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Ex. 0.

I- This investiration Ishowe that the so-canle6 laiai
T.ensilo xt~see offer ma~y advantaes over S'truoturul XPiojel
stool. for Urdrnance applicatioiic.

2. 141'oratory und ahop testo together with actual
production ex-erienoe indioute that three of thece Aigh
.i ensile eveols har.ve unusual merit ,- T. ese steels are
. 3. 6- Cor-Ten, liepublic Adouble 3t.rerngth and Ulan itood

70-90.

Z.Thrj attractive propertioc' offered by these oteels
are: excellent veldability, F.ood forming :uslity, high
workiriF strength, hir-7 ductility ancl touptness, freedom
from air hard~ninj' properties andl a miniam content of
strategio material.

4. some uZ the objectionable characteristice are:
relatively poor procurement,, patented cowpositioijv, anid

V. . 4. Cor-Ten unui epuxblie Djouble Strength are relutivel~r
high priced, though cbheapez' titan 3tructurrad Rioee compo-
uatoa. :ehe Alan WooAi 70-90 is a very low allo.; stool
ha~vinig a priee camp:able vwith th-t of :,-itruectirl Carbon
steel.

b. Even though the surfr.co finish of these several
uteels ig not exccellent it in so iuoh better than :.4ruatural
Nickel steel thrut it becomes hiehly advantapeous in Ordnance
oon struct ion.

6. The Alan ,vood's 70-90 wmpdsi-tion ir. produced by
a ba.lance cif motallurgioul properties such tikit the air
queyjiehing offset iinherent in t.he chem~ical ci~iposition is

oeisated to's largo depgro b'hp the relietoifa cold rolling
ot tweensajacont t9 -the *eld*Czone with t~, resulIt tiuAt
the over-all strength of the welded pl~ute in uniform.



tvorrouiort sttual over a peode 4T a your indicaso
thitthia steels offer no praotica2. aCavanugje with tespoet % o

aorrosion. over tivAt of A$twuitura]. lRieoio teeJ. ox aee Low
Cairboni steel she** Intrial.

8. ±bis factor of corrosioan nuawt bt oorsidered 1£rom
todivergent. stwuidpointal (1) How qtuicky a~ given steel v~ifl

ahow 'Corroplon whou exposed to t~he atmouQ-Abere. fine (2) _.harl
unprotected Yb~ch steel will rornain In uneful aow7loe thae lour-

9, or 141dnaco pploatonethere It, no cor'rovioii

reamonab3. L11a expiqtany pzrotacti'r. aoa.tiAp mst be ueod,
It Is foiur* theat U*e to-cIlled fl1t( h Aion~ile statle corrode
mo~e rapidly dUrIng tli,, ealrier stages ot tho oxposure thanz
do the plain carbon and zicxel ateel types, but it Is Ziund
th~at the ooioA In m~ore gexierally distribuited in1 the *us*
Of High TOU1eil steel With th* reDI3.t that falUzre Of Platet
oyor a 1onr per'iod of tite i±e-not otnifest in "xspotaft ani
t~he case in the plain oarbon and nlo~ol steolx%

10), 4~ Pocuremenrt tzrvy show* that thera aro about
*IyoW RVigh Tonsfl, cotupositionu available i the Unit*&
htat"g. todear. A sposifiostion prepare& at b;oak iun4 -troeaia
undr tho designaetion of !UZ7b restriets this proacejt
to tbroo stools Uau*se of a restrictionL in the peraonerta
of ziekl Ina the composition*. tII restrictioni was mde* in
san effort to oatro3. the aixont of stratof;1v mterois2 prevent
In the Hiph Torwile oboe%, sixo* no skynani4o was to be rtinot
91,? that of the Sruotaral Nickel in h rseti h
naickel Were Permitted to rise to 'the (lw i- o

fl. is opecificaiox bas be40A reovine& to make it
Gowau.ria1 in everoy respeqg Ua e o0ially n1 rerpect to toXlr-
TerAoilw mater5~l at a xubstant$.a1 naving to the (Qoyermiont.

1, It to reoomeaed that Afth onsile steel pro ourpct
xader the attahed~ tentative *pooifisioUA be used to replace

Struiturl?6 Slakol steel in Vr*zco nstruotion *hero welding
and fomwnW qusity Is of Paramount 1apotarae. Thin reeommen-
Ution is made is the interest of groutor fabrleation futility,
strategia iitdopondse*-.

ta. It is reoemoned Va% this 01*eitiostjraa be uce
is the piracuroment, Wxthis *la0s of material wA ti-lt It be



adopted as a tentative epeolficabiori afteir the naual winaer.

A. .tIs reonmmended that all sheet o'teels for vrrw~ne
apnlai ori *b* consider8l aa =n-reviataiit to oomosi:)n and
that proper otaps be ta. ea to Ineure -the I oeerity of this
tmaterial by frqueut uise of mint or othier poper Protective

4# It la recommnrsedod tigit tho Ifigh anv ile type 4f
ajheet bo e ed to replace .iA-lQ~b, now apecified on a ra

maW rdnance : prtinemt drawings. Thia roommiandtionr to
mad~e in the intaret off the geater ffacility of proauramentI
epoial in some units shxe a heat tretmnt is corstern-

plated or whereo greater stiffnese is deviret.

5. It lo rooommeiide tat grouter use bo miaoe of -o0w
Carbon Cold iollod oaieet and atrip wliera onily moderaito strnF1vhl
but Food woldability and high Aning cqualivy ia eqs~y

ti. It is reconm4neod ttrat the ejpocificatioxis for aneet,
stri, sd pl~tebe reied with a view to briuglap. themn tp to

date with respeot to snufacturing toohnIque, oommarcial loler-anoes arid comeraial. desigxnitivne; partioalar reference it~ t3de
to iUited States Arv Specifiatione b7-156&~ and B~7- 14,,;,

7. itIt :rootanon~led that the spoolication of Cope
inLo Carbon ahoot mtrial be tieleted, since Ooppar's Gon-
tribution to corrosion rooistano Is doubtful and aiWce Copr
is faet becoming u randora cyclic element in xioan iiwde steeils.
Its presenoe in amounts varying troi .09 -. 8 nwiqa it unpieceri-
sary us a specification factor.

