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INTRODUCTION 

Kaiser Steel's slogan~" Bu ilt to Sen 'e the West"- recogn izes the fact thai the 
\alue of a steel mill 10 a region is mC:lsured by the wily in which it meeLs the needs 
of its customers. 

The I'neifie COllst's first and only full y integrated iron and steel plan I al Fontana. 
California, was founded to meet a great need ... demands fo r steel in the West far 
exceeded production. A basic steel industry was essenti al to the industrinlizatioll of 

the WesL 
As demands for steel have continued to increase in the nation's fastest growing 

area, IIddi lional iron and steel-making capaci ty and rolling mi lls ho ve been added 
al the steel Il lan ! in all almost uninterrupted program of expansion and di ... ersillca
lion. We in-Kaiser Steel ~re grateful for the support of ou r tho usa nds of fri ends in 
Western industry who have helped make this history of growth and de\'elopment 

possible. 
We are pleased to presellt this General Catalog 10 give you read y, specific infor· 

mot ion on Kai!Cr Steel products. From it . you will observe that the wide range of 
filli shed and semi·fini shed products make the Fon tana plant one o f the most widely 
<liversifi e<l steel operations in the country. It is a plan t buil t upon strong eeonomic 
founda tions of raw mater ials lind operat ing efficiency. High grade iron ore is ob
tained only 164 miles from Fontana at the Company-owned mine at Eagle Moun· 
tain , California, g iving Kaiser Steel one of the sho rtest ore hauls in the nation. 
Coking coal comes from the Company's mines 01 Sunn ysi<le, Utah, one of the Illost 
modern ami low cost la rge coal propert ies in America. Usi ng these Western raw 
materia ls. Kaiser Steel has esta blished nationally recognized blast f urna(.'C practices 
and has what is believed to be Ihe lowest coke consumption per ton of pig iron pro
duced of any U.s. steel plant. 

With its three blast furnaces, nine open hea rth fu rnaces, 225 coke ovens and 
nine separate rolli ng mills turni ng out a wide varicty of pro<lucts tai lored to the 
needs of the Western market, the Fon tana plant is a busy place, ol>eratin g in most 
departments on a 24-hour basi s. But the Ol>crators a re never too busy to show the 
plant to visi tors. So, if you have not yet seen the magnitude and drama of steel 
making at Fontana, please consider Ihis an inv itation to visit the plant 01 your 
earliest opporluni t),. The salesman who calls on you. or anyone else in the Kaiser 
Steel orga nization, will be happy to arrll nge a lour for you. 

Sincerely, 
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ILLUSTRATIONS 

The photographs throughout this catalog tell the slo ry of steel in the West. 
From its iron orc mines on the California desert and its coal deposits in Utah to 
its blast furnaces, open hea rth furnaces, blooming mills and ' fini shing mills al 

Fontana, California, KAIS~:R STn;l 's story is a dramatic one-olle Ihal is ranked 
by the Southwestern sect ion of the American Society of Mechanical Engineers as 
one of the seven engineering wonders of Southern Ca lifornia. But 11 0 1 only do 
the photographs show the complex operations of a great sleel mill in action, they 
also graphically illustrate a major force behind the West Coast's declaration of 
industrial independence. 
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2,100,000 tons of ore, averaging S4 per cent iron content, leave Kaiser' s Eagle 
Mountain open pit mine annually for the short 164 mile rail haul to Fontana. 



1,600,000 tons of volatile-rich (001 are mined annually by the 
Kaiser-owned mines at Sunnyside, Utah . 



Fontana Is situated in one of the largest steel scrap generating areas in the country, 
providing the plant with a ready supply of low COlt .crap for Ule in the open hearth •. 



Besides iron ore and coal, the third ra ..... material needed for Fontana's pig iron 
producing blast furnac., Is lim.,ton., ..... hich is supplied from Nevada deposits. 
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On the casting floor of a Kaiser Steel blast furnace 250 tons of pig iron are 
drawn off every five hours. Three furnaces are in operation . 



Molten iron from the blast furnaces is poured directly into the open hearths to be 
refined , along with scrap and other ingredients, into high quality steel. 

"---- -- - - - - --



The nine open hearth furnaces at Fontana overage 220 tons of steel at each 
topping . The mill now has a capacity of 1,550,000 ingot tons per year. 



r 

A ladlemon operates a stopper rod thai pe rmits molte n steel to flow through a 
noule in the bottom of the ladle into ingot molds. Ingots are poured in many 

shapes and sites to meel varying rolling require ments. 



Ingot5 t05e some of the ir heat afte r they leave the open hearth building 50 are 
reheated in 50aking pits to a rolling te mperature of approximate ly 24000 F. 



Tra ined personne l in a variety of departme nts at Kaiser Steel stand ready to assist 
customers with theIr steel problems. 

--- ---------------
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KAISER CUSTOMER SERVICES 

The Kaiser Steel Co q>Onllioll has within its operating llnd sales organizations 
&c"crnl departments Wilicllllcti,cly assist customers in selccting und securing tllci r 
steel requirements, cncouTllge them in the dc"elopmclll of markets for tllci T prod· 
uets, ai<1 in market research. freigh t ril le studies, crc(li t problems, advert ising 
problems. and the like. 

MnAlLuRlilCAL EN6INEUS. Th is staff, carefull y selected because o f ils exper ience 
om!llbilily to work with customers. is 8\ailable 10 pro\·ide technica l service, make 
steel recommendations, and Si\c helpful suggestions for the CC()llornical processing 
of steel products to insure that customers re<:ei\'c steel suited to their particular 
needs. 

QUALITY CONnOl o IVIS IOH . This division exercises close control of all processing 
operati ons to insu re the production of highest (Iuality steel. Metallurgical ob· 
servers and mill inspectors ove rsee steel rolling operations, make dimensional 
checks, al1<l take samples for lesting during the manufact uring processes. The 
division has completely cqui pped laboratories 8ml facilities for making chemical 
and metallurgical investigations, inclu(ling comprehensive ph)sical tests. 

PROJECT EHG IH EERS. Ineluded in the sales department, this group makes the sen'· 
ices of Kaiser Steel Corporation a\'ailable to the construction industry by pro\'iding 
designers, fabri cators, and con tractors with necessary technical al1<l product in
forma tion. They geuerate good \\ ill for western customer fabricators, jobbers, and 
manufacturers in the construction industry. They are-constantly working in con
junction with the American Iron and Steel Institute in the revision of building 
lind const ruction codes and SI>ccificlltions so as to safeguard the interests of the 
sh:d ilHlustry. Thcy arc conti nunll y de\·eloping new markets for the products o f 
customers and IIssist in the steel lind construction indust ries, in the (Ievelopmen t 
o f Ilew speci fications, uses, nnd markets for steel. 

CUDIT DEtAUt.4EHT. This depnrtment is available to assist customers in working 
out the financial deta ils which arise in connection with the purchase of steel. 

T .... fFIC DEtAUt.4EHT. Of valullble IIssistance to customers in problems incidental 
to the transportation of steel, this department is constant!) engaged in impro\'ing 
transportation service wll ich ult imately rellects economies to 1111 western steel users. 

GEHERAl PUHHIHti . This department continually mcasures and analyzes the re
quircments of the westcrn steel I11nrket. This data is coonl inated with other relevant 
in(orl11l1tiol1 into plans for thc ordcrl y developmcnt of fucili tics which will most 
efficiently meet the demands of western consumers. An annuul summar y of wcsteru 
steel consum ption is prepared by this department for distribution to interested 
steel consumers. 

These services have lx'Cn establi,.hcd as an integral part of the Kaiser Steel 
program, providing customers with complete service fu ci litics to augment ils 
steel producing units. It ill full y intendcd that these services be still further ex
tended and improved to keep pace with thec\'er-expanding steel· making operations. 
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Research and development proiects are continually in progress in the steel 
laboratories, resulting in new products designed for Western needs. 



CLASSIFICATION OF STEELS 

I 

I 
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CLASSIFICATION OF STEELS 

TYPES OF STEELS, CLASSIFIED BY METHOD OF MANUFACTURE 

The steel industry, in keepi ng pace \\ ill! mount ing demands for steel, has 
demonstrated the economy of the blast furnace process for reducing iron ore to 
iron, and the open hearth process for making steel frolll irOI1 and scrap. 

The blast furnace reactions are essentiall y red uc ing while the controlling re
actions of the open hea rth process aTC ox idizing. When sleel is being made in 
the opell Ilca rth furnace and the oxi<lizing reactions have rCllched the desired 
slage, the licluid lIIelal conta ins oxygen. This oxygen reacts with the ca rbon in 
the sleel 10 form gas. Unless the oxygen is eli minated o r combined with a de
ox idizer hefore the liquid steel is cast into molds, gas evolution will continue 
<lurin g its solidification ill the mold. It is t he method of deox idizing or making 
use of the gases e\'oh'ed during solidification that determines the t}pe of steel 
which is made of the liquid metal. 

The grades of steel which may be produced ill the open hea rth furnace can be 
made to va ry in chemical composition from almost pure iron to a product of 
complex alloy. Fini shed stee!s which arc produced with chemical compositions 
wi thin the sl>ccified limits of a gi\'en grude, hO\\'c\,er, can hu\'e widely <lissimilar 
chemical and ph ysical characteristics <lue to pouring and rolling practi(.'cs. Ka iser 
Steel Corporation employs e\'ery known modern practice to improve internal con· 
ditions and surface quu lity, such as hot lopping, controlled heating 1111(1 rollin g 
practices. sl>ccial disca rd, controlled cooling, special surface prepa ration, and 
inspection procedures. 

Ingots are generall y cast in molds Illude of cnst iron. The molds a re tal>cred 
and a re normall y la rger at the bottolll th lln a t the top so that they llIa y be readily 
!d ripped from the cast ingot. The cross section of most ingots approximates a 
S(luare or rectangle with rounded corners and the ir height is always the greater 
dillleusioll . Ingots are generall y cast with the big clld down. For eerta in purposes, 
howe\'er, they ma y be east with the big end up and sometimes they a rc cast with 
a sink head o r hOi top. 

The size li nd shul>C of the ingot influences the cha racter and magnilu<le of the 
phenomena of gas e\'olution and the result ing chemical segregation which occurs 
during steel solidifica tion. Othe r complicating factors which affect the llmount of 
segregation lire the cllsting temperature and the inherent segregating chnractcr
istics of the elements in the stecl. 

Kaiser Steel Co rporation makes four types of steels, namel),: Killed. Semi.K illcd. 
Capl>e<i and IHmmed. Each t ) pe is madc for distinct purposes and each has in 
herent ad\,llntnges and characteristics which determine its economic use. 

KILLED steels are deoxidized steels. They lie qu ieti ), in the molds with only 
slight gas evolution, but a shrillkage ea\,ity, commonly termed " pi l>C," forms ill 
the top of Ihe ingots <luring solidification. Provis ion is always made to disca rd 
that part of the ingot contain ing pipe. Killed steels a re cha racterized by impro\'ed 
internal !!Oundness and more uniform chemical composit ion. Their structure and 
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hardcllabilit ) JUay be controlk'<l to g i\ e a desired rCSl>onse to heat treat men!. i\'lost 
higher carbon steels and the alloy steels lire produced us killed I\";c ls. 

SEMHm.U;U steels are partia ll ) (Ieox idized. The degree of deox idation used 
ill lUaking this t)'l>C of steel prod uces ingots IUH'ing less segregation than rimmed 
steel and les! " pipe" than ki lled slL'<!l. Klli ser Semi-killed llolle<1 Steel Products have 
interna l soundness and good surface. They a re widel y usc(1 for plates, structurals, 
bars nnd other applications al1(1 comprise the major portion of the tonna ge pro
duced b)' Ka isc r Steel Corpo ratioll for structural purposes. 

C.l.I-I' E!) steels are those ill which the controlled gas e\'olutioll is stoPI>cd shortl y 
aftcr the ingot is cast by freez in g over the top of the ingot. Gns formed after the 
ingot is capl)ed remains wi thi n the ingot alld counleraels shrinkage during solid· 
ification. Capped steels arc somewhat similar to rimmed steels in st ructure. They 
are used interchangeabl y with rimmed steels or wilh semi ·kille(1 steels fo r selected 
applications where their clm raeteris ties and economic factors mnke them the 
logical 1)'l>C of steel. 

HIMMEl) steels nre not deoxidi zcd. I\n evolution of gas is allowed to occur wllile 
till' stpcl freezes inward to form II rilll surroundill g the ingot. As n result of the 
gas evolution. rimmed steel ingots have a rim of hi gher purit y metal while the 
cen tral pa rt or co re conta ins more earl>on. phosphorus and sulphur thlln the 
a\ crnge content of the ingot. Himmed steels are generall y made low in carbon. 
They form a la rge pa rt of the nation' steel ton nage al1(\ are used for innumerable 
puq)Oscs beeause of thei r econom)'. sound surface and good drawing prol>crties. 

TYPES OF STEELS CLASSIFIED BY CHEMISTRY 

CAIIHON STHL is so classified whcn no minimum contcn t is specifi ed or requircd 
for Alulninum, Boron, Chromium, Cobnlt . Columbium, l\l olybdetlum, Nickel, 
Titanium, Tun gsten, Vanadium or Zirconium. or any other elcment added to 
obtain a desired allo) ing effect ; wllell the spccifie<1 minimum content for Copper 
does not exceed 0.40 I>cr cent ; or "'hen the maximum cont ent sl)CCifie<i for any of 
the follo\\ ins elemenls (Ioes not exceed the I>crcentage notoo : Manganese, l .65 l>Cf 
cent : S il icon. 0.60 per cent : Copper. 0.60 I>cr cent. 

In all carbon steels small (Iuantities of certain rcsi(lual elements that are not 
specified o r re(luired a re unavoida bl y reta ined from raw matcrinls. such as COPI>cr, 
Nickel, Molybdenum, Chromium, etc. These elemen ts are considered as incidental 
al1(l are Hot normally determined or reported. 

ALLOY STU:!. is so clilSs ifie(1 when the maximum of the runge g iven for the 
content of ullo)' illg clements exceeds olle or more of the following limits: Manga
nese, 1.65 I>cr cent : S ilicon . 0.60 I>cr cent ; COPI>cr, 0.60 I>cr ccnt ; or in which a 
definite range or a defin ite min imum (IUantit )' of an)' of the following elements 
is specifie<1 or re<luired within the limils of the recognized commercial fi eld of 
allo), steels: Aluminum, Boron, Chromium up to 3.99I>cr cent. Cobalt, Columbium. 
Mol)lxlenulll. Nickel. Titaniulll, Tungsten, Vnnadium, Zirconium, or an)' other 
alloying element adde<i to obtai n a desi red alloying effect. 

Smull quantities of eertain elements nre present in allo), stccls which are not 
specifi ed or re(luired. These clements are considered as incidentul and rna)' be 
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preseut to the following maximulII amounts: Copper, 0.35 per cenl ; Nickel, 0.25 
per celli ; Chromium, 0.20 per cenl and Molybdenum, 0.06 per cent. 

COMMONLY SPECIFIED ElEMENTS 

The effects of a single clement on steel· making practice or steel properties arc 
innuenced by the effecl.s of other elements. These interrelations, frequently o f (I 

complex nature, must be considered when evaluating a change in speci fied com
posi tion. 

The first four elemen ls briefl y discussed in the followin g paragraphs ATC those 
111 0s1 generally speci fic(1 in carboll steel. 

C ...... ON. The surface qua lit )' becomes impaired 8 8 the carbon content inc reases 
ill rimmed steels. By contrast. killc(1 steels have poorer surface in the lower carbon 
grndes. Carbon segregates withi n the ingot, and ]x.-cause of ils maj or effe<;l 011 

propertie! it! segregation is fre(luentl y of more ! ignificallce than that of other 
elements. 

Ca rbon i! the principal hardening elemcnt in steel, and a! ca rbon illcrcases, the 
hanlness of steel increases. Tensi le strength also illcreases as the carbon increases 
up 10 about 0.85 per cent carbon. Ductilit), and weldabilily decrease with inerea!· 
ing carbon . 

MAN(;ANUE. This element has a lesser terulency than carbon to segregate within 
tile ingot. Manganese is benefi cial to !lurface quality in all ca rbon ranges, partieu. 
larl y so ill high sulphur stcels. The one exception is extremely low carbon rimmed 
steels. 

Manganese COll tr ibutes to !lt rength ami hardne!lS, but to a lesser degree than 
ca rbOIl. The amount of increase in these properties is depelldent UJlOIl Ihe carbOJl 
con ten t, i.e., higher cllrbon steels are affected more by manganese than lower 
carbon steels. Increasing the manganese content decreases weldabilit y, but to a 
lesser extent than carbon. Manganese increases the rate of ca rbon pellet rat ion 
during ca rburizi llg. 

PHOS~HORUS has a tendency to segregate within the in got, bei ng exceeded in this 
respect usuall )' by sulphu r and carbon. 

Generall y, increaSC(i phosphorus results in greater strength and hardness and in 
less ductilit y and notched impact toughness. This is parti cularly truc in higher 
ca rbon steels that a rc quenched and drawn. Phosphorus improves resistance to 
atmospheric corro! ion, and in the lower carbon steels it impro\·eg machinability. 

SUL~HUR has a greater tendency to segregate within the ingot than an y of the 
common elements. It is detrimen tal (0 surface quality, particularly in the lower 
ca rbon and lower manganese steels. 

Generally, increased sulphur results in decreased transverse ductility and 
notched impact toughness, hut hilS only a slight effoct Oil longi tudinal mechanical 
properties or hardness. Sulphur is beneficial 10 machinability, and the im prove· 
ment in this characteri stic is the only reason for adding sulphur to steel. Welda· 
hility decreases with increasing sulphur. 

SILICON is one of the principal deoxidi1.ers used in steel·making. and, there1ore, 
tile amOUllt of silicon present is related to the type of steel. Silicon is somewhat less 
effoctive than manganese in increasing strength and hardness. It has only a sli ght 
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tendency 10 segregate \\ ithin tile ingot. III the lower carbon llicels, silicon is detri
mental 10 !iurface <Iunli ty a nd this conditi on i ll morc pronounced in the lower 
carbon resulphurizcd grlldcII. 
CO~'El has 8 moderate tendency 10 segregate wi thin the ingot. Since copper is 

nol removed by any of the conventional steel-making procC!SCII, it is be<:oming 
increasingl y di ffic ult 10 maintain low copper maxima. Copper is detrimental 10 

lIurface <Iunlity and exaggerates su rface defe(;ls inherent in high sulphur steels. 
CoPI>Cf in apprecia ble amoun ts is detrimental to hot working operations. It 

affects forge ,,'clding adl·crsely. but does not seriously affect arc or acetylene 
weld ing. 

In the SlIIall amounts used in corbon steels, coppe r has no significant effect on 
mechanical properties. It is, howe\"er. beneficial to atmospheric corrosion resist· 
ance when present in sufficient amount s. 



In the 36-inch blooming mill ingots are reduced to slabs and blooms. 
He re a slab emerges from the bloomer on its way to the plale mill. 



S.£MI-FINISHED PRODUCTS 

Ell 
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KAISER SEMI-FINISHED PRODUCTS 
Semi-fi nished products a rc c1assific(] as blooms, billets, sln hs and sheet baTS. 

No invariable rule preva ils for disti nguishing between the terms blooms and 
bi llets. The terms are used interchangeably, their chief distinction be ing their 
difference in cross-sectional arell. 

Semi-fi nished products a r~ usually ordered for fur ther conversion by reroll ing 
or forging . Herolling qualit y is sui table fo r conversion 10 such products as sheets, 
lin plate, plates, shapes, ba rs and rocls. Forging qua lity i5 used in making all types 
of fo rg ings which, lifter machining, Illllst be free from inj urious defects. 

Two general manufactur ing methods are cmplo)c<] ill the production of Kaiser 
Semi-finished products, the method used be ing determined by the size and quality 
of material ordered. In olle case, the product is rolled on a 36·inch blooming mill 
di recl from the ingot. In the second case, the ingot is rolled to lin in termediate size 
on a 36-ineh blooming mi ll. comlitiolled. reheated and rerolled 0 11 a 29·inch billet 
or slab mill to ordered size. 

011 all Ka iser Scmi·fi nishcd products, in<l uiries for sizes not listed are invited 
for special consideration. 

BLOOMS AND BILLETS 

TABLE I 

SIZES OF KAISER BLOOMS AND BILLETS 

Sil e in Inchel Ft. WI. Corner Radius 

2X 1( 2X 21.25 Yo 
2Y. I( 2M 25.71 Yo 
3 d 30.60 K. 
3X I( 311 41.18 Yo 
4 ,4 53.79 Yo 
5 ,5 8] .86 Yo 
6 , 6 120.76 Yo 

Bloom and Billett are " 'ailable in tengths from 10' to 30'. 
Sizes shown are regularly produced. Larger lizes may be produced and 

inquiries are invi ted. 

- SLABS 

Kaiser Slabs suitable for rerolli ng, forging and machining are produced in sizes 
from 2Jh 10 3 inches in thickness by 4 to 16Jh inches in width. La rger si zes ma) 
be prod uced and in<lu iries a re invi ted. All lengths a re su bject to inqui ry . 



= • 

KAISEl S TEEL CO"~O.ATION 33 

SHEET BAR 

TABLE 2 

SIZES OF KAISER SHEET BAR 

Minimum Width Thickness Range Minimum Weight 
Inches Inches Lbs. per Ft. 

-
7 y. to IV. 8.9 
8 " 10.2 

10 " 12.8 
12 " 15.3 
14 112 to IIh 23 .8 
16 " 27.2 

Sheet Bal'S are available in length& from 15' 10 30'. 

STANDARD PRACTICES 
TOLERANCES 

Sem i-fi nished products tI rc produced to nominal cross section within a weight 
tolerance of plus or minus 5 per celli for individual pieces and plus or minus 2% 
per cent for ca rload lots. No dimensional tolerances apply. 

Semi·finished products 8 fC ordered in t OilS of 2,()(X) I>ounds snd are invo iced 
on mill scale weights. The theoretical weight of stccl is calculated on the basis of 
0.2833 lb. per cubic illch. III check weighing by the purchaser, variation from 
invoiced weights up 10 olle per cen t is normal cxpcclancy due to possible scale 
\'ariations. O\'cr o r undcr shipmcnt of 10 per cell I. is considered standard within 
the industry. 

CUTTING 
In general practice, scm i·flllished products are cut to length by hot sheari ng. 

Other methods, such as hot sawing or name cuning, arc also used. 

END PREPARATION 
When the end d istortion or burrs normally encountered in regular mill cutting 

methods a re not satisfactory to thc purchaser, end prepara tion ca n be performed 
by chipping, grinding, o r olher means, dependent upon facilities avai lable. 

SURFACE CONDITIONING 
Semi.fin ished steel products normally contain urface imperfections in var)'ing 

degrees after the final rolling operation. Depending UpOIl tile SI>ecificd quulity 
and end use of the product, sem i· finished products may be condit ioned by remov
illg injurious surface imperfections by chipping, sca rfing, or grind ing;. 

INSPECTION 
When the purchaser's speci fi cations stipulate that inspection and testing (except 

check analyses) (or aceeptnncc o f the steel be made prior to shipment (rom the mi ll, 
Kaiser Stecl Corporation affords the purchaser's inspector ali reasonable facilities 
to dctermine thallhe sleel is being furnisluxl in accorda nce with the specification. 



Kaiser Steel plate is finished on this "three-high" mill stand in widths up to 96 inches. 
The large dial indicates roll selting, permitting accurate control of the plate's thickness. 
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KAISER PLATE 

Within the stcel industry, fllli rolled sleel products over 6 inches wide and .2300 
inch o r more in thickness 10 over 48 inches wide and . 1 BOO inch or morc ill thick
ness are generally classified as plate. Shea red plate has all edges trimmed. Universal 
Mill or U. M. plntc is produced with rolled edges lind is shea red 10 length. 

Plates are used in the construction of bridges, bui ldings, dams, towers lind other 
stationa ry structures. Large amounts of plate are used in the transportation indus
try for locomotil'CS. ships, railroad cars and heavy trucks. Steel plates II rc used 
extcnsi \'ely ill the fa rm lind indusiriu l lllllchinery field , and for pressure vessels in 
the chemical lind oil industry. Large lonllnges o f p181es are required for lank 
cars, pipe lines, storage tllnks and conta incrs for trunsport and storage of liquids 
and gases. 

Kaiser Sheared Plates and Un i\'crsal j\'lilI Plates ure rolled to numerous industry 
specifications, including (I tl8iit y classi fi cations. Exa mples of the more common 
of these specifications are gi \'cn 011 puges 2()6.215. All pl ates produced by Kaiser 
Steel Corporation a re rolled from slabs. ;\11 slabs a re subject to inspection and 
surface conditioning before roll ing. 

Kaiser Steel Corporati on's shcarc<1 plate mill consists of two units : a two·high 
re\'ersi ng, roughing mill and a llO· inch three·high finishing mill. The max illlUIll 
width o f plutes rolled 0 11 th is mill is 96 inches. The rolling faci lit ies also include 
an 86-inch continuous mill having six stands of four.high rolls, built in tandem 
with the plate milt. Th is mill fini shes plates of lighter gages in widths up to 
72 inches. 

Uni \'ersal Mill Plate, ha\'ing edges which a rc formed in the roll ing of the plate, 
is p roduced in tile thicknesses of % inch to o/s inch inclusive, on the Compan y's 
skelp mill, and ill thicknesSC! of V:? inch to IV:? inches, inclusive, on the Compan y's 
29·inch struct ural mill. 
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Thick- Wt.per 
Sq . Ft. 

nen inlbs. 

~. 7.65 
l{ 10.20 
K. 12.75 
V- 15.30 
U. 17.85 

Y, 20.040 
K. 22.95 
V- 25.50 
% 28.05 
Yo 30.bO 
Yo 35.70 

I 40.BO 
IX 45.90 
1M 51.00 
IV. 56.10 
I X bl.20 
I ~ 71.40 

2 BI.60 
2M 91.80 
2X 102.00 
2Y. 112.20 

3 122.40 
3Y. 132.60 
l Yi 142.80 
3Y. 153.00 

4 163.20 

KA I SE R S T EE l CO RP ORATIO N 

Over 
36"to To 
42" 48" 

480 
480 480 
480 480 
480 480 

480 480 
480 480 
480 480 
480 480 
480 480 
480 480 

480 480 
480 480 
480 480 
480 458 
480 420 
411 3bO 

3bO 315 
320 280 
288 252 
2b2 229 

240 210 
221 193 
205 180 
192 Ib8 

180 157 

TABLE 3 

SIZES OF KAISER PLATE 

Maximum Length (Inches) 

WIDTH OF PLATE IN INCHES 

To To To To To To 
54" 60" 66" 72" 78" 84" 

480 480 480 480 480 480 
480 480 480 480 480 480 
480 480 480 480 480 480 
480 480 480 480 480 480 
480 480 480 480 480 480 

480 480 480 480 480 480 
480 480 480 480 480 480 
480 480 480 480 480 480 
480 480 480 480 480 480 
480 480 480 480 480 480 
480 480 480 480 443 411 

480 480 4Sb 420 384 3bO 
480 451 407 373 344 320 
448 402 3bb 3bb 310 288 
407 3bb 333 305 282 2bl 
373 33b 305 280 258 240 
320 288 2bl 240 221 205 

280 252 229 210 192 180 
248 224 203 18b 172 IbO 
224 201 183 Ib8 155 144 
203 183 Ibb 152 141 

18b Ib8 152 140 
172 ISS 141 
IbO 144 130 
149 134 

140 12b 

37 

Thick· 

To To 
ness 

90" 96" 

~. 
480 l{ 

480 420 K. 
480 480 V-
480 48) U. 

480 480 Y, 
480 480 K. 
480 480 V-
480 458 % 
480 420 V-
384 3bO V-

33b 315 I 
298 273 IX 
2b3 I X 
244 IV. 
224 IX 

IV. 

2 
2Y. 
2)1 
2Y. 

3 
3Y. 
3X 
3Y. 

4 

Sheared or Gas cut circl~ in thicknesses of ?_ " through 4" and in diameters within the 
range 01 widths shown for Ihe thickness are available by speeial arrangement. 

, 



38 KAISll S TEEL C Ol ~ O.ATlO N 

TABLE -4 

SIZES OF KAISER U. M . PLATE 

Weight Per Foot in Lbs. 

Thick· )4" Xl' ~" )1" Yin Y." Ya" I" I Y. " IW' 
nen (.250) (.312) (.375) (.500) ( .• 25) (.750) (.875) (1.00) (1.25) (1.50) 

Max .. 85 Carbon Max, .60 Carbon 
Width 

;0 72" to 126" lengths 120" to 480" lengths 
Inches 0' 

168" to 252" lengths 

7 5.950 7.438 8.925 11 .90 14.88 17.85 20.83 23.80 29.75 35.70 
8 •. 800 8.500 10.200 13.60 17.00 20AO 23.80 27.20 34.00 40.80 
9 7.650 9.563 " .480 15.30 19. 13 22.95 26.78 30.60 38.25 45,90 

10 8.500 10.630 12.750 17.00 21.25 25.50 2'U5 34.00 42.50 51.00 

" 9.350 11.690 14.025 18.70 23.38 28.05 32.73 37.40 46.75 56. 10 
12 10.200 12.750 15.300 20040 25.50 30.60 35.70 40.80 51.00 61.20 

Mu .. 25 Carbon 

13 11 .050 13.810 16.575 22.10 27.63 33.15 38.68 -H.20 55.25 66.30 ,. 11.900 1·4.880 17.850 23.80 29.75 35.70 41 .65 -47.60 59.50 71.40 
15 12.750· 15.940· 19.1 25 25.50 31.88 38.25 44.63 5 1.00 63 .75 76.50 
I. 13.600· 17.000· 20."00 27.20 34.00 40.80 47.60 54AO 68.00 81.60 

- .-
-All * ~, Ii", %" size. ean be produced in coils except thoOIC marked by an a~lerisk, 
U. l\I. plate of epecia l lize~ a nd chemistry may be produced upon 81Je<li aJ arrangement. 

DIMENSIONS Of PLATE 

THICKNESS of plate may he designated either in inches or in pounds per S<luare 
foot, except that thickness of pilltc intended for pressure vcssels and plate in excess 
of 8l.6 pounds per square foot. is customaril y expressed in incheg. Plate weight 
is calculated on a theoretical weight of 40.8 pou nds ller s<!uore foot per inch of 
lhickne&S. 

When plate thickness is specified in inches, the thickne&S is measu red % inch in 
from the longitudinal edge, and will not customarily be under the standard toler
ance of .010 inches. Variation in weight will generall )' lle o\'er the theoretical 
we ight because; (1) the edge thickness may \'ary above the requi red minimum, 
(2) the plate may be slightly crowned due to rolling conditions and (3) dimension s 
Illa y 'fary as a result of shearing. Plate may be ordered to a maximum and min· 
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ifl\ulII thickness in inches, but such orders are subject to negotiation. The allow· 
able \'a riatiolls in platC! ordered to thickness are showll in Tables 5, 6, and 8 on 
pages 42 and 43. 

When thickness is SIK.'C ified in pounds per square foot , lhe plate is rolled to 
8\'erage weight and the thickness 011 the longitudinal edges will be less than the 
e<luiva lent for the sl>cci fi ed weight. Due to rolling conditions, the plate increases 
slightly ill gage toward the middle. The allowable \·ariation ill weight for plate 
ordered to weight per sCluare foot is shown in Table 7 on page 43. 

\VWTIl AND L.:NGTII OF Pl.An: are ordinarily expressed in inches. If the plates 
are for resquaring, suitable shearing allowances beyond lIorlllal variations should 
be pro\·ided. The greater of the two surface dimensions is generall y considered 
length unless otherwise stipulated. When direction of roll ing is important, the 
dimension re(luired as length should be definit ely indicated . 

Allowed standard variations in width and length for plates, and restrictive 
shearing tolerances are given by the Shea ring Tables on pages 44 and 45. 

SPECIAL CONSIDERATIONS 

The difficulty of shear ing plate increases with its thickness and hardness, makin g 
it necessary for heavy plate to be gas cut. Plates are commonly conditioned for 
the removal of surfuce imperfections by grinding, or weld ing followed by grind· 
ing. Plates are sometimes pickled or blast cleaned prior to surrace inspection . 
Sometimes special tests, such as Illacroetch, impact, segregation, and homogeneity 
tesLs and magnetic particle inspecti on are requi red before shipmcll !' Orders for 
plates necessitating special surface conditioning or closer inspection than custom· 
arily employed, are subject to negotiation. 

MANUFACTURE- JESTS- INSPECTION 

All Kaiser Plate is subj ect, during manufacture, to mill insj>ccti on and tests for 
control of quality and workmanship. Test specimens for physical and chemical 
tests prescribed by the Sl>ccification to which the plate is produced are taken in 
duplicate from the parent plates as they are la id out for shea ring to ordered size. 
Hundreds of tests are performed each da ),. Metallurgical test reports are furni shed 
to customers as stipulated by the specifIcation or order. All tests required to assure 
adherence to the specification are made before the shipment is released. The pur
chaser's inspection represcntati\'e will be afforded all reasonable facilities to in
spect material during manufacture and prior to shipment. 

QUALITY 

Steel quality, as the term relates to plate products, is indicati ve of many con
ditions, such as degree of internal soundness, relative uniformit y of mechanical 
property characteristics, chemical composition and relative freedom from injuri
ous defecLs. Combinations of these conditions determine the quality of the plate. 

The list of plate qualities shown on page 40 indicates grades of plate Kaiser 
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Steel Corporation is prepa red 10 fum ish. Inquir ic!I IIrc inv ited for regular and 
special <Iunlit)' plates made to meet the rC<luiremcllts o f any accepted standa rd 
speci fi ca tions. I II Secl ion 19 of this catalog are given II number of standard specifi. 
cation!! which are commonly used in industry. Plates over .35 carOOIl and .60 
manganese are, however, acceptable only liS killed steel. 

REGULAR QUALITY 

Regula r <Juality is the COIIIIIIOII designation for carbon steel plates and is usu
ally speci fi ed 10 chemica l composition ranges and limits. When stock steel plates 
arc specified, or when no chem ical composition limi ts IIrc specified, plates having 
a max imum of 0.33 per cellt carbon, based on lad le analysis, nre commonly 
produced. 

Plates furni shed to chemistry, as stock plate, mild steel plate, or other t rade 
designations, are not customarily produced to mechanical property re<luirements 
nor are physical test reports covering such mechanical properties furnished. 

SPECIAL QUALITY 

Specia l (Iualily plate has been dc\'eloped lor Illany classes of service. The pro· 
duction of <Iuality plate for a specific service requ ires spec ial manufacturi ng 
practices, addi tional metallu rgical cont rol and inspection procedurcs. 

The following list of special plate qualities and their applications is given fo r 
collvenient reference. 

STitUCTURAL QUA LITY plates are intcnded lor application ill structures such as 
bridges, bu ildings, structural steel for locomotives, railroad cars a nd other mobile 
equipment. 

HOT PIIESSING QUALITY plates are intended for ordinary hot pressing, flanging 
or bending work. They are not intended for deep drawing, cold forming, or for 
pressu re vessel construction. 

COLI) PItESSI NG QUAl.ITY plates are made of soft stcel, which can be bellt or 
formed either longitudinall y or transversely at ordinary temperalUre by good shop 
practice. Cold bending <Iunlity plates a rc of higher tcnsile strength and are used 
where greater design stresses with less se\'ere forming are contcmplated. 

DRAW ING QUALITY plates are produced of low ca rbon steel suitable for drawing 
into idcntified forms. 

FOIIGI NG QUALITY plates are intended for forging, heat trea ting or simila r pur· 
poses in which uniformity of composition nnd freedom from injurious defects are 
essential. Plates of this (Iunli t)' are produced by a killed steel p ractice to chemical 
ranges and limits. 

FLANGE, FIREBOX, LoCOMOTI VE FUNGE, LOCOMOTIVE FIltEIJOX ANI) l\fAIIINF. 
QUA LITIES necessitate rig id controls and close supervision of mill practices. which 
are based on experience in producing each given grade of special quality plate, 
together \.' ith inspection at all stages in the process of manufacturing. The freedom 
and scope of application of steel for the sevcral <lualities are of necessity progreso 
sively lim ited as the end use becomes more severe. 
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Flange qualit y plates nrc intended for npplicntiotl in pressure vessels and for 
sim ilar purposes except when ex posed to (ire or radian t hent. 

Firebox <Iualit y plates nre intended for ap j)lica tioll in pressure vessels when 
ctposed to fire o r radiant heat where they a re su hj ect 10 thermal and mechanical 
stresses. Firebox quality plates may also be used for unfired pressure vessels in 
lieu of flange <]uality and fo r similar purposes. 

Locomoli\'c flange quali ty plates a rc used in the construction of locomotive 
boilers. 

Marine <Iuality plates are in tended for application in pressu re vessels and com
bustion chnmbcrs of ma r illC boilers and arc common ly processe<1 10 meet the 
requiremen ts of marine engineering inspection. Thi s (Iuali ly is made to n killed 
steel practice and with an addi tional <Iiscard. 

STANDARD PRACTICE TABLES 

V~ri~tions for Dimensions ~nd Wcrkm~nship 
All dimenlions in inches unless otherwise shown 

The accuracy of hot rolled dimensions is infiuence(\ by mall Y factors such as 
heating practice, reduction between passes, roll wear. roll pressure, al1<\ compo· 
si tion of steel. The cumulative effect of these, as well as ot her facto rs, precludes 
hot rolling to exact speci fi ed size and thickuess and re<luircs that prO\'isions be 
made for variat ions. 

The accompan yi ng tables indicate the dimensional li nd weight \'a rinti olls as 
may be expected ill Kaiser Plates. 
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TABLE 5 

THICKNESS 

Plates Over Two Inches in Thickness 

Rectangular Plates and Universal Mill Plates 

Variations Over Specified Thickness for 
Widths Given, Inches 

Specified Thicknesses, 
Inches To 36 36 to 60 60 to 84 84 to 96 

excL exd. excl. indo 
-

Over 2 to 3, exd. ~. ~. " Yo 
3 to 4, exc!. '" ~. " Yo 
4 ~. Yo .-

'" • 

V 8.Tialion onder silec ified Ihickncn, 0.01 inches. 

TABLE 6 

THICKNESS AND WEIGHT WHEN ORDERED TO THICKNESS 

Plates Two Inchel and Under in Thickness 

Rectangular Plates and Universal Mill Plates 

Excess in Average Weight of Lots- for Widths Given in 
Specified Inchel, c:pressed in Perce ntages of Nominal Weigh' s 

Thicknesses, , 

I Inches 48 and 48 exd. to 60 to 72 72 to 84 84 to 96 
under 60 exd. exd. exd. incl. 

To l4 excl. 7.0 8.0 9.0 [0.0 12.0 
l4 to )(~ excl. •. 0 7.0 8.0 9.0 10.0 
)(. to Vi excl. 5,0 •. 0 7.0 8.0 9.0 
Vi t o W. excl. 4.5 5.0 •. 0 7,0 8.0 
W. to X excl. 4.0 4.5 5.0 •. 0 7.0 
X t o V. excl. 4,0 4.0 4.5 5.0 •. 0 
Yt to Y. excl. 4.0 4.0 4,0 4.5 5.0 
Y. to I excl. 3.5 4.0 4.0 4,0 4.5 
1 to 2 incl. 3,5 3.5 4.0 4.0 4.0 

Variation under s]Joe(!ified thicknCS!!, 0.01 inchet. 

-

, 

I 

Variations in overweight lor circular and s.ketch plate. are 25% g~ater than the amounts 
given in the abo,·e Tablet. 

Variations in o,·erweight for single plates aTe I '"AI times the .mount indiuted "bove. 
The adoJ)led standard density for rolled steel i. 0.2833 pound per cubic inch. 
- The term lot means sll thc ]llates of each tabular width and Ihickllen grou p represented 

ill each shipment. 

. 
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TABLE 7 
WEIGHT WHEN ORDERED TO WEIGHT 

Plates 81.6 pounds per square foot and under 
Rectangular Plates and Universal Mill Plates 

43 

Variation in Average Weight of lo"- for Widths 

Specified 
Given in Inches, Ex~ressed in Percentages 

of the Speci led Weighh psI. 
Weighh, poundli 

-48 elCcl. 72 84 per square foot 48 60 
aod to 60 to 72 to 84 to 96 

under elCei. elCei. elCd. indo 

• • • • • • • • • • • • • • • • • • • • 
> " <5 " > " <5 " > " 0 < < 0 < < 0 < 

" " " " " 
To 10 elCei. 4.0 3.0 4.5 3.0 5.0 3.0 5.5 3.0 6.0 3.0 

10 to 12 .5 excl. 4.0 3.0 4.5 3.0 5.0 3.0 5.5 3.0 6.0 3.0 
12.5to 15 elCei. 4.0 3.0 4.0 3.0 4.5 3.0 5.0 3.0 5.5 3.0 
15 to 17.5 excl. 3.5 3.0 3.5 3.0 4.0 3.0 4.5 3.0 5.0 3.0 
17.5t020 elCei. 3.5 2.5 3.5 2.5 3.5 3.0 4.0 3.0 4.5 3.0 
20 to 25 excl. 3.5 2.5 3.5 2.5 3.5 3.0 3.5 3.0 4.0 3.0 
25 to 30 elCei. 3.0 2.5 3.5 2.5 3.5 2.5 3.5 3.0 3.5 3.0 
30 to 40 excl. 3.0 2.0 3.0 2.0 3.0 2.0 3.0 2.0 3.5 2.0 
40 t081.bincl. 2.5 2.0 3.0 2.0 3.0 2.0 3.0 2.0 3.5 2.0 

Varia tions in weight for circula r Ind ~ ke t ch Illites are 25% greater Ihu the Imount~ given 
in the aoove Tlble&. 

Varia tions in weight for single plateli are I Y., timel the amount indicated 111O,·e. 
The adopted standard density for Tolled steel i8 O.2833llOund per cubic inch. 
- The term lot mcans all the plalel of each tabular wid th and th ickncli8 group re llTeeoented 

in each shipment. 

TABLE 8 
RESTRICTIVE THICKNESS 

Plates Two Inches and Under in Thickness 
Rec:tangular Plates and Universal Mill Plates 

Tolerances Over and Under in Decimals of an Inch 

S~ecified 
Variations· Over and Under Specified Thickness 

for Widths Given, in Inches 
T ickness, 

Inch" 12 and Over 1210 24 to 3b 36 to 60 
under 24excl. excl. excl. 

. · To Y. excl. 0.012 0.012 0.014 0.016 
Y. to }1 excl. 0.012 0.014 0.016 0.018 
}1 to ~ exel. 0.014 0.016 0.018 0.020 
~ to I exel. 0.016 0.018 0.020 0.022 

I to 1}1 excl. 0.020 0.022 0.024 0.026 
1}1 to 2 incl. 0.024 0.026 0.028 0.030 

- VI Tiation under of 0.01 mches IS somellmes sj)eci Jied, in which ca$e the vatia tion over is 
equal to the sum 01 the over and under tolerancel minul 0.01 inehe .. 
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TABLE 9 

WIDTH AND LENGTH, SHEARED PLATES 

One and One-Half Inches lind Under in Thicknen 

Length of Un iversal Mill Plates 

Two and One·Half Inches and Under in Thickness 

Specified Dimensions, 
Inches 

Variations over Sfedfied Width and 
length for Thic nen, Inches, and 

Equivalent Weights G iven 

To Y. ~Ho Y. Yo to r I to 2 
exel. exd. e.d. incl .... 

To 15.3 15.3 to 25.5 to 40.8 to 
lb. per 25.5 lb. 40.8 lb. 81.6 Lb. 

Widths l engths Sq. Ft. per Sq. Ft. per Sq. Ft. pe,. S~. Ft. 
excl. exd. exd. Inc. 

• • ~ • • • • ~ - - - - - - .. 
~ 

~ ~ ~ ~ ~ 

~ c 
j 

c 
j 

c c • • • • ~ ~ ~ ~ 

To 60 excl. To " V. K. l; V. Yo l; I 
60 to 84 excl. 120 K. l; V. % l; V- l; I 
84 to 96 inel. exel. Y, Yo Yo V- Y. I I IV. 

To 60 exd. 120 Jj Y. v. V- Jj I Yo IYo 
60 to 84 excl . to Y, Y. l; v. y. I V. IX 
84 to 96 incl. 240 axel. K. V- % % W. IY. I IYo 

To 60 exel. 240 Jj I V. IX V. IX Y. IX 
60 to 84 excl. to V. I V. IX Y. 1M V. ns 
84 to 960 incl. 360 e tel. ~. I % IX V- IYo I I }'J 

To 60 exd. 3bO K. IX Y, IX l; IV. Y. IV. 
60 to 84 exd. to V. I l{ V. IYo Y. IX V- IV. 
84 to 96 inel. 480 ere!. ~. IV. Y. IY. V. IV. I IY-

To 60 e.d. 480 K. n~ V. IX ~ IV. Y. H" 60 to 84 e.d. to V. I ~" Yo IX Y. IV. V. lli 
84 to 96 ind. 600 e.d. l; IV. Y. IX V. IV. I IY. 

To 60 e.d. bOO V. IX Y. IX Y. IX V. 2)1 
60 to 84 e.cI. to Y. IX Y. IX V. IX I 2)1 
84 to 96 incl. 720 incl. Y. IX Y. IX V. IX IX 2X 

Variation under 5peeilied .... idth and length. % inch. 
·Length tolerance •• pply .!&o to U. M. pllte. up to 12 inches in width for thiekncQt. over 

2 to 2lh inche. iDclu,ive. 
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TABLE 10 

CAMBER 

Sheare d Plates and Universal Mill Plates 

Two Inches and Under in Thidneu 

number of feef of length 
I/ e in. X 

5 

TABLE II 

RESTRICTIVE SHEARING 

One Inch and Under in Thidness 

45 

Width and Length of Sheared Plates: Length of Universal Mill Plates 

Variations Over Speci. Vari,dions Over Speci. 
fied Width, In. fied Length , In. 

Specified 
Thickness. When Width is, In. When length is, In . 

Inch 
To 72, Over 72 To 120 Over 120 to 

indo 1096 incl. indo 240 incl. 

To X, exct. Y, ~. K. K. 
Y. to ~. exel. K. Y, Y, K. 
Yo: to t. indo Y, K. K. Y, 

Variation under specified widths and length!. ~ inch. 

TABLE 12 

ROLLED WIDTH, UNIVERSAL MILL PLATES 

Two Inches and Under in Thidness 

Specified Dimensions. 
Variations Over Specified Width for Thickness. 

Inchel, and Equivalent Weights Given 
Inches 

To ~ ~ to v. , Y. to I, I to 2, 
excl. exc1. exd. ind. 

To 15.3 Lb. 15.3 to 25.5 25.5 t040.8 40.8 to 81.6 
per Sq. Ft. Lb. per Lb. per Lb. per 

Width exd. Sq. Ft. exd. Sq. Ft. exd. Sq. Ft. exd. 

Over 6 to 20, excl. Y, Y, ~. Yo 
20 to 36, .xd. K. Y, K. Y, 
36 and over X. Y, K. Y, 

Variation under specified " 'idth, %I inch. 



• 
'6 KAISE R STEEl CORPOII:ATIO N 

TA BLE 13 

WIDTH AND LENGTH, GAS CUT RECTANGULAR PLATES 

Specified Thidnesses, V.Hiations Over for All Specified 
Inches Widths, or lengths, Inch 

To 2, exel. Y, 
2 to 4, exel. Yo 

These variations may be taken all under or div ided over and under, if so specified. 
Plates with uni,'ersa] rolled edges are cut to length only. 

TABLE 14 

FLATNESS 

Re ctangular She are d Plate s, Univ e rsal Mill Plates, 

Circular and Ske tch Plates 

Variations from III Flat Surface for 
Widths , Lengths or Diameters, 

Specified Specjfied Given. Inch es 
Thickness, Weights, lbs. 

Inches per Sq . Ft. 36 to 48 to 60 to 72 to 84 to 
To 36 4B 60 72 B4 96 
excl. exel. eld. exel. exel. incl. 

--------
~ To Yo excl. To 10.2 exel. Yo Yo IK. IYo IJti 

Y. to Y. exd. 10.2 to 15.3 exel. U. Yo Yo IK. I y' IY. 
Y. to X exel. 15.3 to 20.4 exel. Y, Yo % Yo Yo I 
X to M exd. 20.4 to 30.6 excl. H. U. Yo % Yo Yo 
Yo to I excl. 30.6 to 40.8 excl. H. U. Yo % % Yo 
I to 2 excl. 40.8 to 81.6 excl. Yo Y, U. Yo Yo % 
2 to 4 incl. 81.6 K. Yo H. Y, Y, H. 

The longer dimension specified is considered the length and the variation in fla tness along 
the length should not exceed the tabular amount for that dimension. 

When the length exceeds 144 in. the tolerances shown for 1"'1 in. apply lor any 12 It. 0 in. 01 
the silecified width or length. 

The variations given in alJ.)\"e table apply to plates which have a s~cified maximum tensile 
strength 01 not o,·er 72,000 Ibs. per !HI. in. or equivalent hardneSll and 10 nange, Firebox and 
Marine Quality 1)lates up to a specified maximum tensi le strength of 90,000 lbs. ller sq. in. 
For plates specified to higher tensile "rength or hardness, the figures given in the table are 
customarily increased by 50 ller cent. 

The above table and notes also co'·er the va riations for flatneSll of cireular and sketch plates, 
based on the maximum dimensions. 
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TABLE 15 

DIAMETER, SHEARED CIRCULAR PLATES 

One Inch and Und e r in Thickness 

Specified 
Diameter 

Inch es 

Variations Over Specified Diameter for Thicknesses 

" 
xd. 
xd. 

To 32 , e 
32 to 84, e 
84 to 9b, i ncl. 

Given, Inches 

To Y. , exd. Y. to y. , exd. Y. to I, indo 

V. ~ Yo 
K. ~. U. 
'~ Yo ~ 

No ,-aria lions under. 

TABLE Ib 

DIAMETER, GAS CUT CIRCULAR PLATES 

Four Incoh es and Unde r in Thickness 

Specified 
Variations Over Specified Diameter for Thicknesses ! 

Given, Inches 
Diameters, 

I to 2, excl. 2 to 4, indo I Inches Tor,exd. 

To 32, exd. ~ Yo U. 
12 to 84, exd. K. U. 1> 
84 to 9b, indo K. % 1> , 

No variation8 under. 
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ORDERING PRACTICE FOR KAISER PLATES 

In o rder to morc c1C1lTl y describe the material desi red and to 3\'0;<1 misunder· 
standin g, purcha~rs' inquiries and orders for Plates should spc(;ify the following 
dcwils: 

1. Quantity. 

2. Size. 

3. Specification. 

4. End use. 

5. HC<luired inspection, if other thnn mill inspection. 

6. Special loading practices, i f applicable. 

7. Shipping deslinaliOIl . 

8 . HC<luired rouling. 

9. Hc<!ucsted delivery. 

10. Distribution of shipping notices, invoices, and bills of lading. 

Plates a re invoiced on mill scale weights. In checkin g weight by the purchaser, 
one per cent is considered a variation in weight 10 account for difference in kind, 
type, location and accuracy of the scales nlld possible errors of the weighers. 

In cases of large quantitics of one size and thickness there is the possibilit y of 
error in count. For such lots, the count is considered as approximate and weight 
the more accurate. 

... 
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NOTES 
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52 KAISER SlEEL COR,OIATION 

KAISER STRUCTURAL SHAPES 

Struclurnl shapes is the gcneful term applied to rolled flanged sections used 
in the construction of bridges, bui ldings, lowers, ships, ra ilroad rolling stock and 
for numerous olher constructional purposes. In general they consist of equal and 
unequal leg angles, channels, I beams, H beams or column sections, wide flange 
beams, bulb angles and tee sections. 

Kaiser Structural Shapes are produced in both regular and special seclions. 
Regular sections arc those for which there is II popula r and constant demand, 
such as standard beams, channels, angles, column sections and wide flange 
beams. Special sections are those that. due to a fluctuating demand, a rc rolled at 
irregular intervals or require special rolls. Included in this group are the miscella· 
lleoUS ca rbui lding and shipbuilding channels, bulb angles and tee sections. 

Structural shapes are produced by passing blooms or billets through a ser ies of 
groovcd rolls. There are three stages in the rolling: fi rst, the roughing, where 
rough. forming of the section begins; then the intermediate, in which the forming 
is continued; and fina lly the fini shing passes. 

Typical slages in the rolling of structu ral shapes are shown on page 53. The 
method of increasi ng sectional areas and weights of sections from the minimum 
nominal sizes by spread ing the rolls is illustrated 011 page 54.. 

Kaiser Structura l Shapes arc rolled 0 11 a 29·illch cross·country mill, composed of 
a three.high rougher, a three.high in termediate stand and a two·high fini shing 
mill. Structu ral shapes are rolled from heated blooms which first pass through 
the rougher laking the form of the pass in that set of rolls. By alternately re\'ers· 
ing direction, the steel is progressi \·ely formed in following passes until its final 
shape is accomplished by the fini shing rolls, after which the shape is sen t to the 
hot saw for cutting 10 mill lengths. At this point , samples a re taken for laboratory 
tests. After cooling, the shapes arc stra ightened, inspected, sheared or cold s8wc<1 
to ordered length and given final inspection before shipment. 



BILLET . 

Typical slages in the rolling 
of angles and channels 

INGOT 

BLOOM 

BLOOM 

~ 

"~------'1"-------''' 
• Roughing ~nd W 

Forming Pant-s 

; 1 ~ 
A~ Finishing Pass W 

Several intermediate passes h~ve 
been omitted for clarity 

53 

BILLET 
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ROLLING PRACTICE 

Kaiser Shapes are rolled 10 con form 10 the rC<lui rements of standard structural 
speci fi cations for bridges and buildings, for ships, for locomotives and cars, and 
for structural silicon steel or high strength low ulloy structural steel ( Kaisaloy). 
Material conforming 10 othe r specifications may be furni shed by special a rrange
ment. 

The dimensions and weights of shapes published in Ih is calalog are theoretical 
and a re subjcct to the usual industry va riations. 

All Kaiser Shapes are normall y produced ill lengths up 10 65 feel. Longer lengths 
arc subj ect to special a rrangement. 

Fig_ 1 Fig_ 2 

H 
Fi~. 3 Fig.4 

Fi gures 1 to 4 iIlUSlrate the method of increasing the areas alld weights of 
Ka iser Wide Flange Beams, Colu llln Sections. Sta ndard Beams, and Chan nels. 
The thickness of the web mH )' be changed with a corresponding change in the 
Hange width. 

Fig. 5 

In the case of angles, as shown in Fi gure 5, eq ual increments are added to the 
thickness of each leg, which also slightl ), increases the length of each leg. 
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KAISER WIDE FLANGE BEAMS 

All segmen ts of the West's construction industry- architects, engineers, con
tractors, fnhri cHlors-ha\'c enthusiastica ll y welcomed the decision of Kaiser Steel 
to produce wide Il:lnge structural !Jelllns. 

Kaiser \Vide Flange Beams nrc proll ing in countless new structures bui lt by 
principal western fabricators th allhey possess all the characteri stics required for 
efficient construction. Engineers lind fabricators like them beca use the}' ofTer a 
bonus in strength. 

Kaiser Wide Flange Beams werc designed for rolling on the Company's 29-inch 
! lfuClUrnl milL which is equipped with horizontal rolls. Wide flange beams rolled 
on this I } pc of mill are slightly larger in a rea and stronger than other wide flan ge 
beams. and the inside faces of the fl ange! nrc gi\'en a slight tape r. Two sizes of 
beams are offered in each group frOIll 1::1 to 16 inches. They have substan tially the 
sa llie depth and width as wide f1un ge beallls produced on othcr mi lls and are, 
tllcrd orc. rcadil y in tcrchangeable in any normal steel structurc. 

This range of wide flange beams. together wi th the colu mn secti ons and stand· 
ard shnpes produced by Kaiser SteeL affords a group of popular structural sections 
which ca n be efficicntly employed in the design and constnlction of nearly all 
stcel structures. 

The section modulus of the lighter sections of Kaiser Wide Flange Beams about 
ax i! x-x and y-y will be found to be approx imately 10 per cellt and 3 per cent 
bellcr. respectively, than other wide flange beams. due to the increased weight 
which is in the flanges. The section moduli of the heavier sections in each group 
a re approx imntel y the sa me as in other wide flunge bea ms. These beams, therdore, 
ma y be used in the const ruction of uny normal steel st ructure with more limn C(lual 
efficiency_ 

The 8 by 6Y:t inch Kaiser Wide Flange Beams a re use ful as col umns as well as 
beams. Their radii of gyration approximates those of !imilar scctiom, and their 
area is 10 percent greater. Other sizes of Kaiser \'{' ide Flange Beams a re also popu· 
lar as columns in many designs due to their increased sectional nrea. 

Kaiser Wi<\e Flange Beams may be split along the web by the fubri cator to 
form T sections for use as tTU;;S chords and bracing, and for many other useful 
purposes. These T section! make excellent stiffeners for general plate work or in 
barge and shi p const ruction when the web of the T is tack-welded to the plate. 

ENGINEERING PROPERTIES 

On the following pages a re listed complete data on properties for design ing 
and dimens.ions for detai ling 011 all s. izes of structural sha~ prod uced by Kaiser 
Steel Corporation. Structural shapes of all sizes are sold 011 the basis of the 
theoretical weight per fool. The weights of rolled steel shal>CS in the following 
tables are computed on the basis of one cubic foot of steel weighi ng 489.6 1bs. The 
weight per linea r foot of the section is 3.4 times the sectional a rea in square inches. 
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I 
Nominal WI. 

Sin po. Aru 
Fool 

Inehel Lb. In.2 

16 x 7 45.1 13.26 
38.7 11.39 

1416% 38. 1 11.18 
32,4 9.53 

12 16112 32.5 9.54 
29.6 8.70 

IO x5~ 29.1 8.55 
22.9 6.73 

8 II 61,12 30.8 9.06 
26.1 7.68 

8 x 51,1", 22.5 6.61 
18.5 5.44 

KA IS ER S TeE L CO RP O R A TI O N 

TABLE 17 

KAISER WF BEAMS 

Properties for Designing 

FLANGE AXIS X·X 
W.b 

Depth Thid- Thick. 
Width n ... n ... , S • 

'0. '0. '0. '0. In.4 In,3 '0. 
15.B75 7.110 .487 0417 530.1 66.B 6.32 
15.875 6.992 .487 .299 490.8 61.9 6.56 

13.875 6.852 .440 .389 346.7 49.9 5.57 
13.875 6.733 .440 .270 320.2 46. 1 5.79 

12.000 6.570 ,456 .310 238.1 39.7 5.00 
12.000 6.500 .456 .240 228.0 38.0 5.12 

9.875 5.935 .3 89 .425 131.5 26.6 3.92 
9.875 5.750 .3 89 .240 116.6 23.6 4. 16 

1.875 6.675 .454 ,420 95.7 24.3 3.25 
7.875 6.500 ,454 .245 88.6 22.5 3,40 

8.000 5.395 .352 .375 68.3 17.1 3.23 
8.000 5.250 .352 .230 62.1 15.5 3.38 

y 

JEx 
, 

y 

AXIS V·Y 

, S • 
In.4 In.3 '0. 

24.2 6.8 1.35 
22.9 6.5 1.42 

19.2 5.6 1.31 
18. 1 5.4 1.38 

17.8 5.4 1.37 
17.1 5.3 1.40 

, 
11.2 3,7 1.14 
9,9 3.5 1.22 

18.6 5.6 1,43 
17.1 5.2 1.49 

7.5 2.8 1.08 
6.9 2.6 1.13 

All Flanges hll"c 60 lapet-and Ilange thickness is an II I"cra ge thickneM. 

I TABLE 18 

LIGHT COLUMNS OR H BEAMS 

Properties for Designing 

AXIS X·X AXIS Y.Y 
Nomi"ll WI. Aria Dlpth Width W.b 

Siu p • • .1 .1 .1 Thid · 
Foot Sict. S'" Fllngl nln , S • , S • 

l .. chlS Lb. In.ll '0. '0. '0. 1 ... 4 1 ... 3 '0. 1 ... 4 1 ... 3 '0. 
8.& 34.3 10.09 8.00 8.000 .3 75 115.5 28.9 3,40 35.1 8.8 1.87 

32.6 9.59 8.00 7.938 .313 112.8 28.2 3.45 34.2 8.6 1.90 

6.6 22.5 6.62 6.00 6.063 .375 41.0 13.7 2.49 12.2 4.0 1.36 
20.0 5.88 6.00 5.938 .250 38.8 12.9 2.57 11,4 3.8 1.39 

5>5 18.9 5.56 5.00 5.000 .313 23.8 9.5 2.08 7.8 3.1 1.20 

~,~ 13.0 3.82 4.00 3.940 .253 9.9 5.0 i.64 3.3 1.7 .95 

., 



Nomin.r 
Sill 

".e.hu 

16 x 7 

14 x bY. 

12)( 6)1 

10xSY. 

h6)1 

h SY. 

q~ 

Nomin.1 
Sill 

Inch .. 

h8 

6,6 

5,5 ... 
, 

WI, ,., D. pth 
Foot 

Lb, I" 

45.1 IS¥. 
38.7 ISY. 

38,1 Il Y. 
3VI IlY. 

32,S 12 
29,6 12 

29.1 9Y. 
22.9 9Y. 

30,8 7Y. 
26.1 7Y. 

22.5 8 
18.S 8 

, , 
, 

WI, , .. D. pth 

K"ISEa STEEL cO a' O a"TI O N 

TABLE 17 

KAISER WF BEAMS 

Dimensions for Detailing 

FLANGE WEB DISTANCE 

H.lf 
Width hid· hid. Thiel. • T , m 

n.n n.n nUt 

I" I" I" I" I" I" I" I" 

7X Yo K. K. 3lj 13 ¥. I 17Y. 
7 Yo K. Yo 3Y. IlY. I 17Y. 

6)\ K. Yo K. l Y. 12 W. IS)1 
bY. K. Yo Yo 3Y. 12 W- ISY. 

6K. K. K. Yo l X lOX W- 13Y. 
bX K. Yo Yo 3Y. lOY. 'K. IlV-

S l)(~ Yo ff. K. 2M 8Y. W- 11 )1 
SY. lj Yo Yo 2M 8Y. W. II Va 

61l{~ 1<. ff. K. l X bY. )\ lOY. 
6X K. Yo Yo 3X 6X )\ lOY. 

Slj lj lj K. 2)1 b)1 Y. 9Y. 
SX lj Yo Yo 2X 6)1 Y. 9Y. 

TA8LE 18 

LIGHT COLUMNS OR H BEAMS 

Dimensions for Detailing 

FLANGE WEB DISTANCE 

H.II ",., Width hid· Thid· hid· • T , 
" n. n nUt ness 

Lb, I" I" I" I" I" I" I" I" I" 

l4.3 8 8 ff. lj K. l Y. 6Y. )\ 2)1 
32.6 8 8 K. K. K. 3Y. 6Y. )\ 2)1 

22.5 6 bY. Yo Yo K. 2Y. 4Y. W. 2X 
20.0 6 6 Yo Yo Yo 2Y. . JoO W. 2X 

18.9 5 5 K. K. H. 2Y. l Va W. 2Y. 

13.0 4 ]lJi'~ Yo Yo X " IY. 2)1 Yo 2 

.7 

I 
U,u.1 
G'9' 

" 
, , 

I" I" I" 

2Y. Yo l )1 
2Y. K. l )1 

2Y. Yo l )1 
2Y. K. l )1 

2Y. K. 3)1 
2Y. K. ) )1 

2Y. Yo 2M 
2 K. 2M 

2Y. Yo 3Y. 
2Y. K. 3)1 

2Y. Yo 2M 
2Y. K. 2M 

I 
MI'. U,u.1 
R" G'9' 

• Riv. t , 
I" I" I" 

Yo Yo S)1 
Yo Yo S)1 

Y. )\ 3)1 

". Yo l )1 

Yo Yo 2Y. 

K. Yo 2Y. 
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I 
Nominll WI. 

Siu po. A ... 
Fo.I 

Ind ••• l b. t n . ~ 

20 . b t,l" 75.0 21 .90 
65.4 19.08 

18 x 6 70.0 20Ab 
54.7 15.94 

15 II' 5112 50.0 14.59 
42.9 12,49 

12:1 5 35.0 10.20 
31.8 9.26 

IOx4% 35.0 10.22 
25.4 7.3 8 

8.4 23.0 6.71 
18.4 5.34 

6.3% 17.25 5.02 
12.5 3.b l 

503 14.75 4.29 
10.0 2.87 

-h 21's 9.5 2.7b 
7.7 2.21 

KAIS E R STEEl. C OR' O RATION 

TABLE 19 

KAISER BEAMS 

AMERICAN STANDARD 

Properties for Designing 

FLANGE AXIS X.X 
W. b 

O. pth T hic ~. Th ic~. 
Width nln "I" , S 

, .. , .. , .. , .. In.· In.3 

20.00 b.39 1 .789 .1>41 1263.5 126.3 
20.00 6.250 .789 .500 1169.5 Ilb.9 

18.00 6.25t .691 .711 9 17.5 101.9 
18.00 b.OOO .691 .460 795.5 88.4 

15.00 5.1>40 .b22 .550 48 1.1 1>4.2 
15.00 5.500 .622 .410 441.8 58.9 

12.00 5.078 .544 .428 227.0 37.8 
12.00 5.000 .544 .350 215.8 3b.0 

10.00 4.944 .49 J .594 145.8 29.2 
10.00 4.bbO ,491 .3 10 122.1 24,4 

8.00 4.171 ,425 .441 1>4.2 16.0 
8.00 4.000 ,425 .270 56.9 14.2 

b.OO 3.5b5 .359 .4b5 2b.O 8.7 
b.OO 3.330 .359 ,2]0 21 .8 7.3 

5.00 3.284 .32b ,494 15.0 b.O 
5.00 3.000 .3 26 .210 12.' 4.8 

4.00 2.796 .293 .320 b.7 3.3 
4.00 2.000 .293 .190 b.O 3.0 

y 

AXIS y.y 

, , S , 

, .. In.' In .3 , .. 
7.60 30.1 9,4 1.17 
7.83 27.9 8.9 1.21 

6.70 24,5 7.8 1.09 
7.07 2 1.2 7.1 1.15 

5.74 Ib.O 5.7 1.05 
5.95 14.6 5.3 1.08 

4.72 10.0 3.9 .99 
4.83 9.5 3.8 1.01 

3.78 8.5 3,4 .91 
4.07 b.9 3.0 .97 

3.09 4.4 2.1 .81 
3.2b 3.8 1.9 .84 

2.28 2.3 1.3 .b8 
2.4b 1.8 1.1 .72 

1.87 1.7 1.0 .b3 
2.05 1.2 .82 .b5 

1.5b .91 .b5 .58 
1.1>4 .77 .58 .59 



-

T 
, Grl p 

, 
O. ptl. WI. 

. 1 p .. 

S.cl io" Fo., 

I .. ,h .. lb. 

20 75.0 
6S.4 

18 70.0 
54.7 

IS 50.0 
42.9 

12 3S.0 
31.8 

10 35.0 
25.4 

8 23.0 
IB.4 

6 17.25 
12 .5 

S 14.75 
10.0 

4 9.S 
7.7 

~AISER STEEL COR~OR"'TlO N 

FLANGE 

""un 

Widlh Thiel· 

"0" 
, .. , .. 
bY. W. 
bY. % 

bY. % 
6 % 

SY. Yo 
SX li 

SYO U. 
S ~. 

S Y, 
4Y. Y, 

4Y. ~. 
4 ~. 

3Y. Y. 
3Y. Y. 

l Y. ~. 
3 ~. 

2M ~. 
2li ~. 

TABLE 19 

KAISER BEAMS 
AMERICAN STANDARD 

Dimensions for De tailing 

WEB DISTANCE 

H.1f 
Thid · Thiel • T , ,. 
nUl 

nUl 

, .. , .. , .. , .. , .. , .. 
Yo ~. 2Y. 16Y. IU. 3 
Y, Yo 2Ya I bY. IU. 3 

Yo Yo 2M ISY. Ira 2~ 
Yo Yo 2Y. IS}'. IYo 2M 

U. ~. 2X 12)1 IX 2M 
~. Yo 2),1 12).1 IX 2Yo 

~. Yo 2Yo 9Y. IX 2}l 
Yo ~. 2Yo 9 l1,: III 211 

Yo ~. 211 8 I 2X 
~. ~. 2Y. 8 I 2Yi 

~. Yo 171 bX li 2Y. 
~. v. I:V- bY. Yo 2Y. 

Y, Yo 1.\1 4Y, V. 2 
Yo Yo IV! 4Y, V. 2 

Y, Yo IV. 3li % 2 
Yo Yo l li 3Yo % 2 

~. ~. IY. 2M Yo 2 
~. Yo Iv.: 2M Yo 2 

59 

I 
Mu. Usu.1 

G,ip Fl. Gog_ , 
Ri~.t , 

, .. , .. , .. , .. 
Yo W. Yo 3)1 
~. Yo Yo 3).1 

~. 'J(, Yo 3Yo 
~. % Yo 3X 

Yo ~. Yo l X 
~. ~. Yo 3X 

~. Yo Yo 3 
II Y, Yo 3 

Yo Y, Yo 2M 
Yo Y, Yo 2M 

~. ~. V. 2Y-
~. ~. V. 2Y. 

~. Yo li 2 
~. ~. 

~. ~. y, 1M 
~. ~. Y, 1M 

Yo ~. Y, IX 
~. ~. 
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[ 
Nominal WI. 

Size p" Ar .. 
Foot' 

Inch., lb. In .2 

15xl¥S 50.0 14.64 
40.0 11.70 

33.9 9.90 

12 X 3 30.0 8.79 
25.0 7.32 
20.7 6.03 

10 X 2% 25.0 7.33 
20.0 5.86 
15.3 4.47 

8 X 2'1" 18.75 5.49 
13.75 4.02 
11.5 3.36 

7 X 2V, 14.75 4.32 
12.25 3.58 
9.8 2.85 

6,2 13.0 3.81 
10.5 3.07 
8.2 2.39 

5 X 1:Y" 9.0 2.63 
6.7 1.95 

4xl% 7.25 2. 12 
5.4 1.56 

3x l'l2 5.0 l.4b 
4. 1 1. 19 

K A ISE R ST E E L COR P O R AT I O N 

TABLE 20 

KAISER CHANNELS 
AMERICAN STANDARD 

Properties for Designing 

FLANGE AXIS X-X 
W. b 

Depth Width Ave • . Thick_ 
Thick n." , S , 
nan , .. , .. , .. , .. In .4 In.3 , .. 

15.00 3.716 .650 .71b 401 .4 53.b 5.24 
15.00 3.520 .650 .520 346.3 46.2 5.44 
15.00 3.400 .650 .400 312.6 41.7 5.62 

12.00 3.170 .501 .510 161.2 26.9 4.28 
12.00 3.047 .501 .387 143.5 23 .9 4.43 
12.00 2.940 ,SOl .280 128.1 21.4 4.61 

10.00 2.88b .436 .526 90.7 18.1 3.52 
10.00 2.739 .436 .379 78.5 15.7 3.66 
10.00 2.600 .436 .240 66.9 13.4 3.87 

8.00 2.527 .390 .487 43.7 10.9 2.82 
8.00 2.343 .390 .303 35.8 9.0 2.99 
8.00 2.260 .390 .220 32.3 8.1 3.10 

7.00 2.299 .366 .419 27.1 7.7 2.51 
7.00 2.194 .366 .314 24. 1 6.9 2.59 
7.00 2.090 .366 .2 10 21 . 1 6.0 2.72 

6.00 2. 157 .343 .437 17.3 5.8 2.13 
6.00 2.034 .343 .314 15. 1 5.0 2.22 
6.00 1.920 .343 .200 13.0 4.3 2.34 

5.00 1.885 .320 .325 8.8 3.5 1.83 
5.00 1.750 .320 . 190 7.4 3.0 1.95 

4.00 1.720 .296 .320 4.5 2.3 1.47 
4.00 1.580 .296 .180 3.8 1.9 1.56 

3.00 1.498 .273 .258 1.8 1.2 1, 12 

3.00 1.410 .273 . 170 1.6 1.1 1.17 

AXIS y_y 

, S , • 

In.'' In.3 , .. , .. 
11.2 3.8 .87 .80 
9.3 M .89 .78 
8.2 3.2 .91 .79 

5.2 2.1 .77 .68 
4.5 1.9 .79 .68 
3.9 1.7 .81 .70 

3.4 1.5 .68 .62 
2.8 1.3 .70 .61 
2.3 1.2 .72 .64 

2.0 1.0 .60 .57 
1.5 .86 .62 .56 
1.3 .79 .63 .58 

1.4 .79 .57 .53 
1.2 .71 .58 .53 
.98 .63 .59 .55 

1.1 .65 .53 .52 
.87 .57 .53 .50 
.70 .50 .54 .52 

.64 .45 .49 .48 

.48 .38 .50 .49 

.44 .35 .46 .46 

.32 .29 .45 .46 

.25 .24 .41 .44 

.20 .21 .41 .44 



D.pilo WI, 
,f p., 

S.ction Foot 

Inch .. Lb, 

15 ~:O ,0 
3.' 

12 0.0 
5.0 
0,7 

10 25.0 
20,0 
15.3 

8 18.75 
13.75 
11.5 

7 14.75 
12.25 
' .8 

b 13.0 
10.5 
8,2 

5 ' ,0 
b,7 

4 7.25 
5,4 

3 5.0 
4.1 

KA IS ER S TEE L CO R' O RA T I O N 

FLANGE 

~;dth 
M .... 
Thid · 
neil 

I" I" 

3~ li 
3YS li 
3lj Yo 

3V. Y, 
3 Y, 
3 Y, 

2Y. K. 
2X K. 
2Y. K. 

