0.25 (}.48

3’4 0.23 1.53 ..016 .022 0.24 ..

,—-..— — ,.-.——. —.. —-—— ——..- —.=

The specimens were prepared by rough +urn].ngthe one-inch,-thick

p1[:,te to O.530-inch difuneter, water q~c>nchingfrom 1650”F., r.ndwet

grinding tc O.500-inch dicmeter. Precautions w{,re t[,keatc see th~t the

specimens were kept cool during grindir,g.

?n fidd~t!.on to the tests dcsori”bed,O.24,7-inch-dimneter ter.silo

specimens ,werome.de from the scme steels &nd were tested witholt :;r:,:]d~.:lg

after w:.terquenehing from 1650”F,
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+2100%’.‘being33 anti43 f.30t-pvmds, respectively.

The impect properties for Steel 34 ‘werelower th:.nthose of the

abovr;stee].s because of’thehigherc.albon cent.en+,. The results of the

abowo tensile cnd notched-bsr impc.ct tests Ot fully qu:nched sp.;ci.mens

from the thee H.TSsteels illustrate thut hc.rd marten.sitej.snot

nccess~.ril.ybrittle but can be quite ductile and tough.

,s+,udvof Joint Efficiency of ~uenchcd t.ndTempered Pi;;te_.& .— ....-.— _—.. -—---- —. —-— .—— ..—.

In order to determine the cf’ficiencyof butt-wrlded, qucnchd

and tempered plc.te, specimms werc~prc?p:.red from.two commcrci.e.~Sttiel:;,

Steel 24 being us(;din the heat-treated conditj.onas suppliu[iby tht.lfiill,

w}lil’]Steel 40 ‘waswater quenched from 1600”F. ond %mpercd for cnc )1 OUT

at 1200”.F.in the laboratory. The chcunica.1,analys:sof tl,esesteels are

listed in T&ble 22.

Ti.~I,E22. CHLIJICi:LJw>;,YSES OF STEELS 24 AN) 40

——. _-._—__-__ -.——. —..—...

steel Chemical Analyses, I?crCent —— ..—
~,,c,. c ~,,~ P s ZrSi j,[~ Cr——-

24 0.15 0.79 .024 .032 0:73 ().i6 0.61 0.!.4

40 0.14 1.24 .016 .024 0.24 0.43 - .-

- .———.———--..--—.————-—==--

The v;eldswere made ‘with3/16-inch, W59 high-strcngkh limo-co:.isd

electrodes (approxim[.tely IL”-EE9015 c.lassifica,iOn),usinr the methed

outlined in P’i~,ure20. ~e.chVe:;W?.Swelded in four passes, the
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Ton,silt;Prouc,r’bits.——-— .-—”-— .. —--

Tensile her:<i,.1/2inc.hes

me.c!linc;d from the welded assen]bly

tcst~..qgdirection, The dire;ction

dimension showm in the drawing.

Effect of’Electrode Coa.,;in~,Size of Electrode, z.nd—— -----
;IezltInput upo~ii=ti=b=~~“~i~=~ifi‘“-—–—-.. —.-_— —-

II?crdcr to dcter!ninethe o,‘feet of the -vzrio.ustv.oes0f

electrode coatings upon underbaaclcrac’kinq,crackj.n~t!.sts ‘w~;re made

using two commercial steels which were relx,tively crack sen.sitivc:w-hen

welded in accordance with the standard testir.gprocedure. ~te<;,!.28 v,!js

a onu-inch pie.te furnished in the quenched and twrqpered condition.“byt!.;

mill. The second steel ‘was o one-inch plate from Ste;l 39, which ‘ws

supplied snd tested in *h’shot-rollei condj.tion, Ch=niccl.analyses of’



24 i,s Vn,ldeci 35>:) 78,530 ’36,‘:0:

(1-inch plate thickness)
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—.. .—.,— . ..— .- —. .—. ..- — ._...-——.. —. -- . ... . . . . . .—. .-—. .-——..--— —.-. .——-..—— ---- ,.-. .—.. —.-—————. -—. ——--
Steel Chemical Anelyses, Per cemk;--— —.—. ..———. .—— ..——— ,—..— -..-..—.— ,.

----,~o: [7-_,,fl~n__-,__~___[,-_-_~l_._y ~g__, _:-

28 ~ml.:, i.22 .022 “018 0.23 (JG~7 “~o~

3s 0.19 1.43 .ola .018 0<)28 C.33 ‘

—.— —..-, __..--—=,___. —._ ——. -—_—. —.. -.....-_--_-..=.=_—.

,=_..=====..= ..= —- ——. ..- . .. ..-. ~=s_v ------- --- .=== a-_—, —S-. —A,,

‘Mlect-.rcde Electrode Weld.irLgWr rent Trave~ Speed, (hacking,—-—.—,—— .-_——
Typc; Coating .4mperes Arc Volts ipm. Per .?.ent

—. —.-—..-— . ..-.— ——-——. ——

.,=- ——— —.= -.-..—._=— _- —._—, .——. —-—

~o~e: The above tests were made usin~ the sL%nd:irll
procedure for determining the crack sensiiivit~
with +;h(>exce?tion of the type of slectrodc.