AU4#UITY

Pursuant to lustrotiozis to u.Ls. file 475.06/949, requerD-
tirig an inlvestigatio~n of U, : . S. Cor-Ton steel ,.or use In the
igh~t Caisson, T, and as a sbotltute for rtick31 steel in w~o 1
Vbrioatioin 1.xa1(Ailo artillary, thip 8tudy ia submitted ae a 4sapplement to L~ook laland ,3,roonal. Labora~tory ioport Z-4-2201,

COVering ralated shoot steel uved in tboh W~n tature of ear~ridge
storagq. cases, IdDA1, and ini imriidthte response to u.Q. 472.l13/4.bol.
this report arid the appen~dd tentativo specification for flgh
Tensile q4et steel i0 forrwardod for' cotmivt and approwil.

4M



Prelitiiiary attuiies were oond1ucted on stunploes procuroii
from tho se'veral warsftturva of tho ZOLowing prodcicto
U. 3. q. Or To, V. 3. S. Max-Ton, iepublio floublo Strength
Grade 11o. I iU*publio Diouble ftrengtb Grade 1uL; 'ian ood~ 70-90O
an& Yoloy irnfacuroL by the YoungStowi 1'heot und 'iubo (,mnyo
These3 ample ma5trialsI wero compared vi $tutaalVoa
ata proeur*~d unaer U. 1. Armty 3eajfi.ati-,rV 57-14-. Zho
1cestigtioA included the at;idy of the followii factore:
Form5ing quA1~ty, .hysical-Ohoial xoportAo8s, ;ielaability,

kocuroment &Lfl "rice, togeUiwitih i~orrovioa n'~oisaiao to
outdoor oxpoauie ov4.n a period of more thni one year. Thr'ough
priva-te oowuiations ot~her rmterial was2 invostigatod a-rd
qualitative resulta ooncerning thic mjaterial were used lo
cotmpison i WtA thosp actuall2.y atudied in this report,

After sufficient material nadc been prooured foz tho
preparebicN of a specifica~tion, 3peci-fteaUion --U-X-7l vin~e

025, was procured uander thite secifiation and Tabrication Prom
the Hligh tensile rwterial waa atudied lai its~ orrorss through
Roo Island Arsenal shops. TRhis method of procedure sorved
a praoticial ohzak on t~he finiOxg of theo laboratory u.nd mde
possible the further Important omiparison of the isoveral
properties of this mterial tl ktructural D10.0~1 steel, which
has been the standard of fabricavion u.l -rdzinee " terial ior
a number of years.

Iun the courseO of *6ha inven'tigation it wase fotund w-t nio
uniformity elete, either among mflufacturers or aniong purc.ikaere
of. shoat steel produoto ara to tha specificoation of agc
finish and In an effort to prevent the offering of inferior
matrial bW unscrupulous purveyors, a series of finish atandards
have boon prepared at R~oo*- ±land ;jxacnal, Thescu have been ia
use for three wiontixe in the procurement of all Steet steel
Produate with m~1ted saots. Simples of theseo fi.nich stan-
darde are apponiod hereto. Thsy are uned in tlie Arveval' o

proureentinA th. following~ maneri tumplos of t~he veveral
fizishes are filed with the una purveyorse of sheet material,
oontracts and purolhaso ordtbre makJe roferenoe bp nubl~e to the
fiish desired.

This etatioA2 was found leOOssea3y due to the fact t~ti
mm zvrfoygors offered 3ruetural Jsi9 steeol witich had beon
so sBaled a~ to inThrfers wi-Q& rarp~ationjnnuho
verbal doesription seguee to Impress several zaaaaftoturers with
the same idea as to the quallty of tinish desired. The extensve
scale comon irn the surface of Structural Rhc~el Peel Inter-lered



wit aboS1aring, welding andflae outingpertiomns, adpr

tri eld Lad thicr ols .f material ha boen 47etyioved~.

.ri2e corrot!Aon 8stu~io wore con~wated ir, tne folviv
rnner e-~a2 e-ple op~eoiitens o't the ao veral igih aonailo

Steels Structu~ral JUIcaJl oteel and tiie oeua1 I-ow Oabon 3tietV
nroduat's were propared in ouch a muanner that a ernal1 at U1

agea v-O ne specin i-i es .,olishodl Lo m:iciaseopie fierfoction
stuoh iuat no zcratc .es romralned n tne iamrp).ct 1^4J, diametor l

ehose eaplea werG Vhen. placed on an outdour exposo
rack#, one met being left on the r.-oa for a pariod -A thirty
days betwean c8mationao the Otiher set belxW. 4berved afte~r
each rinBorm. The stols were then rated accorditrf -to t;,o!T-
pcmitioii In the eeries ze Irndica od byi tbe degreo v:id extoiht
)f 0OXORroon after tho period ' exzsu entiorsed.

in the ati- of th~e Jhort time expoeure epcrions, t,
114aa found tat1 aigh ThonoEto types of aeel aorr~dod, m~u-1
rapidly an more oxtensively 'than (lid the plain caibon and
Structural Ifico.l steel produots. Bat the long e. o epvaere
samples indicated 'thut w1&ilo corrosion Progresd more rapid&ly
at the beginning in the Hi,;;h ienoile stoela, it, %,aa na%
looalized and they, theroforet I1.14itain tneoir integrity tor
a lonpor perAloc of timo than didi tkie Struott~ral Biciel jr
Plain carbon Produaets.

