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1. hisg invemtipation showe that the so-called High
tensile steele oifer many sdvaniages over Structurul Kiguel
stoel for Urdnence &pplications.

2. laboratory sud shop teste together with actual
nro@uction experience indiomite fhat three of these High
fensile stecls have unusnal merits. raese gteele are
Jo 3. 9. Cor-Zen, inanublic wvouble Jtrength and alan woog
?U"QOO :

Zs  'Thg sattrsctive nroveriics offered by thece steels
are: excellent weldability, good forminy cumslity, high
working strength, high ducitility and toushness, freedowm
from s&ir hardeniny sroperties wnd & minimmm aontent of
gtrategic material.

] 4, Sone uf the objeetioneble sharscteristice ure:
relstively pooxr procurement, paten ted compogitionr, and

¥. 5. 3. Cor-Tem unu .epublic iouble Strvength ars relatively
high priced, though vbeaper tiham Structural Nieckei compo-
sition. rhe xlan Wood 70-90 is a very low alloy steel
h%vi?g~a price comperable with that of 5tructural Carbom
8teoel,

6., kven though the surfeuce finigh of these seversl
steels is mot excellent it ig so muck better than ustrustursel
Rickel steel thut it becomes highly advantageous in Crdnance
oonstruction.

G. The alan 00d's 70~90 gmposition iz produced by
a balance of metallurgionl properties puch th8t the air
cuenshlng effeet inherent in the chemical composition is
comopneatad to & large degree Wy tha relied.of cold rolling
streanen &djucent tyu the walded zoue with the Tesult that
the over~-sll strength of the welded plutie is umiform.
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¥, Gorrosion siudloe over & period vf a year indicaie
that theme staels offer no pructical sdvantage with resmpest vo
sorrosion over that of Struetural Hickel gteel ox even lLow
Carbori steel sheet matierial, o

8. (his Lactor of corrosion muetd be conwiderad ifrym
two divergent staudpointet (1) Now guickly o given mteel will
show qoryromion when oxposed fo the otmowphere, aund (2) hen
unprotected which steel will remain in useful service the loup-

ont,

9. For vrxdnsnee applications there is 1o c¢orromlon J
. tenigting low allcy sieel und if maferial is tv nave &
1 reasonable 1ife expectapey protestiive oortings must ba used,
1% i8 found that tne go-oslled Hiyh Yansile stoals courvode
more rapidly Guring the earlier sitages of the explsure tuan
do the plain carbon and nickel gtesl typew, bubt it ia found
that the corroelonm 1s more penerklly diptributed iu the euce
of High Tensile steel with the remsult that feilure of platoes
over a long perdod of tinme is not menifest inm "spoits” as im
the came in the plain ocarbon &nd niciel steels.

10« & procurensant survey shows that there are about
twelve High Tenwile compositions available in the United .
Jtates. today. 4 specifiomtion prepared st Mook Island arcenzl 3
wrder the demignetion of KiiS-T1B, restricis this procurcment ;
¥o thxse steels dosnuse v 8 reatriotion in the percenisre
of niekel in the composition. IThis resirietion wae made in
an effort to svairel the amount of strutagie meterial present
in the Hipzh Tensile sheet, since no advaniige wae to be pained
over that ¢f Yhe Jtruetural Niekel iu thie repnect if the
nickel were permitted to rize to the H.MP figure,

11. Thig speaifici&tion hag Teen rovivsd o nuxe it
sommercial inm ovexy xespest und sspesislly in rerpesct io tolor-
anges, srycurement under the gpesifionticn .y seeured Lipa
Tensliv materfal at & gubsiantisl saving Yo the Govermment,

LAQOMHRYDA ST UL

1. 1t i# recommended theti iHigh sensile sieel procured
under the attached tentative specifisation be uead 4o rsplace
Strustural Mlokel steel im Urdnance oonstrnction where welding
and forming gwality is of paramount importanee. This reeonmens
dution is wade in the interest of grewter fabrieation fagility,
lewer Limnedimte cost 10 the Government, and im the interesty of
stratagie independence.

2. It is reoommended that this spesifisstion be uzed
in the procurement im this cless of meterial and tunt it be

e
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adopted an 8 tentative epecificntion after the vausl manhnern.

3, it 1p yooommonded thet all shest steels for vrdnence
spnlleation ho cousidered «e non-resigtant to corrossinrn and
shat proper stope be taxen to insure the integrity of this
material by froquent use of palnt or viier proper provective

coutings.

4. 1% le yecomnended thwi the digh lenmile type of
gheet bhe used %o replesce #D-1086, now mpecifisd on a great
nany Urdnonce Jepartmest drawinge. Yhis recommendation is
made in the intezset ol the prester facility of procuroment
ospeoielly in some unite shere a heat treatment is conten-
plated or whero grenter stiffness ie degired.

He 1% ig rooommended tuat groster use bo nude of _ow
Uarbon Cold islled sheet and stirip where only moderste strenytih
but good weldrbillty ond high fHeming qualivy ie necsesary.

8 1t ig recommesndsd tuat the spocifications for sancet,
strip, and plate be revised with a view to briuglog Lhem up to
date with respest to mmoufzoturing technigue, commercial toler-
ances anG commersial degignutivne) partioular reference is nuede
to United Ftates army Specifications £7-1964 snd §7- 14w,

7. 1t ip rocommended that the speoification of Copper
ia Low Carbun szhwet neterial be deloted, minee Capper's eon~
tribution o gorrosion resietance is doubtful end since Copper
is funt beocoming a rendom oyolic slemant in smeriean mede gbtesla.
{ts presence in amounis varying from .09 =~,18% meves it unneces-
Bary 8 & specification factor,