coated !i6010-typeeleotrods, which de.eloges ar.arc who sr,herehigl:in,

hydro~en, produced 78 per cent crackinq as ccmpared i.ono cracking when

tne 7LOw-hydr 0gen,

Nhi1e the

less cracking, e3

difference is not

lime-coated E6015--typeelect~ode wa.~u.~e.~,

use of’the li6020-typeelectrods resu;itsin considerably

compared with the E601O t},< cxpl?an?.tionfor this

too obvious since tinearc atmo$;phereof the E6C20 is

relatively high in hydrogen. The vol.we of ga::~enerated per i;.:?o:

el:?ctrodeconsumed is considers’olyless, however. Additicr,al.stl.IdJ~wiIi
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be necess:i.ry in oi’derto obtain a better umlerstandir!,gof the differel~ce

in behavlo~ ~f these Llqoelectrodes,

Tljesecond gro.ipof tests were made r)n Steel 23, which was

qller~c!ledand tempered plate.. The principal object in this case was to

compare the ii..me-coatecitype el=ctrotiieswith tbe ce~luloslc-coatedF601O

type. Si!Icet!~elime-coated ferritic electrodes were available only in

3/16-inch ~iz, the weldin(;procedure used in makirl~;TJ,Js:tests was

altered to accommodate,:the larger electrode. The welding cImren! ‘was

increased from 100 to 200 amperes, while the travel rate was reciuceifrom

10 LO 6 ir;c,hes per mirmte. Upon completion of ?:heweld bead, the spccirm.ms

were held in the bathl which was mai.nksined at OC’F., f’L,l-jo seco~:ds

instead’c< iO seconds. For cc,mparisanpurposes, specimel]swere also .x>2.cI.G

with both 2;’S..and 3,/I.6-inei)E6C10-type electrodes,

The summary of the data from these tests i.ssho-,mm TaL1.e 26

Th~se results si)owthat no ,;ra,ck$.agoccurred when ucing the lime.ccatcd

ferritic el.echroclcsbu~ that the j,fl&-inch3601o electrode r,;sl.rltci

in 95 per CW- :racising. The l/&inch E601O electrode, Ilowever,prccduced

only 47 .?~.r cm- cr<ackj.ngi{m;e ~~ble 20 in the Appendix for ccmp]Cte

data.) Tp.edifferc:l~eir~res~,lt~Obtain,:dfr~fl~ljh!~t~~ ~izs~ of F,b?,]o-

‘ype eles+.rodes was somewhat ~.drpri~ing, since it wOtild‘ueeY.~>tiCWdi~!~~,

the larger electrode, v:tbha“bou.ttwice the power inp,~~and si.cwer travel

sp;:ed,wcu.idresult jn less crackir,g, but t!)iswas not tm case,, Thuse

results lndi.cate the Ileedfor additional ,studycove:~~,gt,heeffect c,fthe

ei.ectro,desize, travc.1.spced, and ,powerinput upon unc~ert>cadcraokin!;,,
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TABLE 27. LAI!LiiAXD PLJ.TE;
scPI%IED 3“fTHE

——— —.. .. ——. —..-..—— —.—.—-.—. ..——— — .—— .-. -..—.— — . ___________________ .. ._.= ——— .———. — ———.-——— .—. -—. .— -—-.

I?eat Type of Am Ivses, Pcr Cent
y.“ ————.—— .___..,__ ____

l:a=.lysis c !h P s Si MC V Hi Cr Cu —.—--z-r --—l;~-.<—ii.—— ——— —..—z ‘Ti——— —______ _._.. .

0.08 - -
0.14 .025 -

“055 .-

,. . -
“o~~ ..

.01.6 -.

. ,,006
.. .020 .005

0.14 CI,76
0.15 ().79

.025 0.79 ().16

.032 0.73 0.15 .

19M519 L?.dle
,, check

(!,16 0..27
2.15 0.2.6

.014

.010
.022 0.17 0.20
.021 0.17 0.17

2.32 -
~,=39 le2&,

0.04 -

.038 0.21 0.4s

.035 0.19 o=41
(2.16 1.45
0.17 1..56

.017

.019
0.08
oac19

0.53 -
0.59 -

0.08 -

12.15 1.22
0.1.5 1.22

.o~g 0.24 0.16

.018 0.23 0.17 .. .001

0.16 1.30
0.15 1.32

.013

.012
.024 0.25 0.21
.026 0.25 0.22

1.68 -
1.62 -

—- —.. ———. -——.. —... ———————.-—_—. —. —. ———- .——-— ———.. ——— .—— ——_... —-—. ———_——_. —. .——-— —

.
,..;; :.- :Wclu”i:cal.inizr;.mc,o:itct:t



4 h0ur8 md Iloor c~oled.
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C].ack-~er.sj.ti~’ityTos-ts—. .—— —— .—..-—.—.

stzuxiard p-0r:ed12re,10 specimens freoneach heat bc.in~welde? while held

in a bath at O’F. A summary of the results of these tests will be found

].nTable 29, and the data from each individual apucirnenare “listed~.n

Tabl.c21 of the Appendix,

AS showm in ‘i’able29, tilecrack-sensitivity tests OTIboth.3,j4-

cnd i-inch pla.tofrom Y,eak5?!16076s.homedno .iwid~nccof cr:tc!cing,whi~h

can be explained by the low carbon and nar.ganese c~ntm?ts, the c“hcck

Walysis cm th~ plate showing 0.15 per c(n~ cwrbo;aand 0.79 per cent

mal]galless. “!:hilethe silicon contont of’this steel is re:Lcii-reiyF.irll.

C.73 pvr cent, and it also contains smell mounts of molybdemm and

chromium, it !~aspreviously been shown that these alloys in the amo,.l.z.t

prtisentare not detrimental to the,cr?.ck sen,:i+ivity.