This me~thod of Investip~tion of' tne oorreion oropertUIoo
i te oeral stools wasw highly entlfaqtory, inpal

because of Ite repr dutaCbi.lity, !Kaoh etel fstarted taom tile
outao initial oondition of 'polish anid finish, and any coxvrrin

ahn, o. Ay be thorefore interpret~ed at belng reproesei&t .tiva ot
%he stools* The Ohort time epoalm,?na wore polishod after es.Lh
t.'posure to the w~atnor, that is, Oeh z.&aS4orr. beca-me a dis-
tinet corrosioA obeorvation.

The da~ta and4 obeorvutiona proened in thle report must
of necessity Include a great deal of qualitatlye Intorntion.
This particular tnstigatUen doos no~t lendL Itesf readily to
quatitative 40 r*iERBAV"i and a gra ayof tho oonaugonts±Ol
with reispect to each Of T'A*o A4*oi ild ~I st -9UIO %-Is ];Z.S
the opinionve of those individuals who bay* bad oxperionce in
WO*iug. witt th@ rMt~rial, 'this la *spoeially truo of shop
tetS since it is vorxr difficotlt to got protioul fabricat.ore
to Pleco numerical values upon the rperties *iah they eonvider
desirable iz a glivea cs*ac of iuatcrialo



~ ] sows Oo~n~riO~i f the coisitry of t~he
sevra t~oo studied toeether with certai~n othier etels

of the HlIgh Tensile type rnaufaatured in 4he United Sta -es.
A 'bthBAi 11 shows a oomfarison of the Physicul Proroer-Jtios Of theee several steels.

TABLE III shbows a set of uverap.'e physicals as dater-
i o o V; hets procured for tits fabrie, tion if (arrliaps

* Limbers 2T3iM and the ,i~ijt Cissono, ..

Un tno bsx ot f~rw1.ng quality.

rja1L-!s V shows this rolative s3tajadriiZh rom~ Lue stand-
poi.nt -)f edility.

e,4 ,X' I r tte steelis acoordirir te -their oorrosion
resitane, othan detomined b~v the short timeo atmuso-rio

exposare tests .nd by the lun3- tin* woothering proceedu.re.

'U31,0. V11 shows a cotizrinon of the prices arid delivery
Inteorvals Mn Mii minim=a (1,antiLiea neasecary to eseure Liieae

vrcsanddeires

TABLEIs YXII places the at*.:Is in order of their etru-
togio dopol~enow that Is, tha steel containing the moot
strategic mjaterial Is placed at the top of thie list and thle
steel oonining the least is at Uic bottom. .in evalu&tizng
the ralative wights to be ae1pne to the oaveral strategic
elemeInts the li-'2 J-O U~W-(3A~~~'ii(k
statieties, as reported by the Bureau of kYoraign and Domestic
Gowuroe, and by the Ujitad atate .Bureauz ot ilnes Yearbook,
have been doerminea and used in the following manner:

The knowli domentic production of a given strategie i~s
*dled to the known importation of that olement anrizn' the
period ueed for the eralustion(9) This Sulu loe the to tal
donmstio exportation yie3.do a niot iigure for domestic coneump.
%ion of that~ uat;ogla maerial. thie ratio of the Pot Comeump-
tiofl to M~ to0tal 'of5meaiO irodutionJ is takanO ae h
-strategic faotor, An exAmple ia cited in lable 11, showing
the mest-hod of arriving at these relatLive we1.ghtaO. factors.

By thim method of amlrsi Ohr~omiwim In conaldered m~ore
strategle thea~ either Manganea, or 0lioicol. ;se Lber this be a
true pioturzo of the vituation or not it is one w~ay of arrivia

warstgun oth.,wilae 41-ffktt (etOomjn tgi 4n4 it r~ ff*qr#d hero fC~r
what it is worth,

TA-b sh-.we a farther comparisaxn of price arid
evajlabrIltybased upon gage extras and quantity dirwounts.



Mhoee figurev aro takena from aottial bide on 01roar AdvOr-
tiserionts iesuec from this &raeaal during the past yftr.

TAR d U hows a oomprson :. avio ),f thei pzopertlez
of ot(Tjio~ nile a~lloyrs manxuacturod 'An thiv country und
abrosA. 1his table was secured from the iron craC 4obruary'
27, 1936.

hA~dLz X11 chow's the klardnern3 A~atz'buticn i-ind ".a i -

MM301POV in welded plates3 jf the eaveral HiOh 4ent~lle fwteriails
s ueLied.

A~ study of tho sevoral tablis ana~ thej ftt .ora
obsoved coivieeas thzmt ?uI1,e -igi euilo stooio 4ferQ a,

Geinite improvement ovor Structural. Siahol seol u.e a
material for urdnance construction. It must also be con-
SlUded from~ VPl corrosion etudlies here p 80enack0 tnwat none
of the sheet stool products offer true oorraiov roietane,
and that if the Integrity 32f ;,rdnanea nm.teri&o, f~abricated
frova these atoolo Is 'to be mitainod, freqnont aplioatio)ns
of -protootivo coatings will be nocesuary. Thia ia no
tzinovat3.on since it hue been the practice fvr a great man
YOUaS. It is here u~god thmt the fact bo reogn~ized Bo that
%he ultimate adoption of High ;enniln stools will niot be
poetulated upon the expectancy of improved oorrosion resla-
tanee with ~a resulting redueion of rmihtuinance attentlon.