SULHOBITY

Furguant to insizuotions io U.U. Tile 475.06/34%, rocues-
ting au investigation of U, &. 5. Cor-%em atesl ior ume ln the
Light Caisgon, 6, and os & substitube For nickel steel in tne
fabricutisn in mebile artvillery, this study 16 submitted ag @
supplement %o kock islend srssnasl laborztory soport 54-28C1,
eovering related sheat stael used in ihe munufeptiurs of variridge
storags csmes, HGAl, and in imnediale responge (o U.U. 472.18/s501,
thir report and the appended tentutive specification for Righ
Tenzile sheat stee) iz forwurded for comment and wpvroval,
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! Prelimivary studies were conducted on samples procursd
from tho peveral Wanufagtures of the foliowing produeto:
Ue 5y 2. Cor-iem, U, 3, B, Han~Tan, nepublic Jouble Strength
Grade Ho. 1 Republio double Mreagth Grade lu; almn wood 70-90
ank Yoloy manufkctured by the Youngstown Lheet und iube (om-any.
These sanple materials wore compared with Struatural Nigeel
nteal prooured under iU, 4, Army 3pveeification 57-1144, Lho

; Luvestigution included the atndy of the followlny fectore:

- Porming «umlity, fhysicsli-Chomisal xzroperiles, seldability,

E Froguronent snd fries, togethnerwwith Vorroglon sosistance to

: outdoor oxposure over o perind of more than one yesr. Tthrough

. private communiestiong other materisl was invostigsted and

quaiitative resul & concerning this material wers ugsed ror

comparison with those sctuklly atudied in this repoxt.
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After gufficiant meterisl nad been procured for thea
preparation of & gpecification, Jpocification n4ik35-7T1 wag
drafted and pursusny to instruetione in o, V. £3lo Ho. 472.:6/949,
matarisl for Carrisge Limbers, IBES, and thiviy Light vaissous,
6, was procured under this mpecifiomvion apd Iabricatisn from
the Hipgh tensile maierial was atudied in ite srogress through
koek lslund Arsenal shops. This mebhod of proesdure served
& practionl obzek on the finding of tho laborstory und nmade
‘ poasible the further important compoarieon of the several
: propertios of thim material with Structural iliec.el gteel, which
I nag boen the atenderd of Ffadbrisavivn uf vrdnance -ateriel ior

0 a mumber of years. 3
3 tN

in the oouxse of the invesitigation 1t wup found et no
uniformity exlated, either wmong manufacturers o AMORE DHUrc.EAGYS
of shest sisel produeta us to the specifiecation of amrfece
finiek aod 4n an affort to provent the offering of inferior
naterial by unmgerupulous pourveyors, & serieés of findsh atanderds
nave been preparad at Rooci lgland arsenal, Those have boen in
use for three monthg in the procurement of all skaet pieel
produate with ma-ked succems. Senples of ‘Yhepre finish stan~
darde are appended hereto. They urve used in the Arzensl's ,
proocurenent in the following manver: ssmples of the several v 4
finishen are filed with the usual purveyors 0f sheet material, 4
oontrects and purdhase ordere maike reference Ly number to0 the

finish desired.

fhie situstion wus found negssesry due to the fuet tuat
many purvoyore offersd 3truetural liciel steel whioh had been
80 toalad 83 %o interiors wiih Iwbsrisuticn operationm. Mo
verbal dessription seemed to0 impress seversl munufaoturers with
the sane iden ag to the quality of finish desired. The extenwive
soale common sn the surface of Strzetural Hickel gteel intorfared
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with shearing, welding and flame cutbing opesrations, &nd paxr-
ioculaxrly with forming oporations. since the sdoption of tae
Pinish atoadard foxr Structural Hiciel steel (kla finisn we. 1)
fabrication has been greutly fuciliteted snd tane cualinvy .f
the welds ia thie ¢lasg of material has been greatly imnroved.

fhe gurroeion stadier were conducted in tne following
menner: enall gampls ppsolmens ot tne 8aversl High .ansllo
steelg dtructural MNigkel steol und the vpual Low Qafbon Jueet
sroduste were prepared in such & mammer that & gmall acusl
ares vi the apecimen was .olisghel to mlcxoscople parfection
guch that no serate:08 romained on tne sample % £ dlameter
magnificetion.
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‘hose camples were then plrced on en outdoor axposyre
rack, one set heing left on the ruek for & paricd +f thirty 4
daye between oxaminatlons, the o-ber set beiny sbssrved afisr .
each ruinpsorn. The steele were then rsted agoording to Llieir , 3
positlon in the series zs lndicated by the degreo :ad extend
2§ gorreaion sfter the poriod o7 exposure menitioned.

T T

in the eure of the 3hort time expogure epecimens, :u
wus Lfound that High Yonsliic types of slesl ooprroded duvre
rapidly and more extonsively than did the slain carbon and
Strugbursl Sickel stesl products, DBubt the leng time expus.ire
gamples indiesfed that while corxrusion progressed mere rapidly
at the boginning in the High ieneile otesls, 1t was not
- logalized aud they, thevefore, malutsin tnelr integrity tuy
i a loppor period of time than did the Struetural ficrel .»
plain carbon produots.

e

s
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: Thig wethod of iavestigstion of tee curxosion oropertics
' °f the soverzl steols wes highly sstisfagtory, privelirsily

I bocause of ite reproduceablility.  Sach stownl started from ihe
: some initiel condition of polish and finish, and eny cozrrusion
3 ohsn-af &y nhe therefore interpreted se beaing reproseutstive uf

s the stenlss The ghort time sposinmens were polished after eauch

¥ cxposure to ths weatney, thut is, esch rainsicrn besame & dis-

: tiinet corresion observetlon.

DARA ARD UBAKRVARIONS

! The deta and obeervations presented in this report nmust

: 9f necaessity include & great desl of gualitative informution.

; This periicular investigation dooe nct lend itmelf readily to
quantitetive determinedtlne and & grest uany of the conglusione
with respest 0 eBeh of e sieels siudled Pusd 5s bnssd upon

the opinlens of those individuals who have hard expsrisnce in
working witk the naterial., This is eepesially trua ¢f shop

‘ togls, since 1t ig vory 44{lioult to get preetiocsl fubricatore

; to plage numeriael values upom the preperties which thoy cousider
: desizable in & given cleck of matorial.

‘ whe
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TiBLE 1 shows & compurison of the chemistey of Vhe
several siecie studied togother with certsin oibor eteels
of the Hlgh Tensile type manufngtured in ihe United 3ta.es.