2YS Yo 
2)j Yo 
2X )00 

2Y. Yo 
2Y. Y, 
2V. )j 

2X Yo 
2 Yo 
IY. Yo 

IY. K. 
IX K. 

IX K. 
IY. K. 

IX Yo 
IYo Yo 

TABLE 20 
KAISER CHANNELS 

AMERICAN STANDARD 

Dimensions for Detailing 

WEB DISTANCE 

H.II 
Ioi c~· Thiel . • T • g • 
... 11 nell 

I" I" I" I" I" I" 

M Yo 3 12Y. IK. 2~ 
~. Yo 3 12Y. IK. 2X 
K. K. 3 12Y. IK. 2X 

Y, Yo 2Y. 9Y. IK. 2X 
Yo K. 2Y. 9Y. IK' 2YS 
K. Yo 2Y. 9Y. IK. 2YS 

l(. Yo 2Yo ax 'K. 2X 
Yo K. 2Yo av. w. 2YS 
M Yo 2Y. av. w. 2X 

Y, Yo 2 bY. W. 2Y. 
K. K. 2 b)j W. 2X 
Yo Yo 2 bY, W. 2Y.: 

K. Yo IV. 5Y. W. 2 
K. K. IV. SY. W. 2 
Yo Yo IV. SY. W. 2 

K. Yo IX 4YS Yo 2 
K. K. IX 4X M 2 
K. Yo IX 4YS M 2 

K. K. IYS 3Y. % 2 
K. Yo IX 3Y. % 2 

K. K. IX 2X Yo 2 
K. Yo IYo 2Y. Yo 2 

Yo Yo IY.: IX Yo 
K. Yo IX IX Y, 
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[ 
M ... Ulu. l 

Grip Fl. nq. ~'9 ' 
0 Riv • • 9 

I" I" I" I" 

W. Yo I 2X 
Yo Yo I 2 
Y, Yo I 2 

l(. Y, Yo IX 
K. Y, Yo n~ 
Yo Y, Yo IX 

Y, K. M IX 
K. K. M IX 
K. K. M IX 

l(. Yo M H'i 
Yo Y, M 1)00 
K. lj M IY. 

Y, Yo Yo IY.: 
)j )00 )00 IY. 
K. )j li IX 

Y, K. Y, IY. 
Y, Yo Yo IX 
Yo K. Yo IX 

Y, K. Y, IV. 
Yo K. Y, IX 

Yo K. Y, I 
Yo Yo Y, I 

K. Yo Y, Yo 
Yo Yo 



·2 

[ 
Nominel WI. 

Sill po. Ar .. 
Fool 

Inchll l b. In.:l 

-18 X 4 58.0 16.98 
51 .9 15. 18 
45.8 13.38 
42.7 12048 

13x4 50.0 14.60 
40.0 11.71 
35.0 10.24 
31.8 9.30 

1214 45.0 13.24 
40.0 11.70 
35.0 10.22 

12 x 3'h 37.0 10.80 
3Vi 9.60 
30.9 9.00 

10 14 33.6 '9.80 
28.5 8.30 

TABLE 21 

KAISER CHANNELS 

CARBUILDING AND SHIPBUILDING 

Properties for Designing 

FLANGE AXI S X-X 
W,h 

O.pth Ave , . n. ie1. 
Width Thi c ~. n ... , S , 

nl" 

, .. , .. , .. , .. In.' In.' , .. 
18.00 4.200 .625 .700 670.7 74.5 6.29 
18.00 4. 100 .625 .600 622.1 69.' 6.40 
18.00 4.000 .625 .500 573 .5 63.7 6.55 
la.oo 3.950 .625 .450 549.2 61.0 6.64 

13 .00 4.412 .610 787 p '2.9 48 .1 4.62 
13.00 4.185 .610 .560 27104 41.7 4.82 
13 .00 4.072 .610 .447 250.7 38.6 4.95 
13.00 4.000 .610 .375 237.5 36.5 5.05 

12.00 4.000 .700 .700 248.4 41.4 4.37 
12.00 3.890 .700 .590 232 .6 38.8 4046 
12.00 3.767 .700 .467 214.9 35.8 4.58 

12.00 3.600 .600 .600 20M· 33.9 4.14 
12.00 3.500 .600 .500 189.0 31.5 4.44 
12.00 3.450 .600 .450 181 .8 30.3 4.50 

10.00 4. 100 .575 .575 138.0 27.6 3.75 
10.00 3.950 .575 0425 125.5 25. 1 3.89 

' This channel ill IOmelimes clused as American Standard. 

AXI S V-Y 

, S , • 

In.' In.' , .. , .. 
18.5 5.6 1.04 .8B 
17.' 5.3 1.06 .87 
15.8 5. 1 1.09 .89 
15.0 4.9 1.10 .90 

16.7 4.9 1.07 .98 
13.9 4.3 1.09 .97 
12.5 4.0 1.10 .99 
11.6 3.9 1.11 1.01 

10.0 SA 1.11 1.05 
14.5 5.1 1.11 1.05 
12.9 H 1.12 1.07 

10.3 3.8 .98 .89 
904 3.6 .99 .89 
8.9 3.5 .99 .90 

13.7 4.6 1. 18 1.11 
11.8 4.2 1.19 1.15 

- -



-

II;'~' 
p. 

I Grip , U , 

lC"ISEIt STEEL CO RP O RATION 

TABLE 21 

KAISER CHANNElS 

CARBUILDING AND SHIPBUILDING 

Dime nsions for Detailing 

fLANGE WEB DISTANCE 
Depth W .. 

o' po. Mean Half 
S.elio" Fool 

fvid" 
Thick. hid. Thick. • T • g. 0 

nen nell ne ll 

Inche. Lb. , .. , .. , .. , .. , .. , .. , .. , .. , .. 
'18 58.0 4X ~ % ~ 3Yi 15" IK. 2M Yo 

51.9 4X Yo Yo K. 3)1 ISY. IK. 2M % 
45.8 4 V- Y, Y. 3)1 ISY. IK. 2M K. 
~2.7 4 Yo K. Yo 3)1 15" IK. 2M Y, 

13 50.0 4Yo Yo W. K. 3Y. IO V. IK. 2M Yo 
40.0 4V. V- K. K. l Y. 10V. IK. 2M Yo 
35.0 'IX Yo K. Y. 3Yo lOY. IK. 2M Y, 
3 r.8 4 Yo Yo K. 3Yo IO V. IK. 2M K. 

12 45.0 4 % % Yo 3Y. 9J!i IX 2X Yo 
0.0 3Y. % Yo K. 3Y. 911 IX 2]1 % 

35.0 3M % Y, Yo 3~ 9)1 IX 2)1 K. 

12 37.0 3Y. Yo ~ K. 3 9X l Y. 2J1 % 
32.9 3Yi Yo Y, Y. 3 9X IV. 2)1 ~. 
30.9 3)1 Yo K. Y. 3 9X IX 2X Y, 

10 33.6 4!1 K. K. K. 3)1 7Y. IK. 2X V-
28.5 4 K. K. Y. 3X 7Y. IK. 2X Y, 

·This channel is sometimes classed as American Standard. 
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[ 
t.o4" • • U .... l 

Grip FI. n'}. G'9" 
Rivet 9 

, .. , .. , .. 
~ I 2)1 

V- I 2X 
~ I 2X 
~ I 211 

Yo I 2)1, 

V- I 2)1 

K. I 2)1 

K. I 2X 

% I 2X 
% I 2X 
% I 2V, 

Yo Yo 2M 
K. Yo 2M 
K. Yo 2Y. 

K. Yo 2 
K. Yo 2 
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L 
Thick· 

Size nen 

10. 10. 

8 .8 IV. 
I 

Yo 
V. 
V. 
Y, 

• •• I 
Yo 
V. 
Yo 
Y, 
V. 

5 .5 Yo 
Yo 
Y, 
V. 

4 .4 V. 
Yo 
Y, 
Yo 
K. 
Y. 

3X x3 X Y, 
Yo 
% 
Y. 

3 d Y, 
Yo 
K. 
Y. 
K. 

2X )(2);2 Y, 
Yo 
K. 
V. 
K. 

2 .2 Yo 
~. 
V. 
~. 

KA I SER STEEL CORPOJ.ATI O N 

TABLE 22 

KAISER ANGLES 

EQUAL LEGS 

Properties for Designing 

y 

t'i 

:~~t 
y z 

AXIS X-X AND AXIS V·Y AXIS Z·Z 
Weight 
per Ft. Area I S , x or y , 

lb. In.2 In.4 tn.J 10 . 10. 10. -
56.9 16.73 98.0 17.5 2.42 2.41 1.56 
51.0 15.00 89.0 15.8 2.44 2.37 1.56 
45.0 13.23 79.1, 14.0 2.45 2.32 1.57 
38.9 11.« 69.7 12.2 2.47 2.28 1.57 
32.7 9.61 59.4 10.3 2,49 2.23 1.58 
26.4 7.75 48.6 8.4 2.50 2.19 1.59 

37.4 11.00 35.5 8 .• 1.80 1.86 1.17 
33.1 9.73 31.9 7 .• 1.81 1.82 1.17 
28.7 8.44 28.2 •. 7 1.83 1.78 1.17 
24.2 7.11 24.2 5.7 1.84 1.73 1.18 
19.6 5.75 19.9 4 .• 1.86 1.68 1.18 
14.9 4.36 15.4 3.5 1.88 1.04 1.19 

23 .• 6.94 15.7 4.5 1.51 1.52 .97 
20.0 5.86 13.6 3.9 1.52 1.48 .98 
16.2 4.75 11.3 3.2 1.54 1.43 .98 
12.3 3.61 8.7 2.4 1.56 1.39 .99 

18.5 5.44 7.7 2.8 1.19 1.27 .78 
15.7 4.61 •• 7 2.4 1.20 1.23 .78 
12.8 3.75 5 .• 2.0 1.22 1.18 .78 
9.8 2.8. 4.4 1.5 1.23 1.14 .79 
8.2 2.40 3.7 1.3 1.24 1.12 .79 

••• 1.94 3.0 1.1 1.25 1.09 .80 

11.1 3.25 3 .• 1.5 1.06 1.06 .• 8 
8.5 2.48 2.9 1.2 1.07 1.01 .• 9 
7.2 2.09 2.5 .98 1.08 .99 .• 9 
5.8 1.69 2.0 .79 1.09 .97 .• 9 

9.4 2.75 2.2 1.1 .90 .93 .58 
7.2 2.11 1.8 .83 .91 .89 .58 
• .1 1.78 1.5 .7 1 .92 .87 .59 
4.9 1.44 1.2 .58 .93 .84 .59 
3.71 1.09 .9. .44 .94 .82 .59 

7.7 2.25 1.2 .72 .74 .81 .49 
5.9 1.73 .98 .57 .75 .70 .49 
5.0 1.47 .85 .48 .70 .74 .49 
4.1 1.19 .70 .39 .77 .72 .49 
3.07 .90 .55 .30 .78 .• 9 .49 

4.7 1.36 .48 .35 .59 .M .39 
3.92 1.15 .42 .30 .• 0 .• 1 .39 
3.19 .94 .35 .25 .• 1 .59 .39 
2.44 .71 .27 .19 .• 2 .57 .39 

J 
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V 

z "r TABLE 23 

L KAISER ANGLES 
x 

UNEQUAL LEGS 

y z 
Properties for Designing 

AXIS X-X AXIS Y.Y AXIS Z.Z 
WI. 

Thick , .. 
Sill nen Foot Are. T," 

I S • y , S • • • a 

Inch., '". Lb. In.2 In.'' In.3 '". '". In.'' In .3 '". '". '". 
9<4 Yo 2b.3 7.73 04.9 11.5 2.90 3.3b B.3 2.b 1.04 .8b .85 .216 

U. 23 .8 7.00 59.1 lOA 2.91 3.33 7.b 204 1.04 .83 .85 .218 
Yo 21.3 6.25 53 .2 9.3 2.92 3.3 1 b .9 2.2 1.05 .81 .85 .220 

8,b I « .2 13.00 80.8 IS. I 2049 2.b5 38.8 8.9 1.73 1.65 1.28 .543 
Yo 39. 1 11.'18 72 .3 13.'1 2.51 2.61 34.9 7.9 1.14 I.bl 1.28 .547 
Yo 33.8 9.94 b3 .4 II .7 2.53 2.5b 30.7 b.9 1.76 1.56 1.29 .551 
Yo 28.5 8.36 54.1 9.9 2.54 2.52 26.3 5.9 1.77 1.52 1.29 .554 
Yo 23 .0 b.75 « .3 8.0 2.5b 2.47 21 .7 4.8 1.79 1.47 1.30 .558 
U. 20.2 5.93 39.2 7.1 2.57 VIS 19'.3 4.2 1.80 lAS 1.3 I .5bO 

804 I 37.'1 11 .00 b9.b 14. 1 2.52 3.05 II .b 3.9 1.03 1.05 .85 .247 
Yo 33.1 9.73 62.5 12.5 2.53 3.00 10.5 3.5 1.04 1.00 .85 .253 
Yo 28.7 8.« 54.9 10.9 2.55 2.95 904 3.1 1.05 .95 .85 .258 
Yo 24.2 7.1 I 4b.9 9.2 2.57 2.91 8.1 2.b 1.07 .91 .8b .262 
Yo 19.b 5.75 38.5 7.5 2.59 2.86 b.7 2.2 1.08 .8b .8b .2b7 
U. 17.2 5.06 34.1 b.b 2.bO 2.83 b.O 1.9 1.09 .83 .87 .269 

7>4 Y. 26.2 7.69 37.8 8.4 2.22 2.51 9.1 3.0 1.09 1.01 .8b .324 
Yo 22. 1 6.48 3204 7. 1 2.24 2Ab 7.8 2.b 1.10 .9b .8b .329 
Yo 17.9 5.25 26.7 5.8 2.25 2.42 b .5 2.1 1. 1 I .92 .87 .JJ5 
Yo 13.6 3.98 20.b 4.4 2.27 2.37 5.1 I.b 1. 13 .87 .88 .JJ9 

b,4 Yo 27.2 7.98 27.7 7.2 1.86 2.12 9.8 304 1. 11 1.12 .8b .'121 
Yo 23 .6 b.94 24.5 b.3 1.88 2.08 8.7 3.0 1.12 1.08 .8b 0428 
Yo 20.0 5.86 21.1 5.3 1.90 2.03 7.5 2.5 1.1 3 1.03 .8b .435 
Yo Ib.2 4.75 17.'1 4.3 1.91 1.99 b .3 2.1 1. 1 5 .99 .87 .«0 
y, 12.3 3.61 13.5 3.3 1.93 1.94 4.9 I.b 1.17 .94 .88 .«b 

513)1 Yo 19.8 5.81 13.9 4.3 1.55 1.75 5.b 2.2 .98 1.00 .75 0404 
Y, 16.8 4.92 12.0 3.7 1.5b 1.70 4.8 1.9 .99 .95 .75 .472 
Yo 13.b 4.00 10.0 3.G 1.58 1.66 4.1 I.b 1.01 .91 .75 .479 
Y, 10.4 3.05 7.8 2.3 LbO I.bl 3.2 1.2 1.02 .8b .7b .'186 
K. 8.7 2.5b b.b 1.9 1.61 1.59 2.7 1.0 1.03 .84 .7b .489 

5'] Yo 15.7 4.bl 1104 3.5 1.57 1.80 3. 1 104 .81 .80 .04 ,350 
Yo 12.8 3,75 9.5 2.9 1.59 1.75 2.b 1. 1 .83 .75 .b5 .357 
Yo 9.8 2.8b 7.4 2.2 I.bl 1.70 2.0 .89 .84 .70 .b5 .304 
K. 8.2 2040 b.3 1.9 I.bl I.b8 1.8 .75 .85 .b8 .bb .3b8 
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TABLE 23-(Continued) -'"r 

L 
z . 
\ ! 

KAISER ANGLES x :JYX 
UNEQUAL LEGS 

. ~ 

Properties for Designing \ 
y z 

AXIS X-X AXIS y,y AXIS I -Z 
WI. 

Thick. , .. 
Si •• nU$ Foot A re. Too 

I S , , I S , • , • 
Inchu I,. lb. In,2 In,4 11'1,3 I, . I,. In,4 In ,3 I,. I,. I,. 

4>3 Y, 11 . 1 3.25 5.1 1.9 1.25 1.3) 204 1.1 .86 .83 .64 .543 
V- 8.5 2.48 4.0 1.5 1.26 1.28 1.9 .87 .88 .78 .64 .551 
K. 7.2 2.09 304 1.2 1.27 1.26 1.7 .73 .89 .76 .65 .554 
Yo 5.8 1.69 2.8 1.0 1.28 1.24 1.4 .60 .90 .74 .65 .558 

3J!i x3 Y, 10.2 3.00 3.5 1.5 1.07 1.13 2.3 1.1 .88 .88 .62 .714 
V- 7.9 2.30 2.7 1. 1 1.09 1.08 1.9 .85 .90 .83 .62 .721 
K. 6.6 1.93 2.3 .95 1. '0 1.06 1.6 .72 .90 .81 .63 .724 
Yo SA 1.56 1.9 .78 1.11 1.04 1.3 .59 .9 1 .79 .63 .727 

3Xx2X Y, 9.4 2.75 3.2 1.4 1.09 1.20 104 .76 .70 .70 .53 .486 
V- 7.2 2. 11 2.6 1.1 1.10 1.16 1.1 .59 .72 .66 .54 0496 
K. 6.1 1.78 2.2 .93 1.11 1.14 .94 .50 .73 .64 .54 .501 
Yo 4.9 1.44 1.8 .75 1.12 1.11 .78 AI .74 .61 .54 .506 

3x2X Y, 8.5 2.50 2.1 1.0 .9 1 1.00 1.3 .74 .72 .75 .52 .667 
V- 6.6 1.92 1.7 .81 .93 .96 1.0 .58 .74 .7 1 .52 .676 
K. 5.6 1.62 104 .69 .94 .93 .90 .49 .74 .68 .53 .680 
Yo 4.5 1.3 I 1.2 .56 .95 .91 .74 040 .75 .66 .53 .684 

h2 Y, 7.7 2.25 1.9 1.0 .92 1.08 .67 047 .55 .58 043 .414 
V- 5.9 1.73 1.5 .78 .94 1.04 .54 .37 .56 .54 043 ,428 
K. 5.0 1.47 1.3 .66 .95 1.02 .47 .32 .57 .52 043 0435 
Yo 4.1 1.19 1.1 .54 .95 .99 .39 .26 .57 049 043 .440 
K. 3.07 .90 .84 .41 .97 .97 .3 I .20 .58 .47 .44 .446 

2Xx2 V- 5.3 1.55 .91 .55 .77 .83 .5 1 .36 .58 .58 042 .6 14 
K. 4.5 1.31 .79 047 .78 .81 AS .3 I .58 .56 042 .620 
Yo 3.62 1.06 .65 .38 .78 .79 .37 .25 .59 .54 042 .626 
K. 2.75 .81 .51 .29 .79 .76 .29 .20 .60 .51 043 .631 

2Xx l X K. 3.92 1.15 .71 .44 .79 .90 .19 .17 .41 040 .32 .349 
Yo 3.19 .94 .59 .36 .79 .88 .1 6 .14 .4 1 .38 .32 .357 
K. 2.44 .72 .46 .28 .80 .85 .13 .11 042 .35 .33 .364 

21l X " " 3.99 1. 17 043 .34 .61 .71 .21 .20 042 046 .32 .527 
K. 3.39 1.00 .38 .29 .62 . 69 . 18 .1 7 • 042 .44 .32 .535 
Yo 2.77 .81 .32 .24 .62 .66 .1 5 .14 .43 .41 .32 .543 
K. 2. 12 .62 .25 .18 .63 .64 . 12 . 11 .44 .39 .32 .551 
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MANUFACTURING PRACTICES 

~I EC IiANtCAL T.:ST HEQUIRUn:NTs- Mccluan ical lesli ng of ca rbon sleel sl ruc' 
tural sections usuall y consists of lellsion and bend tesls. when sj:leci ficd . Require· 
meilis for elongation , bend test.s and the ralio of minimum yield poin l 10 minimum 
lensile strenglh arc not customa ril y greater than those required by American 
Sociely for Testing l\'Ioterials specificalions fo r simila r grades of steel. More 
reslrictive mechanica l test requirements necessitate selection of heats and other 
special practices, and ore underlaken only upon special arrangement. 

CIIEM ICA L REQUIII.:MENTs- Structural sections are customa rily specified to 
mechanical test rC<luirelllenls ralher than to chemical limits. except so fo r os stand · 
ard sl>e<: ifications call for maximum limits fo r phosphorous ami sulphur or for a 
Illinimulll COPI}Cr conten t, when spccific(1. Special chemical composition for slrue· 
tural shapes is produced only upon sl>ecial a rrangement. 

STANDARD PRACTICE TABLES 

Variations for Dime nsions a nd Workmanship 
All dimensions in inches unleu otherwise shown 

Accuracy of hoi rolled dimensions is innuenced by man y factors, such as mill 
design, heating practice, reduction between passes, roll wear, roll pressure, und 
composi lion of steel. The cum ulative eITed of these as well as other factors, pre· 
cludes hot rolling to exact speci fi ed size and rC<lui res that provisions be made for 
variations. 

The variution from the calculuIC(] or sllcc ified weight is customurily plus o r 
minus 2.5 per cellI. Other tolerances may he agreed ul}Qn by special negotiation. 

The accompan yi ng tables indicate the ex pectancy o ( dimensional \'Hriations. 



6. 

t 
S10. 8[AM 

KA . SE ~ ST E El CO R ~O . ATION 

I l 
""""HOfUZ ONTAL 

1 
C tlol.NN[L 

ANGLE 

POSITION fOR MEASURING CAMBER 

STANDARD BEAMS 
STD. Mill H-BEAMS 

CHANNELS 
ANGLES 

BULB ANGLES 

Cam ber denotce Ihe eun all,l re from the plane of a Hange in the length of the section, either 
I(:g of an angle being taken a8 the flan ge. 



- I--CAMBER 

HOR tZO TA " WF BEAM 

II 
" " 
" 
" 
" " 

" 
" t: -t t- SWEEP 

" 
" 

" 
" 
" 
" 
" 
" 
" 

WF BEAM 

POSITIONS FOR MEASURING CAMBER AND SWEEP 

Sweep denotes the curvature 'rom the plane (l Ithe ,,-eb in thtO 1tool!Ih of the beam. 

.9 
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~ -, 
TABLE 24 rl. --j I ~ Jj '"7 III Ibt.a, KAISER WIDE FLANGE BEAMS • ." 

-- Roiling Tolerances - "'::" :--1 --.---< 
d b 

Width m minus n m 
Depth of FI. 

Size- Out of Sq uare or Maximum Depth Web Off 
Depth ~ • • • Parallel a t any point Center • • • > " > " 0 0 0 0 

=> => 

Up to and in- Not more than Not more 
elud ing 12" X" v." X" ~." Not more than J(l" X" over thee. than K:' 

Not more than Not more 
Over 12" X" y. " Yo" :11'." Not more than Yo" Yo" over thee. than J(," 

Shapes may have 8n allowable vario lion in "'eight of 2%% either way from the nominal 
,,"eight. Beam depth (d) ia measured at cenler line of web. 

Cutting Tolerances 

Up to 30' incl. Over 30' 

Site-Depth 
Over Under Over Under 

. 

Bea ms to 24" indo y." W X" plus }f," for each 5' or frac-
t ion thereof above 30' 

v." 

Columns--all Sizes y," Yz" Yz" plus K," for each 5' or frac -
tion thereof above 30' 

X" 

Ends Out of Square: 
n~ per inch of depth or flange width if greater than depth. 

Allowance for Milling: 
For materi.1 which is to be milled cu!tomer !hould 5t.te on orders whether one or both end5 

are to be milled, what allowance hu been made and ... ·hether we are to cut to standard or speci.1 
toler.nces ' 8 gh-en .bofe. 

We recommend for maleripl to be milled that ordered length! be made as follows: 
For milling one end only: Finished length pIll! 'i". 
"or milling both ends: Finished length plus %". 

Straightness: 
tot. llength in fee t 

Tolerance! for beams: %" X ----:::;----
10' 

Where sections are specified on ordeu as columns, the following tolerances will.pply: 
lotallength in feel 

Lengths up to 45'0": %" X l)ul not over %~ maximum. 
10' 

Lengthsover45'O": %co. + %" X 
10tsllength---45' 

10' 



! 
TABLE 25 

STANDARD BEAMS 

1.-, -1 Rolling Tolerances 

d b .+ • 
Depth 

Width of Outof 
Ranges 

Sit&-Depth Square 01' 

Over Under Over Unde r Parallel ._-
3" to 7" incl. ~,. J.<," Va" Ya" u,· 

Over 7"to 14" incl. X" f,," "''' ",. 
per inch 

Over 14" to 24" ind I of 
J(," X" 3i'," )(." fl ange 

"I 

, 

Site-Depth 

Structural Beams 

!Jearn depth II i~ m .. asuu~d at « nler line of I', .. b. 

Cuning Tolerances 

I Over 30' 

I 
Over 40' 

Up to 30' to to 
incl. 40'incl. 50' incl. 

Over Under Over Under Over Under 
--------- - --

J/a" ¥." Va" %" '0/," 

Ends out of 8(IUare--i~ W per inch of depth. 

total length in feet 
Camber tolerance = %~ X----'---

" 

¥an 

71 
1 

I 
r-: , 

J 
T U 

Weight 

Over Under 

2X-;. 2)1'"1. 

2WI. 2WI. 

2Xi'. 2)1'"/. 

Over 50' 

Over Under 

I" ¥a" 

Weight tolerances aTe hased on each shilHuent to ruia!ing of carload lot8 or fraction thereof 
of Ihe same figured or ordered weight pcr linear foot. 

• Back of " Iuare aud " "cb to be parallel ... hen me.suring for "out of 8(IUare." 
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Size-Depth 

4" 

5" 

b" 

8" 

--

Size-Depth 

All H Beams 

KAI S ER ST EEL CO R ,OIAT I OH 

TABLE 2b 
,-

COLUMN SECTIONS I 
Rolling Tolerances L 
d b • +. 

Width of Out of 
Depth Flanges Square Weight 

0' 
Over Unde r Over Under Parallel Over Under 

-
,"" K' Y. " Ye " ,"" 2)1,'"/. 2V,'"/. 

KI" K," ,"" ))1" 
per Inch 

of 2X-/. 2WI. 
flange 

X" ,"" J<;' K' 2X'"/. 2].1'"/. 

]ti ff K," K' K' 2X"/. 2).1 '"1. 

B~lI.m depth d is nwa~ur.·d at cenh:r li ne of wo: h. 

Cutting Tolerances 

Over 30' Over 40' 
u p to 30' to to 

incl. 40' indo 50' incl. Over 50' 

Ove , Under Over Under Over Under Ov., Under 
- -

• %" %" %" 'l'a" ¥a" I" 1'." I 'Is' I 
End~ oul of &l lnare- t'-. N per inch of del)lh or flange width. 

lolal length in feel 
Camber tolerance = \o{j~ X-----''---- -

5' 

Weight tolerancea are hased on each shipment consisting of carload lois or fr. ction thertof 
of the sam .. ligun....! or ontered wl' ight per liUU T foot. 

- Back of &CI U1Ui: and web to he Inl ra lld ...-hen mea~uring for ·'out o f SQ uare:· 



= 

Site-Depth 

3" to 7" incl. 

KAISEl S TE EL COI,OIATIO N 

TABLE 27 

CHANNElS 

STANDARD, CAR AND SHIP 

Rolling Tolerances 

d b 
Width of 

Depth Flanges 

-

.+ • 
Qutof 

------ , Square or 
Over Under Over Under Parallel 

~t K." X" Yi" ~I" 

Over 7"10 14" incl. X" k'1" Vi " Ji," per inch 
o! 

Over 14"+0 IS"ind. K' Y." X" K' flange 

Site-Depth 

Structural 

Channel deplh d i, measured at back of web. 

Cutting Tolerances 

Over 30' Over 40' 
Up to 30' 10 10 

inel. 40' incl. 50' incl. 

Over Under Over Under Over Under 
---------------

If.'' %" 0/," 1ft" 1'," 

End! out 01 square-n~ IleT inch of deplh. 

10la l1englh in feel 
Caml)('T loletanc .. = ~ .. X ---":----

5' 
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• 

• 

~ Weight 
, 

Om Under 

V1·/. 2Yi'"/. 

2J:J'Yo 2X·I. 

2X'"/. 2!ti'"/. 

Over 50' 

Over Under 

I" If.'' 

Weight lolen ne!':, are hued on each shillmCIlI W Il! iSling of carload lot s. QT fraction Ih!'reof 
of the pme figured or ordered weight ~r line.r foot. 
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TABLE 28 

ANGLES L 
Rollin g Tolera nces 

b , 
length 
of Leg Weight 

Size-length of leg Gages Out of 
Over Under Square Over Under 

- --

3" to 4" incl. All X" ~t IMoor 2WI. 2Y; 'l. 

Over 4" to 6" incl. All v." X" 3/ 128"per 
inch of 

211i'. 2X-I. 

Over 6" All ~. Y." leg length 2WI. 2Xi'. 

CuHing Tolerances 

Over 30' 
Upto to 

30' indo iO'inci. Over 40' 
Size-Length of Leg Gages 

Over Under Over Und er Over Under 
--

Structural All 1'4" 0" I" 0" IV ... " 0" 

Enda out of Sltuare-For Angles. I % degrees or 3/l28~ IJer inch of leg length. 

total1ength in f~ 1 
Camber tolerance = ~ " X----,,-----

5' 

Weight tolerance are based on uch shipment consis ting of carload 1015 or fractio n thereof 
of the nme figu red or ordered weight per linear foot. 

Longer lec of unequal Ie, angle determines size for tolerance. 
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ORDERING PRACTICE FOR KAISER 

STRUCTURAL SHAPES 

15 

In order to more clearly describe the mllterilll desired lind to avoid misunder· 
standing, purchasers' ill<luiriell and orders for Structural Shllpes IIhould specify 
the following details: 

1. QUllntity. 

2. Size, including foot weight and length. 

3. Specification. 

4. End use. 

5. RC<luired inspection, if other than mill inspection. 

6. Special loading practices if applicable. 

7. Shipping destination. 

S. RC<luired routing. 

9. Recluested delivery. 

10. Distribution of shipping notices, invoiCe!!, and bills of lading. 

Structural sections of all tYPe!! are estimated and in voiced on the basis of calcu · 
lated weights per lineal foot as shown in the preceding tables. 
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KAISER BARS AND BAR SIZE SHAPES 

Hot rolled products commonly classified as bars incl ude the following: 

Rounds %," to 814" inclusive. 

Squares %" to 57f" inclusive. 

Round Cornered Squa res 31 " , 8 to 8" incJusi\'c. 

Hexagons 1)." to 4nr" inclusive. 

FlaLs ~ !l " and over in th ickness 
and up to 6" in width. 

Special Bar Sections 

Bar Size Shapes: Angles, channels, lees and zees when their greatest 
sectional d imension is less than 3 inches. 

All sections and all sizes, however, a rc not rolled by all producers. Bars and 
bar size shapes rolled by Ka iser Steel Corporat ion are shown 0 11 pages 79 to 83. 

Bars are the raw material fo r many forgings and are the prod uct from which 
mosl cold d rawll steel bar products arc madc. They a re used for numerous appli
cations in machinery. structures. transpo rtation e{luipmcnt ami in general con· 
struction. 

Kaiser Bars are produced from double converted and conditioned billets in 
rounds, squa res, squa re edge flats, round edge flats and ba r si~e equal and unequal 
angles. They a re rolled 011 a 21-18·14-i nch merchant mi ll consisting of an 8·stand 
conti nuous roughillg mill and four 2-h ig~ finishing stands. Prod uction Illay be to 
speci fied chemical limits or in accordance wit h the physical prol>crties and chemi· 
cal limi ts of standard specifications, as required by the customer. Merchant Ba r 
Quality and Special Ba r Quality are rolle<\ in all steel g rades and in the range of 
sizes and shapes shown on the following pages. 

Kaiser Steel Corporation prod uces many special sections re{lui red for industrial 
applications. 11l{luiries for the productioll of special sections are solicited. 
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TABLE 29 

KAISER STANDARD ROUNDS 

Size in WI. Per Area Size in Wt. Per Area 
Inches Ft., lbs. Sq. tn. Inches Ft., Lbs. Sq. In. 

y, .b1 .20 I IX', 10.02 2.95 
li 1.04 .3 I 2 10.68 3.14 
'K. 1.26 .37 2l{. 11 .36 3.34 
li 1.50 ..... 2Y. 12.06 3.55 
OK. 1.76 . 52 2K • 12.78 3.76 
li 2.04 .bO 2J.{ 13.52 3.98 
% 2.35 . b9 2K • 14.28 4.20 

I 2.67 .79 2Y. 15.06 4 .43 
IU. 3.02 .89 2;'. 15.87 4.67 
IV. 3.38 .99 2):2 16.69 4.9 1 
Il{. 3.77 Ll i 2l{. 17.63 5. 16 
IX 4.11 1.23 2V. 18.40 5.4 1 
Il{. 4.60 1.35 21W. 19.29 5.67 
IYo 5.05 1.48 2M 20.20 5.9-4 
IU. 5.5 2 1.62 2W. 21.12 b.21 
1J1 6.01 1.77 2Y. 22.07 6.49 
Il{. b.52 1.92 21K. 23.04 b.78 
IYo 7.05 2.07 3 24.03 7.07 
11K. 7.60 2.24 3U. 25.05 7.37 
1M 8.18 2.41 3Y. 26.08 7.67 
11)(. 8.77 2.58 3K. 27. 13 7.98 
IV. 9.39 2.7b l Y. 28.21 8.30 

Kaiser ti landard round& from ~~ .. 10 I " inclusive may be ti upplied dlher in cui lengths up 
10 65 f~t or in coils weighing an avt' rage of 1,000 l~. each. 

Two coil d i lllen~ionl may be furn i~hed: 56" 0.0. X 39'" LD. or 46" 0.0. X 3" '" 1.0. 

Machine ! Iraigillencd round! are aailable in all .sizes. 
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TABLE 30 

KAISER STANDARD SQUARES 

Size in Wt. Per Area Size in Wt. Per Area 
Inches Ft .• Lbs. Sq. In. Inches Ft .. Lbs. Sq. In. 

~ 
.85 .25 

:~ 
7.b5 2.25 

1.33 . 39 8.98 2 .... 
1.9 1 . 56 I • 10041 3.06 

V. 2.00 .77 11'8 11.95 3.52 
I 3040 1.00 2 13.00 4.00 

'%. 4.30 1.27 2V-4 17.21 5.06 
, ~. 5.31 1.50 2~ 21.25 0.25 
IYo 6.43 1.89 2 • 25.71 7.56 

Situares are I)roouced in maximum lengths 0165 feel. 

TA8LE 31 

KAISER ROUND CORNERED SQUARES 

Size in Wt. Per Area Size in Wt. Per Area 
Inches Ft •• Lbs. Sq. In. Inches Ft .. Lbs. Sq. In. 

' ~ 7.55 2.22 2~. 16.98 4.99 
I • 8.86 2.61 ~~ 20.97 6.17 
1% 10.27 3.02 25.37 7046 
11'8 " .79 3.46 3 30.60 9.00 
2 13042 3.95 

The above sizes are produced in maximum length~ of 65 feel. 
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TABLE 32 

KAISER BAR SIZE SHAPES 

ANGLES ANGLES 
IEq"l) (Unequal) 

Size in Wt. Per Area Site in Wt. Per Area 
Inches Ft., lbs. Sq. In. Inches Ft., lbs. Sq. In. 

2 ,2 , ~. 2.44 .7 1 2 xl XxJ(, 2.12 .62 
Y. 3.19 .94 Y. 2.77 .81 
~. 3.92 1.15 K. 3.39 1.00 
Yo 4.70 1.36 Yo 3.99 1. 17 

2)1 K 2)1 x J(, 3.07 .90 2X x IX xJ(, 2.44 .72 
Y. 4.10 1.19 Y. 3.19 .9·4 
K. 5.00 1.47 ~. 3.92 1.15 
Yo 5.90 1.73 
Y, 7.70 2.25 2)1 x2 ,K. 2.75 .81 

Y. 3.62 1.06 
K. 4.50 1.3 1 
Yo 5.30 1.55 

Bar size shapes are produced in maximum lengths of 65 feet. 
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Th;~k- X" ~ .. ft." 

Width .250 .3125 

IW· " ...... ........ 

I ~" ........ ........ 

2" 1.700 2.125 

2X" 2.125 2.656 

3" 2.550 3. 188 

l X" 2.975 3.719 

4" ].400 4.250 

5" 4.250 5.313 

6" 5.100 6.375 

K " ISE R ST EE L CO I~ O lATlON 

TABLE 33 

KAISER SQUARE EDGE FLATS 

(Weight per foot in Ibl.) 

Yo" Yo" Yo" ~ .. Y." 

.375 .500 .625 .750 .875 

1.913 2.550 3.188 3.825 .......... 

2.231 2.975 3.719 4.463 ...... , ... 

2.550 3.400 4.250 5. 100 5.950 

3.188 4.250 5.313 6.375 7.438 

3.825 5.100 6.375 7.650 8.925 

4.463 5.950 7.438 8.925 10.41 

5. 100 6.800 8,500 10.200 1.90 

6.375 8.500 10.625 12.750 4.88 

7.650 0.200 12.750 15.300 7.85 

All widths are produced 10 780 inchet muimum length. 

I " IX" IX" 

1.00 1.25 1.50 

.......... . ......... ....•... 

. ......... .. , ....... . ...•... 

6.800 .......... ........ 

8.500 .......... ........ 

10.200 12.750 15.30 

" .900 14.875 17.85 

13.bOO 17.000 20.40 

17.000 21.250 25.50 

20.400 25.500 30.60 

Bet""ttn 2~ and 6~ in width, intermediate widths !lot lis ted are l\'ail .hle on • spe<: i.l 
inquiry basis. 
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TlIid· -It, X" ne" 

Width .21 4 .234 .250 

IY." 1.248 1.395 10488 

2" 1.430 1.594 1.700 

2v.: " 1.613 1.793 1.913 

2X" 1.793 1,992 2,125 

2W 1,972 2.192 2.ll8 

3" 2.39 1 2.550 

3X" .... 2.789 2.975 

4" .. ... 3. 188 3:400 

4X" ........ 
5·· 

b" . . .. _ . 

TABLE 34 

KAISER SPRING FLATS 

(Round Edge) 

(Weight per foot in Ibs.) 

,"" K' W X" 

.28 125 .3125 .375 .500 

1.673 1.859 2.231 2.975 

1.9 13 2.125 2.550 30400 

2. 152 2.391 2.869 3.825 

2.391 2,656 3, 188 4,250 

2.630 2,922 3.506 4.675 

2.8b9 3.188 3.825 5.1 00 

3.348 3.719 40463 5.950 

3.815 4.250 5.100 b.800 

4.303 4.781 5.738 7.650 

4.781 5.313 6.375 8.500 

5.737 6.375 7.650 10.200 

All t ilet produced in muimum lengths of i SO inell(' . 

SpTing Hats aTe a" . ilable in fl et or double conca ... : sh. pe. 

"" 
.625 

3.719 

4 ,250 

4 .781 

5.3 I 3 

5.844-

6 .375 

70438 

8.500 

9.554 

10.625 

12,750 

83 

X" Y." I" 

.750 .875 1.00 

... ...... .. ...... .......... 

. . .. .. .... ... . .... 

... ....... .. . ...... 

....... .. .......... .......... 

.. .... ...... . . .. ........ 

.. ..... --. . -... 

8.925 . - --.... .... . ... . 

10.200 11.900 13.bOO 

11.475 13.388 15.300 

12.750 14.875 17.000 

15.300 17.850 200400 
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MERCHANT BAR QUALITY 

Merchant quali ty lind spe<:inl <Iualit y a rc the 1"'0 fundamental (IUalilies of 
carbon steel bars. Merchant quality bars are specified for II wide ran ge of struc· 
tural Use!! involving mild cold bending, mild hot forming, punching, and welding 
as used in the production of non-critical parts of bridges, buildings, shil>S, agri· 
cult ural implements, road bu ilding lind roi lway c(luipmcnl, machinery and other 
uses. The type of steel in which merchant <Iualil )' is produced is customarily left 
to the producer's discretioll . Ba rs of merchant <Iuali t}' should be free of visible 
pipe. They ma y. howc\'cr, conta in pronou nced segregation. Sca ms or other surface 
irregularities lIla y be expected. 

SPECIAL BAR QUALITY 

Special <Juality burs are produced for applications invoh'ing forgi ng, heat 
treating, cold drawing, machining, and the like. These bars a re furni shed in 
standard or restricte<l chemical grades or to mecha nical property specifications. 
Special quali ty bars are produced ill the type of steel determined by producer's 
facili ties and the end use requirements. 

Visible pipe is eliminated and ba rs are subj eci to sta ndard variations in check 
analysis. Blooms and bi llets for special quality ba rs a re conditioned before roiling 
to eliminate surface imperft.'Ctions, but surface defects ma y he present to §Ome 
degree after final rolling. If defects in special qualil ), bars a re removed by chipping 
or grind ing, the extcnt of the conditioning must be consistent with the end use 
of the bars. 

Special <luality ba rs are sometimes SI>ecified with rC<luirements for chemical 
composition, workmanship or finish more restricti\'e than special quality as pre· 
viousl), described and additional handlin g, proceMi ing, testing or inspection pro
cedures are rC<luired . Ba rs for forging and/ or heat treating should be ordered as 
killed steel. 

SPECIAL BAR QUALITY INVOLVING OTHER RESTRICTIVE REQUIREMENTS 

SI>ecial <Iuali ty bars involvi ng other rcstricti\'e requirements a re cold heading 
quali ty, sl>eciai surface quality, or those in which special heat treati ng require· 
ments must be mel. They also include those bars rC<ll/iring restr icted ladle or check 
anal),sis. restricted decarburizat ion or sl>ecified maximum incl<lental elemenlll. 

STANDARD PRACTICE TABLES 

Va riations for Dimensions and Wor.manship 

The accuracy of dimensions of rollc<1 steel products is innucnced by many 
factors such as mill design, heati ng practices, ro ll pass design, reduction between 
passes, roll wear and grade of stt.'CI. The cumuiati\'e effect of these, as well as other 
factors, precludes hot rolling to exacl ordered size and rC<luires that pro\'isions 
be made for \'8riatiolls. 

The accompa nyillg tables indicate the expectancy of dimcnsional vllriat ions. 
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TABLE 35 

ROUNDS AND SQUARES AND ROUND CORNERED SQUARES 

Sizes in Inches 

V"ri"tiom from Out of Round 
Size 0' 

Specified Silel Out of Square 
Over Under Section 

To K, incl. 0.005 0,005 0.008 
Over X. to U. incl. O.OOb 0.006 0.009 
Over U. to Y. incl. 0.007 0.007 0.010 
Over Y. t o Y. incl. O.OOB 0.008 0.012 
Over Va t o I incl. 0.009 0.009 0.013 
Over I to I V. incl. 0.010 0.010 0.015 
Over I V. to I J{ incl. 0.011 0.011 0.016 
Over I X to I Y. incl. 0.012 0.012 0.018 
Over IY. to IX incl. 0.014 0.014 0.021 
Over IX to 2 incl. ,.. ,.. 0.023 
Over 2 to 2X incl. '" 0 0.023 
Over 2X t o 3X incl. '" 0 0.D35 

Non: : Out-of-rou nd is the diffe rence between the mlillimum and minimum diameters of the 
bar, measured at the SlIme cross s<:clion. Qu!-of·gquare !leclion is the difference in the two 
dimensioM al the same erOS!! section of a S(!uare bar between oP!lOsile faces. 

TABLE 36 

SQUARE·EDGE AND ROUND·EDGE FLATS 

Thickness and Width in Inches 

Vari,dions from Thickness, for Variations from 
Thicknesses Given , Over & Under Width 

Over 
Specified Widths ~ to Y, Om 

Under Y, to 1 I to 2 Over 
Yo incl. indo indo 2 Om Under 

---------
To I incl. 0.007 0.008 0.010 .... .. .. 

,.. ,.. 
Ove r I to 2 incl. 0.007 0.012 0.015 '" .... K. K. 
Over 2 to 4 indo 0.008 0.015 0.020 K. '" K. K. 
Over" to I, indo 0.009 0.015 0.020 K. K. K. K. 
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TABLE 37 

STRAIGHTNESS 

All Bars and Bar Size Shapes 

If" inch in any 5 ft . or ,/" inch X number of ft . of len9th divided by 5. 

Because of warpage, $traightneu to lerances do DOl a llply 10 bar. if any subsequent healin!! 
QI""ralion has ocen lJerforrn"d. 

TABLE lB 

AUTOMOTIVE LEAf SPRING fLATS 

Thickness. W idth and Conca vity in Inches 

V.r;.tjon~ i .. Thld· V.,i.tionllow.,d. Muimllm Diff".IIe. 
nau, ' 0"., & Und.r Concavity" in Th ic1na .. ' 

V. ridion. in Width 
For Tt. id"." For Thieln." For Thieln,,, 

V.,i,_ Ova. 0 .... O"a. Ova. Oya' 0"., 
lion 0.315 0.375 0.875 0.175 0.115 0.875 0.315 0.175 0.875 

Spacir..d Width. Ova' .. , t. t. .., t. t. .. , t. t. 
No Va •• Und. , 0.875 1.500 Undar 0.875 1.500 Unda, 0.875 1.500 
Unda, indo indo inc l. inel. inel. indo 

To1X ind. ,. 0.005 0.006 .... 0.005 O.OOb ........ 0.002 0.002 ........ 
Over 2)1 to 4 inc1. '" O.OOb O.OOB 0.012 O.OOb O.OOB 0.012 0.003 0.0001 0.00b 
Over 4 to 5 inc1. K. 0.007 0.010 0.016 0.007 0.010 0.016 0.0001 0.005 O.OOB 
Over 5 to 6 incl. K, .. ..... . 0.012 0.020 ........ 0.0 12 0.020 . ....... O.OOb 0.0 10 

'Thickne!ill Jll('a<urcmenIS are laken al Ihe edges of Ihe bar where the flat surfaces in ter!!Cct 
the rounded edge&. 

'Conca,·ily is the difference bet"'ccn the thieknC$ al the center of Ihe bar and the thickne" 
al the edge&. 

a)la:rimum difference in thickne&!! betwCf"n the two edg('~ of ... eh bar. 
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TABLE 39 

RANDOM LENGTHS - CUTTING RANGES 

All Bars and Bar Size Shapes 

For sizes to and including 3 in. round or equivalent cross-sedional "rea: 
2 ft. fange when minimum of length range specified is 5 ft to 20 ft. inclusive. 
3 ft. range when minimum of length range specified is over 20 ft. to 30 ft. inclu

sive. 
For sizes over 3 in. round or equivalent cross-sedional area: 

3 ft. range when minimum of length range specified is 5 ft. to 20 ft. inclusive. 
4 ft. range when minimum of length range specified is over 20 ft. to 30 ft. 

inclusive. 
For a ll sizes and cross-sedional areas: 

4 ft. range when minimum of length ra nge specified is over 30 ft. to 40 ft. 
inclusive. 

5 ft. range when minimum of length range specified is over 40 ft. 

TABLE 40 

BAR SIZE ANGLES 

Dime ns ions in Inches 

Variations from Thickness for Thic~· 
nesses Given, Over and Under 

Variations 
Specified To )(, Over )(, From l ength 
l ength of Incl. to X, Over Y. of leg, 

Leg Incl. Over and Under 

To I, incl. 0.008 0.010 . __ ..... U, 
Over 1 to 2, indo 0.0 10 0.010 0.012 '" Over 2 to 3, e)(cl. 0.0 12 0.015 0.0 15 K. 

The longer leg of all unequal angle determines the size lor varia tions. 
The ol1t-QI'S\ll1ate tolerance in ei ther dire<:tioll is l lh degrees. 
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TABLE -41 

ROUNDS, SQUARES, fLATS AND BAR SIZE SHAPES 

Length 

Mill Shearing 

S"ecified Sile 
Variations Over Spedfi~.d 

length, Inches, No Variation 
Specified Sile 

of 
o Flah, Inches Under 

Rounds, Squares S· 'D· 20· 30· "". Thickneu Width 10 Ft. 20 Ft. 30 Ft. "" Ft. 60Ft. 
Inches Exel. Exel. bel. E.d. Ind. 

To I, indo To I. inc!. Tol,incl. Y, Yo I);. n~ 2X 
Over I to 2, incl. Over I To 3, indo Y, , IX 2 2X 
Over I to 2. indo To I, inc!. Over 3 to 6, incl. Y, , 1)1 2 2)1 
Ovor2, indo Over I O ver 3 to 6, incl. I IX 1M 2Y. 2M 

Bar Sile Sections Y, , IV, 2 2X 
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ORDERING PRACTICE FOR KAISER 

BARS AND BAR S IZE SHAPES 

89 

In order 10 more clearly describe the material desired and to avo id misunder· 
standing, purchasers' inquiries and ordeN! for Bars and Bar Sized Shapes, should 
speci fy the follow ing detai ls: 

1. Quantit y. 

2. S ize. 

3. Specification. 

4. Quality (either merchant bar <Iunlit y or special bar qualit y). 

5. End use. 

6. Re<luired inspection, if other than mill inspection. 

7. Special loading practices if applica ble. 

8. Shipping destination. 

9. Required routing. 

10. Re<luesled delivery. 

11. Distr ibution of shipping notices, in vo ices, and bills of lad ing. 

When ordering round hars thai II r c 10 be machined, experience ha! shown lhal 
it is advisable for the purchaser to make adequate allowances for fmishing. These 
allowances should nol be less than Ih inch from the surface for rounds l % to 3 
inches in diameter and 1;.J inch for rounds over 3 inches in diameter. All sections 
of cut bars may be ordered to spe<:ific or random lengths. The maximum length 
is 65 feet. 

Bars are invoiced 011 mi ll scale weights. In check-weighing by the purchaser, 
variation from invoiced weights up to one per cent may be expected due to differ
ences ill kind, type, location and accuracy of the scales. When the number of pieres 
in a lift is required 10 be shown on the shipping papers, the count is cOllsidered as 
approximate and weight the more accurate. 
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KAISER CONCRETE R£INFORC I NG BARS 

Concrete reinforcing bars are sleel bars used to resist tension, oolllpressioll or 
shea r stresses in concrete. Deformed bars with surface patterns meeting certain 
minimum industry standards for deformation a re mosl generally used. Plain bau, 
however, are used in many specia l cases. It has Ixx:ome a practice in the trade to 
use the word " nominnl" in referring to the size of deformed ba rs and to designille 
them by number. The nominal size of 8 deformed bar is equi\'aicnt to Ihe diameter 
of a plain ro und bar or the side of a S<lua re ba r having the same weight per fool 
as the deformed bar. The number of the bar indica tes iLs nominal size in VB inches. 

Kaiser Concrete Uein forcing Bars are extensively used in the construction of 
concretc darns. bridgcs, buildings, pipe lines, aquc<lucts, foundations and the like. 

Kaiser Concrete Rei nforcing Steel Bars a re produced frOIll new open hearth 
steel billet.!! in grades to conform to latest industry speci fi cations in cithc r deformed 
bars (Kaiser Hi· Bond Bars) in sizes from y:! to l IN. inches inclusi\'e, or in plain 
round bars, i ll .!!izes from y:! to 1 inch inclusive. 

TABLE 42 

KAISER CONCRETE REIN fORC IN G BARS 

Bar No. 4 5 • 7 8 9 10 " 
Size inches 1(, 0/. ¥. % I 1.128 1.270 1.4 10 

(rounds) (I .q.J (l1/ .. q·J II V-4 sq.) ---------
Area 0.20 0.31 0.44 O.bO 0.79 1.00 1.27 1.5b 

(sq. in.) 

Weight O.bbS 1.043 1.502 2.044 2.b70 3.400 4.101 5.113 

Ilb··lt lin .. ) 

Orders for %~ bars are aceepled onty by ~pecla l arrangc:m~ nl. ~ or Iho5<: ~Ize~ de~lgnalcd 
a~ numben 9. 10 and 11 . Kailler Hi· Hond n arl of round I!eCtion are furni~hed to the «lui'"alent 
I!eCtional area of square barl!. For those ~il.ell designated as numbers 4, 5, 6, 7 and 8. both plain 
round bars Ind Kaiser Hi·Bond ban are furni~hed. Plain round bars in cut lengths only. also 
may be furnished in sizes I I-' ~ , llJi ~ and 1 % ~ in diameter in kngth! not ucceding 6() fcel. 

KAISER HI-BOND CONCRETE REINfORCING BARS 

Kaiser Hi· Bond Reinforcing Bar increases the efTectivenCS5 of reinforcing steel 
in concrete th rough greatl ), improved load transfe r between the Iwo materials. 
This is accomplished b)' means of reversed double hclical ribs of proper height 
which extend between diametricall y opposed longitudi nal ribs. The helical r ibs 
are spaced at close intervals and so dimensioned as to pro\·ide potential bearing 
and shearing areas which in addition 10 having the proper relationship to each 
olher, are properly proportioned to the efTecti\'e strcngth of the bars. The bea ring 
area is more than double that of most types of reinforcing bars. 

• 



-
KAISER S T E E L CORPORATIO N 93 

These reversed double-helicol ribs in Kaiser 
Hi-Bond reinforcing bars provide the most 
effective mechanical grip with concrete ever 
developed-regardless of the position in 
which the bars are cast or the direction in 
which they are pulled . 

Patterns in wet concrete prove no 
ordinary bar con anchor itself 05 

firmly as a Kaiser Hi-Bond bar. 

Kaiser Hi-Bond bars have gear
/ike contact when crossed and 
wired. The result is that they hold 
firmly with a simple tie. 

High tensile streng,h at splices
with shorter overlap-comes 
from dovetailed helical ribs. 
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The angle at ""hidl the ribs nre inclined is so fixed that the area for any section 
normal 10 the longilu(lillnl axis o f the bar is n constant. The large fillet s where tile 
helical ribs join the body of the bar induce better contact between the COllc rete and 
the sleel. 

This design results ill n bar which bends excepti onally well and is easy to handle 
and fabricate due 10 the close and even rib arrangement. 

All engineering tests which have been conductc<l support the following con
clusions: 

Ka iser Hi-Bond Bars have the highest possible bond \'a1ue as compared with 
olher reinforcing bars. 

Ka iser Hi-Bond Bars provide a more effective mechan ical g rip with the COIl 

crete rega rdless of the position in which they are cnst, or the direction in which 
they arc pulled. 

Kaiser Hi·Bond Bars provide a more efficient transfcr of stress at splices and 
reduce the ueed for hook anchorage. 

Kaiser Hi-Bond Ba rs reducc the width of cracks, thcrcby reducing thc possi
bilit y of corrosion of the steel at the cracks. 

Kaiser Hi·Bond Bars, through superi or resistance to slip, reducc dcllcctions of 
beams and ddormations of columns. 

Kaiser Hi-Bond Bars contributc to the effecti,'c use of high yield strength 
reinforcing steel and the development of pre-stressed construction. 

Ka iser Hi-Bond Bars in reinforced concrete result in more efficient structures 
and lower construction costs through the conservation of materials and labor. 

Kaiser I-I i-Bond Bars are rolled in sizes from ~ to l~ inches, inclusive, and 
are furnishcd ill cut lengths from 20 to 60 feet, inclusi,·e. Shorter or longcr lcngths 
may be furni shed by sl>ccial arrangement . In sizes from % to 1 inch, inclusive, 
these ba rs may be fu rnished in coils a veraging in weight 1,000 pounds per coil, 
to standard industry speci fications. 

Two sizes of coils arc supplied: 

56" 0.0. x 39" J.D. 

46" 0.0. x 34" 1.0. 

KAISER PLAIN ROUND CONCRETE REINFORCING BARS 

Kaiser Plain Hound Concrete Hei nfo rcing Bars a re rolled in sizes from Y2 to 
1 inch inclush'C and may be furni shed in cut lengths from 20 to 60 feet inclusive. 
Shorter or longer lengt hs ma y be supplicd by special arrangement. Plain round 
bars llIay also be furni shed in co ils averaging 1,000 pounds per coil . 
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STANDARD PRACTICE TABLES 

TOLERANCES 
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The length of concrete rein forcing ban is customarily specified in feet and 
inches Il lld all lengths are conHllollly subject 10 \'a riatiolls from ordered lengths 
as follows: 

Up to 40', inclusi\'e ................. 2" o\'er and 1" under 

Q\'er '1.0' ................................. .. 3" over Ilnd 1" under 

Concrete rei nforcing ba rs, by ind ustry practice, a re furnished to weight toler· 
IUlces and are not customa rily furnished to dimensional tolerances other than for 
length. The theoretical weights of Kaiser Plain and Deformed Hei nforcing Ba rs of 
the same nominal size are considered to be the same, i.e., the melnl ill the defonnil' 
lioll is included in the theoretical "'eight and is 1I0 t addi tionlllt o it. Actual weights 
should IIOt difTer from theoretical weights mo rc than the vuriuti ons show n below. 

TABLE 43 

WEIGHT 

Size in Inches 
Vodot;oo, P~ 
Over Under I 

'/2" to 1'/"," inclusive in any lot 3\/2 3\/2 

\/2" to 1\/4" inclulive individua l bars - b 

NOTE: The 'fOrm '·]0'" m .... n~ all the t.ars of Ihe same nominal ize in a carload. 
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ORDERING PRACTICE FOR KAISER 

CONCRETE REINFORCING BARS 

In order to more clearly describe the material desired lind 10 avoid misunder· 
standing, purchasers' inquiries and orders for concrete reinforcing bars, should 
spe<:ify the following details: 

I. Quantit y. 

2. Size ( 011 sizes 1", l Ys" oml I ~" clarify as to whet her rounds or 
S(luare e<Jui valcnts are fC<luired ). 

4. Grade (in termcdiote grade or structural grade). 

5. Required inspection, if olher than mill inspection. 

6. SI>ecialloading practices, if applica ble. 

7. Shipping destination. 

8. HC<luired routing. 

9. RC<lueslcd dc!i,'cry. 

10. Distr ibution of shipping notices, invoices and bills of lading. 

Concrete reinforcing bars are invoiced on the basis of the theoretical weight 
per fool of the bar. 

-
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' --~~------~----------~ Coiled rods or. rolled in continuou s lengths from double converted billets on a 
combination mill. 



COILED RODS 
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KAISER COILED RODS 

Kaiser Coiled Hods are rolled from billets 10 an approximate round cross section. 
They arc pro(luced ill coils of one continuous length. Rods arc nol compum ble 
10 hoI rollc(1 bars in accuracy of cross sect ion nor sur face fiuish. Hods are con
sidered a semi-finished product. 

Kaise(1 Coiled Hods arc rolled for usc where continuous length material is essen
tial or where economics ma), be effected by the use of coiled rods. Their pre
dominant usc is for rcillforcing concrete pi l}C, and in reinforcing massive concrete 
51 ruel UTes. They arc produced from double converted billets on a combination mill. 
The manufacture of the lllrger sizes of rods im'olves IIddiliona\ preca utions in 
steel mak ing and in the preparation of billets to assure a quali ty more readily 
obtainable in the sma ller size of rods. 

RANGE OF SIZES 

Coil Diameters- 56" 0.0. x ~W" J.D. or 46" 0.0. x 3,L" 1.0. 

Coi l \Veights-l OOO lbs. average. 

Kaiser Coiled Hods are available in standard grades :md conform to the specified 
quality re(luirements of the el1(l use or commodity designal<xL They a re rolled to 
COlIform to standard size tolerances. 

STANDARD PRACTICES 

TOLERANCES 

Vnriation from sl}C(;ified (Iiameter: Plus or ~Iinus n" (0.0156") 

Out of round variation: 0.025" maximum 

Oul of round nll"all~ th(' diff("renc(" h!w/'en lh(" maximum anti minimum 
,!ilinl('!cr~ nw~~un',t a! !h ... ame ero~:; "..('tion. 

Tolera nces closer than the above stan(lan\s necessitate a manu facturing pro· 
cedure such liS is used to produce ba rs. 
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ORDERING PRACTICE FOR KAISER 

C OILED RODS 

10 1 

In o rder 10 more clearl y <Iescribe the ma terial desired and to avo id misunder
standing, purchasers' ilHlu iries and orders for Coiled Ho<is should specify the 
following details: 

1. Quanti ty. 

2. Size. 

3. Specification. 

4. Quality {t hat is. mcrchant <Iunlit}'. cold rolling <Iualit)', cold forgo 
ing quality, etc. ) 

5. End use. 

6. RC(lu ired inspection. if olher than mi ll insl>cction. 

7. Special loadin g practices if applicable. 

8. Shipping destination. 

9. Re<Juircd rouling. 

10. Requested delivery. 

II . Distribution of shipping notices, invo ice;; and bi lls of lad ing. 

Coiled rods a re invoiced on the basis of mill scale weights. 

In check weighing by the purchaser, \' lI ri aliOIl from invoiced weights up 10 

one per cenl llIay be ex pected due to d ifTercnccs in kind, type, locll t ion Ilnd accurIlcy 
of the scales. 



Kaiser Steel's hot strip mill produces hot roll ed sheets in coil s or cut le ngths, 
in widths from 24 to 72 inches. 



HOT ROLLED SHEETS 
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KAISER HOT ROLLED SHEETS 

Flal rolled sleel products nrc classi fied as ba r, plate, strip alld sheet in accord· 
ance with thickness and width. On page 233 of this catalog is a table gh,jng the 
usual il1duslry accepted classifica ti on of fl at rolte(1 pro<lucls. 

11 0\ rolled sheets a re used in large tonnnges for dro wn, cold formed aud struc
tural pMls in the manufacturing and fabri cating industr ies. They a re used in 
automobile parIs, machinery, furniture, pi l>C, general appliances alld man y other 
fields o f manufacture. 

Kaiser 1I 0t Holled Sheets urc made in the full range of steel gmdes used in 
industry. Sheets to 72 inches in width a re ra lle(1 0 11 II combination mill consisting 
of a l lO-inch rc\ crsing roughing mill and a ItO-inch three-higl, semi-fini shing 
mill. and afe fi nished 0 11 six stands of 86-inch fou r·high COntinuous fini shing rolls. 
Sheets o\'er 12 to 16Y:: inches_ inclusi,·e. in width a re rolled on a ten-stand, tandem 
continuous mi ll. Sheets from ] 2 10 72 inches ill wid th may be cuI 10 lengt h Of 
coiled nfter rolli ng. 

TABLE 44 
KAISER HOT ROLLED SHEETS 

Width {Inches) Min imum Thickness Manufacturers Std. 
Gage No_ 

Over 12" to 16V,", incl. .11)46 12 Ga . 

Over 24" to 43", incl. . 0478 18 G a . 

Over 43" t o 50", incl. • 0598 IbGa . 

Over 50" to bO", incl . . 0747 14Ga . 

Over bO" t o b5", incl. . 0897 13 Ga . 

Over b5" to 72", incl. . 1046 12Ga . 

SheeU oyer 12~ to 16% - , lncl.. .... ide are available in length! from i2~ to 126- and from 
168~ 10 252~ . Coils in Ihis .... id.h range .... ilI a,-eragc 250 )lOund$ per inch of .... id.h and arc fur
nished "';Ih mill e<lge only. 

Shee1824" 10 72" .... ide are prod uced in coi ls or cut lenglhs from 8-1" 10240 · . 

TABLE 45 
HOT ROLLED PICKLED AND OILED SHEETS 

Width (Inches) Min. Thickness 

Over 12" • I bW' , incl. . 104b 

Over 24" • 43", incl. .1)478 

Over 43 " • 49" , incl. .0598 
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QUALITIES 

CO~UH;RCIAL Q UA LIT Y hot rolled s.llcets lire suit able for many pu rposes where 
the presence of oxide is not objectionable and su rface is of seconda ry iml>ortance. 
They lire 1I0t commonly usc<1 for ex posed parts where fini sh is the prime require. 
ment. When a carbon content is 1I0t specified, it is IIssumed that corlHllerc ill l 
quality sheets, not exccc<lillg 0. 15 per cent ca rbOl1 on ladle IIllalysis. a re desired. 
Whcn re<luired , Comme rcial quulity sllcets nlily be sl>cci fi ed to standa rd chcmiCli1 
ranges and limits. 

For any ca rbon range sl>cci ficd or rC(luired. tile maximum of which does not 
exceed 0.15 l}Cr cent, a tcst spcci mcn should withstand being berr t nat on itself in 
an)' direction at room teml>cralure. 

For an )' ca rbon ran ge specified or req uircd. the maximum of which is ovcr 
0.15 per cent ali(I not Ol'cr 0.25 per cen l. a test specimcll should wi lhstll nd being 
I>cnt. at room temperaturc, th rough 180 degrt.'es in an}' direction a round a thick· 
ncss equal to that of the speci men. 

Bend tests are not custolllllril)' re<luired for commercial quality sheets wi th 
carbon o\'cr 0.25 I>cr cent maximum. 

If mechanica l prol}Crtics or uniform it}' o f teml>cr are re<luired. ph ysicill qualit ), 
shou ld be specified. 

If greater duct ilit y th lln thllt indicated b)' the foregoing bend tcst is re<luired, 
d rawing qualit), should be sl>ecifi ed. 

DRAW ING Q UA LITY sheets arc custonraril y produced for use in fabricating iden· 
tified parts where the surface I>cfore and after <Ira wing is of s.c<:on<i ll ry impor. 
tallce. Proper iden tification of parts ma)' include l'isual exa minlltion. prints or 
description, or combi nat ion of these. These sheets IIrc not recommcndcd for 
exposed pa rts. They should produce parts too <Iinicult for the fabricating prop· 
ertic8 of eomlnerc; ul (IUality shccts, wi thi n the breakage allowunce us commonly 
negotiated 1}Clwecn purchaser and producer. This <Iualit}' of sheets is not com· 
mon ly sl>cci fi ed to chemical composit ion. 

PII\"SICA I, Q UALln" sheets are produced when mechanica l prol>crlies a re Sl>cci. 
fi ed or req uired othcr than the bend tests o f commercial <Iualit y or when uni· 
formi l), of temper is re<l uire<1. Such propertics o r values inclu<le those determined 
b)' terrsile tests. hardness tests. or other commonly accepted mechanical tests. It 
is customa ry to spccify orrly one kind of a test rC<luirement on anyone item. 

Requiremen ts of sheets to meet both mechllnical tes.ls and drawi ng (IUalities 
are common l), negotiated bet\\een purchaser and pro<lucer. 

Ph ysical <Iualit), sheets lire sometimes specified to struct ural l!1>eci fi cations o r 
to slandard tensilc ranges. Thecom l>osition of steel is related to the required tensi le 
properties; hence, a range for ca rbon is not commonly sl>eci fied. 

When surfacc fini sh is of prime im portance. special l!urface should be speci fi ed. 
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STANDARD PRACTICE TABLES 

V~riation5 for Oimensions and Workmanship 
(For Carbon Steel Sheeh of 0.25 % Max. Carbon Content) 

/\ ccuracy of hot rolled dimens.ions is infl uenced by many factors such 8S mill 
design, heating practice, reduction between passes, roll wear, roll pressure, and 
composition of steel. The cumulative effect of these. lUI ",'ell as olher faclors . pre· 
cludes hot rolling 10 exact !pecified size and requires thai pro\'isions be made fo r 
,'oriations. 

The accompanying tables illdiclIte the expecta ncy of dimensional variations. 

TABLE 46 

WEIGHT 

(All of one gage and sile) 

r 
Va riation from Specified Weight, 

Per Cent Over or Under 
Specified Weights, 

I 

lbs. per Sq. Ft. 20 Tons 
Under 20 Under 3 
Tons t03 T ondo I 

and Over Tons, incl. Ton , incl. 

1.875 (18 g~ge) ~nd Heavier 3.5 5 7.5 
1.874 (19 gage) and lighter 2.5 3 5 

For ~heel ll 72" lind o'-er in widlh, add 210 per«nlilge !hown in Ihe lable. 

TABLE 47 

THICKNESS 

(Coils and Cut Lengths) 

Under 
I Ton 

10 J 10 

Variations from Specified Thidnen for Widths and 
Specified Widths, 

Inches 
Thic~ne5Ses Given-Over or Under, Inch es 

.2299 .1874 .1799 . 14 19 .097 1 .0821 .0709 

.1875 .1800 .1420 .0972 .0822 .0710 .0568 
------

Over 12to 15ind. .008 .007 .007 .007 .00b .006 .006 
Over 15 to 20 incl. .OOB .008 .008 .008 .007 .007 .006 
Over 20 to ]2 indo .009 .009 .009 .008 .007 .007 .006 
Over]2 to 40 indo .009 .009 .009 .009 .008 .007 .006 
Over 40 to 48 indo .010 .010 .010 .0 10 .008 .007 .006 
Over 48 to 60 ind o .. ' .. ...... .0 10 .010 .008 .007 .007 
Over 60 to 70 indo ... . .. .0 11 .0 " .009 .008 .007 
Over 70 to 80 inc!. ... .. .0 12 .012 .009 .008 . . 

Tbiekneu il meuuud It Iny point OR Ihe Iheel DOl Jess IhaD %" in from liD edge. 
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Specified Widths, 
Inches 

Tol5ind. 
Over 15 to 20 indo 
Over 20 to 30 indo 
Over 30 to 50 indo 
Over 50 to 80 indo 

TABLE -48 

WIDTH 

(Sheets Not Resquared) 

(Coils and Cut lengths) 

~o" 0 ... Spec;fo.d Width 
No Variation Under 

Sheared or Slit Edge 

Y. 
Y. 
~. 
Y. 
~. 

TABLE -49 

LENGTH 

107 

s, Inches 

(Sheets Not Resquared, induding Pickled Sheets) 

Specified lengths, 
Inches 

Variation Over Specified lengt 
No Variation Under 

h, Inches 

To 15 indo Y. 
Over 15 to 30 indo Y. 
0 ... 30 to 60 indo Y, 
0 ... 60 to 96 indo Y. 
Over 96 to 120 indo I 
Over 120 to 156 indo , )4 
Over 156 to 192 indo 111 
Over 192 to 240 indo IY. 
Over 2-40 2 
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CAMBER 

Camber ill the greatest deviation of a side edge from a strai ght line: and lIleas
urement is taken on the concave side with a stra ight edge. The cli mber for sheets 
ill CUi lengths, nol rCS<lull red. is shown below: 

Sheet Length, Feet 

To 4 incl. 
Over 4 to 6 incl. 
Over b to 8 indo 
Over 8 to 10 incl. 
Over 10to 12inel. 
Over 12+0 14 incl. 
Over 14+0 Ibincl. 
Over 16 to 18 incl. 
Over 18 to 20 incl. 
Over 20 to 30 indo 
Over 30 to 40 indo 

TABLE 50 

CAMBER 

(Includes Pidled Sheets) 

Camber, Inches 

Yo 
~. 
Yo 
K. 
Yo 
Yo 
Yo 
j{ 

Yo 
IX 
IX 

For ~h eel$ in coib. camlH" dOt:~ not commonly exceed on .. inch in allY 20' of length. 

OUT·Of· SQUARE 

(N ot Resquared, including Pickled and Oiled Sheets) 

Out-or.square is the grea test devi nti on of an eml c<lge frolll a straight line at 
right-angles to a side and touching one corncr. The variatioll fo r ~heels of all 
gages lind Ilil sizes is IJ~1 inch I>cr 6 inches, or fraction thereof, of width. 

RESQUARED SHEETS - VARIATIONS 

(Includes Pickled and Oiled Sheeh) 

When !!-heets are specified resquIlred, the width and length nre customarily not 
less than the dilllensions specified. The va riation for o\·e r.w idth, o\·e r.!ength, 
camber nnd out-of-s<luare customarily does not exceed -Or incll for sheets up to 
and includi ng 48 inches in width and up to and including 120 inches in length ; 
lIor YtI illch for wider or longe r sheets. 
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TABLE 51 

FLATNESS 

(Sheets Not Specified to Stretcher Leveled Sfandll rd of FlllltnelS, 
including Pickled and Oiled Sheets) 

109 

Specified Weight, 
Lb. per Sq. Ft. 

Specified 
Thickness, Inch 

Specified Width, 
Inches 

Variation from I 
Flat, Inch 

2.375(1 6 G •. ) 
and heavier 

0.0568 and 
thider 

To 60 indo 
Over 60 to 72 incl. 
Over 72 

The flaBl<:$S standards in T"hle 51 lib ... ,,, arl' nul 81,plicuhl .. t., cui l_ . 

Yo 
Yo 

1 

oq 
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ORDERING PRACTICE FOR KAISER 

HOT ROLLED SHEETS 

In order to morc cJcurly describe the material desired and to 1I\'oid misunder
standing. purchasers' inquiries 811d o rders for 11 01 Boiled Sheets, should !!1"lCCi fy 
the following details: 

1. Quantit y. 

2. Size. 

3. Specification. 

4. Quality ( that is, commcrciul (]ualit y. drawi ng qualit y. special ki lled 
steel. or ph ysical qua lity. etc.) 

5. End use. 

6. HC<lu ired inspection, if oI lIer than mill inspection. 

7. SJlCCiallonding pfHelices if applicnble. 

8. Siupping destination. 

9. Hcqui red routing. 

LO. Hequestcd delivery. 

II. Di stribution of shipping notices, in voices. nnd bills of lading. 

Shcets a re invoiced 011 mill scale weights. 

In check-weighing by the purchaser a variation frolll irwoice<1 weights up 10 

olle per celli ma} be eXIJCCted due to differences in kiml, type. location and 3(;curac), 
of the scales. 

In cases o f large quantities of one size and thickness. there is the possibil ity of 
error in count. Fo r such lots, the weight is considered more accu rate IhalL Ihe 
count as the basis for sett lement of the invoices. 
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KAISER COLD ROLLED SHEETS 

Cold rolled sheets a re defined as steel sheets cold rolled to gage frolll hoI rolled. 
coiled, pickled sheets in order to produce II surface superior 10 lha l o f II hot rolled 
product. 