Most of theo h1gh Tenriile stools do not have to NoI.~stre~~qlevedafkg weIl#Dk but it is' of eouri6 recolmrdd
that tkis better practice be continued. khe stress rolieving
tmei~rature wi. depend upon the composition of tlie alloy in
questiono. but in meet ounce It will be the sam as f'or

~truotu ic kol a-tool, oxcept In the~ oaiu 4f noat treated
structures,, whon'the otre rallaving texaporatire will be
limited by tho toyapering temnperature of tne initial treated
shoot or plate.,

I~t maust be mentioned that there is vome restriction
as to the aize ayailability af thes atoR but this limi-
Utiou kiss 4 grost deal more 'to do with the quantityj ordered
than it dose with wq physical limitation imposed bX the
steel itself, vince all the compositionzs here studled are
capable of being rolled in the widthe an& -thicknesses )ommion
to other straettral oompositions.

High !.nile stool should not be u~Asw& laein .m-
A#*p aing operations. Vorzir* quality here 41seuesed iias
reference to 100"' Plat cold bends and drur-ing an~d cupping
operations not iu excess of thre. inches on a tori-inch diamaeter.

-V..



13efror contempl&utinr oq oeere 4Ir~in ;r cur.$,iuj oj>ortution
the dlesign shou:ld be ;Yubmitted to the utool mtm~au cturer for
his oarxwnt %u reomnendut~ion. r tuch deep dr,.w~ng ouality
isoegentiual, then it lo belS.bvod tnid the best intereets of
the Govornmevt rioald be zerved by niot i'outrioting the phyeica.l
property recjuiramozite too olonaly. ..,ost manufacturerez will
assume the respon.sibili~y of meeting deo dirawin~g requl rnentr
but wiill not tit the eame Lima tui tne~ burden of mactiir
physical property reiquireimonte, unleas those requiraent-e ro
consistent %,;Ith tne ductility 4nda Giffnesl3 neeaezry for n
production of the drawle. or eu.i An, quallIW.

rhuis far no lijuitatioin j'ai been discovered a<tfieetinp t.-
weldLubility of thoue Hiith T.onalle stools. ,hero is a deei~tod
need tor more specific 1ni'oz*Pvion as to the proper electrodGS
anid technique to be ueed Izm fabiciating this clans of naterial,
but it muet be aid goerally that any electrode wihich wil~l
uutifttorily weld IMiolo stool will ulso satltnactirily' wolci

thes 11~h naile stloals,

it bao been foundi u.t this i-reonal thu.t tho vsof 1 t
cdqotrode * having a light oxide coazing o f~r& mny adat~r
in the fbrication of theses opocial steelt ia ±ldi a wold
ufioih w~hen fifllsbed, has had itoi pyeical , oporties Improved.
alighily by the ciffucion of the alloyinp, olernents rrotn tio J'i,4
'xensile huse mtoria. into tihe bead .rom the udloy aeficiont
coft electrode. x.ho whole questiun of electrodes i.o onte .f
super-iinpoved cmlxta -opoit u ams entirely t
the *ontinvod use and recognition of Rk1iriU atl$ opted by t a a

.ttrodo mz~nfaoturern to desirnate their jmrtiouh ~r product.
Until the facto about oleotrodes and coatings can be Pat dov'4
in a estrictive epecification this pr'oblem will persist. iiia
situation im analogoua to the tolsteel situation at the aloe*
of the ' orld kar When Brand Vamo, rather than compoaltios n fd
propartiesd, ivere the ehief -ipecifioation Aintora of trio dlay.
Government procaromoiat is particularly a ev 'Vio abuae If e. spool-
fieation delinesting the composition and pr -pertiou expooted i
thie material is zot available for the aotrol ct procurement.
4 great m~an~y unqualiflod biddera quote on Uovernmiont cirou]..rs,
offering an inferior 'roduct a'. a lainar price.

Thoco people bid on Goyerm2~ent business chiofly beoau -e
they know that the awards must bo based upon price and because
It affordv thom a certa'in amount of advertising acript in tUaA
thoy aro able to ayto thoir commercial oustomers that thay inavo
furnishad a government establiacwant vith their product. DSo
mention ie =~do, )f course, of how satisfactor$ that material
might have been.
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TAB

OHEMI CIL 0CMPOSI TI ON
LOW ALLOY HIGHT

2. Dik.* .vr 1 25/4stic 1 60/450

3. Ro-To V. S. Sikw1 Corporatlom 560 K=. I. 26/. 7

4. $11-iUn U. S. Stool Gorpo2?ata .40 UMe. .60/. 90
6. Yo1@ (Low*yowwatown 3heet & -u.Eo .0)z 10/.50

6. Y1lq (High) Touagstowu Shet & Tub* Co. 026 AX . 60/d)0

7' Iep*bXic Double Strength -leptabic istw1 oarpavatem .12 mx. .40/1.00.,

~.Allaa Wood 70iO Allen Wood St"el Cumwie .10/.26 .50/.76

1.Aximso Xigk TereiLe Msrloi L ofing uMllu Co. .50/.46 .701.90

11. Naomri sigh 1,01 e 3ktb1~k ~suw corpor'a-uft 6l0/abt .60/.90

is. CrOeMMain* G t.City stso1 copq .2b box~. i.35/1.

S*pols Uiv..tiet at Rook lislaad Areas; for ae'4.u1 % stole a*@ Table U.