TABLE 29. CRACK SENSITIVITY OF ‘THJCCMJh’RCIAL
H’W!-TREATED STEELS

—.. ._-. —.. ——. _.-- ——__—. ——-.. .-—— ————— ———. ——.-—- .—====- -=-===-=.--.:=----.==
Numke r c f ~Jnd~rbead

:}J+;a* Condition Thi.clmess S>ecinxms Cra:kmc,
N0 . of plate—..___ of Plate Wided P&r ctin-k—.. — ———— .—.,

5]?~607G QJenchod and 3,/4inch 1.0 0
1! tempered 1 inch 1.0 9

19:519 Diijto 3/4 inch 10 0
t, , 1 inch iO o

164963 ,, 1 inch 1.0 47

21242 Normalized and 1 inch 10 52
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T!hcrf,sl~.ltso[7the tests fron Rea’ci9”!5”19?.1s0appeer to

m+.~cato a low degree of crack sf;nsitivit)j.,.Tiiilst:hisheat has lcw

carb~.nand marjganesccontents, O.l{iand,9.26 per cent.,respcc.ti.vcly,it

also con’kins 2,39 per cent nickel. Because of the high nickel cantent,

it ~lo,m~ppears that the crack...sensitivity results in this case,~ru .?Li:3-

lti:)dulg bemuse very recent work on another proje;ct ;hasshowm th:,tlow-

carhon 2 or 3 per cent nickel steels do not crack v.herweld,;d c.tC°F.

but.wiil crack expensively wheu ‘thespecir,ensare weIded et a !,i:~l,cr

initial tempcratcre, such as 180°F. In view of thesc~results, it

%;ould‘bencct:~saryto make crack-sensitivi’ty‘testson the steel from

Iieat19V519, ~.lslngseveral initie,l temperatures b<;twccn0“7. and obmt+.

2.50”1’.in order to defini-kelyestablish the crack scnsitivi.ty>
are

Tho remaining three st~<.lsin this ,grOup,/allquit.ocrack

Serl. Sit:LVe > cracking from 47 to 64 per cent, Since these hc.ats[>c all

epprcciabl.y hi&”herin mangan<;set!]anlIeat51:16c?6which sh:j-,vedno si-,ns

of crnckin~, these results appear to indioat{.the necessity of kecpin~

th~ mcuvgrinesocontent low in order to reduce underbead cracking.

IRK4//CES,I.AI.;,T:abn
September 30, 1948
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x-51 23.0
,!

60.0
62,0

6,3,5
64.0

5C.5
59.~

50c:
5!?.5

60.5
58<0

55.0
,,

52.0
55,5

5(7,,5
51,0

54.5
54.0

51,C)
52.,0

59.0
59.(2

58-J
,,

57.,5
~~,;

53.C
56.0

23.0
,,

21..5
!,

m
,,

}-51A
,!

21.5
22.0

X-63 Homo,< .
,,

20.0
,,

19.0
!,

:<.-5.5
,!

x.-55,4
!,

E.Ii
!,

x-56
!!

m
,!

20.0
19”LI

X-56
$,

Temp.
,,

i9.0
21.0

x.. 56,1.
,!

m
!!

19.5
20.0

x-56.’
,,

‘I!emp .
,!

—---- ———. -._— —-—.—- ,.-.—.—. .- —.—---
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T!A3LE1. Continued

-.—......-—-,— ,.— — —-.— ...-.——..—- ——-.-..—..-— ..—.,.-..—..—-.7. —. —.— ——
Eiong, in Red..of Yield’ Tensile

Heat 2 Inches,** !Lrea, Strenp,i.h, Stre?@h ,
?,7,:, Cor~dltlon

,,<,
,,....——. ——- .————.——— .— —_...—._”. _____ ,_?Ei:___,_ P$1~

X.57
,!

IIR
1!

19.0
19.5

54.5
59,,0

X--57
1,

Temp.
,,

21,0
,20.0

57.0
5:5.0

16.0
,,

1~.()

18.5

x-57A
,,

HR
,!

?emp.
!1

x-57).
,,

52.5
52, .5

X-58 HR
!!

41.5
4:.9

X-58
!,

X-58P.
f!

Tempt
!,

19.0
,,

5.3>5
57.5

liR
!,

18!5
?.9.0

18.0
20.(:

X-58A
!.

Temp.
!)

..- .-. _-. ——-— _ ——.—. ..—.. ———-—.. — ..—.—- —. ———......., ., . ..-. ———. .- —..—.-. --———— —.. _-_. -.. —-. ——-__ —..---,.. .—. ...-

* ~:cld strength at 0.2 per cent offset.

** Conditions as follows:
HI+: Hot rolled

Homo g .:

Temp.:
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-———,...--—. .—. .—. .—. .-— .—- ...—_ ——— —_____ . . . . . . . . . . . . . .. . . ..__

!.rest Specimen Underberidcrceking,
Jr~,: Conditi n—.. —..—.. —....__ _..__._. -.,Em@___ .._._..?_?:.:?.?.!+

>:.-51 Hot rolled 1 ?.6
2 31
3 1~

4 24
~, ~,~,
6 30
7 10
8 40
9 20
10 23 /“Irg,.2’!

H~mogetlized*

1 .5

2 ,,!
3 o
4 6
5 0
6 9
7 L’
8 0
9 2
i.O o .Avg~~2

— .————---- ,— ——..-.——= ._.__. ____ ._.,.._
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TABLE 2. Contin~ed

16

.36
10
30

X-55
*

l-Imwgenized

8
9
10

1

2
3
4
.~,
6
7
8

x- 53’4 Ilomogenized* 1
2

_.., —,..
. . —. .——



TABLE 2: Continued

y,- 5 !jJ:, Hot rolled i

2
3
4
~

6
7
8
9
10

1 81
2 “,.,
3 58
~
c. 29
6 34
7
8 30
9 8(:

10 “7s >,rg. 56

.—. ——. ..-——. —— ..——— —. —. —.. —.- —., -— —.- .—-,—.-.-- —,- ——. —
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‘f/iBLE2. Continued

