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THE SUPREMACY OF SEAMLESS 

Seamless S teel Pipe alld Tubes arc pierced 
from solid bille t s of steel. This process is 
absolute assuran ce of h om ogeneous wall 
s tru c ture and uui for m stee l st rengt h 
throughout. There are no seam s, no weld­
ing processes to dis turb th e m oleculnr 
s t ruclure of th e m etal, no point s or zones 
n f potential weakness. "Seamless" m o re­
over can be m ade of steel o f pracr i cn lly any 
desired s treng th and analYSIS. 

Th e Seamless Tu be ;s na ture's o wn re­
source for light weight in rela tio n to 
s trength. Consider the s tem s of whent , • 
th e bnmboo , th e bon es of a nimals-m a ... ;· 
mum streng th wi th m inim um weig h t ; all 
Sea mless Tu bes. There ca n be tI D com ­
promise with perfection , and Sea mless is 
the nearest approach to p erfection in 
tu bular s teel produ cts. Pittsburgh Sea m · 
lcss is th e produ ct of a pipe and tu bing 
m anuFacturing orga n izat ion that for m ore 
t!J a n thirty y ea rs h lls devoted iis rcsearch 
ll lld developmen t io Sea mless Steel Pipe 
{l nd Tubes exclusively . 

Although this volume is primarily II 

catalogue and data h ll l1dbook for t he fi ll· 
ished produ cts, we h ave included on t It e 
foJ/owing pa.ges a brie f discu ssion of t It e 
s teel making a nd seamless sleel tube 
m anuFacturing processes in th e belie f th at 
it wiJ/ be in teresting to m llny readers. 

l\·ote: For a com p le t e list o( products m an ufacturoo 
by Pittsbllr~h S t('cl Company, plclisc s('c las t page. 

S e aml ess f o r Safe t y 
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THE MANUFACTURE 
OF IRON and STEEL 

MAKING IRON IN THE BLAST FURNACE 

More th"n six tons of mdteridls ,He ch"rgt:d into the pig-iron .snd 
steel-mdking furMces to produce one ton of steel. Iron ort: comes 
chieRy from Minnesot<!l 
<!Ind Michig,ln, lime­
stone is qUdrried mostly 
in Pennsylvdni6, Ohio 
and M,Hyldnd. Co"I, 
coming largely from the 
grut App,~d"chi"n 
bituminous fields, is 
converted into steel­
m6king coke. Dolomite, 
mc)ng"nest:, copper, 
"Iuminum dnd m"ny 
other m6teri"ls 6re ,,150 
employed. 

The necessMy rnd­
teri615 hdving been 
assembled, the ~rst step 
in steel manufacture is 

the production of pig 
iron. Pig iron is mdde 
in 9O-to 1oo-foot high 

P itubllrgh SUrE CO,"pUNY" 
JlolltUen Mine lippi_ 011 
0" M Qllongllhdu lliflH. 
1'Aj, i, olle of the Com­
/WII/I" thue minn in the 

PiI/,blJ.'lIh Oil/rid. 

0' 



P I T TSBU R G H S T E EL CO MP A N Y 

T !.I ppill, a lIlan lurnace. T ile d ream allite right 
i . , /Ilg. T lte long l(]ltite .,ream i, iroll . 

' roIl /l ot lor i m medi~le Ule i, ellll inlo pigl. The 
mt/I" i, pound I rom a Illdle allhe "g/" . 

b l"st furMce:s into 
which H~ chM9~d 
m~"su r~d qUo!Jntities o f 
iron are, coke (for fuel) 
o!Jnd lim~ston~ (to s~po!J­
r"te the impurities from 
th~ iron). These mo!J­
t~ri"ls dre melted down 
und~r the intense h~dt 
01 " p r e-heo!Jted, 
oXY9~n-fed forced blo!Jst 
~re. Wo!Jstes o!Jnd im­
puriti~s from the a re 
combin~ to form d Slo!J9 
which separates from 
the molten iron, much 
as credm S~Pdrdtes from 
milk, dnd is dr"wn from 
the furMce periodi­
c"lly. The remdining 
molten meto!Jl is then 
tdpped out dt the bot­
tom of the furMce into 
Id rg€': fi re-b r ick-l i n~d 
receptdcles cdlled 
"Iddles." The time r~­
qui red for completing 
edch bl"st fu rn"ce 
chd(g~ is "bout twelve 
hou rs. The cdpdcity of 
Pittsburgh Steel Com· 
pany's two bldst fur­

Mces is "ppro)(imately 1,200 tons edch 24-hour ddY· 
If the molten pig iron is to be mdde promptly into st~el it is tdken 

in the lddles to d "hot meto!Jl m i)(~r," or reservoir, wher~ it is kept 
hot dnd dro!Jwn upon o!J5 r~qu ired for cho!Jrging into the steel-mdking 
lurMct:s . On the othe r hdnd, if the pig iron is to be stored for 
future use it is Co!Jst into smdll molds- or "pigs"- Md coo led . These 
pigs weigh roughly 135 pounds e"cn. 

0' 



SEAMLESS FOR SAFETY 

THE MANUFACTURE OF STEEL 
The next step is the further re~ning of pig iron, which in its crude 
stilte conto!Jins rn<my impurities and dn excess of such 5ubstdnces as 
carbon, silicon, rndng<'lneSe, phosphorus .md sulphur. Also it Ideks 
the toughness, ductility <'Jnd tensile strength that come from repeated 
rollins, working ,md control of chemical content necessary to produce 
Rnished steel products. 

In Americ,m steelmaking prdctice there ,He two chief methods of 
converting large tonndgE:S of iron into steel-the Acid Bessell1er 
process ,md the Basic Open Hearth process. Acid steel is steel 
thdt has been reRned by oxidation alone, which removes carbon, 
silicon dnd mangilnese from the iron. BElsic steel is steel thdt hils been 
puri~ed by oxidation plus the addition of" strong base, usually lime, 
to remove also phosphorus and sulphur. Although either acid or 
bnsic steel C<'ln be pro­
duced both by Besse­
mer dnd Open Hedrth 
processes, the composi­
tion of iron ores dVdild­
ble in the United Stdtes 
Cd uses most AmeriCfIn 
steels to be produced 
either by theAcid Bes­
semer or by the Basic 
OPCII Hcarth proc­
cess. Pittsburgh Steel 
Comp"ny employs only 
the Bdsic Open Hedrth 
method. T-ooking down th6 lenglh of Ihe OpM ht(lr/h build­

ing, Jfoneuen lVorkt. There are Jt furnace , here. 

BASIC OPEN HEARTH STEEL 
The Open Hedrth lurndce is d Idrge rectdnguldr bowl of 100-odd 
tons metdl CdPdcity) completely enclosed by brick wdlls of highly 
hedt-resistant refrdctory brick. In mdking steel the pre-hedted, 
dolomite lined bottom of this furndce is ~rst covered with dbout 

... 
/ 



PITTSBURGH STEEL COMPANY 

21,000 pounds of lim~. 
stone, which in turn is 
h~"t~d to" temp~r"tur~ 
of more th"n 3000° 
Fdhrenh~it. 

Now com~s the 
chdrging into the fur· 
Mce of d Bxed "mount 
of selected scr"p steel, 
which is subjected to 
full he"t for "bout two 
hours, or until it is 
melted down to d thick 
liquid reddy for "d· 
mixture with hot iron 
from the bl"st furMc~. 
Molten pig iron­
"bout 50 tons of il: 
- is then chdrged into 
the furMce where it 
mixes with the pdrtly 
melted steel "Ireddy 
there. 

The hedting in dn 
open hedrth furMce is 
done by combustion 
of pre-hedted gdS dnd 
pre-he"ted "ir forced 
into dnd through th~ 
furMce dlterMtely from 
one side, then from th~ 
other. The r~5idu,,1 
hedt in the burned 
g"sses le"ving the fur­
Mce is employed, by 

Adding wppa I" a htul oj 
['&luI i" titt ope" iteurtit. 

o. 
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this dltcrnatin9 process, 
for pre-hc"tin9 the 9dS 
dnd dir ncxt enterin9 
the furnacc. 

With the chdr9ing 
completed the mdSS 
of metd! inside the 
furnace undergoes d 
"lime boi l" period for 
severdl hours, during 
which the limestone 
from the bottom of the 
furnace, cdlcined by 
the hedt, moves slowly 
upwdrd through dnd to 
the surf6ce o f the 
molten meld l, purifying 

65 it goes When the 

c61cined lime hilS 

re"ched the top, im­

purities from the iron 

h6ve combined with it 

to fo rm sl6g which 

R06ts on the surf6ce. 

Following the lime­

boil period the he6t 

is continued to the 

"working period," dur­

ing which the gre6test 

skill6nd experience 6re 

necess"ry to m"intdi n 

Tuppi"l1 lin open hellrt!. 
{","l1e,. The Imlljj-I(ldle 

or "thimble" i , Jor 11119 . 

o. 
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th~ proper temp~ratur~s and to control a11 01 the other lactors in 
accordance with the requirements 01 each individual heat. Through­
Qut this period many samples of the metal are taken from the furnace 
lor expert examiMtion and laboratory aMlysis to mak~ possible 
the necessary control of the "h~ati" it is also during the "working 
period" that materials such liS copp~r, manganese, nickel, etc., are 
add~d when desired. The period of time required for completing 
a "h~at" of from 90 to 100 tons of Basic Open Hearth steel is 
approximately 11 hours. 

POURING 
INGOTS 

When the molten steel 
is tapped from the 
Open He,uth furMc~ 
it is received in a large 
fire-brick-lined I"dle 
from which it is imme­
dill,ely cast into indi­
vidual ingot molds 
producing ingots of 
approximately 3!1 tom 
each, usually r~(tangu­
lar in cross section, but 
in some cases and for 
special purposes round 

in cross section. 
Depending upon the 

chdracter of steel being 
pou red and the pur­
pose for which it is 
destin~d, the ingots are 
~ithe{ "top-poured" ­
that is, each ingot mold 
is ~lIed directly from 
the ladle-or "bottom­
cast," by which method 

ow 
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the steel is poured into" centr,,1 piping "riser," Rowing down, then 
out through" network of refrdctory piping, then up into" group of 
ingot molds- liter"lly from the bottom. 

The steel is "Howed to rem"in in the ingot molds until" con· 
sider"ble shell of the ingot solidiRes, then the molds "re stripped off 
dOd the ingots "re removed to the "so"king pits." 

ROLLING STEEL 
Omitting m"ny det"ils but touching upon some of the most import"nt 
essenti,,1 f"ctors in the 
production of uniformly 

high qu"lity steel, we 
now come to the point 

where, inste"d of by 
melting "nd pouring, 
the met,,1 is c"rried 
furthe r in prep"r"tion 

"nd reRnement through 
controlled lower tem· 
per"tures dOd rolling. 

Soakins Insob: Bdore 
"n ingot c"n be success· 
fully rolled its interior 

"nd exterior temper"· 
tures must be "pproxi. 

m"tely the s"me over"II, 
for temper"ture in· 
equ"lities in the ingot 

would c"use trouble 
in rolling, with con· 
sequent imperfections 
in the Rnished steel. 

E"ch ingot is therefore 

t"ken immedi"tely "fter 
stripping to the "so" k· 
ing pits." These so"king 

ou 
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pits, located in the 
same bu ilding with the 
blooming mill, are com­
paratively small gas­
fired pit furnaces, each 
accommodating about 
20 tons of ingots . Here 
the ingots, standing on 
end, are allowed to 
"soak" in heat of about 
2000°F., until they 
reach that temperature 
uniformly. They are 
then ready for rolling. 
Blooming: The uni­
formly heated ingot is 
taken from the soaking 
pit directly to the 
" blooming" mill. Here 
it is rolled forward and 
backward through a 
series of "passes," each 
successively smaller 
than the preceding one, 
until the ingot- which 
was about 7 ft. long 
and 19 inches to 22 

I ngot entering the second pass at the blooming mill. 
inches in its other 

dimensions- has been reduced to a " bloom" about 40 feet long 
by 7% inches square. 

After the rough ends are cropped from the bloom it proceeds 
directly to the billet mill, where by further rolling it is reduced 
to a billet about 4 inches square in cross section when destined 
for finished steel products other than seamless tubes, or rolled into 
a round billet from 2 inches to 6Yz inches in diameter when destined 
to be finished into Seamless Steel Tubing. 

G1 2 
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This covers in a very brief and sketchy way the production of 
what is termed "semi-Rnished" steel. As indicated, the metal 
ordinarily is kept hot throughout these processes. Now in billet 
form the steel is allowed to cool, is properly marked for identiH­
cation and e ither stored for later use or taken to the Rnishing mills 
to be manufactured into some Hnished steel product. The products 
of immediate interest here are seamless steel pipe and tubes. 

Billtl mill II/ MOllellell W orks. Either round or 
oblollU bi/tell CU'I be roll~d hert. 

BiUtt, on the cooling/oble 01 Jlonuun. 



SEAMLESS STEEL TUBES 
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Bdore we proceed with any description of the processes of manu­
facturing seamless pipe dnd tubes it may be well to deRne the terms 
" Pipe," " Pressure Tu bes" dnd "Tubing" dnd to give some 
gener.,] information about speciRco:!Itions for edch. 

Pipe 

In genera l, the term "pipe" is applied to: 

$t"ndard Wrought Pipe 
(In c1udinlJ BU ra Strong and 

Double Bxtra Strong) 
Drive Pi~ 

Oil Well "Tubing" 

Lorge 0.0. Pipe 
using 
Drill Pipe 
lin!!: Pipe 

MlIleri,,] in the "bove cl.mi~c"tions is known "nd spoken of 
by its nom in,,1 inside diameter, from Ys" to 12" inclusive. Above 
12" nomindl inside diameter it is referred to by its outside diameter. 
Exceptions to this commercidl practice are C"sin9, Drill Pipe and 
PI"in End line Pipe, ordered in "ccordclnce with Americ.1n Petroleum 
Institute's Speci~cdtions S-A .lnd S-l. 

It is importdnt to remember thdt the outside didmder of pipe 
remdins constdnt to the listed dimensions dnd thdt dny pipe heavier 
than the standards listed will carry its ~)( tra wall thickness on the 
inside, with d consequent reduction of the inside diameter, O rders 
for commercidl pipe dbove 12" nominal inside diamder should 
specify both the outside diameter dOd the wall thickness desired, 
O rders for commercial pipe 12" nominal inside diameter dnd smaller 
should designate both the nominal size and weight. Pipe ordered 
to American Petroleum Institute's Standards should be designated 
by its outside didmder dnd weight (with the exception of Th readed 
a.nd Co upled Line Pipe dOd Oil Wel/ Tubing, which are desig­
nated by their nominal inside diamders), 
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Pittsburgh Sedmless Stdndard Pipe is usually furnished "Hot 
Finished," dlthough in certain sizes and for certdin purposes it mdY 
be ordered "Cold Drdwn." Unless speci~cdHy ordered otherwise, 
Pittsburgh Sedmless Stdnddrd Pipe will be mdnufdctured dnd tested 
in dccorddnce with AS.T.M. Speci~cdtion A-53 (Grdde A) of 
Idtest issue. 

Pressure Tubes 

Pressure Tubes comprise the hedt trdnsfer "pipes of steam 
boilers, 5uperhedters, condensers, oil crdcking stills, hedt exchdngers, 
etc. The term "Pressure Tubes" is generdlly dPplied to: 

Boiler Tubes or Flues Crdtking Still Tubes 
Superhe<lter Tubes or Flues HI!:<lt Exthdngl!:f Tub l!:s 

COndl!:Ml!:f T ubl!:s 

This mdterilll is referred to by its outside did meter dnd g"ge 
(wdll thickness). As in the cllse of "Pipe," when the willi thickness 
is incre"sed the inside didmeter is decredsed. Commercidl qUdlity 
dnd dimensiondl tolerdnces dre fully covered by speci~cations issued 
by th, A.S.M.E., A.STM. "d AAS.M.T.C 

Commercidl Boiler Tubes, including Superhedter Tubes, Safe 
Ends dnd Arch Tubes, dre usually ordered to "Minimum Wdll" 
speci~cationsj i.e., the wdll thickness shdll nowhere be less thdn 
thdt speci~ed, but mdY exceed thdt thickness by d certdin de~nite 
dmount. Crdcking Still, Hedt Exchdnger dnd Condenser Tubes 
Me usudlly ordered to "Averdge Wdll" speci~cdtionsj i. e., the 
wdll thickness mdy VMy d de~nite dmount either over or under the 
speci~ed thickness. In some instdnces, however, these c!.mes of 
tubes dlso dre ordered to "Minimum Wdll." Thus to avoid errors 
it is essential thdt orders clearly designdte whether the wall thickness 
desired is ··Minimum" or "Averdge." 

Pittsburgh Sedmless Pressure Tubes dre mdnufdctured "Hot 
Finished" in sizes down to 1}2" O.D. Smdller sizes Me uSUdlly 
aVdildble only in "Cold Drdwn" quality. 

Tubing 

The term "Tubing" is generally "pplied to those tubul"r products 
which Me used for structur,,1 purposes dnd to form cert"in p"rts 
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of mdchines. Such m"teridls, usu"lly referred to dS Mech"nicdl 
Tubing, gener"lIy require d gredter degree of dimensioMI dccurdCY 
thdn either Pipe or Pressure Tubes. 

Pittsburgh Sum less Mechdnic,,1 Tubing is furnished either Hot 
Finished or Cold Drdwn, "s speciRed. 

MANUFACTURE OF SEAMLESS 
STEEL TUBES 

It is of course not possible within the limits of d few Poiges to enter 
into dnything like dn "dequ"te description of the processes of se"m-
11m pipe dnd tube mdnufdcture. Mdny vitdl fedtures c"n be only 
lightly touched upon dnd mdny others must be omitted dltogether. 
Since it is both interesting dnd useful, however, to know the essentidls 
of sedmless prdctice, we feel thdt even d very short description will 
be well worth while. Mednwhile we Me "IWdYS gldd to give 
inform"tion in gredter detdil in response to spedRc inquiry, dnd in 
c"ses 01 sped,,1 requirements our engineers dre dlwdYS dVdildble for 
consultdtion without obligdtion. 

Piercing Billets 

_ I .... 'T_ _ .... 
ulk.UT 

In our short discussion of the mdnufdcture of iron dnd steel we left 
the steel in billet form, mdrked for identiRcdtion. Hdving successfully 
pdssed cdreful inspection, the billet is now (eddy for the tube mill. 

Over thirty ye"rs of experience lin m"king se"mless tubes h"ve 
t"ught us mdny things. We know th"t it is not possible to get the best 
qUdlity of product for edch spedRc purpose for which sedmless 
tubes dre used by employing dny one mdnufdcturing process dlone. 
Disregdrding duplic"tions of equipment to produce pipe dnd tubes in 
v"rying sizes by the Sdme essentidl processes, Pittsburgh Steel Compdny 
is unique in thdt we use three tot"lly different types of sedmless 

GOO 
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pipe dnd tube mills, 
edch chosen to give: 
ce:rt"in very desirdble 
b,tSic qUlllities to the 
cldSS of Rnishe:d prod­
uct it turns out. We 
mdke no welded pipe 
or tubes <It "II. 

Mlnnesman Roll Pierc­
ing : The M'~Jnne5m"n 
piercing process is used 
exclusively to produce 
Pittsburgh Sedmless 
Steel Tubes. ThesE: 
mills embody the princi­
ple of didgon,,1 rolling 
dnd piercing. The com­
PiHdtiveiy hedVY rolls 
- their didmeters Vdry­

ing dccording to the 
size of the tube to 
be m"de- tdper dt ,m 
dngle of 5 to 10 de­
gree:s towdrd uch end 
from d Rei! centr,,! por­
tion "bout 1" wide. 
These rolls ",re pl,Ked 
.It their housings side 
by side, their dxes 
slightly dskew <!Ind in­
clined in opposite 
directions, but corres­
ponding dt their 
centers. 

After being shedred 
to proper length the 
round billet is Rrst 
hedted, then con-

l'iudliU (, / .. Ix "'"Ilk lit 
"(I~ollll Ir mill, Alle"po~t 

Work •. 

en 

.... 
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veyed to " trough on the entry side of the rolls. There it is pushed 
by " rod, "ctu"ted by .s compressed .sir cylinder, into the opening 
between the rolls. In this sp.sce is .s pointed m"ndrel or piercing 
point, supported by .s w"ter cooled rod from the delivery side of 
the rolls. The rolls c.suse the billet to revolve r.spidly, pulling 
it .snd dr"wing it over the piercing point to m.ske " hollow billet 
in the form of .s rough, thick w.slled tube, re.sdy for the rolling 

mill which follows "nd 
which will be de­
scribed l.ster. 

Elong"tor M ill : The 
Elon9"tor Mill- used 
to produce hot rolled 
tubes of sm.sller di"me­
ters .snd lighter w"l1s 
th.sn .sre pr.sctic"ble by 
ordin<HY processes ­
differs in import.snt 
pMticul"rs as we come 
to the point of rolling 
"fter piercing. The 
piercing itself at this 
mill is essenti.slly a 
repetition of the 
M"nnesman principle 
.slready described, e)(­
cept that revolving discs 
are used as guides in 
.sddition to the rolls. 
More will be said of 
the Elongator Mill as 
we discuss rolling. 

Pilger M ill : The Pilger 
process is used to make 
pIpe and tubes of 
diameters I"rger than 
6" for such purposes as 
oil country tubular 
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goods, boiler headers 
and pressure piping. 
Since this process is 
quite unusual, and 
since the Pilger Mill 
product has a number 
of features 01 great 
importance from the 
standpoint of usage in 
hard service, the Pilger 
Mill will be described 
in some detail when 
we reach the subject 
of rolling_ 

The chief feature 01 
piercing at this mill is 
the size of the opera­
tion- entire round in­
gots being pierced by 
a Mannesman piercer 
of the same general 
type used for piercing 
small billets at the 
Mannesman mill already 
described. After this 
piercing the ingot is 
reheated, then passed 
through still another 
roll piercer in which 
the outside diameter of 
the blank remains un· 
changed while the wall 
thickness is reduced by 
use of a larger mandrel 
or plug. The hole in 
the blank is now thor­
oughly cleaned out 
with an air blast be­
lore the pierced ingot 
goes to the Pilger 
rolling mill. 

,. Secolld-pie,ciIlY" '''' illvol 
,d the Pilgu .I ill; outld 

.ide. 
0" 
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ROLLING SEAMLESS TUBES 

........ R O<L 

--- ..... ' 

It is worth noting in p"ssing th"t the oper"tion of piercing solid 
steel is well c"lcul"ted to demonstr"te the ~tness of the steel for 
pipe "nd tubes. The severity of the process will immedi"tely bring 
to light MY sm,,11 defects in the piece which m"y h"ve esc"ped 
detection in previous inspections, "Ithough of course sound met,,1 
is strengthened "nd re~ned by the rolling since it is being worked 
under closely pre·determined temper"tures. Any billets or ingots 
th"t reve,,1 imperfections during piercing "re scr"pped. 

No m"Uer by which of these simil"r processes the piercing of 
billets- or ingots- h"s been "ccomplished, we h"ve " rough tubul"r 
bl"nk of very he"vy w,,11 thickness "nd comp"r"tively short length 
"Iter the piercing. In order to ~nish the pipe or tube to smoothness, 
proper length "nd "ccur"te dimensions it is necess"ry to send it 
now through" series of "re~ning" oper"tions, e"ch 01 which "dds 
de~nitely to the qu"lity ch"r"cteristics of the ~nished product. 

Although there Me 
in the pl"nts of Pitts­
burth Steel Comp"ny 
sever,,1 se"mless tube 
rolling mills designed 
to t"ke the pipe "nd 
tube bl"nks turned out 

lloU;,,~ a J"b~ uJJ~r pitre. 
j"g. 1'11;, llIbe i, tI,Jtri,,~ 

Jllejinal JIIIII. 
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by the MlInnesmdn, Elongdtor find Pilger mills, we shdll concern 
ou rselves here with only one of eflch of these mills. 

Semi.Automatic Rolling Mill: Tube bldnks go directly from the 
Mdnnesmlln piercer to the rolling mill, which comprises two long 
rolls, one above the other in the stdnd. Edch of these rolls hds d 
series of somewhat U-shdped grooves Mound its fdce, edch groove 
progressively ndrrower dnd shflilower thdn the preceding one. As 
the rolls fire ddjusted properly the grooves in both conjoin to mdke 
fI series of dpproximately round "Pdsses" through which the hot 
tube blank will be rolled successively until it reflches dpproximdtely 
the length, diflmeter dnd wdll thickness of the required ~nished tube. 
Supported by a long rod at the redr of the mill- ds dt the piercing 
mill- is d mdndrel or plug over which the tube will be rolled through 
edch PdSS. 

In rolling, one end of the almost white hot pierced billet­
or tube bldnk-is introduced into the ~rst dnd largest of the roll ing 
mill Pdsses. When the rolls seize it dnd force it through the PdSS 
the tube is elongdted dS the extremely thick wdlls fire rolled down 
to more neMly normdl size over the mdndrel. Returning dutomdtically 
from the redr of the mill the tube is given a 90° turn dnd introduced 
into the second PdSS, which furthers the action of reducing the out­
side diameter and wall thickness while lengthening the tube pro­
portionately. The tube receives two or more successive railings in 
the Sdme WdY until it reaches proper size. 

Elongatot Mill : Pierced tube bldnks go direct from the piercing 
mill to the Elongdtor M ill, just dS in other sedmless rolling processes. 
Instedd of the two hedvy, grooved rolls of the usual rolling mill 
type, the Elong<!tor Mill hds in effect four ddjustdble rolls-two 
pdrdllel rolls inclined 
on their dxes dnd two 
disc guides. The pdral­
lei or working rolls 
are mounted side by 
side in the stdndi the 

Rolli"g /. t .. be (.t the 
EIQ"g(dOT Mill. Thi, i , 
Ihe ollllt t ,ide oj the mill. 
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disc guides-their working f/lces grooved li ke rolls-dre mounted 
one dbove the other dnd between the working rolls in such d Wdy 
th/lt the opening PdSS between the four rolling f/lces corresponds 
to the size dnd shdpe of the Rnished tube to be m/lde. 

When it comes from the piercing mill the hot pierced billet is 
trdnsferred to d rdck beside the Elong/ltor rolls, where ~ long, round, 
smooth mdndrel bdr is immedi/ltely inse rted into it. The bldnk wi th 
its mdndrel bdr is then introduced into the Elongdtor rolls, where 
dS the tube: is rolled its inside wdlls dre smoothed over the round 
mdndre l bdf, the wdll thickness being reduced uniformly dnd the 
exte rior smoothly Rn ished. 

The chief ddvdntdges of this method of mdking se/lmless tubes /I re 

;C::; Te-> erl tt rillg Pilger rolt.. tI , th~ pipe 
rolled th~ pl"",u tablt a"taJlluti. 
caUr ..w.u lorl(;ard . 

the rem/l rkdbly con­
centric wdlls dnd the 
smooth inside dnd out­
side ~nish it gives the 
tubes without cold 
d rdwing. The Iduer 
fedture is of consider­
dble importdnce in 
much boiler /lnd power 
piping, wh ile in the 
mechdnicdl tubing Reid 
concentricity - w ith 
its resulting bdl/lnce­
is most desirdble. 

Pilger Mill : From the 
so-cdlled "second 
piercing" of the ingot 
dt the Pilger Mill the 
hot pierced bldnk is 
del ivered to dn electr ic 
buggy, thorough ly 
ciedned out by dn dir 
bldst /lnd tdken to the 
Pilger rolls. 

Pil'ltr rolt., ou/lel tide. 
PilM Ita~i'l g ht" gou-­
«flU c,opping--w /I" no,-

malizin,/",nl,l«. 

"" 



SEAMLE SS F O R S A FE T Y 

The Pilger pipe rolling mills, of which there "re two "t Pitts­
bu rgh Steel Compdny's Allenport Works, "re so unique "5 to merit 
r",her dd"iled description. In considering the merits of the Pilgl!:r 
p rocl!:ss it should be remembered th"t the more hot steel is workl!:d 
"nd forgl!:d the tougher it becomes . Therein lie the "dv"nt"ges of 
fo rged steel. The Pilger p rocess of m"king se"mless pipe is essenti"lIy 
"combiMtion lorging-rolling process. Such products "5 Oil Country 
T ubul"r Goods "nd Pressure Piping m"y in "ctu,,1 use quite often 
requi rl!: thl!: I!:xlr" mMgin of s"fety this unusu,,1 process produces. 

Pilger rolls "re pl"ced one "bove the other in the mill sto:!lnd 
with pdr" lleI "XI!:S, much "5 "re the rolls in "n ordiMry rolling mill. 
Thl!: big diffl!:rence between ordiMry rolls "nd Pilger rolls, however, 
is in thl!: shape of the 
Pilgl!: r rolls, which h"ve 
eccen tric passes de­

signl!:d in such " w"y 
th"t whill!: during the 

~rst p"rt of I!:"ch revo­
lution thl!:Y "ctu"lly 
fo rgl!: thl!: pipl!: by de­
livl!:ring sl!:vl!:re blows, 
they roll it in thl!: nor­

m"l w"y-though in the 
reve:rSI!: dirl!:ction ­

du ring thl!: b"l"nce of 
the rl!:volution. The 
hot pil!: rced ingot is 
brought to the Pilger 

rolls "nd tr"nsfe rred to 
thl!: ddivery trough of 
t he mill whe r e" 

m"ndrel on " hydr"ulic 
plunger mounted on " 
I" rgl!: mov"ble t"ble is 

G("~ r(ll fi~w oj I'ilu~' ,\I i/{ 
buildill'llli All"lporl ' ''orb 
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inserted into dnd through the bl,mk until its forw,trd end projects 
into the spdce betwun the rolls. As the rolls revolve the bldnk 
is forced between the rolls where their surfdces Me cut dWflY, then 
struck d he.svy blow in the shdrply ndrrowing throdt. As the PdSS 
continues to ndrrow the pipe is seized dnd rolled. Since the direction 
of roll movement is dgflinst the pipe, however, r.sther thdn with it 
.s5 in customflry pr.sctice, the forged dnd rolled end of the pipe is 
thrown b.sckwflrd to the limit .sllowed by the hydr.sulic mdndrel 
upon which it is supported. At the s"me time the mdndrel dnd pipe 
dre mechflnicdlly rotdted 90°, dgdin the pipe is cdrried forwdrd 
into the rolls, struck d hdrd blow, rolled out dnd thrown b"ck. This 
dction is repedted mdny times during Pilgering of d length of pipe 
until every sqUdre inch of the pipe hds been both forged dnd rolled. 
The pipe emerges from the rolls slightly oversize in didmder, but of 
proper wdll thidness. Rough ends "re sdwed off while the pipe 
is still dlmost cherry red, dfter which it is conveyed to the normd lizing 
furndce. 

--....... 
" ....... 

- ~ 
,,~ ..... 

NorInalizing 
The normdlizing furn"ce dt the Pilger Mill is d gds-fired furndce, 

so drrdnged thdt the pipe to be normdlized is conveyed on specidlly 
designed wdter-cooled rolls through dn opening in. one end. The 

J 



S EAMLE SS FOR S AFETY 

pipe is grddudlly hedted 
to the proper normdliz­
ing temperdture dS it 
rolls dcross the Aoor 
or heMth to the op­
posite side, where it is 

picked up by d second 
set of conveyor rolls, 
pdSSed out of the fur. 
Odce dnd thence on to 
further ~nishing operd­
tions to be described. 

By this normdlizing 
operdtion, under dose Pilg" pi.". leann, lite norma/iring flirnace. 

temperdture control, dll work strdins dre relieved dnd the grdi n 
structure of the steel restored to its idedl condition. This dssures 
thdt edch length of pipe hds the Sdme uniformity of structu re throughout. 

REELING SEAMLESS TUBES 

--'---j --
-"",-

!It .... .-...-. 

As tubes come from 
the rolling mills previ­
ously described they 
dre slightlyovdl shdped, 
oversize dnd not per­
fectly smooth. To cor· 
rect these conditions 
it is necessdry to put 

O,le af Ih~ rctlill? mil/, al 
tllItnparl II arb. 
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them through three Rnishing oper<!ltions, the Rrst of which is "reeling." 
The reeling mill consists of two short he<!lVY rolls mounted side 

by side with their <!Ixes inclined sIi9htly tow<!Ird the horizont<!ll. 
The rolls thus cross e<!lch other <!It their centers. E<!Ich roll is <!Idjust<!lble 
l<!Iter<!llly so th<!lt the P<!lSS between them m<!ly be v<!Iried by thous<!lndths 
of <!In inch. A plug is supported on <!I m<!lndrel b<!Ir <!It the b<!lck of the 
rolls <!IS <!It the rolling mill. In oper<!ltion <!I tube, still ret<!lining enough 
of its origin<!ll billet he<!lt to m<!lke it <!I cherry red, is introduced into 
the reeling mill where it is seized, forced be:tween the swiftly 
revolving rolls, over the m<!lndrel plug <!Ind out of the mill. The tube 
is now perfectly round, pr<!lctic<!llly str<!light <!Ind highly burnished. 
It is still slightly oversize, however-<!I condition which will be 
remedied in the "sizing" oper<!ltion. 

SIZING SEAMLESS TUBES 

"-;:~~~~~~~~:i l O TUIt ~ -~"" -
Iil>u.IO T_ 

_ ..... c._ 

The sizing mi ll for tubes of 3" <!Ind 16rger di<!lmeters employs 
horizont<!ll Md vertic<!I1 rolls, <!III set with their p<!lsses in <!I horizont<!ll 
line with <!III other p<!lsses in the st<!lnd, these p<!lsses being grooved 
to form <!I perfect round of the desired outside di<!lmeter of the Rnished 
tube . The tube is introduced into the sizing mill- this time without 

<!I m<!lndrel - which 
dr<!lws it slowly 
through, compressing 
the slightly oversize 
w<!llls to 9ive the tube: 
its specified outside 
di<!lmeter. 

Polfuwin9111~ .telill, o,u,a­
lion lubu a,~ ulllolllI ,e_ 
lIeale4 kJor, Iliell a" run 
IlIrou,1I III, rwud", ralb. 

a" 
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Sinking; Tubes of sm<'liler th,m 3" outside didmeter <'Ire rehedted 
dnd ~nished by d "sinking" process which is simildr to the sizing 
operdtion except thdt edch of the 18 stMds of rolls in the sinkin g 
mill presents d slightly smdller pdSS to the hot tube dS it comes through 
the mill. By this process it is possible to produce hot rolled tubes 
dS smdll dS 1 J-i'" O.D. 

While these ~nishing oper<'ltions of sizing <'Ind sinking hdve 
their counterpdrts in 
the Pilger dnd Elon­
gdtor mills respectively, 
these operdtions will 
not be detdiled here 
becduse of their essen­
tidl simil<'lrity to whdt 
hds dlre<'ldy been de­
scribed. 

Straightening 
Seamless 

Tubes 
In order to get com­

pletely strdight pipe 
dnd tubes we run dll 
sedmless mdteridls, by 
whdtever processes 
produced , through 
strdightening mills of 
which there dre <'I num­
ber of different types dt 
Pittsburgh Steel Com­
pdny's Allenport dnd 

Tube beingfilli.hed in era" 
roll.. CoOling table in the 

badr,round. 

0" 
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Monessen mills. Edch 01 these strdighteners is designed lor d pdrticu­
Idr type 01 pipe or tube, edch turning out d commercidliy strdight 
product within dose limits of tolerdnce. 

After strdightening, crop ends Me cut from edch piece of pipe 
or tube dnd- following dose Rndl inspection for size, gdge dnd 
sur/dce, dnd tests for strength- the hot rolled product is reddy lor 
prepdrdtion dnd shipment. 
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COLD DRAWN TUBING 

In generdl when tub­
ing is cold drdwn dher 
hot rolling the cold 
drdwing is done to 

produce lighter wdlls 
dnd to secure d gredter 
degree of dccurdCY in 
dl! dimensions thdn 
would be possible by 
hot finishing. Cold 
drdwing dlso produces 
d bright ~nish on the 

exterior of tubing dnd 
impdrts incredsed 
strength dnd stiffness 
through modificdtion of 
the grdin structure of 

the steel. It is neces­
Sdry to relieve this stiff­
ness dlter edch cold 
drdw PdSS bycontrolled 
dnnedling, which re­

stores the normd) grdin 
structure. 

Cold drdwing be­
gins where hot Rnish-

Picldillg tllbn i,) prepara_ 
liall fQr coM ""uri"'J. NQle 

Ih~ IlOillteil tllli •. 

\ 
\ 
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ing ends- "Iter the siz­
ing mill. The process 
itself consists 01 pulling 
the tubing by drdwing . 
tongs of tremendous 
power through round 
dies of the required 
smdiler sizes. First the 
tube to be cold drdwn 
is sWdged- or pointed 
- dt the end which 
must st",t through the 
die. Next it is pickled 
in dcid for remoll,,1 of 
dll trdces of rolling mill 
sCdle, then wdshed dnd 
dried. It is then tredted 
inside dnd out with d 
liquid mixture of flour 
dnd tdllow or other 
suitdble lubricdnt. 
When this lubricdnt hds 
dried the tube is reddy 
lor the drdwing. 

There dre two chief 
processes of cold drdw , 
ing - the "pulling" 
process fInd the "sink. 
ing" process. In " pull . 
ing" the pointed end of 
the tube is inserted 
through the die dnd 
gripped on the other 
side by the d rdwing 
tongs. At the Sdme 
time d mdndrel dt· 
tdched to the end 01 d 
long rod , is pushed 
into the tube from the 
open end dll the wdy 

Theft uuto ... "tic IlI!neulill~ 
fll n lace. at A llenport 
Work. IIrt th" rerv IlIlnt 
100 ' '( ill .cit lltijic htul co ,,-

1'0/ mtlhod • . 
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down to the die. When 
the dr4wing tongs 4re 
eng4ged with the end· 
less ch4in of the dr4w­
bench 4nd st4rt pulling 
the tube through the 
die, the m4ndrel on the 
inside of the tube cen· 
ters itse lf in the die 
opening, where it reo 
m4ins until the entire 
tube is dr4wn over it. 
In this W4Y w411 thick­
ness is closely con­
trolled. 

The "sinking·· proc· 
cess - used for very 
he4vy w411ed tubing 
4nd for inside di4me· 
ters of ~" or less-is 
pr4ctic411y the S4me 4S 
the pulling process, 
with the exception th4t 
no m4ndrel is used. 
This process obviously 
does not permit 4lto· 
gether 4ccur4te control 
of W41l thickness. 

In some C4ses one 
cold dr4W P4SS is suffi­
cient to ~nish 4 tube 
to size, but usu411y it 
is neces54ry to give it 
two or even six or 
eight - 4nd in some 
c45es 45 high 4S twenty 
- pmes through dies 

lI elll·trf(.ti"g (''' tomobi/~ 
(u/e·hou.i"II' Itt ,II""tUtl!. 
Th i. j . Ihe i,liel .ide "/ " .. t' 
0/ the 'JllCio/ e/Ulricully 
conlrollt /urnm:tI (lj Ihi. 

",ill. 
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01 decredsing didmeters 
before the required 
size is redched. Alter 
edch PdSS the tube must 
be dnnedled , then 
cledned, lubricdted dnd 
dried before the next 
pdSS. 
Ann u ling : When d 
tube hds been cold 
drdwn to Hnished size 
it mdy or mdy not be 
dnnedled, depending 
upon the use for which 
it is intended. Boiler 
tubes, for f!Xdmple , must 
be full-dnne6led to 
bring the gr6in structure 
to "de6d soft" condi­
tion. V6rious c16sses 
of mechdnicdl tubing 
dre 6nne61ed dt vdrious 
temper6tures, dll dC­
cording 10 whdt physi ­
cdl chdr6cterislics it m6y 
be desired to produce 
forthe service fo r which 
the tubing is intended. 

After dnnedling the 
cold d rdwn tube is 
strdightened, cu t 10 
length, inspected inside 
dnd out, tesled dnd -
providing no further 
processing operdtions 
hdve been speciHed­
prepdred for shipment. 

Oili,lg 1,,1u. to comb,,1 rurl 
,/ .. ri Il9 ,hipmcll t 11 11 <1 '/or­
!Jge. Oil emlll/ry fllII/e ri,./ 
i , /reo/ed by ,~ciltl cleMl_ 
ll1g ,,,,<I con/inrl cqllipmtllf. 
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INSPECTION, TESTING and 
FINISHING of PITTSBURGH 

SEAMLESS MECHANICAL 
TUBING 

Inspection : It hdS dlready been indicdted thdt the mdnuf<'lCture 01 
Pittsburgh Seamless Pipe and Tubes is "ttended by close inspection 
"II the Wily from the bldst furno!Jces to the time the Hnished product is 
IOdded for shipment. A typiclll illustration of the thoroughness of this 
"i n spect i on-contro [" 
of mdnuf<!cture in Pitts­
burgh Steel Compdny's 
mills is the Idet that the 
so-edlled Controlled 
Steels of toddY Me 
products of the same 
sort of close inspection­
control <'Idopted by this 
Comptmy more th<!n ten 

ye,m d90. M.my of the 
highly publicized new 
steel cledners dnd 
deoxidizers were, in 
f,Kt, developed in Pitts­
burgh Steel Company's 
open hedrths- princi. 
paliy because our con­
trol methods here have 
long h"d the reputlltion 

Pilt, burgit Slu/ Compa"y', ordinary re'~arch o'id le,ling 
facilitie, are di$tribt,/ed at , trategic poinU thrOl'ghol't Ihe 
mil/. , Thi, i. a corner of one laboratory at Mon~uen 

W ork, ; micTOICopic t zaminalion in inltl. 

of being Ilmong the most Ilccurllte lind complete in the entire !n­
dustry. 