TaBLk 11 shows & comparison of the physleul vrooer-
tioe of theee seversl steecle.

TaBLE I11 ghows @ set of average shysicals as deter-
mnined on the Bhoots procured for the Fabrie tlon .f Carrisge
Linbers ¥353 and the sipght Caispones, ib.

a8k 1V ghowe tho relatlive stunaing 3¢ the stools
on tog begim oF furming gquality.

toBis V oshows this rolative standing from uhe stands
point oF woiduhility.

L28.% VI rates the steels acoording te tvheir corrosion
registance, a8 detemined by the short iime atmospherig
axpoenro teats nd by the lunr time wastbhering procesdurs.

aBuLli Vil ghows & oconmarisen of the prices and delivery
intervuls and e minimum giantities necespary 40 socure lLuele
vrices and deliveries.

: PBLE VII1 places the sta. ls in oxier of thelr etrs-
togic depandence, thut i, the steel containing the most
stratepic naterial is plsced at the top of the list and the
steal contalning the leset is ut the bottom. in evaluating
the relative welghts Lo ne aasipned to the seversl siratsgie
elaments the 1vi8 IHPOLP-KLIPURT, CfRODUCTIOH-CULUILTLOR
statipgtice, us reported by the Buroau of Foreign oand Domestie
Comwroe, and by the United Jtutee Burssu vf ines Yearbook,
have been determinel and used in the following mannsr:

The known domentic production of u given stratagic inm
added to the known lnporistion of thet olement anrings the
poriod used {or the ovaluation (19:8). This aum lsss the total
domaptic exportation yields & net ilgure for domsstic coneumpe
¥ion of tha’ strategic material, ithe retlo of the Het Comsumpe
tion Yo tre total Jomestie sroduction is tokon se the
wtrategio faotor. An example iz clted in Isble IX, showing
the method of arriviag al these relative weightoed factors.

By this method of epalysis Uhromium i considered more
strategie tham olther iauguness or iliokel. «nether ihie be &
true picture of the situation or not it ia vne way of arriving
£t an otherwice difficmit determin tion und is o¢fferad here for

what 1t Le worth.

A Z shouvs & further gomparimon of price and
axnilnhf!?ty bosed upon gege extrus and quantity discounts.
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These Ligurey are tsken from agtual bide on Circalux Adver-
tisenonta laguwed from thle argeaal durlng the pust year.

PaBes Al shows a compurison .f wuie of the uroperiies
of other High Tenslle elloys manufactured inm this counsry und
abroud. Thie table was securad from the lron age vl Fghruary

27, 1956.

Whaold {11 chows the Hardnems viestxibution and ". .nx
DEFRCT" in welded rlates uf the several Hirh .snsile muteriale

stud fed.

AR palin il ha M e et syt ~
4 LB ‘

A ptudy of tho several tubles und the fuebs . ore
ohesarved convince ue thot siue iligh .ongile steels wffer &
dellinite improvement over Structural Higkel sizol ue a
material for urdnsnce consiruetion, it musi sleo be con-
sloded from thr aorrosion studlieg here preseunsed tnai none
of the sheel s%g0l products offer true corvusion resistange,
amd that 1if tha integrity of urdnanco meteriel, Isbricated
from these steals is t0 be maintained, frequent anplicetivis
of protactive aontinge will be nocessary. This is no
innovation since i% has been the prootice for & grest many
yours. It ig here urged thut the faet be recognized so thaet
the ultimste adoption of High iensile stoals will not be
postulated npon the axpectency of improved corroeion resis-
Sance with w remulting reduction of merintainspce attantion,

Host of he High Temsils stesls do not heve %o % ) ¢
streas rolieved afior weldiny bdut it im of course reoommended)
shat this better practice be continued. Lhe strese relleving
tenperature wi : depend upon the composition of the alloy in
gquestion, but in nost cuses 1t will be the soeme s fox
$trueturel Hickol steel, except In the oube vt noet treaved
strugtures, when the strees reliaving temperature will be
limited by thoe tempering temperaturo of tne initiel treated

gheet o1 plate.

1t nust be mentioned that there is some restriction
ee te the aizo availabdllity of thease stecls, but this limi-
tetion neg & gromt deal mors Vo do with i1he quantity oxdiered
than it 41988 with any physiocal limitation impoged by the
steel itself, since all the compomitions here utudled arg
osapabla 02 beipg rolled in the widthe und thicknesses vommon
1o other stranctuoral compositions.

warna vy

High .Pensile stoel should not be umed is exirsmely

deep drawing operations, Forming quality here discussed naw
reference tc 180" Flat cold hends and drewing and cupping
oporutions not in excess ¢f thras inchem on a ten-inoh dismeter.
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Bafore contompluating ey severe drawing or cun.ing operationr
the design should be Fubnitited to thie steel manuvlactursr for
his cownont ané rescommendution. .{ cuch deep drvving caslity
ig eassatial, then it ig bellisvod tnut the best lnterestis of
the Govornment would be served by nct restxleting the physicel
property requiremonte too clonely. .wst mapufacturers will
agsume the responaibillity of meoting deov druwing requl rementa
but will not ut the same Line wgsimae tne buruen of woeting
phygicual property reyuirements unles® those requiremenig »ro
consigtent wlth tue duetility snd siilfness swecessiry for tne
production of the drawing ox oup -dng quuligy.