Kaiser Cold Rolled Steel Sheets arc pro(luccd to the highest standa rds of (Iunlity 
and are eXlcnsi\'cly used for articles requ iring a sU I>erior surface and excellen t 
forming qualities. Cold rolled sheets are used for automotive parts, conduit, e1ec· 
trical fixtures, household appliances, machine parts, hardwa re and for man y other 
miscellaneous applications. It is important that Kaiser metallurgists be given 
complete information on the manufacturing proceM and the end product so lhat 
the producing mill ca n be sel up to produce sheets with prol>crties suitable for 
the ordered use. 

Kaiser Cold Rolled Sheets a re rolled to gage from hot rolled, coiled, picklc(1 
sheets 0 11 tile most modern cold reduction un its and a re annealed in con trolled 
atmosphere furnaces. The Company employs Iwo cold reduction mills, one a five 
stand continuous mill and the ot her a two.high reversing mi ll. 

Kaiser Cold Rolled Sheets are produced from 14 gage to 28 gage and from 
12% inches to 35 inches in wid th . 

Sheets may be shipped ill coi ls or cut lengths, as ordered, and will be finished 
with sheared edges unless mill edge is specified in widths frOIll 12% inches to 
16 inches. The inside coi l diameter is 16 inches and the maximum coil weight is 
approximately 220 pounds per inch of width. In widths from 24 inches to 35 inches, 
the inside coil diameter is 16 inches and the coils weigh approximately 825 pounds 
per inch of width. 

GRADES 

Cold rolled sheets are graded according to surface condit ions as col(1 rolled 
primes or cold rolled sheets, and can be so specifi ed. 

COLD ROLLED S IIEETS ma y contain su rface inperfections of such a cha racter 
that the sheets can be used for identified parts with a reasonable amount of metal 
fini st.ing by the purchaser. They arc supplied in coils or cut lengt hs. 

COLD ROLLED PRI MES are sheets inspected to meet specifi c su rface requirements 
without melal finishing by the purchaser to remo\'e surface imperfections other 
than those caused by the purchaser's hand li ng and fllbrica tion. They lire supplied 
in cut lengths onl y. Inquiries for Ihis g rade are subject to negotiation. 

QUALITIES 

Cold rolled sheets are commonly p roduced in three principal qualities: com· 
mercial quality, drawing qualit y and ph ysical quality. 

COMMERCIAL QUA LITY shccts are ordi narily produced in a low ca rbon grade 
of steeJ, and are suitable for exposed parts requiri ng a good su rface. Commercial 
quality shceu are not guaranteed to be suitable for electroplating where su rface 
uniformity in the fini shed product is essential. Commercial qua li ty can be specified 

... 
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to sta ndard chemical ranges. Where no chemical composition is specified, com
mercial qua lil) sheets should o rd ina rily /lot exceed a hardness equivalent of 
Hocb."ell BOO. Jlardness values. however, a re 1101 reported. Commercial quali ty 
sheets ore processed 80 as to be free from surface disturbances known liS streIcher 
strai ning during fnbri catioll , pro\,jdcd the sheets II rc properly roller leveled im
mediatel), befo re using. 

DRAW ING QUA LITY shoots are customarily produced for fabri cll ting ident ified 
parIs where the surface before and after drawing is of prime importance. Proper 
identification of parIs may include \' isual examination, prints or description, 
or com bination of these. Drawing qua lil )' sheets a re nol suitable for elect roplatin g 
where surface uniformity in the linishC(1 product is essential. Drawing quality 
sheets should produce identified parts too difficult for the drawing properties of 
sheets of an )' other quali ty, within the breakage allowances as cornlllonl y nego· 
tiated between purchaser and producer. When sheets of this qualit y are required 
to be csscn tillll y free from surface disturbances such as stretcher strains without 
roller leveling immediately prior to use, or when the sheets a re to be essent iall y 
free fr OIll signiliean t ehallges in mechaniClI1 properties o\'er a l>eriod of time, 
Special Killed Steel should be specilied. 

PII\'SlCAL Q UAU TY sheets arc produced when mechanical properties are spec· 
ified or re<luire<l, oiller than IhO§e <Iescribed under other <Iualities of cold rolled 
sheets. Such properties or values include those determined by tension tests, ha rd· 
ness tests. or other commonl y accepted mechanical tests. It is customa ry to specify 
only one kind of a test re<luiremenl. Cold rolle<1 sheets of this <Iualily are subject 
to negotiation. 

BU ICIIT FINIS H sheets may he supplied in any qualit y. Inquiries for bri ght 
fini sh are subject to negotiation. Such sheets are pro<luced on speciall y pre· 
pllre<l rolls. 

Table! covering the dimensionaltoleranccs allowed in the production of Kaiser 
Cold Ilolle<1 Shcets are gi\'en on the follo\\'ing pllges. These tolerance a re recog· 
nized as standard by the steel ind ustry. 
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STANDARD PRACTICE TABLES 

TABLE 52 

WEIGHT 

(All of One Gage and Size) 

-
Variation from Specified Weight, 

Per Cent Over or Under 
Specified Weights, 

Lbs. per Sq. Ft. 20 Tons Under20 
and Over Tons to 3 

Tons, incl. 

1.875 (18 gage) and Heavier 3.5 5 
1.874 (19 gage) and Lighter 2.5 

TABLE 53 

THICKNESS 

(Coils and Cut Lengths) 

3 

Under 3 
Tonsto I 
Ton, incl. 

7.5 
5 

Under 
I Ton 

10 
10 

For Widths and Thicknesses Given-Over or Under, In. 

Specified Widths, .1875 .,. .... 
Inches and .1874 .1419 .0971 .0821 .0709 .0567 

Thicker .1420 .0972 .0822 .0710 .0568 .0509 
-------------

Up to 15 incl. .007 .006 .006 .006 .005 .005 .005 
Over 15 to 20 incl. .007 .007 .007 .006 .005 .005 .005 
Over 20 to 24 incl. .007 .007 .007 .006 .005 .005 .005 

For Widths and Thicknesses Given-Over or Under, In. 

Specified Widths, .0112 
Inches .0508 .0388 .0313 .0254 .0194 .0141 and 

.0389 .0314 .0255 .0195 .0142 .0113 Thinner 
----------

Up to 15 incl. .004 .003 .003 .003 .002 ------ ------
Over 15 to 20 incl. .004 .003 .003 .003 .002 ------ --._--
Over 20 to 24 incl. .004 .003 .003 .003 .002 ------ ---- --

The thickness is measured at any point on the sheet not less than %" in from an edge. 
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Specified Widths, 
Inches 

Upto20 inel. 
Over 20 to 32 incl. 

Specified lengths, 
Inches 

To , 5 incl. 
Over 15 to 30 incl. 
Over 30 to 60 incl. 
Over 60 to 96 incl. 
Over 96 to 120 incl. 
Over 120 to 156 incl. 
Over 156 to 192 incl. 
Over 192 to 240 incl. 
Over 240 

TABLE 54 

WIDTH 

(Sheets Not Rel'luared) 

(Coils and Cut lengths) 

Variation Over Specified Width, Inches 
No Variation Under 

Y, 
K. 

TABLE 55 

LENGTH 

(Sheets Not Resquared) 

Variation Over Specified length, Inches 
No Variation Under 

Y, 
Y. 
Y, 
Y. 

I 
ry. 
IX 
1M 
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CAMBER 

Camber is the greatest dev iation of a side edge from a Sinli gii t line ; a nd 
measurement is takcll 011 tile conC8\'C side with a st rai ght edge. 

The camber for sheets in cut lengths, not reS<l ua red, is as follows. 

TA8lE 50 

CAMBER 

Sheet Length, Feet Camber, Inches 

To 4 incl. Y, 
Over H o 6 incl. K. 
Over 010 8ine1. Y, 
Over 8 to 10 incl. ~. 
Over 10 fo 12 incl. Y, 
Over 12 to 14 incl. Y, 
Over 14 to I b incl. Y, 
Over 16 to 18 incl. Y, 
Over r 8 to 20 incl. Y, 
Over 20 to 30 incl. IX 
Over 30 to 40 incl. 1}1 

-

For sheets in coils. camber does not commonly e~ceed I inch in allY 20 feel of length. 

TABLE 57 

FLATNESS 

(Sheets Not Specified to Stretcher leveled Standtlrd of FI<!Itness) 

Specifie d Weight, Specified Specified Width, Va riation from 
lbs. per Sq . Ft. Thidness. Inch Inches Flat. Inch 

2.375 (10 G •. ) O.05b8 and 
and Heavier Thid er 

To bO incl. y, 

2.37' (17 G • . ) O.05b7 and 
and Li9hter Thinner 

To 3b incl. ,/, 

The flalness Slandards in Table 57 are not applicable to coil;!. 
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OUT·Of- SQUARE 

(Not Resqu .. red) 

11 9 

Ou(-of·sq uure is Ihe greatest deviation of all end edge from a straight line at 
right nngle to II side a nd touching one corner. The variation for sheets of all 
gages und IL II s izes is ((1" inch per 6 inches, or froction thereof, of lI' idlh. 

RESQUARED SHEETS 

When sheets are specified resquared, the width and length are customa rily 
nol less than the dimensions sl>eci ficd. The \'arialiolls for o\'cr-width, o\'er-Icngth, 
camber and ou t.or-square customaril y docs no l exceed i6" inch for sheets up 10 

and including 48 inches ill width and up to and including 120 inches in length ; 
lIor Vs inch fo r wider or longer sheets. 

HARDNESS 

Cold rolled sheets may be specifi ed 10 chemical composition, may be produced 
to mechanical requirement specifications or Illa y he ordered to hardness ronges. 
Hardness of Hock well (1·60 maximum is common ly recognized as 8 standa rd 
for com mercial {Iuality sheets. When cold rolled sheets a re specified to a hardness 
range, no special fi nish beyond recognized sheet standa rds should be designated 
nor should the sheet be required to meet defi ni te form ing requirements. Stan· 
dard va riations from a horizonta l flat surface do nol common ly apply when 
sheets are produced to ha rdness ranges. 

I 
I 
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ORDERING PRACTICE FOR KAISER 

COLD ROLLED SHEETS 

In order to morc clearly descri be tile mater ial desired and 10 avoid misunder
standing, purchasers' inquirietl and orders for Cold Rolted Sheets should speci fy 
the following deta ils: 

1. Quantit y. 

2. S ize. 

3. Qualit y {that is, commercial (Iualit y, drawing quality or ph ysical 
quality). 

4. Special a nd resl ricli" e requirements ( include in specification where 
applicable, SI>eci lll killed steel, special fini sh quality, primCll only, 
and any specification restr ictions closer than standa rd tolerances). 

5. End use. 

6. Req uired inspection, if other than mill illspectioll. 

7. Special loading practices, if applicable. 

8. Shippin g destination. 

9. Required routing. 

to. Hequested delivery. 

II . Distribution of shipping notices. invo ices, and bills of lading. 

Sheets are im'oiced on mill scale weights. In check.weighing by the purchaser 
a ,'ariation from irwoiced weights up to one per cent may be expected due to 
differences in kind, type, location and accuracy of the scales. 

In cases of large quantities of one size and thickness, there is the poss ibility 
of error in count. f or such lots, the weight is considered more aecurate than the 
count as the basis for settlement of the invo ices. 

-
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NOTES 



Kaiser Hot Rolled Strip is rolled on a continuous mill consisting of a series of vertical 
and horizontal rolls. 



HOT ROLLED STRIP 

-
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KAISER HOT ROLLED STRIP 

Hot rolled str ip is 12 inches or less ill width and under .2300 inches in thickness. 
It is prod uced 10 <Iuaii lies llnd d imcnsional limits as <Icscr ibed later in this sect ion . 
In ind ustry, hot rolled strip is used when a specific width within the strip range 
is needed or a mill edge is rC(luircd. It is used in th e automotive, building, indus
trial and mecha nical fi elds. 

Kaiser Hoi Rolled Strip is rolled on a conti nuous mill consisting of a series 
of vertical and hor izontal ro lls ar ranged in tandem so that str ip rolled on the 
mill passes continuously through successive siands unti l it is red uced to the 
desired th ickness. The vertical rolls control the width of the strip and loosen 
the oxide scale which is then removed by suitable hydra ulic sp ra ys. The strip 
may be coiled or cut in lengths as it leaves the mill. All cut lcngth strip is accur
ately sheared. and leveled. before shipment. 

The high standard of workma nshi p and q uality maintained ill Kaiser Hot Rolled 
Str ip is a principal reason for its increasin g use in western ind ustry. 

The table below shows the chemical ranges and roll ing lim its of Kaiser Hot 
Rolled Strip. 

TABLE 58 

KAISER HOT ROLLED STRIP 

MAXIMUM .25 CARBON MAXIMUM C·I085 

Width Gage W idth Gage 

2" to 4V2" indo . 125 to .203 6" .1875 to .203 
5~a" to 6" indo . 1 G4 to .203 6Va" fo 12"jnd • . 1875 to .2299 
6 Va" to 12" inc!. .1 G4 to .2299 

All S;1.eS 5\11" lind wider are ava ilab le in coil! or eurlcnglhs. 
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QUALITIES 

Kaiser Hot Rolled St rip is furni shed in commercial (Iualil )" drawing quality 
and phys ical quality. 

COMM~:RC1AL QUA Lin' strip is o rd inarily produced in a 1m" ca rbon gra<le of 
steel, a nd is suitable for man y purposes where the presence o f oxide and normal 
surface defects a re not objectionable. Commercial qualit y is cOIlHllonl y specified 
to chemical ranges snd limits. When a ca rbon contclll is not specified, it is 
assumed that hot rolled commercial <Iualit)' !Itr ip, 110t exceeding 0.15 per cell i 

carbon by ladle anal),si!, is desi re<1. For any cari>on range SI)CCified or re<luired, 
the maximum of which does lIo t exceed 0.15 per cell L a test specimen should 
withstand bei ng bent Oat on itself ill any direction at room temperature. If 
mechanical properties o r uniformity of (clll l>cr a re requi red , physical qualit y 
should be specifie<l. If g reater ductili ty than that indicated b)' the foregoing bend 
test is required drawing quali ty should be speci fied. 

DRAWINC Q UALITY strip is customarily produced for use ill fabricating identi
fied parts where the surface before and after drawing is of secondary iml>ortance. 
Thi s qualit y should prod uce pa rts too difficult for the fab ricating prope rties 
of comme rcial <Iuality str ip, wi th in the breakage allowance as usually nego
tiated between purchaser and producer. Because of excessi \'e die scoring, the 
oxide on hot rolle<l stri p should he removed by pickling pri or to draw ing. 

PHYSICAL Q UA LITY strip is produced when mechanical properties are specified 
or required othe r than the bend tests of commercial <Iuali t)' or when uniformi ty 
of tellllJer is rC<luired. Such properties or values include those determined by 
tensile tests, hardness tests, or other commonl y accepte(1 mechanical tests. It is 
customary to specify onl), one kind o f a test requirement on an}' one item. 

The tensile cha racteristics of hot rolled str ip nrc influenced c hicfl), by chemical 
com l)Osition and thickness of section. The ca ri)Oll content is the dominant factor 
in meeting required tensile properties. Consequentl ),. if the ultimate use or metho<l 
of fabrication should require either II ma ximum or a minimUITl ca rbon limit along 
with tensile limits, the specified ca rbon should not have the e ffect of restricting 
the normal application for the given thickness and tensile requi rements. 

S PECIAL SURYA CF. s tri p is produced fo r applicat ions requiring a lJetter surface 
than is obtai ned in the previously described types of hot rolled str ip. This surface 
is sl>cci fi ed when strip having olle smooth, clean surface and adherent ox ide is 
re<luired. 

1·101 rolled special surface, toget her with the proper strip qualit y, is usually 
sl>ccified when the strip after pickling or blast cleaning by the purchaser is re
(Iuired to have a surface e(luivalent to Ihal of the pickled commercial qunli ty. 

All Kaiser Hot Rolled Strip is furni she<1 with a natural mill edge. 
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STANDARD PRACTICE TABLES 

CAMBER 

Camber is the greatest del' jalion of a side edge from a struigll! linc; and 
measurement is taken by placing nn eight .fool straight (Xige on the concave side 
and measuring tllc distance between Ihe strip c(lge and the struight edge in the 
center of the arc. 

The ca mber for ha l roll(,-d stri p is shown in the table below. 

TABLE 59 

CAMBER 

For strip wider t han 1'12 inches 
For strip I til inches and narrower 

If" inch in any 8 feet 
'12 inch in any 8 feet 

TABLE 60 

THICKNESS 

Colis and Cut Le ngths 

Variotion, from Specified Thickness for W idths 
Given--Over or Under. Inches 

Specified Widths, -
Inches 0.2299 0.2030 0.1874 0.1179 0.0567 0.0343 

to to to to to to 
0.2031 0.1875 0.1 180 0.0568 0.0344 0.0255 

indo incl. inel. indo incl. indo 

Up to 3112 indo ...... 0.006 0.005 0.004 0.003 0.003 
Over 3112 to bind. ........ 0.006 0.005 0.005 0.003 . .... 
Over 6 to 12 incl. 0.006 0.006 0.005 0.005 . .... 

Thickn~ mcasurcmcllU .re I.kell % ~ ill froUl edge of ! lr ill Oil I inch or ... ider; alld 
II . ny place on the &trip whell narrower Ihl n I illch. 

The gin' n variations do 1101 include ( Town. 

.... 
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TABLE 61 

CROWN 
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Tolerance for Thickness at Center of Strip is that of the Edge 
Measurement Plus the Following: 

Specified Widths 
Inches 

Over I to 3112. incl 
Over 3112 to 6, incl 
Over 6 to 12, incl 

, 

. 

Specified Widths, 
Inches 

To 2. incl. 
Over 2 to 5, incl. 
Over 5 to to, incl. 
Over 10 to 12, incl. 

Specified Widths. 
Inches 

To 3, incl. 
Over 3 to 6, inc!. 
Over6to 12, incl. 

No variation under • 

0.2299 
to 

0.2031 
incl. 

0.002 

Variations from Specified Width for 
Thicknesses Given. Inches 

0.2030 0.1874 
to to 

0.1875 0.1180 
incl. incl. 

0.001 0.002 
0.002 0.002 
0.003 0.003 

TABLE 62 
WIDTH 

0.1179 0.0567 
to to 

0.0568 0.0344 
incl. incl. 

0 .002 0.002 
0.003 0.003 
0.004 ._-.. 

0.0343 
to 

0.0255 
incl. 

0.002 

. ...... 

Variations from Specified Width for Thicknesses 
Given, Over or Under, Inches 

Slit Edge 
Mill Edge and Square 
Edge All Thickneues To 

0.109 incl. 
0." 
0.109 

To 5' 
incl. 

;; 
V-
Yo 

TABLE 63 
LENGTH 

0.008 
0.008 
0.010 
0.016 

0.016 
0.01. 
0.016 
0.016 

Variation over S~ecified Length in Feet for 
Widt s Given, Inches 

Over S' Over 10' Over 20' Over 30' 
to 10' to 20' to 30' to 40' Over 
incl. incl. incl. incl. 40' 

V- II V- I \ y, 
II Yo V- I IY, 
V- I IY. IY, 1M 
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ORDERING PRACTICE FOR KAISER 

HOT ROLLED STRIP 

In order to more clea rl y descri be the material desired and to avoid misunder· 
standing, purchasers' in<luirics and orders for HoI I~o ll cd Strip should speci fy 

the following details: 

I. Quantity. 

2. Size. 

3. Specifi cation. 

4. Quality (thai is, commercial qualit y, drawing quality, special killed 
steel or ph ysical <Iuali t)', etc.). 

5. End usc. 

6. Required inspection, if other than mill inspect iOI1 . 

7. Special loading practices, if applicable. 

8. Shipping destination. 

9. Required rout ing. 

10. Requested del i\'ery. 

11. Distribut ion of shipping notices, invoices, and bil ls of lading. 

Hot rolled strip is invoiced Oil mill scale weights. In check.weighing by the 
purchaser, a variation ill invoiced weights up to olle per cent may be expected 
due to differences in kind, type, location, and accuracy of the scales. 

1 
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NOTES 



Kaiser cold rolled strip steel is produced in many widths, gages and tempers. 
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KAISER COLD ROLLED STRIP 

Cold rolled str ip by industry definition is steel strip less than 2'~ inches wide 
rolled 10 gage from hot rolled, coiled , pickled strip 10 prod uce a product wilh 
sp(.!cificd temper, edge, and finish. Tile processing of steel in pickling, rolling, 
annealing, temper rolling and slitting 10 meet the requirements for temper, edge 
and fini sh thai are demanded by cold rolled strip necessitates such close control 
of all operations that cold rolled strip is literally a tailor-made producl. 

Among its man)' applications, Kaiser Cold Holled Strip is used in the manu
facture of moldings, furniture tubing. household and general hardware, tools 
Ilnd instruments, calculators, automobile and aircraft pari s and plumbing and 
healing clluipmcnt. 

In the Kaiser practice, mill scale is removed from the coils of hot rolled steel 
in modern, continuous pickling equipment to prepare it for cold rolling. The 
action of a com bination of mechanical and chemicll l processes, which takes place 
as the steel moves through the pickling unil, produces a remarkabl ), clean and 
stain free surface. Continuous inspection of the pickled surface insures the selec
tion of hot rolled strip with sound surface for col(l rolling. 

The pickled strip is cold rolled to the desired thickness b), suttessi\·e paSSCll 
in alternate ~lirections through a four .high reversing mill. The Kaiser practice 
of large percen tage reduction frolll the hot roll to the cold roll thickness insurL"S 
excellent recr),stallization in the cold rolled st rip and superior drawing properties 
in the final product. An electric gage, mounted 0 11 the rolling mill. continuousl), 
measures the thickness of the strip durin g rolling, enabling the operator to main· 
tain unifo rml ), accurate thickness throughout the coil. 

After cold rolling to thickness the steel is hard, stiff and has ver)' little ductility. 
Annealing in modern. bell type, zone controlled furnaces soft ens the strip. The 
o riginal brightness of the strip is reta ined during annealing by a protective 
atmosphere. The annealed strip is dead soft but it is characteristic of annealed 
steel thut when it is stressed be),ond its elastic limit. init ial elongation docs not 
occur uniforml ), but commencctl in isolated areas wllich become visible as objec· 
tionable depressions in the surface. These depressions are commonl ), termed 
"stretche r strains." Stretcher stra ins can be pre\ el1ted by li ghtly rolling annealed 
strip. To eliminate stretcher stra ining and develop desired phys ical character
istics. anneale<1 .. trip is skin rolled to the degree of <luctilit ), o r sti ffness needed 
for the end product. The effect of skin rolling, howe\·cr. is not pe rmanent, and 
stretcher strains mAy reappear in the so ft er teml)Cr strip unless it is used shortly 
a fter tel11l>cr rolling. If freedom from stretcher strains is imperati ve. specia l 
aluminum ki lled steel shoul(1 00 specified. 

The following data shows the width and thickness ran ges and the tempers and 
edges of Kaiser Col(l Holle<1 Strip. 
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KAISER COLD ROLLED STRIP 

0\ cr I{:" to 12" inclusi\c 
0\ cr 12" 10 16" ineius;\ {' 1 Wh .. n 11 particular tempcr or a M I~iaJ 

.·dj!:'·, or "I,,-ocial fini,h j. "p«ifi~n. 

Thickllcss: .01 50 to .0900 inches 

Lengths: This material is avai lable in co ils or c uI lengths 48" 10 120", 

TEMPERS 

Standard ,", eight per inch of coi l w[<hll is approx imately 225 
pounds. 

Standard coi l <Iimcnsions: I. D. 16" 0.0. 42" 

Kaiser Cold Holled Strip is temper rolled 10 degrees of <Iucli lil )' cOllUliOnl} 

designated by temper !lumbers. Tem l>cr !lumbers if1(licalC ranges of ha rdness 
ussocialcd wi th the ability of the steel 10 withstand deformation. The clo!;C COli· 

Irol given the ICIlII>er rolling o f Kaiser strip largel y contributes 10 ils successful 
performance. 

The followin g is a full descriplioll of cold rolla l strip tem pers, currell tly 
accepted as stamia rd practice. 

No. I (l IMIO TUII'.:II ) is n \'ery sti ff. springy, cold rolled strip inten ded for 
nnt work not ra luiring ability to withstand cold forming. This teml)Cr is COIl1-

mon ly produced in chemica l compositions of less than 0.25 per cen t carbon (lad le 
analysis) and I~ockwell 13·84 minimum for thicknesses 0.070 inches and g renter, 
or Rockwel l 8 -90 minimum for thicknesses less than 0.070 inches. 

No.2 ( II ALt' Ihlll) Tt:M I'En) is a modertllely stiff cold rolled strip suitable for 
lim ited bending. Strip o f this temper can be benl 90 degrees ncross tile direction 
of rolling around a rad im~ e1lual to the thickness. This tcmpe r is cOllllnonl) pro
duced in chemical composi tions of less than 0.25 per cellt carbon (ladle analysis) 
Hockwell B· 70 minimum and approximatel y Hock well B·85 maximulll . 

No.3 ( Q UAIlTUl. !-I ARI) T E~If' ER ) is a malium sofl cold rolled strip suitable 
fo r li mited bending and forming and drnwing. St rip of this tem j:lCr ca n be benl 
180 degrees across Ihe d irection of rolling and 90 degrees in the d irection of 
rolling around a rndius equal to the thick ness. This temper is commonly produced 
in chemical composi ti ons of Icss lhan 0.25 l>c r cenl carbon ( lad le ana l)sis) Hock· 
well 13-60 minimum and approximately Rockwell 8 -75 lIInxi mulll. 

No.4 (SK IN HOLLEO Tt:;o.II'f:lI) is a soft. d ucti le, cold rolled strip, sui table fo r 
fnirl ) dccp dra wi ng where su rface disturbnnces such 8S stretcher strnins are 
obj ectionable. II is capable of l>cing bellI nat UpOIl itself ill an)' direclion. Skin· 
rolla !. plan ish rolled, and pinch passcd are C(lu i\'alent terms with resl}CCt to temper. 
This lellll>cr is commonly produced in chem icnl compositions of less tha n O.l5)wr 
cent car bon (ladle anal)sis) and approximately Rockwell B·6S max imum. 

No.5 ( DEA[) SOFT T EMI>t:R) is a soft. ductile, cold rollal strip produced without 
definite COlltrol of stretcher stra ining and nutin g. It is sui tllble for di ffic ult (Ira w
ing applications where such su rfllce Jisturbutlccs are 1I0t objectionable. It is suit-
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able for bending Rat upon itself in all)' direction. This temper is commonly pro
duced in chemical compositions of less than 0.15 per cent carbon (ladle analysis) 
and approximately Rockwell B·SS maximulll. 

Although the maximum ducti lity is obtained ill strip steel in its dead soft or 
annealed condition, it is unsuited 10 IlIIln y forming operations due 10 its tendency 
10 stretcher strain. A Slllall amount of cold rolling will prevent this, but the ciTed 
is onl y temporary due 10 the phenomenon called agin g. Usually the higher the 
storage temperature, and the less the amount of skin rolling aher final annealing, 
the shorter the elapsed time necessa ry for streicher strain 10 recur. The phenom. 
enon of aging is accompanied by a loss of ductility with all increase in hardness, 
yield point, and tensi le strength . For t!Jose uses in which stretcher straining or 
breakage due to aging of the steel are likely to OC(:ur, the material should be 
fabricated as promptly as possible after temper rolling. 

No.1 lelll l>cr strip is rolled direct 10 gage on the four .high reversing mill and 
is not an nealed. Strip of Nos. 2, 3 lind 4 teml>crs are rolled sli ghtly heavier than 
the final thickness 0 11 Ihe fou r.high reversing mill and after annenling arc temj>cr 
Tolled on the two·high mill 10 the finallhickness and desi red temper. No.5 temper 
strip is rolled to gage on Ihe four.high re\'ersing mill and 110 further rolling is 
done after annealing; the strip is shipped in the dend soft annealed condition. 
After slitting to width and final insl>cction and testing. coi ls are bundled or cut 
into specified length s for shipmen!. 

fiNISHES 

No.2 (Regular bright fini sh). This luster surface is produced by fini shing 011 

bright Tolls and is the fini sh regularly supplied. 

No.3 ( Best bright fin ish). This hi gh luster surface is produced by special prac· 
tice and by finishing on especiall y bright rolls. It is guaranteed for 
electroplating. A limited amount of No.3 finish is accepted for proc· 
essi ng. and inquiries for this finish are subject to negotiation. 

EDGES 

Kaiser Cold Rolled Strip mny be furnished with mill or slit edges. 

The edge desired should be specified on the order. 

No.2 Edge-l\'1ill edge. Suitable for blan killg. 

No.3 Edge-Slit edge. Approx imatel y squa re. 
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TABLE b4 

DEFINITION AND CLASSIFICATION 

Cold Rolled Strip is Produced in Coils or Cut Lengths with a Maximum Width 
23')(." from Hot Rolled Steel which has been Pickled to Remove Scale. 

Thicknesses, Inches 
Widths, Inches 

0.2500 and 0.2499 to 
Thicket 0.0142 

To 12 incl. Boc St,;p 131 
Over 12 to 24 incl. Strip (IJ Strip I 
Over 12 to 24 incl. Shoot (2) Sheet (2) 

(1) When 11. particular temper, spedal edge, or speeiallinish is spedlicd. 

(2) When no speeial temper, edge or fi nish is speeilied. 

0.0141 and 
Thinner 

St,;p 131 
Strip I 

(3) When Ihe width is greater than the IhicknellS with a maximum of Ih inch and a 
crOSfl·sectional area nOI exceeding 0.05 Sq. In., and the material has rolled or 
prepared edges, it is classified as flat wire. 

STANDARD PRACTICE TABLES 

TABLE 6S 

CROWN 

T oletance fat Thickness at Center of Strip is that of the Edge 
Measurement Plus the Following: 

Width,lnches 

Thickness, Inches I to 5 

I 
Over5to 

I 
Over 12 to 

incl. 12 incl. 23 1J{, incl. 

Additional Thickness at Center, Inches 

0.005 to 0.0 I 0 incl. 0.00075 0.001 0.0015 
Over 0.010 to 0.02 5 incl. 0.001 0.0015 0.002 
Over 0.025 to 0.065 inc!. 0.0015 0.002 0.0025 
Over 0.065 to 0.1 87 incl. 0.002 0.0025 0.003 
OverO. I 87to 0.2499 incl. 0.002 0.0025 0.003 
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TABLE 66 

THICKNESS 

Me<!lsured Y. Inch in from Edge on I Inch or Wider; lind on Narrower 
t han ' Inch at Any PI"ce on the Strip 

Specified 
Thickness, 

Inches 

Over To and 
incl. 

.160 .2499 

.099 .160 

.068 .099 

.049 .068 

.039 .049 

.034 .039 

.03 1 .034 

.028 ,03 1 

.025 .028 

.019 .025 

.012 .019 

.0 11 .0 12 

.009 .0 11 

.COS .009 
.005 

--

Vario!ltio n from Specified Thickness, Plus o r Minus, Inches 

Ovo d 
X les 

r I an 
less 

than than 

.002 

.002 

.002 

.002 

.002 

.002 

.00 15 

.00 15 

.00 1 

.00 1 

.00 1 

.00 1 

.00 1 

3 

.00] 

.002 

.002 

.002 

.002 

.002 

.00 15 

.00 15 
,0015 
.001 
.oor 
.00 1 
.00 1 

H06 
indo 

- -
,0015 
.003 
.0025 
.0025 
.0025 
.002 
.002 
.0015 
.0015 
.0015 
.00 1 
.00 1 
.00 1 

.0007 5 .0007 
.0005 

5 .00075 
,0005 .0005 

W idths. Inches 

Over Over 
6+09 'Ito 12 
inel. incl. 
--
.0015 .0035 
.003 .003 
.003 .003 
.0025 .0025 
.0025 .0025 
.002 .002 
.002 .002 
.002 .002 
.002 .002 
.0015 .0015 
.00 15 .0015 
.00 1 .0015 
.001 .00 1 
.001 .00 1 

TABLE 67 

Over 
12 to 16 

incl. 

.0045 

.0035 

.0035 

.003 

.003 

.002 

.002 

.002 

.002 

.002 

.0015 

.00 15 

.00 1 

.001 

WIDTH FOR No. '1 EDGE (MILL EDGE) 

Over O ver 20 
16t020 to 23')(, 

incl. inel. 

.005 .005 

.0045 .005 

.0035 .0035 

.0035 .0035 

.003 .003 

.002 .002 

.002 .002 

.002 .002 

.002 .002 

.002 .002 

.0015 .0015 

.0015 .0015 

.00 1 .00 1 

.00 1 .00 1 

Specified Width, Inches 

Over 

y, 
2 
5 

10 
15 
20 

Up to and Including 

2 
5 

10 
15 
20 
231}(~ 

Vllriation from Specified Width, 
Plus or Minus. Inches 
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TABLE 68 

WIDTH fOR No.3 EDGE (SLIT EDGE) 

I Specified Thickness, 
~ Inches Width, Inches 

---
Over J1 Over a Over 9 Over 12 Over 20 

to. t09 to 12 to 20 to 23'~, 
Over Toand inc!. incl. incl. incl. incl. 

incl. 

Variations from Specified Width, Plus or Minus. Inches 

. 160 

.099 

.068 

.0 16 
Upto 

.2499 

. 160 

.099 

.068 

.016 

.016 

.010 

.008 

.005 

.005 

.020 

.016 

.0 10 

.005 

.005 

TABLE 69 

LENGTHS 

.020 

.0 16 

.010 

.010 

.010 

.031 

.020 

.016 

.016 

.0 16 

.031 

.020 

.020 

.020 

.020 

Variations in Inches Over t he Specified l e n9th 

l Spedfied W;dth, I"h .. 

Over JIi to 12 , inel. 
Over 12 to 23')(., incl. 

24 to 60 inches 
incl. 

CAMBER 

Over 60 to 
120 inches incl. 

Over 120 to 
240 inches incl. 

Yo 
I 

Cam(,cr is the deviation of II side edge from a straight linc, and meas urement 
is hlken by pl acing an eight -foot straight edge Oil t llc COllcal'C side alld measuring 
tile distance betwccn thc strip ed ge and the straight edge. 

Thc camber for cold rollcd strip is shown below . 

For strip widcr than 11k" 

Fo r strip l Y:!u o r narro,,'cr 

......................... ...... ~" in any 8 feet 

......................... %" in all y 8 feet 

Whcn the camber sho\\·n a bol c is not suitable for a particular purpose. col<1 
rolled strip is somctimes machine straightened to specifie<1 camber. Tllis Te<]uire
ment is commonl), negotiated bct\\ ecn purchaser and producer. 

\ 
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ORDERING PRACTICE FOR KAISER 

COLD ROLLED STRIP 

In order to more clearly describe the material desired and to avoid misunder
standing, pUrehal!efS' inquiries and order! for Cold Rolled Strip should specify 
the followingdclails: 

1. Quantity. 

2. Size (Cold rolled strip should be ordered to decimalthickncss). 

3. Temper, edge, finish. 

4. Any special requirements such as special tolerances or special killed 
steel. 

5. End use. 

6. Required inspect ion , if other than mill inspection. 

7. Spe<:iaJ loading practices. if applicable. 

8. Shipping destination. 

9. RC<luired routing. 

10. RC<luestcd delive ry. 

11. Distribution of shipping notices. invoices, and bills of lading. 

Cold rolled strip is invoiced on mill scale weights. In check-weighing by the 
purchaser, a \'arialion in invoiced weigh ts up to one per cent may be exp<!(;ted 
due to differences in kind, type, location. and accuracy of the scales. 



NOTES 
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KAISER T I N PL A TE 

Tin plate may be defined 8S sheet steel coated with 8 thin layer of tin. 
Since early limes, tin, due 10 il!l lustrous appearance and lion-co rrosive proper

ties, has been recognized ns an attractive and protective coating for iron and other 
stronger metals. With the advent, during the 19th Century, of food preserving in 
scaled containers, thin iron sheets covered with lin <Iuickly became the most widely 
used material for fabr ication of containers. Hot rolled steel sheet replaced. iron 
towards the end of the 19th Century as the base metal, and wilh the development 
of cold reduction in the 1930's, cold rolled steel sheet has become the almost 
exclusive base melal for tin plate. 

Until the late 1930's, the only method used commercially for coaling was that 
of dipping the base material in molten tin. Since the early 1920's, however. the 
industry has been experimenting with va rious methods of tin electroplating in 
order to speed up the operation and reduce the amount of tin used. Several elec· 
trolytic ti nning li nes were successfu ll y operating prior to World War II ; but it 
took the war, with its crit ical tin shortage. to establish th is proce!s as the major 
met hod in the industry. 

The metal, tin , adheres \'ery firml y to steel, and the resultant tin plate or sheet 
may be pressed. stamped. or bent into intricate shapes or forms without causing 
the coating to break or peel off. Modern tin plate. produced from cold rolled steel 
strip, possesses strength. lightness, uniformity of chemical and physical qualities, 
pleasing appea rance, and ease of fabrication. 

It is estimated that 90 per cent of the production of tin plate goes into the 
fab r ication of sealed containers for perishable food and olher products. It also 
has increasing application in the Illanufact ure of toys, ki tchen utensils, building 
materials, merchandising displays, seals. tags, signs. and a rt work. 

TIN MILL PRODUCTS 

In the steel industry tin mill products are broadly classified by the method of 
coating used, as hot dipped or "coke" tin plate, electrolytic tin plate. black or 
uncoated plate, and teme plate. Kaiser Steel Corporation produces all of these 
prod ucts except terne plate. 

The mill products are cust olllaril y further classified into the following cale· 
gories: 

PRIMES-A grade designation given to tin plate free from defects readily ob· 
served by the unaided eye. 

SECONDs-The grade designation commonly given 10 lin plate having imper· 
fections to a moderate degree. These imperfectiOn! are coating. base material, 
or other manufacturing defects. Seconds are not customarily sepa rated in pack. 
aging the finished sheets. Electrolytic tin plate is usually sold as Vnassorted 
(VI A). P rimes and Seconds are often packed together and sold as UI A. Almost 
all of the prime coke tin plate used by manufacturer! is of the VIA quality. 

MENDERs-Those tin plates having imperfections in coating which upon hot 
dip recoating will produce either a " prime" or "second" quality hot dipped sheet. 
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WASTE WASTE- A grade <lesignalioJl appl ying to tin plate sheets which have 
imperfections slightly greater Ihan wou ld l>ermi! them 10 he included unde r the 
term Seconds. These imperfections Illa y he scratches, pin holes, laminations, o fT 
gage, oul of square, or other such devialiolls frolll a perfect sheel. Tin plate Waste 
Waste is commonl y sold in mi xed sizes and gages. Such products find use as 
containers for such familiar products as tobllOCO, inks, paints, cosmetics, pharma
ceuticals, soaps, bottle caps, toys, and novelties. World War II, with its shortages 
of raw materials and fini shed products, brought into prominence the utilization 
of lin plate Waste Waste in c\"ery conceivable way. 

TIN PLATE nEJECTS-in certain cases Waste Waste tin plate is segregated as 
to size and gage. When available in til is form, it is called Tin Plate Rejects and 
is sh ipl>cd OIlC size and one gage per skid. 

COBuu:- A grade designation commonly applied to tin plate sheets of a <Iuatity 
one grade below that of Waste Waste. The same imperfections applica ble to Waste 
Waste arc characteristic of Cobbles, but to a fa r greater degree. 

BLACK PLATE HEJECTS-A grade designation applying to the uncoated basic 
steel sheet of nn inferior <IIUlli ty, not suituble for producing satisfnctory tin plate. 
If Black Plate Rejects are packed with mixed sizes and gages of sheets on one 
skid, they are ca lled Black Plate Waste Waste or Waste Wasters. 

TIN Pun: STRI I'S-A grade designation applied to the shearings from large 
sheets, which arc, for the 1Il0st part, primc material. Such shearin gs are strips 
fanging from a width of 2" to 10" and occasionall y even wider, and from 18" 
to 32" in Icngth . Tin mill st rips a re also available in tin mill black plate. 

UNITS OF MEASURE 

Un like most steel prod ucts, tin plate is measured not only by tons or pounds, 
but by a unit of a rea, the base box. The base box originall y consisted of 1 L2 sheets, 
L4" x 20" or 31,360 squllTe inches of su rface. The gage or thickness of the sheel!l 
was designated by the weight of a base box, called the basis weight. This tenni· 
nolog), is sti ll used, although the industry's re<luiremenl!l for various sizes of sheel!l 
have resulted in adoption of a second unit of measure, the package. Tile package 
is usually 112 sheets, but thc sheets may bc theoreticall y of an y size. Thickness 
is still designated by the basis wcight and the quantit y ill both base boxes and 
packages. The relation of a package of a gh'en size to the base box is termed the 
ratio, which is nothing morc than the total area of the sheets ill the package divided 
by 31.360 S<lunre inches. The amount of tin coating 011 the plate is likewise desig· 
nated in terms of pounds or frnctions of pounds of tin per base box. Thus, plate 
with a No. 50 coatin g has If.: pound of tin l:ler base box. Tables No. iO and No. 71 
on I)age 146 show the nomina l weights in pounds per base box commonly pro· 
duced, the increasi ng weight l:ler square foot, and the approx imate thicknesses 
for tin plate. Tin plate is customaril y ordere<1 b), weight l:ler base box. 

KAISER TIN MILL PROCESSES AND FACILITIES 

Kaiser tin mill products a rc produced from the cold reduction of hot rolled 
pickled and oilcd coiled sheets which, by 8 single pass through a five·stand redu\? 
tion mill, are reduced to the desired tin mill gages. The resulting co iled sheet 
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is then electrol ytically cleaned, dried, annealed, and temper rolled. If the end 
product is 10 be black plate or hot dipped tin plate, the co iled shcet is side trimmed 
and cuI to length. The cui sheets a re then hoi dipped ill a bath of molten tin to 
prod uce the hot dipped or "coke" lin plate. If the end product is to be electrolytic 
tin plale, the Ullcoated, coiled sheet is first side trimmed in a coi l preparation linc 
to the desired width und then pusses through a faci lit ), which ck~lro l y li ca lly coats 
it with li ll , after wil ich it is Cli t to the desired lengths. 

The Kai~r producin g proccst! lind facilities are described in delail, as follows: 

A 50" CONTI NUOUS PICKI.EH- in wh ich the steel passes through a dilute acid 
801ution and then a neu tralizing and rillsing bath and dryer. which assures a clean 
surface for later cold reduction. It is thell oiled before recoiling to pre\·ent cor· 
rosion during storage. The speed of this operation is 350 to 400 f.p.rn. 

A FIVE·STANO, FOUR- I-ItGII, 44" COLI) HEDUCTION MII,I.-havi ng approx imate 
width limits of 37" to 38" wi th u muximum fini shed width of 36". The pickled and 
oiled co ils enter the rolls at .090" gage and, after approximately 85% reduction, 
emerge al un average of .010" (3 1 gage) to .0075" (35 gage). Thi s mill is ralc<i 
at 4,000 f. p.m. 

AN ELECTROLYTIC CLEANING LI NE- the purpose of which is 10 remove residual 
rolling oil in prepa ration for the lIext operation, which is annealing. The speed 
of the line is approximately 2,500 f.p.m. 

FIVE ANN EALING FUHNACr.s-of 250-1011 capacity with fifteen bases which are 

used to transfo rm the full ha rd cold reduced coils 10 II soft temper. HNX gas, an 
illert atmosphere, is used in the annealing process to prevent surface oxidation 
of the steel. 

A T~:J',II'ER MILL- a four-hi gh, two-high tandem type, which gives the steel its 
fina l shape and fini sh und Hockwell ha rdness by rolling it in coil form. The temper 
values which may be secured in the Hockwell scale are given on Page 236. This 
unit has a rated speed of 4,000 f.p.m. 

A S II EAR LINE- in which the coiled !\heet is cut in to sheel sizes either for black 
plate o r hot dipped tin plate. Prior to entering the cut-off shear, the material is. 
side trimmed to the fini shed width and then cut to length. The customa ry t ol cr~ 
ances fo r this operati on allow 'Ii" over on the length and Va" on the width .. 
Maxirmllll length is 43". 

A CO IL PnEl'ARATION LIN.: FOil EI.ECTIlOLYTIC PLATE- in which the material~ 

as it passes through the facility, is side trimmed to a predeterminc<1 wid th and reo 
coiled. The coil ends are first removed and the entering coil end is welded to the
trailing cnd of the preceding coi l. 

SF.VF.N i5" HOT DI P STACKS-into which black plate. cut 10 length and width,. 
is int rod uced by automatic feedcrs. The sheet is gi\'ell a li ght pickle prior to· 
enlering the molten tin bath and is then coated wi th eilher 1.50 Ibs. or 1.25 Ibs. of 
lin per base box. Hesidua l pn lrn oi l is lcft on hot dipl>cd plate in (IU3llti ties of . IS, 
to .40 gral11s per base box. 
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AN EU:CTROLYTIC LINE-in which the black plate coils receive a coat ing o f lin 

by elcclrolytic deposition as the coi led sheet pnsses lhrough the line at a maximum 
rate of 1.200 Lp.llI. After coating the strip is brought up to the melting rH)in! or 
tin , 450° F., by resistance heati ng, ""hidl fu ses and brightens the coating. The 
s heet is thCl1 cut to ordered length by a Rying sllear. 

KAISER HOT DIPPED TIN PLATE 

Ka iser HoI Ojpped Tin Plate is produced by the immersion of cold rolled black 
plate ill molten lin by mechanical mea ns. Rollers mechanicall y distr ibute the tin 
to insure an C,'CII, smooth tin coa tin g. Each fini shed plate is then "jsually inspeeled 
for imperfections in the base steel, 8S well ns for perfect conting. 

Kaiser I-lot Dipl>cd Tin Plate is a\'ailable ill several classes, depending upon the 
degree of corrosion resistance re<luired and luster dcsire<1. Also, a wide variety of 
chemical composi tions a nd tempers a re ava ilable to meet varying re<luirements o f 
stiffness and ductility. The tin coating we ight test values pro(luce<1 by Kaiser Steel 
Corporation are shown in Table No. 71, Page 146. 

KAISER ElECTROLYTIC TIN PLATE 

Electrolytic T in Plate, due to its lower cost and to the conservation of tin . is 
rapidly replacing hot dipped tin plate for many containcr uses. The electrolytic 
process 1I0t only produces lighter coatings than the hot dipped prod uct, but ut ilizes 
the tin more efficientl y by obtaining a more uniform coati ng. 

Kaiser Electrolytic Tin Plate is a va ilable in a wide selection of tempers, chem
ical compositions, a nd tin coating weights to meet the ,'s rying re<lui rements of 
the container industry. Kaiser Steel Corporation facilities permit electrolytic ti n
ning of different coating weights on each side of the strip, if desi red. This is known 
as d ifferentiall y coated tin plstc. The coating weights of electrolytic tin plate 
produced by Kaiser Steel CorpoTlltion are shown in Table No. iO, Page 146. 

KAISER BLACK PLATE 

Black plate was the term used in Iheea rly days of the tin plate industry to desig
nate the small, thin plate prod uced by hand hammering. The applica tioll of the 
term today meallS the base steel without any tin coating. It has all of the properties 
o f ti n plute except the luster ami corrosioll resistance of the coate<! material. For 
this reason, black plate can be applied to mlllly uses where sanitatioll and hi gh 
corrosion resistance are unnecessary. Klliser Black Pillte is produced in cut lengths 
o.)r co ils und is IIvailllble in a wide range of sizes and gages. 



( 

146 

TABLE 70 

KAISER ELECTROLYTIC TIN PLATE 
Coating W e ights 

Nominal Coating 
Appro •. 

Average Tin Deviation from Nominal 
Weight, lb. Thickness Ea. Side 

Class Designation per bale box (Millionth of In.J 

No.25 0.25 15 
No.50 0.50 30 
No.75 0.75 45 
No. 100 1.00 bl 

·No.100/25 .50/.125 b l /15 

·Differentially coated lin pla te. 

TABLE 71 

KAISER HOT DIPPED TIN PLATE 
Coating W e ight Test Va lues 

Minimum Average Coating 
Weight Test Value 

Class Designation Pounds per base box 

Common Cokes (1.25 lb. 0.85 
PotYieldJ 

Standard Cokes (1.50 lb. 1.05 
Pot Yield) 

Best Cokes 1. 19 
Kanners Special Cokes 1.40 
IA Charcoal 1.80 
2A Charcoal 2.30 
3A Charcoal 2.80 
4A Charcoal 3.50 
SA Charcoal 4.20 
Premier Charcoal 4.90 

Coating Weight,lb. 
per base box 

0.03 plus or minus 
0.03 plus or minus 
0.05 plus or minus 

-

Appro •• 
Average Tin 

Thickness Each Side 
(Millionth of Inch) 

b7 

82 

91 
lOb 
139 
205 
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TABLE 72 

KAISER TIN PLATE TEMPER 

Temper 30· T Rockwell Scale Uses 

TI 46-52 Severe draw 

T2 50·56 Moder,d e draw and forming 

T3 54-60 Round ca n a nd ends 

T4 58·64 Round ca n and ends 

T5 62-68 Round ca n a nd e nds 

T6 67-73laim) Beer ca n e nds 

TABLE 73 

KAISER SIZE, TYPE AND TEMPER LIMITATIONS 

Ord ered sizes should be specifi ed in increments of )(/' in both width and 
len gth. Ordered Base Weights should be specifi ed in Standard Tin Mill Base 
Weights. 

Type & T emper* Basis Weight Rolling Width·· Shear l ength"'·· 

MRT2& 75 # . 80 # 24'~ - 32" 18" .4)" 
MRT2Y, 85# - 112# 24" - 34Y/' 18" . 43" 

MRT3 75 # .1 12# 24" - 341j-4" 18"' .43" 

MRT4 80 # . 112# 24" - 341j4" IS" . 43" 

MCT4 80#· 112 # 24" - 341j4" 18" - 43" 

MCT5 80 # 24" . 30" 18" · 43" 
85 # • 90 # 24" - 32" r8" · 43" 
95#· 11 2# 24" - 33" 18" · 43" 

• MRTl, MCT6, and other Types & Tempers will be considered on a special inquiry 
basis. .. In all cases, one dimen5ion must be within th il range. If rolling direction illpeci· 
fied. it must be wi thin this range. ... This range coven either width or length. providing the other dimension is within 
the Rolling Width range. Width8 under 18~ will be considered upon a special 
inquiry basis only. and in all eases will have a !heared edge after coating. 
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STANDARD PRACTICES 

TABLE 7. 

HOT DIPPED AND ELECTROLYTIC TIN PLATE 

Weight Deviations 

Weight Deviation 

Quantity Over, per cent Under, per cent 

Individua l Plates 10 10 
I package to 15 packages, inclusive • 4 
Over 15 packages to 200 packages, inclusive 4 4 
Over 200 packages 2'/' 2V, 

ROLLING DIRECTION. The greater of the two surface dimensions is considered 
length. Rolling di rection of cold reduced plate sometimes is important. In cases 
where rolling direction has an inAucnce on the ultimate use, the desired direction 
should be clea rly ind icated by the purchAser. 

T EMPER is commonly considered as the hardness value of the plate. However, 
the combination of properties required for specifi c applications cannot be ex· 
pressed in lerms of hardness. because hardness values do not ndequntely describe 
many necessary ehnracteristics. For this reason, knowledge of the use and fabri · 
cation to which the plate is 10 be subj ected is essential ill determilli ng the most 
suitable processing practices. 

S HEARING PRACTICE. The cuslomnry practice in the production of tin plate is 
to shear approx imately to ¥s inch in width lind npproximlltcly to % inch in length 
over the ordered dimensions. 

C,HoIBER is the deviation of a side edge from a straight line touching both ends 
of the side and is customarily limited to Ylr inch for each 48 inches of length or 
fraction thereof. 

O UT·OF-SQUARE is the deviation of an end edge from a straight line wh ich is 
place() at a right angle 10 the side of the plale, touching one corner and extending 
to the opposi te side. The amount of devintion is customarily limited to Ys inch 
for any end edge measurement up to 36 inches inclusive. 

RESQ UARINC is specifi ed when tin plate is required more accurale to size than 
the product of normal mill practice. After resquarillg, the length and width a re 
not less than ordered and do not excee<l the ordered dimension by more than -nr 
inch 011 each dimension and the plate is not out·of-S(IUare by more than -Ir inch. 

-
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TABLE 75 

CAN MAKING QUALITY BLACK PLATE 
W eight Devi a tions 

Weight Deviation 

149 

Quant:ty Over, per cent Under, per cent 

Individual Plates 
I package to 15 packages, inclusive 
Over 15 packages to 200 packages, inclusive 
OVGr 200 packages 

TABLE 76 

10 
6 
4 
2'12 

BLACK PLATE OTHER THAN CAN MAKING QUALITY 
Wei ght Devi a tions 

Quantity 

Individual Plates 
100 Ibs. to 2 tom, inclusive 
Over 2 tons to 20 tom, inclusive 
OVGr 20 tons 

Weiqht Deviation 1 
Over, per cent I Under, per cent 

I 
10 10 
6 4 
4 4 
2112 2112 

SIiEAlUNC I) UACTICE. The customary practice in the production of black plate 
is to shear approx imately to Ys inch o\'er the orde red width, and approximately 
to 1,4 inch over the ordered length up to and including 60 inches, and not over 
% inch in lengths over 60 inches. 

CAMIlER is the deviation of a side edge from a st raight line touchin g both ends 
of the side, and is usuall y limited to ,\r inch fo r each 48 inches of length or 
fraction thereof. 

O UT.OF,SQUAHE is the deviation of an end edge from a st ra ight line which is 
placed at a right angle to the side of the plate, touchi ng one co rner and extending 
to the opposi te side. The amount of deviation is customaril y limited to 1fs inch 
for any end edge measurement up to 36 incl.cs inclusive. 

R ESQUARINC is specified when black plate is required more accurate to size than 
the prod uct of normal mill practice. After resquarin g, the length and width are 
not less than o rdered and do not exceed the orde red dimension by more than Or 
inch on each d imension, and the plates are not out-of-square by more than n inch. 
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ORDERING PRACTICE FOR KAISER 

TIN PLATE 

In order to more clearly descri be the material desire<1 and to avo id misunder
sta nd ing, purchasers' il1{luir ics lind orders for T in Plate should sJ>e(; ify the fol 
lowi ng delails: 

1. Quantity in base boxes a nd packages. 
I f seconda ry products, (Iuantil), in pounds. 

2. T ype of prod uct, i.e., electrolytic or hot dipped and coaling 
weight per base box. 

3. S ize, i.e., dimension of plate in inches. 

4. Rolling width. 

5. Drip edge. 

6. Grade and temper. 

7. End use (detailed as re<luiroo to provide correct steel analysis) . 

8. Applicabilit y of mender! if electrolytic lin plate. 

9. 5peciallondi ng or bundli ng practice. 

10. Destination. 

11. Routing requested. 

12. Delivery rC(IUeslcd. 

13. Distribul iOIl of shipping notices, invoices, and bills of lading. 

Pri me tin plate is im'oiced on the basis of a package price. 

Secondary tin plate products a re irl\'oiced on the basis of a <Iuoted price per cwt. 
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At the exit end of the electrolytic line, tin plate is sheared, inspected, sorted and 
stacked. Electrolytic tinning requires less tin than hot dip method. 



Tin plate emerging from one of Kai~er Stee l's hot dip tinning lines is carefully in
spected. Hot dipping process is used where thicker tin coatings are required. 



As the final step before packaging, each sheet of finished tin plate is individually 
inspected on bath sides by women who wear heavy gloves to protect their hands. 
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TUBULAR PRODUCTS 
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KAISER TUBULAR PRODUCTS 

Steell ubular products 8rc those cylindrical forms designated as pil>e or tubing 
which are generally used for conveying gases or liquids and for a diversi ty of 
mechanical and siruciural purposes. Kaiser Tubular Products a re used through. 
out the West for plumbing, hea ling Ilnd ventilating systems in homes, schools, 
hotels, apa rtments and factories. They 8TC extensi\·ely used in the petroleum 
industry alld by public utilities fo r the transportation of o il, gas, water and other 
liquids. Kaiser Tubular Products a re al.80 used for 1lI811Y structural pUrJ)()5eS slich 
as stanchions, colulIllls und trusses in buildings. The gellenl terms pipe, tubes 
and tubing are not sha rpl y defined within the industry and are therefore use(1 
interchan geably. 

AI r olilana, California, Kaiser Sleel Corporation is engaged in a fully inlegrated 
pipe production program involving both cOlililluous welded sleel pipe and elect ric 
resislance welded sleel pipe. The skelp used for these pi pe mills is rolled to the 
desired sizes and siandnrds 0 11 the Company's own mills. 

Continuous welded sleel pipe is rolled in nominal sizes from % to 4 inches, in
clusive, on a modern conlilluoUl'! weld type mill. It is supplied ill 21·foot uniform 
lengths and in random lengths, either plain end o r threaded and coupled and 
either black or galvanized. Both standard and extra strong weights are produced. 

Elcctric resistance welded pipe is rolled in sizes from 5)\ inches 0.0 . to 14 
inches 0. 0 . inclusi\'e, 011 a Yoder t)'l>e welding unit of latest design. This pipe can 
be produced in wall thickness from .188 10 .400 inch inclusi\'e, depending on the 
outside diameter. The Illaxim um lengths produced a re 55 feet. 

In eonj ullction wi th the Steel Oivision of the Basnlt Rock Company at Napu , 
Cali fornia, Kaiser Steel Corporation is in a position to offer fusion welded pipe 
in sizes from 1410 30 inches 0.0. inclusive, in lengths approximately 40 feet long. 
Wallthicknesse8 range frolll .250 10 .500 inches. The pipe is manufactured by the 
press-forming method. S izes 14 through 18 inches 0.0. inclusive. a re cold sized 
after weldi ng. Pipe in sizes 20 to 30 inches 0.0. incl usive, is hydraulicall y ex· 
panded to size aft er welding. Both mel hods make possible the production of Iligh
strength line pipe. 

All the aoo\'e described pipe will meet the latest applicable industry specifica
tions. A more detai led description of the manufacturi ng process in\'ol\'ed will be 
found 011 succeeding puges. 



KAISER STEEL COI~OIAtION ,., 
KAISER CONTINUOUS WELD PIPE 

Kaise r Continuous Weld Pipe is Illude in both standard and extra strong weights. 
Nominal sizes range from % to 4. inches, inclusive. The skelp used in making 
continuous weld pipe comes from the rolling department of the steel mill in 
coils with a specified width and thickness, accordillg to 
the size of the pipe to be made. The edges of the skelp 0 
are slightly be\'eled so that the surface of the skelp which 
is to become the inside of the pipe is not quite as wide 
as that which forms the outside ; thus, when the edges are ~ 
brought together, they meet squa rely, as indicated in the 
adjacent figure. 

In order to produce pipe by the continuous weld process, the steel is rolled in 
coils containing 185 to 550 feet of skelp weighing from 600 to 1800 pounds de
pending on the size of the pipe being made. As these coils are paid out one at a 
time, the skelp passes through a roller leveler which flattens it. When the tail of 
one coil reaches the flash welding machine, the starling end of the next coil is 
fla sh welded to it, thereby forming a continuous ribbon. Following a trimming 
process where the excess welding metal is removed, the skelp is drawn through 
the gas fired reheating furnace which raises it to a welding temperatu re in a 
minimum of 30 seconds. The edges of the steel approach a softening point in 
order to insure proper welding. As it leaves the furnace, jets of air impinge on 
the edges of the skelp, increasing the temperature 100 to 200 degrees or up to 
the lIIean welding temperature. The skelp then passes through a fonning roll. 
Welding and sizing is completed by ten pairs of grooved rolls arranged in fi\'e 
sets, each set consisting of a pair of vertical and a pair of horizontal rolls. 

After the pipe is rolled in to shape, it is cut to lengths of approximately 21 feet 
by means of a fl ying hot saw. The pipe is then fed into three pairs of rolls, where 
the final sizing is done and scale is loosened and removed both internally and 
externally. After further cooling, the pipe is recut to more uniform 21 foot 
lellgths. After final cooling, the pi l>C goes into the fini shing department where 
it is stra ightened and the ends fini shed, followed by hydrostatic testing to speci· 
fication. It may then either be pickled and galvanized or fini shed black. Threading 
is done on modern high·speed threading machines. Black piJ>C is furni shed either 
coated or uncoated, as required by the purchaser. 

All sizes are supplied either black or galvanized for use in the transmission 
of air, gas, steam, water, oil and other fluids and for miscellaneous purposes. 
Standard pipe intended for ordinarr uses such as low·pressure stelllll, water, a ir 
or gas Jines is tested hydrostaticall y in accordance with latest industry Sl>ccifi.· 
cations. When intended for sJ>ccial purposes such as bending or coiling, Kaiser 
Steel Pil>C is subj e<:t to bending, fl atteni ng and tensile tests as well as hydrostatic 
tests. Black oontinuous weld pipe is also manufactured for line piJ>C and is avail· 
able either with plain ends or threaded and coupled. 
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Kaiser Continuous Weld Standard Pipe is furni shed as may be desired, with 
threaded ends and couplings, threaded ends without couplings, pla in ends, or 
ends beveled for welding. It is furni shed in either 21 foot uniform lengths or in 
randolll lengths up to 44 feet long. Threaded and coupled pi lle is furni shed with 
one coupling screwed on olle end alld the length of each pipe is measured over all, 
including the coupling. 
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TABLE 77 

KAISER STANDARD W EIGHT PIPE 

Black and Galvaniled 

Dime nsions, We ig hts a nd Test Pressures 

Wt. per Foot Pipe Couplings 
Test . -Nom. Diameters Threads Erl. Pres. 

Site He Pla in Thick· P" Length Diame- Wt. lure 
Ends nen Ed. Inf. Inch t" Psi 

r-- . . . 

"- lb. lb. ". I,. I,. I,. I,. lb. lb. 
--

V, .85 .85 .109 .840 .622 14 I ~. 1.063 .17 700 
Yo 1.13 1.13 .113 1.050 .824 14 III 1.31 J .26 700 

I 1.68 1.68 .133 1.315 1.049 II X 2 1.576 .40 700 
I ~ 2.28 2.27 . 140 1.660 1.380 I IX 2!i • 1.900 .48 800 
IX 2.73 2.72 .145 1.900 1.6 10 II X 2!i. 2.200 .67 800 

2 3.68 3.65 .154 2.375 2.067 II X 2Y. 2.750 1.05 800 
2V, 5.82 5.79 .203 2.875 2.469 8 3Yo 3.250 2.09 800 
3 7.02 7.58 .216 3.500 3.068 8 3J.{ 4.000 3.35 800 

·lX 9.20 9.11 .226 4.000 ],548 8 3ll 4.625 4.82 1200 
4 10.89 10.79 .237 4.500 4.026 8 3X 5.000 4.61 1200 

TABLE 78 

KAISER EXTRA STRONG WEIGHT PIPE 

Weight. Diameters T esf 
Nominal per Foot, Thick· Pressure 

Site Plain neu Psi 
End. External Infernal 

I,. lb. I,. "- I,. lb. 

~ 1.09 .1 47 .840 .546 850 
1.47 . 154 1.050 .742 850 

I 2. 17 . 179 1.315 .957 850 
1&-4 3.00 .191 1.6bO 1.278 1100 
I y, 3.63 .200 1.900 1.500 1100 

2 5.02 .218 2.375 1.939 1100 
21h 7.66 .276 2.875 2.323 1100 
3 10.25 .300 3.500 2.900 1100 

"'3 1h 12.51 .3 18 -4.000 3.3M 1700 
4 14.98 .337 4.500 3.826 1700 

· Thi$ 8i~ is not regularly produced. Orden for same are subject 10 negolialion. 
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TA BLE 79 

KAISER BLACK LINE PIPE 

Dimensions, Weights and Te st Pressures 

W+. per Foot Pipe 
Threads 

Couplings 
Test 

Nom. Dia meters pe. Ext. Pres-
Sil e He Plain Thick. Inch l ength Diame· Wt. sure 

Ends neu Ext. Int. te. Psi 

I,. lb. lb. I,. I,. j" j" I,. lb. lb. 

~! 
.B. .B5 . 109 .B40 .622 14 2Y, 1.063 .24 700 

1. 14 1.1 3 . 11 3 1.050 .824 14 2V. 1.313 .34 700 
I 1.70 1.68 . 133 1.3 15 1.049 I!lh 2% 1.576 .54 700 
II/~ 2.30 2.27 .140 1.660 1.380 II ~ 2% 2.054 1.03 BOO 
1V2 2.75 2.72 . 145 1.900 l .blO 1112 2% 2.200 .90 BOO 

2 3.75 3.65 .1 54 2.3 75 2.067 II V2 2% 2.875 1.86 BOO 
21h 5.90 5.79 .203 2.875 2 ... 9 B .flj, 3.375 3.27 BOO 

3 7.70 7.58 .2 1. 3.500 3.068 8 4~ 4.000 4.09 BOO 
3'12 9.25 9. 11 .226 4.000 3.548 B 4 • 4.625 5.92 1200 

4 11.00 10.79 .237 4.500 4.026 8 4'/' 5.200 7.59 1200 

Kaiser Black T .& C Line Pipe is manu factured by the continuous weld process 
for use under conditions where increased pressure or stress requires p ipe wilh 
the heavier, recessed linc pil>e coupling. The di mensions and data on th is pipe 
are shown in the table above. 

Terms relating to diameters, wall th icknesses, or foo t-weights, and the terms 
actual a nd nominal in reference to sizes always ca rry the qualifying condi tions 
im posed by mnnufacturing tolerances. The tcrm I1 omil1al as used herei n refers to 
a nn med or given d imension as d istinguished frolll the actual o r real d imension. 
There are some wide differences between actual and nominal dimensions, and 
published tables should be consulted . For exa mple, % inch stn ndard we ight pipe 
has an actual outside diameter of 0.840 inch and a n inside d ia meter of 0 .622 inch. 
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KAISER STANDARD WEIGHT PIPE 

Weight Estimating Table 

TABLE 80 

Plain End, 21 ft. Uniform lengths 

Nom. 
Sin I 2 3 4 5 6 7 8 9 15 25 35 45 
10. Bd!. Bdl. Bd!. Bdl. Bd!. Bd!. Bdl. Bd!. Bd!. Bd!. Bd!. Bd!. Bd!. 

y, Ft. 252 504 756 1008 1260 1512 1764 2016 2268 3780 6300 8820 11340 
Lb. 214 428 643 857 1071 1295 1499 1714 1928 3213 5355 7497 9639 

r. Ft. 147 294 441 588 735 882 1029 1176 1m 2205 3675 5145 6615 
Lb. 166 112 498 664 831 997 1163 1329 1495 2492 4153 5814 7475 

I Ft. 105 210 315 420 525 630 735 840 945 1575 2625 3675 4725 
Lb. 176 353 529 706 882 1058 1235 1411 1588 2646 4410 6174 7938 

P/ .. Ft. 63 126 189 252 315 378 441 504 567 945 1575 2205 2835 
Lb. 143 286 429 572 715 858 1001 1144 1287 2145 3575 5005 6435 

IV, Ft. 63 126 189 252 315 318 441 504 567 945 1575 2205 2835 
Lb. 171 343 514 685 857 1028 1200 1371 1542 2568 4279 5990 7700 

Nom. 
Size I 2 3 4 5 6 7 8 9 15 25 35 45 

10. Po. Pes. Pes. Pes. PCI, Pes. Pes. Pes. Pes. Pes. Pes. Pes. Pes. 

2 
~I 

21 42 63 84 105 126 147 168 189 315 525 735 945 
I. 77 153 230 307 383 460 537 613 690 1150 1916 2683 3449 

2112 
~I 

21 42 63 84 105 126 147 168 189 315 525 735 945 
• 122 243 365 486 608 730 851 973 1094 1824 3040 4256 5472 

3 Ft. 21 42 63 84 105 126 147 168 189 315 525 735 945 
WI 159 318 478 637 796 955 1114 1273 1433 2388 3980 5571 7163 

4 
~I 

21 42 63 84 105 126 147 168 189 315 525 735 945 
.227 453 680 906 IIll 1360 1580 1813 2039 3399 5665 7931 10197 
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KAISER STANDARD WEIGHT PIPE 

Weight Estimating Table 

TABLE 81 

Threaded and Coup!ed, 2 1 ft. Uniform l engths 

Nom 
$i:re 1 2 3 4 5 0 7 • 9 IS 25 35 45 
In. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. Bdl. 

'I> Ft. 252 504 750 100. 1200 1512 1764 2016 nbB 3780 0300 .. 20 11340 
Lb 214 42. 643 857 1071 1285 '<4-99 1714 1928 3213 5355 7497 9639 

Y. Ft. 147 294 441 5 .. 735 ..2 1029 1176 1l2l 1205 3075 5145 66 IS 
Lb 166 112 49. 064 .31 997 1163 1329 1495 2492 4153 5814 7475 

I Ft. 105 210 31S 420 525 030 735 .40 945 1575 2625 3075 4725 
Lb 170 353 529 700 .. 2 1058 1235 1411 1588 2640 4410 6174 7938 

11/ .. Ft. 03 120 189 252 31S 37. 441 504 507 945 1575 2205 2.35 
Lb 144 2.7 431 575 718 .02 1005 1149 1293 2155 3591 5027 6464 

1'1> Ft. 03 120 189 252 315 37. 441 504 507 945 1575 2205 2835 
Lb . 172 344 510 0 .. '60 1032 1204 1376 154. 2580 4300 6020 7740 

Nom. 
Size I 2 3 4 5 0 7 • 9 15 25 35 45 
In. Po. Pcs, Pes. PCI. PCI. Pes. Pes. Pcs. PCI. PCI. Pes. Pes. PCI. 

2 ~t 21 42 03 .4 105 120 147 10. 189 315 525 735 945 
77 ISS 232 309 3.0 464 541 018 090 1159 1932 2705 3478 

2\1, ~t 21 42 03 .4 105 120 147 10. 189 315 525 735 945 
122 244 307 4.9 Oil 7JJ 850 97' 1100 1833 3050 427. 5500 

3 ~t 21 42 03 '4 105 120 147 10. 189 315 525 735 945 
100 320 4.0 640 '00 900 1120 12.0 1440 2400 4001 5601 7201 

4 ~t 21 42 03 84 105 120 147 10. 189 315 525 735 945 
229 457 640 91S 1143 1372 1601 1830 2058 3430 5717 '004 10291 
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KAISER EXTRA-HEAVY WEIGHT PIPE 

Weight Estimating Table 

TABLE 82 

PI~in End , 2 I ft. Uniform Lengths 

Nom 
Size I 2 3 4 5 b 7 8 9 15 25 35 45 
I,. BdL BdL BdL BdL 8dL BdL BdL BdL BdL BdL 8dL Bdl. BdL 

V, Ft. 252 504 75b 1008 1260 1512 1764 2016 2268 3780 b300 8820 11340 
Lb 275 549 824 1099 1373 1648 1923 2197 2472 4120 6867 9614 12361 

¥. Ft. 147 294 441 588 735 882 1029 1176 1323 2205 3675 5145 6615 
Lb. 21b 432 648 864 1080 1297 1513 1729 1945 3241 5402 75b3 9724 

I Ft. 105 210 315 420 525 b30 735 840 945 1575 2625 3675 4725 
Lb. 228 45b b84 911 1139 1367 1595 1823 2051 3418 5b9b 7975 10253 

tlf4 Ft. b3 12b 189 252 315 378 441 504 5b7 945 1575 2205 2835 
Lb 189 378 5b7 75b 945 1134 1323 1512 1701 2835 4725 6615 8505 

IV, Ft. b3 12b 189 252 315 378 441 504 5b7 945 1575 2205 2835 
Lb. 229 457 b8b 915 1143 1372 1601 1830 2058 3430 5717 8004 10291 

J 

Nom 
Size I 2 3 4 5 b 7 8 9 15 25 35 45 
I,. Pc. Pes. Pes. Pel. Pes. Pel. Pes. Pes. Pel. Pes. Pes. Pes. Pes. 

2 Ft. 21 42 b3 84 105 12b 147 Ib8 189 315 525 735 945 
WI. 105 211 31b 422 572 b33 738 843 949 1581 2b3b 3b90 4744 

2'/' Ft. 21 42 b3 84 105 12b 147 Ib8 189 315 525 735 945 
WI. Ibl 322 483 643 804 9b5 1126 1287 1448 24 13 4022 5b30 7239 

3 Ft. 21 42 b3 84 105 12b 147 Ib8 189 315 525 735 945 
WI. 215 431 b4b 8bl 1076 1292 1507 1722 1937 3229 5381 7534 9686 
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STANDARD PIPE MILL PRACTICES 

The weights of steel tubular prod ucts are calculated on the basis of 0.2833 lb. 
per cu. in. and arc commonly exprCllscd as weights per fool. 

The outside diameter of a givcll size of pipe is the sallle regardless of weight 
per foot. Variations ill weigh t or wa ll thickness affect the inside diameter on ly. 
The standard weight per fool of pipe with threads and couplings is based on a 
length of 20 feet over all when the coupling is pulled tight. 

All pipe ill sizes 2 inches and larger is shipped loose. Double length pipe is 
shipped loose but single leng th pipe in sizes 1 V:! inches and ullder are bundled 
as per the follow ing table. 

TABLE 83 

BUNDLING TABLE 

21 ' Uniform lengths 

Footag e Per Ton Footage Weight 
Nominal (Neo!lrest Foot) Pieces p., p., 

Size p., Bundle Bundle 
Inches PI~ in Bundle (Ne~rest (Pounds) 

T.and C. E,d Foot) 

~ 
2353 2353 12 252 214 
1770 1770 7 147 166 

I 1190 1190 5 105 176 
IY. 877 881 3 63 144 
1Ij2 7J3 735 3 63 172 
2 543 548 
2'12 344 345 
3 262 264 Pipe 2" ~nd over is not bundled 
4 184 185 

Pipe is furnished reasonably straight as COllllllon practice. \l;' hen speci fi c 
straightncss is desircd, the mi ll should bc so adv ised on thc ordcr. 