)lf



A

TABLE I

CaPOSITIONS OF AM ERICAN MADE
ALLOY HIGH TENSILE STEELS

.60/9 .15/.50 .02/.04 .03/,05 0*00/3*76 Trao ta

. .10/.50 .o/.0o .05 Max. Truce .5O/1.60 .30/.50 Io

1.25/1.70 .16/.30 ,02ol~ .o. ti so Xo .20/.50 Do

S .60/.90 g/.40 .02/.04 .03/.05 Trace no .06/.50 t --

- .10 0.. .20 -'*x. 00.0,/ .os/.oS .5/1.50o Og/1.00 D -

>0 .II,90 .0I.- .2/.04 .U3/.o 1.o/2.50 no .I76/1.,2 Do

, .40/1.00 .20 % /.04 .oZ/. .I40/.o 11o .o/1.o0 .20

*.40/1.00 .20 R-aw. 04 003/*O5 .4/o0 No .50/1.830 .30

.50/.75 .25 Ljax. .10 . G.5 .161.25 .lb/. 2r TtsOW

47/9 %/1 i02/.04 .05/.05 1RO Do .20/.2S0 110

*.35O/.60 .1 015 max . A&-.. .40/. W0 N .;5/1.2 zz ]4
1- 1./1o/.O/ .oo .. 00250o .50 max so

is 125/1,Tb .30 max 03/1.0 jr A Zia go

-10-
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TABU14 ii

Yi*1di Str*

1. 31s**1~Severail 501~000 'to 60,;

Z. Oor.TIuI* U. S. Steel Corporation b~0#00O to 60,

30 Sb.'U . Steel eorpiwmfloa 559,.,0 to 665,

4" sUi -Te U. -9. Steel Corpora-tion 46,0400 'to 50,1.

6. oloy OLew) Youngstown. 3heet & Tu~be Ce., 56,0J00 to 66,0

6. Y0197r (High) Ynjztom ,.'eet & Tube Co. 66,000 to 754,

7. pub ot~oible S'treoigth* r"1'I Bepublie Steel OorpoVU~toU 5000 to 66,

nopu~.blic ivuble Strength fPe1--o~puIblic Steel Corpration6,00t b

OtAln7ood 70'm90 i1L1a fiood Steel Uowus 550000 to 665,

10. Anna Rligh 'emE1l* Amneia P-0lling 1141l8 Co. 56,000 to 65,'

Ilel~arlEi-ATenll Etblehem 3stwel, Corporation 4,000 to 50A

I n a n $ms 1 te l o p n 60 1,0 0 0 to 70 1

*X"I IT-i~~.t~t* 4% Rook IsadAzseas Por actual pbyalaal properties see Tablo

-12-
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-T. - l

Yi~ld tran

~~b.. ~ez ~~ ~ be. cer 1;quawe inch________

'~* ~Q~QQ85,000 to 100,000 25 to 20 8-5

b;otooo to 60,000 76,000 to bbiiooo 26 to 21 5

,voto to6,0 80,0000 to -.0,000 24 to Ili0-9

4B.000 to 50.000 85,000 to '9),000 22 to 18 -9

6*,000 to 66,000 70,000 to 80,000 .2 to 28

0000 to 769000 85,000 L~O P;t'0,100 2b to 228b9

55,000 to 6b,000 V5,000 to bb,UU :8 2o 25 75-bj

6L,000 to 76,000 90,-.00 to 100,UOO ~2to 18

5b ,000 to 65,000 70,000 "o b0,000 30 to 20 bV

56,000 to 66,000 80*000 to 'J0,000 2b 'to 20

45,000 to 50,000 70,000 to 00,000 20 to lb 65-7j

60,000 to 70,000 80,000 'to 90,OQO 25 to 20 80-99]

50,00 't ~1> ~ 70,000 to 80,000 30 ro 20 57

459000 to 50,000 80,000o to 90,000 20 to 15 80-

ztias see Table [IA.
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to 20 L -96 1800 ,..,e icns

21 ?5-85 i:,0° (in iteelf

Ao 19 80-90 lbO One ThIckn*s

J' 0 885 180° One Th:Lknofl

287-61800 
on Itself

to 22 85-95 l 0 TWO ThicneS0e8

10

to 22 75-85 lO ,vne Thiokn3oO

o 
Is

: i 018 
WQ951tO TCWo Trhio3~neBSo5

tO 20 6 - 1.00 on Itself
to 20 -0

to 20 
18 ltOn(e T~hickness

:65-76 6 On iteelf

to lb 0t-t U i t~l

to 20 80-90 100 br itself

-t A0 9.-7 
180 on itself

to 15 130-9010
° neTiueS
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TRU10, SMM STUDIND ATI BO0CK I SJLAB) aES2AL

Yloet 3%raX* Ultimate

Atogka vl athlo" Sem~ COMu~ 540,f$~8,

Miskki #3 -Llamau ft**I (am"Ma 620400

C4~-~U~ 2 U. 8. stoel Corp. 6y,400 b& OO

# 1 U.* 3. 8-eQ1 Cor'p. 111,1000 91,20

VIL ~ ~ ~ Yoaaov to ube 58,10C 7S
#eq~ 1 ropuitiw ste sp.00

AW 704-0 h ku A1.z& stoo Ce(o. I11yToo -760

As 7040 #1 Alga w& Steel cc, 65,440 7

AW 10-90Q is Aum P1ooA ztin1 Co. b~6,18069

All %onto wopemtA ar.o a n ipl ftoumaterial less th~m.260 ±Dobex thick

M1gkex bardmis at ultimte se'aM bat tbe yiold 1t1 s gtbas &ir quite eon-
0ifstant in oil sage up to A60 lmae



*- . Ultimate Stongthdwa.

87.70 -25.4 4b 0 rap-,00

99,100 :21.b 91 90 ° 34rpo.