I:ewt
._.-._,.——

Specimen underbead Cracking,
NO. Cor.ditio:l -,_, l\@ber Per Cent—.—. . .,._— —. —..-..—

~-~? I~”troll~d 1 97
2 ~~

3 81
4 72
5 63
6 {j~

7 79
8 57
9 ?5
10 71 Avg6 73

~-57A Hot rolled

1
2
3
4
5
6
7
8
9
1.0

1
2

3
4
5
6
7
8
9
10

88
70
65
s?
67
76
88
82
fl~

7? !Lvgl75

51
~~>

42
65
66
43
23
49
6L

Avg. 52

49
61
66
52
36
7’3
co
67
73
73 Avg. 61

—.—_— —.————-——. .— —.— —————.—— ———, —.-—

* Two--inch-thick slaba were forged from 6-5,/8-inchscylareingots,hected
at 2350”F. for four hours, and hot rolled in-toone-inch platss,.



-==-—-———,-— — ------=-===.:=.==========.======= ====-= --= == .—-=--=-- =.-===—---, .— .—————==--——-= e_-q z-~ _-.—_—.—_.a—_ .,=. .-..

HeaL Tes..ing Te.l,lpc,:.a:.ure,Degrees 1’,
?c. C<,Tdition* ‘-~~ ‘--‘“-——-”xc=—-”— -s-— —”-”““-”‘-—;ifi———————-—— +75——”——+210—...———-——_ ____ —— .. ..—-—

X-51

,,

X-.51A

!!

x-53

,,

x-53A

2-2-3-4

2.2-2.-3

&&~_7

3-4-4-5

2.-2-2-2

~,.-~..~.~

2-3-3-4

3-3-3-4

5-6-6-1o

3-3-3-?

4-4-6.6

3-3-3-3

3-3-4-4

5-3-.3-3

2-3-3-3

2-2-2-2

5-6-6-8

3-4-5-6

3-3-3-3

2-2.-9-2

4-5-5-19

2-3-4-4

5-6-6-10

3.-3_4..4

6-6-6-7

3-:;-.4-4

:...4...4-.5

2-2-?-Z

z-l’ -ss

2-’2-2..2

~-5-5-.5

3-5..6-~

2-2-2-2

~-z-z-2

3-5-6-6

3-4-4-4

6-7-7-10

3-4-5-6

S-8..9-I3

2-3.-4..6

44-5.6

2-2:-2..5

3- 5-3-.4

.5-3- 3-4

&_7-.8-:o

8-9-9-10

3-5-3-3

3-3-3-3

5-5-5-5

4-.5.-6-(3

~..L~...112-12

5-5-5-5

5-6-6-6

8-10-13-14

12-i3-14-15

4-4-4-5

4-4-4-4

5-6-8-8

~-~-g-11

il-X3-21-.22

5-5-6-“f 7-8.8-11.

8,.~2.-l5...l9Il-”lL5-16-

3-3-6-8 ~-.f...7-9

5...5-..5.,8 C-!?-B-Is

3..4..,5..6 ~.-<,-.~.~

6



!,. rJ

X-.5,1 A

.X .65

$!

x.- !3‘$

X-66

,!

,,

19.0
21.0

20.0
20.0

2’3’5
24,5

2.0.5
20.5

21.5
21.5

2C,u5
21.0

22.0
21.0

21:5
21,5

21.5
2.1.5

16.0
18.0

?C.0
Ig,.5

20.0
20.5

20,0
20.0

19.0

39.5
44.5

55.5

55.5

(30,5
61.5

44.5
45”0

53.5
50.0

59.0
59.0

55.0
53,5

57.0
5(5.5

59.5
61.0

29.0
38.0

SO.5
48.5

55.0
56.0

54.0
53.5

51.0

72,500

75,500

p’~,000

84$002

80,000

79, SO(J

?7,803

80,00U

82,000
82.000

108,5CC
1.11.,0[0

78:020

80,500

78,000
78, GGc

.103,500
1.04,,200

::)500
82,(!00

9::,0C3
93, 000

118, 5!30
l:? , .)(;:2

i.li,WO
1.11,030

9;.500
19,.0 50.5 1 3? !joc

—.. —.— .._.. -9.%2Q=Q =.- ___ .=”’—. .——. -—- ._ . . ..——— —.- .-



-76-

.==- - ——..=..=..= .&._-z..—__m,=_, __-_—G _—_, . .-_-. _=.=.

Pw Cemt Cracki.ng*
~~e~~ Specimen Then Welded at
hlo, (Ionditi.on

—.— .___,,-=. . .,_,__vT.

-.—.. ___%:.._- 0“F“ +75 ‘““ ‘“;JO:::—...__

20
3
r)
[3
9
6
6
0
~
9
‘5

0
~

0
0
0
0
0
0
0
()

0

39
13
13
15
14
20
20
38
40
16
24

0
0
0
0
0
0
0
0
iO
()

~

0

6
N

6
..
..

..

7’

-.

.-

.

.

.-

.

-,

,-

.

0

7
1.4
1(2
15
..

9

.

..

..

.

.

.—. ._— ___
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TA!ILE5. (!.!ontim].cd,)

— .————. ——.. — .. ———. —. —.-. -— .— .. ...-.. - —
Per Cent Crcicls:hg

!Iee. t Specimen “{lblenWelded.at
No. Condition

~T—.— -,,,—,.—_ —..r,.
ly~o 01. +7’5p. +2.101“.

——. ...____ . ____, ______________ ..

x-6 5 Hot rolled 1
2
3
4
5
6
7
8
9
10

Average

x.~~ Norm. 1650°F., 1
tempered 1 hr. 2
a.t1200°F. ~

4
5
6
7
8
9
10

Average

X-66 Hot rolled 1
2
3
4
5
6
7
8
9
10

Average

x-66 Norm. 1650”F. 1
2
3
4
5

Average

14
21
9
34
8
18
15
~

11
6
14

0
0
0
0
0
0
0
0
0
0
0

11
12
10

18
0
16
5
0
10
9

~

~.
6
6
17
8

7
1%
22
~

45

“.