Without going into further detlli\ Ilbout inspection, we do fee! 
it of grellt signihcllnce to emphllsize thllt inspection Il!one is not 
depended upon in these pl1lnts to Ilchieve uniformity of product 

... 
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through simple rejec­
tion of visibly irregu ldr 
mdteri,,1. It is lin un· 
U5Udily close co-ordi ­
Mlion of inspection , 
oper"ting o:!Ind met"l­
lurgie,,1 dep,Htments 
th,,! gives the inspec­
tion-control we. con­
sider so vitllily import"n! 
in prevention of irregu­
I,:!rilies in the Rnished 
product. 

T ells: Depending upon 
the specific use to 
which "fly pdrticul,H lot 
of Pittsburgh Seamless 
Mechanic,,1 Tubing is 
to be put, the entire lot 
will be subjected be­
fore shipment to one or 
" variety of tests to 
determine the tubing's 
concentricity, dccur6CY 
to diilmders lind Willi 

thickness, hMdness, 
temper, tensile strength, 
resistance to lorsion, 
behdviour under impdct 
Md ilil other ch,Ir"c­
teristics tho!lt seem to 
helve "ny beo:!lring upo n 
the performMce to be 
expected from the tub­
ing in its intended 
service. This is in addi­
tion to the routine care 
exercised all the way 

TOf6ioll_Iu lill,Io du/ruct­
iOIl .. I~II,III of mu/umic,,/ 
l"bi,,'1. 
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from the bldst furndce. 
Such close control of 
Pittsburgh Sedmless 
qUdlity dnd Pittsburgh 
Sedmless uniformity mdy 
well be expected to 
show up in your own 
pldnt, not only dS re­
duced mdchining costs 
<!nd hdndling time but 
in d more dependdble 
finished product dS 
well. Pittsburgh Sedm­
less Mechdnicdl Tubing 
is dn engineers' prod­
uct for dn engineer's 
demdnds. 

Finishing : Broddly 
sped king, we consider 
"finishing" operdtions 
on Pittsburgh Sedmless 
Mechdnicdl Tubing to 
include ~ on order ~ 
forming or heat treating 
(or both) in addition 
to the mere preparation 
of mdteridl for shipment. 
We have complete 
equipment for all stdnd­
drd dnd many special 
forming operdtion, as 
well dS modern electri­

.lleclumical I"bu lire ezpnw/e,l, ]lunge,l, "pu t, I(rputd, 
f.,;",t (Hid olilurrise JOrlll ed 10 Imy reqnired lpecijicalion, 

"n thil Specially lJeparlme"l, MOlltl~tll Work,. 

Upulting meclralliclli tubing 111 the Specialty lJepartme'lt. 
.ItO/relltl1 Workl. 

cally-controlled hedt treating furnaces for producing mdteridl to the 
exacting speci~cations of dutomotive pllrts and specidlly stressed 
tubing. In short, Pittsburgh Sedmless Mechanicdl Tubing is aVdildble 
in dlmost dny steel, formed to dlmost dny speci~cations "nd hedt 
trellted whenever hedt tredting is indicdted. You have at your 
disposal at this one plant either all of these services or as few of 

:\13 
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T(1p4nng mtch(1nic(11 fubing (1f Montlltn Workl 

them <!IS you m<!lY choose 
to specify. "Pittsburgh 
Se<!lmless" is both <!I 

qU<!llity of tubing <!Ind " 
rounded type 01 

service. 
All Rnishing ope r<!l­

tions completed <!Ind <!III 
tests <!Ind Rn<!Il inspec­

tions p<!lssed, the Rn­
ished Pittsburgh 5e"m­
less Mech<!lnic<!ll T ub ins 
is oiled to prevent rust 
(unless otherwise speci­

Red-see P"se M.6-) 
<!Ind boxed or otherwise 
P<!Icked for shipment . 

M. 



USES of 
PITTSBURGH SEAMLESS 

MECHANICAL TUBING 

The great strength of the seamless steel tube, coupled with its relative 
lightness, makes it the ideal material for load·bearing machine P,Hts­
either working or "dedd"- whose stresses <Ire great, but whose 
weigl'lt must be held dt d min imum. The modern dutomohile, the 
dirplMe dnd the streamlined trllin h,we many such P(Hts. Drive Shllfts, 
dXles dnd housings <'Ind frame members <He typical examples of the 
dPplication of Pittsburgh Sellmless Mechanical T uhing in such u5"ge. 

Fully <IS important as these more spect<'lcui.u uses of the lightness 
dnd strength of seamless, however, is the growing use of Pittsburgh 
Seamless Mechdnictll T uhing for the m,lnUfdcture of hundreds of small 
machine pInts- from ball bearing races to ring gedrs dnd pist<rn pins. 
Mdny former users of solid stock for smdll Pdrts hdve discovered d 
tWO-Wdy redson for shifting to sedmless. First: mdchining costs Cdn 
be lowered surprisingly often dnd surprisingly fdr. Second: they 
get strength with minimum weight. Either of these importdnt possi­
bilities mdy mdke it worth while to check over your production to 
see where Pittsburgh Sedmless Cdn repldce solid stock or forgings 
to your mdrked adwmtdge. 

\ 
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INFORMATION 
TO ACCOMPANY INQUIRIES AND ORDERS FOR 

SEAMLESS STEEL MECHANICAL TUBING 

Thl!: import"nCI!: of sl!:ll!:cting tubing 01 thl!: propl!:r ,izl!:, "nnul "nd aMlysis for" 
pa.ticul"r purpo'e cannot be oVl!:r-l!:mphasized. Thl!: purch"Sl!: r should "Iways 
specify on his ordl!:r or inquiry thl!: parlicular gr"dl!: of steel dnd Rnish required; 
also, where possible, the mdnner in which the tubes dre to be used. If sufficient 
information dccompdnies the order or inquiry, difficulties will be avoided and 
compldints minimized. 

If tubes "'I!: to bl!: mdchini!:d by the purch"ser, the "Rnishi!:d dimensions" 
(0.0.; 1.0.; Ll!:ngth) should Ix given on the order, together with the manner of 
chucking "nd ,equl!:nce of mdchining operations. Unless the III<IInner of chucking 
is st"ted, it is d11uml!:d th"t thl!: tube will be chucked true to 0.0. 

When tubes are to be forml!:d cold (Swaged, Expandl!:d, T "pered, or Upsd), 
give detdils of the ndture of thl!: forming "nd sketches covering such forming, 
together with d description of oper"tions. Such ddtd is also essl!:ntidl when 
tubes are to be forged or forml!:d hot. 

If the purchaser inlends to polish or grind the tubing before u,ing, thdt fdct 
should bl!: sldted "nd the extent of the grinding given. 

II tubl!:s "rl!: to be plated, heat truted, case·hdrdened or weldi!:d, that fact 
should be ,tdll!:d in each c"se. 

Medium "nd ,oft annuled tubl!:s will be scaled to a cert"in extent. If such 
scale is objectionable il can be rl!:moved by pickling at the mill upon order. 

OrdeflO for tubing to be used for pump cylindeflO should Sldtl!: deRnitely whl!:thl!:r 
purchdser inlends to Rni1h the inside surldce to ,uit hi, need!., <lnd to wh<lt diml!:n· 
sions, so that sufficient stock can bl!: left in the lube 10 insure duning up. If 
pump cylinder ~nish is desired from the mill the order should pldinly so indiC<ltl!:, 
sinCl!: this type of finish involves special tools and oper<ltions lor which <In ext ' <I 
must be charged. 

Ordl!:flO for tubing which is to telescope over or inside another pdft should 
slate whethl!:r the ~t is loose, sliding or driving, and the length of Rt. '-"lIowance 
must be madl!: for the usual variations in di<lmeteflO and in str<lightness. 

In the C<lse of materi<ll ordl!:ri!:d to spl!:ci<ll dimension<ll accuracy or ,urf<lce 
finish it is 1!:11l!:nt;.1 that the ordr:r stdtl!: whethl!:r Ihl!: outsidl!: or insidl!: didmetl!:r 
is the most important. 

If the presence of oil is objectioMble thdl fact should bl!: noted. 
tubing is shipped oiled to prevent rusl un less otherwise ordered. 

Mech<lniC<lI 

M6 



SEAM LE SS FOR SAFETY 

GRADES OF STEEL 
USED I N T il l; M ANUFAcrURE 01' l'I1TSDURGII SEAMLESS STEEL 

MECIIAN ICAL TUn iNG 

CARIIOS Sl'P.E1.S 

5.A.E. C.rbon Manun_ P~f.~'" Su~ur l\"ick~1 Chromium 
:-;"<>- Kan.~ It.nle ,"u. k>_ Ran.e 

I --- - - --- ~ 

1010 " " '" .. ." ." 1015 .. " ... .. ." .m 
X· 1015 10- 20 70-1 00 ." ." ,,,. I ~- 15 '" 00 ~, ." :-;" -1010 " " 70 I 00 ~, '" .. " .. '" >0- ... ~, '" X·IOIs 2O- .JO 70 1.00 ~, '" .... " " 00- ... ~, '" .. 
"" '" .. .. . .. ~, '" , ... .J5· 45 60- .90 ~, '" .... . .. 

:-;"·1040 . " " .... .70 ~, . 055 .. .. .. . .. 
,~, .. " .. .. ~, . '" X ' 1045 .. ,. .0- W ." .055 . . . . ,,,. " " 00- . .. ." . 05S 

X_10M! " " .0- W .. , . 055 
lOSS " .. 00- ... .... '" X,IOSS " .. .... " " ... '" ... . ... . 

X_IJIS ... " , " , .. .., Kan.e 
075 . IS .. .. 

- -
N1CKF.L S"I"EI;1.S· 

--
"''' .. '" '" .. ... " . ... ... 
un .. " '" '" ... " . 1. 25-1. 75 
au .. " "'- .. ... " . 3.25-3.15 

"" 15-.25 '" '" ... ". 3.2~-J.i5 

"'" " " ,,- w ~. ". 3.\1:5-3 75 
2J35 '" .. " W ... '" 3 2S-3.15 

" .. " " ... .. ... .." 3 .25-3 .75 

"" .. '" .. .. ... " . 3.25-3.15 ,,,. 
" " .. .. ... ." J.2~-J.7S 

"" .. '" "'- .. ... ." 4 75-~.2~ 

N IC K);_, CIIKOMI UM STEELS' 

JUS 10-.20 . >0- .. ... .... , 00-1 so . ~S - . 7S 

"'" 15-.25 >0- .. ... .". , 00-1.50 . 45-.7S 
Jlls 20 -JO .... W ... .... , 00-1.50 ." " " .. .2S-.. U '" .. ... .'" , 00-1. 50 . 4S-.7S 

'''' 30-. 40 .... .. ... .. '" , OO-I .SO . 45-.75 

" .. .35-.45 00- .. ... .050 , ... , '" I .4s-.1S 
X..J140 " " .. .. ... .. '" , 00-1.50 ... ... 

3145 40- 50 .. .. ~. '" 
, 00-1.50 ~s-. 75 

"'" 45- 55 ... .. ... " . , 00-1 50 . 4S-.15 
, 

~17 



PITTSBURGH STItItL COMPANY 

GRADES OF STEEL 
USED IN T ilE MANUfI'ACTURE OF PITrSBURCIi SEAMLESS STEEL 

l'oIEC Ii A/'I ICAL TUBING (Continued) 

N IC KEL CIIIWM IUM S1·EF. LS (Conlinued ) 

S.A,E. Carbon M;o.npne.e Ph~f.~ru. Su\l:.ur Nkk~) Chromium 
N. Ibnle 'o~ , OL Rlnle Manle 

3115 . 10-. 10 . .10-.60 .... .'W , .l()-1.00 .00-' n m, .15-. 15 • 30-.60 .... '" 
, .ro-l 00 .00-, .n ,,» .25-.35 . 30-.60 .... .'" I ,SO-200 .00-, .n 

"" .35-.45 • 30-.110 .... .'" I.ro-1.00 .00-' .n 
3245 .40-.50 . 30-.60 .... .'" I ,ro-2 .00 .00-, .n 
"W .45-.55 . 30-.110 .... .'" \. 50-1.00 .00-' ." 3312 Mu. .n . .10-.60 .... .OW 3.25-3.15 1.25-1 " 3315 .20-.30 .30-. 110 .'" .050 3. 25- J . a I.a- I " 3J35 .30-.40 .30-.60 .'" .050 l.a- J .IS , 25-1 " "" .35-. 4S . 30-.110 .... .050 J .25-3.n 1.25- 1.15 
3415 . 10- .20 . 30- .60 .... .'" 2 .15-3.15 ..... ." 3US .30-.40 .30-.110 .'" .'" 2.75- l .25 ..... ." >OW .45-.55 . 30-.60 .... .'" 2 .15-3.25 ..... . " 

MOLYBOENUM S1"EELS' 

S.A.E. Carboa 
Man· " ,,". "". "'!eke! Chromium 

MoIyb-

1:.- phoru. fhur d~num No. .."~ "~ !IoIu. In. Rlnie Ranle Ibnic 

"'" .2S- . M .50-.80 .'" .'" .. ...... .. .,0- ... . 15-.25 
X·413O .25- .M .40-.60 .,., .050 ......... .80-1.10 . 15-.25 

4135 »- ." .60-.90 .... .'" ...... ... .80-1. 10 . 15-.25 
4140 . M- ." ,60- .90 .... .'" .... .80-1.10 . 15-.25 
4150 . ,,- ." .60-.90 .... .'" i :6.S':':i:oo 

80-1 . 10 . 1.5- . 25 .. " . ,0- .00 . 40- . 70 .~, .'" ........ .10-. 30 

CHROMI UM STtP.LS' 

"00 . 15- ." .30-. 60 .... .'" .... ..... . " .... " .. .35- " .60- .90 .... .050 .. .80-1. 10 
SI50 . ,,- ." ,60-,90 ., .. .'" ... .80-1. 10 , ... 

52 100 .95-1. 10 . 20-.50 .'"" .03S ........ 1. 20-1.50 ..... 

CHROM IUM VANADIUM STEELS-

$.A.E. Cu",", M,npRCK "'- "". Chromium 
Vanadium 

-~ fhur No. Ranlc ...~ MOL 'u. .. ~. 
Min. ""' ... ---

6 115 .10-.20 .30-. 60 .... .050 ..... , .W ." ." "W .15-. 25 .30-. 110 .... .050 ..... , W ." ." 6125 .20-.30 .60-.90 .... .050 .... , .W ." ." ,,» .25-.35 .60-.90 .... . 050 .... , .W ." ." "M . .10-.40 .60-.90 .... .OSO ..... , .W ." ." " .. .35-. 45 .60-.90 , .. .'" . 80-1.10 ." ." "" .40-,50 .60- .90 .... .", .80-1. 10 ." ." 6tSO .45-.55 .60-.90 .... .'" .80-1 . 10 ." ." 
-Silicon MIn.., 01 all $.A,E. buic open bea.rtb a11o,.- alftla Ihall be O.U-G.3O. For t~c and 

add OPltIl beartb alloy Ilftb. ~ aillcon coa~nllhall be 0.15 minimum. 

Whil~ lulring in prudicQI/II all tlte" ,radu can be "upplied, "'ee/,, 1016. X·J O!O, 
10'6, 10$5, 1046, 1$$0. X·41$0, and 41$6 u,. "andard ond call b.Jurni,lt,d in 
,,"ual ,i,,, and qlla"'i'iu promptly on ord,r. /l ,gular cold drawn mlCltanical 
jlllrin, i. /urnirlttd in ana/",i. rorrn1»"din, """all,, /{) S.A.E. 1016 unl.." 

oIlt"lCi" ,,ucified. 

M. 



SEAMLESS FOR SAFETY 

CHARACTERISTICS OF ANNEALS 
1. Un.nnul. d. Surf"ce bright <!Ind frte from ,c<!lle. H<!I' m<!lximum strength but 
slight ductility. The mtchinlng qU<!llities <!Ire good, but uMnnuled tubing is 
unlult<!lble for cold forming oper<ltions. Qrdin<!ldly used whll~n m<!lteri<!ll it 
de'ired with smooth finish or m<l~imum strength without reg<!lrd to ductility. 

i . Finish Annul (940 °F.). Dull surf<!lce "nd pr<!ldiC<!llly Ift:t: from K<!Ile. H"s 
good m<IChinubility. Mech"niC<!lI tubing is <!Ilw<!lYS furnished in this <lnnt:<ll 
unlest otherwise specified. Usu<!llly used where good finish <lnd free m<lchining 
qU<!llities 6fe t:Ssentid!. Will be found stiff <lnd with only modef<!lte ductility. 
Should not be subjtcted to severe cold forming optr<ltions. 

3. M.dium Annul (1100oF.). Surf<lct dull <lnd somewhat sC<lled. Mtchinel 
ulily <!Ind p<H5tsses considtr<lble softness, with relatively good tensi le 1trength. 
C<!Ip"ble of st<lnding <I fair amount of cold forming. ~le, if objection<lble, C<!In 
be removed with a pickling operaUon, which will not "Iter the physiC<!lI propc:rtiU 
dtrived from this <!Inned!. 

<t. Soft AnnlE,l (13S0°F.). Soft annedled tubes <!Ire consider<lbly K<!Iled, but 
this IC<!lle C<!In be removed by <!I pickling oper<!ltion. Such tubes <IrE idul for cold 
forming oper<!lUons. Howevtr, on <!Iccount of their extreme softness, tubt:S of 
this <lnne<!ll C<!lnnot be held <!I1 closely to dimEnsions <15 thE stiffer anne<!lls <!Ind <!I 
gruttr degree of OV<!llity will be encountered. Liktwise, mtchinubllity il 
lIot so good <!II in tht ItiffEr <lnnE<l15. 

PHYSICAL PROPERTIES 
OF COLD DRAWN SEAMLESS STEEL TUBING 

ThE t<!lble on thE following p"ge covers tubing of v<lfious types of stetl <!Ifttr 
lIorm<!l1 cold dr<lw p"sscs "nd <!Innealing <!It the tempef6tures shown. These figures 
represent v<llut:S for tubing of usualsizt:S <!Ind w<!lll thickneues. Th~ do 1101 <!Ipply 
to unusu<ll sizes, g"gt:S or Ipt:cilk<!ltions--for scyer<!ll rUlons: 

1. Physical prop(rtlts eM cold dro!wn tubes will V<lry <!Iccording to 
the v<lrying degrees of cold work performed in producing the tubes. 

2. Annuling of cold dr<!lwn tubes changel the physical proptr­
ties. The <!Imount of tht:Se ch<lngEs will vary with the degree oj 

cold work the lube: h<!ls received. 

3. Grt:<lter proportion of ch<!lnge, with incre<!lsc:d proportion<!lte 
strength, will be: found in light w<!lll tubes th<!ln in tubes with huvy 
walls, due to the f"d th<!lt the latter C<!Innot be: given thE ",me degree 
of cold work a1 the light w<!I1I tubt:S. For thE samE fUlon, I",ge 
tubes with relatively huvy w"lIs will not show the ,,,me Increase 
in strEngth as sm<!llltubcs. 



P I TTSBUROH STEEL COMPANY 

MI NIMUM "ALUES 

T!r' of Anne;oUn& Vldd l'hhnal~ " Donl_ 8rin~1l Rock· 
~, Temponlurc l'oiM SttenClh in 2 I .... well 8. -- ._--- 1--1 -- --

Unanne;oled 55,000 59.000 " ,m .. 
S.A_F._ FlnI. h ( 94O" F) 45 .000 5J,000 ... '" " lelo Medium (l100"F) ...... 45 ,000 .. "' .. 

So" (1J50"~') 15,000 44,000 " " " -
UnanM<lled "' ... 64 ,000 " '" " SAE. ~·Inl.h ( 940"F) 49 ,000 511.000 " '" .. 

IOU Modlu", (1100"1') 32,000 49 ,000 .. ~ .. 
Soh (135O"F) 211.000 41 ,000 ,. .. ,. 
Unanntaltd 65 ,000 ,",,, " II. " S.II ,,_ Hnl.h ( 940"~-' U.OOO 64 ,000 " '" " 1010 Modiu"" (1I00"F) J5,ooo 53.000 "' '" " SO. (1J5O"F) 32,000 """ " '00 " 
Unan ..... led ,",,, 1J,ooo " '" " !>oAK Fini.1I ( 940"10-, ", .. ", .. " 

, ,~ " 1025 Modiu"" (J 100" ~1 ,",,, ", .. " '" .. 
SO" (IJ5O"F) ", .. U.OOO .. '" " --- ----- ---
Unannta lod 10,000 18,000 • '" " SoAE " Inlsh ( 94O"'F) """ 15,000 .. .. , " '''' Medlliln (l 1 00"~1 43 .000 61,000 " '" .. 
SO. (135O"F) J8,OOO 57 .000 " '" .. ---
U .... nnall!d 13.000 """ • '" .. 

S.II ~: finiAl! ( 94O"'~1 65.000 111.000 " '"' " 10:'5 Medium (J 100"F) 41,000 .. , .. " .... " SO. (JJ5O"~l U,OOO 61,000 " '" '" --_. - -
Unannnlk-d 18.000 ",," • '" " S.A ~: . Finltl> ( 940"'10") 10,000 ",," .. '" .. ,,,., .Io led ium (J 100"F) 51,000 10,000 " '" " "" (I J5O" F) " ,000 65,000 " '" " --
Unanneoled 80.000 95.000 • '" " S.'\.E. I';n;.h ( 940"1') 75,000 ",,000 " .. , "' IOU Medium (1100"1') 55,000 15.000 " '" " SO. (IJSO"F) 50.000 '",000 " ". " 
Unannealtd ",,000 100.000 • '" .. 

$. ,\.K ~;nith ( 94O"'F) "",,, 9J.000 " 
,,. 

" ",. Ml!dlum (I 100"F) ",,000 "",000 " '" " SO. (IJSO"F) 53,000 1J,000 " ... " 
Unanncak-d """ ",,000 , ... "' SoAE I'ini. ( 94O"'~1 15,000 86,010 " II. " X·1l15 Ml!diu"' (1I00"F) ,""" """ '" '" " "" (IJSO"F) 35,000 35,000 "' '" " - - -
Unann~aled 95,000 100.000 , 

'" .. 
S.AE. FiniSh ( 940"'''1 ",,000 95 ,000 " '" " X·4IJO Modi"", (1 100"1') 15,000 115,000 " '" " SO. (lJSO"F) "',000 10.000 " '" " 
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SEAML E SS FOR SA FETV 

M INIM UM VALUES (Conllnued) 

T~pe of Anru:alillJl Vield Uillmat<: " F..lonK· llrinell ><oc, . 
.t...,1 Temperat~..., I'oin\ Strentt h In 1 Inl. well II. - - - ry ------

Unann ... l~ 100.000 105,000 '" W 
S.A.":' Fini"" ~ 9~/-1 95.000 100.000 '" 

., 
4\Js M.-dilln> Il 00"F I " ,000 ",000 " '" .. 

So" U 50"/--) 45,000 7J.000 ~ ... " - -
UD;\n~1t<I lOS .000 11 1.000 , m '" s..A. !-::" Fini"" f 94O"n 100.000 110.000 ° '" .. 

" .. M.-dilln. 1100"1-') ",- 95.000 " '" " So" USO"!--) 51.000 15,000 " , .. .. 
- --------- ._-

l; nann .. al~ 115.000 120,000 , 
'" '" S-A.I-:. Finilh 1 940"!--) 110 ,000 115.000 • "" '''' 41U M.-diuln II0000 F) 95.000 101,000 .. '" " "''' U sO"!--) '" ,.,.. 84 .000 " 'M " 

S.A. Ii:. Alloy _ .. . ..., ...... lIy Iont I.r .... o.d by the 110 .. to de .... lop the ben p»o.Ible phyoical 
propertiN. T he ph)'8lcal prop .. des f« alloy Ol«Io U.~ Ill .. 1100« obtaillini afloU a nneaU ... 
U.tooWIl. 

SI~ It .. ;mprad;cable to 1m • complete table 01. t be Dbyolcol ptOperll,.. of cold drawn 
IlIblnl' t hlo table .Ioould be Ilt.-d only f« tUft """ ov'" 4 ' 0.0 .• a nd for waUtlLlc:k_ """ 
ov" ,. nor IInde. "" . 

PHYSICAL PROPERTIES OF 
HOT FINISHED SEAMLESS STEEL TUBING 

It ho!lS o!llreo!ldy been noted tho!lt the physico!ll properties of hot Rnished 
seo!lmll!:SS steel tubing depend I,ngely upon the wo!l ll thickness. light 
wo!lll tubing will cool fo!lster from the Rnishing temperdtures tho!ln will 
hedVY wdll tubing. Th is compdrdtively rdpid o!l ir coolin1 ho!ls o!ln 
o!lpprecio!lble ho!lrdening effect dnd consequently light Wo!l I tubing 
wil l ho!lve gredter strength with less ductility tho!ln will he"vier wo!lll 
tubing of the Slime o!lMlysis. 

The following to!lble shows the physic,,1 properties of hot Rnished 
seo!lmless steel tubing of vilriOU5 Willi thicknesses m"de from the most 
commonly used c"rbon steels. 

MINIMA 

UlIin.ale EJonKalion 
Wall Vleld Polnl Sl.renath It.-ductlon 

'-, Thickn"* l'Ollnd, per I'ollnd, per 1' ... Cent I'e. Cent In A.e", 
in In.ch .. Sqllare Inch Sq"""e In.ch In 2 In •. in 8 In •. I' .. Cen t . 

. 109 10 ., .. " ,000 55,000 .. " " S.A.E. . 148 10 '" 37 ,000 .. , .... " " .. 
IOU • 203 to . .,., J3,OOO 48,000 .. " " . .,., W . "'" " ,000 47,000 .. " .. 

. 109 to ., .. " ,000 58,000 ., 
" " S.A.":' .14810 . m J9,000 54 ,000 " " " IOU ,2OJ to . .JOO ",000 51.000 .. " " . 300 10 .SOO 31,000 " ,000 " " " . 109 10 . 143 48.000 65,000 " '" " S.A.H. .148 to .203 .. ,- 61 ,000 " " " 1035 .m to .300 37,000 ",000 .. " " . .JOO 10 .500 34,000 58,000 ., 
" " 

Mil 



r PITTSBUROH STaaL COMP A NY 

DEFINITIONS OF TRADE TERMS 
USED IN CONNECTION WITH DIMENSIONS 
OF SEAMLESS STEEL MECHANICAL TUBING 

1. Tol.ltnc.u: Since in "II "'<lnuf.,cturcd erticles more or less v<lri<ltion e~ists 
in the dimctlSioMI v"lue~, it is neceswry to est.,blhh limits or toler"nc.:s beyond 
whith these dimension<ll vori<llions must not go. A U:<lmles$ tube section cOl'llisls 
of three dimensions- Outside Di<lmdu, Inside Di<lmder "nd Wall Thickness 
(or G"gt). All of these dimensions will vary jndt~ndlmtly. 

2. 0 .0 .: Outside Oi<lmdtr. SpeCified In inches and fr<letion! of an inch, or in 
inches and dtcim<lls of dn inch, to three pl"ce!. 

3. 1.0.: Inside Didmdtr, SpeciRed in the snit terms dS tht: 0.0 • 

... W.II : Wdll ThickMSS or Gage. SptciRed in tither fractions of .In Inch, 
decimals of dn inch or by <I "Wire G"ge" number. In the United States the 
$tandard wire gage used for tubing is the "Birmingham" iron wire gage, designated 
"B.W.G." 

5. Nomin. l: The theoretical or stated value of the 0.0., I.D. or Wall dimension 
as $peciRed by the CU$tomer. 

6 . Mnimum .nd Minimum: The dimeMionl obtaining alter applying the proper 
tolerances to the nominal dimensions. 

7. Mun: The average or working dimension between MOMimum and Minimum 
dimensions. 

8. Ave",.: Th<»e dimensions obtained by averaging a number of measurements 
on a tube. 

9. M inimum W.II: A tube whose wall thickness is not permitted to fall below 
the speciRed measurement. 

10. Aver.,. Will: A tube whose woll thickness is permitted to range over or 
under the speciRed wall musurement within certain de~ned tolerances. 

11 . Will Vlli.tion .nd E".nllicity: In piercing" sumless tube it is not possible 
to maintain the centers 01 the 0.0. and J.D. circles consistently at the same point. 
This naturolly results in a wall variation, commonly called eccentricity. In other 
words, dI the centers of the 0.0. ond 1.0. djffer from each other, the wall thick­
ness will be gruter on one side of the tube ond lesser on the opposite side, 
therclore any tolerances for wall thicknen must be plus and minus. Experience 
has proved that the degree of eccentricity is depern::.lent on the thickness 01 the 
wall produced, thus the limits or tolerances of wall variation should be eMpressed 
in terms of percentage 01 the thickness speciRed. This is shown clearly in the 
diogrom on the following potge, M13, Figure 1. Here it will be noted that 
eccentricity alone does not offect the overage wall of the tube, consequently 
does not olter the weight per foot. However, while wall variotions ore princi­
pdlly due to eccentricity, contributing l&CIors are variations in the 0.0. and 1.0. 
When these occur the weight per loot un be affected. 



SEAML k SS POR SAF&TY 

The w<lll lolu<lnce for cold dr<lwn tubing, du( 10 ecc(ntricity, Cdn M com­
m(fci<llly m<lint<lin(d <II plus <lnd minus 10 p(r C(nl, <lnd fOf hOI ~nish(d tubing 
plus <lnd minus 12~ p(r cent. 

Sine( 0.0. and 1.0. v"rl"Uons will also aff(ct th( wall v<lri.,tions it should 
be undu~tood th"t $p(ci~ed w,,11 tol(f"nC($ U( int(nd(d to includ( vafi.,tions in 
<lV(fdg( w,,11 from tUM 10 tub( "nd "Iso (ccentricity in th( individu<ll tuMs. 

Of cours( <III tub(s will not show th( (xtr(m( dim(nsion<ll V<lridtions p(r­
mitl(d. II will b( found th<lt IJIO'lt of th( tUMs in <lny on( lot will ch(ck V(ry 
clos(ly to th( Sp(ci~(d siz( and show littl( (cc(ntricity. 

U . 0 .0 . • nd 1.0. V •• i. tions: From th( d(scription of th( v<lrious proc(ss(s 
of mdnufdctur( of sumless tubing in th( pr(ceding p.dg(S it will b( s(en th<lt 
Hot Finished tubes .,fe ~nish(d to th(ir ~MI dim(nsions through grooves In th( 
foils <lnd ov(r mondrels of oppropriole size to produce the de~ifed 0.0., 1.0. 
<lnd W"II Thickness. Cold or"wn tUMs, b(ginning where th( hot working ends, 
dfe finhh«l by being drown cold through din <lnod OV(' m<lndrels. 

In genef<ll, v<lri<ltions in th( 0.0. <Inc! 1.0. dim(nsions of hoi Anish«l tubes 
dr( consid(robly gr(<lt(r thdn in cold dr<lwn tubing b(CdUU: hot 11((1 must M 
workd on (quipm(nt thdt is mor( ruggtd <lnd I(ss susc(ptiblt to dtliCdtt <ldjust­
m(nt thon th"t which c<ln b( usd for cold working. Th( t(nd(ncy of 5t((1 wo.ktd 
<It high t(mptrdtur(s, p.drticuldrly in th( C<ll( of " hollow 5(ction lik( " tub(, is 
to v.,ry <lbout (qudlly plus "nd minus in it1 0.0 . .,nd 1.0. dim(nsions, th(fdor( 
in tooling up to roll hot Anish(d tub(s it il n(Cfi~"ry 10 .,im "t " m(an diem(t(f 
dbout h<llf WdY bdwun m.,,,imum.,nd minimum in ord(f 10 inSUf( In.,t Ih( ~nish(d 
dim(nsions will not rUfi Und(f tnOI( specifi(d. Sil'K( th( 0.0 . .,nd 1.0. v"ri.,UOflS 
of cold df"wn tubing af( I"rsely due to the we", on dies and m<lfldr(ls, which 
Cdn b( ObS(fVed and ch(cked closely, ~uch v"ri.,tions c.,n b( h(ld 10" minimum. 

Pittsburgh Stttl Comp.dny follo~ th( st<lnddrd prdctict of gen('<llIy holding 
0.0. tol(r<lncts <III plus dnd 1.0. 101(r"nct5 "II minus. This <lSSUr(1 sufficient 
stock 10 dun up in m.,chining op('<lliofl5. 

T"blel of sl<lnd<lrd commerci,,1 loler<lnces .,r( giv(fI on P<lges M19 10 M22. 

Figure 1 

Dolled Circl' t.ldicattl 1. D. Circl, of ConC"ltric Tu be 

Illustr4ting the maximum permissible difference in W41l thickness 

MU 

j 



P IT TSa UR G H ST EEL CO M PA N Y 

of a seamless tube section caused by a shifting of the centers of the 
O.D. and I.D. circles, termed eccentricity. While very few seamless 
tubes will be found to have this extreme eccentricity, it is deemed 
advisabfe in the interests of better understanding between the 
manu facturer and the purchaser to illustrate the cause and effect. 

It should be noted that if the wall in one place is reduced, due to 
eccentricity, there will be a corresponding increase in the thickness 
on the opposite side of the tube. This fact should be kept in mind 
when calculating the amount of material to be removed by mdchining 
so that the proper d imensions of the stock tube Cdn be drrived dt. 

For this example we hdve used d 4" O.D. X Y2" (.500") wall 
sedmless tube. Since the nomindl wdll is .500", the mdximum allow­
able tolerances for eccentricity between the O.D. and J.D. circles 
will be 10 per cent of .500" or .050". In other words, the totdl 
d ifference in wdll thickness, due to eccentricity, will be twice the 
dmount that the O.D. and J.D. circles are eccentric. 

Eccentricity affects only the wall of the tube- not the O .D. or J.D. 

MACHINING OF 
SEAMLESS STEEL MECHANICAL TUBING 

Selection of d tube size from which it is desired to machine d Rnished 
pdft requires consideration of three mdin fdctors: 

1. Mdke sure that if all dimensions Vdry to the extreme limits 
permitted by thdt size there will still be dmple stock to insure thdt 
the part w ill cledn up in mdchining. 

2. The method of chucking is of utmost importance. If the tube 
is chucked true to the 0.0. circle the eccentricity will appedr on the 
inside and must be taken into account in cleaning up the inside 
diameter. If the tube is chucked true to the 1.0. circle the reverse is 
true dnd the eccentricity must be taken into account on the outside 
diameter. 

3. The dmount of stock to be removed by dny one tool cut should 
be known dnd due allowance mdde for this dmount in the dimensions 
o f the tube. 

:\114 
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Selecting the Proper Sin of Cold Drawn Tubing: Since cold dr~wn 
tubes "re norm~lly • worked through" die Md over ~ m~ndrel , 
simult~neously, the tendency is, "s those tools we~r, for the outside 
di~meter v~ri~tion to be ol'er the nominal size "nd for the inside 
di~meter v~ri~tion to be lInder. Thus in Rguring on m<1chining ~ 
cold dr"wn tube it should be remembered th~t the nominal 0.0. is 
<1150 the minimum 0.0., while the nominal 1.0. is the m~xjmum 1.0. 

°Note: In tert~in t~ses tubes t~nnot be sutttssfully dr<lwn ovtr 
~ m~ndrtl, thtrtfort tht 1.0. unnot bt ~ttur~ttly controlltd 
~nd widtr toltr~ntts ~rt tsstnti<l!' Thrtt such C~StS ~rt: 

1. Tubts with ~ w<lll ~"or he<lvier. 
2. Tubes with 1.0. Itn th~n 60 ptr tent of tht 0.0. 
3. Tubts with 1.0. Itss th<ln ~". 

Following ~re typic,,1 ex~mples of selecting the proper cold 
dr~wn tube size to produce " m~chined p~rt-it being desired to 
m"chine both the 0.0. dnd 1.0. to produce ~ concentric bushing 
2.500" 0.0. x 1.500" I. D., the minimum depth of the cut on both 
0.0. "nd 1.0. to be .020". 

CASE A 

TUBING TO BE FIRST CHUCKED TRUE TO THE 0.0. <lnd 1.0. bored/ 
then chucktd on 1.0. <lod 0.0. turned. 

2.500"- finished 0 .0. of tube. 
1.500"-finished 1.0. of tube. 

2/1.000'" 
.500"- Rnished w~1I of tube. 

plus .020"- minimum dtpth tut on 0.0. 
plus .Q20"- minimum dtpth tut on 1.0 . 

. 540"-minimum ptrmlssiblt w~1I in stotk tubin9. 

In tht t~blt of toltranctS for told drawn tubin9 on Page M19 it is sttn thai 
the wall v.ri.tlon for this sizt tube is plus .nd minus 10 per cent of tht nomln.I 
wall. Since .540" is the mini .. um wall .1I0w.ble in the stock tubin9 to bt uu:d, 
the stock tubin9 ordered must havt a nomin<ll wall thickness whith will 9ivt 
.540" when the 10 per cent for toltr~nte is dtducttd. 

Henct, :~O" _ .6QO"-f1omin<ll w.1I of slock tubin9 to be used. 

Aftt r the tube has been m.de contentric by borin9 tht 1.0., the 0.0. is 
turned by thutkin9 on the 1.0. 

M15 

2.500"'- 0.0. Rnished tube. 
plus .040"- twice minimum tut on 0.0. 

2.540"- minimum 0.0. of stotk tube. 
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From the t<lble on P<lge M19 it i~ ~een th"t the minimum 0.0. is the nomiMI 
0.0. Hence the proper size stock tubing to be ordered under the~e conditions is; 

2.540 w 0.0. x .6OO~ w<lll. 

CASEB 
TUBING TO BE FIRST CHUCKED TRUE TO J.D. and 0.0. turned) then 

chucked on 0.0. and J.D. bored. 
2.500w- Rnished 0.0. of tube. 
1.500w-finished J.D. of tube. 

2{1.ooo" 
.500w-finished wall of tube. 

plus .020"-minimum depth cut on 0.0. 
plus .020"-minimum depth cut on J.D . 

. 540"-minimum permissible w<lll in stock tubing. 
As in the nrst c<lse the minimum wdll is 90 per cent of the nomindl w<llI . 

. 540" 
Hence, ~ _ . . 6OO"-nomiMl w<l1I of stock tubing. 

After the tube hd5 been m<lde concentric by turning the 0.0., the J.~. is 
bored by cllucking on the 0.0. 

1.500"- nnished J.D. of tube. 
minus .040"-twice minimum cut on 1.0. 

1.460"-mdximum J.D. of stock tubing. 
Ag<lin from the table on P"ge M19 it is seen th"t for this ~ize tube the mdximum 

1.0. is <l1~0 the nomiMI 1.0., hence; 
1.460W-nomin<l1 J.~. 

plus 1.200"-twice nomiMl w<l11. 
2.660"- nomiMI0.D. 

Accordingly the proper size stock tubing to order under these conditions i ~! 

2.660" 0.0. x .600" w<lll. 

From these two example~ it i~ ~een th"t the W<l1I Thickness of the sto<:k tube 
is the same in both c"ses but the 0.0. <lnd 1.0. Y"ry, depending upon the ~equence 
of the chucking operdtions. If the tubing to be mdchined !"lIs in one of the 
dd~ses covered by the footnotes to the tdbles on P<lges M19-20, cdlcul<lte the 
stock sizes in the s<lme mdnner, using the 0.0., 1.0. <!rid W"II toler<lnces giyen in 
the footnotes. 

If tubing is to be mdchincd by the customer on both the 0.0. and J.D. "nd 
nothing is sI<lted on the order or inquiry regdrding the sequence of the machining 
opef"tions, it will be dssumed thd! the tubing is nrst chucked true to the O.D. 

SQ!IQ!cting thQ! PropQ!r Size of Hot FinishQ!d Tubing; For redsons dlreddy 
noted, necessdrily gredter O.D., I.D. dnd Wdll Thickness tolerdnces 
dre required for hot Rnished tubing th'~Jn for cold dr<'lwn. It should 
be remembered thdt in hot Rn ished tubing the tendency of the di dmeters 
to V(Jry from {the desired dimensions is dbout equdl in both didmeters, 

MIS 
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consequently the m en ll O.D. dnd I.D. dre the medsurements dimed 
fo r. It ndturdlly follows, then, thdt in working to d mun O.D. dnd 
I.D. the me,," wdll is the desired wdll, dnd is the medsurement used 
in cdlcu ldting the wall tolerdnce of 12~ per cent. The fo llowing 
eXdmple will iliustrdte this: 

It is d~ired to produce 01 hot ~nished tube 3~ 0.0. )( ~~ waU, or 2" 1.0. 
From the table on P"ge M22 it will be seen thot lor this sile 01 tubing 

The nomindl 0.0. molY VOl)' minus .000", plus .062" 
The nominol 1.0. may val)' plus .000", minus .062" 

Minimum 0.0. - 3.000~ 

Md~imum 0.0. - 3.062" 
2/6.062" 

MCdn 0.0. 3.031 
likewise lor the 1.0. 

Md~imum 1.0. 
Minimum 1.0. 

MCdn t.D. 

2.000~ 

1.938~ 

2/3.938~ 
1.969" 

By subtrdcting the mCdn 1.0. Irom the medn 0.0. dnd dividing by 2, we ~nd 
01 mean W"II 01.53'''. Since the woll tolerance 0112J1 per cent on hot finish ed 
tubing is token on the mCdn wdll, in this cose the limits of wall thickness ore 
.597 to .-465. 

Following dre typiul e~"mples 01 selecting the proper hot Rnished tube si ze 
to ptoouce " mdchined pdrt, it being desired to ptoduce 01 concentric bushing 
3.500~ 0.0. x 2.500" 1.0. with 01 minimum cut 01 .020~ on both 0.0. 0100 1.0. 