On plain end pipe ordcrcd be\'clcd for wclding, it is standard to bevel to an 
angle of 30° frOIll vertical 011 thc outside with an averagc nat width at the end 
of thc pi l>C of nr inch. 
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KAISER ELECTRIC WELD PIPE 

Regu lar W eigh. - Plain End 

Kaiser Electric Resistance Welded Pil>e is prod uced from cold , flat skelp. Since 
the pipe forming operations do 11 0 t alter the thickness of the plate, the wall thick· 
ness of the finished pipe is uniform, and the inside and outside surfaces are 
concentric. 

The ske!p is first passed th rough a roller leveler 10 achieve a smooth, flat 
surface. From the leveler operation, the skelp undergoes an edge cleaning which 
prepares the metal for good contact with the welding electrodes and insures free 
passage of the welding curren t. A thorough cleani ng is accomplished by a steel 
shot blasting process under high pressure. 

A perfect ly straight welding surface is essential and a uniform width must be 
main tained throughout tile full length of the skelp. To insure this, the skelp is 
passed through rota ry shears which trim both edges to close tolerances immed· 
iatel y befo re the forming and weld ing operations. During this process the ship 
is carefully inspected for su rface defects. In effect, this means close inspect ion of 
both surfaces of the finished pipe. 

The skelp is passed from the edge trimmer di rcctly into a series of forming 
rolls which progressively form it, without undue stra in, into an open tube. The 
tube is moved into the welding un it where revolving circular electrodes contact 
the stecl close to each edge and transmi t the cu rrent wh ich generates the welding 
heat. By careful control of current, speed and pressure, the edges a re bonded to 
produce a weld of the same strcngth and properties of the parent metal, extruding 
just enough metal both inside and outside of the tube to insure a complete weld. 
The extruded weld metal is immediately removed by stationary cullers, leaving 
a perfectly smooth wall of the same gage throughout. 

The welded pipe is passed through several stands of rolls which slightly reduce 
the diameter and insure co rrect size and straightness. Final roll straightening is 
done prior to a thorough visual inspcction of each length of pipe for su rface 
imperfections. The pipe is then magnetically inspected for weld quality. Through. 
out the prod uction process, Kaiser Electric Weld Pipe is ca refully tested and 
con trolled so that final propert ies will conform in all respects to applicable in· 
dustrial specifications. Following inspection and flatt ening tests, the pipe ends are 
heveled, grooved o r left plain, as requ ired by the buyer. These operations are 
performed before the li nal hydrostatic tests are rUIi. While under pressure, the 
pipe is struck with pneumatic hammers nea r the ends of the pipe and again 
checked for possible defects. After final inspection to insure conformance to 
specifica tion, each length is measured and marked in prepa ration fo r shipment 
to the customer. 1t is standard mill practice to coat each length of pipe unless 
otherwise specified. 

The following table lists the dimensions, weights and test pressu res perta ining 
to Kaiser Pla in End Electric Weld Li ne Pipe available fo r sale and sh ipment 
frOIll our Fontana mill . 



Site 
0.0. 

10. 

5U. 
5U. 
5U. 
5U. 
5U. 
5U. 
5U. 

6Y, 
6Y, 
6Y, 
6Y, 
6Y, 
6Y, 
b~ 

8~ 
8Y, 
8Y, 
8~ 
8~ 
SY, 
SY, 
8Y, 

lOY. 
lOY. 
lOY. 
lOY. 
lOY. 
lOY. 
10~ 

12~ 
12~ 
12~ 
12~ 
12~ 
12Y. 
12Y. 

14 
14 
14 
14 
14 

KA I SE R STE E L CO R~ O R A TI O N 

TABLE 84 
KAISER ELECTRIC WElD PIPE 

Regular Weight Plain End Line Pipe 
Dime nsions, Weights and Test Pressures 

Site W a n Weight per Grade 
1.0. Thickness Foot A 

10. 10. Lb. Psi 

5.187 0.188 10.7b 1200 
5.125 0.219 12.49 1400 
5.047 0.258 14.62-5 1700 
5.001 0.281 15.87 ISOO 
4.939 0.312 17.52 2000 
4.875 0.344 19.1b 2200 
4.S13 0.375 20.78-x 2400 

6.249 0.188 12.89 1000 
6.187 0.219 14.97 1200 
6.125 0.250 17.02 1400 
b.Ob5 0.2S0 IS.97·s 1500 
6.001 0.312 21.07 1700 
5.937 0.344 23.06 1900 
5.S75 0.375 25.03 2000 

8.249 0.IS8 16.90 800 
8.187 0.219 19.M 900 
8. 125 0.250 22.3b 1000 
8.071 0.277 24.70·$ 1200 
8.001 0.312 27.74 1300 
7.9SI 0.322 28.55·s 1300 
7.937 0.344 30040 1400 
7.875 0.375 33.04 1600 

10.374 0.188 21.15-'" b50 
10.312 0.219 24.bO 750 
10.250 0.250 28.04 850 
10.192 0.279 3 1.20-5 1000 
10. 13b 0.307 34.24-$ 1000 
10.062 0.344 38.20 1100 
10.020 0.3b5 40048-5 1200 

12.312 0.219 29.28-· bOO 
12.250 0.250 33.38 700 
12.ISS 0.281 37.45 800 
12.126 0.3 12 41.51 900 
12.090 0.330 043.77-5 1000 
12.062 0.344 45.55 1000 
12.000 0.375 49.56·5 11 00 

13.500 0.250 36.71 .'" 650 
13.438 0.281 41.21.'" 700 
13.37b 0.312 45.68 800 
13.312 0.344 50.14 900 
13 .250 0.375 54.57·s 950 

171 

Grade 
B 

Psi 

1400 
1700 
1900 
2100 
2400 
2500 
2500 

1200 
1400 
1600 
ISOO 
2000 
2200 
2400 

900 
1100 
1200 
1300 
1500 
I bOO 
1700 
1800 

750 
850 

1000 
1200 
1200 
1300 
1'400 

700 
800 
950 

1000 
1200 
1200 
1200 

750 
850 
950 

1000 
1100 

J.D. is a theoretical dimension only. B=StBndu d WI. 1=Exlra Strong WI. · :t:Special WI. 



Basalt·Kaiser line pipe up to 30 inches 0 .0 . is formed in this giant press. Final 
siling is by cold reduction or hydraulic expansion, effecting a 

(old working of the metal for improved physical qualities. 
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BASALT - KAISER LINE PIPE 

Basa lt-Kai ser Line Pipe is produced and marketed under II joill l manufacturing 
and sales agreement between the steel division of Ihe Basalt Hock Company. Napa, 
California, and the Kaiser Steel Corporation . This large diameter weldetl steel 
pipe is offered in sizes ranging from 14 10 30 inches outside diameter lind in 
length! up to 40 feel. All sizes meet applicable industry speci fi cat ions. 

The plate is first cuI to the exact width desi red and edges are trimmed so as 
10 insure II good weld. It is then dcscaled and cleansed in II pickling bath, dried 
and inspected. The sized nnd pickled plate is automatically conveyed through 
the first machine. the edge pre·former, where a series of alloy rollers shal)e the 
edges of the plate to prepare it for the forming presses. The material then COli' 

tinues through the " U"·ing press which shapes it into an opproximllte "U" in II 

single operation. Both these machines wefe specially designcd to pfovide ex:· 
ceptiona l precision and to maintaill highest quality through an automatic COli' 

\'eyillg system. 
Before the final step in forming a pipe, the "U"-ed shape is automatically 

sprayed with oil to assist easy forming in the 4O-foot dies of the main press. This 
machine is actually two scpllrate presses aligned and s)llchron ized. Its hydraulic 
rams press the "U" shal>cd plate into a round shape in a single ol>cration with 
edges aligned for welding. Before welding the formed pipe is conveyed through 
a degreasing balh, then into one of 111'0 types of welding machines, dcpending 
UI>OII the specifica tion. 

LINE PIPE 14·18 INCHES 

Fusion wel<led pipe in sizes from 14 to 18 inches outside diameter is produced by 
a sin gle pass submerged arc weld with 100 per cent penetration. The same sizes 
through 18 inches may also be produced on an elect ric resistance welding unit. This 
welding equipment heats the two edges of the formed plate to the prol>cr welding 
teml>erature, and the welding ol>eratioJl is completed by pressure rolls. The com
bination of heat and pressure makes a sound, continuous weld the entire length 
of the pil>C' "Flash" is removed both inside and outside the pipe by a cutting tool 
which leaves smooth, flush surfaces. 

After careful inspection of the weld the pipe moves to the sizing al1<l straight. 
en ing machine. In this operation the pi lle is passed through a series of trans\'erse 
rolls which size, straighten and cold reduce the pipe to finished dimensions. The 
ends are then sq uared or beveled for welding. 

Before the pipe reaches the hydrostatic tester all laboratory checks for physical 
properties ha\'e been completed. These include bend and tensile strength tesls which 
are run continuously on each order. In final testing 0l>crutions, eacll pille section 
is subj ecLed to a predeterm ined internal hydraulic pressure and ca refully checked 
after heavy hammer blows along the entire length of the weld to detect any f1aws_ 

Final insl>ection includes checki ng every dimension of each length of pipe for 
compliance with specifications. Each pipe is stenciled with the ma rkings re<luired 
by the order. After final inspection and marking, the finished pipe is given a 
protective coat ing or left bare, according to specifi cations. Shipping preparations 
include carefully plan ned loading practice to insure safe delivery at desti nation. 

, 
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TABLE 85 

BASALT-KAISER LINE PIPE 

Black Plain End 

Dimensions, Weights and Test Prenures 

Size Size Wall Weight Grade Grade Grade 
0.0. I. O. Thickness per Foot A B X-42 

I,. I,. I,. Lb. Psi Psi Psi 

14 13.500 0.250 ·3b.71 650 750 1280 
14 13.438 0.281 *41.21 700 850 1440 
14 13.370 0.312 45.68 800 950 1600 
14 13.312 0.344 50.14 900 1000 1760 
14 13.250 0.375 54.57 950 1100 1920 
14 13. 124 0,438 03.37 1100 1300 2240 
14 13.000 0.500 72.09 1300 1500 2550 

16 15.500 0.250 "'42.05 550 650 1120 
16 15.438 0.281 *47.22 650 750 1260 
16 15.376 0.l12 52.36 700 800 1400 
16 15.312 0.344 57,48 750 900 1540 
16 15.250 0.375 62.58 850 loao lb80 
16 15.124 00438 72.72 loao r 100 1960 
16 15.000 0.500 82.17 1100 1300 2240 

18 17.500 0.250 *47.39 500 600 1000 
18 17.438 0.281 *53.22 550 650 1120 
18 17.37b 0.312 59.03 600 750 1240 
18 17.312 0.344 64.82 700 800 1370 
18 17.250 0.375 70.59 750 900 1490 
18 17.124 0,438 82.06 900 1000 1740 
18 17.000 0.500 93.45 1000 1200 1990 

1.D. is a rhe()relical dimension only. ·Speeial weight. 

Test pressures . n grades X·46 and X·52 may be obtained ullOn request. 
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BASALT-KAISER EXPANDED LINE PIPE 

Sizes 20 - 30 Inches 

Pipe in sizes from 20 to 30 inches 0.0. inclusive, is fusion welded and hydraul
icall y expanded 10 size. 

Plate for this pipe, in 40 foot lengths, is cut to size, pickled, edge conditioned, 
press formed to cylindrical shape and cleaned of oil and grease as previously des
cribed. Tabs are aUached to the seam ends to facilitate longitudinal welding. 

The first weld pass is made on the inside of the pipe. In this operation the pipe 
is fi xed in posi tion wh ile the welding head, moullted on a boom, movably posi
tioned with positive accuracy over the longitudinal seam, traverses the length of 
pipe and completes the inside weld. The outside weld is made as the pipe is drawn 
through a stationary weld ing fix ture in which the electrodes are mounted. Very 
accurate positioning of the outside weld is ma intai ned in this operation by reason 
of the unhampered visual observation afforded the weld operutor for making 
radial adjustment of the seam under the electro(!es. 

Wilen welding is completed, the tabs are removed lind the pipe is pillced in 
the expander. This is double purpose C<luipment in which the extreme ends of 
the pipe are first expanded mcchanically and the body of the pipe is expanded 
hydraulicall y, within restrai ning dies, to a very accurate diameter, concentricity 
and straightness. Cold working of the metal during expansion increases its strength 
and produces pipe whose physical properties meet the requirements of the high 
yield strength specifications. 

After expansion to size, the pressure is dropped to the hrdrostatic test pressure, 
the dies are ol>cned and the Pi l>C while under test pressure is struck hammer blows 
of measured impact alollg the seam to further test the soundness of the weld. The 
ends of the piJ>C are then milled and I>c\'eled to prepa re them for girth welding. 
The pi l>C recei\'cs a finul ca reful visu ill insl>CClion, dimensional checks are madc, 
and test coupons are taken and tests made as prescribed by the specificat ions. 
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TABLE 86 
BASALT-KAISER EXPANDED LINE PIPE 

Dimensions, Weights and Test Pressures 

Sile Sile Wall Weight Grade 
0.0. I. O. Thickness per Foot 

. 
Inches Inches Inches Pounds 

20 19.500 0.250 "'52 .73 
20 19.438 0.281 ·59.23 
20 19.376 0.312 65.71 
20 19.312 0.344 72.16 
20 19.250 0.375 78.60 
20 19. 188 0.406 85.01 
20 19. 124 0.438 91.4 I 
20 19.000 0.500 104.13 

22 21 .500 0.250 *58.07 
22 21.438 0.281 *65.24 
22 2 1.3 76 0.312 72.38 
22 21.312 0.344 79.51 
22 21.250 0.375 86.61 
22 21.188 0.406 93.69 
22 21.124 0.438 100.75 
22 21.000 0.500 114.81 

24 23.500 0.250 ·63.41 
24 23.438 0.281 ·71.25 
24 23.376 0.312 79.06 
24 23.312 0.344 86.85 
24 23.250 0.375 94.62 
24 23 . 188 0.406 102.37 
24 23 . 124 0.438 110.10 
24 23.000 0.500 125.49 

2b 25.500 0.250 ·68.75 
2b 25.438 0.281 ·71.25 
2b 25.376 0.312 85.73 
2b 25.312 0.344 94.19 
2b 25 .250 0.375 102.63 
2b 25.188 0.406 111.05 
2b 25.124 0.438 119.44 
2b 25.000 0.500 136.17 

30 29.500 0.250 ·79.43 
30 29.438 0.281 ·89.27 
30 29.376 0.312 99.08 
30 29.312 0.344 108.88 
30 29.250 0.375 118 .65 
30 29. 188 0.406 128.40 
30 29.124 0.438 138.13 
30 29.000 0.500 157.53 

I.I>. I~ a theoretical dllnenslon onl)'. ·Special weight. 
Test I,ru ! ure! on grades X-46 and X-52 rna)' lie obtai ned upon r~lut'SI . 

X-42 

Psi 

900 
1010 
1120 
1230 
1340 
1450 
1570 
1790 

820 
920 

1020 
1120 
1220 
1320 
1430 
1630 

750 
840 
930 

1030 
1120 
1210 
1310 
1490 

b90 
780 
8bO 
950 

1030 
1120 
1210 
1380 

bOO 
b70 
750 
820 
900 
970 

1050 
1200 
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STRUCTURAL PROPERTIES 

TABLE 87 

STRUCTURAL PROPERTIES Of KAISER STEEL PIPE 

Out- Wei9ht Moment Area Radius 
side Thick. f," of Section of Bore of 
Dia. ness 00' Inertia Modulus Metal Area Gyration 

I,. I,. Lb. In.4 In.3 In. ~ In.2 I, . 

.840 , 109 .850 .01709 . 04069 .2503 .3039 .2613 

.840 .147 1.087 .02008 .04780 .3200 .2342 .2505 
1.050 .1 13 1.130 .03704 .07055 .3326 .5333 .3337 
1.050 .1 54 1.473 .04479 .0853 1 ,4335 .4324 .3214 
1.315 .133 1.678 .08734 . 1328 .4939 .8642 .4205 

1.315 .179 2.171 .1056 . 1606 .6388 .7193 .4066 
1.660 .140 2.272 .1 947 .2346 .6685 1.4957 .5397 
1.660 .191 2.996 .2418 .2913 .88 15 1.2327 .5237 
1.900 .145 2.717 .3099 .3262 .7995 2.0358 .6226 
1.900 .200 3.631 .39 12 .04118 1.068 1.767 .6~52 

2.375 .154 3.652 .6657 ,5606 1.075 3.355 .7871 
2.375 .218 5.022 .8679 .7309 1.477 2.953 .7665 
2.875 .203 5.793 1.539 1.004 1.704 4.788 .9474 
2.875 .276 7.661 1.924 1.339 2.254 4.238 .9241 
3.500 .216 7.575 3.017 1.724 2.228 7.393 1.164 

3.500 .300 10.252 3.894 2.225 3.016 6.605 1.136 
4.000 .226 9.109 4.788 2.394 2.680 9.886 1.337 
4.000 .318 12.505 6.280 3.140 3.678 B.888 1.307 
4.500 .237 10.790 7.233 3.214 3.174 12.730 1.520 
4.500 .337 14.983 9.610 4.271 4.407 11.497 1.477 

5.563 .1875 10.764 11.45 4.117 3.166 21.140 1.902 
5.563 .219 12.490 13.15 4.727 3.686 20.629 1.890 
5.563 .250 14. 185 14.76 5.305 4 .173 20.133 1.88 1 
5.563 .258 14.617 15.16 5.451 4.300 20.006 1.878 
5.563 .281 15.870 16.3 1 5.864 4.665 19.650 1.870 

5.563 .3125 17.523 17.83 6.4:)9 5.155 19.151 1.860 
5.563 .344 19.160 19.31 6.942 5.642 18.673 1.849 
5.563 .375 20.778 20.67 7.431 6.1 12 18.194 1.839 
6.625 . 1875 12.89 1 19.66 5.935 3.792 30.680 2.277 
6.625 .21875 14.966 22.61 6.826 4.403 3':>.069 2.266 

6.625 .250 17.02 1 25.47 7.690 5.007 29.465 2.256 
6.625 .280 18.974 28.14 8.496 5.581 28.891 2.245 
6.625 .3 125 21.068 30.94 9.342 6.197 28.275 2.235 
6.625 .344 23.076 33.57 10. 14 6.788 27.684 2.224 
6.625 .375 25.030 36.09 10.90 7.367 27.119 2.214 
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TABLE 87 (Continued) 

STRUCTURAL PROPERTIES OF KAISER STEEL PIPE 

Out- Weight Moment Area Radius 
side Thick. pO' of Section of Bore of 
Dia. ness Foot Inertia Modulus Metal Area Gyration 

10. 10. Lb. In.4 In.' In .~ In.Z 10 . 

8.625 . 188 16.940 44.36 10.29 4.983 53.443 2.984 
8.625 .2 1875 19.639 51.06 11.84 5.777 52.649 2.973 
8.625 .250 22.361 57.72 13.38 6.578 51.848 2.962 
8.625 .277 24.696 oJ.35 14.M 7.265 51 . 161 2.953 
8.625 .3125 27.743 70.59 16.37 8.161 50.265 2.941 

8.625 .322 28.554 72.49 16.81 8.399 50.027 2.938 
8.625 .34375 30.402 76.80 17.81 8.943 49~483 2.930 
8.625 .375 3].04 1 82.86 19.21 9.719 48.707 2.no 
8.625 .438 38.256 94.56 21.93 11.25 47.18 2.899 
8.025 .500 43.388 105.7 24.S! 12.76 45.67 2.878 

10.750 .188 21.15 87.0 16.18 6.238 84.527 3.735 
10.750 .2 1875 24.604 100.4 18.67 7.237 83.526 3.724 
10.750 .250 28.035 113.7 21.16 8.247 82.516 3.713 
10.750 .279 31.20 1 125.9 23.42 9.178 81.585 3.702 
10.750 .307 34.240 137.4 25.57 10.07 80.69 3.694 

10.750 .344 38.200 150.4 27.98 11.25 79.55 3.683 
10.750 .348 38.661 154.0 28.65 11.37 79.39 3.680 
10.750 .365 40.483 160.7 29.90 11.91 78.85 3.674 
10.750 .438 48.19 189.0 35.16 14.19 76.58 3.b49 
10.750 .500 54.74 212.0 39.43 16. 10 74.66 3.628 

12.750 .21875 29.276 169.1 26.52 8.612 119.065 4.431 
12.750 .250 33.375 191.8 30.09 9.817 117.860 4.420 
12.750 .28125 37.453 214.2 33.00 11.02 116.66 4.409 
12.750 .3 125 41.510 236.3 37.06 12.21 115.47 4.399 
12.750 .3 30 43.713 248.5 38.97 12.88 114.80 4.393 

12.750 .34375 45.547 258.0 40.46 13.40 114.28 4.388 
12 .750 .375 49.562 279.3 43.82 14.58 113.10 4.377 
12.750 .438 57.53 32 1.5 50.43 16.94 110.74 4.330 
12.750 .500 05.415 361.5 56.71 19.24 108.44 4.335 
14.000 .250 36.424 253.4 36.20 10.71 143.23 4.862 

14.000 .281 41 .208 285.3 40.75 12.12 141 .82 4.851 
14.000 .3125 45.682 314.9 44.98 13.44 140.50 4.841 
14.000 .314 50.140 316.4 45.20 13.50 140.44 4.837 
14.000 .34375 50.136 344.0 49 .14 14.75 139.19 4.830 
14.000 .375 54.568 372.8 53.25 16.05 137.89 4.819 
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TABLE B7 tConfinuedJ 

STRUCTURAL PROPERTIES OF KAISER STEEL PIPE 

Out. Weight Moment Area - R.d'" I 
side Thick· po. of Section of Bore of 
Oia. ness Foot Inertia Modulus Metal Area Gyration 

--
I". I". lb. In.~ In.' In.2 In.2 I". 

- . - -
14.000 0438 63.441 429.5 61 .36 18.66 135.28 4.797 
14.000 .500 72.091 483.8 69. 11 21.21 132.73 4.776 
16.000 .250 42.053 383.7 47.96 12.37 188.69 5.569 
16.000 .28125 47.215 429.1 53.64 13.89 187.17 5.558 
16.000 .3125 52.357 474.0 59.25 15.40 185.66 5.547 

16.0JO .34375 57.478 518.3 64.79 16.91 184. 15 . 5.537 
16.000 .375 62.579 5.2.1 70.26 18.41 182.65 5.526 
16.000 .4375 72 .716 648.1 81.01 21.39 179.67 5.504 
16.000 .500 82.771 731.9 91.49 24.35 176.71 5.483 
18.000 . 250 47.393 549.1 61.02 13.94 240.53 •. 27 • 

18.000 .28125 53.223 614.6 68.28 15.66 238.81 6.265 
18.000 .3125 59.032 .79.3 75.47 17.36 237. 11 6.254 
18.000 .34375 64.821 743.3 82.59 19.07 235.40 6.244 
18.000 .375 70.589 806.6 89.63 20.76 233.71 6.233 
18.000 .4375 82.061 931.3 103.5 24.14 230.33 6.211 

18.000 .500 93.451 1053.0 117.0 27.49 22 •. 98 6. 190 
20.000 .250 52.73 756.6 75.66 15.52 298.76 •. 983 
20.000 .28125 59.231 847.0 84.70 17.42 296.74 6.972 
20.000 .3125 65.708 93 •. 7 93 .67 19.33 294.83 6.961 
20.000 .34375 72.164 1026.0 102.6 21.23 292.93 6.951 

20.000 .375 78.599 1113.0 111.3 23.12 291.04 6.940 
20.000 .4375 91.407 1287.0 128.7 26.89 287.27 6.918 
20.000 .500 104.131 1457.0 145.7 30.63 283.53 6.897 

--
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ORDERING PRACTICE FOR KAISER 

TUBULAR PRODUCTS 

In orde r 10 morc clearl y describe the material desi red and to avoid misunder· 
standing, purchasers inquiries and orders for Kaiser Tubular Products should 
specify the follow ing deta ils : 

1. Quantit y (in linear feel, number of pieces or bundles. or weight ). 

2. Size (0.0. or nominal). 

3. Foot-weight or wall thickness. 

4. Method of manufactu re (continuous welded, ele<:t ric welded, etc.). 

5. Class of material (standa rd pipe, line pipe, etc.). 

6. End fini sh (threaded and coupled, plain end, threaded only, etc.). 

7. If plain end , method of joining to be used. 

8. Grade of steel, where specificati ons prov ide this option. 

9. Length (single random. double random, 8 \'Cragc, defin ite cui, or 
uniform) . 

10. TYI>e of coating or lining, if any. 

11. Applicahle specifi cat ions. 

12. Purpose for which material is intended (Aanging, bending, hi gh 
tempera ture service. etc.). 

13. Delivery date desired. 

14. Type of inspection required (mill inspe<:tioll , outside inspe<:lion. 
agenC)'. elc.). 

Tubular products are invoiced 0 11 the basis of the <Iuoted price per one hundred 
feet. 



A truck load of Kaiser C W pipe being expedited to a customer's plant. 



Alloy and special steels require particular core in production, beginning with the 
pouring of "hot top" ingots. 



ALLOY AND SPECIAL STEELS 
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KAISER ALLOY AND SPECIAL SHELS 

The steel industry definition of alloy steel is given on Page 27 of this catalog. 
The alloy content of a large number of standard and spccial alloy steels has been 
established by the industry. Tables of standard alloy steels a re published by the 
American IrOIl &. Steel Institute. Ka iser Steel Corporation rolls allo), steels into 
blooms. billets, plates, st ructurals and burs including sprin g steel Ilats and pre
cision rounds. 

Kaiser Hal Holled Alloy Steels have mall)' applications in industry. In the 
':Ollslruction of railway and 8utomoli,'c e<luipmcllt, farm implemen ts, construc· 
tion, rock, gra vel and In/lterial handlin g fi elds 811d in mechanicn l applications, 
Ka iser Alloy Steel products have wide and increasing uses. 

The sl>ecial properties imparted by allo)s to steel. while benefi cial to the steel, 
increase the haza rds both to the steel nnd the e{luipment during processing. Kniser 
Alloy Steels, therefore, receh'e special care and man y precaut ions are taken duro 
in g producti on to insure sa tisfactory hot rolled products. Thcy a re rolled from 
double con\'erte{l. semi·fi nished products, carefull ) inspected and condit ioned so 
that the fini shed steels arc sound and exceptionall y free of surface imperfections. 

Kaiser Alloy Blooms, Billets, Plates, Structurals and Bars are u\'a ilable in Illany 
annlrses and arc furlli shed in most of the si<t:es in which the corresl>Olldillg ca rbon 
sleel products a re rolled. Thcy ure produced subject 10 the ullowuble va riation in 
chemical analysis and to standard practice variations for d imensions und work· 
manship. They are normall y supplicd ill the as· rolled condilion without heat 
treatmen t except Ihal l1ats may be packcd annealed during cooling a ft er rolling. 

Alloy steels nre specificd fo r individuul applications for which the type or 
service or eXI>criencc in use determ ines the necessit y for specific (Iualil), o r prop· 
erties. It is alway!! helpful and often essen tial to have complete information reo 
ga rding fubr icution, heut treutment and the service of the final steel part, to 
plan the processing of the alloy steel to prod uce the desired end product. In
{Iuiries for alloy steels which ineludc information regardi ng the processing of the 
end product and its heat treatment will more promptly dc\'clop spec ific replies 
regardi ng their production and deli\'ery. 

Ka iser Steel Corporation invites inqui ries for alloy and sl>ecial steels. 
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KAISALOY 

High Strength Stee l 

KAISALor was dc\·eloped by Kaiser Sleel Corporation 10 meet the needs of 
western engi neers, fabri cators, and manufacturers, for It low.alloy, high strength 
s leel. K"ISAI-Q Y is designed for use where greate r yield strength is needed and less 
weight is wanlt."<I. It is recommended for constructional purposes where steel of 
superior physica l properties is rC(luired and where cold forming. welding, and 
ease of fabri cation are essential. 

KAISALOY is avai lable in four regula r grades. Each grade is consistent with 
the spe<:iaJ end use requi rements o f the application. KAISALO\' is also produced 
as low.alloy structural steel to American Society for Testing l\.Iaterials designa. 
tion A.242, and for automotive applications to the Society of Automoti\'e Engi . 
neers specification number 950. The supe ri or properties of K AISAI.OY are In· 
herent in the steel as rolled. Heat treatment is not ntteSSa ry to de\'eloJ> them. 

THE CHEMICAL COMPOSITION OF KAISALOY 
In its chem ical composition KAISALOY utilizes the metallurgical p rinciple that 

optimum strengthen in g of steel is effected by adding smaller amounts of a larger 
number of scienti fi cally sclected alloy ing clcmcnts. The maximum beneficial char· 
acteristics of a low alloy steel have thus been incorporated in KAISALO~' to gi\'e 
the steel high yield strength, ductilit y, toughness, workability and weldabi lity. All 
grades hu\'e impro\'ed corrosion and abrasion resista nce and those grudes, cspe· 
cia ll y developed for these propert ies, ha\'e atmospheric corrosion or wear resist· 
ance remarkably impro\·ed. 

TABLE BB 

REGULAR GRADES OF KAISALOY 

Design~tion 

KAISALOY-Forming Qu~lity 
KAISALOY-Moder~t. Forming Strudur~1 Gr~des 
KAISALOY-Corrosion Resist~nt Gr~de 
KAISALOY-Wear Resiltant Grade 

TABLE 89 

LIMITING CHEMICAL RANGE 

KAISALOY e ~" p , 
" e, NI e. 

Cod. M ... M ... Mu. Mu. M ... M ... M ... M ... 

F.Q. .12 .BO .040 .040 .35 .35 .30 .25 
M. F. S. .20 1.50 .040 .050 .35 .35 .30 .25 
C. R. .30 1.50 .070 .050 .35 .bO .50 .25 
W.R. .20 1.20 .070 .050 .35 .35 .30 .25 

Min . Min. 

Code Letters 

KAISAl OY-F. Q. 
KAISALOY-M. F. S. 
KAISAlOY-C. R. 
KAISALOY-W. R. 

~. V n AI 
M ... Min. Min. Mi". 

.10 .02 .005 ... 

.10 .02 .005 .25 

.30 .02 .005 .25 

.30 .02 .005 .25 
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THE MECHANICAL PROPERTIES OF KAISALOY 

The mecha nical properties of KAISALOY a re consistent with the grade produced. 
The minimum physical p roperties are gi,'cn in Table 90. 

TABLE 90 

MINIMUM PHYSICAL PROPERTIES 

KAISALOY Yield Tensile Bends 
Code Strength Strength Inside Radius 

F.e;>. -45,000 60,000 Flat. Either Direction 

M. F. S. 50,000· 70,000· To If." Thick - R = 2T. Over 
If,," Thick - R = 3T. 

C.R. 50,000· 70,000· To V/'Thick - R= 2T. Over 
If,," Thick - R = n . 

W. R. 55,000· 75.000· Not recommended for cold bending'l 

*Higher t trength le.'d s for 8]lprOved ap illica lions. 

KAI$ALOY IN HEAVY SECTIONS 

KAISALOl' main tains its high yield strength and tensile properties when rolled 
into hea.'y sections. 

TABLE 91 

TYPICAL CHEMICAL ANALYSIS- KAISALOY IN HEAVY SECTIONS 

C M, P S S; C. N; C, Mo V r; 
-----

.IS 1.11 .023 .026 .22 .22 .27 . 11 .025 .05 .011 

.. 
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TABLE 92 

MINIMUM PHYSICAL PROPERTIES 
KAISALOY IN HEAVY SECTIONS 

Produced in Hot Rolled Condition 

.87 

Section Thickness 1"& Under Over I " to 2" Ind. Over 2" +0 4" Incl .! 

Yield Point m;n. psi 50,000 47.000 45,000 

Tensile Strength min. psi 70,000 67,000 65,000 

Elong. in 2" min. per cent 22 ... -........ ............ 

Elong . in 8" min. per cent 1,500,000 1,500,000 1.500,000 
T5 T5 T5 

IMPACT VALUES OF KAISALOY 

The good low tCIllI>eral ure impact values of KAIS,\LOY illustrate the toughness 
of the steel. This property recommends KAISA LOY for low temperature serv ice and 
for notch resistant applications. 

TABLE 93 

IMPACT VALUES OF KAISALOY 

(0.5" Thick Plate) 
(Key-Hole Charpy Specimen) 

Temperature As Rolled 
of. Foot Pounds 

1000 49 
70° 43 
30° 40 
15° 40 
0° 39 

_ 10 0 35 
_ 250 33 
_ 350 32 
_ 500 32 
-60· 3. 
_ 700 24 

Normalized 17000 F. 
Foot Pounds 

60 
60 
60 
58 
54 
53 
50 
46 
47 
43 
4. 
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KAISALOY CHARACTERISTICS 

WORKA811..1Ty- K AI SALOY can be satisfactoril y formed i n press brakes and olher 

cold-forming equipment. It is generall y found. howe\'cr, thaI consistent wilh its 
higher st rength, greater force is req uired for be nd in g and increased radius of 
bends will pro\'c an ad,'antnge. KAtS \ LQY may be easily hot-formed and its physical 
prol>Cfties are 1I0t materially altered by healing for fo r mi ng. 

GAS CUTTlNC- No problems arc presented by Ihe gas cutt ing of KAISA I.OY since 
it does not name· ha rden in norlllsi gas cutt ing operations. SI>eeds and lorch 
adjustments when gas cUlling KA ISALOY, a rc Illuch the same as used in cllll ing 
ord ina ry steels of comparable thick ness. 

WEUHNC- KAISALOV docs not req uire slJccial hand lin g or procedure for weld
ing. It may be welded. by any of the methods used in welding o rdinary structural 
steels. For metal arc weldi ng, covered e1cctrodes of the E-60 group wi ll give d uctile 
welds of adequate lOt rength. I f higher st rengt h welds a re desired. co\'ered electrodes 
of the E-iO group will provide satisfactory welds. KA tSAl.OY is readil y joined by 
submerged nrc welding. T he rod ordina rily used for structural steels has generally 
provided entirel y satisfactory welds. 

E:\DURA NCE STRENCTII AND NOTCII SEl\StTI\' ln - KAISALOY will be found to ha\ e 
a higher endurance strength and increased resistance to notch sensitiv ity when 
compared wit h or<lina ry structu ral steels. Improvement in these p roperties reflects 
the inherent superior physical cha racteristics of KAISALO~' resulting from its com· 
position and controlled manufactu re. 

ConnOSiON Ih ;sISTANO:- Sincc va rying condi tions of service and cxposu re to 
corrosion have a marked bearing on the service life of stecl, the p roduction of a 
high yield strength, low alloy steel havi ng improved resistance to corrosion was an 
impelling objective in the dcvelopment o f KA ISA LOY. The substan tial improvement 
ill resistance to corrosion incorporated in this steel is an importan t factor ill Ill ' 

f1 ucnci ng its selection for use over ord ina ry steels. 

AnnASION HESISTA NCE- While mechanical cond itions of wear a re necessaril y 
the controlling factors in abrasion, it will be found that KAtS.uOY, due to ils higher 
strcngth, its str ucture, and composition, wi ll pro\, jde apprecinbl y increased life 
under abrasive conditions. 
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KAISER ABRASION RESISTING STEEL 

The advantage of abrasion resisting steel in cutting costs of handling abrasive 
materials is well established. Tt is indispensable for Illany applications, such as 
dredge pipe, digging and stacking ladders for dredges, road mach inery, and farm 
machi nery; sand and gravel, coal and concrete aggregate handling equipment, 
conveyors, chutes, liners for ore bins and dust collecting systems. 

The abil ity of abrasion resisting steels to keep equi pmen t operating for longer 
periods, to lessen shut down lime and to decrease ma intenance costs gives it new 
econom ic importance in view of present day illcreasing costs. 

Kaiser Abrasion Resisting Steel is furnished. in the fo llowing chemical analysis 
range: 

Carbon 
35/ SO 

Manganese 
1.20/ 1.70 

Phosphorus 
.05 maximum 

Sulphur 
.05 maximum 

Silicon 
.20 aim 

Kaiser Abrasion Resisting Steel of the above analysis may be expected to have 
a Brinell hardness of 200 to 250. 

KAISER HARD ROLLED SHEETS FOR 
WATER WEL L CASING 

By variation of its composition or method of production, physical properties 
and characteristics may be developed in sheet steel which make it particularly 
adaptable to water well casing. Kaiser Hard Rolled Sheets fo r water well casing 
are supplied in medium carbon grade for cold shaping and fus ion welding into 
tubular form. Kaiser 1·lard Boiled Sheets roll readily wi thout loose scale. They 
are produced 10 meet the demands of the trade for water well casing for welding, 
driving and perforating. They are normally rolled as 12 gage, 10 gage and 8 gage 
sheets in widths from 36 to 48 inches. 

Further information regarding the properties and availabili ty of these sheets 
will be furnished upon inquiry. 

KAISER FREE MACHINING STEELS 

Kaiser Free Machining Steels a re furnished in several analyses and grades to 
provide the degree of machi llability desired and to meellhe physical requirements 
of the fini shed product. 

Free machining steels may be purchased as bars for cold drawing, forging and 
machining, and as plate for machining and heat treating. 

Inquiries are invited for these steels. 



---' ~ • .a... _ -
Molte n pig iron is transfe rred in 1 SO-ton torpedo ladle s from the blast furnaces 

to the open hearths or to the ingot mold foundry or p ig costing machines. 



PIG IRON 
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KAISER PIG IRON 
Pig iron is the product resulting from the reduction of iron ore in the blast 

furnace. It is classified and graded according to its intended uses. 

Kaiser Steel Corporation produces Basic Pig Iron largely for its own use in 
the manufacture of steel. Merchant pig iron is offered for general sale in both 
basic and foundry analyses. It is sold by the gross ton (2240 lbs.) and is avail
able for either truck or rail shipment in quantities of 50 gross tons or more. 

II 

KAISER BASIC PIG IRON 

Basic Pig Iron is used in making steel by the basic open hearth process. Inquiries 
are invited on any specifications covering Basic Pig Iron. The following ranges 
are normally produced at Fontana: 

Silicon 
Sulphur 
Phosphorus 
Manganese • 

Range 
.90/ 1.75 
.05 max. 
.20/ .35 
.40/ 1.00 

Basic grade notched pigs are produced in weights averaging 60 pounds each. 

KAISER FOUNDRY PIG IRON 

Foundry Pig Iron is used for remelting to produce a wide variety of iron castings 
such as: 

(1) Light, thin castings, including stove plate, radiator castings, plumb-
ing supplies and hardware specialties. 

(2) Miscellaneous light and heavy castings which are to be machined. 
(3) Heavy castings not to be machined. 
(4) Chilled castings. 
(5) Castings requiring density of grain and dependable strength for 

steam and hydraulic cylinders and similar uses. 

The silicon, phosphorous and manganese limits of Foundry Pig Iron are modi· 
fied to meet the special requirements of these various products and uses. The 
extreme ranges of foundry grades being maintained in stock are as follows: 

Silicon . 
Sulphur . 
Phosphorus 
Manganese. 

Range 
1.75/ 3.25 
.05 max. 
.17/ .70 
.60/ 1.00 

Silicon is available in ranges of .25 points. Phosphorus and manganese are 
supplied in .20 point ranges. Notched foundry pigs weigh an average of 40 
pounds each. 
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KAISER INGOT MOLDS AND STOOLS 

Ingot molds are cast iron forms used for the casting of ingots. Stools are the 
cast iron tables upon which the ingot molds are placed for pouring. The stool acts 
as a form for the bottom of the mold. Kaiser Steel Corporation not only produces 
all its own ingot molds and steels, but produces them for other steel mills, forge 
shops, and foundries. 

Kaiser Steel Corporation has a fully equipped, modern ingot mold and stool 
foundry capable of producing molds and stools weighing from 2,000 Ibs. to 50,000 
Ibs. each. Inquiries for larger molds are invited. 

ORDERING PRACTICE FOR KAISER 

PIG IRON 
In order to more clearly describe the material desired and to avoid misunder

standing, purchasers' inquiries and orders for Kaiser Pig Iron should specify the 
following details; 

1. Quantity. 

2. Chemistry. 

3. Special loading practices applicable- truck or rail. 

4. Shipping destination. 

5. Required routing. 

6. Requested delivery. 

7. Distribution of shipping notices, invoices, and bills of lading. 

Pig Iron is invoiced on mill scale weights and is priced on the basis of a gross 
ton of 2,240 Ibs. 
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KAISER S P ECIALTY P RODUCTS 

Srlccialty prod ucts. as produced by Kaiser Steel Corporation, may be defined 
8S the usuablc end products recla imed from prime or seconda ry material geller· 
ated in the production of steel. These products arc prod uced from prime material 
which has had dcfecti \"c I)()ft ions remo\'cd. This material, a her being so processed, 
is suitable for l11any uses in indust ry. Al the present lime, Kaiser Steel Corporation 
produces specialt y prod ucts on ly in the form of fl at rolled products (plates and 
sheets) and tubular products. 

Structu ral fabri cators call usc specialty flat rolled prod ucts for man)' pMts of 
bridges and bui ld ings, such as gusset plates, fill er platcs, splice plates, and base 
plates. The production of machinery, fa rm implements, contractors' equipment, 
tanks, and chem ical and refinery equi pment re<lu ires the assembly of many small 
parts of plate, sheet, and bars. In produci ng such products, manufacturers ca n use 
flat rotled specialties cut to standard forms. such as circles, re<:tangles and tr iangles, 
or to ot her special shapes. 

Specialt y pipe call be used for felice posts, sign posts, playground equipment, 
steel furniture , wheelbarrow hand les, structural columns, storage racks, conveyor 
rollers, and for similar structural purposes. 

At! Kaiser spe<:ialt y products a re sold in ca rload <Iuantit ies. Random size 
specialty products are sold on a negotiated basis. Specialty prod ucts cut to cus· 
tomer's order are sold on an irH[uiry basis. 

l\ lany manufacturing concerns use Kaiser cut·to·size sl>ccialty products in their 
manufacturing assemblies with little additional processi ug required and with a 
result ing saving in costs. St ructural steel fabricators find their productive capaci ty 
amplified by this ready source of small pieces with resuhing economy. 

The facilities used by Kaiser Steel Corporation in the production of flat rolled 
specialt y products consist of {lame cutting equipment and plate le\'eling and shear· 
ing equipment, which includes Sl:luaring shea rs and circle shears. The facilities 
used in the reclamation of sl>e<:ialt y tubular products consist of pi pe cut ·ofT and 
threading machines. 

KAISER SPECIALTY PLATES AND SHEETS 

Specialty plates are ava ilable in gages rangi ng from -h to 4 inches in thickness. 
Speciulty sheets are a\'a ilable in gages rang ing from 18 gage to lA!: inch in thick· 
ness. Specialt y plates and sheets arc segregated gene rally into three categor ies: 

THOSE HAVtNC AN ANEA OF OVER 32 SQU AN t; FEET- These plates and sheets, 
the chemical and ph y!ical properties of which can be furn ished, a rc identified and 
sold as random size prime material. 

TU OSE HAYING AN AllEA Of OVER 16 SQUARE FEt:T TO 32 SQUAItE FEET- These 
plates and sheets are segregated by th ickness and chemistry, where possible, and 
a rc sold as random sizes in bu ndles identified with the size and specifica tion of 
each plate or s.heet. 

TH OSE HAYINC AN AREA OF NOT OVER 16 SQUARE FEET- These plates and 

---~ 
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sheets arc used for prod ucin g specific cul-io-size orders for fabri cat ors ulld manu
facturers. The preponderance of specialt y fl at rolled products is in thi s category. 
Such products arc shcare<! or flame cuI to order ami specifications. and the cus
tomer is inv ited to submi t lists of desirc<\ gages 8 11(\ sizes of material along with 
blueprints, sketches, or other details, where necessary. JI.-Iater ial in this category 
is norm any not sold to chemiclIl analyses or physical tests. CUH o-speci fied size 
material can not be accepted in areas over 16 square feet. 

KAISER SPECIALTY PIPE 

Heda imcd specialty pipe is almost entirely untested pipe and is, therefore, lIot 

suitable for carrying li<lu ids or gases. The product description is, " Kaiser c.w. 
Standard Pipe, Untested." It is prod ucc<1 to Specification ASTM A-120, Modified, 
Untested. Both black and ga lvanized pipe are available in standard pipe sizes from 
1 to 4 inches inclusive. Specialty pipe must be cut-to·length at the mill for some 
definite, specified, genui ne, structural purpose and is sold only to bonafide end 
users of structural pipe. In general, the maximum lengths which will be accepted 
cut to customer's order a rc 16 feet for standard pil}C and 12 feet for thin wall 
pipe, but shorter lengths are always more readi ly obtainable because bellcr cuI. 
ting yields are obtai ned. Occosionall y, however, random lengths of reclaimed 
specialty pil}C are offered for sale in lengths from 4 to 16 feet inclusive. 

KAISER TUIWLAH F.;NCE POSTs- Thi s product is offered in standard pipe sizes 
from 1 to 2 inches inclusivc. The product description is, " Kaiser C.W. Tubula r 
Fence Posts and Hai lings, not sui table for thread ing or bending." It is produced 
to Specification A5TM A.120, Modified Untested. Thi s materia l is sold only for 
fence posts or sim ilar structural uses. 

STANDARD PRACTICES 

In general, industry standard tolerances applicable to prime pro<lucts apply 10 

specialt y products. Cut-to·specifi ed order material call be name cut or sheared 10 

the tolerances used in the structural steel fabricating industry or as required by a 
speci fi c machinery manufactu rer's operation. Min imum cutting tolcrances arc 
normall y plus or minus ·/or of an inch. In(IUiries, however, with restrictive tole r
ances are invitea. 

.... 
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ORDERING PRACTICE FOR KAISER 

SPECIALTY PRODUCTS 

In order to morc clearl y describe the material and to avoid misunderstanding, 
purchasers' ilHlui ries and orders for sl>ecialty products should specify the follow· 
ing detai ls : 

1. Quanti ty. 

2. Size and description. 

3. Specifi cation. 

4. End use and fabr icating process. 

5. Inspection rC(lui rcd if other than mill. 

6. Destination. 

7. Rouling. 

S. Delivery requested. 

9. Special cutting tolerances, if any. 

10. Blueprints, drawings, sketches, etc., if required. 

1 J. Distri bution of invoices, shipping notices, bills of lading, etc. 

12. PII),sical or chemical tesl reports, if desired. 

Speci alty Products are sold on a lump sum or price per piece basis. 
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Volatile-bearing gases from the coke ovens are processed in by-products plant 
lbackground! for the recovery of ammonium sulphate, 

phenol, benzol, crude pyridine and othe r chemicals. 
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KAISER COAL CHEMICALS 

Coke is made from coal by healing in sealed ovens in the absence of air. During 
the hot process of coke formution in the Kaiser coke 0\'Cn8, valuable by·products 
are \'olalilized and driven off the coal. These gases a re carried by large overhead 
collecting pipes to the by-products depart ment where they are recovered and puri. 
fied by a series of complex chemical processes. Kaiser coal chemicals have proven 
all important new source of supply to the chem ical, plastic, explosive, paint and 
other industries of the West. The following products 8rc now being marketed by 
Kaiser Sleel Corporation as a result of the Company's by·product operation: 

BENZOL 

(C, H, ) 
Industrial Pure Benune (Benzol) to be commonly known as 

" Industrial Pure Benzol" 

Benzol is used in the manufacture of paint, varnish, lacquer, synthetic drugs, 
perfumes, organic chemicals, indigo dyes, dry cleaning preparations, paint and 
varnish remo\'ers, solvent for celluloid and rubber, and also for enriching gasoline. 

TOLUOL 

(CH,C, H, ) 
Industrial Pure Toluene (Toluol) to be commonly known as 

" Industrial Pure Toluol" 

Toluol is used in the manufacture of intermediates, organic chemicals, ex· 
plosives, stains and enamels, and as a solvent for rubber, varnishes and resin. 

CRUDE HEAVY SOLVENT 

Crude Heavy Solvent is used in the manufacture of rubber soh'ents, linoleum, 
oil cloth and as a general solvent in the manufacture of paint, varnish and enamels. 

XYLOL 

CaH .. (CH3k 
Nitration Xylene (X yol) to be commonly known as " I ndustrial Xylol" 

Xylol is used in the manufacture of dyestuffs, intermediates, organic chemicals 
and as a solvent in making rubber, cement, lacquer and va rnishes. 

CRUDE PHENOL 

Crude Phenol is used, without further refining, to make Phenol Aldehyde resins 
for phenolic plybonds. These are adhcsi\'es in film fonn ..... hich make lasting and 
mildew resisting synthetic resin bond!! for veneer or plies of ..... ood. It is also used 
10 make industrial phenolic plastics. 
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CRUDE PYRIDINE 

Crude Pyridine is combined with other chemicals ill industry to produce Rimi
fon and ydrazid. These are trade names for the new tuberculosis wonder drug. 

AMMONIUM SULPHATI 
INH,j, SO, 

Ammonium Sulphate is used principally as an ingredient in almost all fertilizers 
or as a simple for direct application to the soil. Kaiser Ammonium Sulphate is 
guaranteed 10 contain a minimum of 20.5 per cent Nitrogen, and is avai lable in 
either hulk or hags. 

COKE AND COKE BREEZE 

Various grades of Beehive Furnace Coke as well as various sizes of Beehive 
Coke Breeze nrc available from Kaiser Sleel Corporation's SUllllyside coke oven 
operations. 

SLAG 

Kaiser Blast Furnace Slag is available ill various sizes. h is used in industry for 
making rock wool, as a roofing granule, and for road ballast and concrete ago 
gregates. 

ORDERING PRACTICE FOR KAISER 
COAL CHEMICALS 

1. Quantity. 

2. Quality. 

3. End use. 

4. Required inspection, if other than mill inspection . . 

5. Spccialloading practices, if applicable. 

6. Shipping destination. 

7. Required routing. 

8. Requested delivery. 

9. Distribution of shipping notices, invoices, and bills of lading. 

Coal chemicals are available in tank car quantities or (or shipment by convenient 
truck and trailer. They are invoiced on the basis of mill scllie weights or gallons. 

.... 



Metallurgical and chemical labaratory staffs check ea~h step in the production 
of Kaiser Steel. Numerous analyses, tests and inspections are 

cond'ui:ted to insure compliance with specificotions. 
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STANDARD STEELS AND 

SPECIFICATIONS 

STANDARD STEELS 

The c\'crgro\\'ing \'nricty of chem ical compOSitIOns Dnd <Iuality requirements 
of steel specifications have resulted in several thousand different combinations of 
chemical clements being speci fied to meet indi\'idual demands of purchasers of 
steel products. 

The American Iron and Steel Institute has standardized the nomenclature for 
i<lcnlification of va rious chemical compositions of steel showing the carbon ranges 
and combinations of other elements which have been accepted as standard by the 
illdustry. The Societ y of Automotive Engineers, 5.1\.E., has also revised most of 
its specifications to coincide with those of the t\mcricun Iron and Steel Institut e. 

These classifications are given as follows: 

Prefix Letters---

(A) Indicates basic open-hearth alloy steel. 

(8 ) Indicates acid Bessemer carbon sleel. 

(C) Indicates basic open-hearth carbon steel. 

(E) Indicate!! electric furnace !!Ieel_ 

(NE) Indicates National Emergency AlIo)'!!. 

Number Designation 

( lOXX series) Basic open.hea rth and acid Bessemer Ca rbon Steel 
grades, non·sulphurized and non.phosphorized. 

(lLXX series) Basic open.hearth and acid Bessemer Carbon Steel 

( 1300 series) 
(23XX series) 
(3ll0( series) 

(32XX series) 
(4ilXX series) 

(4IXX series) 
(43XX series) 

(46XX series) 

(48XX series) 

(61XX series) 
(52XXX series ) 

(86XXX series) 
(92XXX series) 

grades, sulphurized but not phosphorized. 

Manganese 1.60 to 1.9070 . 
Nickel 3.50% . 

Nickel 1.257/i- Chromium .60%. 

Nickel l.75%-Chrom ium 1.00% . 

J\·lolybdenum. 

Chromium Molybdenum. 

Nickel- Chromium- Molybdenulll. 

Nickel L.65%-Molybdenum .25%. 

Nickel 3.25%-Molylxlenum .25% . 

Chromium Vanadium. 

Ch romium and High Carbon. 

Low Nickel- Chrollliulll- Molybdenum Sleei. 

Silicon 1.80/ 2.20. 
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CHEMICAL COMPOSITION LIMITS, PER CENT 

Corre-
AISI sponding 

No. C M, P Max. S Max. SAE No. 

C 1005 0.06 max. 0.35 max. 0.040 0.050 
C 1006 0.08 max. 0.25/0.40 0.040 0.050 1006 
C 1008 0.10 max. 0.25/0.50 0.040 0.050 1008 
C 1010 0.08/0.13 0.30/0.60 0.040 0.050 1010 
C 1011 0.08/0.13 0.60/0.90 0.040 0.050 ... -.- .. 
C 1012 0.10/0.15 0.30/0.60 0.040 0.050 ........ 

C 1013 0.11/0.16 0.50/0.80 0.040 0.050 ........ 

C 1015 0.13/0.18 0.30/0.60 0.040 0.050 1015 
C 1016 0.13/0.18 0.60/0.90 0.040 0.050 1016 
C 1017 0.15/0.20 0.3010.60 0.040 0.050 1017 
C 1018 0. 15 /0.20 0.6010.90 0.040 0.050 1018 
C 101 9 0.15/0.20 0.70/1.00 0.040 0.050 1019 
C 1020 0.18/0.23 0.30/0.60 0.040 0.050 1020 
C 1021 0.18/0.23 0.6010.90 0.040 0.050 1021 
C 1022 0.18/0.23 0.70/1.00 0.040 0.050 1022 
C 1023 0.20/0.25 0.3010.60 0.040 0.050 
C 1024 0.19/0.25 1.35/1.65 0.040 0.050 1024 
C 1025 0.22/0.28 0.30/0.60 0.040 0.050 1025 
C 1026 0.22/0.28 0.60/0.90 0.040 0.050 1026 
C 1027 0.22/0.29 1.20/1.50 0.040 0.050 1027 
C 1029 0.25/0.31 0.6010.90 0.040 0.050 .. 
C 1030 0.28/0.34 0.60/0.90 0.040 0.050 1030 
C 1031 0.28/0.34 0.3010.60 0.040 0.050 
C 1032 0.30/0.36 0.6010.90 0.040 0.050 .... --

C 1033 0.30/0.36 0.70/1.00 0.040 0.050 1033 
C 1034 0.32/0.38 0.5010.80 0.040 0.050 1034 
C 1035 0.32/0.38 0.60/0.90 0.040 0.050 1035 
C 1036 0.30/0.37 1.20/1.50 0.040 0.050 1036 
C 1037 0.32/0.38 0.70/1.00 0.040 0.050 -- .- .. 
C 1038 0.35/0.42 0.6010.90 0.040 0.050 1038 
C 1039 0.37/0.44 0.70/1.00 0.040 0.050 1039 
C 1040 0.37/0.44 0.60/0.90 0.040 0.050 1040 
C 1041 0.36/0.44 1.35/1.65 0.040 0.050 1041 
C 1042 0.40/0.47 0.60/0.90 0.040 0.050 1042 
C 1043 0.40/0.47 0.70/1.00 0.040 0.050 1043 
C 1045 0.43/0.50 0.60/0.90 0.040 0.050 1045 
C 1046 0.43/0.50 0.70/1.00 0.040 0.050 1046 
C 1049 0.46/0.53 0.60/0.90 0.040 0.050 1049 
C 1050 0.48/0.55 0.60/0.90 0.040 0.050 1050 
C 1051 0.45/0.56 0.85/1.15 0.040 0.050 ........ 
C 1052 0.47/0.55 1.20/1.50 0.040 0.050 1052 
C 1053 0.48/0.55 0.70/1.00 0.040 0.050 .-...... 
C 1054 0.50/0.60 0.50/0.80 0.040 0.050 ........ 
ClOSS 0.50/0.60 0.60/0.90 0.040 0.050 1055 
C 1057 0.50/0.61 0.85/1.15 0.040 0.050 .... .... 
C 1059 0.55/0.65 0.50/0.80 0.040 0.050 ...... 
C 1060 0.55/0.65 0.60/0.90 0.040 0.050 1060 
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CHEMICAL COMPOSITION LIMITS, PER CENT 

Corre-
AISI spondin9 
No. C M" PM.u. S Max. SAE No. 

C 1061 0.54/0.65 0.75/1.05 0.040 0.050 ........ 
C 1062 0.54/0.65 0.851 I. I 5 0.040 0.050 1002 
C 101>4 0.bOjO.70 0.50/0.80 0.040 0.050 101>4 
C 1065 0.60jO.70 0.60/0.90 0.040 0.050 1065 
C 10bb 0.00/0.71 0.85/1.15 0.040 0.050 1066 
C 1069 0.65/0.75 0040/0.70 0.040 0.050 ...... .. 
C 1070 0.65/0.75 0.60/0.90 0.040 0.050 1070 
C 1071 0.65/0.76 0.75/1.05 0.040 0.050 ........ 
C 1072 0.65/0.76 1.00/1.30 0.040 0.050 ........ 
C 1074 0.70/0.80 0.50/0.80 0.040 0.050 1074 
C 1075 0.70/0.80 0.40/0.70 0.040 0.050 .. ..... 
C 1078 0.72/0.85 0.30/0.00 0.040 0.050 1078 
C 1080 0.75/0.88 0.60/0.90 0.040 0.050 1080 
C IOB4 0.80/0.93 0.60/0.90 0.040 0.050 . _-. 
C 1085 0.80/0.93 0.70/1.00 0.040 0.050 1085 
C 1086 0.82/0.95 0.30/0.50 0.040 0.050 1086 
C 1090 0.85/0.98 0.60/0.90 0.040 0.050 1090 
C 095 0.90/1.03 0.30/0.50 0.040 0.050 1095 
C 100 O.OB mal(, 0.30/0.00 0.040 0.08/0.13 ........ 
C 108 0.08/0.13 0.50/0.80 0.040 0.08/0. I 3 ._- ... -. 
C 109 0.08/0.13 0.00/0.90 0.040 0.08/0. I 3 1109 
C 110 0.08/0.13 0.30/0.00 0.040 0.08/0.13 .-. -.... 
C I I I 0.08/0. I 3 0.60/0.90 0.040 0.16/0.23 ........ 
C I 13 0.10/0.16 1.00/1.30 0.040 0.24/0.33 ........ 
C 114 0.10/0.16 1.00/1. 30 0.040 0.08/0.13 1114 
C 115 0.13/0.18 0.00/0.90 0.040 0.08/0.13 1115 
C 110 0.14/0.20 1.10/ lAO 0.040 0.10/0.23 1116 
C 117 0.14/0.20 1.00/1.30 0.040 0.08/0.13 1117 
C 118 0.14/0.20 1.30/1.60 0.040 0.08/0. I 3 1118 
C 11 9 0.14/0.20 1.00/1.30 0.040 0.24/0.33 1119 
C 120 0.18/0.23 0.70/1.00 0.040 0.08/0.13 1120 
C 125 0.22/0.28 0.00/0.90 0.040 0.08/0.13 ........ 
C 1'0 0.23/0.29 0.70/1.00 0.040 0.08/0.13 1126 
C 132 0.2710.34 1.35/1.65 0.040 0.08/0. I 3 1 132 
C 137 0.32/0.39 1.35/1.65 0.040 0.08/0. I 3 1137 
C 138 0.34/0040 0.70/1.00 0.040 0.08/0.13 1138 
C 140 0.37/0.44 0.70/1.00 0.040 0.08/0.13 1140 
C 141 0.37/0.45 1.35 /1.65 0.040 0.08/0. 13 1141 
C 144 0040/0048 1.35/1 .65 0.040 0.24/0.33 1144 
C 145 0.42/0.49 0.70/1.00 0.040 0.0410.07 1145 
C 140 0.42/0.49 0.70/1.00 0.040 0.08/0.13 1146 
C 148 0.4510.52 0.70/1.00 0.040 0.0410.07 ........ 
C 151 0.48/0.55 0.70/1.00 0.040 0.08/0. I 3 1151 
C 21 I 0.13 max. 0.00/0.90 0.07/0.12 0.08/0.15 ........ 
C 1212 0.13 max. 0.70/1.00 0.07/0.12 0.16/0.23 ........ 
C 1213 0. 13 max. 0.70/1.00 0.07/0.12 0.24/0.33 . .... -.. 

= .. 
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Kaiser Steel Corporation is regula rl y prod uci ng mall)' of the steels wi th chemi
cal compositions as 5hown in the preceding ta bles, as well as steel prod ucts 10 both 
slandllr<] and specia l speci fications including but 1101 limi te<] 10 those b riefly de
scribc(] on the fo llow ing pages. 

A . S . T.M. SPECIFICATIONS 

Sn:EL FOR BRIDGES AND B UILDI NGS 

A.S.T.M. Designation A 7-S2T 
This specification is used for plates, shu pes and bars of structural quality for 

general structural purposes. It pro\'ides Il minimum yield poi nt that is one-hair 
of the tensile strength bUI not less than 33.000 1b5. per sq uare inch, except in the 
case of rolled base plates o\'cr 1%" ill thickness for bea ring purposes. These II TC 

specified 10 a carbon range of .20/ .33% . A tensile strength of 60 '72,000 lb!. l>er 
squa re inch is p rovided . The steellll ust wit hstand a ISO degree bend around a pin, 
thc di amcter of which is related to the thickness of the test specimen as deta iled 
in the A.S.T.M. speci fi cati on. Ph ysical tests arc not re(luircd for rolled base plates 
o\'cr 1 Y:/' in thickncss which are to be used for bearing purposes. 

STitUCTURAL S ILICON STEEL 

A.S.T.M. Designation A 94-52T 
Th is specifi cation eo\'ers a special high·st rength structural steel intended pri. 

llIarily for use as mai n stress·carryi ng structural membe rs: Material ordercd to 
this sl>ccification must mcet a tensile range re<lu irement of SO,()(H) 10 95,000 Ibs. 
per square inch wi th a mini mum yield )}Oint of 45,000 ibs. per sq ua re inch. The 
maximum ca rbon conten t is .40% and the silicon content must not be under .2070 
on lad le analysis. 

STnUCTUltAL STE.;1. " 011 l .oCOMOTl\' ES ANI) CARS 

A.S.T.M. Designa tion A 113·521' 
Th is speci fica tion is for carbon steel shapes, plates and ba rs (other tha n boiler 

aud li rebox plates), to be used for locomotive a nd ca r const ruction. Material 
onlered to this specification must meet a tensile range re(luiremenl. Grade A 
60 72,000, Grade B 50 62,000. Grade C Cold P ressing Plates 48/ 58,000. 
Minimum yield poin ts 011 these three a re respecli \'ei}' 33,000, 27,000 and 26,000. 
Bend test requirements related to thickness of material are sj>cci lied . 

CARBON,S ILICON STH L P U T£S 0 " O ROINAIIY TENSILE RANG.:S 

A.S.T.l\·1. Designat ion A 201·52aT 
This specification co\'ers carbon·silicon steel plates in two ordinary tensile 

ranges designated as Grades A and B. Grade A calls for a tensile strength of 
55/ 65,000 Ibs. per S(lua re inch, and Grade B, 60/ 72.000 Ibs. per square inch. It 
is a specification for steel for locomotive boiler shells, stationary boilers and other 
pressu re vessels, and is intended pa rticularly for fusion welding. A defin ite silicon 
conlen t is speci fi ed . Under thi s spccifieation, the maximum thickness of fi ange 
(IUality plates is Iwo inches. The max imum th ickness of fi rebox q uality plates is 
12 inches when made to the Grade A SllCCiflca tion. and 8 inches when made to the 
Cf{l(le B specifica tion. 
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CARIlON,SI LICON STEEL P LATLS 0 .' I-hell T ENSI LE STR.;NGTII 

A.s:r, l\1. Designation A 212-52a1' 

Th is specificat ion covers ca rbon-silicon sleel plates in Iwo high tensi le strength 
ranges as fo llows: Cra<le A, tensi le strength 65/ 77,000 lbs. per sq uare inch, and 
Grade B, tensile strength 70/ 85,000 Ibs. per square inch. It is a spocificatioll for 
fla nge and fire box quali ty steel plates fo r use in locomoti ve boiler shells, stationary 
boilers and olher pressu re vessels. Under this specifica tion, the maximum thickness 
o f fla nge quali ty plates is Iwo inches and of A and B fire box quali ty plates, 6 inches. 
A defi nite sil icon content is spcci fi ed and the steel is sui table for fusio n welding. 

CARBON STEE L STRUCTURAL P LATE 

;\.5.1'.1\1. Designation A-283·52T 

T his specification covers fou r grades of carbon steel plate of structural q uali ty 
for general applications in thicknesses up to 2" inclusive. The speci fication pre· 
scr ibes fo ur grades. A to D, in which the ranges of tensile strength increase by 
increments of 5,000 lbs. as follows; 

Grade A 
Grade B 
Grade C 
Grade D 

1.nlil. Str. ngt h, Pli 

45,000 to 55,000 
50,000 to 60,000 
55,000 to 65,000 
60,000 to 72,000 

Min. Yi.ld Str,n <J th, Pli 

24.000 
27,000 
30.000 
33,000 

Belld requirements a re related to the thickness but for Grades A, B and C plate 
%" thick and lighter must bend flat upon itself, wh ile fo r Crade D {I 180 0 bend 
is required to be made around a pin Ilaving a diameter 1h the pla te thickness. 

CARBON.SILICON STEEL P LAT ES OF Low AND I NTERMEDIATE TENSI LE 

S TRENGTH FOR M ACHI NE P AIITS ANI) C .:NEnAL CONSTRUCTION. 

A.S.T.M. Designation A·284-52T 

This speci fi cation covers fo ur grades of carbon steel plate fo r mach ine parts 
and general constr uction by gas cutting, welding, or other methods. Silicon content 
is specified to lim it the ca rbon consisten t with tensile strength and thickness. T he 
tensi le requirements are as follows; 

Grade A 
Grade B 
Grade C 
Grade D 

T 'nlil, Strength. Pli 

50.000 
55,000 
60,000 
bO.ooO 

Min. Yi,ld Strength, PI' 

25,000 
27,500 
30,000 
33 .000 

Bend test requirements related to the thickness of plate a re speci fied. 

CARBON STEEL PLATES Ot' Low AND I NTERMEDtAn: TENSI LE 

ST RENGTH FOR FLANGt: AND F IREBOX QUALITIES. 

A.S.T.M. Designation A-285·52aT 

These specifications co\'er three g rades o f carbon steel plate of fla nge and fi rebox 
qua lities of low and intermediate tensile strengths intcnded fo r fusion welding 

Q 



211 

for use in pressure ,·essel!. The maxim um thidmes! of plates covered by these 
specificati ons is 2" . These s l}CCificalioll s cover three g rades o f plates ill both flan ge 
and firebox <Iunl it ), wilh tensile strengt hs and minimum yield strengths as follows: 

Grade A 
Grade B 
Grade C 

Ten,it. Strength, Pli 

45,000 to 55,000 
50,000 to 60,000 
55,000 to 65,000 

Min. Yi.ld Strength, Pli 

24,000 
27,000 
30,000 

The tensi le les t taken from the top of firebox platc is allowed to exceed these 
limits hy a maximum of 5,000 psi. Bend lesls are taken frOIll the middle of the 
lop of the plate at r ight angles to the dire1::tion of rolling. Bend requircmenls a TC 

dependent upon plate th ickness, and plate including L" in th ickness must make a 
180° bend a round a pin equllito the plate th ickness. A max imum manganese con· 
tent of .80 per cent is establ ished alHl maximum ca rbon conten ts are set up for the 
grades and thicknesses of firehox qualit y to insure strength and weldabili ty. 

Low ALLOY S TIIUCTUI(AL Sn :n 
A.S.T.M. Designation i\·242·52T 

This speci fication co\'ers low alloy structural steel for welded or r iveted con
struction, intended primaril y for use as stress carrying material of structural 
members where s8\'ings in weight and atmospheric corrosion resistance a re im· 
portant. This specification is limited to material not under T''/' and not over 
2" th ick. 

A maximum carbon content of 0.20 per cent and maximum manganese of 1.25 
per cent is prescri bed, while the sulphur present must not exceed .05 per cenl. 
Alloying elements are added to imprO\'e the corrosion resistallce and develop 
physical properties as required by the specification. The princi pal physical prop· 
ert y characteristic of the steel is its high ratio of yield strength to tensile strength 
as illustrated by the specification requirements. 

TlI idn ... 

J{." to Y." incl. 
Over 1'/' to Ilh" indo 
Over I th" to 2" indo 

Min. hn,iI. Str.no;th 

70,000 psi. 

bb,ooo psi. 
b),OOO psi. 

Min. 'fi.ld Strength 

50,000 psi. 

"5,000 psi. 

"0,000 psi. 

Bend rC<luircments of the specification for plate fu" to %." thick inclusive nrc 
met when IBO ° bends are made O\'er a pin e<lual the thickness of the material. 
( KAIS."LOY meets all the requ irements of this specification.) 

B tLLET S n :EL BARS FOR CONCRETE R.: INFORCUIENT 

A.S.T.M. Designation A 15-52T 
This specification is the gcnerally accepted standard for this class of material 

and co\'ers three grades of deformed and cold twisted bars, namely, structural. 
intermediate and hard , Open Hearth, Electric F umace and Acid Bessemer Steel a re 
permitted by the specifications. the phosphorus being the onl y clement shown in 
the specifi cation su bject to limitation, The tensile re<luirement for the structu ral 
grade is 55,000 to i 5,OOO Ibs. per square inches and for the intermediate grude, 
iO,OOO to 90,000 Ibs. per square inch. The hard grade must COli form to u min imum 
tensile re<luirement of 80.000 lbs, per square inch, 
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MINIMUM H EQUIltEi\U:rnS Fon Til E I) HOI{M ATlO NS 0 .' D EFORMED Sn:t;L 
BAliS Fon COl'iClU:n: R EINFOHCEMENT 

A.S.T.r-.'f. Designation A 305·50T 

This speci fi cati on defines the dimensional requirements for deformed con
crete rei nforcement hars, including the maximum spacing of the deformations, 
their minimum height and position relat ive to the axis. The req uirements are 
based on recOlllmClldations of the Committee of Reinfo rced Concrete Resea rch 
of the American Iron and Sleel lnslitule, that the design of the deformation shall 
provide fo r a bearing a rea of the deformations aga inst the concrete, in square 
inches per lineal inch length of bar when projected on a plane normal to the axis 
of the bar, of approx imately 15% of the nominal size of the bar expressed in inches. 

STANDAIlD S PECI FICATION FOR I·IOT H Ot LEl) CARBON S TEEL BARS 

A.S.T.M. Designation A 107-52aT 

This speci fi cation covers hot rolled carbon steel bars produced in accordance 
with good mill practice for general purposes including heal treatmenls. The sec
tions covered are rounds, squares, and hexagons of all sizes, and fl ats. 

PIPE 

WELl>W AND S .:AMLESS PIPE FOR SPECIAL Us.;s 
A.S .T.M. Designation A-53·52T 

Tilis specification covers black and galvanized, wel<Ied or seamless nom inal wall 
steel pi l>C intended fo r bending, coi ling. flanging, or other special purposes. 
Because of the varied applications for pil>C made to this sl>cci fi cation, the end use 
must be given so that the man ufacturer is able to suppl y the correct chemicul 
analysis. The tensile req uirements are as fo llows: 

Fu.n .. c .. ·Welded 

.... cid- Open_H ... rth o • 
Be ... me. Elecl.ic_Fu.n .. ce 

Tensile strength, min., psi 50,000 45,000 
Yield Point, min_, psi . 30,000 25,000 

S .... mle .. o. El e ct.ic· 
Re,ist .. nce-W.lded 

G ... d.A G.ad. B 

48,000 60,000 
30,000 35,000 

Pipe 2" and under in diameter shall stand 90 0 bend tests if ordered for bend ing, 
and 1800 bend tests if ordered for coiling. All sizes are subject to controlled flatten
ing and hydrostatic tests as detailed in the specification. 

Kaiser Steel Corporation produces bUll-welded pipe, either black or galvanized, 
on its continuous weld mill to meet this speci fication in nominal sizes ¥:!" to 4"_ 
However, butt-welded pipe is not intended for flang ing. 

WELDED AND SEA~ILESS STU;L PIPE FOR ORDINARY USES 

A.S.T.M. Designation A-120-47 

This specification covers black and galvanized, welded or seamless, nominal 
wall steel pipe intended for ordinary uses in steam, water, gas, and ai r li nes, but 
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1I0t intended fo r close coil ing, bend ing, or high Icml}Cralurc service. It covcrs pipe 
made to three wall thickness classifications; "standard wcigll!," "extra strong," 
and "double exira strong." No mechanical lests a TC specified, but each length 
must be hydrostatically tested to a pressure which varies direct ly with the diameter 
and th ickness classi fi cation of the pil>C' Kaiser Steel Co rporation makes butt· 
welded pipe either black or galvanized on its continuous weld mill 10 meet th is 
specification in nominal si zes lh" to 4". 

EU:CTIlIC HESISTANCE WELOEO Sn:.;L PII'£ 

A.S.T.M. Designation A-135·5lT 

This spcci licatioll covers two grades of electric resistance welded steel pipe 30" 
and under in diameter, intended for conveying liquids, gas, or \'apors. Tensile 
requirements are as follows; Grade A minimum tensile strength 48,(H)Q psi, and 
minimum yield point 30,000 psi. Grade B minimum tensile strength 60,000 psi, 
and minimum yield point 35,000 psi. Standard flattening tests and hydrostatic tests 
up to 2,500 psi are performed 011 each length of pipe. Kaiser Steel Corporation 
makes electric resistance welded steel pipe to this specification in sizes Sr~" 
tl,rough 14" O. D. 