19

.

..

..

.

.

.

43

12

30
0
0
.,

..

17

.,
,-

.

,.

.-

-.

.

..

-. .,— .——,. —,——..—— ,——-.,. -., -—— .-—-----
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--—..—.-—- ,,,——.. ——— ,—.. ———. .— .—. .— — .— ---- ----- .-+—--

,_____________ ,________ _ .._ ._. ,_. ..__. .——._.-—

x.~~ ?Torm. 16S3°F@, ]. 10 - .

tempered 1 hr. 2 0-
at 1200”F. 3 10 -

4 30 -.
5 13 -

Average 13 -

~__.. _=-.. —-------- .-— .- —.==,= -—-.= —-. — .—. ..— —, ..-&_.,,

* All ~pecimen~ were welded accord~ng to the standard p~OWdU.re

exceptin~,those at +75° an@ +21C”F. Water was used.at these
tempcraturefiand.the speci?ner,s w ere partiaily immersed in it.



T?eet ‘lype cf ?es:in~ Te,n!~ex?.iure,De.:;reesF.
—.—.....—

*’C. Ccnditio:c Test —=5-— “-– ‘–-TO- “—”-“-–”––”-”:s–— —--–”--’ zz6—--–––
— ~7_.. -_

.-— —.—. —......—. . .—. +,7 ~> ;.2:.’0——-— —___ . . . .

~_. & ~_ ~ 6-6-6-6 ~-s-l,J..l(J19..19-19.-20 55-55-56-55

4-6-6-6
21-2z-2.s-Z6

4..5-5-5 6-6-6-7 8-9-10-10 13-14.-15-16. 40-40-4i-44

7-7-7-8

10-12-15-1S .:
~

6..~-~1-~ 6-7-10--12 9-13-17-19 l&-25.p&.~7 75-76-7879

5-6-9-12
9.-13-13-7.7



,.. —.. . .—— ,.—.-. —---- ——,,——. _________ . . .._.. _.. . ___ . . _-__._.,_ ,_______ ~. —. —..
Eiarw;. in i{ed.of Yield Tensile

FJeat 2 Inches, ./..rea, Strength, StranSth,
?,1:)- Condition ;? ‘7/, psi. psi._—— —_____________

X-45 Hot rclled
f, 1! 18

X-46 “ “
1? ,! !,

x-m “ “
!! ,, !,

X-51. 1; ‘v
!, !, ,!

X-62 “ !’
!, !!

?$ ,*
$lomog,?,?;orm.

. ,, ,!

35.0 70.1 49,750
35,0 70.1 5i,750

(?!atlganeseChrortil:m }ieats)
34:0 ~gco 48,000
s3.@ 70.0 48,800

31.5 69.0 ~(),()o,q

31.5 71,0 49;500

28.0 6600 52,500

28.0 64.0 50.500

27.0 65.5 559000
270L 66,0 54,000

24.5 (jl’o 61,500

24.5 61.5 60,900

78,900
79,~50

79,900
80,750

79,500
80,500

81,800

82,000

89;300
87’,000

i02$300
iOb,300

_ .. —..—— -. __-.-_,_,.____..____.__,_,_._,..._,., ,___ -- _____.__, _-._.__, ———.. ——_. ~ ,—_-..=._=
* One-inch,.-thick plates were homogenized for 4 hours at Z350”F.

and then corm.aiized at 1650”F.



L--- --- ,:——- >-==-.= ._—,,... .T. .-~ e_—. -.-__- .=,. m.n—-=m.-. e.Ga-_=_—_e_- —-—--—

]{eat SPe ciinen Por cez!t,Crackin.~
1?0a 10.

———. — ->=*
t!o%Rolled Homo.;.-,ml-m.

.— — .—..—— _.——.—s .—.---...——. .._...——_— ___ .—

(S’hmdiirdC.oIr.poaiiionFeat.)

~..~cj 1
2

3

4

5

5

7

8
9

10

Average

1
2

3

4

5

6

7
8

9

10
Aver a~s

(!!anganese.-chrom5Li.,,
x-59 I

2
3

4

5

6

7
8

9

10

i!~el age

I.
2
3

4.

5.—. —_ ——.—-, —.-

14 10
40 2
99 4
70 4
54 4
25 0
91 ~j

46 11
36 12
8:3 ~

57 6

25
7

.,

.

21 ..
16 .,.

17

41 ..

23
-..—.——-.——.
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TJ,PLE 8. Continued

———. . ._ — ..—- __,..-.._ .___, _._. _
f?ep.+ Specimen per Cent Crackinp
)’:o. Iia. ~. L_%’-t-pm a— ,:Qmo~“.-p~o~.~‘*—...—---....-...-— .— ,.—. —..._-..__ ._,_.

X-GO 6 4
7 7’
8 35

X-61

10
27
20

68
?4

62

64
40
70
Es
5c
65
70
65

.

.-

..

.

.-

.

.. —.- . ..—. —. .- _ .—-.—.— —.__ —_. -— .._ —_,,.. ._ .— _________ __________—-.— .;_-. _-—_. —_ _____
* Pi:ltehomogenized 4 !IOUrS at Z35C ~,.and tnen ~orma~ized ~65cOF,“—.-r’——-’-T————— .-.—---—-,----—-—



‘K TIL PI,LTiSLWFJ”.CE

._. __. _...———-—— . _ _._=_-_—_._c—_—..——— —-.
—.__.