CASE A 

TUBING TO BE FIRST CHUCKED TRUE TO 0.0. dnd 1.0. bored, then 
chuel:ed on 1.0. ond 0.0. turned. 

3.500"-~nished 0.0. 01 tube. 
2.500"-~nished t.D. of tube. 

2/1.000" 
.500"-finished wall 01 tube. 

plus .000"-lIIinilllulil depth of cut on 0.0. 
plus .000"-minimum depth of cut on 1.0 . 

. 540·-lIIinimulil permiuible woll in Sloel: tubing. 

In the table 01 tolerances for hot finished mechdnica/ tubing on Page M22 it 
is seen Ih<lt the wdll Vdridtion for this size lube is plus and minus 12~ per cent 
of the mCdn wdll. Since .540" is the minimum wall permillible in the stock 
tubing to be used, the stock tubing ordered must have" mCdn w,,11 thickness 
which will give .540~ when the '2~ per cent for tolerance is deducted. 

M17 

j 



PITTSBURGH STEEL COMPANY 

540· 
Hence, :B75. - .617"'-mean wdll of ~tock tubing. 

After the tube hds been mdde concentric by barins the 1.0., the 0.0. i~ 
turned by chuckins on the 1.0. 

3.500·-0.0. fini~hed tube. 
plus .040·-twice minimum cut on 0.0. 

3.540·-minimum 0.0. of ~tock tubins. 
from the tdble on P<lge M22 it is seen thdt the minimum 0.0. is the nomiMI 

0.0. Hence, the proper ~ize hot fini~hed mechdnic<ll tubing to be ordered 
under these conditiom i~: 

3.540· 0.0. x .617 · Me<ln W.,II. 
In this C<lst it is import<lnt to ~peciFy "me.,n waU," otherwi~e the order will 

be executed on the dssumption thdt it is the nomiMI Wdll. 

CASE B 

TUBING TO BE fiRST CHUCKED TRUE TO 1.0. and 0.0. turned} then 
chucked on the 0.0. dnd 1.0. bored. 

3.500·-finished 0.0. of tube. 
2.500· -finished 1.0. of tube. 

2/1.()(X)'" 
.500·- finished w.,l1 of tube. 

plu~ .Oro"'-minimum depth of cut on 0.0. 
pl u~ .020"-minimum depth of cut on LO . 

. 540"'-minimum permissible Wdll in stock tubins. 
As in the first Cdse the minimum Wdll is B7~ per cent of the mun w<l11. 

.540· .. II f ' b Hence, .875'" - .617 medn Wd 0 sloc", tu ins. 

2.500·-finished 1.0. of tube. 
minus .040"'-twice minimum cut. 

2.460·- mdximum <lnd nomiMI 1.0. of stock lube. 
minus .062 "'-toler<lnce on 1.0. t<lble on P<lse M22. 

2.398"-minimum 1.0. of stock tube. 
plus .031 ·-one-hdlf tolerance on 1.0. 

2.429·-mean 1.0. of stock tube. 

2.429"'-medn 1.0. of stock tube. 
plus 1.234"'-twice medn wdll. 

3.663"'-medn 0.0. of stock tubing. 
minus .03' "'-one-hdlf 0.0. tolerdnce. 

3.632·-nomiMI 0.0. of stock tube. 
Hence, proper size lube to order is: 

3.632'" 0.0. x .617"' MEAN Wdl1. 
As in Case A, the customer should specify "medn wdll." 

MIS 
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TOLERANCES 

ROUND SEAMLESS MECHANICAL TUBING 

COLD DRAWN 
PIORMISSIBLE VARIATIOXS IN THE OUTSIDE AND INSIDE DIAMETJ!,RS AND 

WALL TIIiCKNESSES 

T h. lene .. '. II n d c ift tb. ubI. below ref .. to Na .... a~ tb. fallowi~, p',e M.20 

Group 

--, 
--, 
- -, 
--

• - , 
--

6 

--, 

• 
--, 

10 

) I U 

PERMISSIB LE VARIATIONS FROM 

Ouuid.Di.muer In. id. Di.m .... W. UThidn ... 
5i,.. O. D., lo,b .. b,h .. hebe. Perceat 

O~ .. Uoder On. Unde r 0"" Uader 

'4 to Ji. ucl. 0." 0 ',' " . " . " . --- ---
)ito l H.nel. 0.005c " 0 •. b 0.005 •• b 10.. b 10. . b --- - --
Hi ta J H. ucl. 0.010. " O. 0.010. '" ,0. --- ---
lJ.~ .a 5 H. ud. 0.015. " 0.00 .. 0.01S. ,0. ,0. 

--- ---
S~ to 8, uel. whn 
w. I i, 1 ... d .. m 5% 
010. D. O.OlOe: O.OlOe: O.OH. O.OJSc 10 10 --- ---
5 J to 8{ nd. when 
w. 1.. rom 5% ta 

10 1.S% 01 O. O. 0.010 0.020 0.025 0.025 10 --- ---
Slj to 8, Old. when 
w. I i. avor 7.S% af 
0, D. 0.010 0 0015. 0.010. '" ,0. 

---
8 ' 0 10~ imel. when 
WIU i. I .... hn 5% al 
O.D. 0. 045. 0.045. 0,050<: 0.05Oe 10 10 --- ---
8 .0 10~. iacL. wben 
w.ll i. rom 5% ta 

10 1.5% al O. D. O.OlS O.OlS 0.0<0 0. 040 10 - - - ---
8 to 10~. ind., whu 
w.ll i. o~ .. 7.5% al 
O. D. O.04S 0 0.0150 0.040. 10. 10. 

PIc ... r.f.r 10 ""planatory Not" to obo~. T obl. I •• baw. 
00 the follow.", 1' .... 1>120 ."d Mll 

(Se, flag' MfO) 



PITTSBURGH STaEL COMPANY 

PERMISSIBLE VARIATIONS IN THE DIAMETERS AND WALL 
THICKNESSES OF ROUND SEAMLESS COLD DRAWN 

MECHANICAL TUBING 

The following notes refer to TABLE shown on the previous p"ge. 
(,,) For tubes with inside di"meter less th"n 50 pe rcent of outside 

di"meter or with w,,11 thickness more th"n 25 percent of outside 
di"meter, or with w,,11 thickness over 17i inches, or weighing 
more th"n 90 lb. per ft. which CMnot be successfully dr"wn over 
" m"ndrel, the inside di"meter m"y v"ry over or under by "n 
"mount equ,,1 to 10 percent of the w,,11 thickness. The w,, 11 
thickness m,,), v"ry 12}4% over or under th"t speci~ed. 

(b) For tubes with inside di"meter less th"n }4 inch (or less thlln 
% inches when the willi thickness is more th"n 20 percent of 
the outside d i"meter), which c"nnot be successfully dr"wn over 
"m"ndrel~.the w,,11 thickness m"y v"ry 15 percent over or under 
th"t specified "nd the inside dillmeter will be governed by the 
outside d i"meter "nd w,,11 thickness v"ri"tions. 

(c) Tubing h"ving " w,,11 thickness less th"n 3% of the outside 
di"mete r c"nnot be str"ightened properly without " ce rt"in 
"mount of distortion. Consequently such tubes while h"ving lin 
"ve:r"ge outside di"meter "nd inside di"meterwithin the toler"nces 
shown in T"ble on P"ge M 19, will require "n ov"lity toler"nce 
of }4 percent over or under the nomin,,1 outside di"meter "nd 
inside di"meter, this be:ing in "ddition to the toler"nces indic"ted 
in the t"ble on P"ge M 19. 

EXPLANATORY NOTES TO TABLE SHOWN ON PAGEM 19 

The outside "nd inside di"meters "nd w,,11 thickness toler"nces 
APPLY ONLY TO NOMINAL SIZES "d to UNANNEALED 
AND fiNISHED ANNEALED TUBING. 

Tubing h"ving rel"tively hu·/Y or light w,,11 in rel"tion to the 
outside didmeter is covered by specid l toler"nces, reference to which 
is mdde in the notes "bove. 

Finished dnd undnnedled tubing constitute the bulk of COLD 
DRAWN MECHANICAL TUBING. Tubes which hdve been given 
" softer "nnedl /lfe "pt to possess more or less oVdlity or out-of­
roundness, due to w"rping in "nnedling, or to the subsequent strdight­
ening operdtions. The higher temperdture used in mdking the softer 
dnne"ls, with the "ttend"nt incre"se in sc"le ,,150 "Hects the "ccurlle)' 
of di"meter. Therefore, medium or 50ft "nnealed tubes will not be 
as close to size as the table indicates. 
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PERMISSIBLE VARIATIONS IN THE DIAMETERS AND WALL 
THICKNESSES OF ROUND S£AMLESS COLD DRAWN 

MECHANICAL TUBING 

Toler"nces 6re "pplic"ble only to two dimensions (len 9th ex­
cepted). Thus, if outside di"meter 4nd w,,11 thickness "re speci~ed, 
the theoretic,,1 inside di"meter m"y not conform to published toler-
4nces. If outside d i"meter "nd inside d i"meter "re speci~ed, the 
w"ll thickness m"y not conform to published toJer"nces except th"t 
the me"n or 4ver"ge w,,11 thickness (t"kin9 into "ccount the permissible: 
ounide di"meter 4nd inside di4meter toler4nces) will not v"ry more 
th"n indic.t ted under Permissible V4ri4tions in W411 Thickness, 
T"ble on P4ge M 19. 

EXAMPLE 

If 4 cold-dr4wn tube is speci~ed to be 1.500 inches O.D. 
"nd 1.250 inches I.D., the theoretic,,1 w,,11 thickness mi9ht 
be expected to be held to" v"ri"tion of 10 percent over or 
under, or within the limits of 0.1 125 to 0.1375 inches. 

However,,, nomiMI O.D. of 1.500 inches m"y v"ry between 
1.500 inches "nd 1.510 inches ("ver"ge 1.505 inches) "nd 
the I.D. m4Y v"ry between 1.240 inches "nd 1.250 inches 
(<lver"ge 1.245 inches), resultin9 in "n "ver"ge or me4n w,,11 
thickness of 0.130 inch inste"d of 0.125 inch. Consequently 
the w,,11 thickness m"y v"ry 10 percent over or under from 
the me<ln of 0.130 inch, or within the limits of 0.117 to 
0.143 inch. 

Therefore, if the three dimensions O.D., I.D. "nd w,,11 thick­
ness 4re specified, it would be impr"ctic4ble to meet "II three 
of the toler<lnces specified for them. If, in the 4hove c"se, 
411 three of the dimensions were specified, <I w,,11 thickness 
toler"nce of 0.1125 to 0.1375 inch would be required, 
which is obviously inconsistent with the 4ctu41 4ver"ge w411 
thickness resulting from st"nd"rd O.D. "nd 1.0. tolerMces. 

St"nd"rd toler"nces on commerci"lly eX4ct len9ths 4re: 
Tubes cut 4' "nd shorter Plus hH Minus .000" 
Over 4' to 10', inclusive Plus -If" Minus .000" 
Over 10' Plus Ys" Minus .000" 
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TOLERANCES 

ROUND SEAMLESS M ECHAN ICAL TUBINC 

HOT FINISHED 
PERM ISSIBL E VARIATIONS IN 111£ OUTSIDE AND INSID E DIAM ETERS AND 

WALL THICKNESSES 

PERM ISSIBLE VARIATIONS fROM 
Ratio of 

Siu W,1l TIIi. kn ... Outside ",,.;de wan 
Group Ouuid. Diamelu i" 10Ouuid. Di.melu, o;,motor, Thick"."" 

, 
.. 
" , 
• 
, 
, 

. (b) 

I".h. Di,m ... ,. Iach .. hebe. Perc.,,1 
P.rcellt 

. 0 ... UDde Oy.r UDdu 0 ... ~ 
Under 1 All •• 11 Ibick. 

D ..... ... 0 0 ". ~ U.S!> 

JIO SJ.i. nd. AU ... 11 .bick • 
DC ..... " 0 0 ,.. n.5b u.n. 

5), 10 10M. indo 1j.i or OVCf " 0 0 .... 1l.5b U .Sb 

SJ.i 10 8. nd. UDder 5 ... ... r-=- .. 
-"--

U.Sc ~ 
Slit08.ucL S 10 7 J.i. ud. " " .. . . Il 5e 12.5e -- -
8 10 10M. i"d. UDd.r 1 " " .. -"-- I1.S. 

~ 
8 10 10M. i"d. S 10 7J.i. nd. ,. 

" .. Il.5e 12.5. 

Permissible v"ri"tions from inside di"meters "pply only to tubes 
having "n inside diameter not less than 75% of the outside 
diameter. . 

Mean W"II Thickness . 

(c) Wall Thickness as ordered. 

NOTE: The recognized standard r"nge of sizes of hot-finished tubes 
is 17"2 inch to 10% inches outside diameter. The wall 
thickness c"nnot be less th"n 0.095 inch (No. 13 B.W.G.) 
"nd must be 3 percent or more of the outside di"meter. For 
sizes under 1 ~ inches or over 10%' inches outside diameter 
the permissible" variations are a matter of agreement between 
the purchaser "nd the manufacturer. 

Standard tolerances on commercially exact lensths are: 
(See Maximum Length T"bles, Pages M24-M29) 

Tubes cut 4' and shorter Plus oh" Minus .(XX)" 

Over 4' to 10', inclusive Plus -If" Minus .000" 
Over 10' Plus 7S" Minus .000" 

.. 
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FORMED AND HEAT TREATED 
SEAMLESS STEEL MECHANICAL TUBING 

Pittsburgh Steel Comp4ny h4s speci41ized for m4ny yeiHS in forming 
seamless tubing for the 4utomotive and other industries. We have 
much special equipment of our own design for upsetting, swaging, 
expanding, tapering, Ranging, spinning and bending Pittsburgh 
Seamless materi41 to meet your requirements with a minimum of manu­
facturing oper4tions in your own piMt. 

In addition to this equipment for hot and cold forming operations 
we also have modern efectric4l1y-controlled heat treating furnaces 
that enable us to offer a complete mechanical tube service- Rexible 
to your specifiCations from the blast furnace to the finished tubes. 

It is needless to cite the many 4dv40tages of using se4mless steel 
tubi ng instead of solid forgings for fo rmed parts. Where light 
weight, extra strength and easy machineabillty are important con­
siderations, seamless tubing is ideal. 

Our engineers, always at your service, will be glad to assist in any 
problem you may have involving the application of formed tubing. 

A utOJf\Obil~ 1I:t1~ /tounng' I"alling a /tellt tr~(ljillg !uTllace. / 't ltt: 
/Jelll trealing temJl<!mturu are calttro/led within fery IllIrrow 

limill by electrie recorde" and automatic control , witch",. 
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ROUND HOT FINISHED 
SE~MLIl.SS STEI!.L MKCIIANIC AL TUBI NG 

Mulmum fin '-hed len,I'" In feet . 

Wall Thlckn .... I OUTSIDE DIAM ET ER 

B.W.G. DKima.l 
" .. t tlon "..<luiu· 
of lnch l~n l 1 »" 1.660" 1_ •• I J, ' " '"" '''' 2 ~ • • 

-------- -- i;,-No. 11 '''' :HI' 16' . '" '" ". ". No. l l . 120 ' W ,"' W ,"' H' '" No. 10 134" ". ," ' W H' W H' H' ,"' 

N,. • 143' ," ' >0' W >0' '" H' H' ,"' 
No. • 165 ' ,"' W W ,"' H ' H' H' ," ' 
No. , , "" ,"' >0 ' W ,"' ,"' H ' H' ,"' 

No. • ,.,' ,"' ," ' W ,"' ,"' H ' H' ,"' 
No. , ' W ' H ' '" H ' ,"' 
No. , . 2.13 ' ,"' ," ' H ' ,"' ,. ' ''''' ," ' U ' H' ,"' 

'" 28 1" 

I 
," ' n' '" ,"' 

'" 313 ' ... .... ". n ' ,.. ,"' 

- -- -
Wall Thk k.1nI OUTS IDE D IAM ETER 

H.W.G. D<!cimal 
>r Fraction Eq"ivft· 

of Inch 1~nt ' W " , '. , 4 ~S' ". , " 'W ' W ---.. - - --_ .. ---- -- .. ---- ----
No. II , ,.,. 

'" .... 
No. 10 134 ' ,"' W' W' ,. U' '" No. • ' W '" ,", ' '" 

,. W ' '" '" '" No. • 'M' 0> ' " . ". W n ' ... '" '" N,. , , "" .,. 
'" ... '" '" '" '" '" '" • ,.,' .,. .,. .,. <0' .,. 

'" '" '" No. , . n o' .,. <0' .,. .,. .,. 
'" ... '" No. , n,' .,. <0' .,. <0 ' <0 ' .,. .,. ... 

l.,: , .... .,. <0' <0 ' <0' .,. <0' .,. ... 
28 1" .,. .,. .,. ... .,. <0' .,. .,. 

,,' J13 ' ... ... .,. ... .,. <0' .,. .,. 
"'" .34. " ". ". ". <0' <0 ' <0' <0' <0 ' 

W J7S ' ,.. ". W .,. ". <0 ' .,. ... 
' ~' ..... ' B' >0 ' W ". ". <0' " . <0 ' 

:1'" 
. 433' N' W ,"' <0 ' ,"' 0>' <0 ' ,"' 
. 469' ,"' B' ,"' ,.. ... ,"' ,"' 

~~, . 500 ' ... B' .,. ,.. ,"' ,"' '" >0' 
.53 1" ,.. N' ," ' B' ",' H' ,"' 

" "" ,"' H ' H ' .... ,"' B' N' 
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U' 45' 45' U ' ~ ~ ~ W W 
45' W U' 45' W W ~ W W 
U' 45 ' 45' U ' W W W w n' 
U ' 45' 45' W W W W W 31' 
45' W U' W W W W W W 
U ' W W W W W W W 35' 
45' W W W W W W Jr j~ 
W W W W W ~ W 35' U' 

W W W 40' W W W J4' '1 ' 
35' 35' 35' D' 35' 3~ D ' U ' .II' JO' W _ W W JO' _ W W 
W ~' _ W W W JO' W 21' 
21' 28' 21' W W 18' 18' 21' 21' 

'" ,.. 
U' ". ,.. 

". 
W' ". ,.. 
". ,.. 

26' 26' 26' 26' 
25' 2" 25' 15' 
12' 22' 22' 2.1' 
22' 21' 21' 22' 
20' 20' 20' 20' 

26' 26' 
25' 25' 
24 ' 24' 
22' 22' '" ,.. 

OUTSIO~: DIAMETEK 
, 

10 ' , ' 1 0~' 10' , '1 

.w' .19' 
J8' J,' 
.17' .17' 
oM' .16' 
35' .15' 

oM' .IS' 
.15' J4 ' 
'4 ' 3J' 
.lJ' 32' 

H' " . ". " . 
". ". .,. 
N' 

J5' H ' .14' Jl' Jl' JO' 28' 
J 4' .lJ' 'J' J I ' .lO' '19' 21' 
JJ' .11' .11' JO' 19' 11' 26 ' 
Jl' 31' JI ' 29' 28' 21' 25' 
JI' JO' JO' 21' 21' 26' 24' 

.10' 2<1' lY' 27' 26' 25' 2.1' 
19' 2' 18' 26' 25' 24 ' H' 
18' 27' 21' 25' 24' 2.1' 21' 
27' Ie>' 26' 24' 2J' 22' 20' 
lb' 23' a' 1.1' 22' 21' 

". ,.. 
B' ,.. 

,.. 
B' 
U' 

,.. 
U' 
U' 

". ". .. : ... . 

'" ". ,.. 
n' 

". .,. 
N' ". 

16' ,.. ,.. 
n' 

.,. 
N' 
n' ". 

Z1' 16' 
u.' 15' 
25' 24' 
24' 2.1' 
23' U' 

21' 1 1' 
2t' 20' ,.. 



PITTSBURGH S TEEL CO MPANY 

MASTER WEIGHT TABLES 
FOR ROUND SEAMLESS STEEL MECHANICAL TUBING 

EXPLANATION 

The weights shown in the following tdbles dre the theoretic,,1 weights 
per line<!ll foot of dVer(!ge wdll round sedmless steel tubing, hot 
~nished or cold drdwn, Md Me bdsed on one cubic inch of steel 
weighing .2833 pounds. 

In deter[ll ining these weights the following formul<!l WdS used: 
W-10.68 (D-,) , 

whe re 
W = Weight in pounds per foot (c"rried to 4 digits) 
o = Outside Di<!lmeter in inches (to 3 decim(!1 pl<!1ces) 
t =W(!II Thickness in inches (to 3 decimdl pl(!ces) 

All weights <!Ire cdrried to 4 digits only, the ~fth digit being cdrried 
forwMd if ~ve (5) Dr over, or dropped if under ~ve (5). 

Outside didmeters o!Jnd wdll thicknesses dre co!J rried to 3 decimdl 
plo!Jces, the fourth decimdl being cmied forwo!Jrd jf ~ve (5) o r over, 
or d ropped if under ~ve (5). 

ROUND 
S EAMLESS STEEL r.n ;CII AN ICAL T UBINC 

Wellilht In pou n d . per foot. 

Wall Thickn ..... OUTSIDE DIAMETER IN INCHES 

B.W.C. Decimal "" '4' W "" W H,· ~' '" W 
~ Equ;va. 

~ 
. Fraot;on Itnt .'" .'" . 125 .'" .250 .31J .J15 . 438 

No. 3(; ., ... .0025 .""" .0052 .0019 .OH)5 .0132 .0158 .0185 .OU 2 
No. 35 . 005 ' .""" "" .. - .""" .013 1 .0164 . 01 98 .0231 .0264 
NO. 34 .001' .... , . """ . """ .0135 .0182 . 0229 .0215 .0J22 .... 
No. lJ .. ' .... , .0013 .0100 .0154 """ . 0201 .03 14 .03(;7 ."" 1\0. 31 """ .""" ... , .011 1 .0112 .0231 .0292 .0352 . ()oI12 .()01 12 
:':0.31 .010' .0057 . ""'" .012J .01 90 0256 .0324 .'"'" ."'" .0523 
No. 30 .012' . """ .0105 .0145 .0126 .0305 .'"'" ."'" ."''' .0625 
No. 29 .013 ' . """ .011 2 .0156 .0143 .0329 . 0011 1 .050J 

. "'''' .0616 
No. 28 .014 ' .0013 .0120 .0166 .0160 .00SJ . ().jf1 .05«1 .0614 .0 721 

No. 11 or \0<' .016 ' .- .0133 .0186 .0294 . ""'" ."' .. . 0613 .0121 .0821 
No. 26 .018' .''''' .0146 .0206 .0321 ... " .0561 . """ ."'" .0921 
No. 25 .020' """ .0158 .0124 .0359 .0491 .0626 .0158 .0893 .1 025 
No. 24 .on' .00% .0169 .02H '"'" .05J6 .0684 '''' .0977 . 11 23 
No. 23 .015' .0184 .0161 .0435 . """ .0769 .0935 . 1103 . 1268 
NO. 22 .028' .0191 .029<1 .0418 ."" . . "" .10J8 . 1226 .1 411 

'" .Oll' .0209 .03al .0520 .0125 .09l4 .lIl9 .IJ~~I· l~~ No.2 1 .032' .02 12 .0318 .0533 .0145 ."'''' .1112 .1388 . 15 

.. '" 



SEA ML ESS FOR SAFETY 

ROUND SEAMLESS ST EE L Mt:CII AN ICAL T UB ING (Con'inued) 

WtlQ.h t in pounds per foo •. 

Wan Thlckn ... 

B.W.G. 
~ 

Fraction 

.OJS· 

.041· 

.047· 

.049' 

.058' 

. 063 ' 

.065' 

.on' 

.078 · "' . . 094-

.095 · 

.109· 

.120· 

. 125-

.134-

.14 [ · 

.148· 

.156· 

.165· 

. 172 · 

.180· 

. 1811· 

Wall Thlcknc. 

B.W.G. 
M 

~'raction 

MM 

Decimal 
EQulva· 

ltnt 



PIT T S B URQ H STEEL COM P ANY 

ItOUNIJ S EAM LF.S-"i STF.F.L M EC II AN ICA L T UB INt; (Con. l nued) 

W,",l1hl In po u nd, .- roo •. 

Wall Thldtn .. OI1TSl llt; 1JI.\\a:-n:1l I" I"(""II~:S 

11\\'.(;. ""'=, '.' , ' "iI' " ' ". , . " ". , , ' , 
~ !;,u;va· 

~'tactlon len~ 56.1 ,n "" '" '" .815 \1.18 "'" -- - - -
No. • 148" " .. .1HO 85.15 9515 1 M' , ... , '" , '" '/t" 156" 6181 . 1814 .. , . 9891 I ." , 

'" l .lOJ , ... 
N(\. ~ 16S" .1014 .~ 106 . 9116 I '" 

, 
'" 