Thus far ne irimitotieon has hosn diecovered : tfeeting b o
weldubility Of those High Vomsile stecls. Jhers is & decided
need f{or more specific informution as to the proper alsctirodes
and techunigue 0 be used ir ubricuting this class of material,
but 1% must be sald goxerally that any electrode whioh will
satigfuctorlily weld Hicuel steol will also satisfactarily wela
vhese Hich oensile steels.

it neg been found st thie ixsenal thoat the wofb wurnea
alestirode, having o light oxide conting o fers muny udvantuges
in the fnbrioation of theso specirl ateslsy, ylelding a wold
wiiigh, when finishaed, has had ity physioesl properétles improved
slighély by the diffupion of the slloying eleoments rrom i1ho itien
ronmile huge mutorisl ilulo the beud “rom the &lloy doficiont
ooft elestrode. whe whole question of elsctrodes ip wne of
super-~imposed complexity, u ocomploxity due almost entirely to
the eontinuwed une end recognition of BAHND NalES adopled by tne
¢legtrodo manufacturers to designaite thelr partieulrr produot.
Until the facis about sleelirodes and coatings cen be ret down
in a restrictive epec.fication this nproblem will peraist. ihe
situation is analopgous to the tool steel situation ut the clous
of the ‘iorld iar vhen Brand Hapes, yaiher that compoBitions und
proparties, were tie chisef apecificuation fantors of tne day.
Governmont prosuarsment is particularly o ap 40 cbuse iIf & speci-
fiomtion dolinesting tha composition and prepertics expected in
the material ip not avallable for the countrol of prosurement.
& grent many ungquslifiod bidders guote on Vovermmont circul.rm,
affering an inferior srofuet ¢ & lower prige.

ihene paople bid on Goveranment wnminemss chiofly beonuse
tney know thai the avwards must be bazed upon price end becouse
it effords thom & cortsia amount of advertising soript in thet
they are able to «8y to thelr commercisl ocustomers that thay have
furnished & goveramont eetsblishment with thelyr product. o
mention is modo, of courme, of how satimfaucgtory thut material
might have heen,
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! sleatrodes is desidedly
1% is delieved that

this direstion.
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CHEMICAL CQPOSITIONE
LW ALLOY HIGH TR

xand Yeme Sanntagturer & e |
Several 25/ A6 .60/.90 - 3
Cor-Ten” U, S, Stesl Corporatiom .10 dax. .10/.30
Yan~Ten* U. 5. Stesl Corporatiom .36 Lax. 1.25/1.7;
Us 9. Steel Corporstion <40 Nsx. .60/.90
L. 5. Yoloy (Low)* Youngatown Sheot & Zube o, .10 Hx. .10/.30
| 6. Yoloy (High) Youngstown Sheet & Tube Co. .26 Kex. ,50/.90
} ¥. Republic Double Strength #1° Hepublic Steel Corpormtiom .12 Wex. .40/1.00
| 8. lepudlic Jouble Siremzth #14* Fepublic iteel Corparation .50 Hax, .40/1.00:,
9. Allam Yood 70-90% slien Voeod Steed Compamy  .10/.26  .50/.76
10. irmec High Tensile Amexican Helling ills Co. .20/.46 .70/,90
11. Hayeri High Zspsile Bethiohem Steel Corperaitom .10/.16  .60/.90
18, Hi-Steel Inlsnd 5teel Cumpany 10 lmx,  .30/.60
15, Cromawsil Gremite City Steel Company .25 Bax. L.15/1.20
14. Jai-Tem seios & Lewghiin Steel Ov. .35 Mem. 1.35/1.7ad

*Steels Lavestigated at Heek Island Arwensl; for seivel ¥ stodied see Table I4.




TABLE I

CQPOSITIONS OF AMERICAN MADE

W ALLOY HIGH TENSILE STEELS

e S
e60/.9C  .16/.50
.10/.30 . 50/1.00
1.85/1.70 15/ .80
60/.90 .20/.40
.10/.2¢ .20 umx.
.50/.90 .20 tax.
«40/1.G0 .20 Hox.
«40/1.00 .20 kax,
«50/.16 .25 uax.
JT0/.90 J05/.15
60/.90  .30/.50
B0/.60 .16 Mex.
115/1.20 .60/.90

bx.  1.25/1.76 .30 lax.

&3

Ba Ti.

————

Py

% 5%
W02/.04  03/.08
#»20/.20 (0B lax.
02/.06  .03/.06

--#02/.04  .03/.06
f;,oa/.ce «0S/.0B
4068/.04  .uB/.0B
;Q;oz/.04 05/.06
D204 L0808
10 xex. «G3/.08
‘;02/.04 J03/.06
JOB/.06  .05/.0B
05/.18 .0 Bax.
OB/ T0d L0B/.08
"JOR/.0&  .08/.0B

;Y
54 00/3.75

Traoe
Trace
Trace
78/1.50
1.50/2.50
.40/ .60
<40/ .60
.16/ .85
Ro

.30/ 50
40/ .60
Ho

ko

erf Suk
frace ifrace
B50/1.50  .30/.50
Ho .20/ .50
o -8B/« 50
do «80/1..C0
i <75/ 1,85
Ho +50/1480
Ho 50/1.80
J18/.25 .30/ .50
go 20/.80
L00/1.00  .30/.50
e J75/1.85
.26/ .50 .50 Hax.
fio 30/ .50

el
Be
No

Aok w3 "

e Tke e B AN S

.
TIPSO NSV .




-
Traee
«30/ .80
+20/ .80
+08/.80
$0/1.00
«15/1.28
«50/1.86
«50/1.60
S0
20/.20
30/ .50
18/1.28
40 Eax.
30/ .50
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TABLE 11

&
3
PHYBICAL FLOPEIALZS o AMSRICAL i
HATE Luw ALLOY HiGH I.831.8 SRB4L3 A

1. Hlekel* Saveral 50,000 %0 60,
2. Cor-Ten* U. S. Stesl Corporation 50,000 to 60,00
B, New-Tem* U. 5. Steel Corpbresiom 66,0.0 to 65,‘.
4. S51-Tem U. 8. 3teel Corporatiom 45 0G0 to so,ﬁ
6. Yoloy (Tow)* Youngstown 3heet & Pube Ceo, 55,600 %o 65,:
6. Yoley (High) Tonungatown Sheet & Tube Co. 66,000 to 75,,‘.
¥. Republic ouble Streugth ¥1*¥  Lepublic Steel Corpoxution 55,000 to 65,'
8. Lapublic vouble Hireugth 71A* lepublie Steel Corporntiom 66,000 %o 75.:
9. Allan food 70-90% ~llam %00d Stoel Gompuay 86,000 %o ,55.;
10. Armec High ensl le smgricen kollimg Hilla Co. 56,000 to 6&«,
1i. Hayari Hign Tenelle Zethlshem 3ieel Corporation 45,000 to 50, :
ik, Hi-2teel Inlend Steal Company 60,000 to 70;;
13, Cromasatl Granite City Steel Compmny 50,000 to 60,
14, Jal~Zem ' Jonzs & Lawghlin Steal Co. 46,000 to 59,;‘