879600 -600us i

86 130 , 1 £o 84 180 °  1 t1

,zo i.{::?, .1 010o oa it

91, 0 '. 2,4U7g 90 ° Sharp-,

71,9300 66 1800 on I

78,300 ..,2.9o 84 150 °o on I

90,30 , i 17.5 92- 90 ba- :

79 ,7*0 £1. ? 180 ° 0(n Itl

::1

will. aew
I .ox

S
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z C-0~- U) &CY
Xn-TenM

-J

(.24 C + .22 Cu) co
0 -4

Cor-Ten

Republic Double
Strength #1to04O

.,j 0)
0~ r:3 4m

-Nickel Steel

(High Carbon) zi

Weirton Hot Rolledto O
(.24 C + .24 Cu)

Republic Hot Rolled

0

Weirton Cold Rolled '

(.10 C)0



-4 -4

Man -Ten +

Cold Rolled
(.24 C- .22 Cu)

Cor-Ten

i I n

m2 P-4 0

rd 02 H(

0M 'H 0 0

0

Rickel Steel(Dd
(High Carbon) k ta

0~ C 0

0-H 0* 0
Weirton Hot Rolled )( r

(.24 0 .24 Cu)-r430
4"

Republic Hot Rolled
(.17 C)

Weirton Cold Rolled0

(.10 C)H
0 O

4-D
Hd
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TA=L1 Vill

GIX-fom ST'fkI *a& u) Gal

!oloy (Is 4Aa If) 94
LW 70-90(Ow, Si &MH Mu) 46
R1D8 F#U(hI and mu)
RD3 i1(5 and MA) 5
"n-em ea usague 10

3113QIO F~ACTORS$

SmD&* 1*mutions2

1952 PrGutima of Chrsiv in U.8.#, uw .*X Metric Tonis
1952Impriaionof Chnmivm Into IJ.39 ws 90.6 M~rle Tons
196 Spor~ton*f Chromium from Us%. was

1953 GOasinption of Obremima iA VI.. ws iv triet Tons

Ilwe~fowe, Ske Stratogic Tustor fr Chromdim ±S-,

8iailawlag

3 7*4 1
*Thus, the Strategic Weight of Cow-Ten 3tUe1 Ise

or % timom Cr factor plus An I'time 1Un tacor

Ow: 3.50 x74 1
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I, G i Ik Ei.Al..3b :Ci 1 FCiT'fI u! ,*

1. The current iseue of the following speoifleotiot In
effect on the date of invitation for bids, forms part cf thia
speoifioationt

Feseral kM-M-151 Metalso General SpoGnloJtion
for Inepeotion of*

Ih S, Army 100-2 Standard SpeoifioatioY. for

Uarking Shipments.

II. GRADES1, TYPE3,, _,_O-i SES. STO.

lo Grades* This speoifioation covers one grate of HIGl
TUM$LE sisal*

S20 Y-2t* High Tensile steel shall be of three types
. as speeif I

Type I - Sheets0
Type LI Plates.
Type III - Strips0

Distinction between sheets, plaees and atrips i in-

cluded in Sotion IV, Table I of this speoifioationo

a. Sheets and strips shall be furnimhed in the fol-
loring oonditions an speoifiet

A-1 Rol Rollsd Normalisedo

A-2 Not R~oled Aimealet. ieN
AS C olle 000

A-4 Bea %reat.

A&5 Bieht Annealed*



P t ou -ia h O.'J o

r0C~ Jied

b-t +J t olled i;orautilze,..
0

l-;3 Ai i .ollad isi -oeui. 0
13-4 Lh..t C reated. (

ii+Prtorial iT"y be pickled aznd/or oiled as coaoifiet; .a

decirable to have the mrtorial. unoiled. It should be ;+o , .
in the nurchase order,. kheete and stri,s eocured nlci-,o. >
cold rolled should be orered oiled, <

SLI i ' i--;AL ALO 4iAi2$IP. CO
a)

1.( W The Irho t, lO[ ,3abe or biilote from which thc ciic-je, m
platoc or strips are me shall be manufactured by the oloct.¢>
furaioe or open hearth procese.

(b) 3ufficent discord eshll be t&A.en from owch lnFt,
club or billot to insure freedom -from injurious pipirhi aind uzi-

(c) Unleoo otherwise eooified, the matrrial rhali to
V ,riled in otte of' the followirip conditions at the ontiot o

mu.,,.ku.,.*aorurer - Al, A2, A3 or B10 BZ. B3.

;ia) All shoota o plates aud r~trips shall be flat, frep
fr n eams, luminutione9 bliaters, snakese excessive and do-
taoh~bie scale, or any other Injurious defoet and shall have

a Imotth, dull finish.

(b) Material ordered piokled rhall be wholly free frorn
soaleo

(a) Material may be either roller or stretcher levede,
but sheets, plate* and strips (except coils) shall be oommer-odaily flat.

IV. Gr h&1JA R1UI bJ_'T.

1. The stool furnished under this apeoifioation may be
of any ohemieal analysis exoept as limited in Table I1, whlioh
will produce, b7 proper *abrioation, a material whioh meets
the physiol property Yequiwresnts of Table Ill, and whiob will
weld with reasonable factlitr by the Usual teohnique.



o 4 ow1. In 'iblee 1.

a t i t ! D i . A Z ,} 1A .. iJ . J ' [ , ,7 ' , : ? Y A T .E P uq . " ' .. . .7,'A , , ,1 ,

4 ~ ~ '% Iv, U11! :JCYb3iTu Njl A!.VJj-

A C'
- 

.,.

Oi!"3U oE45 Ut .;-T tot Y~~3: r~

.' 1/°' , id~ '£an ,,doL. iun. 2 4" 1 -te lOr

:or os" o e :G0" o0 : i.O
Produ1c t :Leces :h" 48" "48

:*','hi ok nt. d : 'th ck and: Thick and L
PhtL o _e:. _:fl on "i, te . : u , Q p

H1oL : : : :Thiok to :Thiok tohol.l.d : 1 on :1 one .1401O o &. 0 ",260 -.:0 18 5)

6110 e tW 2 It . : - 4 L ..0

Hot :Loas 'Th'hn;Les ' haz :-,1es ha :Lose 'ihan:Lese Thun U
Rolled : 0 ,"250 :0(,,034 • L-n) . ,,U :.O oObg :on)06 "0
Ainna ed :Thiok :Thick :Thi iek, zThiok :Thiok
3heotp <
Cold : 12" to 24" wide
.o , : Les than 0"028 Thick : All Thicikriesee