, .2S1 1 .162 , . 411 

~~~" 1 
112" . 1153 . 811 1 9419 I .. , , . 111 , ~, "" , '" 'W' .1J.6.1 .U55 .91M I '" 

, .2 11 , .'" I 451 1.516 

',' 18S" .1529 8114 I "" 
, 
'" 

, 
'" 1..119 " .. I 6.10 

N(\.60: .... 
, m,' 9/49 I '" 

, , .. , m 1.451 I ,~94 I 128 

" 
1 19" 9496 I '" 

, ,., , 
'" 1.534 1682 I 811 

]\;0. , 'W' 
, _2 45 , 

'" 1.5311 "" I I.U 
l\"(\. • '''' , 

'" 
, ." I 619 I 119 1931 

'" =' , m , ~ ,.., "" 2 00.1 
:-'-0. ., ,259· • , .. 1 118 "" '.' .2"" , 

'" I 9n 2 158 
,"0. 1 234" , '" I "4 2 In 
,,(\ , ."" t 341 "" 1 241 

'. , .JU" I 119 ,,~ , ~, 
"," 3 .. ' 2 .10 

" J15" " .. 
Walt Thick~ OUTSIDE D1A~IETER IN I,"CIIK'; 

". , 
I 01>.1 , .~ , 
'" , 
'" , 
'" , M' , ,157 , .. , , ... 

1 981 , '" 2 111 
2 124 
2 J47 

"''' 2.445 , '" 
2 642 
2 135 

II .W.(;. 

I 
Dec/Inn! P i " ""I '"' I "" I ·w I ""I I !S" " 'I I ' J. ., ~:QU;v~· 

I :6.1 F"~Cllon lent 1.125 I 118 I 250 I 31.1 1 ,.115 1 438 "" 1 615 
----- _ .. - - I 

No . .12 .. ' . 1013 .l l ll . . ... . .... 
No. JI 010" ./19/ .1258 1324 . 1392 
No. 30 . 012 ' .142i'i 1501 1511 , .. , . 1741 .1128 . 
No. 2'J . 01.1" IS .. "" . 1111 .'''' . 1191 .1918 
No. 28 .01 4' .1661 . 1155 . 1348 . 1942 .""' .2 129 .un .23 16 

,"0.21or ". .016- . 1195 "'" .2109 .2216 .1.122 .,~ .n .. ...... 
No. 26 .018' .2 128 . 2149 ..... .2490 ..... .2130 .2849 .2910 

ffi No. 15 '''' ., .... .2495 .2617 2161 ",. .,,~ • .1161 .,-
r-:o.2 4 on' _2591 .2140 .,w ,." .3 119 .3.121, .3413 .J6U ." ;Xo. 23 . 025" _2'J31 .3105 . .lJ11 .J439 ."'" .J11J . .1911 . 4106 .4212 
r-:o.22 .OZ8' ·J2801 ., ... . J654 .J843 .4028 .42 16 . 4402 ." .. '" "- .OJ I ' . .1612 .3UI ..... . 4244 ..... ."' . . 4564 • .5012 . 5211 
No. 11 "'" -~M!I .J9SI . 416J . 4.UI .4590 .4805 . 5011 .52.11 .5444 
r-:o.2O . 0.15" . 43 10 . 4542 . 4117 , .. . 5244 . 5476 .5712 . 5943 
Nn. I~ .0-42" 4858 .S140 ,H19 .5101 .S919 .6262 . 6540 . 6813 . 1101 

'" .0-41" .54/1 .5121 ..... . 6ns ..... . 6982 .129J .16 ' 0 .191 1 
No. III .0-49- .56.11 5961 .618$ .6615 .6939 .7269 .159.1 .1913 .8248 
No. 11 .058 - ..... ."'" .au .1114 .8 158 .8548 .8932 .932.1 .9101 

'" .063 - . 1146 .1569 .1981 .141 I .8128 .9252 ..... .... , .." 
r-:o. 16 .065" .ln9 .1196 .1226 ..... "". .95.1 1 .9962 I "" , '" No. IS .012- .8091 .8512 ."'" .9Hl I '" 

, .'" 1098 , '" , ... '" 018" 8121 .9141 9163 1 . 029 , "'" 
, . 133 " 185 , .n' , _289 

No. 14 ."'" .92.11 .9795 I .OJ4 .. "" , . 145 , W, " .. , m , .'" 
:-!:."U 

.094' ..., 1.091 , '" I 224 , ., .. I.J49 , '" • m , 
'" . 095" ... , 1. 109 , '" " ... , m .. '" .. M , ... , m 

,"o. l1 or"" '''' .'" , ". 1328 ... , , ... I S41 1 619 , '" 
, '" No. 'I 'W' ". , ... 1.448 , '" , OM , ... • '" 

, ... "N ',' on' .m 1 .419 , '" " .. , ... I 15.1 ,,.. 
"'" , '" ~o. 10 . 134' . 411 .. "" 1591 "" 

, .176 ..... I 955 2.0-45 2 U4 

N':: 9 
. 141" ... , 1 .511 1.610 , '" 

, 
'" 1.95.1 , ... J 141 2.2.15 

. 148" .544 1 .644 1.141 I 841 I 9J9 2.OJ9 1 Ul "" ,2 JJ5 

~" ,W .614 1.119 , " .. I 918 1.OJ I 1. 1.16 2.219 T~: 2.441 
No. II 165" .'" >.0'" 1911 , " .. 2. 132 2.243 2.353 2 51.1 

"-'" 112" . 151 ..... I o8f) ,.'" 2.210 2.326 1 4.19 2555 , ... 
r-:o. 1 . 180' .811 1 .9.18 1 057 2 ns 2.291 2.4 18 2_5J8 12659 2 .718 

'" . 18S' .881 , "" 1. U1 2 259 2.383 2.510 2.634 1.761 2,185 
r-:o. 6 or ",,' 20.1" , "" "M 1 210 1.407 1.541 1 .618 2 .812 2_949 "., 

"" .2 19 ' 2 119 1.166 2 411 2559 2.104 2.851 "'" J 14~ 3 289 



• 
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S EAM L E SS FO R S AFETY 

ROUND SEAMLESS STEEL M EC II AN ICAL TUBING (Con tinued) 

Welaht In poun d s JH'1' fool. 

Wan Thickn ... OUTSIDE DIAMETER ON lNC.I ES 

B.W.G, Decimal ' W 1%" 'W nMo ' W 1',-
0' EQuiva-

'W 
Fraction I~nt , 

'" 1 .188 1 ,250 
l~" l l~' 
1.313 ~ 1.438 1. 500 .. '" ~ No. , .210' 2. 126 2.274 2.420 2.568 2,114 2.862 3.007 3.156 3.30. 

No. • .238" 2.255 2.415 2.512 2.732 ,..,,, 3.050 '''''' 3.368 3.526 

rJ!' J 
.250 ' 2,336 2504 2 .610 2.838 ' ''''' J. I 72 J.llS 3.506 3.67 ' 
.259" 2.395 2.570 2.741 2.915 3.087 3.261 J.4JJ 3.601 3.179 ,,- .281" 2.533 2.122 ''''' 3 .097 3.283 3.471 3.658 3.841 4 .OJ3 

No. 2 .284' Z.HI 2.742 2.930 3. 121 ..,'" 3.500 3.688 3.879 4.067 
No. , .""'- 2 .64J 2.845 3.044 3.246 3. 4 .. 4 J.6.f6 3.845 4.047 4. 245 ,,- ,JIJ" 2.7 14 2.925 3 . 132 3 . 343 3.550 3.761 3.9611 4 . 119 4 .386 

~-
.34"- '.OW 3. 101 3.329 ''''' 3.788 ". O l!~ " .247 4 .H9 4 .706 
.375" , ."'" 3.236 J.S(l.j J.757 4 .005 4 .757 4 .506 4.758 , .. 
.438' .... ,. 3.508 3.798 4 .093 4.38J 4.678 ..... 5.26.1 5.553 
. ""'- ...... ... 4 .341 4.673 ,."" 5.340 5.676 .. "'" lj: .563' ... .. ...... . ..... 4 .382 5.261 5.634 6.0iJ 6.386 
.625' ...... .. .. ... .. ..... 6.26 1. 6.675 

Wan Thick"" .. OUTSIDE DIAMETER 'N [NC II ES 

B.W.G. D«imal 1'\.f,' I ... • 1"4' I ;:i' I'~ M' ,- '''- ,*" 2\.f,' 
~ E-Quiva-

Fraclion t~n~ 1.638 1. 150 ~ 1 .875 ~ ,.""" 1= 2.125 1= No. " . 018' .32 10 
No. " .O:W .3563 ... . ..... .. . .. ... 
No. " ,on" .3914 . """ . "'" . 4354 ,4502 .4648 . .... ...... ... 
No. " .025' . 4440 ."'" . 4 774 .4940 ",. .5273 . .. 
No. 22 .028' . 4964 .51 49 .5338 .5523 .5712 .5897 "'" .6171 .645 "'- .031' .5486 .5691 .''''' .6105 .6314 .6519 .6728 .6933 . 714 1 
No. 21 .032' .''''' .5871 ... , .6299 .6514 .6726 .6941 .715.1 "" No. :ro . 035' .6179 .6411 .,,~ .6878 .7 113 .7U$ .1581 . 78 12 ... 
No. 19 .042 ' .7383 .7661 .1944 .8222 .850S .878J ."'" .9344 .'" .... .047' .8237 .8548 . ~, . 9176 . 9<192 .98031 "" 

, 
'" 1.07S 

No. 18 .049' .8577 .8902 .9231 .9SU .9886 I .0 21 , .". L"" 1.1 19 
No. 17 .058' , 

"" 
, " .. , .. , , . 126 , '" 

, 
"" 

, . 242 1.280 I . J I9 ,,- .063' , .,,., , . 135 , . 177 , 
'" 

, 
'" 

, 
"" 

, ,~ 1.387 , "" No. 16 .065' L '" 
, .170 , ltJ , '" 

, .'''' , .34.1 , .387 1.430 1.4 74 
No. 15 .0)2' , 

'" 
, ."" , .339 , ". , . 435 1 .483 \.5JI 1,579 1.627 ,,- .0 78' , .341 , .393 , .H5 , .497 , .549 1.601 1.65'1 1 .705 1.758 

No. 14 .,.,. , .423 , '" 
, . 534 , '" 

, .644 .. '" 1.755 1.810 ..... 
~" . 094' , 

"'" 
, .'" , .716 1 .788 , ." 1. 913 1.977 2 .039 2.102 

No. 13 .095' , .616 , .679 , '" ..... , "" 1 .933 1.997 2 .060 2 . 124 
No.Uor''' · . lOY ' , ." , "" , , .. 2. 056 2 . 129 2.:ro1 2 .275 2.347 2. 420 

No. I I .120 ' 2.010 2 .089 2. 170 2. 249 , "" ''''' 2.490 2.S70 2 .650 

JtlO . 12$' 2.087 2 . 169 1 .253 ' ''' 2.410 2 .S!H 2.587 2.670 2.754 
. 134' 2.224 2 .313 ''''' 2 492 2.581 26711 2 . 76 1 2.849 2.940 

-" .14 1" ''''' 2.423 2518 2.611 2.706 2.799 2 .894 1.938 3 .083 
No. , . 148' 2 434 2 532 2 .6.12 2.730 2.819 2 .927 3 .0 27 3. 125 3.22$ ". . IU' 2 552 2 .656 2.761 2.864 , '" 3012 , '" 3 .281 3 .385 
No.8 . 165 ' 2 .684 2 . 793 " '" 3 .013 , '" 3.234 J . J4S 3. 4H 3 .565 

II ... ' . 172' , 
'" 2 .899 3 .014 , '" 3 . 244 3 .358 3.474 3 .588 3.703 

No. 7 .180 " 2899 J 018 3. 139 3.258 3 .380 3.499 3 .620 3.739 ,."" '4- . 188' , 
'" 3 . 136 3.263 3 387 3514 3 .6.18 3.765 3.889 4 .016 

No. 60r ",' .203' 3 .120 3 354 3491 3625 J . 761 3 .896 4 .033 4 . 167 4 .304 ,,- .219' 3 . 436 3 .$81 3 . 728 , '" 4 .021 4 . 166 4 .313 4.458 .. "" No. , .220' 3 . 449 3.595 3 . 743 , ." 4 .037 4.182 4 .330 4 .416 4 6 24 
No. • .238' , .... 1.843 4.00J • '" 4 .321 4 .479 4 .639 4 . 7% .. 957 

IJf 3 
.2S0· 3 .3.19 4 .005 4 .173 • '" 4 507 4 .613 4.841 ''''' 5 .174 
.259' 3 .95J 4 . 124 4 299 4 4 70 .. " 4 .816 .. "" 5.162 5.336 

,~- .281' 4 . 223 4. 409 4 .598 • ". 4 .973 , '" 5.348 5.534 5.723 
No. 2 .284' 4 .259 4 . 447 4 638 4 .826 $ .017 5.205 5 .396 5.584 S.775 
N. , .300' 4 .« 7 4 .646 4 .848 ''''' 5 .248 5. 447 5 .649 5.847 6.049 ',- .3 13' 4 .596 4 .804 5.014 5222 , '" 5 .639 5.&50 6.057 6 .268 

''11.' . 344 · 4.938 5.166 5 .397 5.625 5 .856 6.084 6.315 6 .543 6.775 

/l- .375' ,5.259 5 .507 5 .759 . .,. 6.160 6508 6.760 ''''' 7.261 
.438' 1$· 847 6.131 6 .432 6.722 7.011 7 .307 7.601 7.892 8 . 186 

~1 33 

-



PITTSBURGH STEEL COMPANY 

ROUN D SEAMLESS STEEL MEC U AN ICAL TUBINC (Oonllnued) 

Welj/;ht In pound. per fool . 

Wall ThiCkn.,. 

\\'all Thick"""" OUTSIDE DI,\MET EK IN INCHJ:::S 

L 
L 

nil- 2~' 2Uo" Hi' 2'",' Hi' 2""'- 2',' 
L}7S 2.4J8 2.500 2 .563 2 .625 

M34 



SEAMLESS FOR SAFETY 

ROUND St;AMLESS STEEL MP,CHANICAL TUB ING {Conllnurd) 

Welllhi In pound. per fool. 

Wall Thickn_ 

B.W.G. 

""'D. 20 035" 
No. 19 .042 ' 

.,," .047" 
No. III .049' 
No. 11 .058' 

...... .06J' 
No. 16 .065' 
No. 15 .on' 
~' 07l! ' 

No. 14 .00' 
...... .0\14 ' 

No. 13 . 0\15" 

3,-",' lJ.i' J'fo' 3~" 3'''' 

I. I. , 



PITTSBURGH STEEL COM P ANY 

RO UN Il SRAM U :SS STEEl. M ECH AN ICAl. T UB ING (Con tln u ,"",J 

Welth t In pound . per foo t . 

Wall ThickntN 

R,W.G. 
0. 

Fraction 

" 

, . 
H i" 

Dtdmal 
EQuiva­

I~nt 

L 

Wall Thickn .... 

L 

II.W.G. 
0. 

I'ract;"n 

o.,dmal 3'U,' 
EQuiva-

leM 

,. 
( ).iN .f~' 4"" .. ~' Hi" .fU" " ]i" 

4 .375 

.035" 

.042" 

. 047" 

. 049" 

. 05S" 

.063" 

.065" 

.072" 

. 07S" 

. 083" 

.094' 

.095" 

. 109" 

.120" 

. 125' 

.134" 

.141' 

. I4S" 

. 156' 

. 165' 

. 172" 

. ISO' 

.ISS' 

M3G 



S EAMLE SS FOR SA FETY 

ROUNI) S EAMLESS STEEL roU;CIIA N ICAL T U RI NG (Con ti nued) 

W.,lt ht In pound. p« foo t . 

Wall Thlckn,... OUTSIDE DIAMETER IN INC H ES 

B.W.G. I).,(:lma] 3'~' .' ' W 'W .~' ' W ' W 'W 
" &Iulva-

Frnctlon I~n~ 3.9.1-8 '.000 4.125 4 .2~0 4 .375" 4.500 4.625 4 . 7SO 
------

0.;:;:;5 
- - ----

No.6 or 'u.' .. ". 8.098 8.232 8.503 8.774 9.316 9.587 9.M8 ,.. .219' 8.698 8.843 9. 136 9. 428 9.72 1 10 .01 10.31 10.60 
No. 5 .220 ' 8.136 8.381 9 . 175 ,."" 9.763 10.06 10.35 10.64 
No. • .238' ,."" 9 . .5(;2 , .... 10.20 10.52 10.83 II . 15 11.47 

W .250 ' 9.847 10.01 10 .35 10.68 11. 01 11. 35 11.68 12.02 
No.3 .259' 10.18 10.35 10.69 11 .04 11 .39 11 .13 11.0B 12.42 
,~' .281' 10.97 11.16 11.54 11.91 12.29 12.66 13.04 13.42 

No. 2 .284 ' 11.08 11 .17 11.65 12.03 12.4 1 12.19 13 . 17 U.SS 
No. , .300' 11.66 Il.lIS 12 .26 12 .66 13.06 13.46 13.!16 14 .26 
~, . .3 13 ' 12.12 12.33 12 .14 13 . 16 13.58 14.00 14 .41 14.83 
'\i' . 344 ' 13 .20 13.43 13.89 14 .35 14.B I 15 .21 15.73 16. 19 

,~. .315' 14.27 14.52 15.02 15.52 16.02 16.52 17 .02 17.52 
.U8· 16.37 16.66 17.25 17.83 18.42 19 .00 19 .59 20.17 

W . 500 ' 18.J.6 18 .69 19.36 20.03 20.69 21 . J.6 22 .03 22 .70 ,.. ."" 20.2'11 20 .67 21.42 22.17 22.92 23.61 24 . 42 25 . IB 
W .625 ' 21 . 11 21 .53 23.36 24.20 25 .03 25.87 26.70 27.S3 
~. .688' 23.88 24 .34 25.25 26.17 21.09 28.01 28.93 2'11.85 

.BO· lS.s4 26 .03 21.03 28 .04 29.04 w.~ 31.04 32 . 0.& 
~. .813 ' 21. 13 27 .61 28 . 16 29.84 30.93 32.01 33 . 10 34 . 18 

.875" 28 .62 ~.W 30 .31 .1 1.54 32.71 33.88 35 .04 36 . 21 
I~' .938" 30 .05 30.61 31.93 .13.18 34 .43 35.68 36 .94 38 . 19 

" 
, 000' 31.38 32 . 0-1 J.l . J8 34.7\ 36.05 37.38 38.72 <W.OS 

' W L 125" H .80 34 .54 36 .05 .17 .55 39,05 40.55 42.05 4.1.55 
' W I. 250· .. .... .. .. .. .. .. . . .... .. . . ..... 45 .06 46.73 
, ~' 1.375" .. . ... . . .. .. .. .. .... .. 41.13 49.56 

Wan Thkkneoa OUTSIDE DIAMETER ON INCHES 

D.W.G. ""' ..... " 'W '''' 'W 'W 'W 'W ' W 
" E<iuiva. 

Fraction I~nt , .000 5. 125 S.UO 5.315 5.500 ~ 5.750 5 .875 

No. 18 .049' 2.591 ... ... .. .. .. .. ... . ... .. . ... . . 
No. 17 . 058" 3.061 .... .. .... . . 

' W 
4 .875 

Jo.iJ 
10.89 
10.94 
II. 79 
12 .35 
n.71 
1J.79 
13 .93 
14 .66 
15 .25 
16 .65 
1S .02 
20 . 76 

"." 25.93 
28 .31 
30.17 
H.04 
35.21 
31.38 
39 . 44 
41.39 
~ .M 
48.39 
51.40 

" 
I~ 
. . . 

'" .063· 3.322 ,.'" ·G.x, J:S74 3 .M8 ' j:;'4! 3.B26 3.911 •. 
No. 16 • 065 ' 3.426 3.5 13 3.599 3.686 3.773 ... 00 3.947 4 .033 ... . .. 
No. 15 . 072" 3.189 , .... J.982 4 .0 78 4 ,174 4 .270 .. '" 4.462 ..... 

"" • 078" 4.100 4.204 .. '" 4 .413 4 .517 4 .621 4 .725 4 .829 
1'0, 14 ."" 4.359 .. "" 4.580 4 .691 4.802 4.913 5.023 5. 134 5 .245 

"" .094" 4 .925 5.05 1 5.176 S.302 5.427 5.553 5.678 '''' 5.92 
No. 13 .095" 4 .977 5.103 5.230 5.351 5.484 5.611 5.738 5.864 5 .991 

No. 12 Or '''" . 109' 5.694 5.839 5.9l1S 6.130 6.276 6.421 6.567 6.712 ':lJi No. I I . 120" 6 .254 6.4 14 6.575 6.135 6.895 1.055 7.2 1S 1.376 U 
W .125· 6.508 6.615 6.842 '.000 7.176 7.3U 1.509 7.616 1.84 

No. 10 .134 ' 6 .964 7.143 1.322 UOO 1.679 7.M8 8.007 8. 216 8.395 
!'" . 14\ " 1.3 11 1.505 7.694 7.SS2 8.070 8.258 ..... 8.635 8.823 

No.9 . I4S' ,."" 1.867 8 .064 8 . 262 .. '" 8.657 8.855 9.052 9,a 

'" . 156" 8.010 8.279 8. 487 8.695 .. ,.. 9. 11 2 9 .320 9.528 9.731 
No. • .165· 8.520 8.74 1 8,961 9, 181 9.401 9 .622 9.842 10.06 10.28 
I~' .112" .. "" 9.098 9.328 9 .5SB 9.787 10.0 2 10.25 10 .48 10.71 

No. , . ISO" 9.266 9.506 9.147 9.987 10.23 10.41 10.11 10.95 11.19 
'4 ' . ISS" 9.662 9,913 10 , 16 10041 10 .67 10.92 11 . 17 11.41 11.67 

No.6orl~. .20j " 10.40 10.67 10.94 I I. 21 11. 48 11 .16 12 .03 12 .30 12.57 

'" . 219· 11. 1B 11 .41 11.17 12.06 12 .35 12.64 12.94 13 . 23 13 .52 
No. 5 .220" 11. 2J 11.52 11 .82 12 . 11 12 .41 12.70 12 .99 1l .2Il Il.SS 
No. • .238" 12. 10 12.42 12.74 1l .06 13.38 13.69 14.01 14.33 14 .65 

W .250" 12.68 1J .02 13.35 1l .68 14.02 14.35 14 .69 15.02 IS.3S 
No. 3 .259· 1l.1l 13.46 13 .81 14 . IS 14 .50 14 . 84 1S . 19 I5 .H IS.SS 

'" .281' 14 .16 14.54 14 .91 15.29 15.66 16.04 16.41 16.19 17.16 
No. 2 .28" 14.30 14 .68 15 .06 1S .44 15.81 16.20 16 .58 16.96 17.34 
No. , .300' 15.06 15 .46 1S .86 16.26 16.66 17.06 11.46 17.86 18.26 ,.' .313· 15.61 16_ 09 16.50 16.92 11.34 17.16 18. 18 18.59 19. 01 

';t.' .344 ' 17 . 11 17.57 18.02 1S.48 18.94 19.40 19.86 20.32 20.18 
.375 ' 18.52 19. 02 19.52 20 .03 20.53 21.03 21.53 22.0J 22.53 



PITTSBURGH S TEEL COMPANY 

KOUND SEAMLESS STI":L M EC II ANICAL TUBING (COntlnu .... ) 

Welllhl In pounds Peo' fOOl. 

Wan Thlcl<nNII OUTSIDE DIAMETER 'N INCHES 

OW.G. Decimal ,. 
'W 'W 'W 'W 'W 'W 'W 

0' Equlva_ 
Fracc.lon I~nl ' .000 S.I1S 5.250 5.375 5.SOO 5.625 5.750 S.875 

~~ 
.U8' 21.34 H.93 22.5 1 B.OII 23.68 24 .26 24 .85 25.43 
.500' 24.03 24.70 25 .31 26.03 26.70 27 .31 28.04 28.10 
.563 ' 26.68 27 . .0 28.18 28.93 :1\1 .69 "'." 31. 19 JI .94 
.62S ' 19.20 "'~ 30 .81 31.7 1 32.54 33 .38 34 . 21 35.(1.1 

~~' .'W 31.68 31 .60 33 .52 34 .44 35 .36 36.28 3 7. 19 38 . II 
.150' 34 .04 35 .W 36.05 J7.OS 38.05 39 .05 40 .05 41.05 ".,' .81l' "" 37 ." 38 .53 39.61 oW . I0 41 .18 U .81 .0 .95 

~, .875' 3S.55 39.72 " .M 42.05 .0.21 44 . J9 45 .56 46 . 73 
.938' ... " 41.94 U .20 '4 .45 45 .10 46 .95 48 .21 49 .46 , . 1.000' 42.12 « .06 45.39 46 .73 48.06 49 . <40 SO.13 52.01 

'if I.IlS· 46 .56 48. 06 411 .56 51 .06 52 .57 54 .01 55.51 51.07 , . 1.250" 50.06 51.73 53 .oW S5.01 St. .74 5S. 41 "''' 61. 74 
' W 1.375" " " 55.01 56 .90 58.14 60.58 62 . 41 64 .25 "." 
Wall Thick_ OUTSIDE> DIAM"'.-ER IN INC HES 

B.W.G. OWmal 'W 'W 'W ' W ' W 'W ' W ,. 
~ EI,uiva_ 

Fr:oction I~nl 6.\25 6 250 6.375 6.500 6 .62S 6 .150 6.815 '. 000 
No. 14 . " ... 5.356 5. 467 • . .. ... . ..... . ...... . ," .0114' 6.055 6. 18 .. .... ...... .. ...... .. . . .. 
1'10.13 .09S" 6.118 6.245 

i '~ 
.. ...... .... 

\)0. 12 Or ',," .109" U"" 7 . 149 7 .29 1 . 58!l .... ... .. .. .... 
1'0. 11 .120 " 1.6% ·7.8St. 8.016 8.171 8.337 .. ...... 

W .12s" 8 .01 8.171 8.344 8.5 11 8.678 .. .. 
1'10. 10 .134" 8.574 8.153 8.932 9 . III 9 .289 9:46s 9 .641 . 

!'" . 141 " 9 .0 1l 9.199 9.3SS 9 .516 9.764 9.951 10 . 14 
:-'0. , .148 ' 9.441 9.645 9 .843 10.04 10 .24 10 .« 10 .63 10.8J 
It· . I sti " 9.945 10 . 15 10 .36 10.57 10 .18 10 .99 11 . 19 lI.oW 

No. 8 . 16S· 10.50 10 .12 10.9( 11 . 16 II . 38 11.60 11 .82 12.(1.1 
''-'" . 112" 10 .94 II . 17 11.39 1 1.62 1 I. 8!l ,." 12.3 1 12.54 

No. 1 . 180" 11. .0 II .67 11 .91 12.15 12.39 12.63 12.81 13 . 11 ". . I SS' 11 .92 12 . 17 12 . 42 12 .61 12.92 13. 18 U .U 13 .68 
'10. 6 or ",," . "". 12.84 13.11 13 .38 13.65 13 .92 14 . 19 14 .41 14 .14 ". .219" I3.S1 14 . 11 14 .40 14 .69 14 .98 15.28 1S .51 1S.86 

No. , .220" 13 .81 14 . 11 14 .46 14 .16 15.OS 15.34 15 .64 15.93 
No. • . 238" 14 .96 !S .28 15.60 1S .92 16 .23 16 .55 16 .87 17.19 

W .250" 15.69 16 .02 16.35 16.69 11.02 17 .36 17 .69 18 .02 
No. 3 .259" 16.23 16.57 16.92 17 .26 17 .61 11 .95 18.30 18 .65 .,- .281' 11 .54 11 .91 18.29 18.66 19.W 19 . 41 19.19 20.16 
NO. , .284" 11 .72 18.10 18. 47 18 .SS 19.23 19 .61 111 .99 20.37 
No. , . ... 18.66 19 .06 19. 46 111.86 20.27 W .61 21 .07 21.47 .,,- .313" 19.U 19.8!l 20.26 20.68 21. 10 21.52 21.94 22.35 

''1§.' . 344' H. 24 21.70 22. 16 22. 62 13.08 2J.54 23.99 24.45 

S: .315' 23.03 23.5l 24 .03 24.53 25.03 25.53 26.OJ 26.53 
.438" 26.60 21. 19 21.11 28.36 28. 9<4 29 .53 30 . 11 30.10 
.500" "'" 30.71 31.37 ll.W 32.7 1 33.38 34 .04 34 .1 1 ;;: .563" 33. " 34.20 34.95 :15.10 .16 .45 31.20 37.95 38.10 
.625' 6.11 31.55 38.38 39 . 22 OW . OS oW.88 41 .12 42 .55 

~. ."'. .19.95 (0 .81 41. 79 42.11 43.62 « .54 45.46 46 .38 
.150" 4l.OS 44 .06 45.06 ".'" 47 .06 48 .06 49.06 50.06 

I~"" .8 13" 46.12 47 .21 4S .29 49.38 50.~ 51.55 52.64 53.12 

If .875" 49 .06 50.23 SI .oW 52.57 53 . 13 54 .90 sti.Ol 57 . 24 ,.. .938' 51.96 53.21 54 .47 55.12 56 .91 58 .22 5\1.48 60.13 ,. , .000' ~:74 56.07 51.41 58 .74 "'." 61.41 62.75 64 .08 

'if , .125" ." 61 .58 ".M 64 .58 "." 61 .58 69.011 10.59 , . , .250" "." 66.15 68.42 10.011 11.16 73.43 75.09 16.76 
' W , .315' 69 .75 71 .59 13 .43 15.26 17 . 10 78 .93 80.17 82 .60 

I 

,. 
'.000 
26 .02 
:1\1 .37 
32.69 
35.88 
39 .03 
42 .05 
45.(1.1 
41.89 
50.7 1 
53 .oW 
58.57 
63.41 
61.92 

'"" 1.125 

.. ... 

... .. . 

.... 
II.OJ 
11 .61 
12.26 
12. 11 
l3 . lS 
13.93 
15 .01 
16.15 
16.21 
17 .51 
18.36 
18.99 
20.54 
20.15 
21 .87 
22.17 
24.91 
27.03 
31.28 
35.38 
39.46 
.0 .39 
47.30 
51.06 
54 .8 1 
58.41 
61.98 
65 .42 
12.011 
18 . .0 
84 .44 
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SEA MLE SS FOR SAFETY 

ItOUND S EAMLESS STIEIEL M IECIfAN ICAL TUBING (Continued) 

Weltht In poun<b per fool. 

w.nTbkk_ OUTSIDE D IAMETER IN II'OC.IES 

B.W.G. ""'-, 'W 'W 'W '''' 
,,,. O' OW OW OW 

M &quJ ... -
FnCl.lon , .. ..,'" 7 .375 ... 00 7 .625 1.7SO 0.000 1 . 250 ...00 1.625 

--
No.9 . 141" 11.2-1 II.U ...... ...... .. .... ... . .. .. .... ... .. .... ". .156" 11. 81 12.OJ . .. . . ..... ...... ... .. . ..... ...... ..... 
No. I .165" 12 . 49 12 .11 ...... .... .. .. .... ... . . . .. .... . ... 

""" .171" 13.00 13.23 . .... ... .. ... ... ... ... . .. . .. ... .. . ... 
No.7 .ISO· 1l.59 13.83 .. .... . i4 : ~H . i i:ia .. ...... . . .. ... .18.8" 14.11 14.oil 14.68 1~ :~ . ii-:.i . iUt No. 6 or n,," .,.,. 15.21 15.55 15.12 16 .09 16.36 ... 

'i::t ". .219' 16 . 44 16.74 17.00 17 .J2 11 .61 11 .20 11.18 19 .37 
No.5 .220' 16.52 16 .8 1 17 . 11 17.40 11.69 11.28 11.17 19 . 45 
NO. 4 . 231" 17.81 18.14 11 . 46 18 .78 19.09 19 .13 20.37 2100 2 1;:~ }(" .2SO· 11.69 19.02 19.36 19.69 ,. ... 20.69 21.36 2~ :~ ... No. 3 .259' 19 .34 19.611 ,. ... ... " 20. 12 21 . 41 22 . 1 n. 

IF: -'" .lI1" 20.9 1 2 1.29 2 1.66 22.0. 22 . 42 
~:H 

2-1 . 91 14.67 n 
No.2 . 2114" 2 1. U 1 1.51 21 .19 22 . 27 22 .65 ". 24.16 24.92 " No. I .,... 22.21 22.67 2-1.07 23.47 2-1 .17 24.67 25.47 26.27 26 .67 ". .JU" 2-1.19 2-1.61 24 .02 24 . 44 24 .116 25.1 26.53 27 .37 27.7 

'!K .344' 25.:11 25.1J 26.29 26 . 75 27 . 2 1 1I.U " ... " .% lO.n 
/l. .375" 11.53 lI .04 lI .54 " ... T~ 30.54 31 .54 32 .54 ~r. U8" 3 1.17 32. 45 3.1.00 3.1 . 62 " . 35.37 36.54 37. 71 " I': . ""'. .. ... 36.71 37 .38 38 OS 38 . 72 ..... 41.39 42 .71 'U 

~. 
.,.,. 40.21 ..... 41. 71 42 .46 4J .2 1 44 .72 46.22 47.12 :f .625" 44 .22 45.06 45.89 46 .73 47.56 49.23 50.90 52.57 " . . 688" 48.22 49.14 " .0> SO.97 51.89 53.13 55.56 .51.40 

5t:: .150" 52.07 53 .07 54.07 !S.07 56.01 58.07 ., ... 62 .08 ... ;... . 813" 55 .89 56.98 58.06 59.15 60.23 62.4 64.57 66.14 67.8.1 
.815" 59.57 60 . 74 6! .91 ... " 64 .25 66.58 68.92 H.26 7241 

II.," . 938" 63.2-1 64.4-8 65.74 ..... 68.24 10.75
1 

73.2;5 15 . 15 71.01 ,. 1.000" 66.15 68.0\1 6t~ 70.76 

't~ 
74.76 , 71.43 80. 10 8 1.4 

'If 1. 125" 73.59 75.09 ... 71.1 ... ~:nl ~::l 18.61 i:¥ ' . 1. 250" 30. 10 81.77 .... « 1$ . 11 116.78 96.79 91 . 

'U' 1.375" 116 . 27 18.11 19.95 9 1. 71 93.61 97.29

1

101 .0 10. .6 106.5 , . I .~" ... ..... 96 . 12 91.121001 10.. 1 1011. 1 11 2 I 114 1 
' W 1.625" ...... .. .... un .o 10. .1 ,106 .3 110 .6 115 .0 119 .3 ,12'-5 

wan Thicl:_ OUTSIDE D1AMf,.'Il:R IN I:>O: CU!l:S 
-

B.W.G. ""'''''' 8~'" ,. 9,1,{" 9'i" 'W 9 ' ." ". 10',' 10h" 
M &qui ... _ 

,,-"'" ~'r-actlon '0' 8.750 '.000 , .no 9 .500 9 .625 9 . 150 
" 000 

10 25 

". .2 19" 19.95 20.54 .. .... N,. .2W" 20 .04 ,. ... ~ 1. 22 21.80 n .lo 22.39 22.98 23 57 H 15 
No.4 .238" 21.64 22.27 22.91 2l.U '''' 24.11 24.11 2S 4J "" J!.·3 

.250" 22.70 "" 24.OJ 24.70 25.OJ 25.37 ~6 . 03 ~6 70 27.n 

.259" 23.49 24. 18 2~ .87 H.56 25.91 26.25 26.94 27 .64 21.33 ". .211" 25.47 26 !1 26.92 2767 28 .0. 28. 42 29.17 29.91 3;:~ No.2 .214" 25.68 ,.« 27.19 21 .95 28.33 2B.1I 29.47 30.23 ". No.1 ."". 21.0 1 27 .87 28.63 29.48 N." 30.28 31.08 31 ." 31.68 

~. 
.J U· 28.20 

'1~ 
2917 30.71 31.1J 31.55 32.31 JJ.22 34.OS 

.J44" ..... '" 32 . 71 " .. 34. 10 J~ 56 35 . " 3639 31.31 

.315" JJ .H 34 .54 35 54 "" 37,05 31 .55 38.55 3~:~ 40.55 

.m· " ... ..... 41 .22 41 .J9 41 .98 43 .56 « .73 .,. 47:; .""'. ..... 45 .39 46 .7J .... 41. 73 49 . 40 .. " 51.07 " ~. 

. .... 49 . 2-1 

1:~ 
52.2-1 53 74 54.49 55.24 56.74 51.25 59.1 

.615" 54 .23 ... $7 .$7 $9.24 ., ... 60.91 62 .51 6425 65.92 ..... 59.24 61 .011 62,91 64.75 65.67 66 .59 68.42 70.26 n, 1 

. 7SO" ..... ..... ..... 70.09 11 .09 72 .09 ,. .. 76 . 1 71. 1 
~" .SU" .. " 71 .09 7:1.26 7$1'~ 16 51 17 .60 19.17 BI .94 84 . 11 

.S15" 13.59 15.93 1826 ... 81,17 1294 1$,27 17.61 "" ,~" .9JR· 78.26 30.76 83 . 27 8$.77 S7.02 8828 90.18 93 .29 95 7 , . 1.000" 82.71 1$.44 8.811 90 78 92 . 12 9J.45 96.12 98.19 101 .5 , · 1.1l5" 91.61 94 .62 97 .62 1006 102 . 1 IOJ .6 1066 109 .6 11 2 .6 , · I 250" 100.1 IOJ .S '"'' 110.1 11 1.8 11l .5 116.1 120 .2 123.5 , · 1.375' 108.3 112 .0 115.6 119.3 121.2 123 .0 126 .7 130.3 134 .0 , · 1.500' 116 . 1 120 .2 124 .1 118 .1 UO. 2 U2 .2 136 .2 140.2 144 . 2 , · 1.625' 123 .1 128 .0 132 3 iJ6 .7 138.8 141.0 145 .3 149.7 iSfO 



PITTSBURG H STEE L COMPA N Y 

ROUND SEAMLESS ST EEL MECH ANICAL TUB ING (Continued) 

W e lllh t In pound. per rOOt. 

Wall Thkk_ OUTSIDE DIAMETER IN I/l:CHES 

II.W.G. ""'m" IOU' ". 11 )4' II~' IIU' .,. 1 2)4~ 1 12~' 
M EQU;va-

Fraeti'm I~nt 10.750 11.000 11.250 11. 500 11.750 ., 000 12.250.12.500 

No>. 5 .220' 24.74 .. .... . ..... .. ..... ... ... .. . 
No> ... . 238' 26.12 ... ... ... ..... ...... .. .. 
W . 250' 28.04 . .. 

'jj:79 
.... 

No>. 3 .259" 29.02 29.71 30.<40 31.09 32.48 33.17 ll.86 

~" .281' ll.41 32.20 32.95 33.70 34.U 35 .20 l5.95 .'" No>. 2 .284' 31.14 32,50 ll.2(I 34.02 34.18 35.54 "." 31.05 
Nn. I .... 33.48 34.28 35.08 35.89 " ... 37 .49 38.29 39.09 

'" .313' 34.89 35,72 36.56 l1.<40 38.23 39.01 39.90 40.74 
NO. 0 .3<40' 38.2.l 38.10 39.61 <40.52 41.42 42.3l 43 .14 44.15 .". .344' 41 .55 39, 12 40.04 ~." 41 .l1li 42.79 .0.1 1 '4,63 

/I:;:SOO .375" 48.24 41 .5S .... " « ." .,." ... " 41 .56 48 .S6 
.380' S4.74 .0.10 « .12 45 . 13 46. 14 41. 16 48.17 49.19 

No>,OOO .425' 61.25 48.00 49. 14 50.21 51. <40 52.54 53.67 54.8 1 

'" .4l8~ 61.58 49.41 50.58 5i.1S 52,92 54 .09 55.25 56 .42 
No>. 0000 .454' 73.93 51.13 52.35 5l.S6 54.77 55.98 57.20 58.4 1 

W .500 ' 80.10 56.07 51.41 58.74 ..... 61.41 62.75 64.08 

\I: .563' 86.28 62.76 64.26 65.76 67.27 68.77 
7!:¥ 

71. 78 
.625' 92.28 69.25 10.92 12.59 74.26 75.93 n. 19.27 

';ft' .688' 98.30 15.11 11.61 19.44 81.28 83. 12 84.% 86.79 
.750 ' 104 .1 82.10 84 . 11 86. 11 88. 11 90.11 92.12 94.12 

~' .813~ 115.6 88.45 90 ,62 n.79 94,% \l1 .13 99.31101.5 
.815' 126.8 94 .62 "." 99.29 101.6 104.0 106 .3 108.6 

1~' .93S' 137 .7 100.8 103.3 1011.8 108 .3 110 .8 113 .3 115.8 ,. , .000' 148.2 106 .8 109 .5 112.1 114 .8 117 .5 120 .2 112 .8 

'If 
, . 125' 158.4 118 .1 121. 7 124 ,7 121 ,7 130.7 IJl.7 136 .7 

: ~: 
, 250' ...... 130.2 133 .5 136.8 140.2 143 .5 146 .9 150.2 , .315' ...... 14 1.3 145 .0 148.7 152 .4 1S6. 1 159.1 163.4 , . , . 500' .. .• 152.2 156.2 160.2 164.2 168.2 172 .2 176.2 , . , .625' ..... 162 .7 167.0 111.4 115.1 180 . 1 184. 4 188.7 , . 1.750 ' • 112.9 171 ,6 182.2 186.9 191.6 1%.2 200.9 , 2.000' .. .... 192.2 1\l1 .6 202.9 "" ., 213.6 218.9 224.3 

Wall Thkknees OUTSIDE DIAMETER IN INCHES 

B.W,G. Decimal '" 13)4' 13~" U M" w 14 ~' 

" EQulva· 
Fractio>n lent 13 .000 13.250 13.500 IJ. 750 14.000 14.315 

No.3 .259' 35.24 l5.94 " ... 37.32 38.01 39.05 .. .. .... ',' .281' 38.20 j8.96 39 .71 ~ ... 41 .21 42.l3 ... .. ... .. 
No.2 .284' 38.57 9.33 ~ ." 40 ,84 41.60 42.74 . .... 
No>. I .... 40.69 41.49 42.29 .... " 43.90 45.10 .. ... 
' •. .3 13' 42.41 43.25 44.08 44.92 45.15 47 .01 

No. O .3<40" 45.96 46.81 47.79 48 .70 49 .61 50.97 . .. 
'it: . 3«' ..... 47.38 48.30 49.22 50. 14 51.51 ... .. 

.375' 50.56 51 .57 52.51 53.51 54 .57 56.07. 
No>. 00 .380" 51. 22 52.23 53.24 54.25 55.27 S6.79 .. .. ... .. 
No. 000 .425' 57.03 58.21 59.35 60.48 61.62 63.32. ...... 

'''- .438" 58.16 59.93 61. 10 62.21 63.« 65.20. 
No>. 0000 . 454" ...... 62.04 63.26 64.41 65.68 61.50 .... 

W .500" 66.75 ... " 6\1,42 70.76 72.09 74.09 . 

\I: .563' 14.78 76.28 77.19 19 . 2'9 80.19 "'.M :::::: ..... 
.625' 82.60 84 .21 85.94 87.61 811.28 91.78 

';it' .688~ 90,41 92.30 94 . 14 95.98 97.81 100.6 ... ... 
.750 ' 98.12 100.1 102.1 104.1 106. 1 109.1 ... ... 

" •. .8 U ' 105.8 108 .0 110.2 112.3 114 .5 11 7.8 ... 
W .815' 113.3 115.6 118.0 120.3 122.1 12(1 . 2 .... 
~" .938' 120.8 Ill.3 125.8 128.4 130.9 134.6 ... ,. , .000' 128.2 130.8 133.5 136.2 138.8 142.8 ... ... 
'If 

, . 125' 142.7 145.7 148 .7 151. 7 154 ,7 1511.2 ... .. .... , . , .2S0' \56 .9 \60 .2 163.S 166.9 170.2 115 . 2 .. 

'If 
, .375' 170.7 174 .4 

178.1: Ifl.1: Ir· 4

: Ir·9 .. , . , .500' 184.2 188.2 192 .2 1%.2 200.3 206.3 .. 
' ~. 

, .62S" 197.4 201.8 206.1 210.4 214.8 221.3 ... .. , . 1.750' 210 .3 214.9 219.6 224 .3 229.0 236.0 .. ...... ,. , 000' 235.0 240.3 245.6 25 1.0 256.3 264.3 .... .. 

12M' 

12 .15 

...... 

.. ... 
'34:5", 
31.45 
31.81 
19.89 
41 .51 
45.05 

45;:Y ., . 
50.2 
55.9 
51.59 
59.62 
65.42 
73.2 
80.94 ...... "., 

103.7 
111.0 
118 .3 
125.5 
139.7 
153.5 
167 .0 
180.2 
193.1 
205.6 
229.6 

.. ... .. .. .. 

.. 

..... 

...... 

.. 

.. .. 

.. .. ... 

.. 

... 

...... 

... 
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S E A ML ESS F O R S AFETY 

PROPERTIES OF TUBULAR AND 
SOLID BEAMS 

Any mtmMr of d strudurt whose ptlnclp,1I function is to r~ist bending dction1 
is known dS d btdm. Tht following is dn tltmtntMY discunion of tht vdrioUI 
fdcto" inAutncing tht d~ign 01 bums. In this disClJuion bums drt dnumtd 
to bt of uniform cron section throughout, tht Abrt strtlS to bt within tht t ldstic 
Umlt of tht m~ttri~1 ~nd tht 10dds dnd ructions to Ut in d vtrtiC41 pl~nt ptrptndi. 
clJlor to tht dxis of the bum bdore (oddlng. 

Bums fdll undtr four mdin ddSSiAc4tio",: 

1. untJI.ul B .. ml hdying ont tnd fixed ~nd the othtr tnd unsupported (Agurt 1). 

fi'i,lu r~ J 

t . Simpl. B.,ml Itlting on two IUPPOrts (figurt 2). 

Fixtd Mdms ort Itrongtr thdn simply 1upporttd btdmS of tht Sdmt silt dnd 
mdttridl sinct thtrl!: is 0 chongt in btnding momtnt dut to tht tnd resisting 
momtnt. 

1>141 
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r PITTSBURGH STEEL CO M PANY 

PROPERTIES OF BEAMS (Condnued) 

• • ContinuoV$ Bum. resting on three or more supports (fi9ure "). 

"FTTT1" \ ~ , cb I 

The prillcipodl stressn in simple bC<lms <Ire tension and compression. The 
Rbres .bove the neutr.1 ,urfKC (fisurc 2, N-N) ,TC under compl"cssion.l s!rases, 
thereby shortened, while: those: below <Ire: under tensiOMI stresses and conse­
quently lengthened. The ~brcs olong thc ncutral lurf.,c:c pl.s"c N-N <lfe not 
stressed. The stress on .my fibre of /I beam b directly proportiOMI to thc distance 
of Ihc Rbrc from thc neulr,,1 surf",(. Sec figure 5. 

N.vlrtl Svrftc.: The pl.ne N-N <It which thc fibres arc not .trcned. This neulr<lll 
surface always poiSU:' through thc center of grdvity of the cross section. 

Ncutrll lui,: The linc of intersection of thc ncutr,,1 IUrfdCC .nd <I cross U:ctIOMI 