Yeat “ ~r ?enmerature, Dez:ees 7.??s3.....=._—. — ..——.—..—
1?3.

—- ..—- —_—.—___ ...—.__.__..
Condition IJotc?ed -75 -40 ..5 +4.3 +.,5 +210.—.. ——.—..———. ——.——,.—

(StSn2~”>-d-~iE<i=–’-i=t~j-——-––—
—.-—— —-

X-45 .Pa.rallel22-4-6-6

X-46

x--59

!,

X-60

,!

x-cl

f,

X-62

1,

Hot rolled
(ln plate)

Ditto

!!

!,

,!

!,

,,

r,

!, 8-.6-9-9

perp. 3-3-7-9

p:trallel 3-.3-3-5

Peru. 3-3-.8-8

parallel s-4..5-6

?erp, 2.3-3-3

Parallel 2-3-3-3

Perp. 2-2-2-.3

?are.llel 2-2.3.5

4-5-6-25 25..27-28-30 3~.,’il..43...4~43...58..s0-.61

4-.6-8-.20 4-.14.21.-38 42-.46-48-92 8S..iO4...~i~@.i~@

4-4-!7-20 i&29-34-3’7 36-~~..5l..5z 47-4$52-61

3-5-5-8 7-11-24-25 36-40-.46--50 4546-94103

104- I1G.116..111

110-100-133-110

77-:10-.80-84

1G9-115-ll?-118 &
y

78-80-.s0-80

~()_9~_llo-,113

7G-7S.-72–7;

@i.-82-88-lCJ4

68-58.68-69

‘77-8O-93-1O8

9Ck9&-11.7-120
,! ?late homo g.. 11 3-.5..g_7

235C°F. for G hrs.
tifi.ennormalized

— ___ — ..——..
I.TOte: The above inme.ct values are giver.in foot..ucunds.

_-=. =._ .
The specimens used were the standard ‘J...notch Charpy bars

which were broke:mon a Fliehleimpact machine having an initial enerfy cf 220 foot-pounds.
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—— ----- ..—---- -.,,----- ._ -_,._ .,._____ .___., ,____ ._ .,.,_. ____.-— . . . .__. --. _,_______________ ,___ ._, --,,_-. __, ____. _.. __, ________

Slab E;l[jng.,in Red, of Yield Tensile
steel Ho.meg, 2 Inch*s, Area, Strength, ctrw)gth,

.!~~’-.,.._-?_L_~.?_F? ....___.._.....! .---~~__,- 9si. __,__ Psi.

23 Ho
(,

23i!2r5
1!

23H5
1,

23H1O
,,

261?!2
1,

26143
!,

26W
,!

26~~1~
t,

Reg. Practice;-
11 1,

21.0
23,0

56,0
555

fjj , ?c.~

70,500

2.5
!!

20>0
21. O

55.5
57.5

59?5
59.5

72,500
‘/l+,700

105, 500
105,500

5
1$

21.0
z~,o

?3,200
71,200

102,300
102,500

10
!,

23,.5
23,5

65,o
66,0

6s,200
68,200

95,000
95/200

24.5
25,0

66,200
65,500

3
,!

23,!
23.5

61,8
6c,6

68,500
68,500

1’33,500

l:>!+,500

L?
1!

24,0
24.0

69,000
6), 500

2.!2,500
1.?3,000

if-;,()~o
i[2,600

1.3
,,

24,5
2/+,5

63.3
&,,3

69.500
69;000

—-—. .-. --—... _-_____— ------- ..____ ,-._.___.. _.-__ -,___________ _________--— ,--. —.—,,,.,________ .._. -_. .,_---__,_ ,,.___, _-__,____ ,____ ,__, ____ . . . .,_,

+ ‘Theregular practice consisted of heating the slabs to the rollio.g
temperature and holding for about 1/2 - 1 .1,/2hours before rclSing.



-P2-

79
81
80
7Y
80
74
83
86 ;.w~. 79

23::2C5 2.-:/’2

23F! 5 5 1 65
2 /?4
~ P4
4 73
5 8s
6 9:J
7 83
e 86
~ 75
10 ?4 Avg,,‘m

?3H1O 10 1 81

2 83
3 ~o~

4 85

5 7’9
6 60
-f %5
8 78
9 65
10 88 A-,-g.79

.—— —— -==.-—-=——— .— .—-.====--- ——— e——--
~-The rt=.;ular~yracticeconsisted of Ii;aiin,the slabs to tlherol-lin.

temperature ard holdm~ for about 3./? - 1 1/2 hours befcre rolli~~:.



-~o:-- J&:, firs. N>. GrOu~_+_ “- “ “- ‘ . .. ,,...... . 6 (Jr” ,, ,1, ,’/,, CtiI - i,, ,, J.,-
—.. ______ ._ .._. ______

26H13 L3

L

2

4

5
6
7
g

9
10

,verage

1
2
3
4
5
6
7
a
9
10

f%verage

1
2
3
4
5
6
7
R
9
10

~

9
15
5
.

Q
18
io
6
5
e

1.1
13
13
lti
26
17
1.7
16

3C
11
i6

4
0
5
0
6
0
30
0
6
Zti
7

8
14
5
7
E
o
~
~

9
3

2
2
0
0
0
10
0
0
0
0
1

5
‘L3

0
~
5
2
0
10
0
4

5
0
0
0
,7

5
8
3
5
0
4

0
0
0
0
0
5
0
5
6
0

12
10
5

iO
(.!