*Stoels investiguted at Soek Ipland Arsensl. For actual phyeicnl propertios see ?ﬁhl‘!‘j

'( -12-
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ALY 2B R S A b

50,000
50,000
b5 ,0u0
45 000
56,000
6,000
£5,000
66,000
6b ,000
56,000
45,000
50,000
60,000
45,600

0
to
to
to
%o
to
o
$o
to
to
%o
t0
to
to

Yield Strengih

Lbg. cor Squsrg logh

0,000
60,600
66,000
50,000
665,000
76,000
65,000
76,000
66 ,600
66,000
50,000
70,000
60,000
50,000

rtiog see Table IIA.

N -
N - s -
N

4

Jltimate Jtrengih

slopgati.n in 2v
Vi

65,000
76,000
80,000
85,000
70,000
85,000
76,000
90, 00
76,000
80,000
70,060
80,000

70,000

-t 80,000

to
to
%0
to
to
Lo
Lo
to
w0
to

t0

to

te
to

Lbs. ver oquare inch

104,000
u6 400
20,000
95,000
&0 ,000
10,0900
85 ,U00
100,000
850,000
v ,000
830,000
90,000
80,000
30,000

to
to
to
to
to

to

1o
to
to
to
to

Lo

to

20
21
34
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P

o

iardness
Logkwell B

86-9b
76~86
80=90
65-98
75-86
85-96
75=85
8H=95
58-~7b
BO-90
55-78
£80-90
66 =76
80~90

Bend
Test

180° vne Fhickness

1»0° Un Iteelf

160° Une Thickness
180% One Thickness
180° on Itself

150° two Thicknesces
luo0 wne Thickneas
1109 ‘fxo Thicknessos
1::0o on liself

160> tne ihickness
IUOO On 1tegelf

189° tn Ltealf

°
180 on lteelf

180° One Thickness

.\ o, :
AR wd S

Sasieal

e
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e ST NCIIPE T O
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RE S e e

ACTUAL PHYSICAL PRCPERZIAZS oF BIGH
TEERSLLE OYBELZ STURIED AT ROCK 18LAKYD ANSEBAL

ZABLE IX%

Yield Streagth Ultimase &
Lbs, Par ayg 1 Log, Pex &

Zxyapd Lek Eagufagturer
Kiekel #1  Fethleben Steem Conpany
Niskel #8 Inland Steel Company
Cor -Ten #¥1 U, S. Steel Corp.
Cor-Yen 72  U. Se 3teal Corp.
Gor-Ten $5  U. 3. Sgeel Oorp.
Han-Ten £1 U, 8. Stuel Sorp.
Yoley ¥1  Youngstoen dheet & Tube
E.De8. #1  #1  Eepublic Stesl Coxp.
R.D.8. ™A #1 ERepublic Steel Gorp.
AW T0~90 #1 4lan Rood 3peel Co.

A¥ T0-90 #2 Alam Tood Steel Co.

AW 7090 #3 Alam Yook Steel Co.

ill teuts reported are om sarplet from meterial less than.260 inches thick
and the Shinnest sheet temtod was 060 imches thiek. 7Thin gheeis will show
higher hardmeas und uitimate strength bit the yicld strengtbs sre unite con-
sistant 1u all gages up te OG0 imches.

54,7409
58,400
68,900
66 , 400
67 200
#i1,000
58,100
54,600
76,500
$¥,700
63 , 440
56,180

SESRAPN




WA s oht e ST ARSI A 1 AR

; b4
ot steen
., 87,700
% $9,100
}? 87,600
% &6 ,300
'E b4, 160
3 91,200
% 71,300
3 78,500
90, 560
76,200
9,720
59 ,080
‘ g.on Shiek
e will chow
® quite son~

~

P RS

_ R
T R T R S Sl AL T . -+ o .

XN Bionrmyionp in 2"  lardnese Rogkwell 3"

25.4 86
21.6 9l
26,7 6
£%.8 84
22.53 ¥3
246 87
5143 66
2945 a4
17.5 92
2u.b 58
216 73
26.0 54

56° Sharp =
180° on Itedl

160° om X
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Berd Tegt = 1/87 _Shaets

$0° iharp = 280" Ope Thiskness
26° Sumrp - 160° Cme Ubickuess
160% om Itself
160° ca iteelf
160° Om Eftwelf
90° Shaxp - 180° One Yhickness
180° on itevlf

150° Om Iteelf
50° Sary - 180° Iwo Thicknesses

180° m Iteels
160° Um Tteelf
160° Om Itaelf
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TAMLE VIiZ
RRLLYIVE STRATRCIC DBPENTRMCE

Uont Suratasle Zirst Shmieris “eiskt
Cor=Ten (O@r andi im) ge1”
Nigkel 3%eel (K1 and ¥n) 166
Yoley (X4 and in) 94
AR 70-90{0r, Hi and Ma) 46
HOB f11$li apd M¥n) b1
RDS #1 (N4 and Man) S2
Man~Ten(languness ) 10

JABLE IX

SPRAPRGIC  RACTORS

Sample Cealeulatiens: Chyogium

1983 Produstion af Chremiwm in U.3, wae 0.2 Netrie Tone
1938 Imperistisn of Chremiwm into U.8, was 90,56 Metrie Tons
1932 Rxpertatisn ef Chremiwm frem U,S, was

1952 Censwption of Ohremiws in U.3, was . trie Tons

Therefore, the Strategic Tastor for Chromiwma im:

» 7
W n 45‘9: oy s i
] 1
® .