plane. See fi9ure s. 

Jo'igu re 6 

EI .. tic: CUrie: The 'Curve lormed by the line N·N, or neutral surlKe 01 a bt:am 
as it ddlecu under its own w el9ht al'ld the welsht ol106<:ls upon it. 

Mtllimum Dtlltdiom The 9reatest distance Irom the neutral surface of the un· 
loaded bum to a point on the elastic: curve 01 the 100Sded bt:am (see Pages 
M-i7·50). 

Rtlc:tlonl It Supports: The upward pressures at the supports which prevent the 
beam from movin9 downwords ere the reoctions at supports. It Is e lundamental 
principle of mechanics thot the sum of the loads must equal the sum 01 the reKtions. 
In the Ust of simple and untilever bt:arns, the ructions are determined by apply. 
in9 conditions of static equilibrium In which for a system of vertical forces in the 
some plane the algebraic sum of ell the forces must equal zero. The ructions are 
determined from the equation of the elastic curve In the cose 01 Axed bums. For 
continuous bums the theorem of three: moments mey bt: used. 
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SEAMLESS FOR SAFETY 

PROP ERT IES OF BEAMS (Continued) 

Sh .. ,in, Stren es: A bnm when lo"ded i~ ~ubjected to tr.msverse stres~el which 
tend to she"r the be"m os illustrated "I seclion X-X (Rgure 6) . 

. 

9 
Figure G 

At any crOSI seclion, such III X-X, the verticlll shear is equdl to the algebrllic 
sum of all the forces on eilher side of the section. The forces ore usu"lIy tllken 
to the left, thul the vertica1 shear equllis the rnction at the left support minus 
the sum of the loods (induding the weighl of the beam) bttwet:n the left support 
and the section considered. Forces which act upwdrd dre considered positive 
and downwdrd forces negative when acting to Ihe lefl of Ihe section considered. 
The signs ore reversed for forces to Ihe right of the section. Genu"lIy the shear­
ing strnses for steel bums are much smoller than those of tellSion and compression 
and molY be ignored. However, if the loads dre near the support ond the be"m 
is short the shnring stress may be greater than the bending stresses. Shearing 
stress is considered to be uniform over Ihe cross section. 

Bllndin, Moment: The tendency of the externol forct:! dcting on II bellm to produce 
rotation llbout IIny chosen cross section i~ called the bending moment. This 
tendency, or bending moment, is the product of the force W acting on the beam 
multiplied by the lever ,,1m L, or WL, ot section V.V (Rgure 7). 

~ 1-.... . ~ --.. "$ 
Figure 7 

Similarly at seclion X.X, the bending moment is Wl. Bending moment is usudlly 
expressed in inch pounds, the force W being in pounds ond the levu orm! L ond 
L, in inches. Where the lever orm is in feet the bending moment is in foot pounds. 
Bending moments to the left of the section considered lind which tend to produce 
clockwise rotation lire positive, th01e which tend to produce counterclockwise 
rotation lire negotive. Bending moments to the risht of the section considered 

M43 



PITTSBUROH STEEL CO MPANY 

PROPERTI RS 0)1 Il HAMS (Conllnued) 

<Ire reveru:d from those to the left. The <IIlgebr<llic sum of the moments - O. Thus 
in IIgure 8, <II" uming <I point of moments <lit the right support R. 

'WL O - R,l-T 

'W or R' - T 

'" 
j . , 

-; 
• • .. -y. 

"''',ute 8 

, 
~ 

"-i 

Simil<llrly <IIssuming <I point of momenls <It left Support R.-~, thlm the bending 

moment <II section M, - R~l or ~ Wl <lind <II M. considering forces to left 

to right 

( 'Wxb)_wx(b_b) _ WL 
3 2 2 3 6 

W l-WL 
-X--~ 3 , 6 

Bums must be designl!:d lor the m<llJdmum shurinS stre'!Ses <lnd bending momtnlt. 

Rlurltlng Momtnt: The txterll<lliorces <IIcting on <II bum !;fedte hori1:ont.ll intern<ll 
lorces which resist the dction 01 the eKttrn<l1 forces (sec Rgure 9). 

---- . ..... , .. _--, ._ ..... . , 
Fi,ure 9 

Thus the tendency 01 the be<lm to rotote <llbout section Y_Y is resisted by the 
inttrll<ll tl!:nsile /orees <lbovt the neutr<ll surlKe N-N <lind thl!: intern<lll compressivt 
force'! below. Thus it is evident thdt the sum of moments of uch of the interll<ll 
re'!isting forcts must equ<ll tht btnding moment Wl. The moments for the individudl 
intefll<ll force'! <life equ<l1 to the product 0/ the inltrll<ll forCI!: multiplied by its 
distdnee from the ntutr<ll sur/dee N-N. Then the resisting moment for steel not 
strt"ed beyond the d<lstic limit is 

MIt - IZ - f ~ where 
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I'ROPEKTI ES OF BEAM S (Con.lnued) 

MR - Resisting moment in inch pounds 

- Stress, pounds per squdre inch, in Rbre 
fdrthest from neulrdl surfdce, N.N. 

I - Moment of inertid of crOiS section. 
C - Distance from neutrdl surfdce, N·N, to 

extreme Rbre. 

Z - Section modulus - t: 
Moment of Inerti" 1. This is the properly of the crOiS section which determines 
the stiffness 01 the beam or its 4bilily to resist deAection. It is the sum of the 
products of e"ch 01 the elementdry arCdS ",," multiplied by the squ"re of their 
distdnce "b" Irom the neutral "xis, Rgure 10. 

f 'i{Jllrt 10 

Other things being equdlthe stiffness of 4 bedm is proportiondl to its moment 01 
inerU" of cross section, 

Section Modulus: Z. This is the properly of the cross section which dt:termines 
the strength of the bedm. The section modulus is found by dividing the Moment 

of Inertid by the distance from the neutr41 surfdce to the extreme Rbre, or Z - ~. 
The two properties, Moment of Inerti" dnd Section Modulus, dre of the greatest 
importance in designing bums. 

Strength of Bums: The mdximum load " bedm Cdn sdfely support is one which 
develops the mdximum sdfe working stress in the extreme or most strained Rbre. 
The suitdble cross section c"n be determined by sdtis/ying the equ4tion. 

where M - mdximum bending moment. 
The tr"nsverse ihe'" due to external/orces must be resisted by interMI transverse 
stresses 41 the section, or S - f. A 
in which S - shedring force in pounds 

f. - 5dfe she"ring stress in pounds per squdfe inch 
A - ared of cross section in inches. 

For formuldS dpplying to vdtious conditions of 10dding "nd supporting bums, 
see Pdges M47·50. The properties of bedm cross sections are shown on Pages 
M55·6. 



,. 
PITTSBUROH STEEL COMPANY 

FACTORS OF SAFETY 

In designing d structure c"ch member should be coIpdble of resisting 
the greatest str"ining dction to which it may be subit:ct. Since it is 
not "Iways possible to calculate conditions accurately <.!Ind to allow 
for inllCCU(lIcies dnd defects in materi"ls, " safe load 6S c<!Ilcul"tcd 
should be only" fr.sctien,,1 Pdrt of the breaking JOdd. This (cilia of 
sdfe working stress to the ultimate strength of the malcri,,1 is the 
Factor of Safety, dnd is usually b,ned on the ultimate strength of the 
materidl, dlthough in some CdSCS the el"stic limit is used. 

There is no fixed rule for Felcter of Safety. It depends on thc 
type of forces to be resisted, the materidl the member is made from , 
the damage which would be cdusd by fdilure dnd other considerd­
tions. It is usudlly governed by the judgment "nd experience of 
the designer. V"rious types of lo"ding "nd suggested fdctors of 
sdfety "re "s follows: 

St.tic lo.d: lo"ding resulting in const"nt straining dction. This 
type of lo"ding Cdn be cdJculdted with redsondble dccurdCY. $dfety 
fdetor 3 or 4. 

Altern.ting Lo.d : Where there is an "lterMting of the 10dd resulting 
in the stresses being reversed, as from tension to compression. A 
sdfety fdetor of dt le"st 10 should be used. 

Suddenly Applied Lo.d : When" lo"d is "pplied suddenly, but 
without d blow, the fdetor of sdfety should be not less thdn 6 or 8. 

Imput Lo.d: An impact 10dd is one which is in motion when it 
comes into cont"ct with the member in question. The deform"tion 
dnd stresses are greater thdn those of equdl static 10dds dnd the f"etor 
of safety should be considered as " specidl case. 

M4 6 



SE AMLESS POR SAPETY 

BEAMS 
DEFINITIONS OF TERMS 

1\ - I\rta 01 cron ~tction in ~quare incht,. See Pagts M55-6, M61.'. 
o - DI<lmtltr in Inchts. 
E - Modulus 01 tl<lSticity 01 Iht mattrial In poul'lds pu ~U<lre Inch. This 

valut is usually piKed al 29,000,000 fOf steel tubing. The shurlng 
modulus of tlasticity is usually plactd at 12,000,000. 

- Fibrt ~trns (tension or comprnslon) in pound, per square hxh. 
f. - Fibre stress (shuring) in pounds per square inch. 
I - Moment 01 Inerti<l of the cross ,«lion of the bt<lm. See Ptges M045, 

M68·704. 
l -length of bum in inches. 
M -Bending moment in inch pounds. 
MR -Rniding moment in inch pounds. See Page M0404, M048·50. 
o - Deflection of bum in inchts. 
11:,,11:, - Ructions at supports in pounds. 
S - Verti"" shtaring force in pounds. 
T - Total load in poUrw;H. 
W -Concentrated load on btam. 
w -Ufliform 1000d per uflit of leflgth. 
wl -Total ufliform lo<td. 

Z -Sectioflmodulusor ~. See P<lgn M045,M7S·81. 

R, .+, R':r 

... . ~ 
"V~. (oat) s. _~. s.,,~ 

II -S't-1. [~]I(_! 

"" 
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BEAMS 
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BEAM S 
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BEAMS 
BUIoIS OfUNIFORIoI CIIOSS SECTION LoAO£D TIIANSvr.IlSELY 
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SEAMLESS FOR SAFETY 

TORSION 
Wht:n • m.tl!:ri.tl is subjl!:ctt:d to tonion, thl!: strl!:un introduct:d .tre shur, tl!:nsion 
on<:i comprl!:11ion, .til thrl!:l!: strl!:un bl!:ing of I!:quol intl!:nsity. 

In thl!: USI!: of c.tst iron, which hos 0 high rl!:sistonce to shur ond <I low 
rl!:sist6ncl!: to tl!:nsion, thl!: foilurl!: will bl!: 0 tl!:osion roilurl!:, with. Ir.tcturl!: Vl!:ry 
nl!:or to 0 hl!:licoid. 

In othl!:r motl!:riols, with rl!:Vl!:rsl!: Chdroctl!:ristics, thl!: l.tilurl!: will be 0 shur 
loilurl!: ond thl!: Ir.tcturl!: • right Sl!:ction. If. lorce (P, Rgure 11) octs on o , h.tlt 
Rnd ot one I!:nd it will produce to~ionol strt:ssn in the sh.tlt. Thl!: twisting 
moment I!:quols Pr, which is the product 01 thl!: twisting lorct: .tnd the distoncl!: 
of tht: lorcl!: from thl!: oxis 01 thl!: sholt. Thl!: twisting moml!:nt is usu.tlly I!:xprl!:lIl!:d 
in inch pounds, thl!: dilt.tnCI!: in Inches ond thl!: force in pounds. Whl!:n thl!: motl!:riol 
is not strl!:ssl!:d beyond its I!:I.tstic limit: 

A - Thl!: to~ioMI moml!:nt ot ony Cr0S11l!:ction 01 0 shoFt un<:il!:r to~ionol strl!:l1 
il I!:quol to thl!: .tlgl!:broic sum of thl!: tOlliOMI moml!:nts octing betwt:en thl!: 
sl!:ction .tn<:i thl!: 1ft:( I!:nd. 

S -E.tch sl!:ction of thl!: sh.tft bl!:twl!:l!:n thl!: 10rCl!: P .tn<:i thl!: RXl!:d I!:nd is rolotl!:d 
obout thl!: oxis 01 thl!: sholt. 

C- Tht: .tmount of rototion 01 ony sl!:ction will ... ory dirl!:ctly with thl!: tOllionol 
foru dpplil!:d ond wilh the dist.tocl!: 01 tht: sl!:clion IrOl1\ the Rxed end. 

D - The omount of rol.tt;on of <lny point on.t cron section will vory dirl!:ctly 
with its distonce from the .tx;s 01 the ,holt. 

From RgUfl!: 11 it issl!:en th.tt whl!:n thl!: shoFt is oded upon by the force P, thl!: 
stroight line ab bl!:comes thl!: helix ac. Thl!: ongll!: c:fb is ulled tht: ,,"gle of 
torsion, ond thl!: .trc cb is thl!: orc of tonion. 

The omount of rototion of ony point on .t crosssl!:ction 01 0 sh.tft under torsionol 
stress being proportion.tl to its distonce from the dxis, ond .tuuming Iht: stressl!:s 
to be within the elostic limit 01 the motl!:riol, it follows thot the stress in such .t 
cross section ... ories dirt:ctly from z:(ro ot thl!: OXil to 0 mdximum .tt the Rbrl!: most 
distont from the oxis. 

y 

--
• 

p 
Figun 11 
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PITTSBURQ H S T EE L COMP A NY 

Ton ional Formul., for 4 condition of equilibrium (when the m.steri.sl i~ not 
stressed beyond i~ el~stic limit) it m<lY be proved for round shd!ts th4t: 

S I,. S M.e Mt - M, - - lor ---
c II' 

where 
M, - Twisting moment in inch pounds. 
M, ., Resisting moment in inch pound~. 
5 - Stress in pounds per SqU4re inch in the extreme ~bre. 
Ir - Pol"r moment of inerU". For circul"r cross sections the poldr moment 

of inerti4 equ41s twice the moment of inertid. 
c - Distdnce in inches of extreme ~bre from dxis of rot4tion. 

ZI' - 2xZ - I: _ Pol4r section modullJs for circul"r cross sections. 

From this it is s((n th4t the unit stre~~ in the SlJrfdC( Abre of ~ sh"ft und(r torsioMI 
str(ss is equ~1 to th( torsiondl moment divided by the poldr s(ction modulus of 
the section. Sinc( torsioMI str(ss is nOI uniformly distributed ov(r Ihe cro~s 
s(ctiondl 4r(d ther( C<'In b( no IJnit aru over which the ~tress is uniform. Hence 
the IJnit stres~ 5 is the stress in d hypothdical ar(a of on( squar( inch, uch clement 
of which is subjected to the Sdme stress "s th( surfac( ~bre . 

for circuldr cross ~ection~ the poldr section modulus is (qudl 10 twic( Ih( 
section modullJs, or: 

wher( 
D - Outsid( diamel(r of tube!: in inche~. 
d - Inside didmd(r of tub( in inches. 

In the C4Se of d circulM bdf, d - 0 dnd the formlJl.s becomes: 
Zp - 0.196 D' 

For oth(r Ih"n circuldr cross sections Zp do(s not equdl th( poldr mom(nl 
of in(.lid dividd by the distdnce of the extreme ~br( from the dxis of rotdtion. 

The torsion,,1 modulus of ddsticity for steel i~ generdlly tdken dS 12,OOO,(X)(). 

Pow.:, T,enim itt':d by Shefu , Assum( thdt a circul.sr sh"ft hd~ 4 pulley 4t edch 
end, both connected by belts, on( to d mdchine "nd the other to 4n engine, "nd 
that neither belt slips-

and I(t 
r - R.sdius in inches of the puli(y conn(ct(d 10 (ngine. 
N ., Number of revolutions of the pulley p(r minut(. 
P - Forc( in pounds "pplied to puli(y by belt. 
5 - Str(ss in pounds per ~qu"re inch in (xtr(me Abr( of sh"ft due to 

forc( P. 
R .. Radius of shdft in inches. 

J 
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Then ot e"ch rtvolution of tht pullty, tht work ptrformtd by tht forct P i~ 
2lrrP, ond in N rtvol ution~ is 21rrNP. 

2l1'rNP 
33000X12 

Thtrefort, horst-powtr 

Twisting momtnt _ M, _ Pr _ S~ p 

Henct horse-powtr 
211NSI p 

33000X12XR 

Forc:ircul~r cross stctions iF •• 11":' 

Substituting, horst·powtr 

COLUMNS 
A structur,,1 part th"t is subjtcttd to comprtssion and whost Itngth is such that 
it will bucklt or btnd beFort it brt"h iii 0 Column. Tht ltngth will dtptnd 
upon tht mottri,,1 in the column. Tht Itngth of 0 column is tht distonct un· 
supporttd ogoinst lottral btnding. Since tht strtssts in 0 lo~dtd column are 
Vtry complicattd, no exact formula for thtm has tvtr bttn dtvistd. Tht column 
formulas now used ore tht outcomt of txptrimtnt ond dtduction. 

Tht maximum stren on tht surfoct Rbrt of a loadtd column is compostd of 
two strtsses: 

(1) Tht unit litrtSS dut soldy to comprtssion. 
(2) Tht unit strtss dut to tht btnding of tht column. 

Tht maximum Rbre litrtu occ:urs in tht Rbrt most distant from tht ntutral axis 
on tht concavtd sidt of tht dtAtcttd column. 

Tht c:ondition of its tnds hos 0 rtldtion to tht strtngth of a column. Tht 
tnds may bt SqUMt (or Adt), round, htd, htld by d pin, ont tnd sqUdre dnd 
one rounded, etc. Columns with both ends squart are slrongest. Since most 
columns have squMe ~xed ends, dnd since tht formulas for htd end columns 
h~ve d large fdctor of safely, thtse are the formulas in gentral use txcept where 
they are obviously inapplicable. 

R. diu$ of Gyr.tion: The strength 01 a column is measured by the radius of gyration 
of its cross stction. Other thing~ bting tqual, the column with the greater radius 
of gyration will be tht strongtr. The rod ius of gyration of " ClOSS section is 
tqual to the square rool of tht quotient of the moment of inertia divided by 
the artd of tht uction. 

R - ~ ~ 
R - Radius of gyration of tht ClOSS section. 
J - Moment of Inertid of the cross section. 
A"" Area of the cross stction in squdre inches. 



PITTSBURQ H STEEL COMPANY 

R.t1o of Slendern'lt: This Is the r~tlo between the unsupported length of the 
column ~nd the lea'St r6dlus of gyr<ltion of the cross section. Both are exprened 
in inches. 

Ratio of Slenderness-+ 

L - UMupported length of column in Inchn. 
R- le<lst r<idius of gyr<ltion In inches. 

Building codn usually limit the unsupported length of <I column to 120 times 
il1 lust r6dlus 01 gyration. In short the (<ltio of slenderness must not exceed 120 
or the <llIow<lble unit strns is very much reduced. 

Su.ngth o( Columnl: The City of Chicago and the Ameri",n R<lilw<lY Engineering 
Association h~ye adopted the following right line formula lor steel columns: 

S - 16000--70ljR· 
S - Allow<!ble compressive strns for steel In pounds per squ<lre inch. 
l - Unsupported length of column In inches. 
R- lust r..dius of gyration in inchn. 

This lormul~ applies to columns with nat ends haying <I (<ltio of slenderness not 
greater th~n 120 e~cept when used as second<lry members haying a m<lximum 
<llIow~ble unit stress of 14,000 pounds per square inch <lnd haVing tile resuh~nt 
of the compressive loads in line with the axis of the column. 

lo6ded columns which have a r<ltio of slenderness of approxim<ltely 20 or 
under, and which l<liI, win I<lil prim<lrily beulne of direct compression. Columns 
with <I slenderness r<llio between 20 and 150 wi ll fall by <I combin<ltion of com­
pression and bending strenes. Columns with <I ratio 01 slenderness in excess 
of 150 will f<lil chleRy beuuse of bending strnses. 

Values for the radius of gyration of diFFerent sizes of tubing <Ire given on 
P<lgn M82 to M8S. On Page MS3 are formul"s for the radius of gyr~tion o f 
various sh~pn 01 tubular <lnd solid cross sections. 

S- 18000 
• A. 1. S. C. formul~ m~y be used: 

1+ 18600 ( + )2 
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PROPERTIES OF SECTIONS 

SOLID ROUND 

SOLID SQUARE 
ON EDGE 

SOLID SQUARE 

A .. 0.75~ O' 

W _ 2.5700 0' 

I _ o.041i11 D" 

2 _ 0.01il52 0 ' 

R . J2. • 
C"% 

A .. 0' 

W .. 3.31i11i111 O' 

I • 0 ' 

" 
Z " 0.1 171i1 O· 

R .. 0.28117 0 

C s 0.7071 0 

A: O· 

W: 3,31i11i111 0' 

O' 
I • i2 

Kit 
RouNo T UBE 

SQUARE TUBE 
ON EOGE 

z " f 
R " 0.2 eeT 0 l _lJ~$Zli!t~ 
c" lL , 

SQUAAE TUBE 

A " .3.1415(0-1)1 

W· 1O.IIS02(D-t )t 

I ... 0.04 1i11(D'!..4 ') 

Z • 0.01il52(b~4') 

~ ,. -.-
C.Q , 

• • A _ O_d 
: 4 (D-t) t 

W_ 13.!>1iI8<I ( O-Ot 
o!- d' 

1"12 

Z " 0.tt71i1 0'0" 
R . 0.2887VO'+d' 

C . 0 .7071 0 

A: 0'-4' 

.. 4 ( 0 -1)1 

w- 13.!>1iI84 ( O-I)t 

O"-- d' 
I ' -" 

_ O'-f 
2 - eo 

, . ,." .. ,.ViI+71 

A ",AREA OF CROSS SECTION. 

W~WEIGI'fT IN POUNDS PER LINEAL FOOT 

BASED ON ONE CUBIC INCN OF STEEL 

Z"SECTION MODULUS. 

R:RAOIUS Of' GYRATION. 

C",o.STAHCE OF EXTRE"'E 

- ,283 3 POUND. FIBRE FRO ... NEUTRAL 

'" MOMENT OF INERTIA. AXIS. 

M" 

-



PITTSBURGH STEEL COMPANY 

.'RO.'ER:rtllS OF SECT.OSS (Con.inued) 

A.'~ 

wa3.0400 ,h 

-if 
2 3 Jj-
RaO.2887 

C-+ 
RECTANGULAR SOUO 

SoLIO HCXAGON 

O~ EDGE 

SOLIO OCTAGON 

A _ 0 .8111 0' 

w _ 2 .1144040' 

1 _ 0 .01010' 

2 ",0.100420' 

10. _ 0.828040' 

Wa 2.811i30' 

1 " 0.05410' 

2 " 0 .101104 0' 

A _0. 2510 0 

A .A A£AOF CROSS SECTION. 

W- II .1lt2 ( .. 10- 21) 1 

.h!..4' ',... 
z-.~ .. 
R .. Q.2e81J·IL.d· 

...... d 

C .. t-
RECTA~GULAR TUBE 

o 

HEXAGON TUBE 

O N EDGE 

OCTAGON TUBE 

A~ 3.04I04I(P-1'h 

W_II.l1e5(p-1) 1 

I • 0.0101 CO~ 4') 

2 -0.1004~) 

R -o.21i35...fr[:1 

C_o.51130 • 

A " 3.3131(D-t)1 

W"'I L2852(O- 1)1 

1 -o.05041(P"'-d) 

2 "OJOll04<0i; f) 

X _ 0 .41420 

W-WEIGNT IN POUNDS PER LINEAL r OOT 

BASED ON ONE CUBIC INCH OF STEEL 

Z-SECTION MODULUS. 

R"RADlus Of" GYRATION. 

C"OISTANCE Of" EXTREME 

- .2833 POU~O. FI BRE FROM ."m,." I 
- MOMENT OF INERTIA. AXIS. 

~--------------------------------
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S EAMLE SS FOR SAFETY 

STANDARD PIPE COLUMNS 

(l~s in tons 012000 pounds, b.lu:d on New Yorlc tnd Chict!lo Buildin!llaW1) 
S - 16,000-70 LIR. 

S- ~lIowtble compressive stress for steel, pounds per square inch/ 
L - len9th of column in inchfl/ R - Iust rtdiU1 of 9'(rttion in inchfl/ 
MliKimum ~Ilowtblt comprflsivt strtst - 14,000 pounds per squtrt inch. 

NOM INAL PIPE SIZE 

" I 'W I " I ' W I ,. I ' )i" " I " I " 
LflI't h. THIC KNESS 
~'td . U4 .,., .216 . 226 .'" . 241 . m ." . ... , 
" .. ..... .... ... ....... ...... .. .. .. .... .. .. ..... 1!.00 

" .... ... .. ... .. .. .. ....... .. .... 10 .20 11 .37 .. .. .... ... ... .... . . .. . . !J .JJ 21. 13 

" .... .. .. .... .. . .... .. , 16. 46 ~ 
" ..... ... .... .. ..... .. . .... 1.4 1 11 .32 19 .60 11 . 47 

" ..... ... .. .. ... .... . .... , ... 9 . 2~ JJ .24 ""2iTs"' 30 . 71 ,. .. .... ... ... .... .... 7 . 73 11.09 15 . 16 2J .17 31 .96 

" .... .... . .. ... .... 6 .11 9 .50 12 .94 11 .09 25 .16 35 .20 

" ... .. ... .... 7 .97 11 .16 ""i4.'7i" 19 .01 27 .95 37.45 .. . ... '''' 6 .57 ,." ""iT.OJ 16 .62 20.93 ..... 39 .69 

" 3 .81 7 .37 ~ 1J .9 1 17 .54 21.90 31.08 40 .81 

" 4 .57 8 . 18 11. 3J 14 . 79 18.46 12.16 32. 12 41.94 

" 2 .29 5 .32 I 8 .98 12. 18 15.68 19 .38 23.82 33 . 11 .... '" 
" ' .M ". 9 . 78 IJ .02 16 .56 20 .30 " " 34.21 U . 18 , 3 . U ""TiJ 10.$9 13 .16 17 . 44 21. 12 15 . 74 35 .26 45 .30 

• 4 .01 ,." 11.39 14 . 70 18 .33 22 . 14 26.7 1 " ... ...... , ~ 1 .34 12 .20 U .54 19.2 1 2J .06 21 .67 31 .34 47 .SS , 5 . 16 9 . 10 1l .00 16 .38 "'." 23 .98 28.63 Jl .39 ..... , ! . U '" IJ .8 1 17 .23 20 .98 24 .90 19 .59 39.01 ..... 
NOM INAL PIPE SIZE 

0' I " I ". I ... I ". I ". I ... 
""' .... THICKNESS 
F_ .322 .342 ."" I . 375 .375 .315 .315 .. 19. 16 U. l1 .... 51.26 ..... 72. 4! 81 .1lI ,. " ... 3387 ~ " .0> 66.27 78.OS 87 . 47 

" 21 .57 37. 70 SO.34 61 . OS 70 .47 82 .15 91 .61 .. 31. 17 41 .53 54 .43 65 . 24 74.67 I6 . U 95 .81 

" J 4 . 11 4S .l! U.S I 69." 71 .16 ..... 100.06 ,. 3S .31 49 . 18 62 .59 73 .64 ".'" 94 .84 104 . 26 

" 40. 11 51. 7J 65 .32 76 .43 M .M 97 .64 107 .06 

'" 4.1 . 18 54 .11 ..... n." ... " 100. 4.1 109 .16 

" 45 .58 " .M 70. 76 82 .03 91 .45 103 . 23 11 1.65 

" 47 .98 59 .38 13 .48 84 .83 94 .25 106 .03 115 . 45 .. ro." 61.93 76 . 21 87 .61 97.OS 108.83 118 .25 

" 51.58 63 .21 77 .57 89.02 98.45 110. 23 119.65 

" 52.78 M .49 78 .93 90.42 ".M 111 .62 120.61 

" 53.99 65 . 16 ... " 91.82 101.2' lI2 .36 120.61 

" 55 . 19 67 .04 SI .6S 93 . 22 IGl .OS 112 .36 120.61 , 56.39 68.3 1 83 .01 93 .81 102.OS 11 2 .36 120.61 • 57 .59 69 .59 ... . " 93 .81 102.05 111.36 120.61 , 58.19 69.12 U.36 93.81 102 .05 112 .36 120.61 , 58.79 69 . n .... " 93.SI 102.05 112 .36 120.61 , 58.79 69 . n U .36 9J .81 102 .05 112 .36 120.61 

Loa<t. above or to the left of 'he ~vy lIne CXI ...... pOnd "" nlu .. of L/R ~akr than 120 • 



P IT TSBURGH S TEEL CO MP A NY 

EXTRA STRONG PIPE COLUMNS 

(Lo.d~ in ton~ of 2000 pounds, b.!~ed on New York and Chicago BUifd!Oglaws) 
S-16,000-70 LIR. 

S-allowable compressive stre~s lor sted, pounds per square inch/ 
1. -length of column in inches, R - lust radius of gyration in Inches, 
Ma~imum allowable compressive stress -14,000 pounds per square inch. 

" " '" " " " " " " " " " " " , 
• , , , 

L~"Klh, 
F~t 

'" ... 
" '" " " " W 

" " " " " " " , • , , , 

,. 

.2 18 

.. . 

,,, 
'" . " , " 
'" 312 779 

4 5.1 f8"'iI' 
~ 983 

1', .. "1"" 11118 
1 17 11 .91 

,. ,. 

~O;\IlNA I. PIPE SIZE 

768 12.38 
S . 78 1019 1S.01 
814 116'1 1766 

,. 

'N 
IIH , .. 10 51 IS 20 ""i(i'"'j'j'"" 26 . .56 

W!....!!.. """'j'1'"'j'j'" 22 .95 211 lS 
I 14 06 18 96 24 27 30 . is 

15 24 
16 .42 

1198 17 60 
14 09 11119 
IS 21 19 97 
16 J2 21 IS 
17 44 22J.J 
18 .S5 ZJ.n 

211 . 2J 
29.SS 

"' ... ,,,. 
J4.94 

... " .17 1.1 ..,,, 

2022 25 .59 32 . 15 
21 41 26 .91 JJ54 
1272 
13 98 ,,,, , ... 
27 14 
28.\1'9 

JJSl 
J4 84 "''' 41 .92 

NOMINAL ri PE SIZE 

1 "" 1 "' 1 "' 1 
T IIICKNESS 

,. ,. 
-.--

4J2 .SOO 

21 .52 
14 16 28 11 
18\1'9 3J .69 
2.181 ~ 
~1-44 86 

~411SI1 
J!I 01 n . .l 1 
J.S . 19 .56 OJ 
41 51 
U11 
46JJ 
47 .94 
49 .55 
51.16 
51 16 
54 31 
55 98 
51 59 
588J 

59.75 
63.48 
6S J4 
61.20 
69.06 
7092 
72 . 78 , ... 
76.5 1 
78 . .14 
1814 

."" 
21 .60 

."" I 
"''' 

."" 
'''' 

.'00 .... ."" 
W .... 

."" 
9506 

.'00 
107 .61 

J505 
40.64 
46 .23 
51 .81 
51.40 
61 . 13 
64 . 8.5 
68.58 
12.30 
76 .OJ 
11.89 
19.iS 
81 .61 
113 . 4S 
8534 
87. 20 
89.06 
89.l4 
89.34 

47 .59 
5J . 18 
58 . 71 ..... 
69.95 
7.1.63 

"'" 8 1.13 ..... 
US8 

"''' 9111 
94 . 11 " .. 97 .90 
99. 76 

100 .33 
100 .33 
100.33 

61 . 71 
67 .30 
72 .S9 
i8.48 
84.01 
87.80 
91.53 
95.26 
98 . 98 

102 . 11 
10458 
106 . 44 
108.30 
110.11 
112 .OJ 
11110 · 
112 . 70 
112.70 
11Z.70 

14 .26 
79 .85 

"" 9 1.04 
96 .6.1 

100 J6 

""" 107 .81 
111 .54 
115 27 
117 14 
11900 
120.81 
111 . 7J 
123 . 70 
123 .70 
123 .10 
123 .70 
113.70 

86 .82 
91 . U 
98.00 

lW .W 
109.19 
112 .92 
116.65 
120.38 
124 .11 
127.84 
1211 . 10 
1l1.S6 
U3 .4J 
JJ4 . 10 
U4 . 70 
U4.70 
1J4.70 
134.70 
1J4 .70 

102 .51 
HIS . II 
I lJ 70 
119.30 
114.89 
1211 . 62 
U2.35 
136 .08 
139 .81 
14.1.54 
14.1 .40 
147 .17 , .... 
14lIU 
148 . U 
1411 . 44 
144.44 
144.44 
1411 . 44 

115 08 
120.67 
116 .27 
13 1.86 
131 .45 
141 . 18 
144.01 
148 .64 
152.37 
\.56 . 10 
157 . 97 
159 .44 
159 . 44 
159 . 44 
150 . 44 
150 . 44 
!SO ... 
150.44 
159 . 44 

"" 
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SEAML E SS FOR SAFETY 

DOUBLE EXTRA STRONG PIPE COLUMNS 

(Lo«h in tons of 2(X)() pounds, bosed on New York and Chicago Building L~ws) 
S - 16,OOO-70 L/R. 

S - allow~ble compreslive stress for stul, pounds per square inch/ 
f. - length of column in Inchesl R - Iust r6dius of gyration in inchesl 
Mal(imum allowable compressive stress - 14,000 pounds per square inch. 

NOMINAL l'IPe SIZE 

I ' W I I I I I 
, , I " " ' W 0' OW " .' " " 

I..,n.th. TIIICKN ESS 
F H l .~ .H2 ... 

. ... 6.j.~ .! ... 6.7.4 .. 
. 710 ~I~ ' .8H .sa --- ._--

" ...... ...... ... .. ..... . . . .... 40.64 
. M ...... ... .... ... . ...... .. ..... .. . ... ll .1I6 53.61 

" ..... ... .. ...... .. .. ... .. .... 111.87 41.57 63 .35 

'" .... .. ...... . ..... . .. .... ... .... .. . " .~ 51.2\1 HHl " ... ... ... ... . .. ... . ... "'" 311 .00 ~ n .12 

" .. .... .... .. ..... ... . ... .. U SI U 35 .ftl . 57 70 . 12 
~ .~ " ...... ...... ..... ....... 10 .ll " .. " .. ~ 7719 

'" .... .. .... . ... 1 . 13 15 .27 U.27 35 . 41 61.32 &.1 .67 IOS .5 

" ... ... ..... . ... u " 20. 22 ,,'" .... 67 . 7 .. " 112.0 

" .... .... '" 1 16 46 
25 . 17 ~ .. " N . OS ...... ll~ . ~ 

" ... 4 . 17 13 .03 21. 12 "''' 39 .115 52 .00 ..... uu " '" " 6.17 U.22 i",** '""1'i":6T 42 .57 " " ... . M 106 .34 128 . 25 

" .... 8 . 11 17 .42 15 . 78 35.08 " .. " " ...... 109 .58 131 •. ~ 
U l . 7S 10 .18* 18 . 12 " '" 47 .80 .. '" .. " 1I1 . n 134.7 

" 5 . l7 t2.I~ 21 80 "''' .... "''' i!>.I .07 9J .21 116 06 137 .9 

• ... ...!.!...!... 14 00 Jl 78 H 52 5J oz " ... .... 119.2\1 141. 2 , I 55 16 19 " " " U 44 .\1\1 "M .... "" 122 Jl 1«. 47 , "'iOi.i1" 20 
18 38 " " " " 51 25 " " '" " '" " 147.7 

• 11.72 20.20 ... " III 11 411.115 .. " 74 . 1J IOS .1I7 1211 01 1411 . 1 , lJ .l l 22 .21 32 . 77 42 . 11 H.42 ... .. , ... 109.15
1

12<J 8\1 1411 . 1 

Load. above or to the lelt of the heavy line cor~pOnd to valun 0( L IR irea ter than 120. 
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P I TTSBURGH STEEL COMPANY 

ROUND 
SEAM LF.SS STEEL M ECII AN ICAL T UBING 

IRON "!I'E SIZES 

S ta ndard ,..,Iab " and d lme.ulon,. 

"Sl.andard" Pi pe " Est .... StrODe" "Double En.,. 
~~ Su o,.." Pipe 

"""". \"ifht WeiKht Diam~ Num,," .... " Thiek- " ~ Thk k- of Pipe Thkk· 
Inch Thr~adl -. P<1" Unear -. 1>0" Unear "-. "., Incb Foot. Inch Foot. ,~" 

Inch Plain Endl , Plain End •• 
Cb. Cb. ---

0 . 405 " , .... .244 0 .095 O.JI .. ..... 
0 .540 " ,.,.. .42. 0 . 11 '1 O.H . ...... 
0 .61$ " 0 ,091 ... , 0 . 116 0 . 14 ... ... 
0 .840 " 0 . 109 .... 0 . 147 L" 0 . 294 
1 .050 " O. IU 1 . 130 0 . 154 1.47 , ... 
1 .315 ,, ~ , ..... 1.678 o 179 2 . 17 0 .358 , .... "a 0.140 2 .272 0 . 191 ".00 0 .382 
LOOO " 0 . 1<45 2 . 717 , .", .. .... ,.-
2 .375 " 0 . 154 3 .652 0 . 2 18 5 .02 0 . 436 

2 .875 • ' .W 5 .193 0276 , ... 0 .551 