EU:CTIU C F USION Wt:LDlm STEEL PII't: 

t\.5.T.M. Designat ion A-139·SlT 

Thi s specification covers two grades of electric fusion welded straight-seam or 
spi ral·seam steel pipe 4" and over in diameter with nominal wall thicknesses up 
to 0/8" inclusive, and is intended for conveying liquid, gas, or vapors, but only 
Grade A is adapted for flanging and bending. Tensile requiremt:nts a re as follows: 
Grade A minimum tensile strength 48,000 psi and minimum yield point 30,000 
psi; Grade B minimum tensile strength 60,000 psi, and minimum yield point 
35,000 psi. Standard fl atteni ng tests and hydrostatic tests up to 2800 psi are per· 
formed on each length of pi[>c. 

Kaiser Steel Corporation makes pipe to lhis specification in sizes 14/' to 30" 
O. D. inclusive. 

A.P . 1. SPECIFICATIONS 

LINE PIPE 

A.P.1. Standard SL 

Th is speci fi cation covers seamless and welded steel pipe, seamless and welded 
open hearth iron pipe, and welded wrought iron pipe suitable for use in conveying 
gas, water, and oi l, and made by the seamless, electric weld, lap-welded or bull
welded process. Chemical requirements and physical properties are indicated for 
the various classifIcations and grades in the accompanying table: 

..... 
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CHEt.4ICAl REQUIREMENTS 
Yi.ld T.nsil. 

C •• bon t.4."",e".,. % PhD s.. S"'phUf Str.ngth St.engt" 
STEEL PIPE 1. M ... t.4 ;". tw4 ... 1.1<.4 ... 1. 1.4 ... tol in. PI; t.4;n. pli 

SEAMLESS OR ELECTRIC WELDED 
Grad. A .30 .90 .045 .060 30,000 48,000 
Grade B ... . . .30 .35 1.50 .045 .060 35,000 60,000 
Grode C .•.. . .35 1.50 .045 .060 45,000 75,000 

LAP WELDED OR BUn WElDED 
Electric· Furnace . . . . .30 .60 .045 .060 25,000 45,000 
Open Hearth-Class I . .30 .60 .045 .060 25,000 45,000 

- Clan 2. .30 .60 .080 .060 28,000 48,000 
Benemer ........ .30 .60 . 110 .065 30,000 50,000 

IRON PIPE 2.,000 42,000 

Pipe made to this speci fi cation is also subject to flattening tests and hydrostatic 
pressure tesls, with bend tests performed on sizes 2%" and under in diameter. 
Kaiser Steel Corporation is prepared to meet this speci fi cation with butt· welded 
pipe ill nominal sizes %" 10 4", and ele<:t ric resistance welded pipe 5,\" to 
14" O. D. Kaiser Steel Corporation also produces sizes 14" O. D. to 18" O. D. 
inclusive to this specification as modified by a one pass complete penetration 
fusion weld. 

HICH T EST LINE PIPE 

A.P.1. Standard 5LX 

The purpose of this specificat ion is to provide standards for more rigorously 
tested line pipe having greater tensile and bursting strengths than pipe manu· 
factured for A.P. 1. Standard 5L. It may be manufactured by either the seam
less, elect ric-flash welding, continuous electric resistance welding or submerged 
arc welding methods. Various grades of pipe made under this specification are 
designated by the leuer X followed by the first two dig its of the specified minimum 
yield st rength, i.e., X42 designates the grade having a speci fied minimum yield 
strength of 42,000 psi. Chemical and physical properties of the three most com· 
monly used grades are given below: 

CHEMICAL PHYSICAL 
Minimum Minimum 

C.rbon M.ng.nu. Pholphorul Sulphu. Tanlil. Yi. ld 
Max. % M ... 1. 1.4 ... 1. 1.4 ... % Strlngth Strlngth 

X.2 .30 1.25 .045 .060 60,000 psi 42,000 psi 
X.6 .30 1.25 .045 .060 63,000 psi 46,000 psi 
X52 .30 1.25 .045 .060 66,000 psi 52,000 psi 

This pipe is also subj ect to controlled flattening and hyd rosta lic pressure tests. 
with bend tests performed upon agreement between the purchaser and the manu
facturer. Kaiser Steel Corporation meets this speci fication with electric resistance 
weld pipe sizes 5,\" to l<t" O. D. and submerged a rc welded pipe sizes 20" to 30" 
0 .0. Sizes 14" to 18" are also made to all applicable paris of this sl}CCificalion 
except that the one pass submerged a rc weld method is used. 
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A . A.R . SPECIFICATIONS 

BLOOMS, BILLF.TS AND SUSS FOR FOIlCINCS 

A.A.lL Specification 11.1·105·45 
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Requirements of this specification are covered by A.S.T.M. Specification 
A·273·52T for ca rbon steel and A.S.T.M. Specification A·274.-52T for alloy steel. 

STEEL BARS, CARBON, FOR RAILWAY S I'RINCS 

A.A.R. Specification 1\1·112·49 

This specification covers carbon sleel bars to be used for the manufacture of 
railway springs and provides for a ca rbon range of .90/ 1.05%. and a minimum 
silicon content of .15%. 

STF.EL, STRUCTURAL S HAPES, PLATES AND BARS 

A.A.R. Speci fication M·1l6-52 

This specification covers structural steel shapes., plates (except boiler and fire· 
box plates) and bars intended primarily for use in locomoti,'e and car construc
tion. There are three grades shown in the specification: namely, Grade At tensile 
strength 6O,<XlO 10 72,000 Ibs. per square inch; Grade B, tensile strength 50,000 to 
62,<XlO Ibs. per square inch, and Grade C, Cold Pressing Quality for plates only, 
tensile strcngth 48/ 58,000 lbs. per square inch. 

OTHER SPECIFICATIONS 

A.B.s. HULL QUALITY 

This specification covers structural steel plates, shapes and bars for use in the 
construction of the hulls of vessels. Open hearth or electric furnace processes are 
permitted. The maximum carbon is 0.25 and manganese 0.90. Tensile strength 
is required as follows: 

Tensile Strength, psj 
Yield Point, min. psi. 

Rolled Berl 
.nd Sh.pel 

58,000-70,000 
32,000 

Slructu'el 
51 .. 1 
PI.lu 

59,000-70,000 
32,000 

Rive' 51 .. 1 
and St .. 1 for 
Cold Fle"'lin'J 

55,0~5,000 
30,000 

A bend test of ISO degrees related to the thickness of the speeiman is required. 

In addition to the commonly used specifications listed above, there are a num
ber of other standard specifications for carbon steels produced by Kaiser Steel 
Corporation. Our mctallurgists are also prepared to advise customers in the case 
of requirements not covered by standard specifications. 
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Kaiser Steel ge neral offices are located in the Kaiser Building , Oakland, Californ ia . 
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SALES AND PRICE POLICY 
P RIC E 

Ka iser Steel Corporation's lists of base prices and exlras in effect at lime of 
shipment are applicable and subj ect to change without notice. Base price and exIra 
lists will be fUTni s llcd UpOn request. For those readers who may 1101 he familiar 
with steel industry pricing struct ure, the following definitions are included. 

BASE PRICE : A charge 10 cover the basic cosl of manufacturing a specific steel 
prod uct. 

EXTRAS: Cha rges to cover additional manufacturing costs incurred in pro· 
ducing to speci fi c requirements, e.g., size, chemical and/ or ph ysi. 
cal requirements, quality, etc. which require additiollal labor 
and/ or result in higher mallufacturing cost! due to the inclusion 
of costlier chemical compounds, due to excessive roll-wear in 
the productioll of difficult·to·roll sizes, a lower than normal yield 
realization, etc. 

CONDITIONS OF SALE 

The following conditions a re always part of Kaiser Steel Corporat ion's sales 
agreements. 

TERMS OF PAYMENT 

At an y time payment in ndvancc, or sat isfactory security or guurantee that 
invoices will be promptly paid when due, may be required. The right is reserved 
by us to withhold further deliveries or terminate the agreement of sale when pay· 
ments are delinquent. All payments shall be made at par in Oakland, California, 
Exchange. In computing allowable cash discounts, freight charges and/ or taxes 
a re excl uded. If payment is not made according to the terms of the order, interest 
will be charged on any overd ue portion at the rate of 6 per cent annually. 

MANUFACTURING PRACTICE 

All products are manufactu red to American Iron and Steel Insti tute standard 
specifications and allownble variations, except as otherwise specifi ed alld accepted, 
alld no claim other than for non·compliance therewith will be recognized. We will 
assume no liability for any failure of the customer's specifi cations to meet the 
customer's requirements. 

DELIVERY AND SHIPMENT 

The mode of transportation is selcctcd by alld agreed to by the customer. If 
transportation charges are prepa id, such cha rges generally will be for the account 
of the customer and are payable upon presentation of our invoices for such charges. 
Upon delivery of products F.O.B. railroad cars or trucks at our mill. nil r isk of 

-
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loss, damage and other incidents of ownership pass 10 the customer, but tit le to 
such products is retained by us as securi ty until pa yment in fu ll is received. 

Shipments a re loaded according to standard loading practices of the Associa
tion of American Railroads. Except where otherwise mutually agreed, weights of 
shipmcllls are determined by reference to the carrier's recei pt for such shipments 
at the mill. 

Any reasonable storage eXI>cnse incurred by us is chargeable to the customer if 
he fails to furnish shipping instructions withi n th irty (30) days after our notifi 
cation of ava ilabilit y of material fo r sh ipment. 

If acceptance of an order indicates that the products are for export, tile sallle 
shall be exported by the customer and any resale or shi pment o f same shall be con· 
fined to fo reign desti nations. Fai lure on the part o f the customer to comply with 
this p rovision will subject all contracts to cancellation at our option. A COl')' of the 
export declaration and ocean bi ll of lading as ev idence of complia nce ma), be reo 
quired. 

GENERAL LIABILITY 

Kaiser Steel Corporation is not liable for fail ure or delay in performance from 
causes not with in its control, including fi re; st rikes; labor troubles; riot; insurrec
tioll; war; wi ndstorms; explosions; sabotage; damage, destruction, breakdowns 
or fai lure of an)' ki nd to its eq uipmen t or facilities necessary for the performance 
agreed upon ar ising from (11)' cause whatever; failure of usual sources of supply; 
acts of Cod; shortage of rai lroad cars or trucks; acts of the public enemy; a ny 
governmenta l action in pu rsuance of presen t or futu re laws; directives or policies, 
includi ng an y actions affecting priorities; restrictions, allotments, allocations, pro
rations, limitations or substitutions under any involuntary progra ms; any other 
go\'erlllllentallaws or acts of any Federal or State agency, or Federal eOfj)oration, 
or bureau. affecting man ufacture and/ or delivery wh ich shall ca use delay or pre
vent performance of any o rder. 

CLAIMS 

Any claims or exceptions must be made promptly after the customer's receipt 
of the product, and reasonable opportunity should be accorded us for investigation. 
We will in no event be held liable fo r an)' amount in excess of the purchase price 
of the product, and will not be liable for consequential, special or conti ngent 
damages. Products claimed to be defective may not be returned without ollr 
consent. 

MISCELLANEOUS CONDITIONS 

No order will be bind ing 011 us unless accepted in wn tlllg and such written 
acceptance will consti tute the sale and entire agreement. 

Our waiver of any term, provision or condition Illay not be construed to be a 
waiver of an}' other term, condition or provision, nor may such waiver be deemed a 
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wah er of II subse<luenl b reach of the same term, condition, or provision lIo r any 
other condition on any subsc(l uCnl o rde r. In case of UIl Y discrepancy betwccn the 
terms and condi tions we spc(:ify and those sct forth in the customer's order, our 
terms wi ll go\·ern and cont rol. 

All orden; and contracts a rc subject to the approval of our credit depa rtment 
and general sales offi ce. 

All drawbacks of duties paid on materials entering in lo Ihe manufnclUre of 
products shall accrue to us and the customer will agree 10 furn ish all documents 
and nccord any fu rther cool>ernl ion lleceS1!ilry Iowan] our obtaining payment of 
such drawbacks. 

An y taxes puyohle on account of any sale and in effect at time of shipment are 
for the customer's account. 

-
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GENERAL FACTS ABOUT STEn 

Steel is a mixlUre of compounds of iron and ca rbon with small qua ntities of 
oilIer elements, incl uding mangane5e, phosphorus, sulphur, silicon, etc, The car
bon-content controls the hardness and strength of the steeL Less than 0.10% of 
carbon is present in the soft steels, which have most of the characteristics of 
wrought iron ; while steel with more than 0.40% carbon is capable of being tem
l)Cred. it cannot be welded and is very much stronger. Mangane5e acts as a cleanser 
during the process of manufacture, and increases the forgeability of the steel. 
Phosphorus and sulphur are harmful in their effects, phosphorus making steel 
brittle under sudden loading and sulphur making it hot·short or hrittle when 
heated. 

ELONCATION AND ELASTIC B~: IIA\'IOR-The l)Crccntage of elongation decreases 
as the carbon·content and ultimate strength increase. An approximate relat ion IS 

1,500,000 
l)Crcentage of elongation in 8 in. = "1 I 

tens, e strengt 1 

Since the tota l elongation of a ruptured sl)CCirnen is due to the local stretching 
at the point of rupture and the uniform elongation o\'cr the whole gage·length. 
it is nc<:essary to report the gage length when reporting this result. Si nce the 
loca l elongation is the snme for a 2- or an 8-i n. length the l)Crcentage of e1onga. 
tion for the same material. tested on a 2-in. gage-lengt h, is greater thnn if meas
ured on an 8·in length. 

The e1nstic behavior of a sl)CCimen of steel loaded to rupture is best ShO"'l1 by a 
stress-strain diagram 011 which the stresses are plotted as vert ical ordinates and 
lhe elongations or strains as nbscissas. Fi ve significan t resu lts are shown : 

(1 ) The Modulus of Elasticity (E). The relation between the stress and the 
strain or elongat ion is called lhe Modulus of Elasticity. It is equal to the unit st ress 
di"ided by the unit st ra in or deformation and is repre5ented graphically by the 
tangent of the angle of the initial line with the horizontal. Its val ue for steel for 
tension is about 30,000,000 lb. per sq. in . 

(2) The Elastic Limit (E.L. ) is that unit stress beyolld which the ratio of 
stress to strain ceases to be constant, or beyolld which the CUf\'e ceases to be a 
straight line. 

(3) The Yield·Point (Y.l).), slightly abo\'e or beyond the elastic limit, is that 
unit stress at which the specimen begins to stretch without increase in the load. 
This stress may be determined from a test without the use of delicate measu ri ng
apparatus by the drop of the beam of le\'er.type testing. machines or halt in the 
gage of hydraulic·type testing machines. 

(4) The Ultimate Strength (U.S.) is the greatest unit stress the sl)CCimen can 
sustain. (Total load di"ided by the originai area.) 

(5) The Rupture-Stress (R) is the unit stress at the time of failure. Thi! is the 
unit stress at the point of fai lure after the area of the cross·section of the specimen 
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has been reduce<l ; and because of the rapid dropping off of the load it is difficult 
10 determine. It is lIot regularl y observed in testing, attent ion being called 10 it 
merely to emphasize the fact that the ultimate strength of steel is not the stress 
at the time of fail ure of the specimen. 

STln:ss·STRAIN DIACRA M Of TEST ON STEEL SI'ECIi\U:NS 

bO 000 

---
U.S. 

--------V 
so 000 

.~ / \ 
V R." 

or 40 000 

• , 
., 
~ • 

30 000 

>0000 

" 000 

0 o 
• 

M 
E.L 

I-

i'. 

0.0025 
b 

\ 
Elan. 
= 3D 000 000 

0.05 0.10 0.15 0.20 0.25 0.10 

UNIT ELONCATION 

The horiwnla\ scale for the distance II b is lell times greater than for the remaining 
distance. 

0.35 

The work ing st ress for structural steel ill tension in bui ld ings and bridges is 
18,000 lb. per sq . in. in most specifications and bu ilding laws. For memhers subject 
to constant load some designers use working stresses up to 24,()(H) lb. per sq. in. 

EFFECTS OF ALLOYING ELEMENTS ON STEEL 

ALUM INUM has been used as an alloy in steels to p romole nitriding but ils 
major use in steel maki ng is as a deox id izer. It may be used alone, as in low ca r
bon steels where exceptional drawabilily is desired. or more cOllltllonly in COIl

junction wilh olher deox id izers. It effectively restricts gra in g rowth and its use 
as a deox idizer to con trol grain size is widely practiced in the steel industry. 

VANADIUM is a mi ld deoxid izer and its addition to steel results in fine grain 
struclure wh ich is maintained at high temperature. It has vcr)' strong carbide 
forming tendencies and ver)' effectively promotes strength at high tcm l>erat ures. 
Vanadium steels have improved fatigue values and excellent response 10 heat treat
ment. In unhardened steels it is pa rticularly benefi cial in strengthen ing the metal. 

CIIIIOM IUM contributes to the heat treatment of steel by increasing its strength 
and hardness. Its carbides are ver)' stable and ch romium may be added to high 
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carbon steels subject to prolonged anneals to pre\'ent graphitization. Chromium 
increases resistance to corrosion and abrasion and chromium steels maintain 
strength at elevated temperatures. 

MOl..Ylll>ENUM has a pronounced cffect in promoting hardcnabil ity. It raises the 
coarscning temperature of steel, increases the h igh tempe rature strengtl" improves 
the resistance to c reep and enhances the corrosion resistance of stainless steels. 

NICKE l. is solu ble in iron and , in combination with other clements, improves 
the hardenabilit~ of steel and toughness after tempering. It is especially effee
ti\ e in strengthening unha rdened steels and impro\'ing impact strength at low 
temperatu res. It is used in conjunction with chromium in stainless steels. 

SULPII UR is added to steel to increase machinabili ty. Because of its tendency 
to segregate it ma y decrease the ductility of low ca rbon drawing steel. Its detr i
mental effect in hot rolling is offset by manganese. 

PU OSI'1I0R US strengthens steel but reduc::es its ductil ity. It improves the ma
chinability of high sulphur steels and under some condi tions may confer some 
increase in corrosion resistance. 

SILICON is one of the pr incipal steel deox idizers and is commolll ), added to 
steel for this purpose although in amounts up to about 2.5% it increases the 
hardenabilit y of steels. SI>ccified coarse grain steels are silicon kille<l. In lower 
carbon electrical steels, silicon is used to promote the cr ystal structure desircd in 
annealed sheets. 

IUON is the principal elemen t and makes up the bod y of steel. In commercial 
production iron alwa ys conta ins varying quantities o f other clements. Production 
of pure iron is accomplished with di ffi culty and generally ill small <Iuanti ties. 
I ron does not have great strength, is soft, ducti le and can be appreciabl y hardened 
on I} by cold work. 

CARBON, althopgh lIot generally considered an alloying clement, is by far the 
most important element in steel. As ca rbon is added to steel up to about .90 per 
cent its response to heat treatment and its depth of hardening increases. In the 
" as rolled" condition, increasing the ca rbon content increases the hardness, 
strength and abrasion resistance of steel but its ductility, toughness. impact prOI}> 
crties and macllillabilit), decrease. 

MANCANESE makes it possible to ro ll hot steel by its chemical interaction with 
sulphur a nd oxygen. It is next in importance to carbon as an a lloy in g element. It 
has a strengthening effect upon iron and also a beneficial effect upon steel by 
increasing its response to heat treatment. It increases the machinabi lity of free ma
chin ing steels but tends to decrease the ductilit y of low carbon drawing steels. 

TITAN IUM is a n ext remely effective carbide former a nd is used in stainless 
steels to sta bilize the steel by holding ca rbon in combination. Titanium is used 
for special single coat enameling steels. In low alloy structural steels its use in 
combination with other alloys promotes fine grain structure and improves the 
strength of the steel in the "as rolled" condition. 
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APPROXIMATE PHYSICAL PROPERTIES 

Commercial Iron, Rolled Steel and Cast Iron 

Physical Properties 
Approlo 

specifi J Weight I Mel~ing Average Srinell 
Name imate Hard. 

Per Cent Coefficient of 

Carbon Gravity per POint Expansion ness 

Cu. Ft. Oa.g. Fahr. per Deg_ Fahr. 
70° to 6000 F. 

Iron 0.03 7.86 491 2790 .0000072 60 

Soft Steel 0.10 7.85 490 2780 .0000074 120 

Medium Steel 0.25 7.85 490 2765 .0000072 150 

Hard Steel 0.40 7.84 489 2740 .0000067 ISO 

Tool Steel 0.90 7.82 488 2700 .0000064 260 

Gray Cast Iron 3.50 7.20 446 20DO ± .0000059 150 

APPROXIMATE MECHANICAL PROPERTIES 

Commercial Iron, Rolled Steel and Cast Iron 

Mechanical Properties 
Approl-

Brinell 
N"me 

im.!lte Ultimllte Yield Elonga- Modulus of Hard-Per Cent Strength Strength tion in Elasticity 
Carbon Lb. per Lb. per 2 In. Lb. per 

ne$$ 

Sq. In. Sq. In . Per Cent Sq. In . 

Iron 0.03 44000 27500 46 29,500,000 60 

Soft Steel 0.10 50000 30000 35 29,100,000 120 

Medium St eel 0.25 60000 36000 30 28,900,000 150 

Hord Steel 0.40 80000 50000 25 28,bOO,000 ISO 

Tool Steel 0.90 130000 75000 8 28,000,000 260 

Groy Cost Iron 3.50 22000 17000 .. 13,000,000 150 
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PROPERTIES O F STEElS AT LOW TEMPERATURES 

The lowering of the teml>eralure of sleel~ below room teml>eratu re i ~ gcnerall y 
accompan ied by an increase in the tensile strengt h and yield point and a lesser 
decrease in elongation and reduction of a rea as mcasure<1 ill a t en~ ion test bar. 
The property which is aff(.'Ctcd most by lowering tellll>eralure is the rcsistance 
10 shock. 

TENSION T EST PIIOPE){TlES-There is a Jorge amount of dala avai lnble on len· 
sion tcst re!!ults on \'orious compo!!iliolls at low lemperatu re!!. Selected results are 
given below co\'ering ca rbon steel!! and allo), steels. 

Authority 

Colbeck 
MacGillivray 
Mann ing 

. 

Colbeck, 
etc. 

Hadfield 

Sands 

Bull 

Hadfield 

Strauss 

TENSILE STRENGTH OF STEElS AT LOW TEMPERATURES 

CARBON STEELS 

Treat· Test Tensile Yield Elong., Red. 
Ma terial ment Temp., Strength, Point, "/0 in Area, 

OF. OF. psi psi 2 In. % 
---

Room 45,700 ........ 27/1 73.2 
-4 53 ,750 30,700 42 .0 75.0 

Iron -58 59,400 42 ,200 43.0 74.0 
C 0.035"/0 As rec'd. -94 61 ,700 43 ,400 37.5 72.0 

-148 66,800 57,200 26.5 70.0 
-184 77,000 66.700 17.0 68.0 
-292 112,000 ....... . Nil Nil 

. _-
Room 66.300 54,700 29 .7 71.8 

C 0.13 "/0 As rec'd. -85 80,700 67,700 33.6 70.3 
-292 121,300 . ..... . . 26.5 55.0 

Carbon Room 45,700 42 ,700 27.5 77.5 
steel Annealed -296 137,000 .. .. ... . 7.5 ...... 
C 0. 14"/0, 1472 -423 155,000 155,000 0.3 2.5 
Mn 0.07~o 

Room 62.600 39,800 35.5 53.0 
CO.21 % As rec'd. -114 69,000 47,780 35.5 56.8 

---
C arbon 
forging Room 57,300 38,940 34.0 54.7 
C 0.26~o ' - 114 72,840 50,325 36.0 53.2 
Mn 0.46"/0 

Carbon Room 76,200 .... .... 20.0 63.0 
steel Annealed -296 148.000 . ... .... 17.0 39.0 
C 0.37%, 1472 -423 151,000 151.000 Nil Nil 
Mn 0.20~o 

Room 79,400 45,800 30.8 49.0 
C 0.40% Annealed Liq. air 139.400 11 .... 100 7.3 7.1 

Brinell 

---
· . 
· . 
· . 
· . 
· . 
· . 
· . 

· . 
· . 
· . 
114 
281 
326 

· . 
· . 

---

· . 
· . 

157 
29. 
316 

· . .. 
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TENSILE STRENGTH OF STEELS AT LOW TEMPERATURES 

r A,tho,;ty M aterial 

StrauS5 C 0040°/ .. 

Carbon 
Bull forging 

C 0040"/0. 
Mn O. 52 ~o 

C arbon 
Hadfield steel 

C 0.78 0;0' 
Mn 0. 10% 

r-

C 0.33 '/. 
Colbeck Cr 0.67% 
etc. Ni2 .45% 

Mo 0.04% 

C 0.35 '/. 
Hadfield Cr 0.71 0;0 

Nj 3.34% 

Nickel Steel C 1.27"/ .. 
Topics Mn 12.69 '1 .. 

Colbed , 
C 0.00'/. 
Cr 13.45% 

etc. Ni 10.05% 
Mn 4.07 '% 

Nickel Steel C 0.560;" 
To pics Ni 24.6% 

. -

Russoll Ni 26% 
-

C 0.50'/. 
RU15elJ Ni 24.6% 

Mn 1.18% 

CARBON STEELS 

Treat· Test Tensile 
ment Temp., Strength. 
of. of . ps; 

I Treated 
Room 104,400 

liq. air 160,400 

I 

Room 77 ,440 
-114 83 ,)1 0 

Room 99,000 
Annealed -296 154,700 

1472 -423 123 ,000 

SOME AllOY STEElS 

ISO 
118 

o 
5 

oil 
tempe 

0 ;1 
quen 

12 
tempe 

W.t e' 
quenc 

201 
h, d 
o 

Anne., 'ed 

Room 152,000 
~ 154,500 

-70 104,000 
-90 163,000 

-141 170,000 
-292 201 ,500 

Roo..., 146,000 
-423 24) ,000 

Room 148,000 
- 296 137,000 
-420 146,000 

Room 80,400 
- 292 197,500 

Room 120,500 
- 11 2 160,000 

Room 99,800 
liq . .,ir 205 ,000 

I 

~. 120,500 
-112 160,000 

Yield ,. 
_ ong., Red. 

Point , 'Yo in Area , 
psi 2 In. "/. 

76,900 25.0 
1

6
1.3 150,000 9.8 9.4 --, 

44,670 29.0 45.3 
47 ,075 30.8 « .9 

95,000 12.0 35.0 
....... Nil 
J 23 ,000 0.2 Nil 

137,700 14.0 05.0 
141,000 15.6 " .0 
143,300 14.0 63.0 
145,500 15.6 02.0 
149,000 16.4 61.0 
183,500 17.0 63 .0 

133,000 13.5 59.5 
243 ,000 4.5 48.5 

77,800 44.5 39.0 
....... 2.5 
146,000 Nil N il 

3B.SOO 59.5 75.5 
89,500 47.0 60.0 

.. ..... 20.4 

.. .. .. . 14. 1 

52 ,900 38 .3 52. 1 
157,800 11.5 9.7 

71 ,200 20.4 67.4 
105,000 14.1 " .0 

--, 

3rinell 

-

194 
325 
2« 

-1 .. 

I 
.. 
.. 

-:l 
-



231 

EXPANSION OF STEEL BY HEAT 

The coeAicient of linca r ex pansion is the change ill length, per unit of length, 
for a change of one degree of teml>crature. The coefficient of surfuce expansion 
is approximately two times the linear coeffi cient, and the coefficient of volume 
expansion for solids, is approx imatcly three timcs the linear coeffi cient. 

The change in length of a bM us the result of a change ill temperature call be 
expressed as ell, where e is the coeffi cient of linear expansion. t the change in 
tellll>cra tu re. and I the length of the ba r. 

The following table gi\'es the coefficient of linear expansion for l ° F. of lem· 
I>crature change. 

Exa mple: A bar of hard steel is 30' long al 50° F. Fiml the length at LlO° F. 
IIssurning tile ends are free to move. 

l 

CllIlnge of length = ell = .0000067 X 60 X 30 = .OL206 

The lenglh al 110° F. = 30.01206. 

Approlimate Coefficienh of Expansion Per I Degree Fahrenheit 
Temperature Change 

Approlimate 
Name Per Cent Coefficients 

Carbon 

Iron 0.Q3 .0000072 

Soft Steel 0.10 .0000074 

Medium Steel 0.25 .0000072 

Hard Steel 0.40 .0000067 

Tool Steel 0.90 .000001>4 

Gray Cast Iron 3.50 .0000059 

EFFECT OF HEAT ON STRUCTURAL STEEL 

-

Structural carbon steel such as A.S.T.M. A·7 increases in strength with a rise 
in temperature ull til, al approx imately 550° r ., il is aboul 25% st ronger than at 
normal temperatures. At 800° F. it! strength is approximately the !lame as at 
normaltemperntures. At lemrlerntures above 800° r ., howe\'er, its st rength falls 
ofT rapidly. 

1 
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JUDGING TfMPERATURE BY COLOR 

The following temper colors appear on the surface of 
steel when heated to the corresponding temperatures, 

OF °C T emp.r Color 

380_ 200 Pale yellow 

420MO 220 Straw yellow 

460 .... 80 2<l1 Yellowish brown 

5oo·&4{) 270 Bluish purple 

540-560 285 Violet 

560-580 300 Pele blue 
bOO-MO 325 Blue 

Visible Color 

1000 540 Black 

1100 590 Faint dark fed 

1200 050 Cherry red (dark) 

1300 700 Cherry r.d (mod.) 
1400 700 Red 
1500 815 light red 

1000 870 Reddish orange 

1700 930 Orange 

1800 980 Change, 

1900 1040 to 

2000 1090 Pale orang"lemon 

2100 1150 lemon 

2200 1205 light lemon 

2300 1200 Yellow 

2400 1315 light yellow 

2500 1370 Yellowish gray: "white" 

Non:: The colors are for medium daylight. "Color tcmllCratures" are useful as 
a rough guide though with practice surprising accu racy ca n be secured as long 
as the conditions a re held conslant. 



2 33 

STANDARD CLASSIFICATION OF FLAT ROLLED STEEL PRODUCTS 

Hot Ro lled 

THICKNESSES. INCHES 
Widths, 

0.2300 0.2299 0.2030 0.1799 0.0567 0.0448 0.0343 0.0254 Inches 0.0141 
"d to to to to to to to "d 

Thicker 0.2031 0.1800 0.0568 0.0449 0.0344 0.0255 0.0142 Thinne 
--- - -

To 31h 8" 8" Strip Strip Strip Strip Strip Sheet" Sheet· 
Over 3V2 to 6 

indo 8" 8" Strip Sirip Strip Strip Sheet" Sheet" Sheet" 
Over 6 to 12 

incl. Plate Slrip Strip Sirip Sheet She.t" Sheet" Sheet" Sheet" 
Ov.r 12 to 32 

incl. Plate Sheet Sheet Sheet Sheet She.t· Sheet· Sheet" 
Over 32 to 48 

incl. Plate Sheet Sheet Sheet Sheet Sheet" Sheet" Sheet" Sheet" 

Over 48 Plate Plate I Plate Sheet Sheet Sheet" Sheet" Sheet- Sheet" 

*Hot rollCl1 a lllH'aJ"d. 

Cold Rolle d 

THICKNESSES. INCHES 

Width, Inches 0.2500 and Thicker I 0.2499 to 0.0142 0.0141 and Thinner 

Over V2 to 12 incl. 8" Strip 

Over 12 to 24 incl. Strip (r) Strip (I) 

Over 12 to 24 incl. Sheet (2) Sheet (2) 

Over 24 to 32 incl. Sheet Sheet 

Over 32 Sheet Sheet 

(I) When I particular temper or a special edge or finish i~ ~pecifieJ. 
(2) When no 81)ecialtem])er, edge Qr finish is specified. 

Strip 

Strip II) 

Black Plate (2) 

Tin Mill 
Black Plate 

Sheet 
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HARDNESS TESTS 

BRINELL METHOD 

The standard Brinell met hod COllsists ill using calibrated equipment to apply 
a specified load to the surface of the material to be tested thrvugh a hard ball of 
specified d iameter, and to measure the diameter of the result ing permanent im
pression. The Brinell hardness number is the value obtained by d ividing the 
applied load in kilograms by the surface area of the impression ill square milli· 
meters calculated from the measu red diameter of the rim of the impression. It is 
assumed that the impression is an impri nt of the ulldeformcd ball. The Brinell 
ha rdness number is calculated frolll the fo llowing formula: 

B.H.N.= P 

• ~ ( 0- ..jO'-d' ) 

where: 

B.H.N. = Brinell hardness number in kilograms per square mi llimeter, 

P = applied load in kilograms, 

D = diameter of the ball in millimeters, and 

d = diameter of the impression in millimeters. 

A standard ball 10 mm. in diameter WiUl applied loads of 3000 kg., 1500 kg., or 
500 kg. is used for Bri nell hardness testing. 

In the table is given the Brinell hardness number corresponding to various 
diameters of impression fo r 500, 1500, and 3000-kg. loads, making it unnecessary 
to calculate for each lest the value of the Brinell hardness number by the above 
formula. 
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BRINELL HARDNESS NUMBERS 

Steel Ball. 10 mm. in Dj(lmeter, Pressure of 500, 1500, lind 3000 k9. 

Diam- Brinell Hardness Diam- Brinell Hardness Oiam. Brinell Hardness 
eter of Number eter of Number eter of Number 
Inden- 500· 1500· 3000· Inden- 500· 1500· 3000· Inden- 500· 1500· 3000· 
fation, kg. kg. kg. tation, kg. kg. kg. tation , kg. kg. kg. 

mm. load Load load mm. Load Load load mm. Load load Load 

2.00 158 473 945 3.65 46.1 138 277 5.35 20.5 61.5 123 
2.05 150 450 899 3.70 44.9 135 269 5.40 20.1 60.3 121 
2.10 143 428 856 3.75 43.6 13 1 262 5.45 19.7 59.1 118 
2.15 136 408 817 3.BO 42.4 127 255 5.50 19.3 57.9 116 
2.20 130 390 780 3.85 41.3 124 248 5.55 18.9 56.8 114 
2.25 124 372 745 3.90 40.2 121 241 5.60 18.6 55.7 III 
2.30 119 356 712 3.95 39.1 117 235 5.65 18.2 54.6 109 
2.35 114 341 682 4.00 38.1 114 229 5.70 11.B 53.5 107 
2.40 109 327 653 4.05 37.1 III 223 5.75 17.5 52.5 105 
2.45 104 313 627 4.10 36.2 109 217 5.80 17.2 51.5 103 
2.50 100 301 601 4.15 35.3 106 212 5.85 16.8 50.5 I 101 
2.55 96.3 289 578 4.20 34,4 103 207 5.90 16.5 49.6 99.2 
2.60 92.6 278 555 4.25 33.6 101 201 5.95 16.2 48.7 97.3 
2.65 89.0 267 534 4.30 32.8 98.3 197 6.00 15.9 47.7 195.5 
2.70 85.7 257 514 4.35 32.0 95.9 192 6.05 15 .6 46.8 193 .7 
2.75 82.6 248 495 4.40 31.2 93.6 187 6.10 15.3 46.0 192.0 
2.80 79.6 239 477 4.45 30.5 91.4 183 6. 15 15.1 45.2 90.3 
2.85 76.8 230 461 4.50 29.8 89.3 179 6.20 14.8 44.3 188.7 
2.90 74.1 222 444 4.55 29.1 87.2 174 6.25 14.5 43.5 87.1 
2.95 71.5 215 429 4.60 28.4 85.2 170 6.30 14.2 42.7 85.5 
3.00 69.1 207 415 4.65 27.8 83.3 167 6.35 14.0 42.0 84.0 
3.05 66.8 200 401 4.70 27. 1 81.4 163 6.40 3.7 41.2 82.5 
3.10 64.6 194 388 4.75 26.5 79.6 159 6.45 3.5 40.5 81.0 
3.15 62.5 188 375 4.80 25.9 77.8 156 6.50 3.3 39.8 79.6 
3.20 60.5 182 363 4.85 25.4 76.1 152 6.55 3.0 39.1 78.2 
3.25 58.6 176 352 4.90 24.8 74.4 149 6.60 2.8 38.4 76.8 
3.30 56.8 170 341 4.95 24.3 72.8 146 6.65 2.6 37.7 75,4 
3.35 55. 1 165 331 5.00 23.8 71.3 143 6.70 2.4 37.1 74.1 
3.40 53,4 160 321 5.05 23.3 69.8 140 6.75 2.1 36,4 72.8 
3.45 51.8 156 311 5.10 22.8 68.3 137 6.80 1.9 35.8 71.6 
3.50 50.3 151 302 5.15 22.3 66.9 134 6.85 1.7 35.2 70.4 
3.55 48.9 147 293 5.20 21.8 65.5 131 6.90 1.5 34.6 69.2 
3.60 47.5 142 285 5.25 21. ... 64.1 128 6.95 1.3 34.0 68.0 

5.30 20.9 62.8 126 
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ROCKWELL M ETHOD 
The Rockwell hardness leste r is essen tially a mach ine that measures hardness 

by determining the depth of l}cllctralion of a penelrator into the speci men under 
certain arbi trari ly fIXed conditions of test. The pe netrator ma y be either a steel 
ball or a diamond sphero-conical pCllctrator. The hardness value, as read from 
the dial, is an a rbitrary number which is related 10 the depth of indentation caused 
by two superimposed impressions, and since Ihe scales a re reversed, Ihe number 
is higher the harder the material. A mi nor load of 10 kg. is first applied whiell 
causes an initial penetration wh ich sets the pcnctrator on the material and holds 
il in position. The dial is set at zero 011 the black-figure scale, and the major load 
is applied. This major load is the lolal load applied and the depth measurement 
depends solely on Ihe increase in depth due to increase from mi nor 10 major load. 
Thi s major load is customa rily 60 kg. or 100 kg. when a sleel ball is used as a 
pcnclrator, but othcr loads may be used when found Ile<:essary, and usuall y 150 
kg. when a diamond sphero·eon ical penelralor is employed. The ball l}Cnetralor 
is -h in. in diameter normally but other penelrators of larger diameter such as Vs 
or 1,4 in. ma y be employed for soh metals. A variety of loads and l}Cnetrators are 
thus pro\' ided and experience de<:ides the best combination for use. 

After the major load is applied and removed, according to standa rd procedure, 
the rcading is taken while the minor load is still in posit ion. 

ROCKWELL HARDNESS SCALES 

Scale 
Penefrafor 

Major Dial 
Symbol Load. kg. Figures 

Group One 

B }{, in. ban 100 Red 
C "Brale" 150 Black 

Group Two 

A "Brale" 60 Black 
0 " Brale" 100 Black 
E V. in. ban 100 Red 
F Utin. ban 60 Red 
G UI in. ban 150 Red 
H V. in. ban 60 Red 
K Y. in. ban 150 Red 

Group Three 

L X" in. ball 60 Red 
M Y. in. ball 100 Red 
p Y. in. ball 150 Red 
R Yz in. ban 60 Red 
S Yz in. ban 100 Red 
V Yz in. ball 150 Red 
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I~ockwell hardness \'alues are determined and reported according to one of 
the standard !Ca les specifi e<1. In all cases Ihe minor load is 10 kg. and the dial is 
adjusted after applying the minor load SO that the pointer reads at "Sct" (B 30). 

The Rockwell hardnCS! scales shown are offered as standard sca les and desig
nations and are intended for the convenience of the user. These scales o\'eriap at 
their extrem ities. Therefore, it is considered good practice to use a scale that gives 
readings in the mid runge. 

In or(ler to cover the entire range of hardnCS! found in \'a rious rnetallic 
materials, it has been found usefu l to use the combinations of penetraton~ and 
loads indicated which arc all a\'a ilable with the Rockwell ha rdnCS! tester. There 
is no Hock\\'cli hardness value designated by a figure a lone because it is necessary 
to indicate which penetrator and load has been employed in making the test. 

SHORE' S SCLEROSCOPE 
The scleroscope is an instrument which measures the hardness of Ihe work I II 

terms of elasticity. A diamond.Iipped IUlIllmer is allowed to drop frOIll a known 
height on tire metal to be tested. As this hummer strikes the metal, it rebounds. 
and the harder the metal, Ille greater the rebound. The extreme height of the reo 
hound is recorded, and an average of a number of readings taken on a si ngle piece 
will gi\'e a good indication of the hardnCS! of the work. The surface slllootllllCSS 
of the work affects the reading of Ihe instrument. The readin gs are also affected 
by the contour and mass of the work and Ihe depth of the case, ill ca rburized 
work. Ihe soft core of light-depth carburizing. pack-hardening, or cyanide harden
ing. absorbing the force of the hammer fall and decreasing the rehound . The 
hammer weighs about 40 grains, the he ight of the rebound of hardened $teel is 
in the nei ghborllood of 100 0 11 the scale. or about 6lJ.1 inclle$. whi le the total fall 
is aboul lO inches or 255 millimeter$. 

VICKERS HARDNESS TEST 
The Vickcr$ test is similar in principle to the Brinell test. The standard Vicke~ 

penetrator is a squa re-based diamond pyramid having an included point angle 
of 136 degrees. The numerical value of the ha rdness number equals the applied 
load in kilograms divided by the arell of the pyramidal impre$Sioli. A smooth. 
firmly sUPI>orled, flat surface is required. The load, which usually is applied for 
30 seconds. may either be 5, 10, 20, 30, SO or 120 ki lograms. The SQ.kilogram 
load is usually employed. The ha rdness number is based upon the diagonal length 
of the squa re impre$Sion. The Vickers test, which is considered very accurate, 
may, with proper load regulation, be applied to thin sheets as well as 10 larger 
sections. 

The diamond pyramid hardness is determined as follows : 

2Lsin ; 
D.P.H.= I" , -

O.P.H. = diamond pyramid hardness, 
d = length of average diagonal in millimeters, 
a = ape:o::angle = 136 deg .. and 
L = load in kilograms. 
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HARDNESS CONVERSION TABLE 

Approximate Relations Belween Brinel!, Rockwell, Shore and Vicken 
Hardnesses and the Tensile Strengths of C.uban and Alloy Steels.. 

Brinell Rockwell 
- Viders 

Diamond C 8 Shore Tensile 
Oia. in mrn., Pyramid 150 kg. 100 kg. Scleroscope Strength 

3000 kg. Hardness 1000 
No. 

Hardness Load Load No. 
psi Load No. Brale Xl' Dia -

10 mm. 8,,11 Penetrator mond Ban 

2.25 745 840 65.3 ... 91 · .. 
2.30 712 ... . .. . .. . .. · .. 
2.35 bB2 737 61.7 ... B4 . .. 
2.40 b53 b97 60.0 · .. BI · .. 
2,45 b27 667 58.7 ... 79 323 
2.50 bOI MO 57.3 · .. 77 309 
2.55 578 .,5 56.0 ... 75 297 
2.60 555 591 54.7 ... 73 2B5 
2.65 534 5b9 53.5 · .. 71 274 
2.70 514 547 52.1 ... 70 2b3 
2.75 495 528 51.0 ... bB 253 
2.80 477 SOB 49.6 · . . bb W 
2.85 4bl 491 48.5 · .. b5 235 
2.90 444 472 47.1 ... b3 225 
2,95 429 455 45.7 ... bl 217 
3.00 415 440 44.5 · .. 59 210 
3.05 401 425 43.1 · .. 5B 202 
3.10 3 .. 410 41.8 ... 5b 195 
3.15 375 39b 40.4 ... 54 '" 3.20 3b3 3B3 39.1 ... 52 182 
3.25 352 372 37.9 {I 10.0) 51 17b 
3.30 341 3bO 36.6 (109.0) 50 170 
3.35 33 I 350 35.5 (IOB.5) 4B Ibb 
3.40 321 339 34.3 (IOB.O) 47 IbO 
3,45 311 32B 33.1 {I 07.5) 4b 155 
3.50 302 319 32.1 {I 07.0) 45 150 
3.55 293 309 30.9 (I06.O) 43 145 
3.W 2B5 301 29.9 (105.5) .. . 141 
3.65 277 292 2B.B (104.5) 41 137 
3.70 2b9 2B4 27.6 {I 04.0) 40 III 
3.75 2b2 276 26.6 (103.0) 39 129 
3.80 255 2b9 25.4 (102.0) 3B 12b 
3.85 24B 2bl 24.2 (l01.0) 37 122 
3.90 241 253 22.8 100.0 3b lIB 
3.95 235 247 21.7 99.0 35 115 
4.00 229 241 20.5 98.2 34 III 
4.05 223 234 (I B.B) 97.3 ... . .. 
-4. to 217 22B 117.5) 96,4 33 105 
-4. t 5 212 222 Ilb.O) 95.5 ... 102 
-4.20 207 21B {I 5.2) 9-4.6 32 100 
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HARDNESS CONVERSION TABLE 

(Continued) 

Brinell 

Cia. in mm. 
3000 kg. Hardnes 

load No. 
10 mm. Ball 

Rockwell 
Vickers Tensile 

Diamond C B Shore 
Strength 

Pyramid 150 kg. 100 kg . Sderoscope 
1000 • Hardness No. 

load load ",i 
No. Brale K." Cia· 

Penetrator mond Ball 

4.25 202 
4.30 197 
4.35 In 
4.40 187 
-4.-45 183 
4.50 179 
4.55 174 
4.60 170 
4.65 166 
4.70 163 
4.80 156 
4.90 149 
5.00 143 
5. 10 137 
5.20 131 
5.30 126 
5.40 121 
5.50 116 
5.60 112 

212 II 3.81 93.8 31 98 
207 112.71 92.8 30 95 
202 I II .51 91.9 29 93 
196 110.01 90.7 ... 90 
192 19.01 90.0 28 89 
188 18.01 89.0 27 87 
182 16.41 87.8 ... 85 
178 15.41 86.8 26 83 
175 14.41 86.0 ... BI 
171 13.31 85.0 25 79 
163 10.91 82 .9 ... 76 
156 ... 80.8 23 13 
150 ... 78.7 22 71 
143 ... 76.4 21 67 
137 .. . 74.0 ... 65 
132 ... 72.0 20 63 
127 ... 69.8 19 60 
122 .. . 67.6 18 58 
117 .. . 65.7 15 56 . 

-
Value. ill ( ) are beyond normal range and are given for information onl ,. . 
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Width 
Inches K. 

Y. . 10 
Y, .32 
14 .4. 

I .M 

P/ .. .80 

I~ .'0 
I • 1. 12 
2 1.28 

2V .. 1.43 
2112 1.5. 
2¥. 1.75 
3 1.91 

llj .. 2.07 
31,12 2.23 
314 2.39 
4 2.55 

41/ .. 2.7' 

4~ 2.87 
4 • 3.03 
5 3.19 

51/ .. 3.35 

5~ 3.51 
5 • 3.67 
0 3.83 

bY" 3.98 
6'12 4. 14 
014 4.30 
7 4.46 

7Y" 4.b2 
7'12 4.78 
714 '4.94 
8 5.10 

81f" 5.20 
8112 5.42 
8¥. 5.58 

• 5.74 

L 

WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

THICKNESS. INCHES 

Ii ~. Yo U. 
. . 

.21 .27 .32 .37 

.43 .53 .M .74 

.M .80 .'0 1.12 

.85 1.06 1.28 1.49 

1.06 1.33 1.59 1.86 
1.28 1.59 1.91 2.23 
1.49 1.86 2.23 2.60 
1.70 2.13 2.55 V~8 

1.91 2.39 2.87 3.35 
2.1 3 2.60 3.19 3.72 
2.H 2.92 3.51 4.09 
2.55 3.19 3.83 4.46 

2.76 3.45 4.14 4.83 
2.98 3.72 4.46 5.21 
3.19 3.98 4.78 5.58 
3.40 4.25 5.10 5.95 

3.61 4.52 5.42 6.32 
3.83 4.78 5.74 6.69 
4.04 5.05 6.06 7.07 
4.2 5 5.31 6.38 7.44 

4.46 5.58 6.69 7.81 
4.68 5.84 7.01 8. 18 
4.89 6.1 I 7.33 8.55 
5.10 6.38 7.65 8.93 

5.3 1 O.M 7.97 9.30 
5.53 6.9 1 8.29 9.67 
5.74 7. 17 8.61 10.0 
5.95 7.4, 8.93 10.4 

0-1 0 7.70 9.24 10.8 
0.38 7.97 9.56 11.2 
6.59 8.23 9.88 11.5 
6.80 8.50 10.2 11.9 

7.01 8.77 10.5 12.3 
7.23 9.03 10.8 12.0 
7.44 9.30 11.2 13.0 
7.05 9.56 11.5 13.4 

Y, U. 

.43 .48 

.85 .• 0 
1.28 1.43 
1.70 1.91 

2.13 2.39 
2.55 2.87 
2.98 3.35 
3.40 3.83 

3.83 4.30 
4.25 4.78 
4.68 5.26 
5.10 5.74 

5.53 6.22 
5.95 6.69 
6.38 7.17 
0.80 7.65 

7.23 8. 13 
7.65 8.61 
8.08 9.08 
8.50 9.56 

8.93 10.0 
9.35 10.5 
9.78 11.0 

10.2 11.5 

10.6 12.0 
11. 1 11,41 
11.5 12.9 
11.9 13.4 

12.3 13.9 
12.8 14.3 
13.2 14.8 
13.6 15.3 

14.0 15.8 
14.5 16.3 
14.9 16.7 
15.3 17.2 



Width 
Inches )j 

,/, . 53 

~ 1.06 
1.59 

I 2.13 

,~. 2.66 

:~ 3.19 
3.72 

2 4.25 

2~, 4.78 

~~ 5.31 
5.84 

3 6.38 

3 ~, 6.91 

i~ 7.44 
7.97 

4 8.50 

41f. 9.03 

.~ 9.56 
4 • 10.1 
5 10.6 

5~, 11.2 

~~ 11.7 
12.2 

6 12.B 

6V .. 13.3 
6 112 13.8 
6¥, 14.3 
7 14.9 

71/ .. 15.'1 
7V2 15.9 
7l1. 16.5 
8 17.0 

SV .. 17.5 
S V2 lS.1 
8l1. IS.6 
9 19.1 

WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

THICKNESS, INCHES 

% l< 'K. )j 

.58 .... .69 .74 
1.17 1.28 1.38 1.49 
1.75 1.91 2.07 2.23 
2.34 2.55 2.70 2.98 

2.n 3.19 3.45 3.72 
3.51 3.83 4. 14 4.46 
4.09 4.46 4.83 5.21 
4.68 5.10 5.53 5.95 

5.26 5.74 6.22 6.69 
5.84 6.38 6.91 7.44 
6.43 7.01 7.60 8.18 
7.01 7.65 8.29 8.93 

7.60 8.29 8.98 9.67 
B.18 8.93 9.67 10.4 
8.77 9.56 10.4 11.2 
9.35 10.2 ILl 11.9 

9.93 10.8 11.7 12.6 
10.5 t 1.5 12.4 13.4 
t 1.1 12.1 13.1 14.1 
11.7 12.8 13.8 14.9 

12.] 13.4 14.5 15.6 
12.9 14.0 15.2 16.4 
13.4 14.7 15.9 17.1 
14.0 15.3 16.6 17.9 

14.6 15.9 17.3 IS.6 
15.2 16.6 IS.O 19.3 
15.S 17.2 IS.7 20.1 
16.'1 17.9 19.3 20.8 

17.0 IS.5 20.0 21.6 
17.5 19. 1 20.7 22.3 
IS.I 19.5 21.4 23.1 
IS.7 20.'1 22.1 23.S 

19.3 21.0 22.S 24.5 
19.9 21.7 23.5 25.3 
20.5 22.3 24.2 26.0 
21.0 23 .0 24.9 26.S 
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'x. I 

.80 .85 
1.59 1.70 
2.39 2.55 
3.19 3.40 

3.98 4.25 
4.78 5.10 
5.58 5.95 
6.38 6.8) 

7.17 7.65 
7.n 8.50 
8.77 9.35 
9.56 10.2 

lOA ILl 
11.2 11.9 
12.0 12.8 
12 .B 13.6 

13.6 14.5 
14.3 15.3 
15.1 16.2 
15.9 17.0 

16.7 17.9 
17.5 18.7 
18.3 19.6 
19.1 20.1 

19.9 21.3 
20.7 22.1 
21.5 23 .0 
22.3 23.S 

23.1 24.7 
23.9 25.5 
24.7 26.4 
25.5 27 .2 

26.3 2S.1 
27.1 28.9 
27.9 29.8 
2S.7 30.6 
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WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

Width 
THICKNESS. INCHES 

Inches 
K. Yo K. Yo H. Yo ~. 

91j" 5.90 7.86 9.83 11.8 13.8 15.7 17.7 

9~ 0.06 8.08 10.1 12 . 1 14.' 16.2 18.2 

•• 6.22 8.29 10.4 12.4 14.5 16.6 18.7 

10 6.38 8.50 10.6 12.8 1".9 17.0 19.1 

101/" 6.53 8.71 10.9 13.' 15.3 17.4 19.6 

10lh b.69 8.'3 11.2 13.4 15.6 17.9 20.1 

10\,< 6.85 9.104 11.4 13.7 16.0 18.3 20.6 

II 7.01 9.35 11.7 14.0 16.4 18.7 21.0 

111/" 7.17 9.56 12.0 '''.3 16.7 19. ' 21.5 

11th 7.33 9.78 12.2 14.7 17.1 19.6 22.0 

II~ 7.49 •••• 12 .5 15.0 17.5 20.0 22.S 

12 7.65 10.2 12 .8 15.3 17.9 20.4 23.0 

121h 7.97 10.6 13.3 15.9 18.6 21.3 23.' 
13 8.29 11.1 13.8 16.6 19.3 22. ' 24.9 

13V2 8.61 11.5 14.3 17.2 20.1 23.0 25.8 
14 8.93 II }~ 14.9 17.9 20.8 23.8 26.8 

14V2 9.24 12.3 15.4 18.5 21.6 24.7 27.7 

15 9.56 12.8 15.9 19.' 22.3 25.5 28.7 

ISlh 9.88 13.2 16.5 19.8 23.1 26.4 29.6 

16 10.2 13.6 17.0 20.4 23.8 27.2 30.6 

161/2 10.5 14.0 17.5 21.0 24.5 28.1 31 .6 
17 10.8 14.5 18. 1 21.7 25.3 28.9 32.5 

171/2 11.2 14.9 18.6 22 .3 26.0 29.8 33.5 
18 11.5 15.3 19.1 23.0 26.8 30.6 34.4 

181/2 11.8 15.7 19.7 23.6 27.5 31.5 35.4 

I' 12.1 16.2 20.2 24.2 28.3 32 .3 36.3 

191/2 12.4 16.6 20.7 24.9 29.0 33.2 37.3 
20 12.8 17.0 21.3 25.5 29.8 34.0 38.3 

20112 13. 1 17.4 21.8 26. 1 30.5 34.9 39.2 
21 13.4 17.9 22.3 26.8 31.2 35.7 40.2 
21112 13.7 18.3 22.8 27.4 32.0 36.6 41. 1 
22 14.0 18.7 23.4 28.1 32.7 37.4 42.1 

22V2 14.3 19.1 23.' 28.7 33.5 38.3 43.0 
23 14.7 19.6 24.4 2'.3 34.2 39.1 44.0 
23 V2 15.0 20.0 25.0 30.0 35.0 40.0 44.' 
24 15.3 20.4 25.5 30.6 35.7 40.8 45.9 
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WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

r- --
I Width 

THICKNESS, INCHES 

Inches 
, 

I I 
, 

I II Yo , % Yo % V- I % 
. -

'W" 19.7 21 .6 23.6 25.6 27.5 29.5 31.5 
9112 20.2 22.2 24.2 26.2 28.3 30.3 32.3 
9% 20.7 22.8 24.9 26.9 29.0 31.1 33.2 

10 21.3 23.4 25.5 27 .6 29.8 31.9 34.0 

101/" 21.8 24.0 26. 1 28.3 30.5 32.7 34.9 

1 0~ 22.3 24.5 26.8 29.0 31.2 33.5 35.7 
10 , 22.8 25.1 2704 29.7 32.0 34.3 36.6 
I I 2304 25.7 28.1 3004 32.7 35. 1 37.4 

I 11/" 23.9 26.3 28.7 3 1. 1 33.5 35.9 38.3 
11112 2404 26.9 29.3 31.8 34.2 36.7 39 .1 
I I % 25.0 27.5 30.0 32.5 35.0 37.5 40.0 
12 25.5 28. 1 30.6 33.2 35.7 38.3 40.8 

12112 26.6 29.2 3 1.9 34.5 37.2 39.8 42.5 
13 27.6 3004 33.2 35.9 38.7 41.4 44.2 
13112 28.7 3 1.6 3404 37.3 40.2 43.0 45.9 
14 29.8 32.7 35.7 38.7 41.7 44.6 47.6 

14112 30.8 33.9 37.0 40.1 43. 1 46.2 49.3 
15 31.9 35.1 38.3 41.4 44.6 47.8 51.0 
15V2 32.9 36.2 39.5 42.8 46. 1 49.4 52.7 
16 34.0 37.4 40.8 44.2 47.6 51.0 54,4 

16112 35.1 38.6 42 . 1 45.6 49. 1 52.6 56.1 
17 36.1 39.7 43.4 47.0 50.6 54.2 57.8 
17112 37.2 40.9 44.6 48.3 52.1 55.8 59.5 
18 38.3 42. 1 45.9 49.7 53.6 57.4 6 1.2 

18112 39.3 43.2 47.2 51.1 55.0 59.0 62.9 
19 40.4 44.4 48.5 51.5 56.5 60.6 "'.6 
19112 4104 45.6 49.7 53.9 58.0 62.2 66.3 
20 42 .5 46.8 5 1.0 55.3 59.5 63.8 68.0 

20'12 43.6 47.9 52.3 56.6 61.0 65.3 69.7 
21 44.6 49. 1 53.6 58.0 62.5 66.9 71,4 
2 1112 45.7 50.3 54.8 59,4 64.0 68.5 73 . 1 
22 46.8 5 1.4 56. I 60.8 65. 5 70.1 74.8 

22112 47.8 52.6 5704 62.2 66.9 71.7 76.5 
23 48.9 53.8 58.7 63.5 oS.4 73.3 7S.2 
23112 49.9 54.9 59.9 "'.9 69.9 74.9 79.9 
24 5 1.0 56.1 6 1.2 66.3 7 1.4 76.5 81.6 -
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WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

Width THICKNESS, INCHES 

Inches , , 
K. " K. Yo K. " ~. 

I I 
25 15.9 21.3 26.6 31.9 37.2 42.5 47.8 
26 16.6 22.1 27.6 ll.2 38.7 ..... 2 4'U 
27 17.2 23.0 28.7 34.4 40.2 45.9 51.6 
28 17.9 23.8 29.8 35.7 41.7 47.6 53.6 

29 IS.5 24.7 30.8 37.0 43 .1 49.3 55.S 
30 19.1 25.5 31.9 38.3 ..... 6 51.0 57.4 
3 1 19.8 26.4 32.9 39.5 46.1 52.7 59.3 
32 20.04 27.2 34.0 40.8 47.6 54.4 61.2 

II 21.0 28.1 35.1 42.1 49.1 56.1 63.1 
34 21.7 28.9 36.1 43.4 50.6 57.8 65,0 
35 22.3 29.8 37.2 ..... 6 52.1 59.5 66.9 
36 23.0 30.6 38.3 45.9 53.6 61.2 68.9 

37 2l.6 31.5 39.3 47.2 55.0 62.9 70.8 
38 24.2 32.3 40.4 48.5 56.5 04.6 72.7 
39 24.9 ll.2 41.4 49.7 58.0 66.3 14.6 
40 25.5 34.0 42.5 51.0 59.5 68.0 76.5 

41 26.1 34.9 43.6 52.3 61.0 69.7 78.4 
.2 26.8 35.7 ..... 6 53.6 62.5 71.4 80.3 
4l 27.4 36.6 45.7 54.8 M.O 73.1 82.2 .... 28.1 37.4 46.8 56.1 65.5 14.8 84.2 

45 28.7 38,3 47.8 57.4 66.9 76.5 86.1 
46 29.3 )'U 48.9 58.7 68.4 78.2 88.0 
47 30.0 40.0 49.9 59.9 69.9 79.9 89.9 
48 30.6 40.8 5 1.0 61.2 71.4 81.6 ql.8 

49 31.2 41.7 52. 1 62.5 72.9 83.3 93.7 
50 31.9 42.5 53. 1 63.8 74.4 85.0 95.6 
5 1 32.5 43.4 54.2 65.0 75.9 86.7 97.5 
52 33.2 ..... 2 55.3 66.3 77.4 88.4 Q9.5 

53 33 .8 45.1 56. 3 67.6 78.8 90.1 101 
54 34.4 45.9 57.4 bS.9 80.3 91.8 103 
55 35.1 46.8 58.4 70.1 81.8 93.5 105 
56 35.7 47.6 5Q.5 71.4 83.3 95.2 107 

57 36.3 48.5 60.6 72.7 84.8 Q6.9 109 
58 37.0 49.3 61.6 74.0 86.3 Q8.b III 
59 37.6 50.2 62.7 75.2 87.8 100 113 
bO 38.3 51.0 63.8 76.5 89.3 102 115 
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WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

W idth 
THICKNESS, INCHES 

Inches 
Yo % 

.1 
Yo % Yo W. I I 

25 53.1 58.4 63 .8 69. 1 74.4 1(1.7 85.0 
26 55.3 60.8 66.3 71.8 77.4 82.9 88.4 
27 57.4 63 .1 68 .9 74.6 80,3 86.1 91.8 
28 59.5 65.5 71.4 77.4 83,3 89.3 95.2 

29 61.6 67.8 74.0 80. 1 86.3 92.4 98 .6 
30 63.S 70. 1 76.5 82.9 89.3 95.6 102 
31 65.9 72.5 79. 1 85.6 92.2 98.8 105 
32 68.0 74.8 81.6 88.4 95.2 102 10. 

n 70. 1 77.1 84.2 9 1.2 98 .2 105 112 
34 72.3 79.5 86.7 93.9 101 108 116 
35 74.4 81.8 89.3 96. 1 104 112 II. 
36 76.5 84.2 91.8 99.5 107 115 122 

37 78.6 86.5 94.4 102 110 118 126 
38 80.8 88.8 96,9 105 113 121 12. 
3. 82.9 91 .2 99.5 108 116 124 133 
40 85.0 93.5 102 III II. 128 136 

41 87.1 95.8 105 113 122 131 13. 
42 89.3 98.2 107 116 125 134 143 
43 91.4 101 110 II. 128 137 146 
44 93.5 103 112 122 131 140 150 

45 95.6 105 115 124 134 143 153 
46 97.8 108 117 127 137 147 156 
47 99.9 110 120 130 140 150 160 
48 102 112 122 In 1<3 153 163 

4. 104 115 125 135 146 156 167 
50 106 117 128 138 1<. 159 170 
51 108 II. 130 141 152 163 173 
52 III 122 133 144 155 166 117 

53 113 124 135 146 158 169 180 
54 115 126 138 14. 161 172 184 
55 117 12. 140 152 164 175 187 
56 II. 131 143 155 167 179 1.0 

57 121 133 145 158 170 182 1.4 
58 123 136 148 160 173 185 1.7 
5. 125 138 151 163 176 188 201 
60 128 140 153 166 17. 1.1 204 
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WEI GHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

Width 
THICKNESS, INCHES 

Inches 
~. Yo ~. Y. I K. Y, I K. 

., 38.9 51.9 ".8 77.8 90.7 104 I 117 

.2 39.5 52.7 65.9 79.1 92.2 105 119 

.3 40.2 53.6 " .9 80.3 93.7 107 121 .. 40.8 54.4 68 .0 81.6 95 .2 109 122 

.5 41.4 55.3 69.1 82.9 96.7 III 124 

•• 42.1 56. 1 70.1 84.2 98.2 112 12. 
.7 42.7 57.0 71.2 85.4 99.7 114 128 
• 8 43.4 57.8 72.3 80.7 101 I I • 130 

.9 «.0 58 .7 73.3 88.0 103 117 132 
70 « .• 59.5 74.4 89.3 104 119 134 
71 45.3 60.4 75.4 90.5 10. 121 13. 
72 45.9 61.2 n.s 91.8 107 122 138 

73 46.5 62.1 17.b 93.' 109 124 140 
74 47.2 62.9 78.6 94.4 110 12. 142 
75 47.8 .3.8 79.7 95.6 112 128 143 
7. 48.5 .... 80.8 96.9 113 129 145 

77 49.1 65.5 8 1.8 98.2 li S 13 1 147 
78 49.7 ••. 3 82.<1 99.5 II • III 149 
79 50.4 67.2 83.9 101 118 134 151 
80 51.0 68.0 85.0 102 119 13. 153 

81 51 .6 68.9 86.1 103 121 138 155 
82 52.3 69.7 87.1 105 122 139 157 
83 52.9 70.6 88 .2 10. 124 141 159 
84 53.6 71.4 89.3 107 125 143 ,., 
85 54.2 72.3 90.3 108 12. 145 '.3 
8. 54.8 73.1 91.4 110 128 14. , .5 
87 55.5 74.0 92.4 II I 129 148 I •• 
88 56.1 74.8 93.5 112 13 1 150 , . 8 

89 50.7 75.7 94.6 II. 132 151 170 
90 57.4 76.5 95 .• liS 134 153 172 
91 .... 77.4 96.7 II. 135 155 174 
92 ... . 78.2 97.8 117 137 15 • 17. 

93 ... . 79.' 98.8 119 138 158 178 
94 -, .. 79.9 99.9 120 140 ,.0 IBO 
95 .. .. 80.8 10 1 121 14 1 ,.2 1B2 
9. .... 8 1.6 102 122 143 ' . 3 1B4 
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WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

-

Width 
THICKNESS. INCHES 

Inches I I 
, 

I I J J; % Yo '~. Yo % I 
- - -

61 130 1<3 156 16' 182 1'4 207 
62 132 145 158 171 185 1'8 211 
63 13< 147 161 174 187 201 21< 
64 136 150 163 177 1'0 204 218 

65 138 152 166 180 1'3 207 221 
66 1<0 154 168 182 1'6 210 224 
67 142 157 171 185 199 214 228 
68 145 159 173 188 202 217 231 

6' 147 161 176 1'1 205 220 235 
70 149 164 179 1'3 208 223 238 
71 151 166 181 1'6 211 "6 241 
72 153 168 184 199 214 230 245 

7J 155 171 186 202 217 233 248 
74 157 173 18' . 204 220 236 252 
75 159 175 1'1 207 223 239 255 
-76 162 178 1'4 210 226 242 258 

77 164 180 1'6 213 229 145 262 
78 166 182 199 216 232 "" 265 
79 168 185 202 218 235 152 26' 
80 110 187 204 221 238 255 272 

I 
81 172 18' 207 I 224 241 258 275 
82 174 192 209 227 244 261 279 
83 176 1'4 212 229 247 265 282 
84 179 1'6 214 232 250 268 286 

85 181 199 217 235 253 271 28' 
86 183 201 21' 238 256 274 292 
87 185 203 2(2 240 259 277 296 
88 187 206 224 243 262 281 299 

8' 18' 208 227 246 265 284 303 
'0 1' 1 210 230 24' 268 287 306 
'I 1'3 213 232 251 271 290 30' 
92 1'6 215 235 254 274 293 313 

'3 1'8 217 237 257 277 296 316 
'4 200 220 240 260 280 300 320 
95 202 222 242 262 283 303 323 
'6 204 224 245 265 286 306 326 
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248 KAIS~R ST EE L CORPORATION 

WEIGHT OF RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

• 

Width 
THICKNESS. INCHES 

Inches 
K. Yo K. V. U. Y, ~. 

98 .. . . 83.3 104 125 146 167 187 
100 ... . 85.0 106 128 149 170 191 
102 .. . . 86.7 108 130 152 173 195 
104 .... 88.4 III 133 155 117 199 

106 .... 90.1 113 135 158 180 203 
108 .... 91 .8 115 138 161 184 207 
110 .. .. 93.5 117 140 164 187 210 
112 .... 95.2 119 143 167 190 214 

114 ., . . 96.9 121 145 170 194 218 
116 .... 98.6 123 148 173 197 222 
118 . ... 100 125 151 176 201 226 
120 ... . 102 128 153 179 204 230 

122 . ... 104 130 156 182 207 2ll 
124 .... 105 132 158 185 211 237 
126 .... 107 134 161 187 214 241 
128 .... 109 Il6 163 190 218 245 
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W EIGHT Of RECTANGULAR SECTIONS 

POUNDS PER LINEAR FOOT 

Width 
THICKNESS, INCHES 

Inches 
1I % Yo 'Ko Yo 'K. I 

98 208 229 250 271 292 312 333 
100 213 234 255 27b 298 319 340 
102 217 238 2bO 282 304 325 347 
104 221 243 2b5 287 309 332 354 

106 225 248 270 293 315 338 360 
108 230 253 275 298 321 344 3b7 
110 234 257 281 304 327 351 374 
112 238 2b2 28b 309 333 357 381 

114 242 2b7 291 315 339 3b3 388 
lib 247 271 29b 321 345 370 394 
118 25 1 27b 301 32b 351 37b 401 
120 255 281 30b m 357 383 408 

122 259 285 311 337 3b3 389 415 
124 2M 290 31b 343 3b9 395 422 
12b 2b8 295 321 348 375 402 428 
128 272 299 32b 354 381 408 435 
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EXPLANATION OF SHEET METAL GAGES 

The thicknesses of sheet metals and the diameters o f wires arc produced 10 

various systems of gages. These gages are ind icated by numbers al1(l the accom
panying tables give the decimal thickness or diameter equivalents of the different 
gage numbers. Much con fusion has resuhed from the use of gage numbers in 
ordering materials and for that reason the engineers will generall y give the exact 
dimensions in decimal fractions of an inch. 

Some of the important gages in use ill the Uni ted States are-
The Uni ted Stales Standard Gage for Sheet and Plate Iron and Steel 
The Manufacturers' Standard Gage for Steel Sheets 
The American Wire Gage (Brown & Sharpe Win' Gage) for I.oppf'r, 

Aluminum, Brass, and other lion-ferrous alloys 
The Birmingham Wire Gage (Stubs Iron Wire Gage) 
The Birmingham Standard Sheet and Hoop Gage used in Englall(1 ami 

Canada 
British Imperial Standard Wire Gage 

Va riations of these gages a re used for galvanized shects, tin plates, stai nless 
sheets, elc. 

UNITED STATES STANDARD GAGE FOR SHEET 
AND PLATE IRON AND STEEL 

In 1893, Congrcss passed an Act establishing a standard gage for sheet alld 
plate irOIl and steel, this Act bei ng for the purpose of securing uniformity, par· 
ticularly in connection with (Ictermining im port duties levied by thc govcrnment 
on sheets and platcs. The basis of cach gage numbcr is the weight pcr square foot 
in ou nces; consequently, the U. S. Standard Gage is 3: weight gage. Thi s gagc 
systcm designates that a section of iron or steel one foot square and onc inch 
thick should weigl. 640 ounccs. On this basis. each U. S. Gage Number represents 
a certai n number of ounces in weight and a corresponding multiple of MOths 
of an inch in approximate th ickness. Approximate thicknesses are dcrived frOm 
the weights I>or square foot. based 0 11 the weight of wrought iron, which is two 
per cent lighter than steel. Therefore, these approximate thicknesses in Ihe U. S. 
Standa rd Gage Table arc not correct for steel. In that table, the densi ty of wrought 
iron is taken at 480 pounds per cubic fool. 

MANUFACTURERS' STANDARD GAGE FOR STEEL SHEETS 

Due to the inconsistcncies encountcrcd in the U. S. Standard Gage Tablc in 
converting from weight to thickness, steel producers have adopted a gage table, 
known as the Manufacturers' Standard Gage for Steel Sheets, having a definite 
thickness equiva lent for each gage number. In that standard gage, the density 
of steel is taken as 489.6 pounds per cu bic foo t, 0.2833 pounds per cubic inch. or 
40.80 pounds per squa re foo l per inch thick. However, since sheet weights arc 
calculated on the basis of the speci fi ed width and length. with all shearing toler-
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ances 011 the over side. a nd also since sheets a re somewl18t thicker at the center 
than they arc allhe edges, a fu rther adjustment must be lIlade ill order 10 obtain 
II closer approx imati on fo r inte rchangeability between weight a nd thickness. O\"cr 
a long period of lime, this value for sheets has been found to be close 10 2.5 per 
cenl heavier than 40.80 pounds per S<luare foot per inch thick, or 41 .820 pounds 
per squa re foot pcr inch thick. Th is fi gure of 41.820 pounds per square foot per 
inch thick is the one commonl y usexllo express the relationship between weight 
and thickness. 

AMERICAN WIRE GAGE 

The American Wire Gage, A.W.e. ( B. &. S. Gage). specifics th icknesses wi thout 
regar<llo weight. It is fundamentall y a wi re gage. 

BIRMINGHAM WIRE GAGE 

This gage is used in the United States in des ignating the size of iron or steel 
wire, lind for strip steel, steel bands, etc., and for sheet copper. It is used to a 
limited extent in Great Britain. It is a thickness gage, and the e<lui valent weights 
per square foot or the thickness are a rrived at by multiplyi ng the th icknesses 
by 41 .82. 

BIRMINGHAM STANDARD SHEET AND HOOP GAGE 

Tilis gage was legalize<! in Great Britain in 19 14 and is used mainl y for iron 
and steel sheets and hoops. It dilTers (rom the older Birmingham or Stubs iron 
wire gage. 

BRITISH IMPERIAL STANDARD WIRE GAGE 

This gage is used in England for alum inu m and other nOlderrous sheets. 

GALVANIZED SHEETS 

Galvanized sheets are produced to weights per uni t of area of conted sheet. The 
Galvlwized Sheet Gage, estllbli shed by Cllstom, is based on the United States Stand· 
II rd Gllge, the weight correspondin g to each Galvanized Shed Gage Number being 
2.5 oz. per s(luare fool heav ier thon the weight corresponding to the same United 
StatC1l Standard Gage Number, rega rdless of coating weights. 