I : 122" To 24 w::3trlrn *" 029 :
Oold : 1ieas Than 12" ,'iide :Thick aA :
iholled : All Thiokneses :u _ -. :bone :14OIeiStripe OM SE :0"626 . 0("U 9 I' . - -'. ....
5ie t : to : tR : to : t

k.11led :0:260 iO.b0 00'b :bone hn

NOT;:- Material 6" and narrower, and 0"2bO thiak ard thluker
ehall be ordered an bar stook*

b. Plates may be either sheared or edge rolled, but mu*t
1h within the dimensional tolermnoe shown in parsaraph V-S,



3.~jtiz whteoe w. y uthic thiF: ar~ '. )I.c V w- 'o oQ..

vzibjoct to the limitations of Ttiblo J1. providod the OUT.n"uri
Acr. f'urniihed Ilo vilthin the 1.4miit ot -- od by the eonjtrac-*':-1-

In ',iif oripinul bid,

)Iho chmet1 anal178ia rep;orted inl the CLA,.'--,,iI,' 7
LI YD !'P, , -PkRT toht.l be =% de f rom d ri I Iin PE taken a t 1 1r, +

th t~o ro est izo tar-on udurlyq to ti

oQu the melt , iind. there shall be at~ leust one nuch m]~t
fr :- ?,c~h melt from which the manteriail is made

(oc A particular ohemicad aulysis may be srocified it',Q
It'~ .- gzic or paroiaIso order u the option of tho rc:.!

Cabo 0. .b' 0Xmm

Supu (0'

S ae 6 a Curboi 2096 Maximum
and. 1ioe lOO6

!NUUYh:w ireferenoe will be given to steels of oompOsitiolis
contai-ning thbe least number and quantities of
strategic materials,

2.a)Pyacl Porte'" Steels furnished on this
speifiatin sallconormto the physical properties re-

qired' in Table I11

(b) Any detail requirement not included in this speai-
fication and deemed necessary to the prourement of satiefao-

R, RIG! TENSILE material,, shall be iNoorporatsd in the on-
tract or purchase order.,



0[, ttK tm of .r-(7

Yioid E, 0 J
:;C~ltO lon 8 2f ry

o ti r: Jon 7at on 2"' -
elid ,. t. Cold .

a Lu t be0 of -Ire Or~f ti1j "J38

" i, , i on in 6 '  - 3., :
Lulld :].:_t t. o 1n 2' " 16 ,
Stri pc lBoi 'icct j' d) 1*300 t(j*:)r~cr0

* thic&,neuu on mx,tr 'i ''
to 070.0

Bend Test ICold) - 1800 fnt on mniteral ..
thiok or lose* 0

.u*t.. Are and/or Acetylene .,eldirip n.is 0
NOTE'- Unless otherwise speoified, eio. ;,atiun ry be mou-

aured in either a two or eight inch jge leontii, -Q

5. Lermisvible Vuriations.

(al Sheet and Strip Thi(knesei LhC permic.ibIG vrl- -
tions ii thickn-is of sheets and stripe hall be shown ii __

Tables IV, V and VI.

(b) Plate Thickness. The permhisible variations in 0
thickness of plates Shall not exceed 0o"010 under the tihioknev
ordered. The variation over the ordered thickness shall not
exceed the limits set by the American Steel gaafaoturers
Standard Practice,

(a) Plae Wi th and Legith. The permissible varlutiote
in width and length shall hot exoeed 1/4* under the width or
length ordered for sheared plates, nor 1/8" under the width or
length ordered for rolled edge (Universal Mill) plates.



* j~.to aior, r. The nr.i 2~u-;1~ 1I
'0'1006 2/#". i 7 o lv'e feet of lezi:-ith.

j rp ber. ,'errA.-eiblo cuimbor iil i
1o 1;ecoo --in ouA eight feet of length for utrilp wi , .i.
thlnr i1", or -" in ech eight feet for ot:L:tp " loe (JoI .r-
r u, (y r o

(f) Sheet Camber. .:ermieeiblo c.imbor In e, , ...c-nfori'o Table VT.

(j)3trip Flutitpoy. "iim 1perani iblv boy ,
1/2"', w-,h eipht foot; of lenFth,

kori-dssible Thickness Vuriutloan
in Sheets

r'ermiusi ble
Vitriation

ordiered from Ordered
Thio ess - Dites ihickr.e' - iijcnoe

0"250 ,. I16
t49 to 0,220 0 0 1,h

0.219 to 09190 C 014
0,189 to 0160 " 17

0169 to 0.40 J,,G12
0"139 to 0120 0011
04119 to 0"l00 20i0
00099 to C"080 t-,,,,
0?079 to C,,070 ")"008

0,069 to 0,060 0,,007
0,059 to 0450 0,006
0,049 to 0004O 0 005
0,039 to OOOZO 4..1004
0.029 0,+00Z

AOTM:- I@he above toleranoes will not sip;)% to shoote 0"100
or thicker In widths over 60",, Tolerances for euch
sheets shall be plus or minus 0101b.



(a; 4ot L+olle.d bor~ulized material shall be gir cooled

'. r

fron, thn fiuial hot rolling tempierature, or may be rotheated to
- tetmerature sufficiently above the critical ranre to Produoe
gratin roftioment, tund then be cooled freely in still air at
rocGr ,o'mFerature. Such sheets shall be free from heuvy soale.

(b) dot Lolled Uniform Anealed material shall be re-
:,euted nubsequ-nt to fisal hot rollix* to a temperuturo suffi-
oiently above the oritioal range to produoe grain refinemett,
and then be elowly cooled. This prooedure shall be ooduoteoO
in nuoh a manner that the finished produot shall hive a uni-
£orm; color and structure* Such sheets may be given one pass
cold rolling or roller leveling to flatten.

(o) Cold ,olled Sheets.