3 .500 • 0 . 116 7 . 575 "00 10.25 , . .., ... • 0 .226 9 . 109 OJ18 11 .51 " ... .. - • 0 . 237 10. 790 o JJl 14 .98 0674 , ... • 0 .241 12 .5J8 o J55 11 .61 0 .710 , ..... • 0 . 2U 14 .611 OJ15 20. 78 0 . 7SO 

6 .625 • 0 . 280 18 .974 " .. , 111.57 0 .864 
7 .61S • 0 .301 23 .544 , ". 38 .05 0 .175 
1 .625 • 0 .277 24 .696 .... .. ... .. 0 .115 

1 .625 • 0.322 28 .554 0 .500 43.39 ..... .. 
9 .625 • 0 .342 33 .907 "00 41 . 7.1 ..... 

10 .750 • 0 .279 31.201 ...... ... ..... 
10. 7S0 • 0 .307 34 .2'<1 ' i,:silO ' .. ......... .. ..... 10 . 7500 • ,.,., " ..... Sf. 7f ....... 
1I . 1SO • o 375 45 .U7 ,.- " ." ....... 
12 . 1500 • , ..... 43 . 17J ... .... .. ..... 
12 . 7SO • 0 .375 49.562 ,.- 65 .42 .. ..... 

' U!Il,,, 'I""likoll, .tal..! on ," .... d •• ,"Ii,.," ... i,III, .. iII 
.'" 6.!M •• i,'od. II'ft,III, , i .. " i . ,"IoU • ••• !'" pip •• MI' 
10 ud ;od"'!i.~ II- , •• 40.'. '" ,.,'d, din •• " . .,ill " .. Gd..! .u, ud ' .MIIJ,.,,: ft ... 10"" ,h. ,l . ........ i. ,., I.U • 
• " ..... N"" " , .. • ld.-id. di . . .... u oftll .. ' • •• i .... 
.. il' oo/.i • •• d, n.J, .. 01 . . ... ' .. ,p«~". f .... ",d ,i ... 
i, ".;11 ...... " .... 10 _.'" M .. -I.e .... ,' ., .. ,111, .... 
ukoJ<If, 'I, .... ,III, ... ,.. k;i, ~ . " e"''' i~i 0/ •• " .. n·,ii., .1831 ,...u. 

Wd,ht 

""~ p .. Unur 
Foot, 

Plain End • • 
U> 

....... 

... .. . .. . ........ 
1.11 
2 .• ' ..... 
S.2 ' 
6 . 41 
, .ro 

1l.70 
" .58 
12 .85 

27.S4 
32 .5J 
38 .55 

SJ . 16 .. " 72 .42 

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

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

... ....... 

.. ..... . 

MOO 

1 
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S EAMLE SS FOR S A F ET Y 

PROPERTIES OF SEAMLESS STEEL TUBING 
SECTIONAL AIt ..:" 011 WALL IN SQUARE INC ll r.8 

TIIIC K.. .. ESS IN GAGES 

" " " " M " " B.W.G. B.W.G. B.W.G. S .W.G. B.W.G. B.W.G. B.W.G. 

.OU7 .0176 . 01 9~ .02 19 .02.36 . 0274 .... 
"""" . 022~ . 0250 .0211 ..... '"" . """ .024-.1 .0274 ..... ... " .O.IU ."" .... , 
.0217 ... " .'"" ... " .04142 . OS21 ."" . ..... .0.I1l . 04115 . 04110 "' '' ..... ..... 
.0.1 7.1 . 000lJ .0470 .OS33 ."' .. .- .. '" .. " . 04171 . OSl~ .0>" ..... . 0169 ..... .. " . O>M .". ... " .0117 .,." .0981 ."' .. ."'" . 00J~ . 0721 .01116 .0934 . 1079 ."' .. . 0618 .- . 0114 .. ," .1016 . 1175 

.OS89 .•. " . 0745 .'"'' .091.1 ."" .1271 .,." .07 16 .... . 0910 ."', . 1181 . 1.367 

.067$ .0765 .0855 .0913 . 1061 .1264 ., ... 

.0 719 .0&14 .- . 10.15 . 1129 . 1346 . '''''' . 0762 ..... ..... . 1098 . 1198 . 142.11 . 1656 

.""" .09 13 . 1019 ·: :m . 1267 . IS II . I Ul 
.0&48 ."", . 1074 . 1335 . 1593 . 1848 
.0&91 . 10 11 . 11 29 . 1287 ., ... . 1676 .1945 
. 09.15 ., ... . 11 84 . 1350 . 1413 . 1758 .20.1 
.0918 . 1109 . 1239 . 1412 .1S42 .1841 .2 137 

. 1021 . I US . 1294 . 1475 . 16 10 . 192.1 .22.1.1 

. 1107 . 1256 ., ... . 1601 . 1748 ."" . 2426 

. 1194 . 13~ 4 . 1514 . 1127 . 1885 .2253 . 2618 

. !lao . 1451 . 162' . 11U2 . 202.1 . 241 S .2810 "," . 1551 . 17.14 . 1978 .2160 . 2583 .", .. 
.. ....... ...... .. ... .... .3195 .... .. ..... ...... ... .. . . .... .... . ... .. .. .3.188 

.... .... .. ........ .. .... .. .... .... ... . .. . . .3580 .... ... ..... ........ .... .. .. ... . ... .3773 
... .... ...... .. .... .. .. .... .... .... ... . . ... .39(05 

.. .... .... .. .. ....... ... . .. . .. .... .... . ... . 4157 

:: .... .. .. ...... . ..... .. ... ... . .. . .. .. . .." . 
..... :::::; .... .... .... . . .. .u n 
... .... .... .... . ... . 4US .. ... .. .. : .. : . .. ..... ...... .... .. . 4921 

T HIC KNESS IN GACES 

" " " " " " " B.W.G. B.W.G. B.W.G. B.W.G. B.W.G. B.W.G. B.W.C. 

.0.177 .... , . 04.15 .... , ... ..... .. . . . .. ...... 

. 0>'" ."'" "''' . , ... .- . 0725 ....... 

. "". ."'" .0761 ..... .0910 . ... , . 1014 

.0160 .0&26 .0924 . 1022 .11 24 . 1196 .1277 

. "'" .'"" . 10111 ." .. .UJ8 .IU2 . 1540 

. 1015 . 1109 . 1250 . 1395 .u n ." .. .n", 

. 11 43 .Ils<! . 141J . ISSI • 1166 .'''" ." .. 

. 1211 . 1392 .1576 . 1768 . 19ao .2139 .HlO 

. flU . 153.1 . 1739 . 1954 . 2195 .2375 .259.1 

. 1526 . 1674 . 1902 . 21 41 ." ... .2610 .,..,. 

. 1654 . 1816 .2065 .2.127 . 262.1 ." .. . .1119 

. 1781 . 1957 .2228 . 2514 .2837 .w" .3JU ." ... .,'" . 2.191 .2700 .305 1 .33 11 .3645 

."-" .1240 .2SS4 . 2887 .3265 .J5S.! .. ,.. 

. 2164 .2381 .2117 .3074 .3479 .3788 . 41 71 

" B.W.G. ..... ...... 
.OS77 .... , 
.""" 
. 09 19 · ,"-' 
. 1147 
. 1260 
. U 14 

. 148.1 

. 1601 

. 1116 ., ... 

. 1944 

.,." 

.117 1 

.2285 

.H" 

.2513 

. 2627 
· llUS ."" . .3.110 
.3n8 

.3166 

.3994 

.4221 

.4449 

.46 77 .... 
5131 .."" .SS88 

.5816 

, 
B.W.G. 

.. .. ... 

.... ... ........ 
., .... 
· t9 Z1 
· 2217 
.25011 
. 2199 ."'" 
. 3.180 
. .3670 
.396 1 
. 4252 
. U42 



PITTSBURQH STEEL COMPANY 

SECTIONAL AREA OF WALL IN SOUARE INC II ES (Continued) 

Outaidc 
T H ICKNESS IN CACES 

Diamctcr 

" " .. " " 
, 

Inch"" " '" B.W.C. B.W.G. B.W.C. B.W.G. B.W.G. B.W.G. B.W.C. H.W.G. 
- ----- ---------

l ~ 
.2291 . 2)23 .2880 .3260 ."" . 4014 .«34 . 4&JJ 
2419 .2664 .3042 .3447 .3901 . 4260 .-4698 .5123 

. 2$47 .''''' .''''' .~, .412 1 .4495 . 4961 .5414 

. 2675 . 2947 .3368 .3820 . 433$ .4731 .5214 .5 lOS 

. 2802 "'" .3HI """ . 4549 .... .5481 .5995 

,~ . 29.10 .32.10 .3694 . 41 93 .4763 .$102 .$7$0 .6286 

::: .3185 .3512 .4020 ."" .$19 1 .5613 .6276 .OM' 
.3440 .3795 .434<1 .4939 .j.6 19 .6 144 .6802 .7448 

'" .- .4018 .4<172 .H12 "''' .6616 .1329 .8029 , .3951 . 4361 . 4998 ."" .MH . 1087 .1855 .86 10 

'" . 4461 . 49 26 .5650 .6UI .IJ.l1 .8029 .89(l1 .9773 

~ ~ . 4 717 .5209 .5976 ., ... .71$9 .8501 .9U4 , 
"" . 49 72 .5492 .6301 . 7117 .8187 .8912 "" 

, .0935 
, ~ .5221 .5714 .6628 . 7550 .8615 .9443 , ."" , . iS I6 
", .5482 "'" . 6954 .1923 ."'" . 9914 , 101 2 , . 2098 

2 '. .5138 .634(1 .7280 .8296 .947 1 ... " , 1538 , .2619 , .5993 .6612 . ,~ .8610 .9899 .0857 , 
"'" 

, . 3260 , .. . 6503 7188 .8258 .9416 , 0 755 .1799 , .3\11 , .« n ., 
m . 6159 . 7411 .8583 .9789 , . 11&J . 2171 , . .>0<> , .,.,. 

.7014 .7153 .m , 01 62 , . 1611 . 2142 , . 41 69 , . 5585 

H i . 1269 .... .9235 , .0535 , ,." .32 \J , .- , .6 166 
", . 1524 .8.1 19 .9561 , ... , 

"" .3684 , .5222 , .614 7 
.1' . . 7180 "'" .9887 L 1281 , '''' .41S6 , 5748 L 7328 , .... , .8884 , . 0213 , 1654 , . 3314 .,,' , .6214 1.79 10 . " .8545 .9450 , ."" , . 1400 , . 4180 .5569 , 1321 1 .9(l72 

'" .9056 , .0015 , . 1517 , . .114<1 , . 5036 .6$12 , 
~" 2 .0 234 

", .'''' , .058 1 , .1169 , .3892 , .5892 . 1454 1.9432 , 1391 , , oon , . 1146 , . 2821 , ... , , .0748 .8391 2 .0484 2 .2559 
5 !, , 

"" 
, . 1711 , . 3413 , H8S , " .. .9JJ9 2 . 1537 2 .3122 

,~ L ,,,. , .2217 , . 41 24 , 613 1 , .- 2 0282 2 . 2589 2. 4884 

", .... . . . . .. ... . ... .. 2.03641 ,.-, .. . . . ... 2.4694 2.7209 

", .... :::: .. .... 2 . 514<1 2.8311 

'" ... 2 .6199 2.95JJ 

", .. .. .... ... . .... . .. .. . . 2.7SS1 3 .0696 , . 2.890-1 3 . 1858 .. ..... .. .. . . 
7!, ........ .. . ..... . . 2.99S6 3 . .102 1 

" 1 ........ .. .. 3.1008 3. 41 83 
", ..... .. . ... .. .1 . 2061 3 .Hd 

• . .. . .. .. . ... 3.3 11J 3.6508 

• U .. . ... ... . ... . .... 3 . 4166 3 . 1070 

:~ ... . . . . .. . .. J.52 18 3.8833 
..... . ..... .. .. . . . ... . .. . ....... 3.6271 J .9995 , .. . . .. . .. .. . ... 3.7321 4 . 1151 

TH ICKNESS IN CAGES AND FRACTIO:"<S OF AN I/I;CH 
Outaidc 

Dian,clCr • , , , • Inch~1 \,;' 
B.W.G. B.W.C. .,' B.W.G. "'- D.W.C. B.W.G . 

------
~ ."" . 2384 . 25 16 .2$71 .. 
»," .2607 . 2108 "" .2945 ."" . JZ2 1 .3231 "'" " . 2914 . .", .3223 .3313 .3 488 . ~, ."" .3828 
,,~' .3221 .3356 .3516 .03681 .3881 ."'" . 4095 . 4295 
~ .3$28 ." .. . 39.10 ..., . 4285 . 4509 .4527 .4162 

''4' .3834 .- . 4283 . 4417 ."' . .4939 . 4959 .5230 , . 4141 . 4328 ."" .4186 .5082 .5368 .5390 .S691 

"" 
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S EA M LE S S FO R S AFE T Y 

SIICl'lONAL ARIIA O F WALL IN SO UAR E INCII ES (Conlinu iOd) 

'" P , 
", 
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P , , 
'" , '. n , 
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" I .' m ", 
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6,', ,,. 
", , 
'" 
~~ • 
:~ 
." , 
'" ;Q 
" "" "" 

TIIIC KN ESS IN CAC ES AND FR..\CT JO;o;S O~· AN I<"e ll 

" . 
. 4UI 
4755 roo, 

.n .. 

"" 59n 
m ' 
"" ",. 
7S1J ...... -.-. I 0277 

10391 

1. 1S04 
1.2 118 
I. 27j2 
1 • .1.145 
I . J959 

I 45n 
1 5186 
1.5800 
1.641 3 
1 .70n 

1. 7640 
1 825 4 
1 8867 
I 9481 ""., 
2.0108 
1 13H 
2 19J5 
2 2HII 
1 .l16J 

2 .3776 

""" 2 62J1 
2 .7458 
2 8685 

2 9911 
J 11J9 
.I 1361 
J J594 
J 411 1 

3 . 600U 
J .7275 
J .8S02 
J 9730 
4 0957 

4 . 2184 
' .3.11 

" 

• II.W.G. 

"" 41176 , .. 
.S62' 
594S 

6212 

"" ... ,. 
.7568 
8216 ..... 

.95 11 
0159 .... , 

. 1455 

. 210.1 

.215 1 
.. w ... , 
"" . 5.1U 

. 5991 ."" . 7287 

. 711.15 .. ". 9231 
9879 

2 0321 
2. 1175 

2 . IlIZJ 
2 247 1 
1 l ll S 
1 . .1766 
2 4414 

, roo, 
2 6JU 
Z 765 4 , .. ,. 
3 00146 

3 15011 " ... J 4134 " .,. 
3 .6726 

J . 801 1 
.I 9J 17 
4 06 1J ..... 
4 3205 

• 4501 
' . 3791 

7 .,. 6 " . 5 
D.W.C. B.W.C. B.W.G. 
---'---1---------

4990 .5154 .H8t .5798 .SlIn 
.H4J .5512 .5879 .6117 .6254 
• .5(.91 .SlI'Xl . 6278 .6657 .6686 
6050 625 B .6677 . i0S6 . 11 II 
64004 .6626 . 70 75 .7516 . 75SO 

6757 
. 7111 ., ... 
.8 171 
.8878 

.9585 ,m .... 
'''' .1412 

.1 11 9 
3826 

. 45.1.1 

"" . 594(1 

. 665.1 

. '''' ... , 

.8774 
1 9 481 

2 0181 
2 . 0894 
2 . 1601 
2. 1J08 
2 .3OtS 

2. J721 , "" 2 . 51J$ 
2 .U 42 
2 .6549 

2 nS6 
28670 ..... 
3 1491 
.I 2911 

.I U 25 
3 5138 
J 1151 

"'" ... " 
4 iJ9.1 
4 1801 
4 4221 
4 56J4 
4 . 7048 

4 .8462 
4 .11875 

..... .", . 
. 713 1 
. B4(l7 

.'''" ..... 
1 .0676 
1. 1411 
1 . 21411 
1 . 21&5 

I J.62 1 
I U 58 
1 .5094 
t.5l1JO 
1 . 6566 

I. 7.1OJ 
1 .8OJ9 
1 . 8175 
1 .95 12 
2 0 lt 8 

2 .0984 
1 . 1121 
2 .2457 
2 .J I II.I 
2 . .1930 

" ... 1 5'11 
2 .6iJ9 
2 6875 
2 76 11 

1 .U47 
2 .11810 
.I . l lIIJ 
J 2165 
.I 42.18 

.1 . 511 1 
J . 71U ...... 
4 0128 
4 1601 

4 3074 
4 . 454(1 
4 6019 
4 7492 
4 .896 4 

5 .0 43 7 
5 . 1909 

. 7474 

. 7871 

.8271 .... 

. 9865 ...... ..... 

.2257 ."'. . .1&5 1 ..... 

.544(1 ,m 

.''''' , ... , 

...... 

.9 432 
2 . 0229 
2 . 1016 
2 1813 

2 . 2610 
2 . .1417 
2 .42/5 
2.$0 12 

"'" 
"'" 2. 7<tOJ 
1 .8101 
1. 89\IS 
1 .97115 

J 05112 
.I .1186 
3 J781 
J .5ln 

"'" .. "" 4 0158 
4 . 175.1 
4 . JJ47 
4 4941 

4 65J.6 
4 . 8 130 
4 .972 ' 
S . U I9 
5 .19 1.1 

5 . 450 1 
5.6101 
S . 7W7 

. 7946 

.8J15 ."" 

. -I . OS1J 

1 . 1382 
1.2241 
I.J HIO 
1.311511 
I . 4818 

1.5677 
. M M 
1. 1.195 
1 .8254 
1. 1111 .1 

1.9971 
2.083 1 
2 . 1690 
2 . 2549 
2 .3408 

2 .4267 
2 .5116 
25985 
2 . 6844 
1 . 7103 

2 .8562 
2.9421 
.1 . 0280 
.I . I UII 
3 . 1\198 

3.m7 
J 4515 
.1 .6293 
.1 .8011 
3 .9730 ..... 
4 . l 166 " M. 4 6602 
4 .8J1O 

5 .0038 
5 . 1756 
5 .3474 
5.5 191 
5 .6910 

5 .8628 
6 .OJ46 
6 .1065 

. 7"982 
. 841 4 

"" 9110 
I 057 4 ...... 
l . lJ02 
1 . .1166 .. -1 . 4S114 

1 .5758 
1.6622 
1. 7486 
I 8350 
1 .921J 

2 .0077 
2.0941 
2 . 1805 
2 . 2669 
2 . l SJJ 

2 . 4391 
2 .5261 
2 .6 125 
26989 
2 . 1853 

2 .871 7 
2 .9581 
J .0445 ..... 
3 21 1.1 ...... 
3 476-4 
3 .6-4'12 
38220 
3.9948 

4 . 1676 ..... 
4 SU l ....... 
4 8587 

S.WI5 
5 204.1 
5 . .177 1 
55499 
5 . 7227 

5.8955 
6 .068J 
6 . 2411 
6. 41.19 
6 .5867 
6 .7595 

6164 
. 66.1 2 ., ... 
.'''' ..... .... , .... 
. 9U 5 

I .OJ70 

" .. 
I 22.19 
I J I74 
1. 4109 .. ..... 
1 591B 

I IWIl 
1.7847 
I . B782 
1.971 6 
1 .0651 

2 . 1586 
2 2510 
2 .3455 
2 4.1 89 
2 S.l24 

2 .6259 
2 . 719.1 
2 8 123 
2.9063 
29997 

.1 . 09.11 

.1 . 1866 
J . 2801 
.I . .l7.l-6 
3 4670 

"'" J 7474 
.I 9.14.1 
4 I1 tJ .. ," 
4 . 495 1 ... ,. ..'" 5 0559 
5 2428 

5 . 4297 
5 . 6167 , ."" , .. ,." 
6 . 1774 

6 . J.6H 
6 S5 tJ 
6 . 738.1 
6 .9252 
7 11 21 

"'" " ... 7 . 67211 



PITTSBURGH STEEL COMPANY 

SEC'TIONIoL IoREIo OF WIoLL IN SQUIoRE INellES (Continued) 

Outalde 
TIl IC K NESS IN CAGES AND FRACTIONS OF AN INCli 

Dlameltr , , , , 
IncJ>e. U- B.W.C. 

,,-
D.W.G. D.W.G. HI" D.W.C. ' "'" ------------

',," .3436 ....... .... .. .. ...... 
U .3926 .~, .4141 . 4151 .4HI .4295 ... . .... 

f1' . «1 1 . 4503 ."'" .4115 .. ..,., .. '" .. "'" .. ," " .. .5012 .5246 .5212 .5419 .5522 .5714 .S1.!1 
,~. .5399 .U20 .5198 .5830 ."'" .6 135 .6382 .6412 , .589(1 .6029 .6.150 .6388 .6591 .6749 .10.49 . ''''' 

'" .6.181 .6531 ."" .6945 .7186 ., .... .1711 .1161 

l ~ 
.6812 .'''''' .74U .1503 .1115 .1916 .8384 . 8436 ., .... .1554 "" ."" ."" .M" ."" .9 111 , . . 185.1 ."" .8559 .8618 .11953 .9203 .9120 .9186 n. .8344 .11512 .9 111 .9116 .9542 .98 11 1.0381 , 

""" , ~ .8835 "" .. ,,,. . 9134 , .Oll l 1.001 1. 1055 , m, 
n. .9326 .9589 , . 0216 , 0291 , .0120 1. 1044 , . 1122 , . 1811 
,~ . 9811 , ._, , . 0168 , 

"" , . 1309 1.1658 , .2.190 , " .. III 
, 
'''' , 1114 , . 187.1 , ", . , 2481 1, 28115 , .3125 , '''' 1.1180 , .2131 , .2917 , . 3019 , ."" . 1.4 11 2 , .. "" 1.5186 

, ~ 1.1162 , 
"" 

, . 4081 , 4195 , . 4844 1.5339 , .6.195 1.6536 , 1.3144 , . 41 66 , .5186 , 5310 , .6022 1.6566 , .17.11 1.1886 

HI , .4126 1.5183 , . 6290 , .6415 1. 1200 , .1194 
L_ 

\.92.16 , .5101 1.6200 , 1395 , 
"" 1.8318 1.902 1 2.0401 2.0586 

Hi 
, .6689 1.1211 1.8499 , ..... \.9556 2.0248 2 . 1136 2. 1935 , .1611 1.8234 

L_ 
\.9111 2.0 734 2 . 1415 2.3011 2.J285 

HI , .8653 1.9251 2.0108 2.0886 2.1912 2,2702 2.4401 2. 4635 , ~. 2.0268 2.18 13 2.2001 '-'''" 2 .3930 2.5141 2.5985 

, ~ 2.(1616 2.1285 2.29 17 2.3 11 1 2.4268 2.5151 2.1011 2 .1JJ5 , 2.1598 2.230 2 2. 4022 2.4232 2.5446 2.6.184 2.84 12 2 .8685 

lJl 2 . 25SO 2.JJ19 2.5126 2.5341 2.6625 2.1611 2.9147 3 .0()35 
2.3561 2.4JJ6 2.6231 2.646.1 2.7800 2.W8 3.1082 3.1.!85 

Hl 2 .4H3 2 .5354 2.13.15 2.1518 2.8981 '''''' 3 .2418 3 .2135 
2 .5n5 2 .6.171 2.8440 2.869.1 3 .0159 3. 129.1 3.375.1 ,.-

1;) 2.6501 2.7J88 2.9544 2.9808 3 . U37 3.2520 3.5OSS J .5434 
2.1488 ,."" 3 .0648 J .0924 3.2515 3 .3147 3.642.1 3 .6184 

, ~ 2.8410 2 .9422 3. 1753 3.2039 3 .3693 3.4914 3.1158 3.8134 • 2 .9452 3 .0439 3.2857 3.3154 3.481 1 3.6201 3.9093 3.9484 

:;) 3.0434 3. 1456 3.39062 3.4269 3.6049 3.1429 4.0.429 4 .0&34 
3.14 15 J.2413 '''''' 3 .5385 3.7227 3.86S6 4 . 1164 4 .2184 

:/i 3.lJ97 3.349(1 J .6111 3 .6500 3.8405 3 .9883 .. "" •. J534 
3. 3319 3. 4507 3.1275 J .1615 3.9584 4 . 1110 4 . 44.14 4 . 48lL 4 

:;) 3.4361 3.55H 3.8380 3.8730 4 .0762 4 .2337 • . 5169 4 .62.14 
3.5342 3 .6542 3.9484 J .9846 4 . 1940 4 .3565 4.1 105 4 .7584 ., 3.6324 3 .7559 4 .0589 4 . 0Il(i I 4 .311 8 4.4191 4 .8440 " .8933 • 3,1306 3.8576 4 . 1693 4 .2076 4.42906 4 .6019 4 .9715 5 .0283 

1Jl 3.8288 3.9593 4.2798 4 . J192 4 .5474 4 .7246 5.11 10 5. 1633 
3.9269 4 .0610 4 .39(12 4 . 4J07 4.6652 4 .8413 5.2445 5 .2983 m 4 . 1133 4 .Ui44 4 .611 1 4.6537 ."" 5 .0928 5.5 116 5.5611.1 
4 .3 1906 4 . 4678 4 .8320 4.8768 S. I .16S 5 .3382 5.7186 5.8311.1 , 4 .5160 4 .6 712 5 .0529 5.011'98 5.312 1 5.S8J6 6. 0456 6.108.1 

'U 4 .7 123 4.8141 5.2138 5.3229 5.6071 5.8291 6.3121 6. J78 2 

lti 4.9087 5.018 1 5. 4941 5 .5459 5.8433 6.0745 6.5191 6 .6482 
5 . 1050 5.2815 5.7156 5.1690 6 .0 789 6.3200 6.8467 6.9 182 , 5 .3014 5.4849 5.9365 5.9920 6 .3 146 6.5654 7. II J S 1.1882 

'U 5 .4971 5 .6883 6.1513 6.2151 6.5502 6.8108 7.3808 1. 4582 

;ti 5 .6941 5. 8918 6.3782 6.4382 6.7858 7.056J 7.6418 1.7281 
5 .8904 6.0952 6.5991 6 .6612 1.0214 7.3011 7.9149 1.9981 

• 6 .0868 6 .2986 6.8100 6,884J 1.2510 7.547 1 8 . 1819 8.2681 
'U 6 .2831 6.5020 ''''' 7 .1013 7.4926 7.1926 8.4489 8.5381 m 6 .4795 6 .1054 7.2618 1,330.4 1.1l83 8.0380 8.7160 8 .8081 

6 .6158 .. - 1. 4827 7.55J4 1.9639 8.2834 8.9830 9.0780 

M64 
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PITTSBUROH STE EL COMPANY 

S~:GnON"' I. AR~:'" OF WALl. IN SO UA RE INCIIES (C<>ntJnued) 
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SEAMLESS FOR SAFETY 

S.:CTIONAL AR f.A OF WALL IN SQIJARE INCII F.s (Concluded) 
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P I TTSBURGH STEEL COMPANY 

MOMENT OF INERTIA, I , FOR NEUTRAL AXIS 
THROUGH CENTER OF SECTION 
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SEAMLESS FOR SAFETY 

M OM HNT 0 .. INH RTIA, I. FOR NEUTRAL AXIS TIIROUGII 
CE.NTHR O F SECTION (Corlttn,,~) 
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SEAMLESS FOR SAFETY 

MOMENT OV I N'£RTI A, I , FOR NEUTRAL AXIS THROUG H 
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PITTSBURGH STEEL COMPANY 

MOME/'IT OF INERTIA, I, FOR NEUTRAL AXIS THROUGH 
CENTER Of' SECTION (Conlinufll) 
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9 .6001 

10 .5248 
11 .5064 
12 ,$475 

..... . <W7I .<W73 .<W7S 
. 1183 . 1113 .1191 . 1196 
. ltl4 . 14» .1443 . 1431 
. 1717 . 1723 .1731 . 1744 

."'." .,.,. ."'" . 2071 

.2397 .14 10 . 1424 . 2U4 

.3245 .1167 .319J . JJ47 

.4281 . 4316 .4357 .4448 
.SS2S .S576 ."" .5719 .... , . 7067 .7155 ., .... 
.8712 .6810 .8932 .9223 "' .. 1.0825 1.<W88 1. 1.182 

"'" 1 . .11.12 1 .3JH .., .... 
" .. 1 .5751 1 .6021 I :t689 

1.M.l4 I.S7OJ 1._0 I 9134 
2 . 1676 2 .2006 2 . 2422 2 .3469 
2 .5282 2 .S682 2 .6168 2 . 7469 
2 .9272 2 .975 1 l .OJSI 3 . 1006 

.I .J664 3 .4232 3.4954 ...... 
J .8479 3.9147 3 .9997 4 .2184 
4 ,.1735 4 .4.514 4 .5506 4 .8011 
4 .9454 s .OJ54 S . 1504 5 .4487 
5 .S6S3 , ..... S .8011 6 . IUS 
6 .21H 6 . J$JS .. "'" 6 .8998 

6 .9574 7 .0916 , .,.,. 7 .71 40 
7. 7J34 ,..M" 8 .0796 8 .S902 
8 .S6S.I 8 . U58 8 .9549 9 .H10 
9 . tS52 ..... 9 .89iS 10 .HU 

10.400 10 .6176 10.8915 II 6149 
11.4164 \J .6526 11 .9511 12 . 1627 
12 .491 6 12 .753 1 IJ .090J 1J .9841 
13 .6326 139210 14 . 2932 15 . UIS 

'.' 

.JJ9! 

.4528 

.5911 

.'''' .95 18 
1.1794 

1 HI9 
11410 
2 .0$22 
2 .46S0 
2 .8932 

""" J .8959 
4 4755 
5 1108 

"" ... 6 .U81 
73763 

""" 9 2116 
10 .2362 
lI .n.1Ii 
12 5013 
lJ . 7599 
is .0941 
16 .5125 

M1l 
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S EAML ESS FOR S A F E T Y 

M OM ENT 0 ' INIlt RT IA, I, FO R NEUTRAL AXIS TIIROUG II 
CENTER O F SECI' ION (ConUnlled) 

T HICKN&SS IN GAC~:S AND FRACTIONS OF AN INCH 

W 00 s .~c·1 \ii- 0000 ... ~" . 
B.W.C. S.W.C. 

1J .512. IJ 6491 14 .141l 15.1514 15 .S680 16 .6511 130115 
14 .6646 14 1141 16 1195 16 .4611 16 9166 111132 19 6119 
15 8301 16 .00145 11 4694 IJ ."96 " . J412 19 .6522 " NO> 
11 . 1613 113406 .. 8918 19 3074 19 14.19 11.1163 230189 
1151U .. 1049 10,3911 10 "27 21 4267 l1,9813 24 9561 
19 .9291 '" " .. ''', .. 22 .4516 23 .0911 24 789 1 16 9341 

12 .9191 23 .1139 25 . J609 15,9340 26 6771 216101 311914 
26.3259 26 6091 29 .0870 19 1526 306165 32,9376 35 8924 
19 .9AlJ JO 3091 J3 . 1621 3J .9197 34 9266 37 6101 .f! . 0J68 

" "" J4 J315 31 6011 J8 .4111 J9 6243 42,7060 46 6523 
ll,2M2 .18 7013 41 42 15 4342JJ 44 . 1262 43 24.17 n.7597 
41 9514 " "" 416J72 41 771 1 .501490 541415 59 3796 

47 .995.1 48 5JJJ 5.1,2644 H 5437 55.1094 60 . 7130 66 SJ17 
53 41J0 54 OiS5 59 JUI 6O. 7H2 62.62U 67.69iS 74 1398 
59 114 1 59 8961 65 1159 67 4197 69.5 102 75 . 180' 8252 16 
65 .4425 66 . 1891 11 . 7715 14 .5564 76 .WI Al.2OJI 9i J981 
71 0It9 729086 30 2010 82 . 1800 14.7620 91.7730 100 8920 
19 . 1562 &0 0684 88 12<16 903075 93.1614 100.9236 III ono 
86 679J 11 6821 % 5454 98 .9542 101.093S 110 .658-3 121.8095 
94 .6648 95,1653 105 491J 108 1364 111. 5907 1210004 133.2753 

10J U32 104 3572 11 5 0034 111 .9006 12 1.6M4 132 .0021 U 5 477J 
11 1, 1074 11J .4209 115 040II 118 .1049 131.3J96 143 .6115 158 .J649 
II I 5651 111 .9950 lJS 6464 IJ9.09J2 143.5986 155 ,8956 171 .9931 
IJI,HI8 13.1 0937 146 8J51 150.5816 155 .4794 1688549 186 3814 

1420496 14.1 1J08 158 6244 161 6863 161 .9985 181 .5139 201 5538 
15.1 . 1018 154 9204 11 1. 0182 175 .4234 181.1728 196 .8910 2175278 
164 . 7UJ 166 6164 184 0627 181.8089 195.018-8 2120046 1J4 .J251 
176 9010 179 0128 191 74J6 101 .8590 i09 .5JJ5 227873 1 251.9666 
189 61J5 19194.18 212 0865 217 .589. 214.793.1 1« 5149 270 4730 
lOJ .(M67 205 .43lZ 117 1071 13l .017J 2"' .755 1 261.9485 1898648 

2170345 219 6450 241 8110 249 . 1511 251 ,4556 230.11112 l 10 . 1628 
HI 650S 234 .4431 259 2U8 266 OJ7J 274.9116 299.2645 3J I .3878 
246 .9087 249 8919 216 3914 28.1 6419 293.1l96 319 . 1SJ8 3Jl .S60S 
2628229 266 0049 294 2792 301 .0118 J12 . IJ6.li m ..... J76 . 7016 
119 . i06tI 281 . 7964 ~U ,9l29 321.1710 JJ1 .9i90 361.6J68 fOO .8.I11 
.. .. . .. l41.1177 352 .6233 334 .2075 415 9117 

361 .8.139 314 . 1075 "'7.6918 451.1422 
J8.I 4559 3% .4470 432 . 1291 419 . .J6J9 .. .. .. .. ....... . . 457 .5169 ~1 6516 

, 
TIlIC KN&SS IN FRACTIONS OF AIIO INCH ... ".,- -,- ... ,. ... ",,' ,-

."" . 
.:: .. .. ...... . ... .. .... . . . .. . .. . . . .. . ... 

. " ... ..... .. ... ... .. . .. ... . ... . ......... .... 
:: ... . J4lJ .......... . ... .. ... . .. 

. 4573 ..... .. . . . ..... .. . .. .... . ... . ... 

. 5991 ..... ..... .... . ... ... . . . , .. . .. 

. 7698 ... , .... .. .... ... ... .... . ..... . 

.9711 .9854 . 9934 .9978 "" 
, .00'" '-0000 

1. 2089 1.2192 1.2425 1.1S05 , 2549 , . 2570 , 1578 
1.4AlI 1.5117 1 5.130 1.5461 , 5H.I , .5587 , "'" 1. 7916 I.un 1 .86Al 1.8-881 1.9019 '-"" 1914. 
1.1551 1.2108 2 . 2520 2,2816 2.3019 2.3151 13132 
2 .5588 2.6319 2 . (\875 2 . 1281 2.7582 2.7186 2 .7918 
3.0113 3. 105 1 J.I782 3.2338 3 . 2750 3 .3045 3 3249 
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PITT S BUROH S TEEL COMPANY 

MOMENT OF INERTIA, I, FOR NEIITRAL AXIS THROUC H 
CENTER OF SECTION (Conclud~) 

TIIICKNES'i IN ~-RACTIOSS OF AN INCH -
W n,,," W " fl' W "fl' 

351$6 ,.m 3 ,lla ,."'" J8562 J ,8974 
.. 0746 4 .2209 433110 4 4128 45068 4 ,1.614 
4 6911 4 ,11698 5 0161 S 1342 5,2279 5 3010 
5 3679 5ms 5 7622 ".W , "" ",.. 
6 ,1081 6 . Jf>Jl 6 .5807 6 75!U 6,\1057 7 0138 
6 .9144 7 2181 7 .4751 , "" 7 ,11695 80158 

7 7897 81U4 S 4491 8 . 7062 8.9218 9, 1005 . "" 9 1501 95058 ...... 10 .0667 10 .1S22 
9 a89 10 2.)5(\ 106488 11.004S 11 . J08J 11 ,1.654 

108-586 II 4049 I I 8816 12 .294S 12,650S 12 9542 
12,OJU 12 6611 IJ 2075 13,6842 14097 .. 14 U31 
UJ024 14 0077 14 6301 15 1764 156531 ,,, .. ,' 
146523 IS 4475 16 ISl8 16.7752 17 . J2 15 17 . 798 1 
160914 16 9838 17 77110 IS .. S42 19.1066 19 .6529 
176115 186198 19 5122 20 .307" 21 0126 21.6350 
19,2"M :KI .3586 21 3558 22 ,2482 23 0434 23 1487 
:KI 972J 21 2OJ4 23 . J I3" 24.3107 25 ,2OJ1 25,9982 
n 1968 24 1573 25 J883 26 .4983 27 ."956 28,3880 

24 . 7248 26 .12.15 215840 28.8150 29 .9250 .10 .9223 
26 . 7S9J 28.405J 29 9(l39 31 2644 J2 4'54 3J6055 
2S .9OJ0 30.1056 J2 3516 JJ 850J 35 2108 ]6,4418 
3J,Sm 356150 3164J8 39 4464 410924 425911 
38 .6285 " 

, ~. 43 4883 45.6334 47.6023 49, 4049 
44 2211 H 1766 49 9126 52. 4410 5 .. 7725 506 9175 

50J.l17 5.1,1S94 509444 59 8992 62,6353 65 1636 
56,9845 6O,9J08 64 6112 68,0079 71 2229 74 1777 
64 1999 loB 7160 72 9407 76 un 80 5675 83 9941 
7J 002 1 11 1401 8 1 9605 86 4766 90 701l 9 .. 6477 
80 4141 86,7288 91 6983 96.8.163 101 6561 1061127 
89,4.588 960072 101 1815 1019962 IlJ 46S6 li S 6031 

99 159J 106 5006 IIJ 4378 119 9861 126.1605 131 9752 
109.5.186 11 7134J 125 49411 132 8362 1.19 77J4 146 31 18 
no 6197 129.7.1.17 ... " ... 146 5160 1S4 JJ66 161 6779 
131.4150 1415140 152 1118 161 .1351 169 8814 178 0781 
144 9794 156 1306 166 7467 116 8451 1864429 195 5568 
158 3446 1706117 18232'98 IQJ 4&19 204 1028 214 2OJ7 

In 4666 1M 9417 198 8090 2110871 122 . 19~1 lJ3 9483 
181 40!7 201 U.!I 216 2548 229 7:299 242 5Qll 254 8751 
200 1848 219 282.1 2.14 6949 249 «24 l6J .5441 277 01111 
2111SZ10 2.173546 254 15069 170 1544 2M.6671 JOO 41U 
2J7J5U 256 J952 274 6685 292 19060 308 .9984 325 oo5Q 
US ,7928 1 76 4295 196 257J 315 .2970 3JJ.5702 35 1 0078 

17S 1613 2914$29 31S ,950S J)95873 359 .4149 .178 4541 
295 481 1 319 lS06 341 716.l 365 .0968 386 . 50645 4012012 
316 7899 3n.7480 361.761 1 J9185506 4U .OSU 4373719 
JJ9.0940 J67 010.1 J9J9J5' 4111 89J5 4 ..... 9016 469 0011 
361 422J 3Q1J9l9 4113240 "~9 240J 416 1655 502 1235 
386 1977 41S921 1 449.9555 .. 19916 1 50118572 5J6 71J5 

.. 12 2434 4466202 479 M14 511 .9&01 54.1 .015 1 5119»7 
438 182J 4155155 511 .0574 545.4341 5186713 610. 7946 
466 4.1 75 50563H 543 ,5SJO 5SO.3162 615 .8580 650 2343 
495 .2310 5J69961 577 . 4620 616.6569 654 .6075 691 . .14-07 
51.5 1888 5096322 612 . 1220 654.4862 694 .9520 734 1469 
5506 .3306 6035656 64' .39()j 693.8339 7J6 .9l37 7186819 
58868 12 6.18.8119 687 ." 95 1 1J4.7299 780.5548 824 9982 

,. 
3 9269 
460n 

""" 6 19J4 
7 1176 
8UJ9 

92468 
104609 
11 . 7809 
13 2114 
14 7568 
16 42:K1 

IS,2 11 4 

,. "" 22 IS13 
243111 
26 . 1035 
29 1832 

31 8 147 
34 6027 
37 5S1S 
439516 
51,0508 
58 8864 

61 4"1 
76 91J1 
87 179 1 
98 3281 

1I0,J915 
123 4140 

U 7. H 46 
151 " \1(1 1 
168 6151 
ISS 8387 ,.. "'" 
2lJ80.19 

244 567J 
266 58JJ 
2898M4 
314 5162 ,w_ 
Jti7 .9OO2 

J96 7180 
427 0288 
458 8395 
492 1968 
527 IJ76 
J6J 6987 

"" .,,' 64 1 8291 
683 .. 120 
726 8815 
7720915 
8 19 . IH7 
868,0880 
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SEAM L ESS FO R S AFET Y 

SECTION MODULUS, Z, FOR NEUTRAL AXIS 
THROUGH CENTER OF SECTION 

TIIIC K.NESS IN GAGES 

" I " " " 
,. 

" " BW.G. HW.G. HW.G. H.W.G. H.W.G. H.W.G. B.W.G. 
------

,0003 .0009 ..... . 0010 .0011 .0012 . 00lJ 
00" .001$ .0016 .0017 .0019 .0021 .0023 
00,. .0012 .0024 .oon .00" .• m . .". 

. 0018 .m ...... ...... .... , .... , . 0051 

. 00." .... , .- . 0051 . .." ... , • 0071 ..... . .., . . 0059 . ... . 0072 ..... ... , .... ... , . 007$ .... 
. - .0105 .0118 

. 0074 ..... . .. , . 01OJ .911 1 .91211 . 0014(1 ..... .- . 91 100 . 00 124 .0\34 .0156 .00177 

.9 105 .001\8 .01JO . 00 147 .0159 .00186 .9211 

.9112 .01J7 . 00152 .00111 . 00186 .02 18 .00248 

.9141 .0159 .0176 .9 199 .0215 .9253 .9288 

.01(.1 .00181 .0201 .9128 .00247 .''''' .. ", 

.9183 '''' .02211 .92$9 .0180 ... " .OJ77 

.'''' .9232 .0258 .92111 .OJ16 .0.173 .000127 

.0230 .9259 .0288 ... " .OJ54 .0418 .0479 

.02.56 .9283 .OJ1 1 .9.J113 .OJ94 ,." .0534 

.0283 .OJ19 .OJ55 .0402 ... " . 0515 .0592 

.031 1 .9351 .039 1 .0 4.0 .0481 .0568 .0653 

.0340 .OJ85 .0428 ... " .0527 .0614 .0711 

.OJn .0429 .,." ."" .0576 .0682 .9 784 

.0438 .CH95 .0551 . 062$ ..... ..... .0917 

.0509 .0576 .0641 .on8 .0192 .0939 "" .0586 . .,., .0739 .... , .0913 . 1084 .12.50 

. .,.. .9756 .084J .0958 . 1043 . l l.l8 . 1429 .. .. ... I':' . 162 1 ... .... . 1824 .... .... .. ..... ..... . .. . .... .... .... I::: ..... .2267 
.... 

I . 
.. .. . ... . ",. 

.. ... . ... .. . .. ... ... .. ... ... . . .2758 .... . .. ... .... . .... .J022 ,. ,.' .. ..1297 .. .. .. ... .. .. . . .1585 
• ... .. ... .. ... .. .... . .1884 

1 TlUCKNESS IN GAGES 

16 I 15 .. " " " " D.W.G. D.W.G. D.W.G'
I 

D.W.G' j D.W.G. B.W.G. B.W.G. 

00 .. .0014 .0015 .0015 
. ':0029 00" .0027 .0028 ,00" .00" .. .... , ..... .- ..... ..." ..... ,.." ... , ,- .0010 .0073 .0076 .0078 .... 

, .... ,,",' . ... .010-4 .0110 .0113 .9111 
.011J 9 121 .913 1 .9141 .915·9 .0155 .9161 

.0145 .9155 .0169 .9183 .0196 . 00205 .921 4 
.018 1 .0194 .921J .92JI .9249 .0261 .9214 
.0229 .9lJ7 .9261 . 9185 ..... .OJ25 ...... 
.0164 .9285 .OJtS .034$ .OJ75 ... " .0420 
0311 .OJJ7 .OJ74 • 00410 ..... .0475 .9505 

.O.JIIJ .OJ9.1 .,m .0-48 1 .00528 .9561 .0598 

. 0419 .0-454 ."" .0559 .06 14 .0654 .-.0478 .05 19 ,"" .0642 .9707 .007$4 ... " .0542 .0589 ,,.,, .0730 .0801 .... , .0927 

.0619 ,.,., .9743 .0825 .09 13 .0917 .1053 

" H.W.G. 
---

00 .. 
00" .... ..... ... 
0105 

0lJ4 ,,, . ,,., 
.0242 
.92M 
.0332 

.OJ81 

.9435 

.0493 

. 005.54 

.06 18 ... " 

.97$8 

.083.1 

.0912 .,ow 

. 1262 

.1 458 

.,.., 

.1894 

.2lJJ 

.2387 

.2654 

"" . .I!.J3 
,35.0 
.3868 
. 4206 ..'" 

, 
D.W.G, 

.. 
0119 
0165 

9121 

'''' .." ... " .GUI 
.0631 

.G7,w ..... 

."" .1121 



PITTSaURGH STEEL COMP AN Y 

SEC'!' ION M O Il ULUS. Z, t'O R NEUTRAL AX IS ' flIROUC U CENTER Ot' SECTION 
(Continued) 

"" ...... TIlICKNESS IN CACES -
DIa~ter 

" I~ " I " I " II 10 ' 9 '"- D.W.C. B.W.C. B W.C. ~ B W.C. B,W,C'
i 

B.W.C . . !~ 

:tt 0681 .0142 0&3.1 0925 . 1026 .1100 . 1187 .1266 