3milarlys
Piekel % ° 4z
Manganese 1(% 3 Ted

Twngsten % 446

*Thus, the Strategic Weight of GCor-Ten 3%eel is:
Cr £ dimes Cr fwator plus Mm /i times Mn fuctor

Or: 150 X 4B = 479
30 x Ted _E*
Strategie eight
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STELEL, WIGH TBLSLLE, FUl i b oal si

{ShHouTS, PLALES Al 3PKIS)

I. GibLEILAL SekClFICATIUNS.

l. the ocurrent iscue of the following specificatione in
effect on tho date of invitation for bide, forme part cf this
apecifiocution:

Fsderal WevMel5l Metals, General Spcaifiontiocn
for Inspection of,

Us 8o Army 100-2 Stundard Specifieaticr for
Karking Shipments.

II. GQRADES  TYPES CL.35ES, BTC.

"1, Grades. This epeooifiocation covers one grade of HiGH
TELSILE sfeel,

2, o High Tensile steel shull be of three types
as apeoified: .

Type 1 e Sheets,
. - Iype 11 « Plates.
Type II1l ~ 8trips.

Distinotion between shests, platee and strips i2 in-
cluded in 3ec¢tion 1V, Table I, of thie specifiocation,

3o Conditjons.

8. Sheete and etrips shall be furnished in the fol-
loving oonditions as specified: _

A=l Hot Rolled Mormalised.
A= Ho¢ Rolled Annealed,

Ae8 Gold Rolied, RGO
Ao4 Head Treated.

A«5 Bright Annealed,



e )

L PR UL Bnedl Do vues sohod o bew Lol iouig
Coke ey By wpecitied:

=l ITHE holdlud w8 :ulled.

B« HoOt l01led Lorinulilized.

B=3 1ot 50lled snmeuled.

B4 tcut Trewted,
imterial may be pickled and/or o0iled as ovucodfied; 17
deairable to have the meterial unciled. it should be 50 o.wied
in the nurchase order. DTheetp and strips securcd niciiod o
onld rolled ehould be o -dered oiled.

X 11 . § ul’m;AIaL A“D “01;},;14‘111! 3151?.

. Loe{n) The ingotc . slabs or billete from which the vhsota,
platoe or pirips are mace shall he manufactured by the oicctr!c
furnsce or op9n hearth processg.

{b) Sugfiolent discerd shalil be tu.en from ouch ingot,
slob or billot %o ipsure freedom from injurious pioing and un-
v dune oy regation,

{¢c) Unleog othearwise enecified, the materisl chali to
¥ fasr rehed in one of the following conditicnp et the ontion of
the menufecwurer - Al, A2, A3 eor Bl, B2, BG.

2.i{8) All sheota, plates and etripes shell be flat, frec
4 from peams, luminaticne, blisterz, snakes, excessive and de~
tachuble scsie, or any coiher injurious defect, and shall huve

a smeoth, dull finieh.

{b) Material ordered piokled rhall be wholly free from
soale.

(o) Material may be either roller or stretcher leveled,
but sheets, plates and strips (except coils) shell he commer=
cially flat, :

IV. GrNERAL REQUILEMELTS,

1. The steel furnished under %this specification may be
of nny chemiecal analysis, excoept as limited in Tadle II, whioh
~  will produce, dy proper fabrication, a material which meets:
. the physicsl property requirements of Tadble III, and whiok:will
weld with reasonable faoility by the wsual technique. o

e

Best Available Copy



o . 2eoty, wlnter and atTipt coos Aok pal nod oo L s
—% partls o wendition, thicknage wnd ittt oF theea V0L o o
product s o phown in iable i,
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S WHDL SUCCEBIPUL Culial. w‘l‘@n nlML. s U, ui S5 CRN O UL PR
Boovios hows TdE PRYSICAL a0 Clnii€olry Vi, I S O O R S
SUdero o ah BATINEACYIOL Uy M o aals Ok ahf;ﬁfﬁl ST
vide rdo o L SHIPK. T

REEE
Pty

Uniform »larﬁi“ ¢ 'cz ox
¥ eY ?

theoeta, lates Strins
i . PP . e :.,, o . v - - . .,.-'...“ : - encs s e S o
s2=1/0" ioider Chen:.ider suun: 24"  ::tder
tor $3:", Lese 67, Lopp 4 1.0 : lian
Product :leos :Than A" tihan 24" 3 48" :48Y .
- : : :00ebU + 07250 :OVIGTE
: : <%hick nurd :Toick and:Thick and
. Plules  iNone sliong L un. TP i
Shieety ¢ : ‘ : “”'“’6£EFF”““" YOBG T
Hot : : : tThick to :Thick te
¥ holled _ :liome 1ione 1LOL6 10250 1001675
Shnety : : : : :
dot sLoss ThuniLess {Thau :..cps ihap :lLess rhani:less Thun
; Kolled sON2EC : 05034 :000b¢% :6o009 : 03069
.. Annosliod $Thiok s:Thick :Thick :Thick tThiok
Zheets H : H : H
Cold : 127 to 24" wide 3
1nllas H Less then ON0EH Yhieck s  AYL Thieknesucs
: 1 :12% to 24" :
Stripe : Q7029 : :
Oold : uesp Than 12" wide :Trick und @ :
holled ¢ All Thicknesges tupy shone tlione e
ripe 100 $Us sUolU H H
kot tto ito ito t 1
Hollied 102260 2 0a2b0 $002bU tbhone tNone

NOTE:» Material 6" and narrower, and 0J260 thiok and thicker
ehall be ordered as dar atoox.