13
:j

12

II

26
10

16
11
12
15
12
~

7
5
4
5
9

10
ll_
o
10
5
2
5

i5
4
12
7

,4
2~

19
9
10
10
e

6
16

- -,-,,__v:wS:g, o 6---- 2 15 -, 9
.—,.;—.— —.—. .= -— ,..—.._ ..-..,~..-.,..—7.—..__. _.—_
* fhe rew.lar practice gons~sted of he tm~, t I s

?
~ labs to t~~ ~olliog-

temperature and holilng for about 1 2 - “1 72 hours before rolling.



H.)k rolled 1
2
3
4
5
6
‘7
i8
g
lo

95
75
!33
76
93
80
T.,-
84
‘75
70 i,vg> 78

Ho.mc;;enized 5 hrs. et ZS5L?”F.

Homogenized 10 min. at 2400°Fa

1

2
3
4
5

2 ““
3
4
,5

1

2
3
4
5

23
23
28
34
40 Lvg. 30

‘?

6
25
20
13 Argo 14

28
0
30
20
40 I-qg‘ 2?4

—.. ——... -_,,_____,__



- []’~a..

‘T’JM 130 C,>ntinucd

_. —._...— —————-—— —..——
S?eci?.lerl :.~nderbee.d

‘E’oxm;ger.:ized3 hrs. at 2Q0° F.

1

2

3
4:
5

1,

1.+

10
8
.5
25 /-v’g”12

13
20
10
io

13 f:vg. 14

11

_,_ . . .. ——- --- ..— ..+. ————-——— -.——. —---- ._.—_..—-— ——-.— . . ...-



2 w o SP3-5.-4 5-5-.5-5 5-6-G-7 W.1O-K)-I.1 18.-2l.2i..2Z W-91-9i .99

z~~~~ :.:- ~...~.. (j 6-6-7-7 8..6-8-9 I~..].5..].G-19 28-.30-.30.33 86-.z.7-87-92
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xl 5

297
348
439
453

453
467
439
426
413
31.3
35s
19’7

283
3135

368

46?
~~$)

467

42S

439

401
348
330
378
205

ZE3
305
439
482
453
426
426
3~(3

368
3L5
321
305
205

2,97
?1?L3
401
439
482
439
53.3
482
408
533

439
339
1.9’7

283

283
339
458
498
46’7
482
453
498
401
$39
539

197

313

290
378
439
515
551
515
515
~g~

49s
498
378
197

.-.. .- ..,____ ___



.-t36il-

368
36d
390
482
453
533
~,5~,
~i5

515
571
482
219

358
358
348
439
571
613
571
515
515
551.
571
229

368
39~
413
51:
551
551
551
59i

592.
613
591
224

‘?eldmetal
,, !’

;Teat-aflecteclzone
,, ,, ,!
,! ,, !,

<$ !$ >1

!! !, ,,
!, !, ,>

t, ,, !7

u f; 1!

2~7
339
467

426
453
467
368
358
330
269

290
348
426
467
467
413
339
297
297
290

290
2so
390
426
,4~,~

453
426
453
439
:13

285
269
413
426
4i3
401
439

‘1!!3
41.3
401.

,, ,, ,, 251 i?45 269 ~~h~
$!

426 378
,, !, 257 234 245 390

Base metal
4i3 297

229 229 ._2~__~j__—_234229—— ---- ..-. ...._-. ..-___— —.——
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T#.3LE 15. ?ontin!,~ed

..——-.—.— — ,. ——.. —.,..-_. _._..__., ._.. ,._. ..._.,___ ._._ .-. ——— -
;:eat ,~1.~ Hot Ro 1.1ed.-_—,..-L.,,_,..y__

Spec].mellN:,r:.ne?
‘Traverse 11

.-.--.—
12 13—. ..—....-—— —,.——. ..-—,---....... ..... ..... .. -—. —

feld metal
,, !1

H;at-affected znne
,, ,!

!, !! ,,
,! ,! !,
,! !, ,,
!, !, !,
!! ,, ),
!, ,, !1
!! 1, ,,
!8 !, ,!

3ase metal

276 245 Z69
Z7G 263 276
413 368 W 1.
390 3s0 i26
358 ?,90 413
368 339 3?,9
358 313 339

321 3(!5 321
305 2!?0 3~~
~:)~ 251 283
z~s z~a 265

263 276 27s
205 z]~ 219

. ..——... —.—.. —.. -—.- ..- ...---- .—-. --. .—. -.-,,_______ _____--- .— ._, _.
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CR.!C1{INGINDEXES FOR TIIE
US.ZDTC DN!FJWINE THE FARDNESS
BEAD

x-9 .,,.1
2
3
4
5
6
7
f?’
9

10
.’iverage

X-17 1
2
3
~

5
6
7
8
9
19
.,ivera~ge

x-2 2 1
2
3
4
5
6
7
8
9
1.0
Average

X-61 1

2
:

4

5

6

?
8

9

10

71
?4
76
68
60
34
58
70
6
’71
59

71
74
54
7’4
71
7i
63
81
84
64
71

74

80
78
70
71
65
95

79
70
54
74

68
74
62
64
40
70
85
50
65
?0

9
14
3
23
10
8
8
20
10
10
~~

21
10
4
17
7
20
.

.

13

6
~~

9
11

9
12

.
-.

10

32
0
15
10
14

.

Average 65 14—.—



-87a-

TABI,F,16. Continued

..————-— —.—.
Steel Specimen Cracking, Per Cent
Ho. ~.~o, fii Rolled HOmTg~.——— —

X-40 1 5
2 0
3 4
4 8
5 4
Average 4 .

40 1 0
2 0
3 5
4 0
:, 7

Average 2

z16 1 6
2 19
3 12
4 5
5 15
6 12
7 20
8 15
9 21
?.0 21

Average 15

.

> —.— —.. _

* One-inch-thick
at 2350”F, and

plates were homogenized for 4 hours
then normalized at 1650”F.