.07.S7 .0825 .0927 .1032 . 1146 . ,~ . 1329 .1421 

: ~ "'" .0911 .1026 . 11« . 1272 .1367 . 14711 . 1584 . ." . . , ... . lUI . 1262 .. ," .15 11 . 163& . 1756 
, ~ """ . 1100 . 1140 . '''' 1545 .,.., "'" . 19Ja , " • Ll II4 . ''''' . 1475 . IMO .'''' .111&9 .2164 .2.117 

, " . 1.J97 . 1$29 . 1729 . 19l9 . 211 1 .:uu .2555 .2154 , " . l(il 6 1770 ."'" .22$0 .2514 . 272'.l .2979 .1116 , 
''''' ."'" ."" ."" ."" . 314.! ." ... .1715 

". ." .. "" .2952 .J.J25 .37fJ .""" ... ~II . ~8U 

~~ . 2651 "" .3309 . J7Z9 .'W . 4563 .5005 .5429 
.2950 .32+0 ."" . 4158 ..... .509$ .5511j "" 

~1: .32M . .1587 ...... .- '''" ."'" .6215 .675.1 
.J.'IJi95 . .1952 .4501 .508~ .5744 .6147 ."" . 7470 

' h .J\J42 .4334 .4939 .5581 .6311 .6867 .7556 .822.1 , . 4.!04 .4134 .5J97 .6IOJ "" .7517 .&216 .9012 
3~" .5077 .5581 .6315 . 12 16 .8172 ."" .98 15 , ."''' 'U .5487 ..... .6895 . 7807 " .. ."'" , .0634 , . 1598 

,~ .5\J 1J .65 11 .7435 .8412 .9541 , .0-411 , .1485 , .2532 

·'11 .6.156 .• m ."" ..... , 0274 , .1708 , .2.110 , .3503 , .68 14 .7505 .8516 .9121 , . 1029 , . ::!OJ4 , .3287 , ..,,, 
.1'", .7288 .8029 .9117 1.0406 , 

"'" 
, .2890 1 .4237 , .55$4 , .7778 .8510 .9798 1. 11 14 , . 2617 1 .3115 1.5220 , .663.1 

." ."'" .9706 , . 1102 1.2599 , .4313 1 .5635 1 .7285 , .&902 

", ."'898 I .09iJ , .2487 1.4118 , .6 116 1.7611 1.9482 7.1J16 
4', , 

""' 1.2190 , .J9H , 
"" 1.8075 I .\l706 2. 1810 2.3875 , , 121.1 1 .35.18 , 

'''' 1.76 16 2.0042 2 . 1919 2.4210 2.6319 
5! . 1.3556 1.4956 , 7133 1 .9475 2.2166 2.4249 2 .6861 2. 94"19 

~~ 
, '''''' , 6445 , .... , 1427 2. 4397 2 .6691 2 .9583 3 .1414 ... .... ..... . ... .... .. . , 24.18 3.5564 

• .. .. . .. .. .... ... .. .. .. ..... . . .. . . . . 3.5423 , ..... 
is . . . . .. . . . .. .. .. .. . . .... ...... . . 3 .8541 4 .2280 .... r::: ... .. .. .. . . . .. . .. . .. ... . .. ..... 4 . 1190 4 .5856 ...... .. .. . .... .... ... . .... ...... 4 .5 170 4 .9518 , .. .. . ... .. ....... ..... .. .. .. .. .. . .. .. ... 4.86U 5.3445 

'" ...... . . . .. , .. .... .. ...... ... ... .. .. . .. ... 5.2316 5.1457 
, 

:11 .. .. ..... .. .. ,t ...... .. ...... .... .. .. .. . .. .. . 5 .6101 6 . 1614 ..... ..... , . .. .. . ... . . . 6 .0001 6.5917 , .. .. , ... .. ... .. .. ... .. . .. ... ... . .... ...... 1.0365 
8 ' • .. .... .. .. .. .. . .. ... .. .. .. .. .. 6.8215 7. 4958 

'" .... ...... .. .. . .. . .... .... . . 7.2$11 , .-n. .. .. .. .. ...... ....... .. ...... . . . :::::17 .6950 8.4580 , .. .. .. .. .. .. .... . ...... I ..... 1 8. 1514 ,."" 
Outooide 

THlCKI\ESS IN GAGES AND ~-RACTIO)\S O}> AN INCH 
DIameter ... , , ". • .... , , 

Inch" 
D.W.G. I:I.W.C. B.W.C. 8.W.e. e.w.c. l----:orn ---., .0217 .02.11 .023 L. ... ... :Qj i 3 .. .. , .. ", . 0295 .0002 . """ .031 .OJ13 

.~ " ."-'" .OJ7J . 0383 ..... .OJ95 .0401 .... , .. , .0451 .... , .04" ..... .0493 .0502 ."" . 0511 
" .0545 .0558 .0578 .0581 ."'" .0616 .0617 .'" u." .06411 ."'" .'"" . 0104 .0725 .0"3 .01" .0161 , .0762 .078.1 .0811 .. '" ."'" .. " ."" "1il '" .0885 .091 1 .0952 .0911 .1005 . 1036 . 1038 . 1068 
,~ . 1017 . 1049 . 1098 . 11 21 . 1164 .1202 .1205 . 1243 

MIG 
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SEAMLESS FOR SAFETY 

SECTION MOnULUS, Z, FOR NEUTRAL AXI S 1'IIROUGII CENTER OF SF.C'I'ION 
(Continued) 

OuUide 
Oia""'~r ,-

M77 

, , , , , , 
, '. , -. p. , , '. 
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PITT S BURGH ST EE L C O M PAN Y 

SECTION MOOUl.US. Z. FOR NEUTRAL AX I S THROUGH C ENTI':R O~' SI':CTION 
(ContInued) 

OuUidt 
Oiamtter 

Inch .. 

".» 
~ ,,< 
,~ , 

P.' 
' ~ ,. 
l~ 
:~ 
:/1 
Pj , 
'" " 
m 
2 '. , 
'" "j m 
'" 3~. 3;; , 
:Ii 
:~ 
'" ". , 'j , 
Hi 
'" s', 
0 
0' 

m , 
" at , '. '" 

M7!1 



SECTION MOO ULUS, Z, FOR NEUTRAL AXIS T II ROUG II CENTER OF SECl' ION 
(Contlnuw) 

Oultoldt 
Db.mtter 
I~"" 

"" "~ " " " ~ " 
II ~. 

" 
Outalde 

OI.mttfl" 
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m ....... ...... ... .. ... . . .. . 2.5t6J 2 .5114 
.. ... .. .. ...... ... 2.60H 2 .5998 .. .... . ...... 2.69JO 2.688l 

• .. ...... .. ... .. .. ... ... 2 . 1814 2 . 1765 

l~ ... ... .. .. ... ... . .. .. "" . 18649 ... ... ... ..... .. .. ..... .. ... 295U 295JJ . ~ ....... ...... .. .. ........ .. . 30465 l 0411 , .. ....... ..... ..... .. .. .. ..... .. . J 1349 , "" ---- -, 
0.._ 

TUtCKNESS IN G,\GES ... ND FRACTIO:\$ OF AN INCII 

Dlalnftff '.' , , '.' , ~. , • ,..-
II.W.G. 8.W.(;. II.W.G. B.W.C. O.W.G. 

--
~ .1746 . 1727 1697 "" 1708 Il, .1931 19J7 ''''' "" _ t851 1328 IS20 

• .2110 .2 148 .211.1 ,... 
"'" "" .2028 .. " 

'it .2JIU .2.162 .2.!lS . 2.101 .Z211 .2137 2lJ4 219S 

.'''' .2577 2538 . 25 19 . 2481 . 2445 .2442 .2404 
,~" .2816 '''' . 2752 .27.1.1 .2694 .,., . .un .2611 , .JOjJ .... .- .2948 . 2901 "" .'''' .2U2 

'" .J25 1 .3126 .3184 .3 16.1 .3122 ... , . 3018 . 30.14 

.. " 



PITTSBURQ H STItE L CO M PANY 

RADIUS Ot' G YR ATION, R, I'OR N .: UTRAL AX IS T HROUGH 
CENTER 0 1' SECTION (C""linued) 

Outaid~ THICKNESS IN GAGES AND ~'RACTIONS OF AN INCH 

Di:amuH I 
I __ '_~-:-;"H-:-__ I_--:"c':;:- B.'~.G. 1I.\Z,.G. ~ B.'~.G. ~ B.,t,.C. B.,~.C. 

1 J1 .3w;1 .3443 .3401 .3380 .3337 .3196 .3292 .3246 
Il' .3687 .3661 .36 18 .3597 .35S3 .3511 .3507 .3<160 
H, .3906 .3880 .38J6 .3814 .3170 .3721 .3723 .3675 
I' ", .4 125 .4098 .4054 .40.J2 .J987 .3943 .3940 .3891 
111 .4344 .4311 .4272 . 4256 .42(15 . 4160 .4156 .4 107 
1 ,,,, .4563 .4536 .4491 .4468 .«23 .4317 . 4374 .4323 

1 j., .4182 .4755 .4110 .4681 .4641 . 4595 .4591 .4540 
H~ .5222 .5194 .5148 .5125 .5078 .503 1 .5021 .4975 
1', .5661 .5634 .5587 .5563 .5516 .5468 .54M .5411 
1 >l .6101 .607J .6026 .6002 .5954 .5908 .5902 .SU8 
2 .6542 .6513 .6466 .6442 .6393 .6344 .6341 .6286 
2 }1 .6982 .69H .6906 .6882 .6833 .6783 .6719 .6124 

, 
,~ 

Hl • OJ, 
' n 
" • ,!, 

:11 
" ,,~ 
,,~ 

.742.1 .7394 . 7J-16 . 7322 .1172 . 722J .72 19 .7 163 

.7863 .7835 . 7786 .7762 .1112 .1662 .7658 .1602 

.8J04 .8276 .8221 .8102 .8152 .8102 .8098 . 80-11 

.8745 .8116 .8667 .8643 .8593 .8542 .8538 .ml 

.9186 .9151 .9 108 .0084 .09Jl .8982 .8978 .8921 

.96211 .9599 .9549 .9314 .9474 .9423 .9419 .9361 

.0069 1.0040 .9990 .9965 .9914 .9863 .9859 .9801 

.0510 1.048 1 I .04J1 10406 10355 1 .0304 1.0000 1.0141 

.0952 1.0922 1.0812 .0847 I 0796 1.0144 1.0140 1.0682 

. !J9J 1. 1364 1.1313 . 1288 1.11.17 1.1185 1. 11 81 11112 

.1834 1. 1805 1.1755 .1130 1. 1678 1.1626 1.1622 11563 

. 2276 1 2246 1. 2196 .2 111 1.2119 1.2067 1. 2063 1.2004 

.21 17 1. 2688 1.26J7 . 2612 1.256 1 1.2508 1.2504 1. 2H5 

.3 159 1.3129 1.3019 .3054 1.3002 1.2949 1.2945 12886 

.3600 .3571 1 .3520 .3495 1.3443 1.3391 1.3386 1.3321 

.4042 . 4012 1.3962 . .1936 1.3884 1.38J2 1.3828 1.3168 

. 4484 .HH 1.4400 . 4378 1.4326 1.4213 1.4269 1.4209 

.4925 4896 1 .4845 .4819 1.4761 1.47 14 1 .4110 1. 4650 

.5361 .5JJ7 1.5286 .5261 1.5209 1.5156 I 5152 1 5091 

.5809 . 5119 1.5728 .5702 1.5650 1.5597 1.5593 I 55J3 

.6250 .6220 I 6169 .6144 1.6092 1 .60.19 I 60.14 1.5974 
I 66\12 .6662 1.6611 .6586 1.6533 1.6480 1.6416 I 6415 
1.7134 7104 1.1053 . 7017 1.6915 1.692 1 1.6917 16851 
1.8017 .1981 1.7936 . 7910 1. 1858 1.180-1 17800 1. 7740 

1 .81'01 .8811 1.8819 1.8794 1.8141 1.8688 1.8683 1.8623 
1 .9784 .9754 1.9703 1.9617 1.9624 1.9511 1.9566 1.9506 
2 .06611 20638 2.0586 2 .0560 2.0508 2 .0454 2 .0450 2 .0389 
2 . 1551 21521 2.1470 2.1444 2 . 1J91 2 . 1337 2.13J3 2.1212 
2 .24J5 22405 2.2353 2 .2321 2 .2214 2 . 2221 2.2216 2.2155 
2 .33 18 2.3288 2.3231 2.3211 2 .3158 2 .3104 2 .3100 2.3038 

2 . 4102 24172 2.4120 24094 2 . 40-11 1.3987 2.398J 2 .. 1922 
2.5086 2.5056 2.5038 2.4978 2.4925 2.4811 2.4866 2 . 4805 
2.5969 2.5939 2.5887 2.5862 2.5808 2.57504 2 .5750 25688 
2 .6853 2.6823 2.6)71 2 .6145 2 .66\12 2 .6638 2 .66j3 2.6572 
2 .1731 2.7707 2.7655 2.7629 2.7575 2.1521 2 . 75\1 2.1U5 
2.11621 2 .8.5\10 2.8.538 2.8512 2.8459 2.8405 28400 2.8JJ9 

2 .9S04 2.9474 2.9422 2 .9396 2 .9343 2.9288 2.9284 2 .9222 
3.0388 3.0358 3.0J06 3.02&0 3.0226 3.0112 3 .0168 3.0106 
3 . 1272 3. 1241 3.1189 3.1 163 3. 1110 3.1056 3.1OS1 3.0989 

... ··· ·1· · 
·:::: :::1::· ... .. . 

3. 1998 3.1944 3.1939 3. 1811 

........ , . , . 
·· · · ····1·· 

3.2823 3.2161 
3.310) 3.3645 

3.45\10 3.4528 
. ...... 3.5412 

.. 3.6296 

"'" 



SEA MLE SS FOR SA FETY 

ItAOI US OF GYRATION, It, "OR NIEUTRAL AXIS THROUGII 
CEI'o,IER OF S".CrlOS (Condnued) 

"""'.,. THICKNESS IN GAGES AND FJl.ACTIOl'S OF AN INC II 

DIameter 
W , ". , , ". • "". , ..... 

8.W.G. O.W.G. B.W.G. B.W.G. 

~ 
. 1181 .. :i9il ' . :i9ii ' ..... .. . .. .. .. . ... .... .... ...... 
. 1976 . 1929 .19U . '''''' .... ... 
• 2116 .2160 .2125 .2 121 ."" ,." ."". . 2()jj 

I." 
. 2379 . 2l62 .2322 .1318 .2292 .2275 .2241 .2U7 
. 2586 . 2561 .2524 .2519 .249 1 .2410 .2430 .2425 , .2795 .2775 .2728 . H23 ."" .2610 .2624 .2619 

i~ 
."'" ."" .2935 ."" . 2891 .2812 .2813 1816 
.Hll . J195 .3144 . l 1J8 . JIOO .3071 .3024 . JOI7 . ",. ., ... . JJH .3343 .3112 .3284 .3228 J121 .,... .J62 1 .'''' . lU9 . .lSll .3493 . J~' "" ill ."" .,." .3779 . J112 . J73J .3704 .J6n ."' . . -4014 ."". ."" . "" .-, .3915 .3851 ." ... 

: ~ "'" .. ,.. .4207 "'" . .. 159 .4128 .... , .. " 
"" ."" . .... 22 . ... 14 . ~1J . 43 .. 1 . .. 213 " .. :11 4941 . 4915 "" ..... ..... . .. 110 .- ."'" .5376 .5350 .5281 .5279 .52.15 .5201 .5121 51U 

, ~ "" .5186 .5721 .571J ."" .,." 5551 .SH8 , .6250 .6223 .6151 .6149 .61OJ .... , . ''''' " .. 
lIi .6681 ."'" .6594 .MU .6538 .6502 .642" .641J 

7126 . 7008 . 70.11 . 702J .6915 .6938 ."" .6848 

m 
" .. . ll31 . '''' ., .... .7412 . 731l .7294 . 7283 .... , .7915 . 79(17 .1898 . 7850 .7812 .17.10 .1719 

.8443 .8"15 .8345 .UJ7 .8288 .8250 .8 167 .81St. 

.8882 ."'. .8184 .8116 .8126 ..... ."'" .859J 

, ~ 9322 . ,~ .9n .. .921S .9165 .9126 ."'" ."'" , .9762 .9134 . "'" ."' . ."'" .'''' .9481 .9469 

~ ~ 
, .~ 1.0114 .0 10J 1.0094 1.004" , - . 9919 ."'" , .... , 1 .0614 .,,, 1.0$34 , .. " , 

"" "''' I OJ46 m , .. " , 1054 .,,' I 0974 , ,"U , .... "" I 0785 , 1524 1.1495 UU , 1414 , 
'''' 

, UU ,~ , 1215 

1U 1.1965 1.19JS ,.., , 
"" 1. 1803 , .176J 1676 , , ... 

1.240.S 1.2376 "'" 
, ,,,. 1.224.1 , .,,'" 2115 , , ... 

' U 1.2846 1.2811 .2144 , 27JS 1.26&J , ."" .2555 , ,,,, 
• I.J281 1.3258 "" 

, 3176 1.3124 ...... "" 
, " ... :11 .3728 .. "" ."" , 

"" , ..... l . lS24 ."" , 3U3 
4169 I 41-40 -, 

"'" .. .,., 1 .3964 .3816 , " .. 
m . 4610 1.-I!l81 . 4S07 , . "498 1 . ... «> 1 . 4-&05 . 4J lb , ..... 

.50$1 I .S022 .4943 , . .. 9J9 1.4381 1.48«> 4156 , 4744 

:« .5493 I .H6J SJ89 , .5330 1.5.127 l .l286 .5197 , 5185 
.593" 1.5904 ''''' , 5821 1 .5763 1.5727 ."" , .5625 
.6J75 1.63"5 .6271 , '''' 1 .6209 1.6168 . 6018 , ... , .6317 1.6786 1.6712 , 

"'" I .II6S0 .. - .6519 , "., 
lI! .7158 , 7228 1.7154 I . " .... 1.1091 , 

. "'''' .. "" 1.6941 
.'''' , "., 1. 7595 1. 7586 1. 1533 1.7491 I . 7-401 I . U 88 

1Il .8141 , 8UO ...... 1.8027 1. 7974 1.79J2 1 . 7841 1. 7829 
.8582 , .m 1.8417 1.8468 1.8415 I .U73 1.8181 18270 

'K .... , I.~S 1.9360 1.9lll 1.9291 J.92S6 1.9164 1.9152 • 2.0343 2 .OJ18 2 .024..1 2 .023" 2 .0180 2 .01J8 2.0047 2 .0034 

is 2 . 11.11 2 . 1201 2 . IU6 2 . 1116 2 . 106J 1 . 1021 2 .0929 2 0917 
2 .2114 2 .208" ,.- 1 . 1999 2 . 1945 2 . 1904 2 . U 12 1 1199 
2 .2991 2 .2961 2 .2892 2 .2882 2 . 2828 2 . 2786 2.269" 2 .2682 , 2.3881 2 .3850 2 .311' 2 . l765 2 .3711 U .... 2 .3511 2. 3.56" 

HI 2 .4764 2 ."7JJ ,."" , ..... 1 .459" 2 . 4552 , ...... 2.4""7 
2 .5641 2 • .5611 2.5541 2 .5532 2 .5477 2.54J5 2 .5342 2 .53.10 

,~ 2 .6531 2.6500 2 .6424 2 .6"U 2.6J61 2.6318 2 .6225 2.MIJ • 2.1414 2.73U 2.7303 2 . 1298 2.7244 2.7201 2.1108 2 . 7096 
OJ< 2.8298 2.8267 2.819 1 2 .8181 2.8 121 2.8085 2.7991 2.7979 

"" 



PIT T SBUR CH STEEL CO M PANY 

R ADIUS OF GYRATION, R . FOR N EUTRAL AX IS T IIROUG II 
CEl'.'TF.R O~' SECTION (COntlnu ..... ) 

Out.ide 
TIIICKNESS I N GAG ES AND ~'RACT[ONS O F AN INCH 

Dlame~ 
W , ,.- , • ,,' • ",,"' 

Inchco Il.W.G . Il.W.G. B.W.G. Il.W.G. 
------ - - - ------------

:Ii 2.918 1 2.9150 2.9014 ,.- 2.9010 2 .8%8 2.8874 2 .8862 
3.0065 3.0034 2.9958 2.9948 2.9894 2 .9851 2.9158 2.9145 , 3.0948 3.09 17 3.0841 3.()8.J2 3.0111 3.0734 J .0641 3 .0628 

'X 3. 1836 3.1805 3.1729 3. 1720 3 . 1665 3 . 1622 J .1529 3. 1516 
, ~ 3.2720 .I .2689 3.2612 ''''" 3.2548 3 .2500:1 3.2411 3 . 2399 

'" '''''' 3 .3512 3 .34% 3.3487 3.3432 .I .3389 3.3295 3.J283 .. .1.4487 3.4456 3.4380 3.4370 .I . 43IS , 4213 3.4119 J.4166 
ION 3.531 1 3.5340 3.526.1 3.5254 3.5 199 3.5 156 J .S00:l2 3 .5049 .. ~ 3.6254 .1 .6224 3.6141 3.6131 , .... , ..... 3.59-16 J .59.!.1 
10~1 . . .. 3 .710 1 3.7031 3.102 1 3.6966 3.6923 3.6829 J.6816 

" . ... . . 3.1991 3.7914 3.1905 3 .7850 3.1801 3.7713 3.1100 
" )i 3 .8875 3.8198 3.8189 3.81J3 3 .8691 3 .85% J .M83 

"Ii .. . . .. .. J.9159 3.9682 3.9612 J .9611 , .9574 3 .9481 3 .94(17 

" ... . ... . 4 .064J 4 .0565 4 .0556 4 .0501 • .,,' 4 .0363 4.0351 

" 4 .1526 4 .1449 4 )440 4 . 1385 • U42 4 . 1241 4. 12H 

Outaide 
TIIICKNESS I N GAGES AN D FRACTIONS OF AN INCH 

Diame~ ,,- 00 oro '4 - 0000 W ~" [,,~heo 
U.W.G. Il.W.G. B.W.G. 

'tf .2031 .. ... .. .. . . ...... . .. . 
. "" .. .... .. .. .... . .. ... . . .. ..... . .. . .. .. .... 

,~, .2390 .2385 '::U5J .2348 .. :iiio ' 
.. . ..... . . .. . . .... 

• .2516 .25,0 .2527 .25 19 .... .. 

.'" .2168 .2161 .2108 . 2691 .2684 .. .. . " .2%4 .N" 2895 .2881 .2864 .2829 .. 

n, .3163 . 3155 ."" .- .3049 , ... .. 
' X .3365 .3356 .328 1 .3262 .3239 .3186 ... ... . 
iii 

.3569 .,~ . 3479 .3458 .3433 .3372 ... 

.3115 .3165 .3619 . "" .3630 .3563 .3493 
L .3983 .3912 .3882 .3859 . 3829 .3756 . 3671 

." .4192 . 4181 ..... .. " .4031 .J952 ."" 
ill .4(114 . ~, .. ", .4414 . 4·"0 .4352 . 4250 

.5038 .5026 . 4919 .489 1 .4855 . 4759 .4645 ." .'''' .54S.! .5342 .53 12 .5214 .5112 .5048 , .58% .'''' .5161 .5136 .5696 .5590 . 5451 

III .6321 .63[4 . 6195 .6163 .6 122 .6011 .5811 
.6760 .6146 .6625 .6592 .65019 .64.14 .6288 

HI .1194 .7180 . ''''' .1022 .6918 "'" .6109 
. 7629 .16 14 .1488 .7454 .'''' .7288 . 7132 

m .8064 .8050 .1921 .1881 .1841 .17 18 .1558 
."00 .8486 ."" .8320 .8214 .8149 .1985 

, ~ .89Jl .8922 .8791 .8755 .8108 ." .. . 8414 , .9315 .9360 .9227 .9190 . 9143 .901l .8844 

HI .98 12 .9191 ."" .9626 .9578 .9441 . 9215 

• . 0250 • .0235 • .0100 • .... , • 00" .9882 .9107 

HI • "" • .061J • .0531 • .'"00 • ~" • .0317 • .0140 

• . 1l 11 • . 11l 2 • .0915 • .0937 • ."" • _0752 1.0514 

1Il • "" • . 1551 • 1413 • . 1315 • lJ25 • . 1189 1. 1008 

• '00' • .- • ",. • . 18U • 1763 • . 1625 1.1443 

,~ • ,«, • . 2429 • .228\1 • . 2251 • "'H • .2062 • 1879 

• • "" • .'''' • 2728 • . 2689 • .2639 • . 2500 • . 2315 

:tl • 3324 1.3308 • 3161 1.3128 • .J011 • . 2931 • ,215 1 

• 3164 1 .3748 • "" 1.3561 • .3516 • .3.115 • .3188 

m • " .. 1. 4188 • .. " L"" • .3955 • .3813 • .3625 
1.4644 1.4628 1.4485 1. 444(; l . olJ94 • .4252 1 . 4062 
\.5084 1.5068 1 .4925 1.4885 1 .4833 • "',. 1 .4500 

'''' 



SEA MLE SS FOR SAFETY 

RADIUS 01' GYRATION. R , FOR NEUTRAL AXIS TIIROUGII 
CENTER 01' SECTION (Continued) 

Out.ide 
THICKNESS IN GAGES AND f"RACTIO:o<S OF AN IXCII 

OIan.etff 
W 00 000 ~,. 0000 I w I~ Incb .. B.W.C. B.W.G. D.W.G. .. , 1 5524 1.55OB 1.5364 , .'" , S21J , SI29 I 49J8 · " 1.5965 L59"! I .S8(){ , 5165 , . S1I2 , " .. 153M • , "'" , "" 1 .6244 , ,,.. , .6152 , ."" I 5814 · '. 1.6U6 , .. " ...... , .... , 6592 , 'M' I 6lSJ ". I .H36 , 1110 1.7125 , " .. , ,ru, , .... "." 'M 1. 7121 1.7111 1.1S65 , 75lS , 1411 , 1326 , " .. 

l~ 1.8 163 1 .115 1 .. """ , 
"" 

, 
"" 

, "" , 
"" , .... .. "'" ...... , .... , '''' , .... , .... , 1.9931 1 .9915 1.9167 I 9721 1.\1673 1.9525 I 9Jli 

'" 2 0813 2, 0197 20649 , .... 2.0554 , ...... 2 0206 

:~ 2 1695 2. 1679 2. 1530 2 . 1419 2. 1436 2.1286 "'" 2 .2571 2 .2561 2.24IJ 2,2l11 2 UI I 2 .2167 2 1966 , 2 .3460 23UJ 2.3294 2 . llSJ 2,3199 2,3048 2 .1846 ". 2 4342 2.4.126 2.4176 2 4U5 24081 2 .3930 2..1727 

~!1 2 .522.5 1 .$108 2.5058 1.5017 "'" 2"!1I "'" 2 6108 "." 2 5941 2 .5899 "'" 1.%93 2 5439 • "'" 16974 2 .63lJ 2.6712 26727 26575 2 6310 
Ili 2.1173 1 7857 2 . 1106 1 7664 " ... 2 H51 2 nS2 

:~ 
2,8756 2.17J9 2.8588 2$547 2 .1492 2 .8.1.19 28133 
2, \1639 1 .9621 2.9471 29429 2 .9JH 2 .9221 2.9015 , 3.05U 3 .OSOS 3.0354 3OJ I2 3 .0257 3 .01OJ 2 .9897 

'K 3 1410 3.1393 J.1l41 3 . 1199 3 . 1144 , ..... 3.078.1 

:~ 3 2293 3 .2276 3.2124 3 .2081 3 1(121 3 1873 3 . 1665 
3.3176 3 .J1S9 3 .3001 3 ,2965 .I :l9iO 3 2756 3.2548 

" ... ""' , ..... 3,3890 3 ,JI48 3 .3793 3 36.11 334JO 

''" 3.494.1 3 4916 3.4174 34731 J 4676 34521 3 431.1 

"II 3 .5826 L5809 3 .5M1 3 .5614 J 5559 35404 3 5195 

" 3.6101 J 1169J 3 .6540 , .... J,6442 3,6287 J 6078 

" 3.U9J 3 .1576 J.14lJ 3.UII 3 . 13lS 3 . 1110 " ... "" 3 .8477 3 ,1459 3 .8.101 3 8264 .11208 38053 3 .1843 

" ~ 3 .9360 3 .9.14.1 3 .9190 3.9141 3 .9091 3.8936 3 .8726 

" 4.0244 .. 0227 4.0013 ""'" 3.9975 3.9119 , .,." 

" 4 . 1127 4 . 11 10 4.0957 4 .0914 4 .0853 4 .0702 4 .0492 

"S 4.2011 4 . 1994 4.1840 4 . 1791 4.1141 4. 15&.5 4 . 1375 

" 4 .1894 4 .2871 4.2723 4 .2631 4 .2625 4 .2469 4.2258 

" 4.377S 4 .376 1 4 .3601 4 .3564 "'W 4.3351 4 .3141 

" ....... .. .. .. ..... .. ... . ... 4 ."4S 4 .4392 4 .4135 4.4024 

"~ 
.. .... ... .. .. ... .. ........ 4 .5329 4.U75 4 5118 4 41l(11 

" ......... ......... ... . ... 4 61 1S 46159 . .,," 4 .5190 
lJi. ...... .... ..... ....... ... . ... "'" 46673 

Outlld,. TIlICKNESS IN F"RACTIOSS Of" AN INCII 

OIa_ler 
~. II,'. W II,i' W 'Ui' , . ''''''n 

!~ 
.3624 ......... ........ .. ... ..•. ..... .... ....... ... . .... 
. 3801 ... ...... ........ .. .... ... .... .... ... .. . ...... 
. 416/1 ... ...... .. ... . .. . ....... .. .. ......... ... ..... 
. 4550 .... ..... .. ... .... . . ..... . . ... .... ... .... .. . .... . ... 
. 4941 ......... ... ...... .. ... . . .. , . 5J4O ....... .. ... . ... .. .. 

Hi . 5745 ...... .5531 .5451 .5394 .S34/1 .5321 
.6155 ."'" .5929 .5837 .5162 .5702 .56$9 

Hi ."" .6442 .6.J27 .6226 .6139 ."'" .6011 
.6931 ."" .6131 .662 1 .,,~ .6442 .6313 

m ., ... .7263 .7139 .70n .6911 .6325 .6745 
.78JI .7686 .7551 .7428 .7J 15 .7214 . 7126 



PITTSBURGH STEEL C OMPANY 

RADIUS OF GYRATION. R . FOR NEUTRAL AXIS TIIROU(;II 
CEl'o'l'ER OF SF.CTION (Concluded) 

H. , 
1I1 
HI 
'I' ',' ~ ," 

!n 
HI ./. . , 
4 'I , 

,I, 
• 
:~ ", , 
:5 
" "" ,,~ 

10! , 
U 

liS' ::,} 
U 

UK 
12 ~, 
12 '~ 

" "S " " .. 

THIC K N&S$ IN ~'RACTIOSS OF ,\S ISCIt 

''''' 
-=:-I~-=-i' .8256 .1106 

8682 .1529 
.9110 .1954 
9540 .9380 

.9910 .9807 
0402 I 0236 

0SJ4 1.0666 
12(17 1. 1091 
1101 1 1S21 
1 135 1 19(; 1 
1510 I lJ94 
lOOS 1 1827 

.3«1 1.3261 
JlI71 1.3696 
4JU 1.413 1 

.nsa 1.4561 
5187 1.5OOJ 
5615 I.54J9 

6061 1.5876 
.6500 1 .6312 
.6938 1 .6750 
7376 1. 7187 
8253 1 .8062 
9131 1 . 89J9 

2 . (l()(W I. 9816 
2 OMS 2 .069J 
2 . 1767 2 . 15" 
2 . 2M7 2 . 2450 
2 .3$;/6 2 . JJ21 
2 «07 2 . nos 
2 .5287 2$0$7 
26168 2 .5967 
2 . '048 26847 
2 . '929 2 . 7721 
2.8811 2 ,860S 
2 9692 2 .9439 

3 .0578 J .OJ74 
3 . I U9 3 . 12$lS 
3 . 2341 3 .2137 
3 . J223 3..J018 
3 . 4105 3.3900 
3 .4988 3 .4'82 

3 .SSW 35664 
3 6752 J .6546 
.I 7635 .1 . 7428 
3.1517 J . IJ IO 
39400 3 .9192 
4 0282 4.0075 

4 1165 4 .0957 
4 204! 4 litO 
4 293 1 4 .2722 
43814 4 .3605 
4 0&697 4 . 44M 
4 .5579 45370 
4 .6463 4 .6253 
4 . 73U 4 .7136 

" ' 

. "'" .. '" ..... 

.9228 

.9M2 

.0077 

.w" 

.00.13 "., 

. 1192 
_2223 
. 2MJ 

"., ",. 
5954 "' .. "' .. 5258 

"" '''' 1.6$lS5 
1. 700\ 
1. 7175 
1.8750 

1 %25 
2 .0501 
2 . 1378 
2 .2255 
2 _Jlll 
2 401 1 , .... 
1 5769 
26643 
2.7521 
2 .1408 
29218 

3 .0173 
3 1053 
3 . 1934 
3 . 2115 
3 .3691 
3 .4.178 

.1.5459 
3 634 1 
3 . u n 
3.8104 
.1 .8986 
3 .9861 

40UO 
4 1632 
41515 
4 . ).197 
4 .4180 
4 .$162 
4 .6044 
4 .6927 

.7537 

.8150 ..... ..... 

.9504 

.9926 

I .O.ISO 
I 0715 
1.1202 
I 1629 . ,." 
I 2411 

1 .2918 , "'. 
I 378 1 
I 4214 , ~, 
I 5081 

I 5515 
1 .5949 
1.6384 
I 6819 
1. 7691 
I 1564 

1 .94J7 
2 .0.112 
2 . 1187 , .""-' 
2 .29tO 
2 .JI\1 

"." 2 .5573 
2 .6451 
2 . 7JJO 
21:zo!1 , .... 
2 9973 " ... 3 1733 
3 .261 4 
3 .3494 
3 4.1U 

3 5256 
36U7 
3 . 7018 ,. "'" 
3 .8781 , .... 
4 .0545 
4 1417 
'-' .. 
4 • .1191 
4 . t073 
4 4955 
4 .51J7 
4 .6119 

. 17IS 
8 125 

.8535 

.8948 

.9364 

.9782 

1.0lOJ 
1.0625 
1. 1048 
1. 1473 
1. 1899 
1 _ 23M 

1.2755 
I JII4 
1 3614 , ... , 
I 4476 ,-
1.5341 
1.5774 
1.6207 
1 6641 
1. 7511 
I . IJS I 

1.9253 
2 .0126 
2 . 1000 
2 . 1875 
2 ,2750 
2 .3626 

2 .4502 
2 .5379 
2 .6257 
2 . 7IJS 
2 .80IJ 
2 .1892 

2 .9175 
3 .0654 
3 . 1534 
3.2414 
3 .3294 
3 .4175 

3 .50S5 
J .5935 
J 6816 
3.7698 
3 .8578 
J.9U9 

4.0341 
4 1222 
4 .21Ot 
4.2985 
4 .3867 
4 .4749 
4 .$lS5I 
4 .6513 

'%' 

. ''''' . 8010 

.8414 

.ssn 
.923J .,." 

L"'" 
I .Ot81 
1.0901 
I.U23 
1.1746 
I 217 1 

1.2597 
I .)024 
I 3451 
1 .3180 
1 . 43 10 
I 4740 

1 .5171 

L"" L .... 
1 .6467 
1.1334 
1.8202 

I 9072 
1 .9943 
2 .0115 
2 . 16&8 
2 . 2$lS2 
2 3U7 

2 . 4312 
2 .5188 
2 .6065 
2 .6942 
2 . 7819 
2 .86'17 

2 .9579 
3 Ot;58 
3 IJj7 
J . 2216 
.1 .3095 
3 .3975 

3 . 4855 
3 .57.15 
3 .6615 
3 . 1496 
.1 .8.176 
3 .9257 

4 .0138 
4 1019 .... 
4 2711 ........ 
4 . 4544 
4 .5426 
4 .6301 

, . 
. 751l . ,,., 
."'" .8705 
. <) 110 
. 951<) 

.9931 
1.0345 
1.0761 
11180 
1 . 1600 
1 2022 

1.2445 
I 2869 
13295 
13721 
1.4 149 
I 4577 

L"'" I.HJ6 
1.5866 
I 6298 
1. 7161 
1.8027 

I 8895 
1.9764 , ,.,. , " .. 
l .U7I 
1 . .1251 

2 4125 " ... 2 .5875 
2 .675 1 
2 .7627 
2 ,8S04 

1 .9.185 
J 0263 
.I IItl 
3 2020 
3 .2898 
3 .J777 ..... , 
.I SS36 
J 64 16 ... '" 3 8116 
.." .. 
39937 
4 0817 
4 1698 . ~" " ... 4 . 45tO 
4 .5222 
4 .6104 

"" 
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SEAMLESS FOR SAFItTV 

WEIGHTS OF SOLID ROUND STEEL BARS 
RASED ON I CURIC INCH S'TF.f';L _.~ POUI'o'D 

c,_ 
Wd,h, in Pound. Sedioaal 

"'5 
One l och 0...'_ "'--I ""hn 
-- --
.0035 .041 7 .0123 
.0119 . 1669 .0491 
.0311 .3755 . 1104 
.0556 .6615 . 1964 
.0869 1.0-4 10 .3068 
. 1252 1.50 19 .H1 8 
. 1 70~ 2.0H 2 .6013 

.2225 2.6700 .78B 

.2816 3.3793 .9940 

.3477 4 . 1719 1.2272 
"f 207 5 .0480 1. -4849 
.5006 6.0076 1.7672 
.5875 7.0506 2. 0739 
.6814 8. 1770 2"f053 
.7822 9.3869 2. 7612 

.8900 10 .6801 3. 14 16 
1.0047 12.0569 3.5466 
I. 1264 13.5 171 3.9761 
1. 255 1 15.0607 -4 . -4 301 
1.3906 16.6877 4 .9088 
1.5132 18 3982 5. 411 9 
1.6827 20. 1922 5.9396 
I 8391 22 0695 6 4918 

2.0025 24 .0J04 7 0686 
2. 1729 26. 0"'6 7.6699 
2.3502 28.2020 8.2958 
2.5345 30.41 34 8.9462 
2.7257 32.70BO 9.62 12 
2.9239 3S .0860 10 .3206 
:; . 1289 37. 5414 11.0447 
3.3410 40 .0923 I\. 7933 

3.5601 42.7206 12.5664 
3.7860 . 5. 4324 13.364 1 
4.0190 48 2276 14 . 1863 
4.2589 5\.1 062 15.0310 
4.5057 54 .0683 15.90B 
4.7595 57. 11 38 16.8002 
5.0202 6O. 2HS 17 .7206 
5.2879 63. 4552 18.6655 

5.5626 66. 7510 19.6350 
5.8H 2 70 . 1]03 20 .6290 

Circuruf,..~na: 

111( ..... 

1927 
7854 

1 178 1 
1.5108 
L .9635 
2.1562 
2.1489 

3 1-41 6 
3 5343 
3.9270 
4 3197 
4 71 24 
5. 1051 
5. -4978 
5.8905 

6.2832 
6.6759 
70686 
7 4613 
7 8540 
8. 2-467 
8.639" 
9.0]2 1 

9 .• 248 
9.8175 

10 .2 102 
10.6029 
10.9956 
11.3883 
11 7810 
12 17)7 

12 '566-1 
12 9591 
13 H I8 
13 7H 5 
14.1)72 
14 5299 
14 .9226 
15.3 153 

15.70sa 
16. 1007 

_ _______ .J 



P I TT S BUROH S TEEL C OMPANY 

WE IG IITS OF SOU l> MOUNU STEEL RA RS (Gondudrd) 

BAS!! I) ON I CUUl G INCH STEEL _. lS3J POUND 

c,_ 
W ... ht In I'ouoo. """".., ClrC\lmfer~n~ 

Diamet.ft" A_ 
In IIICI>ft 

I 
I 

One IDCh One Foo~ 
,,~ , ...... , ...... 

5)( 6 . 1327 73 .5930 21. 6-176 16 .493-1 
5l 6.4283 77 .1191 22 .6907 16.8861 
5)i 6 7307 SO. 7687 2l.758-l 17.2788 
H, 7.<H01 8-1 .4812 U.850S 17.6715 
H~ 7.3565 88.2782 2S.9673 18.Q6oI2 
5)i 7.6798 92.1581 27.1086 18.-l569 

6 8.010 1 96. 1214 28 .27H 18.8495 

~~ 8. 1474 100.1682 29. 4&i8 19.1423 
8.6915 104.2984 30.6797 19.6350 

6~1 9.0427 108 .51 21 31.9191 20.0277 
6J,i 9.W08 112 .8092 33. 1832 20.4204 
6% 9.7658 11 7.1897 34. 471 7 20.81ll 
6~:! 10 . 1378 121.6537 35.7848 21.2058 
6)i 10.5168 126 .20 11 37. 1224 21.5984 

7 10.9027 130.8319 38. 4848 21.9911 
7', 11 2955 135 .5462 39.8713 22 .3838 
7)( 11 .6953 140 .3 4-40 4\. 2826 22.7765 
7', 12.1021 145.2251 42.7184 23.1692 
71-2 12.5158 IS0. 1897 44 . 1788 23.5619 
7% 12.9365 155.2378 45 .6636 23.95016 
1" 

" 
13.364 1 160.3690 -17. 173 1 24.1473 

7)i 13.7987 165.5842 48.707 1 24.7400 

8 14 .2oW2 170.8826 SO.2656 25. 1327 
8J,i 14 .6887 176.2&i3 SI. 8487 25.5254 
8)( 15. 1441 181. 7296 53 .4563 25 .9181 

:~ IS .6065 187.2782 55 .0884 26.3 108 
16.0759 192.911H 56. 74S 2 26.7015 

8% 16 5522 198.6259 58.4264 27.0962 
8~4" 17 .0354 20-1.4249 60.1]22 27. 4889 
8)i 17 . 5256 210 .3073 61. 8625 27.88 16 

9 18 .0228 216. 2732 63.617-1 28.2743 
9}1 18.5269 222.3225 65.3968 28.6670 
9)( 19.0379 228.4553 67.2008 29.0597 
9~ ' 19.5551 214.66 1-1 69.0293 29A524 
9)i 20 .0809 240.9711 70.8824 29.8451 
9)i 20.6128 2-17 .354 1 72.7599 30 . 2378 
9)i 21. 1517 253.8207 74.6621 30.6305 
9)i 21.6975 260.3705 76.5888 31.0232 

10 22.2503 267.0039 78.5400 31.4159 

MOO 



SEA MLES S FOR SAFETY 

METRIC SYSTEM 
Sinclt thlt mttric systltm WfS flnt fdopttd in Frfnclt, 1799, its USIt hfs b~com~ 
g~n~rfl throughout th~ world with th ~ ()(c~ption of th~ Unit~d Stft~S dnd 
Grlt"t Britain, olthough it is now Iltg<ll in thlt~~ countrilt~. For ~cientiRc purpme~ 
the metric 1Y~tem is u~ed <llmo~t exclu$ivdy. 

The unit of length-the fund<lmentol unit of the system-i~ the m eter , which 
W<l, leg<llly cst<lbli~hed in the United Statcs in 1866 <1$ being equiv<llent to 39.37·. 

The unit of weight is the J/rsm , or 1/1000 of the weight of <I liter of water 
<II o4 -C. 

The unit of c"!><Icily is thlt fil er , whoslt volume equ<lls thf! of <I cubit with 
sidlt1 of 1/10 mtter. 

" II other units of the metric system <lrlt multiples or dwmols of thlt,e thrltlt 
units <lnd Oflt dcsigMtltd b)' thlt prltRxa: 

Milli. 
1 

. muning 1000 or .001 

C~nti .. .. meoning 1~ or .01 

D~ci .. 
1 

.muning ---:ro- or .1 

D~It.<I. .. muning 10 
Hecto . .... meoning 100 
Kilo ..... .muning 1000 

following ore tobles of mttric units ond thei r corraponding Englilh equival~n ts. 

u . s. Srlt.,m Met r kat Syatem 

Illncheol 
J r~~ 
2 yarda 
Hi yard. 
1160 r:;dl 
5280 ~, 
320 .001. 
6080 f~t 
J naUllcal mlln 

144 IQuare Incba 
<) IQuare I~t 
JOW: IQuare Y3.dI 
4J:oS6o ..:touare I~t 
640aCfft 

MY.ASURF..s 01' I . F..NGTl t 

,,~ Im~(m) 

: ~hom t c.eatlmew (em) 

" .. I mllllmdtr (mill) 

I ltalule mUe I kllolMler (kill) 

II nautica l 2.!!4 ~ntlmet ..... 
- mUe or knot 0.30018 meier 

I Iellue 0.9144 meier 
1.609 knomet~ 

M Y.ASUR):S Ot> SURt>ACE 

I ..:tou:are fOOl. 
I IQUaff! yard 
I ..:toua,e rod ,,= 
I ..:touar .. mile 

6. 45 ..:to. ot:ntlmetft"S } 
645 '<'1. mllLlmekro -
0.0929 1<1. meter 
0.83t11Q. meW 
0.405 hectare 
1.58991(1. kllo ..... ter. 

I -'!u . ... meier 
I MI.. a:nU""'kr 
1 ..:to.mJlli_. 
I Maar .. 
I IQ. kllomew 

I 1<1. Inch 
I 1<1. loot. 
I 1<1. yard 
1 acre 
I Iq. mile 

l 3<).J7 Ineba _ 3 .2803 r~~ 
1.09311 r..rda 

- 0.J937 Deh 
0.03937 Inch 

f 2SO..8 f~' _ 1093.6 yardl 
0.6214 rlalule mJle 
I Inch 
,,~ 

I y.rd 
I .tatule mile 

110.76,18 ..:to. 1\. 
- 1.1959 MI.. yd •. 

0.155 oq. h •. 
0 .OOU5..:tO. In. 
1.47 Kl"tI 
247. 11 aCtf!l 



P IT TSBU RO" S TEE L COMP A NY 

4 &iU. 
2 plnl.l 
4 q ...... 1.1 
I U. S. .... Ion 
I Britllh pIlon 

1 plnl.l 
8 quarl.l . """ I Standard U. S. 

bUlh~1 
Orillib ImPtrlal 
bUIMI 

M E"R IC S VSTEM (Conllnued) 

ME ... SURES OF VOLUM E 

Liquid Me:uu • • 

I pla~ 
I q ...... ~ 
I plloa 
lJ l CU. la. 

_1177.274<:\1. In. 
1.200 U. S. pI. 

_ 1 " •• an 
- I ptek 
- I bUlMI 
_ { 2150.U <:\I, la. 

1.24U cu. fl. 
_ 2211,19 cu. in. 

1.23l1 CU, ft. 

I Ut.er Or) 
I cubic dtdlMt.er 

[I .. y M ..... ure 

I lit.er 

1.1011iten 

CURI C M EAS URES 

CubI c Meao u ..... I cubic ",etcr 
1123 cubl~ ln~hn J cubic 1001 
17 cubic leet _ I cubic yard 

4J1.5 pal,," 
I OnllCe avolr. 
,,~ 

1000 ani ... 
1 pound lVilir. 
28 POundo 
4 Quanen or 
11 2 II». 
20 ...... or 
1201011». 