Since galvanized sheets a re produced to weight rather than th ickness. it is 
impossible to give the exact deci mal thicknesses for the various gage numbers. 
because different methods of galvanizing will give difTerent densit ies of coating. 
therefore different thicknesses. 
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WIRE AND SHEET METAL GAGES 

In Decimals of lin Inch 

Birmingham N • • Ame.icen Brit;,h 

Neme United Statn Menul.c_ lor Stub. Birmingham 
or Browne Imp'ri,lor 

01 Standa rd G'g' tur .. •• Std. Iron) 
Stend",.d & Sherp. Engli.h 

6,'1' U.S. Sid. G'g' Wi" 6"9_ 
Shu t end 

Wir. 619' Leg,1 
B.W.G. Hoop G'9' B. & S. Standard 

B.G. Wi'a G'g ' 

Strips, Bend., 
S.W.G. 

Principe I Uncoated St •• 1 She,h Steel Iron end Non-Ferrous 

U .. end light PI"ln Sheet. Hoop. and St •• 1 Sheri, Sh .. h end 
Wi" Wi •• end Hoops Wire 

Weight Thidnen or Di,me'" 
Ge9_ lib •.• q. 

Thidneu , 
No. ft., 'inches} (inch •• ) {inche. } "nchu) 'inchnl (inche.) 

7/0s 20.00 0.4902 .. _- --... ........ 0.6666 ........ ..... 0.500 
6/0s 18.75 0.4596 ........ ........ 0.6250 0.580000 00464 

5/0s 17.50 0.4289 .......... 0.500 0.5883 0.516500 0.432 
4/0s 16.25 0.3983 .......... 0.454 0.54 16 0.460000 0.400 
3/0s 15.00 0.3676 .......... 0.425 0.5000 0.409642 0.372 
2/05 13.75 0.3370 .... ...... 0.380 0.4452 0.364796 0.348 
I / O 12.50 0.3064 .......... 0.340 0.3964 0.324861 0.324 

I 11.25 0.2757 .......... 0.300 0.3532 0.289297 0.300 
2 10.625 0.2604 .......... 0.284 0.3147 0.257627 0.276 
3 10.00 0.2451 0.2391 0.259 0.2804 0.229423 0.252 
4 9.375 0 .2298 0.2242 0.238 0.2500 0.204307 0.232 
5 8.750 0.2145 0.2092 0.220 0.2225 0.181940 0.212 

6 8.125 0.1991 0.1943 0.203 0.1981 0.162023 0.192 
7 7.500 0. 1838 0.1793 0. 180 0.1764 0. 144285 0.176 
8 6.875 0. 1685 0.1644 0.165 0.1570 0. 128490 0. 160 
9 6.250 0. 1532 0. 1495 0.148 0.1398 0.114423 0. 144 

10 5.625 0. 1379 0.1345 0.134 0. 1250 0.101897 0.128 

" 5.000 0. 1225 0. 1196 0.120 0. 1113 0.090742 0.116 
12 4.375 0. 1072 0. 1046 0.109 0.099 1 0.080808 0. 104 
13 3.750 0.M19 0.0897 0.095 0.0882 0.07 1962 0.092 
14 3.125 0.0766 0.0747 0.083 0.0785 0.064084 0.080 
15 2.8125 0.0689 0.0673 0.072 0.0699 0.057068 0.072 

16 2.500 0.06 13 0.0598 0.065 0.0625 0.050821 0.064 
17 2.250 0.0551 0.0538 0.058 0.0556 0.0452 57 0.056 
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WIRE AND SHEET METAL GAGES 

In Decimals of an Inch 

Birminghom N .. 
Aml,i"n B.iti.h 

Name United Sialu M.nuf.c. lo.SllIb. Birmingh.m 
Or Browne Imp •• i,lor 

01 Standard G'g' h".r'. Std. I.on) St.ndard & Sherpe English 
G.g, U. S. Sid. G"g, Wi .. G,g, Sh", .nd Wi •• 6,'1' L' 9·1 

BW.G. Hoo p Glge B. & S. St,nd"rd 
B.G. Wire Gag' 

S.W.G. 
Principel Uncoiled St .. 1 Sh .. k St .. 1 Strips, Bend., 1.011 end NOII_F. rrOIl. 

U •• end Ugh! Pl.tl. Sh .. k 
Hoops .nd St •• 1 Sill'" Sh .. k ,lid I Wi •• Wi,. end Hoop. Wi,. 

Weight 
Thidnlll 

Thickness Or Diemlt" 
G'g' (Ib •.• q. 

{inch •• , No. "., {inchl') (inche.' (inch .. ) (inch •• , (inch •• , 

18 2.000 0.0490 0.0478 0.049 0.0495 0.040303 0.048 
19 1.750 0.0429 0.04 18 0.042 0.0440 0.035890 0.040 
20 1.500 0.0368 0.0359 0.035 0.0392 0.031961 0.036 

21 1.375 0.0337 0.0329 0.032 0.0349 0.028462 0.032 
22 1.250 0.030. 0.0299 0.028 0.03 125 0.02534b 0.028 
23 1.125 0.027b 0.0209 0.025 0.02782 0.022572 0.024 
24 1.000 0.0245 0.0239 0.022 0.0247b 0.020101 0.022 
25 0.875 0.0214 0.0209 0.020 0.02204 0.017900 0.020 

2. 0.750 0.0184 0.0179 0.018 0.019bl 0.015941 0.018 
27 0.b875 0.01b9 0.0104 O.O lb 0.01745 0.0 14195 0.0104 
28 0 .• 25 0.0 153 0.0 149 0.0 14 0.015b25 0.0 12041 0.0 148 
29 0.5b25 0.0138 0.0135 0.013 0.0 139 0.0 11257 0.013b 
30 0.5000 0.0123 0.0120 0.012 0.0123 0.010025 0.0 124 

31 0.4375 0.0107 0.0105 0.010 0.0110 0.008928 O.Ollb 
12 0.40b2 0.0100 OJ)097 0.009 0 .0098 0.007950 0.0108 
33 0 .3750 0.0092 0.0090 0.008 0.0087 0 .007080 0.0100 
34 0.3438 0.0084 0.0082 0.007 0.0077 0.oob305 0.0092 
35 0.3125 0.0077 0.0075 0.005 0.0009 0 .005b15 0.0084 

3. 0.2812 0.0009 0.00.7 0.004 0.00.1 0.005000 0.007b 
37 0.2b5b 0.00b5 0.0004 ........ 0.0054 0.004453 0.00.8 
38 0.2500 O.OOb l 0.00.0 ........ 0.0048 0.0039.5 0.00. 0 
39 0.23 44 0.0057 .......... ........ 0.0043 0.00353 1 0.0052 
40 0.2 188 0.0054 .... ._ .....• 0.0038b 0.0031-44 0.0048 
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MANUFACTURERS' STANDARD GAGE FOR STEEl SHEETS 

Thickn ess equiv~ lenh ~re based on 0.0014945 in. per 01. per sq. ft. ; 0.0239 12 
in. per lb. per sq. ft. (reciprocal of 41.820 lb. per sq. ft . per in. thick); 3.443329 in . 
per lb. per sq. in. 

Manufadu •• ,, · Dune .. Pounds Pound. Inch Eq uivalent Manufacturers' 
Standard G.g, p • • Squar. per Square p .. Squ ... for $t .. 1 Sheet Shnd •• d Gag' 

No. f oot Inch Fool Thidne .. No. 

I 
. 

3 160 0.069444 10.0000 0.2391 3 
4 150 .065104 9.3750 .2242 4 
5 140 .060764 8.7500 .2092 5 
6 130 .056424 8. 1250 . 1943 6 
7 120 .052083 7.5000 .1793 7 
8 110 .047743 6.8750 . 1644 8 
9 100 .043403 6.2500 .1495 9 

10 90 .039062 5.6250 . 1345 10 

II 80 .034722 5.0000 .1196 II 
12 70 .030382 4.3750 . 1046 12 
13 60 .026042 3.7500 .0897 13 
14 50 .02170 1 3.1250 .0747 14 
IS 45 .019531 2.8 125 .0673 15 
16 40 .017361 2.5000 .0598 16 
17 36 .015625 2.2500 .0538 17 
18 32 .013889 2.0000 .0478 18 
19 28 .0 12153 1.7500 .04 18 19 
20 24 .0 10417 1.5000 .0359 20 

21 22 .0095486 1.3750 .0329 21 
22 20 .0086806 1.2500 .0299 22 
23 18 .0078125 1.1250 .0269 23 
24 16 . 0069444 1.0000 .0239 2 • 
25 14 .0060764 0.87500 .0209 25 
26 12 .0052083 .75000 .0179 26 
27 II .0047743 .68750 .0164 27 
28 10 .0043403 .62500 .0 149 28 
29 9 .0039062 .56250 .0135 29 
30 8 .0034722 .50000 .0120 30 

31 7 .0030382 .43750 .0105 31 
32 6.5 .00282 12 .40625 .0097 32 
33 6 .0026042 .37500 .0090 33 
34 5.5 .0023872 .34375 .0082 34 
35 5 .002 170 1 .31250 .0075 35 
36 4.5 .00 1953 1 .28125 .0067 36 
37 4.25 .0018446 .26562 .0064 37 
38 • .00 17361 .25000 I .0060 38 
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THICKNESS AND WEIGHT EQUIVALENTS FOR STEEL SHEETS 

Weight equivalents lire based on 41.820 lb. per sq. ft. per inch thick; 0.2904167 
lb. per sq. in. per inch thick. 

WEIGHT 
Thickn ... 

Inch", Lb. pe t lb. per 
Sq. In . Sq.ft. . 

0.2490 0.072314 100413 
.2480 .072023 10.37 1 
.2470 .07 1733 10.330 

.2460 .071443 10.288 

.2450 .07 11 52 10.246 

.2440 .070862 10.204 

.2430 .070571 10.162 

.2420 .07028 1 10. 120 

.24 10 .069990 10.079 

.2400 .069700 10.037 

.2390 .Ob94 10 9.9950 

.2380 .069 119 9.9532 

.2370 .068829 9.9113 

.2360 .Ob8538 9.8695 

.2350 .068248 9.8277 

.2340 .067958 9.7859 

.2330 .067667 9.7441 

.2320 .067377 9.7022 

.23 10 .067086 9.6604 

.2300 .066796 9.6186 

.2290 .Obb505 9.5768 

.2280 .0662 15 9.5350 

.2270 .01;5925 9.4931 

.2260 .065634 9.4513 

.2250 .065344 9.4095 

.2240 .065053 9.3677 

.2230 .064763 9.3259 

.2220 .064473 9.2840 

.2210 .0b4 182 9.2422 

.2200 .063892 9.2004 

.2 190 .063601 9. 1586 

.2 180 .063311 9.1 168 

.2170 .Ob3020 9.0749 

.2 160 .062730 9.0331 

.2150 .Ob2440 8.99 13 

.2 140 .062 149 8.9495 

.2130 .061859 8.9077 

.2 120 .Ob15b8 8.8658 

.2 110 .Ob 1278 8.8240 

.2 100 .060988 8.7822 

.2090 .060697 8.7404 

Thickn" .. 
Inch •• 

. 

0.2080 
.2070 
.20bO 
.2050 
.2040 
.2030 
.2020 

.2010 

.2000 

. 1990 

. 1980 

.1970 

. 1960 

. 1950 

.1 940 

. 1930 

.1920 

. 19 10 

.1900 

.1890 

.1880 

.1870 

.1860 

.1850 

.1840 

.1830 

. 1820 

.18 10 

.1800 

.1790 

.1780 

. 1770 

.1760 

.1750 

.1740 

. 1730 

.1720 

. 1710 

. 1700 

I 
. 1690 
.1680 

WEIGHT 

Lb. pe r 
Sq. In. 

0.060407 
.0601 16 
.059826 
.059535 
.059245 
.058955 
.058664 

.058374 

.058083 

.05779) 

.057503 

.057212 

.056922 

.05b6!1 

.056341 

.056050 

.055760 

.055470 

.055179 

.054889 

.054598 

.054308 

.054018 

.053727 

.053437 

.053146 

.05285b 

.052565 

.052275 

.051985 

.051694 

.051404 

.051 113 

.050823 

.050533 

.050242 

.049952 

.049661 

.049371 

.049080 

.048790 

Lb. p. 
Sq. Ft 

8.698 
8.656 
8.6 14 
8.573 
8.531 
8.489 
8.447 

b 
7 
9 
I 
3 
5 
b 

8.405 8 
o 
2 

04 
5 
7 
9 
I 
3 
4 
b 
8 
o 
2 
3 

8.3M 
8.322 
8.28 
8.238 
8.196 
8.154 
8. 11 3 
8.071 
8.029 
7.987 
7.945 
7.904 
7.862 
7.820 

7.778 
7.73b 
7.694 
7.653 
7.61 1 
7.569 
7.527 
7.485 
7.444 
7.402 
7.360 
7.3 18 
7.276 
7.234 
7. 193 

7.15 1 
7.109 
7.067 
7.025 

5 
7 
9 
I 
2 
4 
b 
8 
o 
I 
3 
5 
7 
9 
o 

2 
4 
b 
8 
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THICKNESS AND WEIGHT EQUIVALENTS FOR STEEL SHEnS 

WEIGHT WEIGHT 
Thic.k".11 Thickn." 

Ineh" lb. pe r Lb. per Inelle. Lb. per lb. per 
Sq . In. Sq. Ft. Sq. In. Sq. Ft. 

0. 1670 0.048500 6.9839 0.1250 0,036302 5.2275 
. 16bO .048209 6.942' .1240 .03601 2 5.1857 
.1650 .047919 6.9003 .1230 .03572' 5.14]9 
. 1040 .047628 6.8585 
. 1630 .047338 0.8 167 . 1220 .035431 5.1020 
.1620 .047048 6.7748 . 1210 .035140 5.0602 
, 1610 .046757 6.7330 .1200 .034850 5.0184 
.1600 .040467 6.69 12 .1190 .034560 4.9766 
. 1590 .046176 6.6494 .1 180 .034269 4.9348 
.1580 .045886 6.6076 .1 170 .033979 4.8929 
.1570 .045595 6.5657 . 1160 .033688 4.851' 
.'560 .045305 6,5239 . 1150 .033398 4.8093 
.1550 ,0450 15 6.482, .1140 .033108 4.7675 
.1540 .044724 6.4403 .1110 .0328 17 4.7257 
.1530 .044434 6.3q85 .1120 .032527 4.6838 

.11 10 .032236 4.6420 
.1520 .044143 6.3566 .1100 .031 q46 4.6002 
. 1510 .043853 6.3148 . 1090 .03 I 655 4.5584 
.1500 .043563 6.2730 .1080 .031365 4.5166 
.14qO .043272 6.2312 
. 1480 .042982 6.18q4 .1070 .031075 4.4747 
. 1470 .04269 1 6. 1475 .1060 .030784 4.432q 
.1460 .042401 6.1057 .1050 .0304q4 4.3qll 
. 1450 .0421 10 6.063Q .1040 .030203 4.34C13 
. 1440 .041820 6.022 1 .1030 .02QQ 13 4.3075 
. 1430 .04 1530 5.9803 .1020 .02Q623 4.2656 
.1420 .04123Q 5.C1384 .1010 .02Q332 4.2238 
.1-4 10 .040Q49 5.8Q66 .1000 .02Q042 4.1820 
.1400 .040658 5.8548 .OQ90 .028751 4.1402 
.1390 .040368 5.8130 .0980 .028461 4.0Q84 
.1380 .040078 5.7712 .0970 .028170 4.0565 

.0960 .027880 4.0147 
.1 370 .039787 5.72Q 3 .OQ50 .0275QO 3.Q72Q 
.1360 .03Q497 5.6875 .0940 .027299 3.Q311 
. 1350 .03n06 5.6457 .ono .027009 3.8893 
.1340 .038Q16 5.6039 
. 1330 .038625 5.5621 .ono .02671 8 3.8474 
.1320 .038335 5.5202 .0Q 10 .026428 3.8056 
.1310 .038045 5.4784 .OQOO .026 138 3.7638 
.1300 .037754 5.4366 .0890 .025847 3.7220 
.12QO .0374b4 5.3Q48 .0880 .025557 3.680'2 
.1 280 .037 17] 5.3530 .0870 .025266 3.6383 
.1270 .036883 5.311 1 .0860 .024976 3.5Q65 
.1260 .0365C13 5.2M3 .0850 .024685 3.5547 
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THICKNESS AND WEIGHT EQUIVALENTS FOR STEEl SHEETS 

WEIGHT WEIGHT 

Thickn . .. Thickn.u 
Inch .. lb. per Lb. per Inche, Lb. pe t lb. ptr 

Sq. In. Sq. Ft. Sq. In. Sq. Ft. 

0.0840 0.024395 3.5 129 0.0430 0.012488 1.7983 
.0830 .024105 3.47' I .0420 .0 12198 1.7564 
.0820 .023814 3.4292 .0410 .01 1907 1.7146 
.0810 .023524 3.3874 .0400 .011b17 1.6728 
.0800 .023233 3.3456 .0395 .0 11471 1.6519 
.0790 .022943 3.3038 .0390 .011326 1.6310 
.0180 .022653 3.2620 .0385 .0111BI 1.6101 

.0380 .0 11036 1.5892 
.0770 .022362 3.220 1 .0375 .01089 1 1.5682 
.0760 .022072 3. 178] .0370 .0 10745 1.5473 
.0750 .021781 3.1365 
.0740 .021491 3.0947 .0365 .010600 1.51b4 
.0730 .02 1200 3.0529 .0360 .010455 1.5055 
.0720 .020910 3.01 10 .0355 .010] 10 1.4846 
.0710 .020620 2.9692 .0350 .0 10165 1.4637 
.0700 .020329 2.9274 .0345 .010019 1.4428 
.0b90 .020039 2.8856 .0340 .0098742 1.4219 
.0680 .019748 2.8438 .0335 .0097290 104010 
.0670 .019458 2.80 19 .0330 .0095838 1.3801 
.0660 .019168 2.7601 .0325 .0094385 1.3592 
.0650 .018877 2.7 183 .0320 .0097.933 1.3382 
.0640 .018587 2.6765 .0315 .009 11481 1.3 173 
.0630 .0 18296 2.6347 .0310 .0090029 1.2964 

.0305 .0088577 1.2755 
.0620 .018006 2.5928 .0300 .0087125 1.2546 
.06 10 .017715 2.5510 .0295 .0085673 1.2337 
.0600 .0 17425 2.5092 
.0590 .017 135 204614 .0290 .0084221 L2128 
.0580 .016844 204256 .0285 .0082769 1.1919 
.0570 .0 16554 2.3837 .0280 .0081317 1.1710 
.0560 .016263 2.3419 .0275 .0079865 1.1500 
.0550 .015973 2.3001 .0270 .0078413 1.1291 
.0540 .0 15683 2.2583 .0265 .0076960 1.1082 
.0530 .0 15392 2.2165 .0260 .0075508 1.0873 
.0520 .015102 2.1746 .0255 .0074056 1.0664 
.0510 .014811 2.1328 .0250 .0072604 1.0455 
.0500 .0 14521 2.0910 
.0490 .0 14230 2.0492 
.0480 .0 13940 2.0!H4 

To dt'It'Tlnine the weight (·qui,-alenl of 

.0470 .0 13650 1.9655 any thinner $ht'e l. multiply its thickness by 

.0460 .013359 1.97.37 tt' ll: find th is DIlIQUn! in the table : then 

.0450 .013069 1.8819 di"idt' it ~ corn''' J}()ndinjl: weight hy ten. 

.0440 .012778 1.8401 
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WEIGHT AND THICKNESS RANGES FOR THE RESPECTIVE 

GAGES FOR STEEL SHEETS 

Manufacturers 
, 

Pounds per Thickness 
Standard Gage No. Square Foot Inch 

3 · · · 10.3 12- 9.688 0.2465-.2317 
4 · · · . · 9.687- 9.063 .2316-.2168 
5 · . . · . · ... 9.062-8.438 .2167-.2018 

• · . · · · 8.437-7.813 .2017- . 1869 
7 · · · · · 7.8 12- 7.188 .1868-. 1719 
8 · · . · · . · . 7.187--6.563 .17'S- ,IS70 
9 · .. · · 6.562- 5.938 .1569-. 1420 

10 · · . · . · .. .. 5.937- 5.313 .1419- . 1271 

" · · · · . 5.312--4.688 .1270-.1121 
12 · · · · 4.687--4.063 . 1 120-.0972 
13 · · .. · · .. 4.062- 3.438 .0971 - .0822 
14 · · . · · · . 3.437- 2.969 .0821-.0710 
15 · · . · · . · . · 2.968- 2.657 ,0709- ,0636 
I. · · ... 2.656-2.375 .0635-.0568 
17 · · ... 2.374-2.125 .0567- .0509 
18 · · · . · ... 2. 124-1.875 .0508- .0449 
19 · · . · · .. 1.874-1.625 ,0448-.0389 

20 · · · . .. 1.624-1.438 .0388- .0344 
21 · · · . 1.437-1.3 13 .0343- .03 r 4 
22 · · · . · ... 1.312- 1.188 .03 13- .0284 
23 · · . · · 1.187- 1.063 .0283- .0255 
24 · · .. . 1.062-0.938 .0254-.0225 
25 · · · . · . . . . .937- .813 .0224-.0195 
2. · · . · · .. . .8 12- .7 19 .0194-.0172 
27 · · · · · .718- .657 .0171 - .0157 
28 · · · . · .. . .656- .594 .0156-.0142 
29 · · · · · . .593- .532 .0 141 - .0128 

30 · · . · · . .53 1- .469 .0 127- .01 13 
31 · . · · . · . · .468- .422 .0112-.0101 
32 · · · . .. .421 - .39 1 .0 I 00-.0094 
33 · · · · .390- .360 .0093- .0086 
34 · · . · ... .359- .329 .0085- .0079 
35 · · . · · · . .328- .297 .0078- .007 1 
3. · .. .296- .274 .0070-.0066 
37 · · · . · . · .273- .258 .0065- .0062 
38 · · .257- .243 .0061 - .0058 

The foregoing table shows the upper and lower limits for unit weight and thickness for 
each number of the Manufaclure~' Standard Gage table. These ranges should not be used 88 

tolerances. 

Sh~ts specified to a Manufacturers' Standard Gage number are prod uced 10 the inch equiva· 
lent lor that gage number. Sheets specified 10 unit .... e ight are produced 10 Ihe corresponding 
thicknell!!. 
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ELEMENTS OF STRUCTURAL SECTIONS 

In the compu tation of the values of structural shapes for the various condi· 
tions under which they tire subj ected to stress, certain mathematical expressions 
a re used. 

NEUTRA l. AXIS. The line, in the cross section of a beam or column in a state of 
flexure, on which there is neither tension nor compression ; the neutral axis passes 
through the center of gravity of the sect ion when unit stresses do not exceed the 
elas tic limi t of the material. In the usual position of structural sections there are 
two neutral axes, pefJ:lCnd icu lar to each other, their normal distance from extreme 
fibe r of the section bei ng designa ted by x and y. 

MO]'IENT Of INERTIA-I. The sum of the products obtained by multiplying each 
of the elementary areas of which the section is composed, by the S(luare of its 
normal distance from a neutral axis of the section or from (my axis of moments 
assumed for pu rposes of calculation . 

SECTION MODULUS--S. The moment of inertia divided by the normal distance 
from the ax is to which it refers to extreme fiber of the section. For the 111'0 mOlllents 
of inertia, correspond ing to the two principill axes of a secti on. there a re also two 
section mo(luli. 

The section modulus is used to determine the stress in the extreme fi \)er of a 
8CCtion, subjected to \)ending stresses, by dividing the bending moment by the 
section mod ulus referred to neutral axis normlll to line of force, both values being 
expressed in like units of measure; the section modu lus of II section, is obta ined 
by dividing the bending stress by the allowable fiber stress. both \'alues also in like 
units of measure. 

RADIUS OF GYRATION-r. The normal distance from a neutral ax is to the center 
of gyration, the point where the entire area is considered to be concentra ted li nd 
have the same moment of inertia as the actual area. The radius of gyration of a 
section referred to a neutral axis, or any axis of moments, is equal to the S(luare 
rool of (molllell t of inertia , referred to that axis, divided by the area ). 

The radius of gyration of a section is used 10 ascertain the 8afe load this section 
will sustain when used in compression, as a strut or column. The unbraccd length 
of the section divided by tile least radius of gyration is called the Ratio of 
Slenderness. 

ENGINEERING PROPERTIES OF SECTIONS 

The engineering prol>crties of different cross sections frequently encountered in 
using steel in structural designs are shown on the following pages . 
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Section Modulus Radius of Gyrc'ltion 
Moment of Inertia z~ l , ~ ,11 [ y 

-

" -'-'- a .=0.289" 
12 • '.1 12 

" " ~=O.577a , T '.I ' 

" 
, 

a = 0.289a ~=O.118a3 
12 · V 2 V 12 

I "~ +b' 
" b' " b' , 12 

12 ., 
= 0.289 V <r~ + b2 

--)2(a4 b') /a2 + b2 

" b' 12, 
\ 12 

12 = 0.1 18 ,,4 b' 
= 0.289 ,./a2 + b2 , 

I. 

bd' bd' _ d_ = O.289d 
12 • V I2 1 

! -

bd' bd' _d_ = O.577d -,- -,-
V ' 

-

bd' bd' d = O.236d ,. 24 V 18 

f---

bd' bd' d 00408 d 
12 12 V · 



.. 
2. 2 KAISER STEEL CO RP OR AT ION 

Area of Section. 
Distance from Neutral 

Section Axis to Edreme Fiber, 
A y 

·8 ~=O.7854d 2 .4. 
4 2 

-

§ 1T!D2 - d2J 11. 4 2 
= O.78541D2_ d2) 

--

--r:::?1----:r .".~ 2 = 0.393 d2 
1l. - 4Id 

Ow 
I. , I = 0.288 d 

00 dt + 2a(s + n) d ., 
~ 

-

H i ---- I dl + 2·1, + 01 -"-2 

I 
'l '--t---' I 

- --

p;::.::J-, 

1IDJ dl + . I' + 01 .4. 
2 

-- -

'1 r-'--1 b- Ib', + hI' +5!lb_ II' 

iIMJ 
2 J 

dl + 'I, + ol X Ib + 2t1l + A 
in which 9 = slope of 

I" : I n I fl _ h I 
ange - 2 {b II 

'[6 - 1120 - 11 
... 2+ a+_ +2 

05- 2(2a II 
-l ~ . I 
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I Section Modulus, Radius of Gyration, 
Moment of Inertia , 

z~ l r=~ ~ 1 y 
--

:4 = O.049d4 3~3 = 0.098 d' 
d 
4 

11" (0" _ d4 ) 
'/1" (04 _ d4 ) 

'" 
320 V O" + dz 

~ 0.04910' - d'i = 0.098 0
4 0 d" 4 

(9 ... 1 _ 64) d" !9 .... "-b4ld' ,", \9."' "'Id' 1152 .... 19213. 41 12. 
= 0.007 d4 = 0.024 d' ~O.ll2d 

1. [ bd' - -I-Ih' - 1'1 ] 
12 49 _I [ bd' - 41.lh' - I'I ] ! 112[ bd' - .'.lh' - I'I ] in which 9 = slope of 
flange = h- J = Lfor 6d 

b- t b \ dt + 2·1, + "1 
standard I·beams . 

1.[ b'ld - hl + 'I' 
A-[ b' ld - hl + lt' 

12 

+ftb' - t'I J ~ l 
+ :lb' - t'l] 

in which 9 = slop:}f 
flange (see above 

1.[ bd,-_I_lh' - I'I ] 
12 89 

j-Mbd' - -fgIh'-I'I] in which 9 = slope of 1. [ bd' - ...Llh' - 1'1 ] h I I f 6 d 89 
flange 2 (b II = 6 or dt + a{s + n) 

standard channels -

t[ 2 ,b' + II' +rlb' - 1'1] 
_I ~ ~ - Alb -yl' 

in which 9 = slope of 
y 

flange (see above) 

. 

'fl [ty' + a(a - y)' 
_I ~ ~ - 1· - tll· - y- tl'l y 
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Section 
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ia, 
Section Modulus, Radiul of Gyration, 
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GLOSSARY OF COMMON STEEL TERMS 

ACID BRITTLENESs-The brittleness induced in steel, especially wire or sheet, 
when pickled ill dilute acid for the purpose of remov ing sca le or upon electro
plating. This brittleness is commonly attributed to the absorption of hydrogen. 

AclO STH:L-Slcel melted in a furnace with an acid {siliceous} bottom and 
lining and under a slag which is domi nantly si liceous. 

ACING-A change in a melDI or allo), by which its struct ure n.'Co\'crs from 8n 
unstable or metastable condition produced by quenching or by col{] work ing. 
Aging takes place slowly at room temperature but llIay be Dccelerated by a slight 
increase in temperature. 

ALLOY- A mi xlure with metallic properties composed of Iwo or more elements 
of which aticas! one is a metal. 

ALLOY ELEMENTS--Chem ieal clcmcnts comprisi ng an alloy; ill steel! usually 
limited to the metallic clements added to steel to modify its prol>crtics. 

ANNEA UNG- A term used to describe the heating alld cooling cycle of steel 
in the solid state. Annealing usuull y implies slow coolin g. The pu rpose of anneal· 
ing is to remove stresses, to induce softness, to alter ductilit y. to change the 
crystalline structure and 10 alter the electric, magnetic or other ph )'!~ i ca l and me· 
chanical properties. 

BASIC STEEL-Steel melted in a fumace with a basic bottom and lining and 
under a slag which is dominantly basic. 

Br.ssEMER PROCEss-A process for muking steel by blowing air through moltcn 
pig iron containcd in a suitable vessel. The process is olle of rapid oxidation 
maillly of silicon and carbon. 

BLAST FURNAC£- A furnace for the pro<luction of pig iron in which the iron ore, 
coke and limestone arc placed and the ore reduced by the burning of the coke and 
hot gase!! introduced by the blast. 

BLiSTER- A defect in metal produced by gas bubbles ei ther on the surface or 
formed beneath the surface. Very fine blisters are called pinhead or I>cpper blisters. 

BLOOM-(slab, billet, sheet bar) - Semifinished products of rectangular cross· 
section with rounded comers, hot rolled from ingots. 

BLOWHOLE-A hole produced during the solidification of metal by evoh'ed 
gas which, tn failing to escape, is held in pockets. 

BLUE ANNEALlNC-A proces!l of annealing sheets after rolling. The sheets, if 
fairly heavy, are allowed to cool slowl y after the hot rolling; if of lighter gage, a! 
is usuall y the case, they are passed singly through an open furnace for heating 
to the proper annealing temperature. As the name indicates, the sheets have a 
bluish-black appearance. 

BLUE BRITTLENEss-Brittleness occurring in steel when in teml>crature range 
of 400 0 to 7000 r .t or whell cold a ft er being worked within this temperature range. 

Box ANNEALiNc-Softening steel by heating, usually al a suocritical tempera· 
ture, in a suitable closed metal box or pot to protect it from ox idation, employing 
a slow heating and cooling cycle; also called close annealing or pot annealing. 

BRICIIT ANNEAUNG-A process of annealing, usually with reducing gases, such 
that surface ox idation is reduced to a minimum, thereby yielding a relati\'ely 
bright surface. 
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BIII NEL L. IhRDNEss-A hardness !lumber determined by apply ing a known load 
to the surface of the material to be tested through a hardened steel ball of known 
diameter. The diameter of the resulting permanent impression is measured. 

BURNING-The heating of a metal to temperatures sufficient ly dose 10 the melt
ing point to cause permanent injury. Such injury ma y be caused by the melting of 
the more fusible constituents, by the penetration of gases such as oxygen into the 
metal with consequent reactions, or l>erhaps by the segregation of clements already 
present in the metal. 

CAli BON STEEL.- Steel which owes its prol>erties ch iefl y to various percentages 
of carbon without substantial amounts of other alloying elements; also known as 
o rdinary steel or straight carbon or plain ca rbon steel. 

CAHUURIZING-Adding carbon to the surface of steel by heating the metal below 
its melting point in contact with carbonaceous solids, liquids or gases. 

CASE HARDENING-A process of surface hardening involving a change in the 
composition of the outer layer of an iron-base alloy by inward diffusion from a 
gas or liq uid followed by appropriate heat treatment. 

CAST IRON- An alloy of iron containing so much ca rbon that, as cast, it is not 
appreciably malleable at any temperature. 

COLD \,(IORKINc- Plastic deformation of a metal at a teml>erature low enough 
to insure strain hardening. 

CONTIWLI.EO CooLlNc- A process by which steel is cooled from a high tem
perature in a predetermined manner to avoid hardening, cracking o r internal 
damage. 

CRITICAL RANCE-The structural chan ges which occur in steel take place at 
different temperatures known as critical points, <lepending upon whether the steel 
is being IJeated or cooled. The range between critical points on heating and on 
cooling is known as the critical range. 

CUP FRACTURE-The form of fracture of a tension test specimen when the 
exterior portion is extended and the interior relatively depressed, so that it looks 
like a cup, as the name implies. 

CYANlDtNc-Surface hardening by ca rbon and ni trogen absorption of an iron 
base alloy article or portion of it by heating at a suitable teml>erature in conlact 
wi th a cyanide salt, followed by quenching. 

D£CARBURIZATION- The loss of carbon at the surface of steel which is subjected 
to high telilperaturcs such as hot rolling, forging or heat treating. 

DEOX IDIzING-The removal of oxygen from molten metal or the reducing of 
scale (oxide of iron) on the su rface. 

DUCTl I.ITy- The property of a metal which allows it to be permanently de
formed in tension before final rupture. 

ELA STIC LIMIT-The greatest unit stress to which a material may be subj ected 
without a permanent deformati on remaining upon complete release of the stress. 

ELONCATION- The amount of permanent extension in a ruptured tensile· test 
specimen, usually expressed as a percentage of the original gage length. It may 
also refer to the amount of extension at any siage in any process which continu
ously elongates a body, as in rolling. 
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ENDUlIA NO: LIMIT- A limi ti ng stress, below which metal wi ll withstand without 
fracture an ill (iefin iteiy large number of cycles of stress. 

FATICUE- A phenomenon of the progress ive fractu re of a metal by means of 
a crack which spreads under repealed cycles of slress. 

FIll EI{- A cha racter istic of wrought met al ma nifested by a fib rous or wood y 
appearance of fractures and ind icating di rectional properti es. Fiber is ca used 
chiefl y by the extension in the direction of wo rk ing of the cOll stituCll ts of t he metal, 
both metallic and nonmetall ic. 

F'uH:n STREss- Local un it stress at a point or line on a secti on over which stress 
is 1101 unifo rm, such as the cross section of a beam under a bend ing load. 

FLAKEs-Flakes are intern al fi ssures ill stcel forgin gs or rollcd prod ucts. In a 
fractured or etched I'urface or tcst piece they apl>car as sizablc a reas of silvcr y 
brightncss and coarser gra in size tha n thei r surroundi ngs. 

Ft.AM ~: 1·IAlmENINc.-A process of ha rdcnin g steel by heuti ng the surface above 
the transforma tion temperature range by means of a high temperature namc, 
followed by rapid cooli ng. 

FRACTUlu:- The irregular surface prod uced when a piece of Illetal is ruptured 
o r broken . 

FRACTUR£ T EST- Breaking a piecc o f metal for thc purpose o f exalllini ng the 
fractured surface to deterllline the structure or ca rbon cOlltent of the Illetal or 
the presence o f internal defects. 

FULL ANN£A LlNC-A softenin g proccss in which mctal is heated 10 a telll l>cra. 
ture abovc the transfo rmation m ll ge alHI after being held for a proper time at 
this lem]>crature is coolcd slowly to a tcmpe raturc below thc tra nsformation range. 

GRAY CAST I RON- A casl iron which, as cast. has combined or cementit ic carbon 
not in excess of a cutcctoid percentage, the balance o f thc carbon occu rrin g as 
graph ite flakes. The term "gra y iron" is derived from the characteristic g ra y 
fracture. 

HAUOENA utJ.ln·-The abi lit y o f a stcel to reach a desired IHl rd ncss, usually 
measured by the <lepth to which the steel will hardell under <lefi ne(1 condi tions of 
hcating and cooli ng. 

HAllDENINC-A proccss of incrc!lsing the hardness of metal by suita ble treal· 
menl usuall y involl' ing hea tin g and cooli ng. 

HEAT TREATMENT- A com billaliOIl of ol>crations involving the IJeating and 
coolin g of a metal or a n alloy in Ihe solid stale for Ihe purpose of obtaining cer· 
ta in desirable cOll(litiolls or properties. 

!-I OT To p (sinkhcad ) - A hcat insulated rt-'SCrvo ir for excess melal on lop of a n 
ingot mold or casling mol<l which fcc<ls the shrinkage o f thc in gol or Ihc casting. 

IMPACT T EST- A tesl in which onc or morc blows are g iven to II sl>ccimen. The 
results a re usuall y expressed in terms of energy absorbe(l or numbcr o f blows of a 
g ivcn intcnsity rC(llIired to break Ihe sl>ccimcn. 

JOMtNY T.;ST- The Jomi ny test is used to determine cml-quench hardena bilit ),. 
[I irll'olves watcr quenchi ng under closel)' cOlltrolled cOIl(lilions, onc eml of il one 
inch d iameter spccimell of the steel umler tcst and mcasuring the <legree of ha rd
ness al reglll (lr dista nces from Ihe quenclle(l cnd along the side. 
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KILLICD Sn;t:L- Sted which has been <Icox id izcd wilh s il icon and al um inum 
to such a degree thai there is 110 gas evolu tion UpOIl solidification resu lti ng in a 
compact steel free of blowholes. 

LAI'- A surface defect apl>caring as a seam caused from folding over 1101 lllcial 
fins or sharp corners and then rolling or forging. but not welding, them int o the 
surface. 

MECIIAl'II ICAL PllOI'UITlt:s-TllOse properties that reveal the reaclion, elastic 
and inelast ic, of a material to an applied force, or thai im'ol"e the relationship 
between stress and strain; for example. modulus of elasticity, tcnsi le strength, 
fatigue limit. 

MECliANICAL WOHKINc- Subjecti ng metal 10 pressure exerted by rolls, presses, 
or hammers to change its form, or to alleet the structure and therefore the me· 
chanical and physical properties. 

MO])ULUS OF ELASTIC ITy- T he n ltio wit hin the limit of elasti ci ty, of the stress 
to tIle correspond ing strain. The stress in pounds per square inch is divided by 
the elongat ion in fractions of an inch for each inch of the original gage length of 
the specimen. 

NrrnmlNG- Add ing nitrogen to iron-base alloys by hea ting the meta l in con tact 
with ammonia gas, or other suitable nitrogenous material. 
NORMALIzING-~l eating iron-base alloys to approx imately 100 0 F. above the 

critical temperature range followed by cooling to below that range in still air at 
ordinary temllCrature. 

OI'EN Ih:ARTlI - A furnace for the manufacture of stccl using gaseous fuel and 
preheated air. TIle p rocess is one o f ox idation of impurities by the combustion 
gases. Steel is made by the open hearth metho(1. 

PAn:NTlNG-I-leating iron-base alloys above the cri tical temperatu re range fol· 
lowed by cooli ng below that range in air, or in molten lem\ or a molten mixtu re 
of nitrates or ni tr ites maintained at a temperature usuall y between 800_1050 0 F., 
dependi ng on the carbOIl con tent of the stccl and the prollCrlies require(\ of the 
flilishcd product. 

PER~IANENT S.:T- Permanenl deformation. 
P HYSICA L PnOI'EIITI£S- Th ose properties familiarly discussed in physics, ex· 

clusive of those described ullder mcchallical properties; for example. dellsity, 
electrical conductivi ty, coefficient of thermal expansion. 

PHYSICAL. TESTING-Testing metllOds by wllich mechanical and physical proper· 
tics are determined. 

PIClo_1NG-Hemoval of foreign substances. notably iron oxides, from the surface 
of stccl by bathing in acid solutio lls. 

PI Eltc tNG-Producing a hole in metal by forcing an instrument through it. 
Usulilly refers to making steel tu bes from soli(1 steel bars. 

PiG InON- The product of the blast furnace wh ich is made by the reduction of 
iron ore. 

PII'E- A cavity fo rmed in metal (especiall y illgots ) forme(\ durillg the solidifi· 
cation of the last po rtion of liquid metal. Contraction o f the metal causes this cavity 
o r pipe. 

PIT- A sharp depression in the surfa ce of metal. 
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QUENCH ING AND 'fulI' EltlNG-T he procedure of heating a specimen to the 
proper 8uslenilizing temperature, hold ing it at that temperature for a period long 
enough to effect the desired change in crysta lline structure and then quench ing it 
ill a suitable medium such as water, oi l or air. After qucllclJ ing, the specimen is 
reheated 10 a predetermined temperatu re below the critical range and then cooled 
under suitable cond itions. 

R EDUCTION OF AREA- The difference between the original cross-sectional area 
and the least cross-sectional area after rupture, expressed us Ii percen tage of the 
orig inal area. 

RIMMED STEEL- Incompletely deoxidized steel normall y containing less than 
0.25% ca rbon. During solidification, evolution of gas occurs wh ich maintains a 
liquid top until a side and bottom "rim" of considerable thickness has formed. 

ROCKWELL HAItONESS T EST- The measure of the hardness of a substance by 
determining the depth of penetration of a penetrator into the specimen under cer
tain arbi tra ry fixed conditions. The penelralor may be a steel ball or a diamond 
spherocone. 

SCAR FING-One method for remov ing seams and other su rface defects with 
chisel or go uge, so that the defects will not be worked into the finished product. 
If the defects are removed by means of gas cutting the term "scarfing" is uscd. 
Scarfin g is often employed simply to remove metal apart from defects. 

SCLEROSCOI'E- A mach ine which g ives a comparative ha rdness value of a ma
teriat by measuring the rebound of a diamond tipped hammer wh ich fai ts freely 
from a set height. 

SECONDARY HARDENING-Hardness developed by tempering high alloy steels. 
SE>\II·KI LLED STEEI.- A steel less completely deoxidized than killed steel hut 

developing sufficien t gas evolution internally in solidifyi ng to replace the central 
pipe with a su bstantially equivalent volume of deep·seated blowholes. 

SHORTNEss-Brittleness in metal. 
SI'ALLlNG-The cracking and fl aking o f small particles of metal from the surface. 
SI'H~;ROlD lzING-Prolonged heating of iron-base alloys at a temperature in the 

neighborhood of, but generally sligh tl y below the crit ical teml>crature range, 
usually followed by relatively slow cooling. 

STEEL- Malleable alloy of iron and ca rbon, usuall y con taining substantial 
(Iuanti ties of manganese. 

STIIESS HEL1EvlNC- A process of reducing internal resid ual stresses in a metal 
by heating to a suitable tem l>erature and holding for a proper t ime at that tem
perat ure. This treatmen t is used to relieve stresses induced by welding, casting, 
quenciling, normalizing or cold working. 

T.;"II'ER COLons-The colors which appear on the surface of steel when heated 
at a low temperature in an ox idizing atmosphere. 

TEMI'EIIINc-Reheati ng hardened steel to some teml>crature below the lower 
crit ical temperature, followed by any desired rate of cooli ng. 

T ENSILE STRENCTH- The maximum load l>cr un it of original cross-sectional 
area sustained by a material during a tension test. 

TENSION TEST- A test in which a specimen is broken by applying an increasing 
load to the two ends. 
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WELI)--A localized coalescence of metal wherein coalescence is produced by 
heating to suitable temperatures, with or without the application of pressure, and 
wit h or without the usc of filler metal. 

WELOABILlTy- Thc capacity of a metal to be welded under the fabr ication con
d itions imposed into a speci fi c, suitably designed structure and to perform satis
factori ly in the intended service. 

W.:U) BEAJ}-i\ weld deposit resulting from the introduction of fi ller metal. 
WHO METAL- That portion of a weld which has been melted during welding. 
WHITE CAST [HON- Contains carbon in the combined form. The presence of 

iron carbide (Fc3C), cementite, makes th is metal hard and briltie, and the absence 
of graphite gives the fracture a white color. 

WonK l'iAIIONEss-Hardncss developed in mctal resulting from cold wo rking. 
WnOUGIIT l nON- A fcrrous material aggregated from a solidifying mass of 

pasty par ticles of highl y refined metallic iron with which is incorporated, without 
subse<l uent fusion, a minutely and uniformly distributcd quantity of slag. 

YIELD POINT- The load per unit arca at which a marked increase in deforma· 
tion of the sl>ccimen occurs without increase of load. It is the stress at which a 
ma rked increase in strain occu rs without an increase in stress. 

YIELD STRENCTH-Stress corresponding to some fixed permanent deformation. 

... 
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TIN PLATE BASE WEIGHT TABLE 

Equivalent Approximat. Nu •• • 1 
Weight, Lb. W eight, Lb. Thickn ... , Old Mfro. Std. 
Per B ... Bo. P .. Sq . Ft. , .. Symbol Gage for 

St •• 1 Sh .. " 
---

55 0.252b O.OObl 38 
60 0.2755 O.OObb 37 
65 0.2985 0.0072 35 
70 0.3214 0.0077 35 
75 0.3444 0.0083 34 
80 O.3b73 0.0088 33 
85 0.3903 0.0094 32 
90 0.4133 0.0099 32 
95 0.4362 0.0105 31 

100 0.4592 0.0110 ICl 30 lh 
107 0.4913 0.0118 IC 30 
112 0.5143 0.0123 30 
118 0.5418 0.0130 29 
128 0.5878 0.0141 IXl 281h 
135 0.0199 0.0149 IX 28 
139 0.b383 0.0153 DC 28 
148 0.6796 0.0163 2Xl 27 
155 0.7117 0.01 7 1 2X 261h 
168 0.7714 0.0185 3Xl 26 
175 0.8036 0.019) 3X 251h 
IBO 0.8265 0.0.98 DX 251h 
1B8 0.8633 0.0207 4Xl 25 
195 0.8954 0.0215 4X 25 
208 0.9551 0.0229 5Xl 24 1,1,. 
210 0.9043 0.0231 D2X 241h 
215 0.9872 0.0237 5X 24 
228 1.0469 0.0251 6Xl 231h 
235 1.0791 0.0259 6X 23 
240 1.1020 0.0264 D3X 23 
248 1.1388 0.0273 7Xl 23 
255 1.1709 0.0281 7X 221h 
268 1.2306 0.0295 8Xl 22 
270 1.2398 0.0297 D4X 22 
275 1.2628 0.0303 8X 22 
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GLOSSARY OF TIN MILL TERMS 

BASt: Bo\ Orig illall) 112 !<hcels, measuring l 4"x20". 1\0\\ a unit of tin plate 
hal ing 3 L.360 S<luare inches o f surface ~ 2 17.78 Sfluare fl't' t I. therefore. Ii fraction 
of a package. 

BASIS W.:IGIIT- Weight of one bllse bo:l.. 
BLACK I'I.An:- Cold fcduCl"d steel slIce! ill tin plale gages. without t ill couting. 

BU;\DU: a rc the actual unit of packaging and consist usually of 10, 12. or 15 
packages. normal!} on a solid ski<l. 

COBlH .• :s- A g rade designation belo\\ Waste Waste. IluI' ing s imilar iml>crfec· 

lions 10 11 g reater <Iegree. 

CO lO; TI N I' LATE- T ill plnle prodm.:ed h} the hoi di p melho(1. 

COLI) BWUCTI O\- Thc rolling and elongatio n o f steel in the col<1 p last ic slate. 

C'IO\II\ Berers to cOIlI cx il } in cross St-'Clion of sheet brought about b) the 
practice of turtling the rolls slight I) conca\,', resul tin g in tllc rolled sect ion increas
ing in thickness IIcross the wid th from the e<lges to the center. This has been found 
to be better prnctice than to risk the distort iOl1 of sheet surface II hich occurs \\hen 
the rolls through temperature Ouctuation a rc I>crm itted to change from II true e} lin 
drieal form and take on a barrel shape_ 

DIlI P Eoc.: \ LIST El)c.:) - I>crtains to the trniling edge of hot dip tin plute \\hieh 
1111'S u slightly helll' iertin coaling tlllln the Icu<li ngedge. For this rellson it is termed 
the drip edge Ilnd may be sl>cci fi ed ill o rde ring hot di p plate o r 0 11 ekoctrolrtic 
orders where menders lire acceptable. 

FLUTli\'G-Creases del eloping fro m lack of tem l>cr wilen CUrl illg tin plate into a 
cylinder, as in the mallufncturc of a can bod )'. 

CItAIi\' ( HOLl.INC DIIU:CT ION)-I~olled steel del'clops its g reatest strell gth in the 
d irection of the grain, i.e., the direction of rolli ng. For this reason, the grai n or 
roll ing din.oc tioll may be SI>ccifie<1 in orderi ng. 

I-lOT HOI.u :I)--The rolling and elonga tion of steel sections while red hoI. 
_MARKEIt- An y dc\,ice inserted in a pncknge or loose pile of material for the pur· 

pose of maintain ing count o r q uantit y. 
J\lE"W:11 Elect rolytic tin pla te wh ich is rejected due to coati ng impe rfections 

is mellded by hot dipping to prime plate. providing the base steel is satisfactory. 
~lILL AccuMuLATlo.'l- i'rime plate which cannot be applie(1 to its ori ginal order 

and is held in thc mill wa rehouse as stock. Material l11a) I>c classificd as mill ac
cumulation beca usc it i" excess production. a ll gage. out of dimension. o r unap' 
plicable mCllders. 

rACKAC.;- A unit consisting of 56. LL 2, or 224 sheets. del>cnding on the net 
\\eight of the product. The <lullll tit y conta ine<1 in a package is trad itional and was 
origilla l1 ) sct to I>crmit 111(II1UIII handling of packnges comcllientl y and individu
ally. Modern prllctice. in which mecllllnical handling equi pmen t is used. l>crmits 
the assembly of screra l packages into a single unit, the most common of which is 
theeolll'clltional muiti ple packagc unit consisting usuall y of 10, 12. or 15 packages. 

PlcKLI"c-Treating \\ ith acid, usuall y hot sulphuric- to remO\'e su rfaCf' scale 
or annealing bonier oxide. 

PRt;\u:s-Till plate ffl oc from dcfe<:ts f{'adit ), detected by the unaidcd e)c. 
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H.ATlo--Thc relation of the surface area of a package to a base box, i.e., orca of 
package divided by 31,360 square inches. 

REJ ECTS-This term applies to secondary black plate which has a certain 
amount of pri me area, but 1I0! enough to be so classified . Hejects of one bundle are 
of like gage, width, and length. Like the ot her secondary products, rejects are 
measured in pounds. 

ROC KW.:L1.- A measure of surface hard ness. 
SECONDs-Tin plate having slight imperfections ill coati ng of steel. Customarily 

lin plate is ordered including seconds, i.e., "unassorled" or "primes and seconds." 
(P and S.) 

STRi P- The product of continuous rolling, both hot and cold. 
STIUPS-T in plate or black plate strips sheared from cut down plate. Will va ry 

from 2" to 10" or more in wid th, and 18" to 32" in length. 
TDIPEII- is designated by numbers such as T l, T2, 1'3, 1'4, etc. In general, the 

higher tempers have higher hardness value, but other considerations than hard· 
ness are also involved in having the proper temper of tin plate. The proper temper 
is prod uced by com bination of steel analysis, annealing, and temper roll ing, and 
is used as an a im for mill controls. 

TERN!': PLATE- A tin mill product coated with a lead·ti n alloy and used as sheet 
mctal in construction. 

TIN PLATE REH:CTS-A seconda ry ti n product having im perfections in the base 
steel. It is the same as waste waste, except packages contain uniform gages and 
sizes. 

UNASSORTEo--Mixed primes and seconds, frequen tly designated as " P and S" 
WASTE WASTE- This applies to coated mater ial, both electrolytic and hot di p, 

which cannot be classi fi ed as prime due to an imperfection in the base steel, not 
in the coaling which could be corrected by mending to hot dipped plate. Waste 
waste is packaged non-uni formly, but is classified in to basis weight ranges as 
follows: 

79 1bs. and lighter 
80 Ibs. to 1071bs. inclusive 
l08 lbs. and heavicr 

Waste waste is measured in pounds. 
WASTE WASTERS-This is the second category of black plate secondaries. \V aste 

wasters have less prime area than rejects and may be packaged wi th non-un iform 
gages and dimensions. They aTe measured in pounds. 
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SIMPLE RULES FOR PRACTICAL PIPE CALCULATIONS 

The following l ist of simple rules will he found useful for man y practical calcula-
tions in the use of pipe: 

To find the a Tca of a p ipe. ~U{lre the diameter and multiply by .7854. 
Doubling Ihe d iameter of a pi l>C increases its capacil)' fou r times. 
Fricti on of liquids in pil>CS increases as the squa re of the velocity. 
T o reduce pounds pressure 10 feet head, mult iply by 2.3. 
To reduce heads in {cel lo pressure in pounds, multiply by .433. 
A cubic fool of water weighs 620 pounds and contains l 728 cubic inches or 7Yz 

U.S. gallons. One cubic inch weighs .0361 pounds. 
Approx imately ever y fool elevation of a column of water produces a pressure of 

% pound per square inch (actual .433l. 
A " miner's inch" of water is approx imately equal to a suppl y of J 2 gallons per 

minute. In Cali fornia, 9 gallons. 
T he gallons per min ute which a p ipe will deliver C<luals .0408 ti mes the sq uare 

of the d iameter, multiplied b y the velocity in feet per minute. 
To fi nd the capacity of a pil>C or cylinder in gallons, multiply the squure of the 

diameter in inches by the length in inches and by .0034. 
T he we ight of water in any length of pipe is obtained by mult iplying the length 

in feet by the squa re of the dia meter in inches, and by .34. 
T o find the d ischarge from any pil>C in cubic feet per minute, squure the diameter 

and multiply by the velocity in feet per minute and by .00545. 
One U.S. gallon of water weighs 81~ I>ounds and conta ins 231 cubic inches. An 

imperi al gallon weighs 10 pounds and conta ins 2 77 cubic inches. 
Petroleum weighs 6Y: lb!!. per U.S. gallon. Ther e a re 4 2 gallons to the ba rrel. 
To fi nd the diameter of pipe ill inches, divide the gallons I>cr minute by the 

velocit y in feet per mi nute, and multiply the square root of the <llIotient by 4 .95. 
To fi nd the capaci ty of a given tan k or cistern in U.S. gallons, S<lua re the di· 

ameter (i n feet ), and multi ply by .7854, multi ply by the height in feet, and by 7.48. 
To find the d ischarge in U.S. gallons I>cr minute from an y p ipe, square the 

diameter in inches, multiply by the velocit y in feet per second and by 2.448. 
The discharge from a pipe in cubic feet per second is C<lual to the mean velocity 

ill fect per second multiplied by the area o f cross section of pipe in S(lua re feel. 
Sharp angles o r sudden bends in pipes ca use great increase in friction, conse· 

quently increased power is necessa ry 10 ma in tain the rate of fl ow. Where a change 
of d irection is desired, the frict ion is minimized b y the use of long, easy cun'es. 

T he resistance of friction in the fl ow of water through p il>CS of uniform d iameters 
is indcl)Cndent of the pressure and increases directly as the length and square of 
the velocit y of the fl ow, and inversely as the diameter of the pi l)C. With wooden 
pi pes the friction is 2.75 times g reater than in metall ic. 
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Nomi. 

" I 
Pipe 
Size 

~ 
1 
11/ .. 
IV, 
2 
21(, 
3 
31(, 
4 

5 
6 
8 

10 
12 
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AMERICAN STANDARD TAPER PIPE THREADS 

F 

A B 

Pitch Piteh 
Diameter Diameter 
at End of at End of 

Male Female 
Thread Throad 

0.75843 0.77843 
0.96768 0.98887 
1.21 363 1.23863 
1.55713 1.58338 
1.79609 1.82234 

2.26902 2.29627 
2.71953 2.76216 
3.34063 3.38850 
3.83750 3.88881 
4.33438 4.38713 

5.39073 5.44929 
6.44609 6.50597 
8.43359 8.50003 

10.5453 1 10.62094 
12.5328 1 12.6 1781 

E 

• 
1 

Imperfect Threads 

Due to lead of Die 

Dimensions , in Inches 

D E F P 

Normal 

Outside Length 
Engage. 

ment 
Diam. of by hand Pitch Depth 
eter of Effec- between of of 
Pipe f ive Male Thread Thread 

Thread "d 
Female 
Thread 

0.840 0.5337 0.320 0.07143 0.05714 
1.050 0.5457 0.339 0.07143 0.057 14 
1.315 0.6828 00400 0.08696 0.06957 
1.660 0.7068 0,420 0.08696 0.06957 
1.900 0.72 35 0.420 0.08696 0.06957 

2.375 0.7565 0.436 0.08696 0.06957 
2.875 1.1 375 0.682 0.12500 0. 10000 
3.500 1.2000 0.766 0.12500 0.10000 
4.000 1.2500 0.82 1 0.12500 0. 10000 
4.500 1.3000 0.844 0.12500 0.1 0000 

5.563 1.4063 0.937 0.12500 0. 10000 
6.625 1.5 125 0.958 0.12500 0. 10000 
8.625 1.7 125 1.063 0. 12500 0.10000 

10.750 1.9250 1.2 10 0.12500 0. 10000 
12.750 2. 1250 1.360 0.12500 0. 10000 

No. 
Thrds. 

po. 
Inch 

14 
14 
11 112 
I lih 
11112 

11112 
8 
8 
8 
8 

8 
8 
8 
8 
8 
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LENGTH OF PIPE IN BENDS 

Radius 
l ength of Pipe, Inches 

01 
Sends 90° 1800 270° 300° 5400 

Bends Bends Bends Bends Bends 

I In. "h 3 4* bY" 91h 
2 In. 3 bY. 9 th 12'h 18 ¥. 
1 In. '* 9~ 141/ .. IS Y .. 2S V .. 
4 In. 6~4 12~ 18* 25'/ .. 37* 
5 In. 7 , 15 , 23 th 31 1h 47 1,/ .. 
6 In. 9 th 18* 28 1,1 .. 37¥. 56'h 
7 In. II " 33 44 bb 
Sin. 12~ 251,1" 37¥. 50'/ .. 75 th 
9 In. 14 • 28~. 42Vt, 561h 84* 

to In. 15 • 31 y, 471,1 .. b2* 941/" 
11 In. I7Y. 34112 51* b9 103 1'. 

I Ft. 18~ .. J7~. 56 1,12 751h 113 
2 Ft. 37 • 75 Y, 113 150* 226 1/" 
3 Ft. 5bY, 113 169lh 226 1,1 .. 339'/ .. 
4 Ft. 75 02 150¥. 226V .. 301 1/'2 452'h 
5 Ft. q·W .. 1881h 2821' .. 377 565 ljl 
b Ft. 113 226 1,1 .. 339'/ .. 452'h 678 ~1 
7 Ft. 132 263 ¥.4 395¥. 527 1' .. 791 y, 
8 Ft. 150~ 301 Vt, 452 1,12 b03 904 ¥. 
9 Ft. 1 691h ll9 Y. 509 678 V2 1017¥. 

10 Ft. 18802 377 5651h 754 1131 
II Ft. 207~. 414 % b22 829112 1244 
12 Ft. "b Y. 452'h 678 1h 904¥.4 13571/ .. 
13 Ft. 245 490 7351/ .. 980 1j .. 14701/ .. 
14 Ft. 2b3* 527* 791 ';" 1055 '12 15831/, 
15 Ft. 282* 565112 848'/ .. I r 31 1696'11 
16 Ft. 301 112 b03 904 1'4 12061/ .. 1809111 
17 Ft. 32°02 540* 961 '1 .. 128' 1' .. 1922111 
18 Ft. 339 Y. 6781h 1017* 1357'/" 2035~ 
19 Ft. 358 716 V .. 1074112 14321/, 2148 ~ 
20 Ft. 377 754 1131 1508 2262 

L 
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EXPANSION IN STEEL PIPE LINES 

Inches of Linear Expansion per 100 Feet 

The ex pansion for any ICllgth of pipe may be found by the following method: 
From the table below, obtain the di fference in increased length at lhe minimum 
and maximum temperatures, divide this resu lt by 100 to obta in the increase in 
length per foot, and multi ply by the length o f the line in feet. 

Temperature linear Expansion per I Temperature linear Expansion per 
Degrees F. 100 Feet, Inches Degrees F. 100 Feet, Inches 

-
20 .150 520 4.390 
40 .300 540 4.590 
60 .455 560 4.780 
80 .610 580 4.975 

100 .770 600 5. 170 
120 .915 620 5.365 
140 1.075 640 5.565 
160 1.235 660 5.765 
180 1.400 680 5.965 

200 . 1.570 700 6.170 
220 1.730 720 6.375 
240 1.890 740 6.580 
260 2.065 760 6.790 
280 2.230 780 6.990 

300 2.410 800 7.210 
320 2.590 820 7.415 
340 2.760 840 7.630 
360 2.935 860 7.840 
380 3.110 880 8.055 

400 3.290 900 8.280 
420 3.465 920 8.495 
440 3.650 940 8.720 
460 3.835 960 8.945 
480 4.020 980 9. 170 

500 4.210 1000 9.400 
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SIMPLE HYDRAULIC INfORMATION 

Waler is p ractically an incompressible liquid, weighing. al the il\'Cragc tem
perature of 62° r' t 62.355 lb. to the cu. h . Illid 8.335 lb. 10 the ga llon. These ligu res 
change slightly with chllnges in temperntu re and atmospheric pressure. 62.4 lb. 
per cu. ft. is the weight of water used for ord ina ry computations. 

Pressure of \Vale r. The pressure of still wllter in pounds per square inch agai nst 
the sides of any pipe or ,'essel of any shape whatc\'cr is due alone 10 the head. or 
height of the surface of the waler above the po int considered pressed upon , and is 
equal to 0.433 lb. l}Ct sq. in. for c\'cry fool of head al 62° F. The fluid-pressure 
per square inch is (:(Illal in all directi ons. To /llld the tolal pressure of quiet water 
against and perpemlicu la r to any surface, whether "ertica l, horizontal, o r inclined 
at any angle. whether it be fla t or curved, multiply together the area in square feet 
of the surface pressed, the vertical depth of its center of gravity below the surface 
of the water, and the constan t 62,4, The product will be the re<lui red pressure in 
pounds, This may be exp ressed by formula as follows: 

P ~ 62.4AD 

in which P = the pressure in pounds of quiescent water 011 the surface considered ; 
A = the area pressed upon in square feet ; and 
0 = the "e rt ical depth ill feel of center of gravity of surface considcred, 

Pressure in Poundl per Square Inch for Different Headl of Water in Feet . 

0 1 2 3 4 5 • 7 8 

. . 

.......... 0.433 0.8bb 1.299 1.732 1.lb5 1.598 3.03 1 3.41>1 
4 .330 4.7b3 5. 196 5.619 6.061 6.495 6.918 7.36 1 7.794 
8.6bO 9.093 9.516 9.959 10.391 10.815 11.258 11.69 1 12.114 

12 .990 13.423 13.856 14.189 14.711 15. 155 15.588 16.021 16.454 
17.320 17.753 18. 186 18.619 19.051 19.485 19.9 18 20.351 10.784 
21..50 22.08 3 21 .516 12.949 23.382 13.815 24.148 24.681 25. 114 
15.980 2 • .413 16.846 17.179 17.712 18. 145 18.578 29.011 19.#4 
30.310 30.743 3 1. 176 3 1.009 32 .042 32.475 32.908 33.341 33 .774 
34.b40 35.073 35.50. 35.939 36.371 36.805 37.238 37.67 1 38. 104 
38.970 39.403 39.83. 40.2. 9 40.702 41.135 41 .568 41.001 42.436 

The above figure. are corret:t for water at 62- r . and for IItmospheric prellSure at 14.7 
Ihl!. IlCr sq. ill. 

Flow of Watcr in Pipes. Owing to the many practical and variable conditions 
which affect the fl ow of water in pil>CS, such as the smoothness of the pipe, the 
number and cha racter o f the jo ints, bends and vah·es in the pipe, as well as the 
site and length of the pipe, all formu las for the velocity and discharge of watcr in 
and through pil>es can onl y be considered as approximate. The {IUanti ty of water 
passing through a given pipe is governed by the sectional area of the pipe or outlet 
and the mean veloci ty. T he velocity depends prima rily upon the pressu re or head, 
and is greatly affected by friction, which again var ies with the smoothness of the 
bore, the diameter and length of the pipe, and whatever obstructions there may be 

9 

3.897 
8.227 

11.557 
16.887 
11.217 
25.547 
19.877 
34.207 
38.537 
42 .8b7 
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in the pipe. The Ilead is the \crt ical dis tance from the surface of the waler in the 
reservo ir to the cenler of gra vi ty of the lower end of the pi ]:te whell the discharge 
is in to the ai r, o r to the level sur face of the lower reservoir when the discharge is 
unde r waler. When the pressure is produced by mcdHlllical means, the head of 
wa ter in feet lIIay be readily determ ined by the following table: 

*For Converting Pressure in Pounds per Square Inch into Head of Wate r in Feet . 

0 I 2 3 4 5 6 7 8 

- I 
.. ...... - 2.309 4.6 19 6.928 9.238 11.547 13.857 16. 166 18.476 
23.0947 25.404 27.7 14 30.023 32.333 34.642 36.952 39.261 41.570 
46.1894 48.499 50.808 53. 118 55.427 57.737 60.0-46 62.356 04.065 
69.28-41 71.594 73.903 76.213 78.522 80.831 83.14 1 85.450 87.760 
92.3788 94.688 96.998 99.307 101.62 103.93 106.24 108.55 110 .85 

11 5.4735 117.78 120.09 122.40 124.71 127.00 129.33 131.b4 133.95 
138.5682 140.88 143. 19 145.50 147.8 1 150. 12 152.42 154.73 157.04 
161 .6629 163.97 166.28 168.59 170.90 173.2 1 175.52 177.83 180.14 
184.7576 187.07 189.38 191.69 194.00 196.31 198.61 200.92 203.23 
207.8523 2 10.16 212.47 214.78 217.09 219.40 22L71 224.02 226.33 

, 

"The al)O,'c fi gurd are oorrectlor ..... ater at 620 F. and ror atU1O$piLeric pre\!sure at 101.7 
lbs. per ti(l. in. 

To li nd the velocit y of water d ischa rged from a pipe-line longer than fo ur t imes 
its diameter, knowi ng the head, length and inside diameter, usc the fo llowing 
fo rm ula : 

I ,,<I 
v = m , L + 5<kl 

ill which v = approx imate mean veloci ty in feet per second : 

III = coefficient from the table below: 

d = diameter of pipe in fcc t ; 

h = total head in feet ; 

L = total length of line in fcct. 

The following coefficients nre averages de<lueed from exper iments. In most 
cases of pipes carefully la id and in fair condition, they should gi \'e resuhs varyi ng 
not more than from 5 10 1070 . 

9 

--
20.785 
43.880 
06.975 
90.0b9 

11 3. 16 
136.26 
159.35 
182.45 
205 .54 
228 .b4 

--
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Values of Coefficient m 

~. hd 
Oi"meter of Pipe in feet 

l + 54d 0.05 0.10 0.50 1.5 2 3 4 

m m m m m m m m 
0.005 2. 31 JJ 35 J7 40 44 47 
0.01 J4 35 37 3. 42 45 4' 53 
0.02 3. 40 42 45 4. 52 56 5' 
0.03 41 43 47 50 54 57 60 63 
0,05 44 47 52 54 56 60 64 67 
0.10 47 50 54 56 58 62 66 70 
0.20 48 51 55 58 60 64 67 70 
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fRICTION Of WATER IN PIPES 

l oss of Head in Feet Due to Friction, per 100 Feet of O rdinary Pipe 

Size Pipe, Inches 
Gal. 
po. V, l'< iI/, IV, 2 

Min. 
Vel. Fric. Vel. Fric. Vel. Frie. Ve l. Frie. Vel. Frie. Vel. h ie. 

I 1.05 2. 1 
2 2.10 7A 1.20 1.9 
3 3.16 15.8 1.80 4. 1 1.12 1.26 
4 4.21 27.0 2.41 7.0 1.49 2. 14 0.86 0.57 0.63 0.26 
5 5.26 41.0 3.01 10.5 1,86 3.25 1.01 0.84 0.79 0.39 

10 
15 
20 
25 
30 

10.52 147.0 6.02 38.0 3.72 11.7 2. 14 3.05 1.57 1.43 1.02 0.50 

35 
40 
45 
50 
70 

90 
100 
120 
140 
160 

180 
200 
220 
240 
260 

9.02 80.0 5.60 
........ 12.03 136.0 7.44 

9.30 
........ 11.15 

........ 13.02 
...... 14.88 

VeI.- \"e!ocity fee l per &eCond. 

Fric.- fr iction head in lee l. 

25.0 3.2 
42 .0 4.29 
64.0 5.36 
89.0 6.43 

119.0 1.51 
152.0 8.58 

9.65 
.. ........ 10.72 
.......... 15.01 

6.50 2.3 6 3.0 1.53 1.0 
11 . 1 3. 15 5.2 2.04 1.82 
16.6 3.94 7.8 2.55 2.73 
23.5 4.72 11 .0 3.06 3.84 

31.2 5.51 14.7 3.57 5. 1 
40.0 6.3 18.8 4.08 6.6 
50. 7.08 23.2 4.60 8.2 
60. 7.87 28.4 5. II 9.9 

113. 11.02 53.0 7.15 18.4 

._. 14.17 84.0 
.......... 15.74102.0 

...... 18.89 143.0 

...... 22 .04 190.0 

9.19 29.4 
10.21 35.8 
12.25 50.0 
14.30 67.0 
16.34 86.0 

......... 18.38 107.0 

......... 20.42 129.0 
.... ... 22.47 154.0 
...... 24.51 182.0 

... __ .,, _. 26.55 211.0 
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FRICTION OF WATER IN PIPES 

l ou of Head in Feet Due to Friction. per 100 Feel of Ord inary Pipe 

Gal. Size Pipe, Inches 

p.' 2V, 3 4 5 b 8 
Min. Vel. Fric. Vel. Fric. Vel. Fric. Vel. Fric. Vel. Fric. Vel. Fric. 

10 0.b5 0.17 0.45 0.07 
15 0.98 0.3b 0.68 0.15 ........ ........ 
20 1.31 0.61 0.91 0.25 
25 1.63 0.92 1.13 0.38 ....... --
30 1.9b 1.29 1.36 0.54 
35 2.29 1.72 1.59 0.71 
40 2.bl 2.20 1.82 0.91 1.02 0.22 
45 2.94 2.80 2.05 1.15 1.17 0.28 
50 3.27 3.32 2.27 1.38 1.28 0.34 
70 4.58 b.2 3. 18 2.57 1.79 0.63 1.14 0.21 
75 1.92 0.73 1.22 0.24 
90 5.88 9.8 4.09 4.08 

100 b.54 12 .0 4.54 4.96 2.55 1.23 1.63 0.39 1.14 0.14 
120 7.84 lb .• 5.45 7.0 3.06 1.71 1.96 0.57 1.42 0.25 
125 ........ ........ 3.19 1.86 2.04 0." 1.48 0.28 
140 9.15 22.3 b.35 9.2 
150 ........ ........ 3.84 2.55 2.45 0.88 1.71 0.32 
IbO 10.46 29.0 7.26 11.8 
175 ........ ........ 4.45 3.3b 2.8b 1.18 2.00 0.48 
180 11.76 35.7 8.17 14.8 
200 13.07 43.1 9.08 17.8 5.11 4.37 3.27 1,48 2.28 0.62 
220 14.38 52.0 9.99 21.3 
225 ........ ........ ........ ........ b.32 b.bl 3.67 1.86 2.57 0.74 
240 15.b9 bl.O 10.89 25.1 
250 ........ ........ ......... ........ b.4O b.72 4.08 2.24 2.80 0.92 l.bO 0.22 
2bO Ib.99 70.0 11.80 29.1 
270 ........ ........ ........ ........ b.90 7.70 4.42 2.bO 3.03 1.1 3 1.70 0.25 
275 ........ ........ ........ ........ 7.03 7.99 4.50 2.72 3.06 1.15 1.73 0.27 
280 18.30 81.0 12.71 33.4 
300 19.6 1 92.0 13.b2 38.0 7.bb 9.38 4.90 3.15 3.40 1.29 1.90 0.3b 
350 8.90 12.32 5.72 4.19 3.98 I.b9 2.20 0.41 
400 10.20 15.82 b.54 5.33 4.54 2.21 2.60 0.56 
450 ........ 11.50 19.74 7.35 6.65 5.12 2.74 2.92 0." 
470 12 .16 22.40 7.78 7.42 5.49 3. 12 3.07 0.77 
475 12.30 22.96 7.88 7.22 5.55 3.2 1 3.10 0.79 
500 12.77 24.08 8.17 8.12 5.bO 3.2b 3.20 0.81 
550 8.99 9.66 b.lb 3.93 3.52 0.98 
bOO 9.80 11.34 6.72 4.70 3.84 I.Ib 
b50 10.b2 13. 16 7.28 5.50 4.lb 1.34 
700 ........ 11.44 15.12 7.84 b.38 4.4b 1.54 
750 ........ 12.26 17.22 8.50 7.00 4.80 1.74 
800 ........ ........ 9.08 7.90 5.12 1.97 
850 9.58 8.75 5.48 2.28 
900 10.30 10.11 5.75 2.46 
950 10.72 10.71 6.06 2.87 

1000 .... .... 11.32 12 .04 6.40 3.02 
1050 11.90 13.30 6.70 3.21 
1100 12.50 14.31 7.03 3.51 
1150 12.95 15.34 7.35 3.84 
1200 13.52 16.69 7.67 4.26 
1250 14.10 18 .20 8.00 4.45 
1500 ........ ....... 9.60 6.27 
2000 12 .70 10.7 1 
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FRICTION OF WATER IN PIPES 

Loss of Head in Feet Due to Friction , per 100 Feet of Ordinary Pipe 

Gal. 
Size Pipe, Inches 

P" 10 12 14 15 Ib 20 
Min. 