L]

. 5, Plates may be aither shesred or odgo rolled, dut nust
i; ne within “he dimensional tolerancesr shown in paragruph Vede

_—
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o Uuau by ocddiention conlowstiog ool o
g o cnwelihed Lo the conbragt 01 nUTONNGe OFU0L, dih.ig s
W phetohes prell acconpany the caverticement Tov biucn,
Garodl B gbiid B,
1.7aj Chemical Composition, utesiv of any chemicui v .=~
nogition whutsoever muy be furnisnol urder thic pnecific:lion
cubjeet to tho limitations of Table ii  provided the cumrusi-
vioen Turpirhed is within the 1imiter ntoted by the econtractor
in hin original bid.
{u) the chemicul analysis reported in the Cui vy v uii':
CrL itk LEPORT ohull be made from drillings taken at lenct
10 benenth the surfuce of o test ingot taken during ihe soure
g el the melt, and there shsll be &l leust one such asnal;cis
fre: ench melt from wihich the wateriul le made. N
N {c) A particulur chemlcul analysis may be snecified iu é}
she conireaet or nurcihuse order vl the option of the precuring @)
TR 21 FRUNLI
Tab o Ll e)
: Yy
. vhemwionl Comnoeltion )
Q]
o e ™
¥ ¢ Carbon Ue3by Kaximum :3;
: lilckal 1,004 " 1)
Platen s Sulphur 2 0B% " lf?
L Snee s : Curbon G.20% Maximum
and : *Kickel 1,00% n
3tripg *  Sulphur « 0b%: "
PHUTE:« Praeference will be given to steels of compositions
containing the least number and yuantities of
strategiec materisls.
2n(a) ggxsgca% Propertien, Steels furnished on this
specification sha oconform to the physical properties re-
quired in Table III.
(b) Any detail requirement not inocluded in this speci-
£ication end deemed necessary to the procurement of satisfao-
or, HIGH TENSILE material, shall de incorporated in the oon-
. %raot or purchase order,
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Floter Lengation d" - b
nv Lo 4w N Ly "'u Yivu 2" - '"Zw
snick o Ped dest vunldr e g Ahorergy L F e

. E 'n;“' POBCOR
e e el bEY B0 0 ATe wndfer ent.icre Weldiie

© Yiold obrenzth - 4D, U006, su, i M3utioar
rlutes v SDlonratiorn 8" - 25,0 *
Lave oun ¢ Bloupation 2" - 0¥ i

2" 2100 ¢ Dend YWent (Qold) - 1800 Vi dic oatar of
Ll‘.l- e ni3ig .

e+ e Mae Y be of are and/or “G’ tyione scidirg oueso.
! Yilodd Strerstth - S0 VUL rae . e Lndaue
sheats | Adonresion in L7 = 204 !
wpd siczpntion in 27 - 18000 "
Houd Yest 'Cold) = 1809 4o o ddumeter of 1

Styripo
thiciness on matertial €7f ¢

to CCZto.

Bend Test (Coldj = 180° flut on material < . .00
thick or lesss

Hust be of Arc and/or Acotylens -elding nmuiily

®9 se ©0 e¢ aw o= o

ROTE:= Unlese vtherwige specified, elo: ation msy be mou=
gured im either a two or eight inch geuge lenwiing

3. Feriziesible Variations.

{a] Sheet and 5trip Thickneaa: she permicsible vurju=
tions iu thicknees of sheets and siripe shall be shown in
Tables 1V, V and VI,

{b) Plate Thiokness. The permicaible variations i
thicknees of platee shall not exoeed 07010 under the thiokness
ordered. The variation over the ordered thicknesse shall not
exceed the limits set by the American Steel Meanfsoturers

3tandard Practice,

(o) Plate %idth and Length. The permiesidle variutioue
in width end length annf? hot exceed 1/4" under the width or
length ordered for sheared plates, nor 1/8" under the width or
length ordered for rollod edge (Universal Mill) platon.

Y T

Best Available Copy



OU ex

{01 40 Canbor.
cwaaud 14671 eheh Tive teet of iensth,

i} uirip Camber,
ceuvd I/47 1n guck

the nori.io .

Jermicvsible

Pla gorher sl g

cumbor i vurin shsd

eight fecet 0f length for stirin wii v

ther 14", or $" Ain esah eight feet for stulp 13" wide oi ~ure

rovorTe

{f) Sheet Cambder.

contorn to Table VI,

1/0m" 3

AOTE =

(¢) 8trip FPlatucsou.

rermigegilla

camber in shenta ' ...

Maximwa permievible bov ghull .

u oach eight feot of length.

TaBLE ¥

Pormissidble Thickness Vuriutions

in Sheetn

Fermipsible
variation :
vruered “rom wrdered 'ﬁf’
fhicknees ~ Inghen Ynickresans - jucnoe '®)
02260 <0l O
01249 to 0,220 0.01L Q2
0,219 to 0,190 o014
0,182 to 0,160 7,013 Y
0169 to 0,140 ¢.012 (1]
0.139 to 0,120 C.011 S
0,119 to 0,100 C .00 N
0,099 to .C8C 0,00 z,}l
V.079 to C,O07TC 0..008 Vi
0,089 to 0.080 0. 007 Q
0,069 to 0,060 0,006
0,049 to 0,040 0 005
0,039 to 0,030 4,004
0.089 0,003

The asbove tolerancee will not
or thicker in widths over 60",
sheets shall bs plue or minus

annly, to sheets 0J100
Tolerunces for euch
0"01lb.
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cerrargini tolorsncee with reejocet to phyoloal dime:eiors
el Lt ahin)] apwnlye.
‘. _ofiuvitiona.

e

‘ la; dot liglled ﬁoﬁggligod material shall be nir cooled
fror. the final hot ro € temperature, or may bLe rehesnted to
% teunerature suffiolently adove the oritioal ranpe to produoe
fruin rofiinoment, und then be cooled freely in stili air at

rocr tomnerature. Such shents shaoll be free from heuvy scule.

{b) dot lolled Uniform annealed material shall be re-
‘ieuted subsequent to final hot roi!%ng to a temperuturo suffi-
cientiy above the oritiocul range to produce zrain refinemant,
osad then be elowly oooled, This prooedure shall be conducted
in puch & uannex that tine finished »nrodudt shall have a uni-
fore color snd etructure. Such sheets may be given one puse
¢old rolling or roiler leveling to flutten,

(o) Cold .~ollied Sheets.

le Cold Kolled Sheets will be produced with a full
vickled, full annealed treaiment and sufficient cold rolling to
nroduce 8 high degree of smoothness.

Zo Cold Folled Strip shail be produced by cold re-
duction end finished to & high degree of smoothness.

(d) Heat Treated materisl shall te slowly and uniformly
houted to the sorrect temperature above the oritiocal range,
#ud Yhen be quenched in an appropriate gquenohing modium.

(e) Bright anngaled material shall be annesled in such
8 macuer tha o mater is unoxidised by this operation,
and the Zinigh produnced prior to bright annealing shall be sub-
stantially tho same after the annsaling operatior .