..88..

.—. —-... .—. .— ..-——— ..- --L=—..—..——. ,., — .- —. —-, .-. .—-— ---—- ,— ..— --- -,- .-,- .-. —
———. — .—— —- —.- —.... --—. -—-——,—— .- —— - ,—---— ,— .-—- .- - .--— —

F,ioTlg. Red. of Yieid
Stesl

Tensile
IIi.rectlsn in 2“, flrea, s~r~~gth, ~*2.,Jll,>t]~,

fl~oL--_-of’Test; Cc.nqition . ~O._ ,,,
——. :!—..—___ ..——. .._._-_ W:_psi.

23TT0

(1

),

,,

26}10

,?

,!

,,

34

!,

,!

,!

23110

26s

(l/2-inch-diameter tensile specimensj

!Iotrs).”idd27.5
21.5

!! ,, 22”0
20.0

Quenched 15.0
15,5

1, 13.5
11.0

rot rolled 22.5,
25.0

!, ,, 22.0
2?+:0

(~uenc.hed 17.()
15.0

II 1.4.()
;.,:,,0

Rot rotled 32.0
31.5

,1 ,,V 28.0
27.0

Que,!ched 11.0
1;.0

,, 6{0
8.0

Quenched 8.5
8.5

,, 10.5

‘/0,500
7i,(’00

101, 2!30
lLJI ,700

70,500

69. 5C(I

101,509

iOl, 2C0

i43 , 5C0
14$, 500

152,8Q0

152,800

6d,703
6’7,200

138,800
139,400

129,000

131$500

!!3,coo
54,000

86>000
8e, 200

a~,so(.?

86,1.00

221,2(XJ

223,000

15’>,800
157’,XXI

.

..

59.0 .. 196,2X)

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



——— —. —— —-_.. .-—— -. ——— — —.—c
~~eel Testing T’emuerature,Zwgrees 7.—.-

?!0 . __ ,-_-75 -40 . 5 +40 +75 +210
—— ,.-— ——— —.—— —___

23W 11-13.-12-25 11-13-13-14 1.5-18-18-18 23-25-25-30 25-25-27-29 33-34-34-.35

26H0 10-12-16-20 16-16-17-21 22-25-25-29 55-35-38-43 ,39..4 c-42-42 43-43-,45-45

34 4-4- ~-7 5..5- 6-8 4-6-6-9 8-9-1O-16 6-.10-10-11 14-15..16-18

.——— .—— ,. ——. ——.——.— ——— — _. ——-. ——— — .——.——.. —-- ——. -———— —.—

.:ate: The abcve impact values are given in foot-pounds. ?he specir,ensused were
the standard V-notch Charpj;bzrs which were broken on a I{iehleimpact machine
i-,a~ing an initial energ~ !If220 foot-pounds,



.—.. —. —- —.- ——. -. ——. -.-...,. -— —— ------ —- ,——, ._-—
~j.ong . Yield Tensxle

S.~eei EQscrip::iOn in 2’, Strength, Streng’ch,
y[), ___ ____Gi’Specillmrl e,__--, _~~i. p$>.<—..—-

24 Base plate only 35.0 79,3~() 96,400
36.0 is,90C, ?7,!300

r, Xeldeclbead machined flush 38.0 77,500 96,100
to plate 38.0 79,400 97,(j~o

,, Jeided bead machined flush 43.0 WI,200 98,900
to Jlate 42.0 84,100 SF 4C!!I

—— . . .—. —. —_ . . .._. _.—— .__.. .—— ————-=—- -i =,:==,==-==.:--
,: Stee!.24 was hsnt treated in a continuous fv.r:naceb;ythe

C.restLakes Steel Corporation by water quer.chir,~:from i6~O”F, aui
tempering at 1200”F. Plate”:.wai3,/4”thick.

... ,



39 E 6010 1,/8 i~~kl 1 95
2 75

3 63

4 ’76
:, 9:

6 8()

7 71

t? 84

9 75

10 70 A.Tg.78

1/’8 inch 1 47
2 45
3 46
4 59
5 44
6 45
‘7 31
ii 46
9 S2
10 40 !.vf;.4’7-.—. ....—... —- ——.. -—. -.-...-.-——— -



— .... —. ———— ———— —-. ——-----.. . --.--——-——.-——
Sieel Type of Siz.s of SFecinlen (lTaci.ing,
~o. Electr0c19 Electrode No. Per Cant_.___ .—_-—.-—_.. —,-.—. ——.. -—..—-.—--.—.—. —---—----

28 E 601.0 3/’15inch 1
2

28 Lime Ferriti.c

9+
1.1.5

3/16 inch 1
2
3
4
5
6
1’
8
9
10



1, 1 inch 1-1o

19!519 /.q.i~d .nc. 1-10

,, 1.inch I.-10

35i3i9 3/4 inch 1
2
3
4
5
6
7
8
9
x(!

1 irlch 1
2
3
4
5
6
7
8
~9
1(?

164969 1 inch 1
2
3
4
5
6
‘1
8
9
10

!~,oneshowed cracki.n,~

,, !! !,

,, !! !,

,, $1 !!

65
66
..
~~

‘7o
74
65
64
74
46 i,vg, 64

61
61
35
50
57
49
38

53
~~

/\-v-g. 51

47
45
46
59
44
45
31
46
62
40 Avg. 47



- 92a-

I!aat Thickness Specimen Cracking,
!(0“ of Piate..__.__._._.._, Per Cent .No.—.——

21242 1 irsh 1. 52
2 60
3 44
4 57
~ 48
6 45
7 40
8 W
9 57
10 6(itvg, 52

—— .....--—..— ———________ .—.—-....—. ..—._.._.._ _________ ,___, ____ ,-