Vel. Frie. Vel. Frie. Vel. Fric. Yel. Fric. Vel. Fric. Vel. Fric. 

450 1.80 0.21 ... ..... ...... .. .. ... .. .... ... .. , .... ........ ...... .. ... -.... ........ . .... -. 
470 1.92 0.24 ... ..... ........ .. ... - .. --_ .. ........ ........ ........ ........ . ....... 
475 1.94 0.25 ........ .. ... . ...... .. .... .... ...... . ...... .. ... ..... ..... ... .. ,-.-. ..... -.. 
500 2.04 0.28 1.42 0.11 .... ...... . .. ..... ... ... . ........ 
550 2.25 0.33 1.57 0.14 ..... - ...... .. ..... .... - --- .- .. .... _ ... . _--
bOO 2.46 0.39 1.71 0.15 .. .... ...... ....... . ..... .... . , ... - .. ..... ........ 
b50 2.66 0,46 1.85 0.19 1.37 .09 .... .. . .. ... .. ........ 
700 2.86 0.52 2.00 0.22 1,47 .10 ........ ... ... ..... ... ... .. .. " .... ...... , 
750 3.0b 0.59 2.13 0.24 1.58 .II .. .... ..... . ... ... . 
800 3.28 0.67 2.27 0.27 1.68 .13 ..... . . . " .. ', . ...... .• 
850 3.48 0.75 2.41 0.31 1.19 .14 ........ ..... , . .... , .. ... ... ........ 
900 3.68 0.83 2.56 0.34 1.89 .Ib ....... ....... . .. , ... .. ...... ..... ... 
950 3.88 0.91 2.70 0.35 2.00 .Ib 1.73 .12 ., .. ... ,. . ... . . ..... .-

1000 4.08 1.01 2.84 0.41 2.10 . 19 1.82 .14 .. ,' . ........ ... ..... 
1050 4.29 1.09 2.98 0,48 2.20 .22 1.91 .Ib ... . .... .. ..... ' .. ........ 
1100 4.50 1.20 3.13 0.49 2.31 .23 2.00 .Ib ... .. .... .. ..... ........ 
1150 4.71 1.34 3.27 0.53 2.42 .25 2.09 .17 .. ...... ...... ... ,., .. 
1200 4.91 1.46 3.41 0.57 2.52 .2b 2.18 .19 ..... ... ..... .. .. .. ... ....... . 
1250 5.11 1.51 3.55 0.62 2.63 .29 2.28 .20 1.99 .15 ., .... ' . ...... . 
1500 b.IO 2.09 4.20 0.85 3.15 .39 2.73 .28 2.39 .24 .. ... .. ........ 
2000 8.10 3.50 5.bO 1.43 4.20 .bb 3.64 ,47 3.19 .39 .... .... 
2500 10.10 5.33 7.00 2.18 5.25 1.0 I 4.55 .72 3.99 .5b -..- .. .... 
3000 12.10 7.42 8.40 3.39 6.30 1.57 5.46 1.12 4.79 .80 3.08 .27 
3500 14.10 10.08 9.80 3.92 7.35 1.82 6.37 1.29 5.59 1.04 3.59 .35 
4000 .. ... , . ... , . ... 11.35 5.32 8.40 2.47 7.28 1.76 b.38 1.34 4. 10 ,45 
4200 .. 11.93 6.30 8.82 2.92 7.64 2.08 6.72 1.45 4.32 .50 
4500 .. .... . ... ... 12.78 b.75 9.45 3.13 8.19 2.23 7.20 I.b5 4.62 .5b 
5000 ..... 14.20 8.15 10.50 3.78 9.10 2.69 7.96 2.02 5.13 .b8 
5500 ...... .. 11.55 4.50 10.01 3.lb 8.78 2.39 5.64 .82 
bOOO ... 12.60 5.40 10.92 3.79 9.5b 2.84 6. 15 .9b 
6500 .. .. 13.b5 b.14 11.83 4.30 10.36 3.32 6.66 1.01 
7000 14.70 6.65 12.74 4.bb 11.12 3.b8 7. 18 1.28 
7200 ..... ...... 13.10 4.95 11.50 3.96 7.38 1.35 
7500 . . .. 13.65 5.bO 11 .95 4.28 7.66 1.45 
8000 .. .... ... ....... . .. 8. 17 1.63 
8500 ..... , .. . ....... 8.68 1.83 
9000 ........ .. . .. . ... .. .. .... ........ 9.20 2.04 
9500 .. .. ..... ...... ..... . .. .... .. .. .. .. . . .. . ..... ... 9.70 2.23 

10000 .. , ... .. ..... . ... , ..... . ........ ...... .. ........ 10.40 2.53 
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FRICTION OF WATER IN PIPES 

loss of Head in Feet Due to Friction, per 100 Feet of Ordinary Pipe 

Size Pipe, Inches 
Gallons 

pO' 24 30 
Minute 

Velocity Friction Velocity J Frie+ion 
- - -

2000 1.42 .05 ........ ...... 
2500 1.77 .07 ........ ...... 
JOOO 2.13 .10 ..... 
3500 2.49 .14 1.56 .04 
4000 2.85 .18 1.81 .Ob 
4200 .... . -.. -. .... 
4500 3.20 .22 2.04 .08 
5000 3.54 .27 2.26 .09 
5500 3.90 .33 2.50 . 11 
6000 4.25 .39 2.72 . 13 
6500 4.6 1 I .45 2.95 .15 
7000 4.97 .52 3. 18 . 17 
7200 ....... .. ---- .... 
7500 5.32 .59 

I 
3.42 .20 

8000 5.68 .bb 3.63 .22 
8500 6.0] .74 3.86 .25 
9000 6.35 .81 4.08 .27 
9500 6.74 .91 4.31 .30 

10000 7.07 .98 4.54 .33 
r0500 7.45 1.10 4.76 .37 
11000 7.80 1.20 5.00 .40 
11500 8.16 1.29 5.21 .43 
12000 8.50 1.40 5.44 .47 
12500 8.8b 1.52 5.67 .51 
13000 9.22 1.63 5.91 .54 
13500 9.60 1.75 6.13 .58 
14000 9.95 1.87 6.36 .b3 
14500 10.3 2.00 6.61 

I 
.b8 

15000 10.63 2.12 6.81 .72 
IbOOO 11 .38 2.40 7.36 

, 
.83 

17000 12.09 2.70 7.73 .91 
18000 12.7b 2.97 8.18 1.00 
19000 13.50 3.26 8.bb 1.1 I 
20000 14.20 3.bO 9.09 1.22 
21000 14.90 3.96 9.54 1.34 
22000 10.0 1.47 
23000 10.45 1.59 
24000 10.90 1.71 
25000 - 11.35 1.85 
26000 ...... 11.80 

I 
1.97 

27000 12.26 2.12 
28000 12.73 2.28 

-
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IRRIGATION TABLE 

-
Number of Acres Irrigated 

Discharge 
Gallons Cubic in 12 Hours' Pumping 

p" Feet per 
Inches Minute Second I Inch 1 2 1"h" 3 Inches 4 Inches 

Deep Deep Deep Deep 

I 20 .045 .529 .2645 .1765 . 1324 
IV, 50 .1 1 1.328 .664 .4425 .332 
2 100 .22 2.65 1.325 .883 .6625 
21/2 150 .33 3.98 1.991 1.328 .995 
3 225 .50 5.97 2.985 1.99 1.492 
4 300 .67 7.96 3.98 2.655 1.99 
4 400 .89 10.6 1 5.305 3.535 2.652 
5 700 1.56 18.58 9.28 6. 18 4.64 
6 900 2.0 1 23.85 11.95 7.96 5.97 
8 1200 2.68 31.82 15.92 10.61 7.95 
8 1600 3.57 42.35 21.20 14.15 10.6 1 

10 3000 6.68 79.50 39.75 26.50 19.88 
12 4500 10.03 119.30 59.70 39.75 20.85 
16 6000 13.36 159. 10 79.60 53.00 39.75 
16 7000 15.61 185.70 92.80 61.90 46.45 
16 8500 18.95 225.50 1"2.80 75.20 56.35 
20 10000 

I 
22.25 265.00 132.50 88.30 

I 
66.25 

20 14000 3 1. 15 I 371.00 185.50 123.70 92.75 

Number of Acres Irrigated 

Dilch,uge 
Gallons Cubic in 12 Hours' Pumping 

Inches 
p • • Feet per 

Minute Second o Inches 8 Inches 10 Inches 12 Inches 
Deep Deep Deep Deep 

- --
I 20 .045 .0883 .0003 .0529 .0442 
11(, 50 .11 .22 1 . 166 . I 328 .1 105 
2 100 .22 .442 .33 13 .205 .221 
2\1, 150 .33 .664 .4975 .398 .332 
3 225 .50 .994 .747 .597 .4975 
4 300 .67 1.327 .995 .790 .003 
4 400 .89 1.770 1.328 1.001 .884 
5 700 1.50 3.095 2.32 1.858 1.548 
6 900 2.0 1 3.98 2.975 2.385 1.99 
8 1200 2.08 5.305 3.975 3. I 82 2.05 
8 1000 3.57 7.075 5.305 4.235 3.535 

10 3000 6.68 13.25 9.94 7.95 0.025 
12 4500 10.03 19.90 14.93 11.93 9.95 
16 0000 13.30 20.52 19.89 15.91 13.20 
16 7000 15.0 1 30.95 23.20 18.57 15.47 
16 8500 18.95 37.00 28.19 22 .55 18.79 
20 

I 
10000 22.2 5 44.20 33.15 20.50 22. 10 

20 14000 3 I. I 5 01.80 40.35 37.10 I 30.95 



P
R

O
P

E
R

T
IE

S 
O

F
 H

Y
D

R
O

C
A

R
B

O
N

S 
fO

U
N

D
 

IN
 

N
A

T
U

R
A

L
 G

A
S 

A
N

D
 C

A
S

IN
G

· H
E

A
D

 G
A

S
 

M
et

ha
ne

 
E

th
an

e 
P

ro
pa

ne
 

B
ut

an
e 

P
en

ta
ne

 
H

ex
an

e 

-
-

Fo
rm

u
la

 
.
.
.
.
.
.
.
.
.
.
.

..
.
.

.
•
•
.
.
.
.
.
 

C
H

. 
C

zH
e 

C
3H

s 
C

4H
IO

 
C

sH
lz

 
C

eH
I4

 
M

ol
ec

ul
ar

 w
ei

gh
t 

•
•
.
.
.
.
.
.
•

••
•

.
.
.
.
.
.
 

16
.0

3 
30

.0
5 

44
.0

7 
58

.0
8 

72
.1

0 
86

.1
2 

S
pe

ci
fi

c 
gr

av
it

y 
of

 l
iq

ui
d 
..

•
.
.
.

.
..

.
.
.
.
.
 

..
..

. 
0,

43
2=

 
0.

51
5=

 
0.

58
5=

 
0

.6
3

0
: 

0
.6

7
0

: 
I 9

4°
B

e 
14

2°
B

e 
10

90
Be

 
92

.2
°B

e 
78

.9
O

Be
 

S
pe

ci
fi

c 
gr

av
it

y 
of

 g
as

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

0.
55

5 
1.

04
9 

1.
52

6 
2.

00
8 

2,
49

6 
2.

98
2 

B
oi

lin
g 

po
in

t 
at

 a
tm

os
ph

er
ic

 p
re

ss
ur

e.
 •

 •
 .

 .
 •

 .
 

-
16

5 
C

 
-

93
 C

 
-4

5
C

 
+

IC
 

36
.3

 C
 

69
 C

 
-

26
5 

F 
-

13
5 

F 
-4

9
 F

 
3

4
F

 
97

 F
 

15
6 

F 
Pr

es
su

re
 t

o
 l

iq
ue

fy
 a

t 
60

 F
, 

ps
i 
.
.
.
.
.
.
.
.
.
.
.
 

...
.. 

47
5 

10
5 

35
 

6.
5 

1.
8 

V
ap

or
 p

re
ss

ur
e 

70
 F

 in
 p

er
ce

nt
ag

e 
of

 a
tm

os
ph

er
e 

10
0

+
 

10
0+

 
10

0+
 

10
0

+
 

55
 

10
 

G
al

lo
ns

 p
er

 1
,0

00
 c

u.
 f

t. 
at

 B
.P

. r
ed

uc
ed

 t
o

 6
0 

F 
..

 
...

.. 
22

. r
 3 

27
.0

1 
31

.2
8 

36
.1

3 
40

.5
6 

W
ei

gh
t 

1,
00

0 
cu

. f
t. 

va
po

r 
at

 B
.P

. 
re

du
ce

d 
to

 
60

 F
, 

lb
. 

..
..

..
..

.
..

.
..

..
..

.
. 

42
 

79
.7

 
11

6 
15

2.
6 

18
9.

7 
22

6.
6 

S
hr

in
ka

ge
 in

 v
ol

um
e 

by
 I

 g
al

. 
liq

ui
d 

re
m

ov
ed

 
pe

r 
1,

00
0 

cu
. 

ft
 .

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

M
ax

im
um

 p
on

ib
le

 r
em

ov
al

 g
al

. p
er

 1
.0

00
 c

u.
 f

t. 
..

..
. 

. .
..

. 
. .

..
. 

.. 
...

 
2.

8
%

 
2.

5
%

 

.r
o

F
p

L
 .

.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
 

..
..

. 
.. 

..
. 

.. 
...

 
. .

..
. 

19
.8

7 
4.

06
 

H
ig

h 
he

at
 v

al
ue

, 
B

tu
 p

er
 c

u.
 f

t .
.
.
.
.
.
.
.
.
.
.
 

1,
06

5 
1,

86
1 

2,
68

5 
3,

44
7 

4,
25

0 
5,

01
2 

B
tu

 p
er

 l
b.

 
, 
..

 , 
..

..
..

..
..

..
..

..
. 

25
,3

60
 

23
,3

50
 

23
,1

50
 

22
,5

90
 

22
,4

00
 
I 

22
,1

20
 

C
ub

ic
 f

ee
t 

ai
r 

to
 b

ur
n 

I 
cu

. 
ft.

 g
as

 .
.
.
.
•
•

•
..

 
9.

57
 

16
.7

2 
23

.9
2 

31
.1

0 
3B

.2
8 

46
,4

6 
C

ar
bo

n 
pe

rc
en

ta
ge

 .
.
.
.
.
.

.
.
.
.
.
.
•
•
•
.
.
 

E
xp

lo
si

ve
 m

ix
tu

re
 p

er
ce

nt
ag

e 
in

 a
ir

, 
75

.0
 

80
.0

 
21

.8
 

82
.8

 
83

.3
 

83
,7

 

M
ax

im
um

 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

14
.5

 
5.

0 
3.

5 
3.

0 
2.

5 
2.

2 

I 
M

in
im

um
 
..

..
..

..
..

..
..

. 
, 
. ,

 
..

 
5.

6 
3.

0 
2.

1 
1.

6 
1.

3 

H
ep

ta
ne

 

C
1H

I8
 

10
0.

13
 

0.
69

7=
 

70
.9

O
Be

 
3,

46
7 

98
.4

 C
 

20
0 

F 
0.

5 
2.

7 
45

.3
4 

26
3.

5 

2.
2

%
 

1.
22

 
5,

78
0 

21
,9

35
 

53
.6

 
84

.0
 

1.
9 

O
ct

an
e 

C
sH

ls
 

11
4.

15
 

0.
71

8=
 

65
.0

0
B

e 
3.

95
2 

12
5.

5O
C

 
25

8 
F 

0.
15

 
0.

7 
50

. 1
1 

30
0 

2.
0

%
 

0.
35

 
6,

54
2 

21
,8

07
 

60
.8

 
84

.2
 

1.
6 

x >
 - • x -~ • • , o o • • o • >
 

~
 o z ... .. ... 



r 
T

Y
P

IC
A

L
 C

O
M

P
O

S
IT

IO
N

S
 A

N
D

 P
R

O
P

E
R

T
IE

S 
O

F
 f

U
E

l 
A

N
D

 I
LL

U
M

IN
A

T
IN

G
 G

A
SE

S 

P"
c
I"

la
g

l 
C

om
po

li
ti

on
 b

y 
V

ol
um

e 
S

pe
ci

fi
c 

H
u

t 
H

ig
h

·H
u

t 
at

 c
o

n
.t

,"
! 

v.
I .

..
 2 

O
.n

. 
Sp

.c
ifi

c 
p 
..

 n 
..

.. 

C
.r

bo
n 

li
ly

. 
g

r.
vi

ty
 

lb
. 
p.

' 
{,

i, 
""

 
H

yd
ro

-
M

.t
h·

 
E

th
. 

1I1
 ...
.. j

· 
Pr

o
. 

.". 
m

o
n

_ 
C

.r
bo

n 
N

itr
o_

 
O

.y
· 

c
u

, 
fl

. 
=-

1]
 

"" 
, .. 

"" 
9

1n
, 

I
n
l
, 

I
n

l,
 

"a
n

h
'.

 
P

""
I,

 
h 

.. e
, 

o.
id

a
, 

d
ie

.i
d

a,
 

g
'"

, 
g
l"

, 
p

.
r 

lb
. 

C
U

, 
ft

. 
""

 
, .. 

H,
 

e
H

, 
C

zH
, 

C
n

H
2

n 
C

3
H

, 
e.

H
,o 

C
O

 
C

O
, 

N
, 

0
, 

p 
..

 F
 

p e
. 

F
 

p
er

 lb
. 

c
u.

 f
t.

 

S
pe

ci
fi

c 
he

at
 i

n 
B

tu
 p

er
 l

b
. 

p
er

 
d

e
g

r
ee

 
F 

a
t 

3.
42

 
0.

59
3 

O
AO

O
 

0.
40

0 
0.

39
0 

0
.3

90
 

0.
24

3 
0

.2
10

 
0.

24
7 

0.
21

7 
co

ns
ta

n
t 

pr
es

-
su

re
 

O
il

9
·n

 
32

.0
 

4
8.

0 
..

. .
 

16
.5

 
. ..

. 
..

..
 

. ..
. 

. .
.. 

3.
0 

0.
5 

0.
03

66
6 

0,
48

 
0.

63
 

0,
02

3 
23

,0
77

 
8

4
. 

R
ef

in
er

y 
g

a
s:

 
D

ub
bs

 
5,

0 
33

.0
 

15
.0

 
33

.0
 

14
.0

 
..

..
 

. ..
. 

. .
..

 
. ..

. 
. .

..
 

0
.0

7
33

2 
0.

96
 

0,
44

 
0.

04
0 

20
,4

58
 

1,
50

0 
H

ou
dr

ie
 

...
. 

28
.6

 
17

.5
 

0 .
• 

33
.4

 
19

.9
 

. .
..

 
. .

..
 

. .
..

 
. ..

. 
0.

1
15

33
 

1.
51

 
0

.4
1 

0.
04

7 
17

,3
42

 
2,

00
0 

87
.0

 
9 .

• 
...

 . 
. ..

. 
..

.. 
. ..

. 
0.

4 
3,

0 
. .

..
 

0
.0

46
59

 
0

.6
1 

0
.5

4 
0

.0
25

 
23

,9
32

 
1,

1
15

 
N

ah
lr

a
l 

gl
U

 
74

.0
 

14
.5

 
..

. .
 

. ..
. 

..
..

 
. .

..
 

0.
1 

1
1.

2 
0.

2 
0

.0
52

30
 

0
.6

85
 

0,
38

 
0

.0
20

 
19

,3
11

 
1,

01
0 

..
. .

 
79

.4
 

...
 . 

20
.0

 
..

.. 
. .

.. 
. .

..
 

0 .
• 

. .
..

 
0

,0
8

.0
4

 
1.

13
 

0
.4

0
 

0
.0

3
4

 
2

1,
5

13
 

1,
85

1 
Pi

nt
sc

h 
ga

s 
12

.6
 

45
.4

 
...

 . 
35

.7
 

..
..

 
..

.. 
0

,.
 

0.
7 

3.
0 

2,
0 

0.
00

41
6 

0.
84

 
0

.4
7

 
0,

03
1 

23
,3

79
 

1.
50

0 
Bl

as
t·

fu
rn

ac
e 

g
as

 
2.

0 
2.

0 
...

. 
..

. .
 

. .
..

 
. .

..
 

26
.0

 
12

.0
 

58
.0

 
. ..

. 
0.

0
76

38
 

1,
00

 
0

.2
5 

0
.0

19
 

1,
30

9 
10

0 
Pr

od
uc

er
 g

as
, 

co
al

 
12

.0
 

2 .
• 

..
 ..

 
0.

4 
. ..

. 
...

. 
29

.0
 

4,
0 

52
.0

 
. .

.. 
0.

06
04

5 
0

.8
7 

0,
28

 
0

.0
1

9
 

2,
45

3 
,.

3
 

C
ok

e-
o

ve
n 

g
a

s 
50

.0
 

36
.0

 
..

. .
 

4,
0 

. ..
. 

· ..
. 

•.
 0 

1.
5 

2,
0 

0.
5 

0
.0

29
02

 
0

.3
8 

0
.7

3 
0

.0
21

 
20

.7
79

 
.0

3
 

C
o

al
-r

et
o

rt
 g

es
, 

52
.5

 
31

.4
 

..
. .

 
2,

2 
. .

..
 
· ..

. 
8 .

• 
1.

5 
3,

5 
0,

3 
0

.0
)2

0
8

 
0.

42
 

0
.7

0 
0.

02
1 

17
,9

24
 

57
5 

Bl
ue

 w
at

er
 g

as
 

5
1.

3 
...

 . 
. .

.. 
. .

.. 
. .

..
 

...
. 

4
3.

4 
3.

5 
L

3 
0

.5
 

0
.0

40
48

 
0

.5
3 

0.
4

6 
0

.0
18

 
7,

4
11

 
30

0 
C

ar
b

u
re

te
d 

w
at

er
 g

as
 

35
.6

 
16

.5
 

..
. .

 
14

.6
 

. .
..

 
· ..

. 
2

8.
0 

3.
8 

1.
0 

0.
5 

0
.0

48
88

 
0,

64
 

0.
46

 
0

.0
23

 
1

1,
45

7 
5

.0
 

I.
 

In
cl

ud
ea

 e
lh

yl
en

e 
C
2
U

~,
 1

1r
...

p
hl

en
tl 

C
3

11
6.

 e
iC

. 
2

. 
O

w
in

g 
to

 t
he

 "
ar

yi
n

g 
hy

d
ro

gc
n 

co
nt

e
nt

 o
f 

di
ff

er
en

t 
1)

'I
It

'S
 o

f 
g

u
 t

he
 l

ow
· h

ea
l 

'<l
Il

ue
 "

'il
l 

'a
ry

 c
on

si
de

ra
b

ly
, 

de
pc

nd
il

lg
 a

ls
o 

on
 t

he
 H

ue
 g

ll
~ 

le
m

pC
rD

lu
re

. 
C

o
rn

-<:
Ii

on
 f

or
 1

0
8

8
 d

ll
e 

to
 w

at
er

 >
'a

llO
r 

ca
n 

IJ
{' 

m
ad

e 
br

 I
h

e 
fo

ll
ow

in
g 

fo
rm

ul
a 

(s
ee

 ,t\
s.\

n:
 P

ow
l'r

 T
e<

t 
C

od
e 

fo
r 

S
ll

Il
io

na
ry

 S
te

al
ll 

C
cn

er
at

in
g 
U
n

i'
~. 

an
d 

"C
or

n.
 

pu
ta

ti
on

 o
f 

Il
ea

l 
in

 M
oi

$t
ur

e,
" 

by
 C

. 
II

. 
&

-r
ry

. 
P

ow
er

, V
ol

. 6
1.

 '
Ia

r.
 1

7,
 1

92
5.

 p
. 

,1
10

):
 

H
ea

t 
lo

u
 i

n 
lI

lu
 p

er
 f

u
d

 u
ni

l 
=

 
9H

z 
(1

.0
6

6
+

0
.5

tg
 

ta
l.

 "
,I

,,'
n 

Ig
 i
~ 

lI1
0r

e 
Ih

an
 5

50
 F

 
=

 
9H

=
 {

1.
O

B9
+

0
.4

6
tg

-l
a 

I.
 w

h,
'n

 t
g 

i_
 J

.';
;~ 

tb
an

 5
50

 F
 

w
he

re
 

II
~ 

=
 

w
ei

gh
t 

o
f 

hy
d

ro
ge

n 
in

 t
he

 f
ue

l 
un

it
 {

lb
. 

II
~ 

pc
r 

lb
. 

of
 g

as
, o

r 
lb

. 
II

~ 
lH

'r 
cu

. 
ft,

 o
f 

ga
g 

as
 t

he
 c

a.
.."

 m
ar

 b
P

I. 
Ig

 =
 

te
m

pe
ra

tu
re

 o
f 

th
e 

flu
e 

gu
o 
d"
gr
ee
~ 

F.
 

10
 
=

 
I<

'I1
1,

)<
'.

a
l"

 ..
. 
"I

 th
(>

 a
l"

,,
,,

p
],

..
 ..

 ,, 
d(

'l\
r,·

,<
, 

r_
 

" .. .. • >
 • • • • • " o o • • o • >
 • o z 

, 



I("ISER STEEL co.rO • .., TION 2.9 

GLOSSARY Of PIPE fiTTING TERMS 

B,\ CKING HI ~c-A strip of nH'tal used to prel'ent weld splatter from entering a 
pipe when muki ng II bull· welded joint and to ensure complete penetrati on of the 
\\eld to the inside of the pipe wall. 

HACK·PRt:SSLfu: VA I.\~:-A 1'8he simila r to a IOII-pre!sure sllfet} vah e \\hich 
is set to tll8int ain u certain buck prel'sure on feed heatc rs_ oiling s}stems. or other 
dCI'iccs requiring a constan t ol)crllting pressure irrespective of pressu re va ria· 
tions of the stlppl). The back-pressure vahe ill arranged 10 reliel'e a n} excess 
suppl y to atmosphe re o r elsewhere. and it 01)CIIS and closes autollHltica ll ) as re
quired to produce thi s result. 

B.:I.I. ,1;\1) SI'ICOT JOI" T- The usu81term for the joint in cast·iron pil)C' Each 
piece is made II ith an cnlarged d iameter or bell at one end into which the plain or 
spigot elLd of another piece is inserted when la ying. The joint is then Illade ti ght 
b) cement. oakum. lead. rubl)Cr o r other suitable suhstance. which is dril en in or 
calked into tllc bell and a round thc spigot. 

Ik"~K FI.ANC .:-A flange that is not dri lled but is otherwise complete. Compare 
Blind Flange. 

HU:.:I)F:R- A small cock or va h e to draw o ff water of condens.ation from a run 
of pipin g. A small COllllection to obtain circulation in warming up a line. 

HU " D FLA"C .:- A fl ange used to close the cnd of 8 pil>C. It produces a bl ind end 
II hich s also known as a dead end . Compu re II it h H1an k Flunge. 

BONM:T- A cOI'er us(:d to guide und enclose the lUil end of a I'all'e sIJindle. 

UIU "C II ELI.- L'sed to delOignate 1111 elbow havi ng a back outlet in line wit h one 
of theoutlels of the " run." It is also called a heel outlet elbow. 

BIIANCII PII'.:- t\ ve r), gcnemlterm used to lO ignify II pipe tlml is eq uipped with 
one or more bfllnches. Such pipes lire used so frequelltl } tll at they have aC(luired 
cOlilmon names such as tees_ cros.."CS, side or back outlet elbows. manifolds. double· 
branch elbows, etc, TIle terlll brl1nch pipe is gencrall} restricted to such as do not 
conform to usua l dimensions. 

BRANC H Tf:E nIEAIH:R) - A tce ha,·ing man)' side branche!. 1See Manifold.) 

BUI.L ~h:A I) Tu:- A tee the brunch of which is larger than the run. 

Bus llI I\"c-A pipe fill ing for the IJurpose of connectin g a pil)C with a fitting of 
la rger size. being a hollow plug \\ ith internal and external threads to sui t the 
differen t diameters, 

BUTT W.:LI)- Welded along a scum tllllt is bulled e<!ge to e<lgc al1<l not scu rfed 
o r lapped, A term used to designllte pipe made bl' this process. Also applied to 
circum ferential pi pe jo ints made b} the fusion · welding process. 

By,PASs-A small passlige around a large I'ah e for wa rm ing up a line. An 
emergency connection around a reducing vahe, trap, etc .. to use in case the} a re 
out of commissioll. 

CI.OSE NII'I'LE- One the lengt h of which is about tIl ice the length of a standnrd 
pij)C thread and is wi thout an y shout<ler. 

CO:-' II 'AI"O' FLA.:'\CE- A pipe fla nge suitcd to connect \\ ith another companion 
flange or with a flanged lalle or fitting, A loose flange wll ich is attached to a pipe 
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b) Ihreadi ll S. Van Sioni ug. "'eJding, or similar lIIel llo(1 liS distinguished from II 

flange "hich is casl integral wilh 8 fitting o r pipe. 
COUPLI,\c- A thrClldcd sleeve used to COnnect Iwo pipes. Commercial couplings 

are threaded inside 10 suit the exterior thread of the pi l>C. The term coupling is 
occasionally used to mean an) jointing dc\"ice and mil) be applied to eit llcr strai ght 
or reducing sizes. 

CRO$--I\ pipe filling \Iith four branches arranged in pairs, cllch pair on OTIC 

axis. And tile axes 01 right angles. When the outlets are otherwise arrsnge<i the 
fillings are branch pipes or SI>ccillls. 

CKOSS-O\F.R- A small fitting \\ itll II double offset. or shaped like the letter U with 
tile ends turned out. II ill on ly made in sma ll sizes and used to pass the flow of one 
pipe past another v.lren the pipes a re in the same plane. 

CltOSS·OVER Tn:- A filling made along lines simila r to thecross-ol'er_ but hal·ing 
at olle cl1(llwo openings in a lee-hea<1 the plane of ,,'hich is al right angles to the 
plane of the crOSS'Oler hend. 

CIIOSS VALV.:- A la lve fitted 0 11 a tranSl·erse pipe so as to open corllm unication 
at will between 'wo parallel lines of piping. II is used in connection with oil and 
llater pumping arrangements. especia ll y on ship hoard. 

CIlOTCII- A fitting thot has tbe general sbape of the letter Y. Caution should be 
exercised nol to confuse Ihe crolch and w)e. 

OISCIlAltCE II EAD--The \erlical distance frOIll the center of lhe pump to the 
ccnter of the discharge outlet "'here the water is delivere<l. to ,,-hich must be added 
the loss due to friction of the wllter in Ihe discha rge pi pe. 

OOUIILE BRA:-'CII EUlOw- A fitting that . in a marmer. looks like II Ice. Of as if 
two elbows had been shaved and then placed together. forming a shape something 
like the letter Y or a crotch. 

OOUIIL£ Swu:r Tn - A tee made "'ith easy cun'es between bod)' and branch, 
i.e .. the center of Ihe curve between run and branch lies outside the bod)'. 

ELBOW (Eu .) - A filling thatll10kes an angle between odjllcen l pi l>Cs. The angle 
is always 90 degree!, unless another angle is statc{!. (See Branch, Service, and 
Union ElL) 

ELECTRIC FUSIOl\ \"'.:1.0 PII'.:- Pipe in which the longitudinal weld is mode by 
the submerged afC llelding method, with the addition of ext raneous metal. 

EU:CTIIIC IhSISTAN"CE WEI.D PIPE- Pipe in which tire formed !!.kelp or plate is 
v.elded longitudinally h) passing an electric current between tile edges. The elec· 
tric resistance setup heats tile edges to welding temperature and a solid weld is 
made without the addition of extrtllleous metol. 

EXTRA 1·1t:", ,'y- When applied to pil>C, means pipe thicker than standard pipe; 
when applied 10 va lves and fillings. indicates construclion !!.ui table for a working 
pressure of 250 pounds per sq uare inch. 

FUSION" WELo-The union of metals b) fusion, using an ox),.acet),lene torch, 
Ihe electric a rc, or Ihennit reaction_ With the first two methods, the edges to be 
joined usuall} a re cham ferC{1 or bevcled to gi\'e an included angle of 45 to 90 
degrees which is filled in with fused metal from a wclding rod_ Th is is also known 
as an '·autogenous weld." 

GA I.\'AN"IZIN"G- A process b)' whidl the surface of iron or steel is covered with 
IIIH)'er of zinc. 
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HEADER- A la rge pi ]>e into which one set of boilers, heaters or tanks is connected 

by sui table nozzles or lees, or s imi lar large pipes from which a number of smaller 
olles lead to consumin g points. 

11 YDKAU I.I CAI.LY EX I'A Nm:n PII·.:-P ipe which is given its filial s ize by internal 
hydrau lic pressure. Cold working the steel in this IllSll llCr also increases its yield 
st rength. 

I-! YDlWSTATIC JOINT- Used in large lI'ale r maillS. in which sheet lead is forced 
tightly in to the bell of a pipe by means of the hydrostatic pressure of a liquid. 

LA I' ''EI) JOI;\"T- A type of pipe joint made by using loose nanges 011 lengths of 
pipe whose ellds arc lapped over to give a bearing su rface for a gasket or meta l· 
lo-metal joint. 

LA I' WEU)----Welded along II scarfed longitudinal scam in which one part is 
overlapl>ed by the other. A term usc<lto designate pi l>e made by this process. 

LEAO JOIl\T- Cenerally used to signi fy the connecti on between pi]>es whicll is 
lIlade by pouring molten lead in to the annula r space hetween a bell and spigot, 
and then maki ng the lead tigllt by calking. 

LEAO WOOL- A material used in place of molten lead for making pipe joints. 
[t is lead fiber. about as coa rse as fine excelsior, and when made in a stra nd. it 
ca n he calked inlo Ille join ts. makin g them very solid. 

LINt P II'E- Speci al brand of pipe that employs recessed and taper thread 
couplings, and usually a greater length of thread than the American Standard. The 
pil>e is also subjecte(1 to higher lest. 

~ IA I.I. EAIlLE IKON- Cast iron which has been heat· t reated in a malleahleizing 
oven to relieve its brittleness. T he process somewhat impro\'es tile tensile strength 
and enahles the material to stretch 10 a limited exten t without breaking. 

MANIFOLO-( 1) A fitting wi th numerous branches used to cOIl\'ey fluids between 
a large pipe and se\'eral smaller pi pes. (See Branch Tee.) (2) }\ header for a coi l. 

MATl-IEilON JOIl\T- A wrought pipe joint made by enlarging one end of the pipe 
to form a suitable lead recess, simila r to the bell end of a cast· iron pipe, and which 
receives the male or spigot end of the next length. Practically the sallle style of a 
join t as used for cast·iron pipe. 

MIl.l. LENCTII- Also known as "random length." The usual run·or·mill piJ>e 
is 16 to 20 ft. in length. Line pipe and pipe for power· plan t use are sometimes 
Illade in double lengths o f 30 to 35 ft. 

N II'I' I.E- A tubular pipe fitting usually Ihrea(led on bOlh ends and under 12 
inches in length. (See Close, Short, Shoulder and Space Ni pple.) 

NONltETURN VALVE- A stop valve whose disk can lIlove indel>Clldenll} of th~ 
stem so that the vah'e can act as a check. Such valves are la rgely used between 
boi lers amI headers to prevent steam from the header en tering the boiler in case 
of tube failure o r other trouble necessitating shutdown. The name "stop and check 
\'ah'e" is often applied to th is type. 

NOZZLE- As applied to piping. t il is term refers to a flanged connection on a 
boiler, tank. or manifold consisting of a pi pe flange, a short neck, and a riveted or 
welded attatchrnent to the boiler or other ,·esse!. 

PIPE-The name "pil>e" is applied to tubular products of dimensions and 
materials common ly used fo r pil>e lines and connections, formerl y designated as 

.... 
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" iron pipe size" ( I PS). The outside (Iiarllcter of all weights and kinds of I PS pipe 
i~ of neceMily the sa me fo r a gi\cn pi rie size 011 account of threading. 

HEDUO:R- A fitting having Il la rger s i;~c at one end than at the other. They lire 
nlw8)s thrcoded ;115;(10. un less sp ... 'CiflCd fl nnged or for some special joint. 

HEI.n:f VAI.VE-I\ \'ah"e arranged 10 provide an automatic relief in case of 
excess pressure. It mn)' he either spring i08{lcd or of the (lead.weighll)'l>C, 

Ih:SISTA NC F. W.:U)- !\1 elhod of manu facturing pipe by bending a plate inlo 
circula r form lind passing electric current through the material to obtain a weldi ng 
heat. 

HUN- ( I ) A lcngth of pipe Illn\ is II1 l1d(' of morc !hun Olle picce of pipe. (2 ) Tile 
I>o rtioli of all) fitt ing ha\'ing its ends "~i n l ine" or nearl y so, in con tradistinction 
to the branch or side open ing. as of a h.'e. The 1\10 main openings of an ell also 
indicate its run. 

HUST JOI ;,\T- Emplo)ed to seeure ri gid connection. The joint is made by pack. 
ing an intenen ing space tightl) II itb a sti fT paste II' llicb oxidizes tbe iron. the whole 
rusting together and hnrdening into a solid mass. It generall y cannot be separated 
except by <Iestroy ing some of tile pieccs. 

SAOOLE F'I..A;,\CE- Mso kno\\ n as " lan k flangc" or "boiler flange." A cun'cd 
flange shal>e<llo fit a hoiler. tank, or other \esse!. 8f1(1 reed I e a threade<1 pipe. ,\ 
sadd le flan ge is usuull y ril'cted or welded to the vessel. 

SA n :TY VAI.\'E- A relief I'ahoe for ex pansil e fluids prol ided with a hudd li ng 
ring and chamber to control the amount of blow·back before the 1'311'e reseats. 

SEAM I.t:ss-Pipe forme<1 b) piercing m](1 rolling 8 soli<1 hi llet or cupping from 
a plate is termed "seamless." 

SF.~ II·Sn:.; I.-A high grade of cast iron ma<le b) the addi tion of steel scrap to 
pig iron in the cupola or electric furnace. More correctl y clescril>e<1 as " hi gh. 
strengt h gray iron." It is used to some extent for I'alve bodies and filli ngs. 

S .:R\, IO: ELL- An elbo w hal ing an outside thread on onc cnd. Also known as a 
street ell . 

St:HVICE ]>II '':-J\ pipe cOIlIlf.'cting J1Iui lls with n d l\cll ill g. 
5.:II\' ICt: Tu:-/\ tee hal'ing an insi<lc th read on one end and on the branch. but 

an outside th read on the other end of tllC run. It is also kno\\ n as a street tee. 
S UOItT NII' I'LE- On(' whose length is 1I litt le greater than that of two threaded 

lengths or somewhat longcr than a close nipple. II alll'a )s hns some Ull thrca<led 
portiol! between the two threads. 

Sll oUl.m:R NII'pu :-A nipple of an} Icngth. which has a portion of pipe between 
111'0 pipe til reads. As gCllera ll y used, howel'cr. it is a nipple about halh"lI ), betwccn 
the length of a close nipple 8ml a sho rt nipple. 

S"t:LI'-/\ piece o f pl8te prepa red b} forming alld bending, read), for welding 
int o pipe. Flat plates when used fo r bUIl ·wd<led pipe are called "skelp." 

SOUttct: NII' l'u:- A short length of heal').wa lled pi l>C bet\\ccn steam lilles alld 
the first \'ak e of b )'Jlass drain or instru ment conllcctions. 

S I'A Cl: NIPI'Lt:-I\ nipple \\ ith a po rti on of pi l>C o r sho uldcr betll'ccn the two 
threads. It nla y be of any length long ellollgh to !llIow a shouldcr. 

SI'IRAL HI\'ETED-A melhod of manufacturing j>il)e b) coiling a pl81e into a 
hcli x and ril'eti ng together the o\crlapl>e<1 edges. 

J 
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S"III.AI. \lhuH:I)- A method of manufacturing pipe b} coiling II platc into II 

helix and fusion· welding the o\'erlapl>cd or abulled edges. 

STOP AND CIIECK VA t VE- See Non return Valvc. 

STOP V ALn- A vll ive of the gate or globe type used to shut ofT a line. 

STR ESS RELU:\'INC-A term applied to the process of heating welded assemblies 
and pipe jo ints to II temperature of 1100 to 13000 F to permitlocked·in strel!lleS to 
reliel'e themsch'es through creep. 

SUCTION LIFT- The lertical distance from the level of the wute r suppl y 10 Ihe 
cen ter o f the pump. to which must be ndded the loss due to fri ction of the water ill 
the suction pil>C' 

T.:E- A fitting. either cast o r II rought. thllt has one side outlet at right angles 
to the run. A single outlet bra nch pil>C. I See Branch. Bull Head. Cross·over. Double 
S"'ecp and Sen 'ice.) 

TOTAl. HEAI)-The sum of the sucti on lift, (Iischarge Ilead. 1111(1 all fri ction loss 
in both suction lind disehnrge pi l>Cs. 

UJ\ION- Tlle usuni trade term for a device used to connect pipes. It commonl y 
consists of three pieces which are. first. the thread end fitt ed with exterior and 
interior threads: st:cond. tile oollom end fill etl with interior th reads and II small 
exterior shoulder : and th inl. the ring " hich has a n inside nange at one end while 
the other end has an inside thread like that O il the exterio r of the thread end. A 
gasket is place<1 bet" cen the thread and bottom ends. which are drawn together by 
the ring. Uni ons arc very extcnsi\'ely u~cd. because they I}cTrnit o f connections with 
little di sturbance of the pipe positi ons. 

UJ\ IO.\' JOIi\T- A pipe coupling. usuall ) threaded. whidl permits di seonnection 
1\ ithout d isturbing other sections. 

WEUHl\C FITTI',C Wrought. or forged· steel elbows. tees. reducers. heads. 
saddles. and the like. be\eled for bUll "elding to pil>C. Fillings with hubs or I\ith 
ends counterbored for fill et welding to pipe are used to some extent for small pi pe 
sizes. 

WELDING· END VALYES-Vah es lIithout eml nanges and " ith ends tape red and 
I}CI'eled fo r butt lidding to pil>C. Small l ah es ma~ be counterbo red to provide 
sockets for fillet welding to pipe. 

WI PED JOIl\ T- A lead joint in \Ihieh the molten solder is po ured upon Ihe 
desired place. after scraping amI filling the part s together. The joint is wiped up 
b) han(1 with a moleskin o r doth pad while the metal is in a plastic cOll(lilion. 

WnOUCllT PIPE TIl() term " wrought pirlc" refers to both IIro ught stl'Cl an(1 
"rought iron. Wrought inlhi s sense mea ns " I\ orked" as in the process of form ing 
furnace·lldded pipe from skelp. or sea mless pipe from plates o r billets. The 
expression """rought pipe" is thus used as a disti nction from cast pipe. Wrought 
pipe in this sense should not be confused" ith ·'wrought. iron pil>C" which is only 
olle I·ariety of II rought pipe. Whell " II rought· iroll pipe" is refcrrc(1 to, it should be 
designated by it s complete name. 

Wn: j Y)-A fittin g that has one si(le outlet at an y angle other than 90 degrees. 
The angle is usuall ) 45 degrees. unleS!' Illlothcr angle is SI>ec ified _ The fittin~ is 
usuall} ind icated by the letter Y. 
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DECIMAL EQUIVALENTS 
Decimals of an inch for each 64th of an Inch . 

With Millimeter Equivalents 

Fr~c· Mitli. Frae- Mill-
tion )(.,th s Decimal meters tion J(.,ths Decimal meters 

--
.. I .0 1563 0.397 .. 33 .51563 13.097 
~, 2 .03125 0.794 % 34 .53125 13.494 
.. 3 .04688 1.191 .. 35 .54688 13.891 
K. 4 .0625 1.588 K. 3. .5625 14.288 
.. 5 .07813 1.984 .. 37 .578' 3 14.684 
~, • ,09375 2.381 % 38 .59375 15.081 
.. 7 .10938 2.778 .. 3. .60938 15.478 
Yo 8 .1 25 3.175 Yo 40 .625 15.875 

.. • .14063 3.572 .. 41 .M063 16.272 
~, 10 .15625 3.969 % 42 .65625 16.609 

.. " .17188 4.366 .. 43 .67188 17.066 

~. 12 .1875 4.763 % 44 .6875 17.463 
.. 13 .20313 5.159 .. 45 .703 t 3 17.859 

~, 14 .21875 5.55b % 4. .71875 18.256 

.. 15 .23438 5.953 .. 47 .73438 18.653 

V. I. .250 6.350 Yo 48 .750 19.050 

.. 17 .26563 6.747 .. 4. .76563 19.447 ,. 18 .28125 7. 144 '>i, 50 .78125 19.844 

.. I. .29688 7.541 .. 51 .79688 20.241 

K. 20 .3125 7.938 % 52 .8125 20.b38 

.. 21 .328 13 8.334 .. 53 .82813 21.034 

% 22 .34375 8.731 1U1 54 .84375 21.431 
23 .. .35938 9.128 .. 55 .85938 21.828 

Yo 24 .375 9.525 Yo 5. .875 22.225 

.. 25 .390b3 9.922 .. 57 .890b3 22.b22 

% 2. .40b25 10.319 % 58 .90625 23.019 

27 .. 042 188 10.71b .. 5. .92188 23.41b 

U. 28 04375 I 1.113 % .0 .9375 23.813 

.. 2. 045313 11.509 .. ., .95313 24.209 

% 30 Ab875 11.90b % .2 .9b875 24.b06 

.. 31 048438 12.303 .. 63 .98438 25.003 

Y, 32 .500 12.700 I 64 1.000 25.400 
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WEIGHTS AND MEASURES 

English and Metric Equivalents 

I pound (lb.) 

100 lb .. 

112 lb .. 

I net ton (2000 lb.) 

I gron ton (2240 lb.) 

I kilo 

100.ilos . 

I metric ton (I 000 ~ilos) 

I inch . 

I foot (12 inches) 

I yard (3 feet) 

I mile (1760 yards) 

I millimeter . 

centimeter. 

meter 

kilometer 

1 square inch. 

1 square foot. 

I square yard 

1 square millimeter. 

squ~re centimeter 

I square meter . 

I pound per foot 

r pound per yard 

I pound per squ~re inch 

I pound per square foot 

I kilo per meter. 

I kilo per square mill imeter 

I kilo per squ~re centimeter 

1 kilo per square meter 

= 453.6 grams. 

= 45.36 kilos. 

= 50.80 kilos. 

= fl07.2 kilos. 

= 1016~ilos. 

~ 2.2046 lb. 

= 220.46 lb. 

= 2204.6 Ibs. = 0.fl842 gross ton = 
1.1023 net tons. 

= 25.40 millimeters. 

= 30.48 centimeters. 

= fI 1.44 centimeters. 

= 160fl.35 meters. 

= 0.03f137 inch. 

= 0.3f137 inch. 

= 3f1.37 inches = 3.2808 feet . 

= 0.62137 mile = IOfl3.6 yards. 

· {= 6.4516 squ~re centimeters. 

= 645.1 6 square millimeters. 

= 0.Ofl2f1 squ~re meter. 

= 0.8361 square meter. 

= 0.00155 squ~re inch. 

= 0.155 squ~re inch. 

· {= 10.763f1 square feet. 

= 1.1 fl6 squ~re y~rds. 

= 1.4882 kilos per meter. 

= 0.496 I kilo per meter. 

= 0.0703 kilo per square centimeter. 

= 4.8825 kilos per squ~re meter. 

= 0.6720 pound per foot. 

= 1422.32 pounds per squ~re inch. 

= 14.2232 pounds per square inch. 

· {= 0.2048 pound per square foof. 
= 1.8433 pounds per square yard. 
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METRIC CONVERSION 

Millimeters into Inches 

Milli. Milli- Milli-
meters Inches meters Inches meters Inches 

IT 
0.0)94 38 1.496 1 75 

0.0787 39 1.5354 76 
0. 1181 40 1.5748 77 
0.1575 41 1.6142 78 

5 0,'968 42 1.6535 79 

2.9527 
2.9921 
3.0315 
3.0709 
3. 11 02 

6 0.2362 43 1.6929 80 3.1496 
7 0.2756 44 1.7323 81 3.1890 

8 0.3150 45 1.7716 82 3.2283 

9 0.3543 46 1.8 t 10 83 3.2077 

10 0.3937 47 1.8504 84 3.3071 

11 0,4331 48 1.8898 85 3.3404 

12 0.4724 49 1.9291 86 3.3858 

13 0.5118 50 1.9685 87 3.4252 

14 0.55 12 51 2.0079 88 3.4040 

15 0.5905 52 2.0472 89 3.5039 

16 0.6299 53 2.0866 90 3.5433 

17 0.6693 54 2. ' 260 91 3.5827 

18 0.7087 55 2.1653 92 3.0220 

19 0.7480 56 2.2047 93 3.0014 

20 0.7874 57 2.2441 94 3.1008 

21 0.8263 58 2.2835 95 3.1401 

22 0.8661 59 2.3228 96 3.1195 

23 0.9055 60 2.3622 97 3.8189 

24 0.9449 61 2.40 16 98 3.8583 

25 0.9842 62 2.4409 99 I 3.8970 

26 1.0236 63 2.4803 100 3.9370 

27 1.0630 64 2.5197 200 1.8140 

28 1.1024 65 2.5590 300 11.8110 

29 1.1417 66 2.5984 400 15.7-480 

30 1.I81 t 67 2.6318 500 19.0850 

31 1.2205 68 2.6772 600 23.0220 

32 1.2598 69 2.7165 700 21.5590 

33 1.2992 70 2.7559 800 31.4900 

34 1.3386 71 2.7953 900 35.4330 

35 1.3719 72 2.8346 1000 39.3700 

36 1.4173 73 2.8740 
37 t ,4567 74 2.9134 

1 
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ENGINEERING CONVERSION FACTORS 

Multiply By To Obtain 

AnotOS'HEUS • 70.0 ems. of mercury 
Atmospheres 29.92 Inches of mercury 
Atmospheres 33.90 Feet of water 
Atmospheres 1.0333 Kgs./sq. em. 
Atmospheres 14.70 lbs./sq. inch 
Atmospheres 1.058 T ons/sq. ft. 

BARRElS-OIL ••• 42 Gallons-Oil 

BRITISH THERMAL UNITS. 0.2520 Kilogfo!lm.calories 
British Thermal Unih . 777.5 Foot-Ibs. 
British Thermal Units . 3.927x I 0--4 Horsepower-hrs. 
British Thermal Units . 107.5 Kilogram-meters 
British Thermal Units . 2.928x I 0-4 K ~lowaH-hrs. 

B.T.U./t.lII-I .• 12.96 Foot.lbs./sec. 
B.T.U./min 0.02356 Horsepower 
B.T.U./min 0.0 1757 Kilowat: s 
B.T.U./min 17.57 Watts 

CENTIGRAMS 0.01 Gr .. ms 

CeNlIlITU5 . 0.01 Liters 

CENTIMETERS 0.3937 Inches 
Centimeters 0.01 Meters 
Centimeters 10 Millimeters 

CENTIMETERS OF MERCURY . 0.01316 Atmosrheres 
Centimeters of mercury 0.4461 Feet 0 w"ter 
Centimeters of mercury 136.0 Kgs./sq. meter 
Centimeters of mercury 27.85 Lbs./sq. ft. 
Centimeters of mercury 0. 1934 Lbs./sq. inch 

CENTIMETERS/sECOND .. 1.969 Feet/min. 
Centimeters/second 0.03281 Feet/sec. 
Centimeters/second 0.036 Kilometers/hr. 
Centimeters/second 0 .• Meters/min. 
Centimeters/ second 0.02237 Miles/hr. 
Centimeters/ second 3.728.10-4 Miles/min. 

CMS./S£C./SEC. . . . 0.03281 F~et / sec./sec . 

CUSIC CENTIMETERS .. 3.531.10-$ Cubic feet 
Cubic centimeters 6.102. I Q-2 Cubic inches 
Cubic centimeters 10-8 Cubic meters 
Cubic centimeters 1.308.10-8 Cubic y"rds 
Cubic centimeters 2.M2xl 0-4 G"lIons 
Cubic centimeters 10-' Liters 
Cubic centimeters 2.113.1Q-3 Pints {Iiq.) 
Cubic centimeters 1.057.1Q-3 Quarts {liq.) 

I C,,,c "" . . . 2.832.104 Cubic ems. 
Cubic feet . 

: I 
1728 Cubic inches 

Cubic feet . 0.02832 Cubic meters 
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ENGINEERING CONVERSIO N FACTORS-(Cont inue d ) 

Multiply By To Obtain 
-

Cubie feet · · . · · 0.03704 Cubic yards 
Cubic feet · . · · 7.48052 Gallons 
Cubic feet · · . · 28.32 Liters 
Cubic: fe et · 59.84 Pints (Iiq.) 
Cubic feet · · 29.92 Quarts (Iiq.) 

CUIIC FEET/IootIHUTE. · 472.0 Cubic cms./sec. 
Cubic feef/minute . 0.1247 Gallons/sec. 
Cubic feet/minute. · · 0.4720 Uters/sec. 
Cubic feet/minute. · · . 62.43 Pounds of water/ min. 

CUIIC FEET/SECOND. · · O,Mb317 Million gals./da y 
Cubic feet/second. · 44a.83 I Gallons/min. 

CUIIC INCHES. · 16.39 Cubic centimeters 
Cubic inches · 5.787. I ()-" Cubic feet 
Cubic inches · . · · . 1.639)(lo-~ Cubic mete rs 
Cubic inches · · 2.143xl~ Cubic yards 
Cubic inches · . 4.329xl{}-3 Gallo ns 
Cubic inches · · · . · 1.639xl()-2 Liters 
Cubic inches · · . . 0.03463 Pints (liq.) 
Cubic inches · · 0.01732 Quarts (Iiq.) 

CUIIC METERS. · · · 10' Cubic centimeters 
Cubic meters. · · · . 35.3 1 Cubic feet 
Cubic meters. · · b l ,023 Cubic inches 
Cubic meters. · · 1.308 Cubic yards 
Cubic meters. · · . · . . 2b4.2 Gallons 
Cubic meters. · · 10' li ters 
Cubic meters. · · 21 13 Pints (Iiq.) 
Cubic meters. · · . 1057 Quarts (Iiq.) 

CUIIC TA~DS · · .. · 7.Mb.IOs Cubic centimeters 
Cubic yards. · · 27 Cubic fee t 
Cubic ya rds . · .. · 4b,b5b Cubic inches 
Cubic yards. · . . · 0.764b Cubic meters 
Cubic yards. · · .. · 202.0 Gallons 
Cubic yards. · · ... . · 7b4.6 liters 
Cubic yards. · .. · Ib lb Pints (Iiq.) 
Cubic yards. · · 807.9 Quarts (Iiq.) 

CUIIC T .... OS/MIN . · · · . . 0.45 Cubic feet/sec . 
Cubic yards/min .. · · . 3.3b7 Gallons/sec. 
Cubic yards/min .. · · . 12.74 liters/sec. 

DECI~lAM$ · · · · .. 0. 1 Grams 

DECILITERS · · · .. · 0. 1 Liters 

DECIMETERS. · · · . . . · 0.1 Meters 

DEG~EES ("'N~LE) .. · · ... 00 Minutes 

Degrees la nglel ' · . · 0.01745 Radians 
Degrees angle • · . · 3bOO Seconds 
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ENGINEERING CONVERSION fACTORS-(Continued) 

Multiply By To Obtain 
. 

DE,"REu/SEc. · · . · 0.01745 Radians/sec. 
Degrees/sec. · · ... 0. 1667 Reyolutions/min. 
Degrees/sec. · · · · · · 0.002778 Revolutions/sec. 

DUA,"RAMS . · · · · 10 Grams 

DUALITERS · · · . 10 l iters 

DEKAMUERS · · · . · · 10 Meters 

DRAMS . · .. 27.34375 Grains 
Drams. · · · · · · · 0.0625 Ounces 
Drams. · · · · 1.771845 G rams 

FATHOMS · · · · · • Feet 

FEET · · · · · · · · . · 30AS Centimeters 
Feet . · · · · 12 Inches 
Feet. · · · · 0.3048 Meters 
Feet. · · · · · · 1/3 Yards 

FEET OF WATER · · · · 0.02950 Atmospheres 
Feet of water · · · · · 0.8826 Inches of mercury 
Feet of water · · . 0.03048 Kgs./sq. cm. 
Feet of water · · . 62.043 lbs./sq. ft. 
Feet of water · · · · OA 33 5 l bs./sq. inch 

FEET/MIN. · · · 0.5080 Centimeters/sec. 
Feet /min .. · · · . · 0.0 1667 Feet /sec. 
Feet / min .. · · · · · . 0.01 829 Kilometers/hr. 
Feet/min .. · · · . 0.3048 Meters/min. 
Feet/min . . · · . 0.01 136 Miles/hr. 

FEU/SEC./SEC. · · · · · · · 30AS Cms./sec./sec. 
Feet/sec./sec. · · · 0.3048 Meters/sec./sec. 

FOOT·POUNDS . · · · 1.286K IQ-3 British Thermal Units 
Foot-pounds · · · · · 5.050x lQ-7 H orsepower-hrs. 
Foot-pounds · · · · 3.24Ix I0-4 Kilogram-calories 
Foot_pounds · · · · · 0. 1383 Kilogram-meters 
Foot-pounds · · · · 3.76bx lQ-7 Kilowatt-hrs. 

FOOT_P'OUNDS/MIN. · · · · 1_286xlQ-3 B. T. Units/min. 
Foot-pounds/min. · · · 0_0 1667 Foot-pounds/sec. 
Foot-pounds/min. · 3.030x lQ-s H orsepower 
Foot-pounds/min. · 3.24 Ix lQ-4 Kg.-calories/min. 
Foot_pounds/min. · · · 2_260x I Q-s Kilowatts 

FOO1-P'OUNOS/SEC. · · · · · 7.717x lQ-2 B. T. Units/min_ 
Foot_pounds/sec . . 1.81S .. 1Q-3 Horsepower . Foot-pounds/sec . . 1_945 .. 1 Q-2 Kg.-clilories/min. · · Foot-pounds/sec .. · 1.356 .. 10--' Kilowatts 

GALLONS · · · · . 3785 Cubic centimeters 
Gallons · · · · · . 0.1337 Cubic feet 
Gallons · · · · · . 23 1 Cubic inches 



-
300 K A ISE R STEEL CO k PO R ATIO H 

ENGINEERING CONVERSION FACTORS-{Continued ) 

Multiply By To Obtain 
.--

Gallons · · · · · · · · · 3.785xlQ-3 Cubic meters 
Gallons · 4.95 Ix I 0..:1 Cubic yards 
Gallons · 3.785 Liters 
Gallons · · · B Pints (lied 
Gallons · · · · 4 Quarts (liq.) 

GALLONS, It.4HlI AL · 1.20095 U. S. Gallons 
Gallons, U. S .. · 0.83267 tmperialgalions 

GAllONS WATER · 8.3453 Pounds of water 

GALlONS!t.4IN. · · 2.228x I 0-3 Cubic feet/sec. 
Gallons/min. · · · · 0.0630B Liters/sec. 
Gallons/min. · · · 8.0208 Cu. ft./hr. 

GALLONS WATER/MIN • • · 6.0086 T on$ water /24 hrs. 

GUINS (noT) · · · I Grains (avoir.) 

G";,, tOYI · . a.OMBO Grams 
Grains troy · · 0.04167 Pennyweights (troy) 
Grains froy · · · 2.0833xl()-3 Ounces (troy) 

GRAINS/U. S. GAL • • · . 17. 118 Pads/million 
Grains/U. S. gal. · · · · 142.86 lbs./million gal. 

GUINS/It.4P, GAL • • · · 14.286 Parts/million 

GRAMS · · 980.7 Dynes 
Grams. · · · · · · 15.43 Gro!lins 
G rams. . · · · · · 10-' Kilograms 
Grams. · · · · 10' Milligrams 
Gro!lms. · · · · · · 0.03527 Ounces 
Grams. . · · · · 0.03215 Ounces (troy) 
Grams . . 2.205xltP Pounds 

GUMS/CM. . · · · · · · 5.bOOxltP Pounds/inch 

GRAMS/CU. CM. · · · b2.43 Pounds/cubic foot 
Grams/cu. cm. · · · 0.03b13 Pounds/cubic inch 

GUMS/UTER . · · · · · 58.417 Grains/gal. 
Grams/liter. · 8.345 Pounds/ 1000 gals. 
Gra ms/liter . · · · · 0.Ob2427 Pounds/cubic foot 
G ra ms/liter . · · · · · 1000 Parts/million 

HECTO~RAMS · 100 Grams 

HECTOLITUS · · · · 100 Uters 

H£C10METEIlS . · · · · 100 Meters 

HECTOWATTS · · · · · · 100 Watts 

HORSEPOWU · · · · · · 42.44 B. T. Units/min. 
HOlSEPOWU. · 33.000 Foot. lbs./min_ 
HOlSEPOWU. · · · · · · 550 Foot-Ibs./sec. 
HOkSHOWU. · · · · 1.01 4 Horsepower (Metric) 

. 
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ENGINEERING CONVERSION f ACTORS-(Continued) 

Multiply By To Obtain 
-

Horsepower · · · · 10.70 Kg .• calories/min. 
Horsepower · 0.7457 Kilowatts 
Horsepower · 745.7 Watts 

HOIUEPOWER (,o'LERI' . · 33,479 B. T. U./hr. 
Horsepower (boi er) 9.803 Kilowatts 

HOIlSEPOWU-HOURS · · 2547 British Thermal Units 
Horsepower-hours · · 1.98.101 Foot_lbs. 
Horsepower-hours · · ML7 Kilogram.calories 
Horsepower.hours .. 2.737.10$ Kilogram.meters 
Horsepower-hours · · · 0.7457 Kilowatt· hours 

INCHES · · · 2.540 Centimeters 

INCHES OF ~ucun . · 0.03342 Atmosfheres 
Inches of mercury . · 1.133 Feet 0 water 
Inches of mercury. · · · 0.03453 Kgs./sq. cm. 
Inches of mercury. · 70.73 lbs./sq. ft. 
Inches of mercury. · · 0.4912 lbs./sq. inch 

INCHES 0' W"TER . · · 0.002458 Atmospheres 
Inches of w.,ter · 0.07355 Inches of me rcury 
Inches of water · 0.002540 Kgs./sq. cm. 
Inches of water · · 0.5781 Ounces/sq. inch 
Inches of water · 5.202 Lbs./sq. foot 
Inches of water · 0.03613 lbs./$q. inch 

KILO~UM5 . · · · 980,665 Dynes 
Kilogr.,ms. · · · · 2.205 Lbs. 
Kilograms. · · I. 102.1 Q-3 Tons (short) 
Kilograms. · 10' Grams 

K~S./METER · · · 0.6720 Lbs./foot 

K~s . /so. eM .. - · · 0.9678 Atmosfheres 
Kgs./sq. cm. · · · · · 32.81 Feet 0 water 
Kgs./sq. cm. · · · · · · 28 .96 Inches of mercury 
Kgs./sq. cm. . 2048 Lbs./sq. foot 
Kgs./sq. cm. · · · 14.22 Lbs./sq. inch 

K~s./so. ~IlLI~ETER 10' Kgs./sq. meter 

KILOLITERS . · · 10' Liters 

KILo~ETus . · · · · · 10' Centimeters 
Kilometers · · · 3281 Feet 
Kilometers · · · 10' Meters 
Kilomete rs · · · · 0.6214 Miles 
Kilometers · · · 1094 y.,rds 

KILoMETns/HIt. · · 27.78 Ce ntimeters/sec. 
Kilometers/hr. · · · · · 54.68 Feet/min. 
Kilometers/hr. · · · · 0.9113 Feet/sec. 
Ki lometers/hr. · .. · · 0.5396 Knots 

I Kilometers/hr. · · · · · · · · . 16.67 Meters/min. 
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EP\lGINEERING CONVERSION FACTORS-(Continued) 

Multiply By To Obtain 

Kilometers/hr. · · ... 0.6214 Miles/hr. 

KI<oIS./Hl.jSEC. · · · · .. 27.78 Cms./lec./sec. 
Kms./hr./sec .. · . 0.9113 Ft./sec./sec. 
Kms./hr./s6c .. · .. · 0.2778 Meters/sec./tae. 

KILOWA"S · · · · 56.92 B. T. Units/min. 
Kilowatts · · . · . · . 4.425.104 Foot.lbs./min. 
Kilowatts · · · · · 737.6 Foot-Ibs./sec. 
Kilowatts · · .. 1.141 Horsepower 
Kilowatts · · . 14.34 Kg.-calories/min. 
Kilowatts · · · · . 10' Watts 

KILOWATT-HOURS · · . 3415 British Thermal Units 
Kilowatt.hours · · . · 2.655.106 Foot-Ibs. 
Kilowatt·hours · · . · . 1.341 Honepower.hrs. 
Kilowatt-hours · · . 860.5 Kilogram.calories 
Kilowatt-hours · · . · 3.671x105 Kilogram-meters 

LITEU · · . . · 10' Cubic centimeters 
Uten · · · .. · 0.03531 Cubic feet 
lifen · .. .. · 61.02 Cubic inches 
Liten · · . · . · · . . 10-' Cubic meters 
liters · · · · .. 1.308l( I ()-3 Cubic yard5 
liters · .. · 0.2642 Gallons 
liten · . · · · 2. 113 Pints (Ii 'I') 
liters · · . · 1.057 Quarts (liq.) 

lITUS/MIN .. · · · 5.886.10-" Cubicft./sec. 
liters/min. · 04.403.1()-3 Gals./sec. 

lUM8U WIDTH (IN.j • 
THICKNESS 111'1.). · · · length (ft.J Board feet 

12 

METERS. · · · . · 100 Ce ntimeters 
Meten · · .. · 3.281 Feet 
Meters · · . .. . · · · 39.37 Inches 
Meters · · . · 10-' Kilometers 
Meters · 10' Millimeten 
Meters · · · · . 1.094 Yards 

METEU/MIIo!. · 1.667 Centimeters/sec. 
Meters/min. · · 3.281 Feet/min. 
Meters/min. · · · · 0.05468 Feet/sec. 
Meters/min. · · 0.06 Kilometers/hr. 
Meters/min. · · · 0.03728 Miles/hr. 

METERS/SEC. · · . · · . 196.8 Feet/min. 
Meters/sec .. · · 3.28 1 Feet/sec. 
Meters/sec .. · · 3 .• Kilometers/hr. 
Meters/sec .. · . · · 0.06 Kilometers/min. 
Meters/sec .. · · 2.237 Miles/hr. 
Meters/sec .. · · · 0.03728 Miles/min. 
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ENGINEERING CONVERSION FACTORS-{Continued ) 

Multiply By To Obtain 

MILES .. 1.609.1 O~ Centimeters 
Miles 5280 Feet 
Miles 1.609 Kilometers 
Miles 1760 Yards 

MILES/HI. 44.70 Centimeters/sec. 
Miles/hr. B8 Feet/min. 
Miles/hr. 1.467 Feet/sec. 
Miles/hr. 1.609 Kilometers/hr. 
Miles/hr. 0.8684 Knoh 
Miles/hr. 26.82 Meters/min. 

MllU/I<o4IH .. 2682 Centimeters/sec. 
Miles/min. 8B Feet/sec. 
Miles/min. 1.609 Kilometers/min. 
Miles/min. 60 Miles/hr. 

MilliGIAI<o4S. 10-' Grams 

MIlliliTEIS . 10-' Liters 

MllLll<o4UElS 0.1 Centimeters 
Millimeters ....... 0.03937 Inches 

MilliGIAI<o4S/liTEI Parts/million 

MILLION GAlS./DAT . 1.54723 Cubic ft./sec. 

MINEl's INCHES. 1.5 Cubic ft./min. 

MINUTES (ANGLE) 2.909. 10"-4 Radians 

OUNCES 16 Drams 
Ounces .. 437.5 Grains 
Ounces 0.0625 Pounds 
Ounces 28.349527 Grams 
Ounces 0.9115 Ounces (troy) 
Ounces 2.790.10-5 Tons Iiong} 
Ounces 2.835.1 Q-!I Tons (metric) 

OUNCES, nOT . 480 Grains 
Ounces, troy 20 Pennyweights (troy) 
Ounces, troy O.OB333 Pounds (troy) 
Ounces, troy 31.1 03481 Grams 
Ounces, troy 1.09714 Ounces (avoir.) 

OUNCU (FLUID) . 1.805 Cubic inches 
Ounces (fluid) . 0.02957 liters 

OUNCES/sQ. INCH 0.0625 lbs./sq. inch 

PAns/1<o41lll0N 0.0584 Grains/U. S. gal. 
Paris/million 0.07016 Grains/Imp. gat. 
Parts/million 8.345 lbs./million gal. 

PENNTWEU~HJS (noy) 24 Grains 
Pennyweights (troy). 1.55511 Grams 
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EN.GINEERING CONVERSION FACTORS-(Cont inued) 

Multiply By To Obttlin 

Pennyweights (troy). 0.05 Ounces (troy) 
Pennyweights (troy). 4.IM7xl0-3 Pounds (troy) 

POUNDS •• 16 Ounces 
Pounds 25. Drams 
Pounds 7000 Grains 
Pounds 0.0005 Tons (short) 
Pounds 453.5924 Grams 
Pounds 1.21528 Pounds (troy) 
Pounds 14.5833 Ounces (troy) 

POUNDS (noy) 57bO G,tlins 
Pounds tOY) 240 Pennyweights (troy) 
Pounds hoy) 12 Ounces (troy) 
Pounds +roy) . . . .. 373.24 177 Grams 
Pounds (t roy) 0.822857 Pounds (avoir.) 
Pounds (troy) 13.1657 Ounces ("voir.) 
Pounds (troyl 3.b715xlQ-" Tons tng) 
Pounds (troy 4.1 143x lo-" T on5 short) 
Pounds (troy) 3.7324xI0-4 Tons metric) 

POUNDS OF WATER •• 0.0 1602 Cubic feet 
Pounds of wtlter. 27.68 Cubic inches 
Pounds of wa ter. 0. 1198 Gallons 

POUNOS OF WATER/""' IN .. 2.670~10--" Cubic ft./sec. 

POUNOS/CUJIC FOOT 0.0 I 602 Grams/cubic cm. 
Pounds/cubic foot 16.02 Kgs./ cubic meter 
Pounds/cubic foot 5.78]x I 0--" lbs./cubic inch 

POUNDS/CUS;c INCN 27.68 Grams/cubic cm. 
Pounds/cubic inch 2.768~ 1 04 Kgs./cubic meter 
Pounds/cubic inch 1728 lbs./cubic foot 

POUNOS/FOOT .. 1.488 Kgs./meter 
Pounds/inch . . 178.6 Grams/cm . 

POUNDS/SO. FOOT .. 0.0 I 602 Feet of water 
Pounds/sq. foot. 4.883~ I ()-4 Kgs./sq. cm. 
Pounds/sq. foot. 6.945xlQ-l Pounds/sq. inch 

POUNOS/sO. INCH .. 0.06804 Atmospheres 
Pounds/sq. inch. 2.307 Feet of water 
Pounds/sq. inch. 2.036 Inches of mercury 
Pounds/sq. inch. 0.07031 Kgs./sq. cm. 

QUAUS (DRY) . 67.20 Cubic inches 

QUARTS (~IO.J . 57.75 Cubic inches 

QUINTAL, ARGENTI .... E . 10 1.28 Pounds 
Quintal, 8ralil ..... 129.54 Pounds 
Quintal, Castile, Peru. 10 1.43 Pounds 
Quintal. Chile ..... 10104 1 Pounds 
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ENGINEERING CONVERSION fACTORS - (Continued) 

Multiply 

Quintal, Mexico 
Quintal, Metric. 

Tt""r. (OC.)+ 273 .. 
Temp.(OC.)+ 17.78 •. 
T .mp'loF.,+460 . 
Temp. °F.~32 . 

T 01015 (LON.) • 

Ton511ongl 
Tons long 

TONS (METRIC). 

Tons (metric) 

. .. 

. .. 
T 01015 (SHon) • 

Tons short 
Tons short 

... .. 

Tons short 
Tons short 
Tons short 
Tons short 

TONS Of wATu/24 HRS ••• 

Tons of water/24 hrs .. 
Tons of water /24 hn .. 

WATTS . . 
Watts. 
Watts. 
Watts . 
Watts. 
Watts. 

WATT-Noun 
Watt_hours 
Watt·hours 
Watt-hours 
Watt-hours 
Watt_hours 

. . . . 

... 

By 

101.47 
220,46 

I 
1.8 
I 
5/9 

1016 
2240 
1.12000 

10' 
2205 

2000 
32000 
907.18486 
2430.56 
0.89287 
2916M6 
0.90718 

83.3ll 
0.166043 
I.ll49 

0.05692 
«.26 
0.7376 
1.l41.1fr-3 
0.01434 
10-' 

3.0415 
2655 
1.34I.I(}-3 
0.8605 
367.1 
104 

To Obtain 

Pounds 
Pounds 

Abs. temp.loC.) 
Temp. (OF.J 
Abs. temp. (OF.) 
Temp. (OC.) 

Kilograms 
Pounds 
Tons (short) 

Kilograms 
Pounds 

Pounds 
Ounces 
Kilograms 
Pounds (troy) 
Tons (long) 
Ounces (troy) 
Tons (metricl 

Pounds water/hour 
Gallons/min. 
Cu. ft./hr. 