Vi. MBTRODS OF INSPEOTION AND TESTS.

lofla) C gop. Cheok analyses be made by the
inevector or thron n any Government lLaboratory or other
denignoted representutive, and wishout cost $o the eontractor.

(b) Samples for cheok chemical analyses thsil be wakex
by :uohining ?ﬁo entire oroes=ssotion of tenaile tast spesimens.

able GopY

Y.

gest Aval
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€ kal0 ON QULCH MOLL GEI QicGit. cir. i) hrye LA

ce St thickneesg of lute, obLeul o wiria.

fhi Focuile Jpnoimon = bieets nud Lrhpie s Lo
o vaseinop Jor cheete ond sirior erall cu- Torr v G

<+l wi-r.nions of dpeocimon UYL [, leetian v, 3
e Tientlon L =kelbl,

L
*
-

{2 Tavpile Jpegimen = :inten,

Lo UYT loias ariov L7 bk thicknesB, o Loaw v
v o oevimen enall conform to no foem il Gl onriann ol

Soovsoen GYFL 2, dcetionm 1V, Purt b, vederuli Gnaenidicuticn

»iim 101 . .

Se FOor slateR LT tuick aru uvexr, tho Leiuiom tert
Saecieen goll gonform te tie forn ana L ensiurag of TYrZ 1,
section IV, rart b, ¥Yederul opecificition . w~id=ifl,

{4} Benu Zvegimer = Jhonip Lwud 3irism. e bend it
spacinen ghall consimt of & aLrip At 1saBt a8 »ide as the
airlo mmierial when thle iz less Lhan 2", und for cheats ac”
vide strip, the spooimene shall de oi leaet 2" wide; ail tend
apeciiens siell be not less theon ¢+ lewg, with the sdges ~wn-
arined ourailel and ronndef to voi mo-e than }/16" radius.

( (e} Band 8pegiman = laten, ‘Le benc toet wpecimens
ror plute mafor!af ehall be at Teast 1-1/2" wide with voth

edpoes muchined paranllel, Material thicker thun 2" sy de re-
duced to 2", but one rolled surfucs must be bent in the teat:
the sifee of plate specimens 8hall be rounded Lo nO%T more t:ua:.
1/6" radlue.

(2) gngg;gggfiahsll be tuiken with the pgruat:, Ll.0., in
the direction of rolling, of the sheet, strip or nlute. un

thiek plates, the epecimen shall be taken from midway betwee:r
tre center and one surface of the plute. The lnspector may
tuke more than one tenmsile and one beni mpecimen if he so

nlecte,.

(&) 3 mens or epeginene walch break out of
the gnupe leng & ¢ disoarded and another sudstitated.

Best Available Copy

3.(n) Yield 8 . S e Yield Stremgth
2f eheotn and strips shall be the stress in pounds ner sguare
trioch osloulated f£0r the load at which an elongation of 01006
par ineh of gauge length ooours, This elongation may be deter=-
mined by the "divider method"”,
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CuE T et o e, whe dlreretor T enten G800 e
oAk * »
cageolian chomda’s o suL ity L ¥y Lor P T
J?U St PiantAc LGy fosc 0F the o meotr ob o nural o L
cali o bo wojocied nod b aendoncolor ot Tlea, ERAEEE
R iwjjvionp defecin witdle batn fLuirtouted | einlt w- .
feates nd the contruciesr not” Tloo
‘V’i.‘.,‘ :-'.“:I..!‘:I £ oy " ‘ L
1 iﬂ@n Afieutic s ail w0, mooales or BUrPine {0
106 L&78 8Lt OF Huber Lo hent all be leplbly ptam va T
tupged . ith une nmeit or heat vwaler, ur the contructor's .o -

‘tlfioution vumber, anu the mauufsciturer’'s nume Or bLIuud., i
identification mur. shull azppoar ir the Lertified
Physical ané Chemicul rroperties < poriie the tabdulatliorn

theego propertiss.

ae ort of
of

2, Invoice, vwosing slip v munifest of ehipmert v.sli
be rocompanied by the Certificd e ort or & copy 02 guci: o=
port st the time of shipment., 1f u cop? ie cent with the n'i -~
ment, 6 the Certifled lLerort ehcll (0ilow at the eurlliest oo

P
‘M0

R
el h e B NG

7, Moterisl eha’ll ite paokeu Jor wanipment in accordmnce
with commorcial praotice for accoptmunce by comaon upnd other
oarrier for pafe transportation. ut lovegt cost, tc the pluce

.0f delivory.

4, 3hsets shull be properly pepuruted by pgrude und bLe
protecled upafust corrosion,

U. Sheets 1/16" or lees iu thioknees shall be boxed.
3heets over 1/16" t¢ 1/8", inolueive, shall be either %oxed or
crated; shoets over 1/8" shull be oithor bundled or wrapned.

6. Strips shall be furnighed in coils vhen and se ordered,

7. hwarking for shi ment shall be in mocordanoe with re=-
quiromonts of S8pecification 100eg,
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GuraaFre g wovernmant dravinge, spoelvicntiong, ok

s e ute 3T Bhde Goeelli g tiun Yoy Lo Lwiles e
T e mnnwlory owun G4ll o procariip sgnncior 0 Lho LT,

»

v v oe wred Jor any ourpore other than in conneollior ol
sotiidiely relatod Government nrocarement o ernlion, tue o
~Litas tovaroment theredy incurs no respongibi ity or nny o
sation whtsoever; sand the frct that the Government ay nuew
Tornulnted, furriched, or ip any vway sunpliecd the unld ~rawe
inge, specilications, or other duu 18 not to be reogardec '
imanlicetic.. or othorwicge us in any wanner licensing the .l
cr uny other aereon Or oornoratiori, or couveyling sny rightu
orusesion to anufacture, use or sell any putented invertio:
tnnl wuy be In any way related theretlo.

HUhidte  Coples of tnle specificuatlsn nmuy be obtalned fr.:: G«
i"fiee of the Chiet of Urdnunce, :nehingtor, D. €,
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