1. Cold Rollod Sheets will be produoed with a full
zickled, full annealed treatment and sufficient cold rolling to
'nroduce a high degree of smoothness.

2* Cold Rolled Strip shall be produced by cold re-
duction and finished to a. high degree of smoothness.

(d) )eat 2Teated material shall bo slowly and uniformly
hete to the oOrreo temperature above the oritioal range,
axd then be quenched in an appropriate quenching modiumo

(e) Briht Aznzfel material shall be annealed in such
u maner t t -maeria is unoxidised by this operation'
and the finish produoed prior to bright annealing shall be sub-
startially the eame after the annealing operatior,

li. MEMUODS 01INS IOR AD T4ST3.

l0(a) C9 Cheok analyses ny be de by the
ine,motor or t houi him y any GornOaMent laboratory or obbr
designated representative, an* without Coat to te oonm%&ot.

(b) Skunin _ea for oheok ohemical aalyess shall be Wat
by !!,oh.inin, the entire orons-seotion Of tenile test Ui6116 %66%

best va\able CoPY



i 1~~eL~crnfIto i toiS *1 ' iifvl n.-t .(

"i- "lollns of Ipecimon 'a;.;i r*..0tcl '

-i~en i ,isil conform~ to ito fc'rm t~ji4 d ~

o .n capall ooA'orm to U0o for IV 5 eneiu, of Me- I

slr~euM oonsist ofa t i tit lea-st !a" vode asg t~lo
klzrip i~i.rial w hen thle JLR lose '. nan 2"S .Cgni for ehbe*)ts ws 0
tn* rt~rip, the spooimnu shall be at ~o 2" vide; all ~e~ 0
speo ttoe sy-1al be not lose thf"n lcg.F, with the eaves
0!o e n~iraT&lol &xid ron1Qed to m fo-0 th~ext- 'If./16" radiut,. (D

(e 01 Bon Sgoaen -21at,. 'he bend too% vpoaev1er __j

,4i lute material shall bet eat 1-1/2" wide ivith %;oth
* edres muohined parallel* Matpriat1 thicor thu.n 2"u'-be re -

duced to 2" but one rolled etrfuoe m~ust bip' bent ino the test;
the ears* 01 plate speolnen8 shatll be rounoed t~o no-* more tta-
1/0" radius. Ui)

(2)
(f) 3gggq shall be tukez with the prat.,, Loe.* Itj Co)

the.i~to of ro Ing, of the aheet, strip or v"lu-tee Qz
thiok plates, the e'peoimeui shall be taken from midwai betweer.
th~e oenter and One surfA0e of the plaste* The Inspeotor a
tavoe miore than on* tenvile and one bend eipeoimen If he so

40) 9293PUZO 320 n or speoii.evs whioh break ont o!f
the vanpe lefhsa11b ars and another autstittitet.

30(a) YIeMLAZRA1 Srnt eesa tiUm. Yield Stroaftt
of ehtst and V'trips shall be tbe stress in~ p03Mms oer 9 oure
trich 04alculated for tbe load at which a elonation of Row0
p",r lobh of faufM leng~th oooss This slsupationmy~ be toteria
-orot1 by the "divider method.".



A "I

, t

0, Z:j, o tJ., t,

,,.,f. d~ the -- 0;% t' 1 C -

."4 ,Mt J@ 4.. -. ,." .

il k~ tr 7eli. or )eoP' log.'~ ~ e.ib1.y i

tifioettion Lumber, tiu the mailjUfau U,'ure '. ni or bruu.
Identifioutioi mat ahu11 appear In. the 1%ertified t -e orl 3 IV
Physical and Chemicu 4 i'ropertltet i-uoi~ tho tubutio. of
thve~o proprtion. >

be -ioooipanied by the Certified A.@ art or a copy of' cO4ci 'o 0
port itt the time of shipment. Ifs L. cor'y l.e cen~t with the&:.
?reTt, "he Cortif~ed !,eport 4h122 ollow ut th~e nriroet ~-

t~heT

. , mjateria~l sbhi2.I ito ptaikea i or t-,iphmevt in nacaritioc
with commjoroial praotico for alcopt~tflC by corjn and other
oarrier for safe transportation. at loet cost, to the pltic

.of' celivor70  
C

4. Jhets sha~ll be properly vep.urtited by erude aind be c
proto~oLed -.-ainst corrosion,

Liv1 fheets 1/16" or loe iii tkdoknoe shall b* oxd
3heets over 1/16" tol'8 "* ihOlu(viveg shall be *ither tox*4 or
oraod; sheets over 1/18" shall be either band1o4 or wraped.

6, Strips shall be furnished in *oil* Phen and be oti1er*4,

1,, Marking for asipment shall be in 0,0owanoes with ?m.-

quiririofts of SpealfiestTOn. 100w2.
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u~ -'e0 'or~ Aly !pUrjo~e other ttun In Thf3I4<

wre1 el",od Government nocur~emoDt o:Prtzti.r.I *:"f
t. itpsC i' orinert ther'eby £i'ours no reaporsbilty or v

~tt1v.%:,,-.o~ver; an the f'ict thit~ the Govertn'-ei't
ori;ul~ Led, farzl~ItbGh d, or in arid way sun eolo the aw~1d rJ- :
lnv v,,ol "lcaions, or other du,, to not to be repuroo ,

~~ or othervwice as 1j, anyt vmAzner licennit~e. the
c r 'Ay !! ther oiereon or corporation, or coLvy0inp, any ih..

':i~.m;'on to mainuacture,, use or 13021 any Av~entod ir~vcs tl
'i wy be 1ra tny way related thereto,

o Copies of wii& sp#,cificut~Dn tlsy be obtaired fr->
.)7flie* of the Chief of Ordnunoe~, ,aslldngrtorn, 1. C(,

all&.