B. T. Units/min. 
Foot-pounds/min. 
Foot-pounds/sec. 
Horsepower 
Kg.-calories/min. 
Kilowatts 

British Thermal Units 
Foot-pounds 
Horsepower_hours 
Kilogram.calories 
Kilogram-meters 
Kilowatt-hours 
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K"ISE R ST lE l CO R PO R"TIO N 307 

TEMPERATURE CONVERSION TABLE 

Degrees Centigrade and Fahrenheit 

C F C F C F 
-

0 J2 580 Ion "0 1796 
100 212 5.0 1094 .90 1814 
200 392 600 1112 1000 1832 
210 410 610 1130 1010 1850 
220 428 620 1148 1020 1868 . 
230 446 630 1166 1030 1886 
240 464 640 1184 1040 1904 
250 482 650 1202 1050 1922 
260 500 660 1220 1060 1940 
270 518 670 1238 1070 1958 

280 536 680 1256 1080 1976 
2.0 554 6'0 1274 1090 1994 
300 572 700 1292 1100 2012 
310 5.0 710 1310 1110 2030 
320 608 720 1328 1120 2048 

330 626 730 1346 1130 2066 
340 644 740 1364 1140 2084 
350 662 750 1382 1150 2102 
360 680 760 1400 1160 2120 
370 6" 770 1418 1170 2138 

380 716 780 1436 1180 2156 
3'0 734 790 1454 1190 2174 
400 752 800 1472 1200 2192 
410 770 BlO 1490 12 10 2210 
420 788 820 1508 1220 2228 

430 806 830 1526 1230 2246 
440 824 840 1544 1240 2264 
450 842 850 1562 1250 2282 
460 860 860 1580 1260 2300 
470 878 870 1598 1270 23 18 

480 896 880 1616 1280 2336 
4.0 914 890 1634 1290 2354 
500 932 .00 1652 1300 2372 
510 .50 910 1670 13 10 2390 
520 .68 920 1688 1320 2408 

530 "6 .30 1706 1330 2426 
540 1004 .40 1724 1340 2444 
550 1022 .50 1742 1350 2462 
560 1040 ' 60 1760 1360 2480 
570 1058 970 1778 1370 2498 
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308 kAISE k S TEE L CO RP O ""T IO N 

TEMPERATURE CONVERSION TABLE - (Contin ue d ) 

C F C F C F 

1380 2516 1480 2696 1580 2876 
1390 2534 1490 2714 1590 2894 
1400 2552 1500 2732 1600 2912 
1410 2570 1510 2750 16 10 2930 
1420 2588 1520 2708 1620 2948 

1430 2606 1530 2786 1630 2960 
1440 2624 1540 2804 1MO 2984 
1450 2642 1550 2822 1650 3002 
14be 2660 1560 2840 1660 3020 
14 70 2678 1570 2858 1670 3038 I 

FORMULAS 

To convert Fahrenheit to Centigrade: 
Subtract 32 from Fahrenheit temper"ture and multiply by .55556. 

To convert Centigrade to Fahrenheit: 
Multiply Centigrade temperature by 1.8 and add 32. 



KAISER S TEE l COR,ORATION 309 

CHEMICAL ElEMENTS 

Atomic Atomic Melting Melting 
Name Symbol Number Weight Point of Point °c 

Actinium Ac 89 227.05 2900 1600 
Aluminum AI 13 26.97 1220.-4 660.2 
Americium Am 95 2., 
Antimony. Sb 51 12L76 1166.9 630.5 
Argon . A 18 39.944 -308.9 -189.-4 
Anenic . A, II 74.91 1497 81. 
Astatine At 85 211 
Barium · 8. 56 137.36 1300 704 
Beryllium 8. • 9.02 2340 1280 
Bismuth. B; 83 209.00 520.3 271.3 
Boron . . B 5 10.82 4200 2300 
Bromine . . B, 35 79.916 + 19.0 -7.2 
Cadmium. Cd .8 112.41 609.6 320.9 
Calcium C. 20 40.08 1560 850 
Carbon. · ..... C 6 12.010 6700 3700 
Cerium . . C. 58 140.13 1100 600 
Cesium . . C, 55 132.91 82 2B 
Chlorine · CI 17 35.457 -150 -101 
Chromium C, 2. 52.01 3430 1890 
Cobalt · . Co 27 58.94 2723 1495 
Columbium. Cb ., 92.91 4380 2415 
Copper . .. C, 29 63.54 1981.4 1083 
Curium . .. Cm 96 2.2 
Dysprosium . Dy 66 162.46 
Erbium · . . . . .. E, 68 167.2 
Europium . . ..... E, 63 152.0 
Fluorine . .. F 9 19.00 -370 -223 
Francium .. Fa or Fr 87 22l 
Gadolinium. Gd 6. 156.9 
Gallium . .. G. 31 69.72 85.6 29.78 
Germanium. G. J2 72.60 1760 958 
Glucinum= Beryllium. 
Gold .. A, 79 197.2 1945.4 1063 
Hafnium · . . . . . . . HI 72 178.6 3100 1700 
Helium · . H. 2 4.003 -456.5 -271.4 
Holmium Ho 67 164.94 
Hydrogen H I 1.0080 -434.6 -259.4 
Illinium II 61 147 
Indium I, 49 114.76 313.5 156.4 
Iodine I 53 126.92 237 114 
Iridium I, 77 193.1 4449 2454 
Iron . . F. 26 55.85 2802 1539 
Krypton . · ..... K, 36 83.7 -251 -157 
lanthanum · ..... L. 57 138.92 1519 826 
lead ... Pb 82 207.21 621.3 327.4 
lithium .. U 3 6.940 367 186 
lutecium . L, 71 174.99 
Magnesium . . "'g 12 2<4.32 1202 650 
Manganese . . "', 25 54.93 2273 1245 
Mercury · .. Hg 80 200.61 -37.97 -38.87 



3.0 KA I SE. S TEE L CORPORATION 

CHEMICAL ElEMENTS 

Atomic Atomic Melting Melling 
Name Symbol Number Weight Point OF Point °C 

Molybdenum . · · · Mo 42 95.95 4760 2625 
Neodymium · Nd bO 144.27 '540 840 
Neon · · N. 10 20.183 -415.5 -248.6 
NeoyHerbium= Ytterbium. ... . · . ... . ... . . ... 
Neptunium · · · Np 93 237 ... . .... 
Nickel. · N; 28 58.09 2651 1455 
Niobium- Columbium . · ... . · . .... . ... . ... 
Niton= Radon · · · · .. . . · . ... . ... . . .. . 
Nitrogen · · · · N 7 14.008 -346 -210 
Osmium · · 0, 7b 190.2 4900 2700 
Oxygen. · . . · ° 8 16.0000 -361.8 -218.8 
Palladium. · . Pd 4b 106.7 2829 1554 
Phosphorus · · . · . · . P 15 30.98 111.4 44.1 
PI"tinum . · .. · · Pt 78 195.23 3224.3 1773 .5 
Plutonium · · . p, 94 239 0 ••• .... 
Polonium . · · · Po 84 210 1100 bOO 
Potassium. · · K 19 39.096 145 b3 
Praseodymium · · p, 59 140.92 1700 940 
Proto"ctinium · p, Q, 231 5400 3000 
Radium · · · . R, 88 226.05 1300 700 
R"dQn · · · · Ro 8b 221 -9b -71 
Rhenium · · .. R. 75 186.31 5740 3170 
Rhodium · .. · Rh 45 102.91 357 1 19bb 
Rubidium · .. · . · Rb 37 85.048 102 39 
Ruthenium · · . · · R, 44 101.7 4500 2500 
Samarium · . · Sm b2 150.043 > 2370 > 1300 
Scandium. · · .. · · S, 21 45.10 2190 1200 
Selenium · · . · S. J4 78.9b 428 220 
Silicon · · · · S; 14 28.0b 2b05 1430 
Silver · .. . Ag 47 107.880 17bO.9 9bO.5 
Sodium · N, II 22.99] 207.9 97.7 
Strontium. · . · S, 38 87.b3 1420 770 
Sulfur . · · . · S Ib 32.0bb 24b.2 119 
Tantalum .. T, 13 180.88 5425 299b 
Technetium. · · T, 43 99 4900 2700 
Tellurium · . T. 52 127.bl 840 450 
Terbium · · Tb b5 159.2 b2 1 327 
Thallium · . · TI 81 204.39 572 300 
Thorium. · . .. . · Th 90 232.12 3300 1800 
Thulium. · · .. · Tm b9 I b9A ... . . ... 
Tin · · . So 50 118.70 449.4 231.9 
Titanium · . · T; 22 47.90 3300 1820 
Tu ngsten · W 74 183.92 bl70 34 10 
Uranium · . . · U 92 238.07 20b5 1130 
Vanadium. · · . · V 23 50.95 3150 1735 
Xenon. · · · X. 54 131.3 - 170 -112 
Ytterbium · · ... · · Yb 70 173.04 ." . . .. . 
Yttrium . · · . Y 39 88.92 2700 1490 
Zinc. · · . · . · Zo 30 b5.38 787.Q3 419.4b 
Zirconium. · · Z, 40 91.22 3200 1750 
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3 12 Ki\tSER S T E E L CO R PO R -, l IO N 

THEORETICAL WEIGHT OF STEEL CIRCLES 

D Thickness, Inches 
I 

A. Yo K. Yo ~. Yo K. , , \. Yo 1\{. I-{ % Yo 

I .028 .042 .056 .069 .083 .097 .111 . 125 .139 . r 53 . 167 .181 .195 .22 3 
2 .111 .166 .222 .278 .333 .389 .444 .502 .557 .612 .668 .724 .779 .8(12 
3 .249 .375 .500 .626 .749 .874 .999 1.1 ] 1.25 1.37 1.50 1.63 1.75 2.0 1 
4 .444 .666 .888 1.1 I 1.33 1.55 1.78 2.01 2.23 2.45 2.67 2.90 3.12 3.57 
5 .693 1.04 1.388 1.74 2.08 2.43 2.78 3. 14 3,48 3.89 4.18 4.52 4.87 5.58 

• .998 1.50 2.00 2.51 3.00 3.50 4.00 4.52 5.01 5.51 6.01 6.51 7.01 B.30 
7 1.36 2.04 2.72 3.41 4.08 4.76 5.44 6.15 6.82 7.50 8.19 8.87 9.55 10.93 
8 1.77 2.66 3.55 4045 5.33 6.22 7.11 8.03 8.91 9.8010.69 11.5812.4714.28 
9 2.25 3.37 4.50 5.69 6.74 7.87 9.0010. 161 1.2812.41 13.5314.6615.7818.01 

10 2.77 4.16 5.55 6.96 8.33 9.72 11. 1112.5413.93 15.36 16.71 18.1019.4922.31 
II 3.35 5.04 b.72 8.42 10.07 Il.7b 13.44 15.18 I b.85 18.53 20.21 21.9023.58 2b.99 
12 3.99 5.99 8.0010.0211.9913.9915.99 18.0b 20.05 22.05 24.0b 2b.Ob 28.0b 32.12 
13 4.69 7.03 9.38 11.7b 14.07 Ib.42 18.77 21.1123.5325.8828.2330.5832.9337.70 
14 5.43 8.lb 10.88 13.M Ib.32 19.0421.77 24.58 2b.29 30.02 32.74 35.47 38.19 43.72 
15 b.24 9.37 12.49 15.bb 18.73 21.8b 24.99 28.22 31.33 33.4b 37.59 40.7143.8450.1 9 

I. 7 II 15 18 22 25 29 32 35 39 42 4. 49 5. 
17 8 12 I. 20 24 28 32 3. 40 44 48 52 5. 04 
18 9 14 18 23 27 32 3. 40 45 49 54 58 .3 71 
19 10 15 20 25 30 35 40 45 50 55 .0 .5 70 80 
20 I I 17 23 28 34 39 45 50 55 .1 •• 72 77 88 
21 12 19 25 31 37 43 49 55 .1 .7 73 79 85 97 
22 14 20 27 34 41 47 54 .0 .7 73 80 87 93 107 
23 15 22 30 37 44 52 59 •• 73 80 88 95 102 117 
24 I. 24 32 40 48 5. .4 71 79 87 95 103 III 127 
25 18 2. 35 44 53 .1 70 78 8. 95 103 112 121 138 
2. 19 28 38 47 5. •• 75 84 93 103 112 12 1 131 149 
27 20 30 41 51 .1 71 81 91 10 1 III 121 131 141 1.1 
28 22 33 44 55 • 5 7 • 87 97 108 119 130 141 152 173 
29 24 35 47 59 71 82 94 104 I I. 127 139 151 1.3 18. 
30 25 38 50 .3 75 88 100 112 124 137 149 1.2 174 199 
31 27 40 54 .7 80 94 107 119 133 14. 159 173 18. 212 
32 29 43 57 71 8. 100 114 il7 14 1 15. 170 184 198 22. 
33 30 45 • 1 7. 91 10. 12 1 135 150 1.5 180 19 • 211 241 
34 32 48 .5 81 97 113 129 144 1.0 17. 192 208 224 255 
35 34 51 .s 85 102 119 13. 152 1.9 18. 203 220 237 271 
3. 3. 54 72 90 108 12. 144 1.2 180 198 21. 234 252 288 
37 38 57 7. 95 115 134 153 172 191 210 229 248 2.7 30. 
l8 4~ .0 80 100 121 141 1.1 181 201 221 241 2.1 281 322 
39 42 .4 85 10. 127 148 1.9 190 212 23J 254 275 29. J38 
40 45 .7 89 III 134 15. 178 200 223 245 2.7 289 312 35. 
41 47 70 94 117 14 1 104 187 211 234 258 281 304 327 314 
42 49 74 98 123 148 172 197 221 24. 270 295 319 344 394 
43 52 77 103 129 155 ISO 20. 231 258 283 309 335 3.0 412 
44 54 81 108 135 1.2 188 215 242 2.9 29. m 350 377 430 
45 5. 85 113 141 1.9 197 225 253 282 310 338 3 •• 394 450 
4. 59 88 118 147 177 20. 135 2.5 294 324 353 383 412 475 
47 .2 92 123 154 185 215 24. 277 308 J38 3.9 399 430 492 
48 b4 9. 128 1.0 193 225 257 289 321 353 385 417 449 514 

iii.. • 



KA I SE R STEEL CO R ,O R ATION 313 

THEORETICAL WEIGHT OF STEEL CIRCLES (Continued) 

D Thicknen, Inches 
I 
A. Yo K. Yo K. Yo K. Yo U. Yo '" " Yo 'K. '1 

49 67 100 Jl4 167 201 234 267 301 334 367 401 434 467 534 
50 70 105 139 174 209 244 279 313 348 383 418 452 487 558 
51 109 145 181 217 253 289 325 362 398 434 470 506 578 
52 113 lSI 188 226 263 301 339 376 414 452 489 527 602 
53 117 1S6 195 235 273 313 352 391 430 469 508 547 626 
54 122 162 203 244 284 325 365 406 446 487 527 568 650 
55 126 168 210 253 295 337 379 421 463 505 547 589 674 
56 131 175 218 262 305 349 393 436 480 524 567 610 698 
57 136 181 226 272 317 362 407 453 498 543 587 633 724 
58 141 187 234 281 328 J75 421 468 515 562 609 655 750 
59 145 194 242 291 339 387 436 484 533 581 629 678 774 
60 ISO 200 250 301 351 401 451 501 551 601 651 701 802 
61 ISS 207 259 311 362 414 466 518 569 621 673 724 828 
62 161 214 268 321 375 428 482 535 589 642 695 749 856 
63 166 221 276 ll2 387 442 497 553 608 663 718 774 884 
64 171 228 285 342 399 456 513 570 627 684 741 798 912 
65 177 235 294 353 412 471 529 588 647 706 764 823 942 
66 182 243 303 364 425 485 546 607 667 728 788 848 970 
67 188 250 313 J75 438 500 563 625 688 750 812 874 1000 
68 193 257 322 386 450 515 579 643 708 772 836 900 1030 
69 199 265 331 398 464 530 596 663 729 795 861 927 lObO 
70 205 273 341 409 477 545 613 682 750 818 886 954 1090 
71 211 281 351 421 491 561 631 702 772 842 912 982 1122 
72 217 289 361 433 505 577 649 722 794 866 937 1009 1154 
73 22l 297 17I 445 519 593 667 742 816 890 964 1038 118b 
74 226 305 381 458 534 610 686 763 839 91S 990 lObO 1220 
75 235 313 391 470 548 626 704 783 861 939 1017 1095 1252 
76 122 402 482 563 643 723 804 884 964 1045 1125 128b 
77 330 413 495 578 660 743 825 908 990 1073 1155 1320 
78 339 423 508 593 678 762 847 932 10 Ib 110 1 118b 135b 
79 348 434 521 608 695 782 869 956 1043 1129 121b 1390 
80 356 445 534 623 713 802 891 980 IOb9 1158 1247 1420 
81 365 457 548 639 731 822 913 1004 109b 1187 1278 14b2 
82 374 468 561 655 749 842 936 1029 1123 1217 1310 1498 
83 384 479 575 671 767 863 959 1055 1151 124b 1342 1534 
84 393 491 589 687 786 884 982 1080 1179 1277 1375 1572 
85 402 503 603 704 805 905 100b II Ob 1207 1307 1408 IblO 
86 412 515 618 721 824 926 1029 1132 1235 1338 1441 1648 
87 422 527 632 738 843 948 1054 1159 12b5 1370 1475 Ib8b 
88 431 539 647 755 863 970 1078 118b 1294 1402 1509 l72b 
89 441 551 661 771 882 992 1102 1212 1323 1433 1543 1764 
90 451 564 677 789 902 1015 1128 1240 1353 14bb 1579 1804 
91 461 576 692 807 922 1037 1153 12b8 1383 1495 Ibl4 1844 
92 471 589 707 825 943 lObO 1178 129b 14 14 1532 1049 188b 
93 482 602 722 843 963 1084 1204 1324 1445 15b5 Ib8b 192b 
94 492 61S 718 861 984 1107 1230 1353 147b 1599 1722 19b8 
95 503 628 754 879 1005 1131 125b 1382 1507 Ib33 1759 2010 
96 . 513 641 769 897 102b 1154 1282 1410 1S38 IbOb 1795 
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314 

AREA OF RECTANGULAR SECTIONS 

SQUARE INCHES 

Width THICKNESS, INCHES 
Inches 

I K. Y. X. Yo K. Y, K. 

V. .047 .063 .078 .094 .I 09 .125 .141 

~; .094 .125 .156 . 188 .219 .250 .281 
. 141 .188 .234 .281 .328 .375 .422 

I ,188 .250 .313 .375 ,438 .500 .563 

I~. .234 .313 .391 .469 .547 .625 .703 

I~ .281 .375 .469 .563 ,656 .750 .844 
I • .328 ,438 .547 .656 .7M .875 .984 
2 .375 .500 .625 .750 .875 1.00 1.13 

21/ .. .422 .563 .703 .844 .984 1.13 1.27 

2~ .469 .625 .781 .938 1.09 1.25 1041 
2 • .516 .688 .859 1.0] 1.20 1.38 1.55 
3 .563 .750 ,938 1.1] 1.31 1.50 1.69 

31,1 .. .609 .8 13 1.02 1.22 1.42 1.63 1.83 

3~ .656 .875 1.09 1.31 1.53 1.75 1.97 
3 • .703 ,938 1. 17 1041 lo lA 1.88 2.11 
4 .750 1.00 1.25 1.50 1.75 2.00 2.25 

41f .. .797 LOb 1.33 1.59 1.86 2.13 2.39 

4~ .844 1. 13 104 1 1.69 1.97 2.25 2.53 
4 • .89 1 1.19 1.48 1.78 2.09 2.38 2.67 
5 .938 1.25 1.56 1.88 2.19 2.50 2.81 

51f .. .984 t .31 lolA 1.97 2.30 2.63 2.95 
5112 1.03 1.38 1.72 2.06 2.41 2.75 3.09 
St'. 1.08 1.44 1.80 2.16 2.52 2.88 3.23 
6 1.13 1.50 1.88 2.25 2.63 3.00 3.38 

6
1
/" 1.17 1.56 1.95 2.34 2.73 3. 13 3.52 

6~ 1.22 1.63 2.03 2.44 2.84 3.25 3.66 
6 • 1.27 1.69 2. 10 2.53 2.95 3.38 3.80 
7 1.31 1.75 2.19 2.63 3.06 3.50 3.94 

71/" 1.36 1.81 2.27 2.72 3.17 3.63 4.08 
7112 1.041 1.88 2.34 2.81 3.28 3.75 4 .22 
7t'. 1.45 1.94 2.42 2.91 3.39 3.88 4.36 
8 1.50 2.00 2.50 3.00 3.50 4.00 4.50 

81/" 1.55 2.06 2.58 3.09 3.61 4.13 4.IA 

8~2 1.59 2.13 2.66 3. 19 3.72 4.25 4.78 
8 • lolA 2.19 2.73 3.28 3.83 4.38 4.92 
9 1.69 2.25 2.8 1 3.38 3.94 4.50 5.06 
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AREA OF RECTANGULAR SECTIONS 

SQUARE INCHES 

Width C Inches 
}. 

THICKN ESS, INCHES 
, , 

% Yo 'K. Yo 'X. I 
I . 

y. . 156 .172 . 188 .203 .219 .234 .250 
y, .313 .344 .375 .406 .438 .469 .500 
Y. .-469 .516 .563 .• 09 .656 .703 .750 

I .625 .688 .750 .813 .875 .938 1.00 

1'1-4 .781 .859 .938 1.02 • 1.09 1.17 1.25 

I~ .938 
I • 1.09 

1.03 1.13 1.22 1.31 I .-41 1.50 
1.20 1.31 1.42 1.53 1.04 1.75 

2 1.25 1.38 1.50 1.63 1.75 1.88 2.00 

21/ -4 I .-41 1.55 1.69 1.83 1.97 2.11 2.25 
2'12 1.56 
2V. 1.72 

1.72 1.88 2.03 2.19 2.34 2.50 
1.89 2.06 2.23 2.-41 2.58 2.75 

3 1.88 2.06 2.25 2.44 2.63 2.81 3.00 

3'1-4 2.03 2.23 2.44 2.04 2.84 3.05 3.25 

3~ 2.19 
3 • 2.34 
4 2.50 

2.41 2.63 2.84 3.06 3.28 3.50 
2.58 2.81 3.05 3.28 3.52 3.75 
2.75 3.00 3.25 3.50 3.75 4.00 

4'1" 2.66 2.92 3. 19 3.45 3.72 3.98 4.25 
41h 2.81 
4Y. 2.97 
5 3.13 

3.09 3.38 3.66 3.94 4.22 4.50 
3.27 3.56 3.86 4. 16 4.45 4.75 
3.44 3.75 4.06 4.38 4.69 5.00 

5'1-4 3.28 3.61 3.94 4.27 4.59 4.92 5.25 

5~ 3.44 
5 • 3.59 

• 3.75 

6'1-4 3.91 

3.78 4.13 4.47 4.81 5.16 5.50 
3.95 4.31 4.67 5.03 5.39 

I 
5.75 

4.13 4.50 4.88 5.25 5.63 6.00 

4.30 4.69 5.08 5.47 5.86 6.25 
6'1? 4.06 4.47 4.88 5.28 5.69 6.09 •. 50 
.l< 4.22 4.64 5.06 5,48 5.91 6.33 6.75 
7 4.38 4.81 5.25 5.69 6.13 6.56 7.00 

71/-4 4.53 
71h 4.69 
7l< 4.84 

4.98 5.44 5.89 6.34 6.80 7.25 
5.16 5.63 6.09 6.56 7.03 7.50 
5.33 5.81 6.30 6.78 7.27 7.75 

8 5.00 5.50 •. 00 6.50 7,00 7.50 8.00 

8V-4 5.16 5.67 6.19 6.70 7.22 7.73 8.25 
81h 5.3 I 5.84 6.38 6.91 7.44 7.97 8.50 
8Y. 5.47 6.02 6.56 7.11 7.66 8.20 8.75 
9 5.63 6.19 6.75 7.31 7.88 8.44 9.00 

-



.. 
316 kAISER STEEL COl~OIlATlON 

AREA OF RECTANGULAR SECTIONS 

SQUARE INCHES 

Width THICKNESS, INCHES I Inches K. ., K. J Yo K. " ~. 
~ - I I 

9~. 1.73 2.31 2.89 3.47 4.05 4,.3 5,20 

:~ 1.78 2,38 2.97 3.56 4.16 4.75 5.34 
1.83 2.44 3.05 3 .•• 4.27 4.88 5.48 

10 1.88 2.50 3.13 3.75 4.38 5.00 5.63 

101/-4 1.92 2.56 3.20 3.84 4.48 5.13 5.77 

I O~ 1.97 2.63 3.28 3.94 4.59 5.25 5.91 
10 • 2.02 2.69 3.36 4.03 4.70 5.38 6.05 
II 2.06 2.75 3.44 4.13 4.81 5.50 6.19 

II If" 2. 11 2.81 3.52 4.22 4.92 5.63 6.33 

I'~ 2.16 2.88 3.59 4.31 5.03 5.75 6.47 
II • 2.20 2.94 3.67 4.41 5.14 5.88 6.61 
12 2.25 3.00 3.75 4.50 5.25 . .00 6.75 

12112 2.34 3. 13 3.91 4.69 5.47 6.25 7.03 
13 2.44 3.25 4.06 4.88 5.69 6.50 7.31 
13 112 2.53 3.]8 4.22 5.06 5.9 1 6.75 7.59 
14 2.63 3.50 4.3 8 5.25 6.13 7.00 7.88 

14112 2.72 3 .• 3 4.53 5.44 6.34 7.25 S.lb 
15 2.81 3.75 4.69 5.63 6.56 7.50 8.44 
15V2 2.91 3.88 4.84 5.81 6.78 7.75 8.72 
1. 3.00 4.00 5.00 •. 00 7.00 8.00 9.00 

IbV2 3.09 4.13 5.16 6.19 7.22 8.25 9.28 
17 3.19 4.25 5.31 •. 38 7.44 8.50 9.5b 
17112 3.28 4.38 5047 b.5b 7.bb 8.75 9.84 
18 3.38 4.50 5 .• 3 b.75 7.88 9.00 10.13 

18112 3047 4 .b3 5.78 b.94 8.09 9.25 10041 
19 3.5b 4.75 5.94 7. 13 8.31 9.50 10.b9 
19112 3.M 4.88 b.09 7.31 8.53 9.75 10.97 
20 3.75 5.00 b.25 7.50 8.75 10.00 11.25 

20112 3.84 5,13 bAI 7.b9 8.97 10.25 11.53 
21 3.94 5.25 b.5b 7.88 9.19 10.50 11.81 
21112 4.03 5.38 b.n 8.0b 9041 10.75 12.09 
22 4.13 5.50 b.88 8.25 9.b3 11.00 12.38 

22V2 4.22 5.b3 7.03 8.44 9.84 11.25 12.bb 
13 4.31 5.75 7.19 8.b3 10.Ob 11.50 12 .94 
23V2 4041 5,88 7,)4 8.81 10.28 11.75 13,22 
24 4.50 •. 00 7,50 9.00 10.50 12.00 13.50 

• 
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AREA OF RECTANGULAR SECTIONS 

SQUARE INCHES 

Width THICKNESS, INCHES 

Inches 
, 

Yo % Yo % Yo 'K. I , - -
91/ ... 5.78 6.36 6.94 7.52 8.09 8.67 9.25 

9~ 5.94 0.53 7. 13 7.72 8.31 8.91 9.50 
9 • 6.09 6.70 7.31 1.n 8.53 9.14 9.75 

10 6.25 6.B8 7.50 8.13 8.75 9.38 10.00 

10~. 6.41 7.05 7.69 8.33 8.97 9.61 10.25 

10~ 6.56 7.22 7.88 8.53 9.19 9.84 10.50 
10 • 6.72 7.39 8.06 8.73 9.41 10.08 10.75 
II 6.88 7.56 8.25 8.94 9,63 10.31 11.00 

1'~4 7.03 7.73 8.44 9.14 9.84 10.55 11.25 

"~ 7.19 7.91 8.63 9.34 10.06 10.78 11.50 
II • 7.34 8.08 8.81 9.55 10.28 11.02 11.75 
12 7.50 8.25 9.00 9.75 10.50 11.25 12.00 

12112 7.81 8.59 9.38 10.16 10.94 11.72 12.50 
13 8.13 8.94 9.75 10.56 11.38 12.19 13.00 
13112 8.44 9.28 10.13 10.97 I loBI '2.66 13.50 
14 8.75 9,63 10.50 11.38 12.25 n.13 14.00 

14V2 9,06 9.97 10.88 11.78 12.69 13.59 14.50 
15 9.38 10.31 , 1.25 '2.19 13.13 14.06 15.00 
15112 9.69 10.66 11.63 12.59 13.5b 14.53 15.50 
16 10.00 11.00 12.00 13.00 14.00 15.00 Ib.OO 

16'h 10.31 11.34 12.38 13.41 14.44 15.47 Ib.50 
17 10.b3 11.09 12.75 13.81 14.88 15.94 17.00 
17'h 10.94 12.03 13.13 14.22 15.31 16.41 17.50 
18 11.25 12.38 13.50 14.b3 15.75 16.88 18.00 

18'h 11.5b 12.72 13.88 15.03 16.19 17.34 18.50 
19 11.88 13.06 14.25 15.« Ib.63 17.81 19.00 
19'h 12.19 13.4 1 14.63 15.84 17.06 18.28 19.50 
20 12.50 13.75 15.00 16.25 17.50 18.75 20.00 

20'h 12 .81 14.09 15.38 Ib.bb 17.94 19.22 20.50 
21 13.13 14.« 15.75 17.0b 18.38 19.b9 21.00 
211h 13 .« 14.78 16.13 17.47 18.81 20.16 21.50 
22 13.75 15.13 Ib.50 17.88 19.25 20.b3 22.00 

22'h 14.06 15.47 Ib.88 18.28 19.69 21.09 22.50 
23 14.38 15.81 17.25 18.09 20.13 21.56 23.00 

23'h 14.09 16.16 17.b3 19.09 20.56 22.03 23.50 
24 15.00 16.50 18.00 19.50 21.00 22.50 24.00 
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Width 
Inches 

25 
2b 
27 
28 

29 
30 
31 
32 

33 
34 
35 
3b 

37 
38 
39 
40 

41 
42 
43 .... 
45 
4b 
47 
48 

49 
50 
51 
52 

53 
54 
55 
5b 

57 
58 
59 
bO 

, 

~. 

4.69 
4.88 
5.06 
5.25 

5 ..... 
5.63 
5.81 
6.00 

6.19 
6.38 
6.56 
b.75 

6.94 
7.13 
7.31 
7.50 

7.69 
7.88 
B.06 
825 

8 ..... 
B.63 
8.8 1 
9.00 

9.19 
9.38 
9.56 
9.75 

9.94 
10.1 ] 
10.31 
10.50 

10.69 
10.88 
11.0b 
11.25 

, 

AREA OF RECTANGULAR SECTIONS 

~ 

6.25 
b,50 
6.75 
7.00 

7.25 
7.50 
7.75 
8.00 

8.25 
8.50 
8.75 
9.00 

9.25 
9.50 
9,75 

10.00 

10.25 
10.50 
10.75 
1100 

11.25 
11.50 
11.75 
12.00 

12.25 
12.50 
12.75 
13.00 

13.25 
13 .50 
13.75 
14.00 

14.25 
14.50 
14.15 
15.00 

, 

SQUARE INCHES 

THICKNESS, INCHES 

K. 

7.81 
8.13 
8, .... 
S.75 

9.0b 
9.38 
9.69 

10.00 

10.31 
10.63 
10.94 
11.25 

11.56 
11.88 
12.19 
12.50 

12.81 
J 3.13 
13.44 
1375 

14.06 
14.38 
14,69 
15.00 

15.31 
15.b3 
15.94 
16,25 

16.56 
16.88 
17.19 
17.50 

17.81 
18, 13 
18.44 
18.15 

I 
Yo 

9.38 
9.75 

10.13 
10.50 

10.S8 
11.25 
11.63 
12.00 

12.]8 
12.75 
13.13 
13 .50 

11,88 
14.25 
14.63 
15.00 

15.38 
15.75 
16. 13 
I 6.50 

16.88 
17.25 
17,b3 
18.00 

18.38 
18.75 
19.13 
19.50 

19.88 
20.25 
20.b3 
2 1.00 

21.38 
21.75 
22.13 
22.50 

K. 

10.94 
11.38 
11.8 1 
12.25 

12.69 
13.13 
13.56 
14.00 

14.44 
14.88 
15.31 
15.75 

16.19 
16.63 
17.06 
17.50 

17.94 
18.38 
18.81 
19.25 

19.69 
20.13 
20.56 
21.00 

21.44 
21.88 
22.31 
22.75 

23.19 
2].63 
24.06 
24,50 

24.94 
25.38 
25.81 
26.25 

Y, l<. 

12.50 14.06 
13,00 14.6] 
13.50 15.19 
14.00 15.75 

14.50 16.31 
15,00 16.88 
15.50 17.44 
16.00 18.00 

16.50 18.56 
17.00 19.13 
17.50 19.69 
18.00 20.25 

18.50 20.SI 
19.00 21.38 
19.50 21.94 
20.00 22.50 

20.50 23.0b 
21.00 23.b3 
21.50 24,19 
22.00 24.15 

22 .50 25.31 
23.00 25.88 
23,50 26.44 
24.00 27.00 

24.50 27.56 
25.00 28.13 
25.50 28,69 
26,00 29.25 

26.50 29.81 
27.00 30.38 
27.50 ]0.94 
28.00 31.50 

28.50 32.06 
29.00 32.63 
29,50 3] . 19 
30,00 ]].75 



! 

r W;dth 
Inches -

" 
25 15.63 
26 16.25 
27 16.88 
28 17.50 

29 18.13 
30 18 .75 
31 19.38 
32 20.00 

33 20.63 
l4 21.25 
35 21 .88 
36 22.50 

37 23.13 
38 23 .75 
39 24.38 
40 25.00 

41 25.63 ., 26.25 
43 2b.88 
44 27.50 

45 28.13 
46 28.75 
47 29.38 
48 30.00 

49 30.b3 
SO 31.25 
5 1 31.88 
52 32.50 

53 33.13 
54 33.75 
55 34.38 
56 35,00 

57 35.63 
58 36.25 
59 3b.88 
60 37.50 

KAISER STEEL CO.'Ok" TI OH 

AREA OF RECTANGULAR SECTIONS 

SQUARE INCHES 

THICKNESS, JNCHES 

% " 'K. ~ 

17.19 18.75 20.31 21.88 
17.88 19.50 21.13 22.75 
18.56 20.25 21.94 23.63 
19.25 21.00 22.75 24.50 

1''i.94 21.15 23.56 25.38 
20.63 22.50 24.38 26.25 
21.31 23.25 25.19 27.13 
22.00 24.00 26.00 28.00 

22.M 24.75 26.81 28.88 
23.38 25.50 27.63 29.75 
24.06 26.25 28.44 30.63 
24.75 27.00 29.25 31.50 

25.44 27.75 30.06 32 .38 
26.13 28.50 30.88 33.25 
26.81 29.25 31 .69 34.1 3 
27.50 30.00 32.50 35.00 

28. 19 10.75 33.3 1 35.88 
28.88 31.50 34. 13 36.75 
29.5b 32.25 34.94 37.63 
30.25 33.00 35.75 38.50 

30.94 33.75 36.5b 39.J8 
3 1.b3 34.50 37.38 40.25 
32 .31 35.25 38.19 41.13 
33.00 3b.00 39.00 42 .00 

33.69 36.75 39.81 42 .88 
34.38 37.50 40.b3 43.75 
35.06 38.25 4 1.44 44.b3 
35.75 39.00 42 .25 45.50 

36.44 39.75 43.0b 46.38 
37.13 40.50 43.88 47.25 
37.81 41.25 44.69 48.13 
38.50 42.00 45.50 49.00 

39.19 42.75 46,3 1 49.88 
39.88 43.50 47.13 50.75 
40.56 44.25 47.94 51.63 
4 1.25 45.00 48.75 52.50 

, 

'K. 

23.44 
24.38 
25.3 1 
26.25 

27.19 
28.13 
29.06 
)0.00 

30.94 
31.88 
32.81 
33.75 

34.69 
35.6] 
36.56 
37.50 

38.44 
39.38 
40.31 
41.25 

42.19 
43. 13 
44.06 
45.00 

45.94 
4b.88 
47.81 
48.75 

49.69 
50.63 
51.5b 
52.50 

53 .44 
54.38 
55.31 
56.25 

3 19 

25.00 
2b.00 
27.00 
28.00 

29.00 
30,00 
31.00 
32.00 

33 .00 
34.00 
35.00 
36.00 

)7,00 
38.00 
39.00 
40.00 

4 1.00 
42,00 
43.00 
44.00 

45.00 
4b,00 
47.00 
48.00 

49.00 
50.00 
51.00 
52 .00 

53.00 
54.00 
55.00 
56.00 

57.00 
58.00 
59.00 
60.00 



-
r 320 K AISER STEEL CORPORATION 

AREA OF RECTANGULAR SECTIONS 

SQUARE INCHES 

Width THICKNESS, INCHES 

Inches 
;/16 )i K6 Ya K6 X 

I 
K6 

61 11.44 15.25 19.06 22.88 26.69 30.50 34.31 
62 11.63 15.50 19.38 23.25 27.13 31.00 34.88 
63 11.81 15.75 19.69 23.63 27.56 31.50 35.44 
64 12.00 16.00 20.00 24.00 28.00 32.00 36.00 

65 12.19 16.25 20.31 24.38 28.44 32.50 36.56 
66 12.38 16.50 20.63 24.75 28.88 33.00 37.13 
67 12.56 16.75 20.94 25.13 29.31 33.50 37.69 
68 12.75 17.00 21.25 25.50 29.75 34.00 38.25 

69 12.94 17.25 21.56 25.88 30.19 34.50 38.81 
70 13.13 17.50 21.88 26.25 30.63 35.00 39.38 
71 13.31 17.75 22.19 26.63 31.06 35.50 39.94 
72 13.50 18.00 22.50 27.00 31.50 36.00 40.50 

73 13.69 18.25 22.81 27.38 31.94 36.50 41.06 
74 13.88 18.50 23.13 27.75 32.38 37.00 41.63 
75 14.06 18.75 23.44 28.13 32.81 37.50 42.19 
76 14.25 19.00 23.75 28.50 33.25 38.00 42.75 

77 14.44 19.25 24.06 28.88 33.69 38.50 43.31 
78 14.63 19.50 24.38 29.25 34.13 39.00 43.88 
79 14.81 19.75 24.69 29.63 34.56 39.50 44.44 
80 15.00 20.00 25.00 30.00 35.00 40.00 45.00 

81 15.19 20.25 25.31 30.38 35.44 40.50 45.56 
82 15.38 20.50 25.63 30.75 35.88 41.00 46.13 
83 15.56 20.75 25.94 31.13 36.31 41.50 46.69 
84 15.75 21.00 26.25 31.50 36.75 42.00 47.25 

85 15.94 21.25 26.56 31.88 37.19 42.50 47.81 
86 16.13 21.50 26.88 32.25 37.63 43.00 48.38 
87 16.31 21.75 27.19 32.63 38.06 43.50 48.94 
88 16.50 22.00 27.50 33.00 38.50 44.00 49.50 

89 16.69 22.25 27.81 33.38 38.94 44.50 50.06 
90 16.88 22.50 28.13 33.75 39.38 45.00 50.63 
91 -------- 22.75 28.44 34.13 39.81 45.50 51.19 
92 - ------ 23.00 28.75 34.50 40.25 46.00 51.75 

93 -------- 23.25 29.06 34.88 40.69 46.50 52.31 
94 ____ A_A. 23.50 29.38 35.25 41.13 47.00 52.88 
95 -------- 23.75 29.69 35.63 41.56 47.50 53.44 
96 -------- 24.00 30.00 36.00 42.00 48.00 54.00 
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AREA OF RECTANGULAR SECTIONS 

SQUARE INCHES 

I 

Width THICKNESS, INCHES 

Inches 
% 1}{6 % IK6 

I 
Ys 15 ' I 7] 6 

61 38.13 41.94 45.75 49.56 53.38 57.19 61.00 
62 38.75 42.63 46.50 50.38 54.25 58.13 62.00 
63 39.38 43.31 47.25 51.19 55.13 59.06 63.00 
64 40.00 44.00 48.00 52.00 56.00 60.00 64.00 

65 40.63 44.69 48.75 52.81 56.88 60.94 65.00 
66 41.25 45.38 49.50 53.63 57.75 61.88 66.00 
67 41.88 46.06 50.25 54.44 58.63 62.81 67.00 
68 42.50 46.75 51.00 55.25 59.50 63.75 68.00 

69 I 43.13 47.44 51.75 56.06 60.38 64.69 69.00 
70 43.75 48.13 52.50 56.88 61.25 65.63 70.00 
71 44.38 48.81 53.25 57.69 62.13 66.56 71.00 
72 45.00 49.50 54.00 58.50 63.00 67.50 72.00 

73 45.63 50.19 54.75 59.31 63.88 68.44 73.00 
74 46.25 50.88 55.50 60.13 64.75 69.38 74.00 
75 46.88 51.56 56.25 60.94 65.63 70.31 75.00 
76 47.50 52.25 57.00 61.75 66.50 71.25 76.00 

77 48.13 52.94 57.75 62.56 67.38 72.19 77.00 
78 48.75 53.63 58.50 63.38 68.25 73.13 78.00 
79 49.38 54.31 59.25 64.19 69.13 74.06 79.00 
80 50.00 55.00 60.00 65.00 70.00 75.00 80.00 

81 50.63 55.69 60.75 65.81 70.88 75.94 81.00 
82 51.25 56.38 61.50 66.63 71.75 76.88 82.00 
83 51.88 57.06 62.25 67.44 72.63 77.81 83.00 
84 52.50 57.75 63.00 68.25 73.50 78.75 84.00 

85 53.13 58.44 63.75 69.06 74.38 79.69 85.00 
86 53.75 59.13 64.50 69.88 75.25 80.63 86.00 
87 54.38 59.81 65.25 70.69 76.13 81.56 87.00 
88 55.00 60.50 66.00 71.50 77.00 82.50 88.00 

89 55.63 61.19 66.75 72.31 77.88 83.44 89.00 
90 56.25 61.88 67.50 73.13 78.75 84.38 90.00 
91 56.88 62.56 68.25 73.94 79.63 85.31 91.00 
92 57.50 63.25 69.00 74.75 80.50 86.25 92.00 

93 58.13 63.94 69.75 75.56 81.38 87.19 93.00 
94 58.75 64.63 70.50 76.38 82.25 88.13 94.00 
95 59.38 65.31 71.25 77.19 83.13 89.06 

I 

95.00 

I 
96 60.00 66.00 72.00 78.00 84.00 90.00 96.00 
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\ I'age 

A.A.R. ~11l~iIiCllion< 215 

Abra~i(ln re~i.'ing SI('e! 189 
A.B.S. hull "ual ily SI)('cilical ion 215 

Alloy and sIK'CiuJ SIt"t'J· .... 1M 
\brasion rl'.i.,ing ~'et'l 189 
Ch .. mical compo-ilion of K.i •• ,o)' 185 
Explanalion of 1M 
F .. ~' Illarhining Slce!~ 189 
liard roll"d $h<-""$ for .... ale r ..... ,,11 ca.ing 189 
Impact Ullle$ of Kabalo). labl,· of 
Kaisalo)' 

187 

185 
Kaisa loy eharae'eri" ies ISS 
Kaisalo), in hea.'), ~t ion! 186 
Ksisaloy limiling chemical ranj('" 

,able of . . . . . . 185 
Kai,;alo), meehanical properli". 186 
Kaisalo)' minimom 'lh)'!I.ical'Jro ,)('rli .. ~ 

table of . . . . . . 11:16 
Kaisaloy '('Kular grade, table lOf . 185 
\linitnum I)hysical properti,'~. Kll iBalo), 

in hea>'Y I!CCtion~. table of 187 
T)'Ilieal eh('n1ical an al)'ais---Kai~.[oy in 

heayy ~tion·, ,able of . . . . 186 
Alloy sl~ls 27 
Alloying den1l'nl . "'f('cls of on ~IN'1 226 
1\ I1J('rican siandard 

Ueam$. diml'n'ions for detailing. 
lable of . . . . . . . . . . . . 59 

Ikams. pro~r1iI'8 for d~igninjr. 
table of . 58 

Channels. dimensions for detailing. 
tabl" of . . . . . 61 

Channels. pro~rlif'. for d«igninj[. 
tabl .. of . . . . . . . . . . . . 60 

Tal)('r pi ,M! Ih",all ... dra ..... ing of 276 
'l'lllI'T pi,ll' thr"ld •. table of 276 

A",('rican "'ire jra!l:" 251 
Ammonium sul ,lhale 203 
I\ngl .. s 

Bar ~i7x. diml'n_ions. ,abll' of 87 
Culling tol .. ranc .. ~. labl .. of . 74 
f:Alual leg-. l,fOllf'rti .. s for dt'l!igning, 

tabl,' of . . . 64 
n olling lolerances, Illble of . 7,1 
Unequal '''ji::'' ,JrOfW'rtif'!! for d ... igning, 

table of . . . . . . . . 65 
Anl(lf'!! and c hanncl~. trp ical ~tagts in the 

rolling of. drawing of 53 
A. I'.1. ~ 1J("ci licalion 8 213 
k~.T. \1. ~ ,,,"e i licol ion~ 209 

• Page 

liar. amI har ·iZt' ohalll'~ 78 
l\uloll101i", Icaf ~prin!l; f1al~. Ihicknc ••. 

wi,h h and cunclI, il )', tabl .. of. 86 
Bar .il" angll'~' dimen.ion_. lablt of 87 
Bar ,ilC .ha' ..... lablt' of 81 
E~"lanation of . . . 78 

\1"r"hanl har 'Iualil} fl.1 
Ord" ring practicl' for 89 
Hando", I .. nl.! ,h_ cull ing rang"". III 

hllr~ and bar .iU' .hlp!!'. tahlf' of 87 
Round cornertil -quare~. table of . 80 
Hound. and ~(I u.r .. ~ and rOUIlI] 

corner .. ,] 51lulre~, s iU'~. lable of 
Il ounds. '1Iuar~~. nal. an,] bar ~ill' 

~ha ,)('" 1,·nl(lh'. labl .. of .... 
~,)f'eial bar 'Iualil)' ..... 
:"llI"Cial hlr qUllit) in,okin!! olh('r 

re~I TicliH' r"ql1 ir('men l ~ ... 
:-,,,inj! f[al~. round edg{', table of 
!''1l1o .. ··t'(II!" lind round·e(lge /1111'. 

Ihick n .. ,_ .nd "idlh. labl .. of 
... quar .. · .. dl!e lIal~, labl .. of 
Standard l"actiN' table~ 
Standard round_. tahll' of . 
Slaudard Slruar .. ~, labl .. of 
Straighlness, all har. and bar .ill· 

~hajJl'~. lobI .. of ..... . 
\ arillion_ for dimf'n.ion! and 

workman_hip ... 
liars. ('oncrell' r .. inforeinl! 

Ell,lallalion of 
Oniering IITaclic,' for 
Plain round ..... . 
~Iandard practic .. lahlf'8 . 
T.bl .. of ..... 
Tol.'rance~ for 
Wl'i j!h!. tabl,· of 

lIar~. Kaiser Hi·Uond concrele 

85 

88 .. .. 
83 

85 
82 .. 
79 
80 .. 
92 
92 
96 .. 
" 92 
95 
95 

reinfordnji::. drawings of ...... 93 
Bar~, K.ioer lIi ·f.40nd conc",11' 

~inforcing. #'l ilianation of 92 
Ba$l lt ·KaiseT 

El ilallded line "iI'''' dill1 .. n .ion ~, 

wl'ight $ Hnd h'~1 pr ... !ure~. 
tlbl .. of ..... . 

EXI'lnded tine pi,lf' - ~i7.f'!l 20"·30~ 

Line pille ......... . 
Lin(' pip ... black IJIl in f'nd. dimen~ion6, 

....... ighl and h'SI prl'5l! lIr .. s, l abl~ of 
lIaoic pi l! iron 

116 
l7i) 

173 

114 
192 
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Ikalll! 
American $Iandard, dimensions for 

detailing, table of ....... . 59 
American standard, prOllerlies for 

designing, table of ...... . 58 
I [ or light columns, dimensions for 

detailing. table of ....... . 57 
II or light columns, properties for 

dl'1ligning. table of 56 
Standard, culling tolcranC6, table of. 71 
Stand.rd. rolling IOlerance.. ,able of. 71 

Ileamt. wide nange . . . . . . . . . . . 55 
Cuning tolerances, table of . . 70 
Dimensions for delsiliug. table of . 57 
Engineering properties . . . . . . . 55 
Explanation of . . . . . . . 55 
Properties for del! igning, table of . 56 
Ilolling tolerances, table of . . 70 

IJerl1.Q1 • ••• •.•.•.....•••.•. 202 
Billets, sizes, table of . . . . . .. .... 32 
Birmingham standard sheet and hoop 

gage •.......... ...... 251 
Dirmingham wire gage. . . . . . . . .. 251 
mad; Illate (aee tin plate) . 145 
Blooms. lizes, table of . . . 32 
Brinell method, bardneM test 
Britilh Imperial standard wire gage 

• •. 234 
· .. 251 

Bundling Ilble · .. 168 

c 
Camocr 

Blick plate 
Cold rollcd sheets. table of . 
Cold rolled !trip, table of .. 
1I0t dilllJed and e lectrolytic tin Illate . 
1I0t rolled sheets, table of ...... . 
Uol rolled slrip, table of ....... . 
Plates. 2~ and under in th icknesa, 

lablc of ... . ....... . 
I'w ition for measuring. drawing of 

Camber and sweep, IlOsilions for 
measuTing. drawing of . 

Capped s ted . 
CariJOn .... 

149 
118 
137 
148 
100 
126 

45 
68 

69 
27 
28 

Carbon ~It..,l 27 
Cast iron. rolled sleel and conllnerci.l 

iron. nll~h.nical IlrOI""rli" o f. tab le 
of ....... . ...... 228 

Cut iron. rolled sleel and commerci.1 
iron. ,Ih,sjeal properties of. lable of 228 

Channels 
American Sllndard, diml'nsionl for 

delailing, table of . . . . . . . . .. 61 
Amccican Slandard, properties for 

Mligning. lable of . . . . . . . .. 60 

Page 

Carbuilding and shipbuild ing, 
dimen_ions for detailing, table of. 63 

Carbuilding and shipbuilding, 
IlrOIM"rtie& for designing, table of 62 

Standard, elI r and ~hi ll, CUlling 
tokraUel'l, tabfe of 73 

Standanl . car and shil), rolling 
toleranl'es, Iable of . . . . . . . 73 

Channell and angIea. typical l tages in 
the rolling 01, drawing of ..... 53 

Chemical comJlO"ition limit .. ~tandard 
steel .. table of . .207 

.309 

.202 

.203 

Chemical element&, table of . 
Chemical&, co.1 ..... . 

Ammonium sulphot l' .. 
Benzol 
Coke and coke breeze . 
Crude heo"y sol'en! 
Crude phenol 
Crude Ilyridine .. . 
Explanation of .. . 
Ordering practiee for . 
Slag .... . 
Toluol ....... . 
Xylol ... . 

Claims •........ 

• ••••.•• 202 
• •.•.•.. 2Q3 

· • • . , . , , 202 
. 202 
.203 
.202 
.203 

• , ,2Q3 

.202 
. •. , .. , , • 202 

.219 
ClaMifieation of 8teels 26 
Coefficient 111 , Va llll'l of, table of . . . . 281 
Coiled rods ,. . . . . . 100 

Ex,llanation of ... , . . 100 
Ordering Iluctice for. . 101 
Uange of Si""'l, .... , . 100 
Standard practicel . , ....... 100 
Tolerances . . ••. ..... 100 

Coke and coke br!!t'7.e ...•....... 2Q3 

Cold rolled ~heet t. . ...• •..... 114 
Camber, table of 
E.planation of . 
natneM,lableof 
Grades .... , . 
Uardncss ... . 
Lengt h, table of 

118 
11. 
118 
11' 
11' 
Il7 

Ordering praClke for 
Oul-(lf'!lquare ..... . 

120 
... 119 

Qualities . ....... . 
Resquared shel'l8 •••• 

Standard practice tables 
Thickness. table of .... 
Weight, table of .. 
Width. table of .......•.... 

Cold rolled str ip , . , . . . ..... . 
Camber .... ...... .. , .... . 
Crown, table of ............. . 
Ikfinition and clus ifi cation. table of . 

II. 
II' 
116 
116 
116 
m 
132 
137 
135 
135 

-
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Cold roll .. d alril)-C(lllfinuf'd 

Edges ......... . 
Explanalion of .... . 
Finishea ........ . 
Lenglh~. lable of ... . 
Ord('ring practice for . 
Siandard praelice lables ... . 
Tempers. . . .. . ...... . 
Thiekn~, lable of ........ . 
Width for No.2 edge, lable of .. . 
Widl h for No.3 edge, Illble of .. . 

Column seclions, cuUing lole.ran~ 
lable of ......... . 

Column ~tions. rolling loler. ncts, 

I'age 

134 
132 
131 
137 
138 
135 
133 
136 
136 

137 

72 

I.ble of . . . . . . . . . . . . . . . 72 
Commercial iron. rolled aled and easl 

iron, mechanical I)ropertiea of, lable 
of ..... ........... . 228 

Commercial iron, rolled aleel and cast 
iron. physical properlies of, table of 228 

Coller"te reillfor.::illg bars (see ban, 
ooncrete reinforcing) .. . . . 92 

Condilion~ of ~Ie . . . . . . 218 
Conlinuou~ ... ·eld I)ipe ..... • , 161 
Copper, . 29 
Cr("dil Department . . , 22 
Crude heavy $(llvenl . , 202 
CTtule phenol .. , . 202 
Crtlde pyridine , 203 
Cuslom('r l!ervices 22 
CUlling tolerances 

Angl .... lable of , . 74 
Channels, standard, car and ahip, 

table of. "'.,., 73 
Column seclions, table of . 72 
Siandard beams. lable of . 71 
Wide flange beam!. table of , 70 

o 
Decimal equivalents, t.ble of . . . . , 29~ 
Delivery and shipment .... ,. , .. 218 

E 
Eleclric weld pipe, rCl!ular weight-

plain end . , ......... , .. , 169 
Eleclric .. ·eld pipe, regular w .. ight-plain 

end pipe, dim .. nsions. weighu and 
te~t l,rel!Sures, table of . , . 171 

.. 309 

.. 28 
, . 259 

F, ltmenla. chemical 
Elem .. nts. commonly specified .. 
Elemell ts of sttllcturslscctions . 
Engineering conversion factors, table of . 297 
Engineering properties of sections.. . 259 
Engineering propcrliee, wide flange 

belms ... , .... , .. , . , . . .. 55 

Engineer!, Ilrojt'Cl 
Expansion in Sicel ville lines, table of . 
Expanoion of stet'! by h"at 

F 
FIlii rolled prOOtlcls. ttandard 

classification of, lable-s of 
~lalneh 

Cold rolle<! 6hedll, tsb le of ... 
1101 rolled sheels. lable of .. 
Pial.." table of . 

FlalS 
Autolllo t i"e led ll l)ring, Ihickness, 

.22 
, 278 
, 231 

.233 

118 
109 
46 

"'idth Ind oonca"ity. table of .. 86 
Rounds, Stluares and har ! ize shapes, 

lengths. table of . , .. , .. , , ., 88 
Spring, Tound-edge, tsble of ..... " 83 
Square·c(lge and round'l!(lgc, thickneh 

and widlh, table of , . 85 
Square.edge, tab le of , , . , ..... , 82 

~'oundry pig iron ... , , . , . , , . . 192 
Free machining ileels ........... 189 
Friclion of water in Ilipes, tables of .... 282 
Fuel and illuminating gallea, compositions 

and Ilropenies of, lable of , .... 288 

G 
Cage, manufactun:rs' !Iandard, for stee l 

~h ....... ts. table of . , . , .. 2;1 

, 252 Cage_. wire and sh",1 metal. ta.ble of , 
Ca.I.-anized sheet ga.ge . , 
Cenersl facts abolll steel, 
General liabilily . 
Genera l Planninl! ' 
Clossary of 

Common steel terms 

, 251 
.225 
, 219 
.22 

.266 

.289 Pipe fiuing lerms ... 
Tin mill I<>rm. ... 2i3 

II 
Hard rolled shcel! for WSler well casing. 189 
Hardness corwersion table, . , . 
lIardneu lesl.S ' 
U;·J\ond concrete reinforcing bars, 

drawings of ."., .... 
IIi ·Bond concrete reinforcing bara, 

eJl ll)anation of . " .. , .. ". 
1101 dipprd and electrolytic tin plate 

(see lin 1)late) 
Hot rolled sl" .. "Cts , 

Camber. table of 

238 
.231 

93 

92 

1.\ 
101 

Explanalion of . . HH 
t"lalne5ll, Isble of . . , . . . • . , 109 
Lr:ngth. table of .......••... , 101 
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HOI rolled ~hcel!l--c(mlillu~d 

Ordering practice lor ... 
Out-(lf·8.(luare 
Pickle,1 and oilfil Fh", I ~. table of 
Qualitiee 
HC8quar ... d 8h~l_varialion~ 

Standard practice tobles 
Tabh' of 
Thicknc.~.I.bleol .. 
"arialion~ for dinll'n"ion~ IIIlU 

.... orkmanship 

Wdl!l;ht. Table of 
Width. table of 

HOi rolled til ri], 
Camber. table of 
CTO,,·II. table of • 
E"planation 01 . 
'-"ngth. ,ahle of 
Ordering practice for 
Quahi("8 .. 
Standard Ilrt,,::tiC(" ubk_ . 

Table of .. 
Thickneu. table of .... 
Width, table 01 .. 

Hydraulic information, ~i"' l,k 
H ydrocarbon~.I)rOI)l'rli('~ of. in naluu.! 

,g.~ and casing-h .. ad /II •. 

Illuminating gases, cOlllpo.itioll$ and 

110 
106 
1'1 
105 
lOll 
106 
lOl 
106 

106 
106 
107 
IN 
126 
127 
124 
127 
128 
125 
126 
121 
126 
127 
279 

287 

prol)('rtil'& of fut'llind . . . . . .. 288 
Ingot mold! and slool~ . . . . . . . . . 193 
Inl ercon,,~rsion table lor unit_ of energy 306 
Irrigation table . . . 286 

J 
J udging temllerature hy color. table of. 232 

K 
Kai~aloy 

Characteristics . 
Chemical COlll l}()sitioll 
E~planation of 
Imllacl ... lue8 01. lahl .. of 
In heal')' ~Iion_ ..... 
limiting chemical range. table of 
Me<;:hanical l)fOJ)ertie~ ..... . 
"Iinilllum ph)'sical ]lfopo'rti,·s. Kaisaloy 

in hC~I'y !!eclions. lahle of . 
Min;mum I)h)'$ical prOllertie5, lable of. 
Regular vade. tabll;' of .. . ..... 
T)'II;cal chemical analy~i·. Kaiaaloy in 

I",al'y ~t ion~. lahle of 
Killt',1 ~ h..,1 .. . ....... . 

1115 
188 
185 
185 
187 
186 
1115 
186 

187 
186 
185 

186 
26 

L 

liability, gencral 
Light ooIumn! or H beam~. dimen_iona 

for df'tailing. table 01 . , ... 
Light columns or H beam ... "rol)('rlies 

for de~;gning. tahll;' of 
Line ,'ipc 

Basah·KaillCr .. 
Uasalt·Kai$l"r blad: plain f'nd. !limen· 

~ion'. weights and te~t prc~_urc_ . 
lable 01 ..... . 

Black, dimt'n~ion5, weijl:ht~ and le51 
preuurC8, table of , ..... 

Expan(I .. d, Basalt·KaillC r. dil1lf'n.ion_. 
" .. ijl:h,. and test I' re .. un·~. lable of 

Expan lfil. Ba_alt·Kai .... r. ~iU'. 2O w .30 H 

Sizt'o II"·ISH 

• • ••••••••• 

"Iangane .... 
\lanulactur("r~' ~tandard gagf' . 
.\'anufaclul"t"r~· ,tandard jl:ajl:!" for ~, .. ,.) 

~h~ I '. t.bl .. of 
\lanufaCluring practice~. structural 

shapcs ...... . 
~Iea.ur;'s and IH·ighb. tahlc of . 
\I ("ChanicaI IlrOl'enie- of commercial 

iron. rolled olM"1 and ca_t iron. 
lable of ... 

\ll'Ialiurgicar Engint'N8 .. 
.\Ietric comergion, labl ... ,,( 

OUI-of.square 
Black plate 
Cold rolled sh~l s 

o 

Hot diP llCd and l·I.-ctfol)"ti,· tin plat .. 
Hot rolled ~h'-""'tll . . ..... . 

P 
Payment . terms o' 
Phenol, erucic 
Phosphorous 
I'ig iron 

Sa.!!ic 
Foundry 
Ingot mold! ancl stools. 
Ordo-ring practice for 

Pipe 
A.P. I. spedfication 
A.S.T.M. sI'c'Cificationf 
Basalt·Kai$Cr upanded line. dimen· 

I;ion;; . ... eight~ and 1("51 l're8~urell. 

I~hle (If 

219 

57 

173 

174 

1M 

176 
17'> 
li3 

251 

67 
295 

228 
22 

2% 

149 
119 
148 
108 

218 
202 
28 

192 
192 
1<>2 
193 
193 

213 
212 

1i6 

-
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PilM!--Continu~d f>(Jll~ PJalo'--Con/inu~d 

siz.-'s 20"·30" 
Ba~alt·Kai5er line . 

Ba<alt·Kaio.er lin~·. black plain end. 
dimen.i(m~. "~-'ilthl. and 10'-1 l,re.· 
gut,", labl~ of .... , .. 

Blad, lin~. dinll'n<ion •. "eight< and 
le.1 pre"urI' •. lab],' 01 

Coutinuou$ w~'ld . 

Elt'Clric "dd. ,,'~ular w"ilChl 
Illain end, ..... , 

EI("dric "cld. rejl;ular "ri~hl plain 
rn,l line. dimen_ion •. ,,·,..ight.;, and 
1t'<1 prh'ur(' •. lal,I,' of , . , 

E,~lra.h .... ") "t'ight. plain ,·tIIl. weight 
,·.t illlalinjl; tahl.· 

E~lra"lrong wdght. dinu-,,<ion'. 
w~iglllS and It .. t l>n:-~'Urt'~. 

181.1(' of .......... . 
"ll!'eialty 
"tandart! "ei!,lhl. ,linH'n~iun •.• .-('ighl. 

175 

173 

iii 

161 

161 

169 

iii 

167 

163 
197 

and 1 ... 1 I'rt"~urt" •. lahlt" of 163 
"'Iandanl "eight. plain ('nd. weiltht 

e81imating tabl,· 165 
'siandard wrij!:hl. III r,'ud",1 :Iud eoupl ... d. 

wtighl t"~I;llIalin1C tahlt" 
~Iruetllral propt"rli." of Kai"f'r ~I("{'I 

Ilipe, tabl .. 01 
Pill(' calculatiun •. ~imp lt" rlll,,< for 

I)tactical ., ....... . 
Pip.' lilling ter",'. glo..sal)· of 
PitM' in lM'nd~. I,·nglh. of. tahl,' of 
I'ip~' li,wo. e"llanoion ill ~ le('1. table of 
Pil)(' thread •. ,\merican ~lu", l urd tup.:-r, 

drawinl!: 01 .. 
PilM" Ih.('ad •. Am.·riean ~tandard laper. 

lahl.· of, ........ . 
I'ip"o. friclion 01 wah' r in. labl("1l of 
Plale 

Camht-r . 
Diameter. gas ... UI cin;ulur plal.'~, 4~ 

166 

177 

275 
289 
27i 
278 

276 

276 
282 

ami IInder in thicktw '~. table of 4i 
Dialneter. ~hea r ... d drculor ptates. I" 

and under in I"it"kn~ ... tablf' 01 47 
Dimen_iQn' of . . 38 
Etplanation of . , . , .. , . 36 
Flatne~~. table of . 46 
\lanufaclnre. I,'~r. in'J)t'c lion 39 
Onkring praclict, for. 48 
Ouality. , , . , . .. 39 
II t'Ftu lor (Juali1y ... 40 
n~_l riclive ~h .. arinjl:. 1" and IIndcr in 

IhicknfOss, tablc of .. , , . . . .. 45 

Ilcst ricti\'e Ihickn\'~s, plat.·s 2" and 
under in thkkne~., table of . 

Holled "idlll, uni\eual mill JI131e~. 2" 
and under in Ihicknt'-~. table of 

~i,J'~ of 1110\;>" tahle of .. 
Size~ of U .. \I. plate. table of 
SIM"Cial con.idt'raliQn~ . 
~II-'O;'('ial (Iualit)' •.•.... 

~Iundard practice tobit's, . 
Thiekne.s and weighl ... 1"' 11 ordered 10 

thickn.'u J)la"'~ 2" lind und.·, in 
Ihicknt" ••. table 01 ..... " .. 

Thieknt"__ pIatt'S o\\'r 2" in thidne_ •. 
tahle of ...... . 

\' ariationo for dim ... n_i!)u. and 
workman_hip , ..... . 

W"i~ht whell .,mk .. ·d 10 \ .. ·ighr. Jllut.,~ 

81.6 pounds per .qullre 1001 and 
under. tahl.' of 

Width and length. ,ta~ ell l rcclangular 
plale •. tahle of .. 

Width and lenp::lh. ~h,'ar~l plal("S. 
l'~" and und,', in thieknt".·. 
table of ..... 

Platt', and shttl$. SIM"'iuh) l)r<)<luc l' 
]>Jllt~. tin (~e tin pillt.,) 
Pre __ ure •. test, dintrn'ion~ and .. ·"ighl' 

Ba<ah·Kai"('r ('''vand'',1 lin .. pil>C. 

~ 

37 
38 
39 
10 
41 

12 

12 

41 

13 

41 
196 

tllble 01 , .. , ........ , 171 
Ba;;ah·Kai-er line pille. hlat"k plain 

"nd. table of . . . 171 
Black line pillf', tabl ... 01 ... , 161 
Elf'Clric weld. rep::ulor .... ·i.,:lIt pJain end 

line pitx'. lubl" of . 17 1 
E~tra·strong ...... ·ighl I,ip('. tabl., of 163 
Siandard wdght Ilipe, table 01 163 

Prict' and t<al" policy. 218 
Claims ........ 219 
Condilions of ~a[e . . 218 
l)eli\'('ry and ~hipl1lt'nt 218 
General liability , . . 219 
\lunufacluring praClice 218 
\Ii~ellanoou~ oonditiOl1' 219 
Price .. ,.,.. 218 
Terms of Jl8yment . . 218 

ProjN::t Engineer.. . . . 22 
PrOIM'rti~~ for deo;gninp: 

\nterican Siandard Il('am •• tahle of 58 
Ant('rican siandard chan.wl •. luble of 60 
Angles, equal r,·g~. lullie of . 61-
Angles. unequu] I .. g •• tuhl" of 6.'> 
Channcls. cllrbllildinjl Ilnd shi,l' 

building table of 62 
Ught column:- Or 11 1)0'0111'. lable 01 .';6 
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Prope rl ics-coll finl,cd Pase S Page 

. 218 Wide Aange beams, table of 

Pyridine, crude ... 
56 Salt·s a lltl price policy 

203 Claims ...... . • 219 
218 
218 
21' 
218 
21' 
218 
218 
32 
32 
33 
32 
33 
33 
27 
22 

149 

Qualities 

Cold rolled sheets 
1101 rolled sheets 

Hoi rolled strip. 
Quali ty 

Q 

114 

lOS 
125 

Merchant bar, bars and bar size shapes 84 

Plalcs . 39 
Hegular. tllates .............. 40 

Special bar. bars and bar size sha]>e$ 84 
SIJeciai bar, in"oiving other restrictive 

rc(]uiremcnts. baTS and bar size 
shapes ........ 84 

Special tllates . 40 
Quality Control Division 22 

R 
n e.::languiar !le(:lions, area of. table of 
Rectangular sections, weight of, table of 
Reference tables 

Area of rectangular sections 
Chemical elements. 
Decimal equivalents 
Engineering conversion {acton 
Tntcrcom'crs ion table for units 

of energy 
Metric conversion ....... . 
Temperature cotln~rs ion table. 
Theoretical weight of stcel c irclcs 
Weights and measures. 

Rcinforcing ha rs, concrcte (see bars. 
concrete reinforcing) 

Rimmed steel ..... . 
Rockwell method, hardness test 
Rods, coiled (see coiled rods) 
Rolling direction, hot dipped and 

electrolytic tin plllie 

314 
2U1 

314 
.309 

294 
297 

306 
296 
307 
312 
295 

27 
236 

148 
Rolling practice. st ructural shapes 54 
Rolling tolerallces 

l\ ngles. table of 74 
Channels. standard. car and ship, 

table of 73 
Colllmn sections, table of . 72 
Stalldard beams. table of . 71 
Wide Aange beams, table of 70 

Rounds and squares and round eorncred 
squares, sizes. table of . . . . 85 

Rounds, Slluares, Aal$ and bar size 
shapes, lengths, table of 88 

Rounds. standard, table of . . . 79 

Conditions of sale . 
Delivery and shipment 
General liability ... 
.\ Ianufactu ring pract ice 
Miscellaneous conditions 
Price 
Terms of payment . 

Semi.finished products 
Blooms and biltets 
Sheet bar ..... . 
Slahs 
Standard practices. 
Tolerances. 

Semi·killed steel .... 
Sef\'ices, customer. 
Shearing practice, black ])Iate. 
Shearing practice, hot dipped and 

electrolytic tin plate ... 148 
Shearing, restrictive, plates I" and under 

in thickness. table of . . 45 
Sheet hars, si7.es, table of . . . . . 33 
Sheet metal alld wire gages, table of . 252 
Sheet metal gages, explanation of .. 250 
Sheets and plates, specialty producta . 196 
Shrets, cold rolled hee cold rotled sheets} 
Sheets, hard rolled, lor water well casing ]89 
Sheets. hot rotted (see hot rolled shee ts) 
Sheets, resquared- variations . 
Sheets, weight and thickness equivalents 

for $teei, tab les of ..... 
Shipment and delivery 
Shore's SeleroscOI)C, hardness test. 
Silicon 
Slabs 
Slag 
Solvent , crude beavy 
S ])CeiaIty products 

Explanation of 
Ordering practice for 

100 

255 
218 
237 

28 
32 

203 
.202 

196 
196 
198 

~~ .... I n 
Plates and sheets. . . 196 
Standard practices. In 

Specifications and standard steels 206 
A.A.R. s])Ceifications. . . 215 
A.B.S. hull quality specification 215 
A.P.1. 61)Ccificationa . . . . . 213 
A.S.T.M. specificat ions . . . 209 
Chemical composition limits 208 

Squares 
Round cornered, table of . . 80 
Rounds and round cornered squares. 

sizes, table of . . . . . . . . . .. 85 
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1'(l8~ !"leel-{'o"ti"u~d 

Hounds, Aau and Ollr eize 8hal1l'8, 
lenglh!, tIlO[" of 88 

Standllrd, tab[c of , , . , . . . . . .. 80 
Standord beams. cutling to[~rllnce!. 

table of . . . . . . . . . . . . . . 71 
~tandard beams. rollina toler.nce!, 

table of. ............ 71 
Standllrd claS$ilication of Aat rolled 

$t,'("1 productll. tables of. . . . 233 
Stnndard pipe mill tlro cti('t~ . 168 
Stilmlllrd practice tnble8 

Bars and bllr size IIhalll'l. . . 84 
Cold rolle<! sh~t! . . . . . . 116 
Co[d rolle<! mip ...... I~ 

Concret~ reinforcinjt bara . 95 
Itot roll~d sheets . . . . . . . . . . Hl6 

Judging temlte.,1ture by color. .232 

'fanufaeturer~' standard gage for 
Meel sheela ............. 254 

:\Icchanical prOI)Crtiea of commcn:ial 

iron. rollcd ~t~1 and cast iron .. 228 
Physical propertiea of oommen:ial iron. 

rolled !teel .nd call iron .. 228 
i'rOI)Crties of steel. nt low temperature! 229 
Standard claMificalion of Aat rolled 

$teell)roducl~ .... .233 
Theoretical weight of "eel ci rcles ... 312 
Thickne" and weight ~quivnlcnts for 

steel sheets ............. 255 
Weight and thickn~ rangea for gagea 

for steel shee.. . . . . . . . 258 
Hot rolled IItrip ...... . 126 Welghl of rectanguln. &eetions . • • 21() 

. 252 
26 

PlaI t .. 41 Wi.e nnd sheet mdol gages .. 
Structural shal)Cs . 67 Steels, classification of . 

S tnndard practices 
Coiled rod~ . 
Semi·finished products .. . 
~1)('Cia1ty product~ .... . 
Tin plllte . 

Standard round _. tab[ .. of .. 
Stnrldard SI[uart's. tahtl' of .. 
Stllndard stt't'[11 allli ! 1)Ccificllliorl~. 

0\. \.It. spedficntions ...... . 
A.B.S. hull quality Il lleCification .. 
A.P.1. !peeification! 
\.s.T.i\!. specifications ... 
Ch~mical compo_it ion limit! . 

100 
33 

197 
148 
79 
80 

. 2Q6 

· 215 
· 215 
· 213 

· . 209 

· . "" 
Standard weight I)ipe. dimensions, 

weights and test I,r('ssures, table of . 163 
Standard weight pipe. plain end, weight 

~5timating table. 
Srandard weight pipe. thrtaded and 

couple<! , w~ight e!!timaling table. 
Steel. claMified by chemistry .. 
St('l"l. classified by method of manu· 

facture ............ . 

165 

166 
27 

26 
St~t'1. effects of alloying e1cments on . · . 226 
Su'e1. general fncts nbout ...... . · . 225 
Steel. technical informntion about 

Ar~a of reetangular &eelion! ...... 314 
[freet of heat on structural steel .... 231 
Efrectll of alloying elements on steel .. 226 
Element! of 5tructural e«tions . .. . 259 
Engineering properti~. of &eetions .. 259 
E~pan8iou of steel by heat. . . . .. 231 
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