2000 II». 
220406 lbo. 

20 wr.i". 
J oc. u])ln 
S drachn .. 

12 ounces 

16.J81 ~u. «nU· 
-,~ 

28.32 cu. dedmetenl 
0.028 cubic meter 
0.765 cubic me"'r 

Avol .. du POli 
lou""". oa-
0.912 troy OUnD! 

I pOund. lb. 
1.2111.1OY pound, 
1 quarter. (lr. 
I hundrftlwel.ht. 
~,. 

1 ... _ 01' lonl ton 

I nd or ,hort ton 
I metric Ion 

APOthlOU' lCIII - I lCfu~e - I drs" m 

-l"=~ 480 valnl 
t pound 

- H60 1IIt1". 

I cubic «nlimuer 
I mil!ilit.er 

I cubic dccin'.ler 

I cubic inch 
I cubic foot 

I o;ublc yard 

I pam <.im) 

I kilotram (kl) 

1000 ltilocra .... 
or I metric Ion 
0.065 vam 
28.J5 pa"" 
31.10 1P1''''' 
0.U4 kilo ..... m 
O..171ltilocram 
1.0 16 metric Ion. 
0.901 metric Ion 

24 a:rai", 

20 PtDDyweif;ht 
or 430 ... alns 
I ounce troy 
12 ouuce. Or 
5760 lItaln. 
1 POlmd troy 

{

'''' U.' liquid quarb 

I 0.2641 U. S. 
- liquid pUon 

2.202 II». 
_t.er at 6'l"~·. 

0.903 U. S. 
quart 

I U. S. Quart 

_ 1 .15 . .114 cu. fl. 
1.308 cu. ydl. 

_ 0.061 cu. inch 

161.023 cu, in. 
- 0.035 cu. roo~ 

!J.4Jl 1f'Ol ... 
0.OJ5aVilir.ou",," 
0.032 troy ou",," 
2.2046 aVilir. lb. 
1.67911OYpOUndo 
1204.6 POundo 
0.984 Jonl IOn 
1. 1021bort Ion. 
I ""';a 
I avoi •. OU""" 
I lloY OU"« 
1 avolr. pound 
I troy pound 
t ....,. or Jonllon 
1 net or .hort Ion 

Tn'Y , Ptnnywei,ht, 
dWl. 

I ounoe. 01. 

1.097 ,"voir. ounce. 
I J)Ound. lb. 
0.U2 .volr. J)Ou,," 



SEAMLESS FOR SAFETY 

.\'Io.'TR'C SYSTEM (Conduded) 

COMPOONI) UNITS 01> MF.ASURF. 

Metric '0 U. S . Sya ' em 

vam per 8Q.. mHllmekr 
I 1Ll10l"-m per tQ. millimettt 
I kil0¥r'8m PM OQ. cent;",ete. 

1 lTam ~. me, 

1.422 lba. per toQ. inch 
1412.JJ l bo.~. toQ . Inch 
'4.1lJ lbo. !le' 1<1. Inch _I 1).06244 lb. !le' cubic foot 
38.41 3 valnlPM U. S. pilon 

U. S. 10 Metric S11'em 

I pound ~'OQ. inch 
1 pound pCr OQ. Inch 

I \II'1Iln per U. S. pilon 

- 0.07OJ kllo.nom IICI' IQ. ","Ume~. 
_ 0.703 I"-m per toQ. millimeter 

_ IO.017 I1 S I"-m PM liter 
1.71lS ~ ... IICI' 100,000 

S hlpplnll tot"'"' ... ., 

40 ~bl<: f~t 
. 2 cubic fett. 

60 If<:Ondl, • 
6Omlnn~ , 
90 !leirer..· 

• Quadran .. or 360 delTttI 

• U. S. Ihlppins lon 
- • }I,hl.h Ihl()Jllns ton 

1 ntlnu~. 
I dt"~. · 

• quadrant 
• dn:umfHtllCf: 

.... I!ASUR£S 01> WOM.Ie. POWEll. ANI) II EAT 

Foo ... Pound: The unil of ..... k or .,MrIY; equal to the ..... k !le.formed in . al ..... "!'It pound 
avoirduJ)Oi •• one foot in htiShl Iplnlt the force of I"-vlty. 

I IdlO&T;lm·mtttr 
t foot·pound 

7.:I.!J fooc.-POund • 
. 1381 klloa:ram.",el.,. 

lIone I'owe.: Mearu.emtnt of Ihe ra~ of work. T ht unll 01 hone power I • .1.1,000 100 ... 
pound. per n,lnult. or 350 fool.pound. !let oecond . 

I forc:e de cheval . 9863 h....., power 

B.ltloh Thermal U,III , (B.T .U.) il 1/ I80oIlhe ""IOUR! of '-ll'Nlwred lo talIe the ItmpnalUlt 
of """ pound of wa1tr from J1"Y. to 2U"Y. Thll ,-, unil if In p:n.cnl ult In En,II", 
IfjKklns """nines. 

Clkwle: (cal) 10 1/100 ollhe '-I requl.ed 1o..JM: the ItmllCl'llu.c ol """ P'lm ol waler f."n. 
0" , ,, 100"C • 

• D.T.U. 
l calorie 
I B.T.U. per IQ. fOOl 
1 calo.ic PM IQ. "'tltr 

O.Hl ar.lor~ 
J.968 D.T.U. 
2.7116 Qlotl.,.~. 1<1. "'tltt 
0.3686 ".T.U. pCr IQ. foot 

... 



Milll· , ~ .... 
rntttn 

, 039J7 , . 07874 , , 11811 , . 15743 , 
. ''''' , . 2J622 , .27559 • .JI496 , J543J 

" .39370 

" .4JJ07 

" . 47244 

" 51 181 

" 55 11 8 

" .59055 

" .62992 

" ,66929 .. '''''' .. . 7480J 

" .78740 

lIun· 
d.t<jth. MIIII_ 

"oo ,-" Inch , .", , .". , .762 , [0[6 , [ . 270 , 1.524 , 1. 718 • 20J2 , " .. 
" " .. 
" 2 794 

" 3 ,048 

" '.302 

" l . 556 

" 3 .810 

" 4 .0M 

" 4 31S 

" 4.572 

" 4 .826 

" 5.080 

PITT S BURGH ST EEL COMPA NY 

METRIC CONVERSION TABLES 
MILLIM ETERS T O IH:CIMAL.S OF AN INCII 

MlIll· Inc,," I MiIli· Inehe. MiIli· [nch .. -- -,~ meW. 

" ,82677!~ [ 0 [417 " 2.4015, 1 

" .,'" ., 1.6SJ54 " 2 . 44(19.4 

" :
90551

1 " 1 69291 ~ 2 4l1O.i 1 

" .94438 .. • 73nS M 2 51968 

" ."42$ ' " 
, , 77 1M ., 2 55905 

" 1.02J62
1 

.. , 81102 M 2 59342 

" um:, " , 85039 " 2 6J7N 

" .. , 83976 .. 2 .67716 

" I 14173
1 

.. , ,9291.1
1 " 2 . 71653 

" 
, . 18110 " , MO>O. " 2.75590 

" 
, , 22M7 " ~:g'm! i " 2.79521 

" 
, .25934 " " 2 1IJ464 

" l .m21 " 20860 11 " 2.8740[ 

" 1 ,3J858 " 2 . 12598 " 291JJ8 

" 1.37795 " 2.16535 " 2.95275 

" 
, 4[7J2 " 2.20471 " 2.99212 

" 
, 
"'" " 2.24409 " 3,03149 

" 
, ., .... .. 2.2SJ46 " 3.07086 

" 
, 5J54J " 2 ,32283 " 3. 11023 

" 
, .51480 .. 2.36220 " J.I4960j 

II UNO RF.OT IIS or AN INCIl TO M[L.LIM ETERS 

lIun· lIun_ lIun_ 
d.t<jlh. Mllli· d.~th. MiIll· drffitM i'oliUi· 
"oo "'tit" "0' 

. 0_ " .. melt .. 
Inch ,~" Inch 

MiIll· 

-~. .. 
" " .. 
" M .. .. 
M 

00 

" " 
" .. 
" 
" " .. 
" ' 00 

lIun_ 
drtdth. 
"oo 
,~" ---

" 5 3J4 " [0 414 " 15 .494 .. 
" 5 U8 " " '" " 15.743 " " 5 842 " 10912 " 16.002 " 
" '''' .. " '" 0< 16.m .. 
" 6.350 " " "" " [6 .5[0 ... 
" , ... .. " .. , .. 16.764 " 
" 6858 " 1[ 938 " 17 .018 .. 
" 7.112 .. 12 192 " [ 7.272 .. 
" "" " 12.446 " 11 .526 " 
" "'" .. 12700 " 17.780 00 

" 1874 " 12954 " 18.034 " " 8 128 " ''',. " 18.288 " 
" 8112 " 13.462 " 18 .542 " " .... " IJ.716 " 18 .796 ~ 

" .... " [3970 " 19 .050 " 
" 9 . [44 " [4 224 " 19.3<H " " 9 .J98 " 14 478 n 19.558 " " 96$2 " 14 732 " [9 .812 .. 
" , ."" " 14 .986 " 20.066 W 

" [0 . [60 '" [5.2«1 " 20.320 ' 00 

,~ .... 
1 111397 
J,228.)4 
1 . 26771 

1 . .107OB 
J.J46.65 
11MU 

1 42519 
J f64S6 
J 5OJ93 

J 54JJO 
J U267 
3 62204 

3.66 141 
J 70078 
3 ,74015 

J.77952 
J .8[889 
3,85826 

J .89763 
3.9J700 

MUlI_ 

-~. 
---

20574 
20 828 
2[ 082 

2[ .3M 
21.590 
21 844 

22 098 
22 352 
21606 

21 .860 
23 . 114 
23 .368 

2J621 
13 .816 
24 . 1l0 

24.384 
24.638 
24 .892 

25.146 
25. 400 



Pounda 

"'---n .~". I 4516 
2 .11012 
3 1 ,.»03 

4 I 8 14-1 
5 2 21>80 • 2 7216 , 3.1751 • J.6281 , 4 OfUJ .. 4 5359 

" 4 9895 

" 5 UJI 

" 5.8967 

" 6350J 

" 6.8OJ9 

" 1 , 2575 

" 7 111 1 

" 8 1647 

" 8 .018.1 

" 9 .0)18 

- -

Kilo-
I'oDndl l ~~ , 
""" , .. ,,,, , 66 139 , 8818.5 , II OBI • IJ 2211 , IS 4324 • 17 6.170 , 19 84 10 

" 220-162 

" 24 1508 

" 26 .4555 

" 28 6601 

" 30 8647 

" 3.1 ,069.1
1 

" 35 27010 

" J7. 4786 

" 3968.1i 

" 41.8818 

" 44 .0924 

M95 

SKAMLKSS FOR SAFE TY 

MP.'I' IU C CONV.:ll SION TAIIU:S {COntln u .... ) 

I'O(JSOS 'I'O K ILOGRAM S 

Pound. KHo- 1'0000. Kilo- II Pound. Kilo-..... , ... ~ .. ~~ 
-- ,-,- II.m} l~ " 9$254 27.669 1 

" 991110 " 19.0509 " 2'.1221 

" 10. 4.126 " 19 ,$045 " 21.576.1 

" 10 8862 .. I .. 29.0299 

" II JJ9' " ~':m l " 29 .4835 

" II 79J4 .. 2OI!6-5J I .. 29 .9J7I 

" 12 .2410 " 21JI8I " JO.JIlO7 

" 12 7006 .. 21. 1724 .. JO.S443 

" IJ 15411 " 22.2260
1 " 31.2979 

" IJ 6018 " 226790S " 31. 75 15 

" 14 0614 " :l.I, 1331, " 32, lOSl 

" 14 . .5150 " 2J,5868 j n 32.6587 

" 14 './686 " " .... " 33.1122 

" 15.412 1 " 2f 4940 " 3J .5-658 

" 158157 " 24 94 76 " 34.0194 ,. 16J293 " 25 4012 " 34.730 

" 16 7829 " 25 85# " J 4 .9266 

" 17 B65 " 26.3084 " J5.J802 

" 11.6901 " 20 .1620 " J5.8JJ8 

" 18 loU l .. 27.2155 " 36.2874 

- -
KII. ()(;RAMS '1'0 I'O(JNOS 

Kno- Pound. Kilo-
Pound. I Kilo- Pound. 

~~ ..... m. 

~ ---
" 46 297 1 " 9OJIIO " 13 4#2 

" 48 5017 " 9.2594 " IJ .6681 

" 50 7063 " 9,4199

1 
" iJ .8891 

" 52 9109 .. 9 700.1 .. 14 . 1096 

" 55.1IS6 " 9.9208 " 14 .3300 

" 51 .1102 " 10 1413' .. 14 .5S05
1 

" 59 H4S " 10 :J(; 11, " 14. 1710 

" 61.7294 " 10 58n .. 14 .9914 

" 6J 9JoIO " 10 8026 ' " IS 2119

1 .. 66 US7 " " 0231 " 154324 

" 68 34J.I " " ,,~ " 15.6528 

" 70H79 " " ..... " 15.81.1.1 

" 72 .1525 " II ,6845 1 

" 10 09Jl 

" 74.9572 " 11.9050 " 16.3 142 

" 77 1018 " 12 1254 " 10.5J.f1 

~ " -"" " 12 .J-459 " 16.755 1 

" 81 5 71 0

1 
" " "" " 10 .9 7S6 

" 8.l 17S6 " 12 7868 " 17 . 196 li 
" 85.980.1 " 13 001.1 " 17. 4165 1 

" 38 1849 .. IJ ,2171 " 17.6.170

1 

""'"'" 
Kilo-

..... n,. 

" 36.14 10 

" 37. 1946 

" 37.6~2 .. 38. 101S 

" J3 5554 .. 39.0089 

" 39.4625 .. 39.9101 

" 010 . .1697 

'" 40.8233 

" 41 .H09 

" 41. 1.Kl5 

" 41 . 1841 .. 42 .6311 

" 4.I .09U 

" 43.54-19 

" 4.1 .9985 

" « . 45 21 

" «.9057 

''''' 45 ,3592 

-

Kilo- Pound. ",ami 
------
" 17.8514 

" 1S.0179 
'-' 18.2984 

" 18 51M 

" 1' . 7393 .. 18.9598 

" 19 .1802 .. 19 4001 

" 19 .61 11 

'" 19'416 

" 10.062 1 

" 10. 2125 

" "'-""" " 20 7U4 

" 10.9439 

% " 1644 

" 21.3848 

" 21.6053 

" 21.8258 

''''' 22.0462 



P I TTSBU R G H S TEE L C OM PAN V 

METR IC CONVE RSION TABLF-S (Concluded) 

I'OUN I>S I' ER SQ UAR E INCII TO KILOGRAMS PER SQUARF. l'oIiLL ll'oU:TF.R 

::S::. POII"".I " ... ~'" ""0. ..... "" KJ]o. Kiloo """ Pound, """ ~ ... ~". ~ ... ~". P"f Sq. ~". ~". p"r Sq. ~". ,~, Mm. , ~, Mm. ,~, Mm. ,~, Mm. ''"'' Mm. 

1-;00 --- ------ ------ ---
.0103 '''''' 9.8429 """ 25.3 104 '"- 0&0 .7179 """ 56 .2453 

'" ."" ,,- ]0.5'60 ,,- 26.0135 '''''' 4] .4809 ,,- 56.9~84 

"'" . 1109 ,- 11.249 1 .... 26.7 16S 00000 41 . 180&0 ."" 576315 
.ro 2812 H_ 11 .951 1 '''''' 27 . ~I \16 ,,- 42 8811 .... 58 3545 

,ro .3515 '""" 12 .65Jl ..... U . 1227 ''''' U 5901 .... S90.516 .. . 4118 '''''' 1l .35M ,,- 28.8157 """ .... . 2931 .... 59.7607 
,ro .492 1 >0000 14 .0613 . "" 29.5288 ...,. 44.996J .... 60.46.)7 
.ro .3625 "000 14 . 7644 ..... 30.2319 00_ 45 .699J ,,- 61. 1668 .,. .6318 ,"" 1S .4675 ...,. 3O.9J49 """ 46.0&01 4 .... 61.8699 ,- . 7OJ I ..... 16 1705 ,,- JI.6.J80 ,,- 47.1055 """ m:S719 ,.. 1406 1 """ 16 .8736 ..... 32..1411 ..... 47 .8015 00000 . 2760 .... 2 1092 """ 17 .5761 ,,- .» .0«1 ""'" 48 .5116 ,,- 6J .9791 .- 2 .8123 ,- 18 .2191 ..... .».7472 '0000 49.2 147 ,- M.6-I21 ... 3 . l153 "000 18 .98U ."'" J4.4SOJ ,,- 49.9177 ,- M.3M2 ... 4 1184 '"- 19.6859 '0000 35.1533 ,,- 50 .6208 .. -~:OU.l ,- 4 .9115 """ 2O. J889 ,,- J5.8564 ,,_ 51 32J9 ,,- . 791" ... 5 6246 - 21 .0910 ,,.. 36 .5595 '" .. J2 ·!W 

.... 61."944 

"'" 63276 ,,- 21.7951 ,- J1 .2625 ,,- 52 .1 ,,- e: .~ '0000 70J0t ,,- 22 . 4981 " .. 31 .9656 ,- J.I 4.H I , ... H_ 
7 . 7JJ8 """ 2J . 2011 ,,- 38.6687 ,,_ 54 1361 ...., 69 .60J6 

,,- .. "" " .. 23 . <JO.&.I .... .19.3717 '"- H .U92 ,- 70.3061 

""'" 9 13\l9 """ 24.6073 ""'" 40.0748 '''''' 55.542J .... 

KII.oGRAMS PER SQUARE M II.Ll l'oU:TRR T O I'OUN I) S PER SQUARF. INCH 

Kilot Pound. Kno. Pound. KI ... Pound. K llot Pound. Kn.,. Pound. 
ptrSq. fM'r Sq. pte Sq. ptr Sq. per Sq . ~ ... per Sq. fM'r Sq. llote Sq. fM'f Sq. 
Mm. ,~, Mm. ,~, Mm. ,~, Mm. ,~, Mm. ,~, 

, I .. n " "'" " JB..1I6 " .. ,,' " 11 52 10 , 
"" " 31291 " 59138 " .,," " 1166J1 , OM' ,.. J27t4 " 61161 " .,'" ... 11 805 .. 

• 5689 " 3 .. 136 " 615M .. 91050 .. 119'77 , 7112 " 355S8 " 00'" " 92452 " """ , 85J4 " 36981 .. 65.28 .. 93814 ., 122111 , 
"" " ,,, .. " .... , " 95297 " 12314 .. 

• 11379 " n." .. 68272 .. 96719 .. 125166 , 12801 " 41243 .. "'" " 981 .. 1 .. 126588 

" 1422J " 42670 .. 71117 ,. 
"'" .. 128011 

" " ... " .. .. 093 " 725J9 " , .... " '''''' " 17068 " U51S " 73962 " 102408 " I3OM5 

" 18490 " .. ,,' " iSllt " IOJMI " Un78 

" 19913 " """ " , ... '" 10525J .. U3700 

" 21JJS " 49182 " 78229 " 106675 " IJJ122 

" 22157 " "' .. " ''''' " " .... " '''''' 
H 24180 " 52627 " 81073 " 109520 " "'''' " 25602 " " .. , " 82496 " 11 0943 " 139389 

" 27024 " J54 71 " M91S " 11 2365 " 1408 12 

'" 18447 .. ..... .. "'" .. 113787 ,ro U21J4 



Rockwell • 
0",· Ball 

100 k&. I.-o;.d 
-

'0 
42 .. 
46 ., 
50 
;, 
54 

56 
5' 
W 

" 
" 66 
68 
70 

72 ,. 
76 
78 

80 
82 
84 

" 88 
90 

" " 
% 
98 

100 

SEA MLES S FOR SA FETY 

HARDNESS CONVERSION TABLE 
• ( Approllmurej 

RriMU ScltrotorOPC RochttLi BriMU 
!'<umbH C XumM'r 

----
10 nom. Ball Mod.1. C 120" COM 10 m .... BaU 

lOOO k. t.o.d . "" D 150 k •. t.o.d lOOO k .. t.o.d -- - - -----

' 0 1; 10 17 5 
82 15 12 184 
85 16 1. 193 
87 16 16 202 

8'1 16 18 216 
9Z 16 20 118 
95 17 21 2H 
97 17 24 246 

100 17 26 259 
102 l' 28 27J 
105 l' 30 288 
108 l' II 30' 

11 2 18 H 322 
11 5 l' J6 3-12 
11 ' l' l8 J6J 
124 20 40 385 

128 20 42 . 16 
132 20 .. 4JJ 
137 21 " 452 
142 21 48 47J 

148 22 50 .,. 
IS. 2l -, ,- 516 
160 24 54 540 
167 ,--, 56 564 

175 " 5S 591 I', 29 60 620 
10) 30 62 655 
202 31 " 680 

216 lJ 66 723 
118 H 68 770 
214 37 70 820 

-

Sclt.-:ope 

M<><klo C 
."" D - --

28 
29 
30 
31 

II 
]; 
37 
19 

.1 

" H 
48 

50 
52 
56 
59 

6J 
65 
67 
70 

72 ,. 
76 
79 

81 
8J 
85 

" 
" ., 
98 



SEA MLE SS FOR SAFETY 

TEMPERATURE CONVERSION TABLE 
F .. hr~nh~I ' '0 Oen<l llnld~ 

,'EMPERATlJR.: CENTICRA!}E _ 5" (TEM P ERATURE FAIIRENIIF.I'I' - U ) 

,. C· " C· ,. C· 1'" C· " C· --- --- ------ --- 459 4 21J 00 ." 110 00 '" 4117.17 1410 765 55 1910 100 .J3 

-"" - 140 00 '" 21S 55 ". 49Jl3 '''' 111 II 1920 HH8.U 

-"" - 184 44 .,. m " , .. 498," " .. 77666 ,,,. IOS4 44 

-,"" - 128,88 '" 
,,, 

" ,W StH 44 "W 1S! 21 "W 11)60, 00 

-''''' - lJJ3 ,,. 2.12 n ,ro 510 .00 1450 181,11 1950 1065.55 - ,. - 0 .55 "" 231 . 17 '" 515.55 , ... 19.1 .1.1 "" 1011 II 

- " -W"" '" 2U .J3 ". 52 1.11 1470 191 ." 1910 107666 - .. - , ... ... 241.111 , .. 51666 , ... ... .. " .. 1082 n 

" - B,JJ ... 2.54.44 ... 532,22 " .. 81000 ,,,. 1087 71 , - I ) 17 ''''' 160 ,00 ''''' 531.77 """ 815 55 , ... H193,JJ 

" - 11.22 '" 265 .55 1010 5H .ll 1510 821.11 "'" 1(198.88 ,. - '" '" 271. II ",. 541188 ",. 816 .66 ,." litH 44 .. - , 
" , .. 27666 , ... 554 44 15JO SJ221 .... 1110 ,00 

W ... 'W 281 22 ''''' '''". 1540 8.1111 ,.., 1115 55 ,. 
""" ". 281 71 1050 .5-65 .55 1550 IfJ.l.l ,.,. 1121.11 

" 15 ,55 '" 29JJ3 ''''' 51 1. 11 ,,.. 848.88 "'" 1126 66 ,. 
" " 570 " ... 1010 51666 1510 8$4 44 "''' .11 32 n .. " .. , .. ... .. ''''' 581,12 " .. ..."" .... I U7 11 .. .12 . 22 , .. l lO 00 ,,,. 581.71 ,,,. 1165 55 .... 1143.J3 

''''' 37 17 "" JU .55 """ 59.1 .33 ''''' 871 I I """ 1148 .88 

'" UJJ '" '" " HIO 59888 16 '0 81666 1110 I U4 44 ,,. .... '" .126.66 "'" "" .. "'" 882 22 ",. 116000 

"" 5444 "" JJ2 22 " .. 6'000 ''''' 88111 "''' 116S,55 
,W """ "" JJI 11 , "" 6'5 55 "'" 89J lJ '"'' 1171 " 
"" 65 55 "" '" " 1150 62' . 1 I ",. 89888 1150 1176.66 

'" 71 II "" ". .. "" 62666 "'" ..... "" 118l 22 

"" 1666 "" ". .. 1110 632 22 1670 910 00 2170 1187 71 

"" 12 22 .. , "" "" " .. 631 ,71 ,.." 9 15 55 " .. 119J jJ 

"" 87.17 "" J6S 55 " .. 64333 " .. '" " " .. 1198 99 

''''' 93 JJ ''''' m " """ 648.88 " .. 92666 "'" 1204 H 

"" 98 88 '" '" .. 1210 654 . 44 17 10 932 22 2250 IlJ2,21 

"" HH .. '" '" " Ino '" '" "'" 931 17 ''''' 126000 

'" 11000 , .. '" " "'" 66S,SS " .. 94.1 3J u., 1281 11 

'" 115,55 'W 3\1.1 JJ 1240 611. II "W 9411 88 """ 1.1 15 55 

'" 121 II 'ro 39888 1150 676 .66 1750 954 44 ",. LI4J Jj 

"" 12666 '" 40444 1260 682.11 "" "" '" " .. 1311 11 

'" !l!ll 7)0 410 00 1210 681.11 1170 "'" "", !J98 88 

'" 1.1711 '" 41S S5 " .. 6')J.JJ "'" 971 II ''''' 1426 66 
". l 4JlJ , .. '" " 

,,,. 69888 ,m \17666 'Oro 1454 44 

'" 14888 "'" 426 .66 """ 104 .. .. "" 982 21 " .. 1482 22 

'" 154 44 '" 432 22 1310 110.00 1810 987 71 2750 1510 00 

"" '" "" .W 437 71 ,m 115 .55 1810 99J 33 '''''' ISJ1 77 , .. 165 55 . " 44.1 JJ ,,,,, 12 1 11 .. '" " ... "'" 1.5-65.55 

"" '" " ... 448 88 '"'' 12666 '''' 1004 44 "'" U 9JJ3 

'" 116.66 '" 454 44 "" 7J2.22 '''' 1010 00 "" 162 1.11 

'" 18l 12 ... "" '" ''''' 7J7.17 .. " IOU 55 ''''' 164888 

'" 187 . 17 '" 465 55 1370 74.1 Jl 1870 lOll II "" 167666 

'''' 193 JJ ... 411 11 " .. 74888 , ... 1026 66 "00 1104 44 

"" 198 88 ... 4 76.66 "" 754 44 .... 10.12 22 J150 1132 21 . "" 204 4~ ,., 482 12 ''''' '" 00 
,,., IOJ7 17 "'" 176000 

~Hl8 



~ 

..... 

G61" 

"" "" <>On '''' "''' '" ... '" '" '" Ulf "", till '''' "" '" '" '" '" '" 
'''' '''' t9U '''' "" '" ." M. '" '" "''' "" ,m "" ~" '" ." '" '" '" .91f 0.11 8HZ Ott! SUI '" '" '" '" '" 
IItiC 'W QIU DIll OU" '" '" '" '" '" .. ,' "''' .61t "''' ll>r I "" '" ~ '''- '" "" "" ttll "" tHI '" '" '" ,-" '" 
"" ,." "" "" "" '" '" '" '" '" .,,' 0!91 iflt 01 [I 8ftl ". '" '" '" '" owr "" OOl "" M" '" '" '" m '" 
''''' OS91 WIt 0511 lOll '" '" '" '" '" .. " , .. , "" "" t811 '" '" '" ." '" "" '"'' - '''' "" "" '" '" '" '" .. " '''' .. " "" .. " '" "" '" '" '" Of6l 0191 "'M 0111 "" '" '" '" '" '" "" "''' "" "''' till "" '" '" '" "" 
Mit "" .,,' "'" fOll '" '" '" co, " IILil "" 911>' "'" .,," '" ... '" .. , " "" OtSl 11561 0101 '"'' '" '" '" '" " 
"" "" "" "'" litO! '" '" '" II!! " llil 05S1 HI>! 0501 .. " '" '" '" '" " .. " 0.51 .,,' "" liiOI '" ... '" '" " .. " orSl "" oro! 61'(11 '" '" '" '" " "" Ol51 .," "., "., '" '" '" '" '" "" 0 151 05111 0101 ,CO, '" '" = '" " 
lfLl "''' "" oro, HOI '" '" "" '" " tiLl , .. , tlln '" flOI '" '" '" '" " "" "" 96! 1 '" ."" '" '" '" '" " 
8t9l O!tl IILl I '" '''' '" '" '" " " "" "" 09(1 '" ". '" '" '" .. ,,-
ltlll Oitl ttl! ." '" '" '" '" " " 
•• Ill Ott! tHI ". '" '" '" '" " " .", '''' .. " '" '" '" "" '" " " "" "" .... , '" ." . '" "" '" " " OHZ 01.1 0191 ." '" '" , .. m " 

, 
aH "' .. t59 1 roo lI'6 "" m '" n- • ten '''' 'M' '" '" , .. '" '" " ,, -
915t '''' 919! '" . " ". . .. '" • - ,, -
btl OUI 8651 '"~ '" ,~ '" '" ,, - ,, -
"" "" "" '" %. '" ... '" ,, - ,, '-, .. , 05fl Z9S1 ". <0. m '" m ,,- ,,-
"N Otn tt51 '"~ ." '" ... '" fOI- " -9tH "" 9tH "" ... , .. ". '" 8,1- "" -.. , "" "''' ". '" '" '" '" £61- !Oll -

"" oln '''' '" ". '" '" '" m - OSI -
Uft "'" lUI ... '" '" '" "'" "'- HI -

t5H "" Htl '" '" ... '" '" itf - ""'-9fH Olltl "" '" '" , .. ." "" 91t- OSl -
M OIl I IIltl '" '" '" '" '" )t 6S!..:. fLl ------ 1-- - .. 

'" '" . < ., . < ., . < ., '" '" 
tr+ ,t<I YHOI.I.N'iI:J a Hn.I.V H'IJI'</'U . <;/6- .U :UI N3HI I V.II 'il lIO.LYH/I.1 N/I.L 

1I;)'1UU'l ~'" 0 1 &p'''lI l ) u ;o.o 
(~ lmpuO'.» ) :,a"IU VJ .. "'OIS H:i ANOO :n tO.LVH:"dN3J. 

ANYdWO~ '33~S HnHn9S~~ld 



PITTSBU R GH STEEL COMPANY 

FUNCTIONS OF NUMBERS, I to 49 

Squar~ C""'" 
No. _ DI~Il\~t~r 

NO. Square C"'" '00' '00' -

I C;r(u",. M~ 

• • • .. 0000 • 0000 3.142 0.7&54 , • • 1.4142 • . 2599 6.283 3. 1416 , , 
" 1.7321 • . 4H2 9.425 7.0686 

• " .. , .0000 • 5874 12.566 12 5664 

, 
" m 2 2361 • "00 15 . 708 19 . 6.UO • " '" 2 4495 • 8 111 18 &50 28 2143 , ., 34.1 2.6458 I 9 119 21 .991 38.4845 • " '" 2.8284 , 0000 2.5. 13.1 50.2655 , .. no , 0000 20801 28.214 636173 

<0 .00 <000 J 1623 2.1544 3 1.416 18 . 5398 .. ". 13.11 3.3166 2.2240 34.558 95. Oj3l 

" ... 1728 3 4/", 41 2.2894 J1.699 1\3.097 
'-' .M 2191 """ 2J5lJ 40841 132 . 732 .. '" 27H 3 7417 2 4101 4J.982 15J 9J8 

" m 3375 3 8730 2.4662 41. 124 176.715 

" '" "" • 0000 2.5198 SO. 265 201.062 

" , •. 491-1 4.1 231 2 . 5713 5l . 407 226 980 

" '" , .. , 4 2426 2 . 6207 56 . 549 254 469 

" ". 68S9 " J589 2.6684 59690 183 529 

" 
.,. WOO 4 4711 , l1H 62.832 31 4 159 

" '" 9261 4.5826 , 7589 65.973 346J61 

" ... 10648 4690-1 , 8020 69 115 380 133 

" '" 12167 4.7958 , 8439 72.257 41S 476 

" '" 13824 48990 , 8845 75.l98 451389 

" '" 15625 ' .0000 2.92 40 78.540 490.8.4 

" .. , 17516 ' '''' 2.9625 8 1 .68 1 530.92'9 

" no 19683 5 19(12 ' .0000 84.823 572 .555 

" , .. 21952 S.2'9IS ,."'" 8) . 965 6 15 . 752 

" ... 24389 53852 3.0723 91.106 660520 

" "" """" 5 . 4771 , t07l 94.248 706.858 

" '" 2'9791 5.5678 ,. 1414 91 . 389 75 4 768 

" 1024 32168 5.6569 , 1748 100.53 804 248 
II .. ,,, 3S937 5.1446 , 2075 103.67 855.m 

" 1\56 39.lO4 58310 , 
"" 106 81 907.920 

" IllS 41875 59161 J 211\ 109.96 962.113 

" "'" "''' , 0000 3 3019 113 10 101788 

" UM 506H 6 0828 33322 116 . 24 1075 21 

" 1444 54872 6.16 H 33620 119.38 1I.!4 II 

" 1521 59319 6.2450 3 3912 In 52 1194 59 .. "00 ,WOO 6 . 3246 3 . 4200 125M 1256.64 .. .~ . 68921 6.4001 3. 4481 128.81 JJ20.25 

" 17M """ 6. 4807 3.4760 131.95 1385 44 

" 1849 79507 6.5574 3.5034 lJ5.09 1452.20 .. .,,' 8!l18 4 6.6JJ2 3.5.10-3 138.23 1!20 53 

" 2025 9i125 6.7082 3.5S69 141.31 1590.43 .. 2116 91336 6.7823 3 . 5830 144.51 1661.90 .. "" 103823 6 . 8557 , ..... 141 . 65 1734.94 .. '''' 110592 6.9282 3 . 6342 150.80 1809.56 .. 2401 117649 , .0000 3 . 6593 153.94 1885 . 74 

MIOO 
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69" !69! to [ [ f [n9'. 66t6"6 66<:Ot6 "" M 
96" t.~t ii" tll£ t019. S66S"6 Z611M ."" .. 
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t1 " [Zl9 0961Z tt9t' "t Otft"6 6%tO! lt6! .. 
ll"tl109 9t 9tt Os..,"t 808£6 Utl89 tttL " 89"U6S l['flZ O[ft " .. tttf6 fOS1IS"9 "" " 08' 808. 81 Ott 0.[. "' 9ftt' 6 .,"" 96H .. 
OS " ,t9S to 19t S%f" .6Jl"6 nlt19 stU " 
L! [ ts"s 68 "£9Z S6LC • ZS9[ 6 tOH65 '''' " 1901.S St09Z 1t9f t tOl [6 L8LltS ,,,, 

" ZO IIIB 19 Ht un'. HSO'6 89f1SS tU9 " 00 .S[S Lt tH L9Zft 0000' 1..,lfS "" " SS- 9ZOS fr" [SZ 6SOft ftt6"11 OOOllS 00" " 
t9 lOOt 618.Z 806Z ". 

,1188"11 6fOf6. ItZ9 " 9f-8!!. to"rtz !ltt • 81("8"S ZSS1o-L. .m " f9' 9S'» 06"ltl f.H', MtL"1I fH9n 6t6S " 9t'9fn 9t -srt SHZ". 8tU"1I 9L68ft 9L!S " 98' ![tt t9 Sft Hit". to99' 8 H81l) SZ9S « 

.8' 00f10 lit lfl £1161 • [,09'8 .HS"Ot 9tH " 6f i8[. t£-6Zl £6ll • OttS-S t [068£ ,m " os ItOt 6I"9zt Z09I", f~8tS 81o-lflf .S[S " 61 '6S6f S"OTH """ In."11 "6tiC "" " rt 8.8f 16-61Z f i ll , "'" """" "". " 
it 61."!C Lt9[Z 9101 ". ,.", 60SSlf 19!t " 89' I£9f f9-nz ! IlIOt Z9tt"1I U"H'[£ " .. " 59 'l~f 6'"On S[W t t~["8 f9tOOf 68.t " 61' IZtf Sf'tot ZI i"{J t OtlJ"S %tt8t '.0 " [f'lIlff OltOZ !OtO. HW"1I H9tH ~tlt " 
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PITTsaUROH STEEL COMPANY 

PUNcn ONS OP NUM DERS. IN to 14. 

"'~. I c,,,, ~o. _ Oiamtl~ 
No. SQua rt c,,,, R", R_ I Circu .... M~ 

1001 ------' I 
'0000 '000000 " 0000 

4 6416 314 . 16 7&5398 

'" 10201 , ..... , 100499 4 .6570 317 JO 8011 U 

'" , .... 1061203 100995 4 6723 .120 44 8 171 28 
H" ''''''' 1092717 10 1489 4 .6475 J2JS8 tJ.12 29 
,~ H1816 11101364 10 1980 4 7027 326 . 7.1 1494 87 

'" lIOn 11576tl 102470 • 7177 329 .87 8659.01 

''''' II U6 1191016 10 2956 4 7.126 l.IJ.OI 1124 7J 

'" 11449 I1tlO4J 10 .lUI 4 .1475 J.I6,I$ 8992.01 , .. 11664 12597U 10 .KIlJ 4.7622 339.29 9160 38 

'" llUI 12950211 10440.1 4 . 7769 342 4J 9l.11 J2 

'" 11100 UJIOOO 10 WI 4 7914 J45 .58 115OJ.J2 

'" 12J1 1 1.I676J1 10 5357 4 .80S9 343 72 967689 

'" 12544 1404928 10 SSJO 4 820J J5136 98.52.OJ 

'" 12769 IU2891 106J01 4.8346 355,00 lOOlS . 7 ". ,,- 1481544 106771 4 .84U J58 . 14 10207 .0 

'" UU5 Inoaa 10 7U8 4 . &6211 ." " 10.136 . 11 ". 1J456 15608% 10 710.1 48770 36<1 . 42 105683 

'" 1.1689 1601613 108167 4 .89 10 .167 .51 10151.3 

'" 1.1924 164.l0n 10 8628 4 .9049 370.71 1011.15.9 

'" 14161 Ib85 159 109087 4.9181 313 .85 111 22 0 

'" ..... 1718000 10 .9545 4.9.124 376.99 113011.7 

'" 14641 1771561 
" 0000 

4 946 1 380.13 11499 0 

'" 14884 1815848 II 0454 4 9591 lSJ,27 116899 

'" 15 129 ..... " II 0905 497J2 336 . 42 llU2.3 

'" 15.176 1906624 II 1355 4 ,9866 389.56 12(1763 

'" 15625 195J I15 " 
,.., ' . 0000 392 . ;0 122718 ". 15816 """" " '''' 5 .01.lJ 39S .84 1246\10 

'" 16129 "" ..... " ~. 5 .0265 398.98 12667 . 7 

'" ", .. 20117152 " JI37 50397 402 ,11 1186S0 

'" 1664\ , ..... , " "" S.0~!I28 40:527 , .... 
, ... , .... 2197000 " .... S ,0658 408.41 1.127J.2 

'" 17161 124S091 " . ." 507U 411 55 1.1418 2 

'" 17424 ""'" " "" 5 .01116 414 69 1J6448 
W "'" lJ526J7 " m. 5 1045 417 .tJ 1J1I92 9 

'" 17956 2406104 " 5758 5 li n 420 97 14102 6 

'" ISlJS 

~~fi " "" 
, 
"" 424 t2 14.l1J .9 ". 11496 " .,,' , IH6 427 .26 14526 7 

W 18769 " "" 
, USI ...... 14741 , 

'" , .... " 741J , 1676 4JJ54 14957 I 

'" 19J1I " 7898 , .. m "'.M 15114 1 .. , """ 2744000 II un 5 1915 439.82 iSJ9J .a .. , 19UI lSO.1221 1I .S7U , ."" 442.96 15614 5 

'" 2(1164 2UllII 1 .. 91M 5 21 It 446 . II !S8J68 
Oil ,..., 29Z42(17 II .95&.1 5.2293 4411 .25 16060.6 ... ,.,., 29S!1984 120000 5 .2415 452J9 162360 

,., 21 02' J048615 12 0416 , .25.16 455 .53 1651J.0 
,~ 2iJ16 3112 1.16 U08JO 5.2656 458 .67 16HI5 .. , ,,,'" 317651J 12 1244 S.2716 461.81 16911 7 ... 21904 3241 792 12 . 1655 , .2896 464 .96 1720.1 . 4 

'" 2UOI lJ07949 12 ,2066 5 .3015 468 ,1 0 17436.6 

""02 
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PITTSBURGH S TEEL COMP .... NY 

FUNCl'IONS OF NUMBERS, ~ toU, 

,,~" Co," 
:-\0. _ Dlam~te-r 

1\"0. ,,~" Co," . - Roo • Circum. ,,~ 

'00 - 00000oo 14 l(ll 5.8480 62832 3 1415 9 

'" ..." 812Q601 14 1174 5 8578 631 46 31)309 

'" ..... 8242408 14 2127 5 8675 634 60 32~7 4 

'" 41 209 8365427 14 1478 5 877 1 637 74 3BfiS oS 

'" 41 616 848%64 14 2829 "'" 64088 32685 I 

'" 42025 8615125 14 3H8 5 8964 6(4.03 JJOO6 4 

'" 42436 87418 16 14 3527 5.9059 647 11 3.1J29 2 

'" 42U9 886970 14 3875 5.9155 6W 31 3.J6!) 5 

'" 43264 89989 12 14 .4212 59250 653 45 .1.1979.5 

'" "'" 9 129329 14 4568 5.9345 6S6 59 .14307 0 

'" 44100 9261000 14 4\114 5943'1 659 73 .146M> 1 

'" U 51I 9393931 14 5158 5.9SlJ 662!S 34%6 7 

'" 44944 9528128 14 • .S602 5.9(127 (;6602 352989 

'" U369 9M3597 14 .5945 5.9711 669 16 JS6JI.7 

'" 45796 "'''' .. 14 6187 oS 9S14 672 30 35968 1 

'" 46215 9938375 14 6629 5.9907 675 44 363050 

'" ... " 10077696 14 6969 '.0000 678 58 "''' , 
'" 47089 102183\3 14 7309 , "'" 6111.7.1 369SJ 6 

'" 41524 10360132 14 . 7648 6 0185 684 87 37ll! 3 

'" 4796 1 \0500459 14 7986 6 0277 688.01 37668 oS 

no 48400 "" .. "" 14 8324 , '"" 6'11 15 38013 J 

'" 48841 1079386 1 14 SMI 60U9 694 29 3U59 6 
m 4'12U 10941~8 14 8997 60550 697.43 J8707 6 

'" 49729 1I089S67 14 9312 60641 700.58 3'Kl57. I 
". 50176 112.J9424 .. "" 6 0132 700 . 71 39408 I 

'" 50625 
" 0000 

60822 )"06 86 39760 8 

'" 51076 IS OJJ.! 6 0912 11000 401150 
m 51529 " "" 6 1002 713.14 40410 8 

'" "OAt 15.0997 6 109 1 71628 40&28 I 

'" 52HI 15.1327 6 II SO 719.41 41187 I 

"" ""'" 12161000 " 1658 , ,,~ 722.57 4iSH 6 

'" 53361 12326391 " 1987 , 1358 715.71 419096 

'" 53824 12487 168 " 2JU , , .. , 728.85 41Z13J 

'" 54289 12649337 IS 2643 , 1534 731.99 426J8.5 
n. SH 56 1281 290' " 2971 , 1622 735.13 430053 

'" 55225 12971815 " "" 
, 1710 738.27 43.17.1.6 

'" 55696 13144256 " "" 
, 1797 14142 4.114J 5 

'" "'" IJJ120SJ " 3948 , 
"" 7H 56 44I1S 0 ,.., "' .. 13481271 IS t2ll 6 1972 747.70 44488 I 

'" 5712 1 1365 1919 15.4596 6 2058 15084 44862 7 

"" '''''' 1J824000 15.4919 62 145 75.1.93 uue 9 

'" ",., 13991521 15 SlU 6 22.1 1 757 12 4S616 7 

'" 5&564 14172'41 15.556J 6 2317 ;60.27 459\16 I 

'" ""., 14348907 15.5W 6 24-03 76.1 41 463)7 0 

'" 59536 14526784 15 6205 6.2418 766 55 46759 5 

'" ""''' 14706125 15 .6525 6 2Sn 769.69 47105 

'" """ 14886936 IS.6844 6.2658 17283 47529.2 

'" """ IS()6922.1 IS.7 162 6.2143 715.97 419 16. 4 ". 61504 15252992 15.7480 6 2828 179 12 483M. I 

'" 6200 1 15438249 IS. 7197 6 2912 182.26 48695.5 
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S KAMl.E SS FOR S AFETY 

FUNCTIONS OF NUMUERS, 2541 to 29') 

,o~ ~ Co" 
No._ Dla_ler 

Co" 

I 1:14 

__ 
Circum A~ 

----;sol &1500 15615000 "'" 735 .40 490117. 
n , ... , 15'1315 1 U 11430 .- 78854 4~ao 9 

'" """ 
,...,.. 15 '745 63164 791.(08 49'15 9 

m .. "" 1 61~277 15.9060 63247 194 '2 50272.6 
n. 64516 16.1870114 IS 9374 6 3jj() 797.96 SOII70 7 

'" 65025 165'U75 15 9681 6.3413 lOLl! 51070.5 
no "". 16777216 160000 6.3496 .... n 5147 1 9 

'" ... " 16974593 16 0.112 6 3519 807.39 51174 I 
no ." .. 1117.1512 16 01124 6J66 1 1I0.B 52219 2 
no 6708 1 I1J7J979 16 0935 6 JH3 11367 """ 
". " .. 11576000 16 1145 6.J825 8 16.11 5.1092 9 

'" 68 121 11779511 16 1555 6 . .1907 819.96 BJ02 . 1 

'" ..... 11984128 16. 1864 6.3988 82j.10 5.1912 .9 

'" 69169 18191 .... 7 16 211.1 6. 4070 82&14 54325.2 

'" "'" 18.399744 16 2481 6 41 51 829 . .J8 547.19.1 

'" 70125 18609625 16 .2788 6.42.12 8.32.52 55154 6 - 70756 188210% 16 3095 6 4312 8.35.66 55571 6 

'" 71289 IOXlJ4I6l 16 3401 6 4393 831.S I SS990 2 

'" i l824 19H 88.32 163707 6. 4473 14 1 95 564 10 4 

'" 7236 1 19465 109 16 4011 6 .4553 845 ,0\1 56832.2 

'" ""'" 19683000 1/>. 4317 6.46.1.1 848.23 57255 5 

'" 73 .... 1 199025 11 16. 4621 6 4713 85 1 .37 5i680 4 

'" 73984 20123648 16 4914 6 .4192 854 . .1 1 58106 9 

'" 74579 203 46417 16 5227 6 4872 857 .65 58534 9 

'" 15076 2057082 4 16.5529 6 4951 860 SO 589M 6 

m ",n 207%815 16 .5811 6.50.10 1163.94 59395 7 

'" 76 176 2102 4576 16.6 tJ2 65 108 "'" 59U' 5 

'" 76729 212Sl9JJ 1664.33 65 187 87022 60162. , 

'" 1fl84 21484952 16 .61JJ 6.5265 873.36 ""''' '" 77841 21717639 16 10Jl 65343 876.50 6 11 36 2 

, .. " ... 21952000 16 1JJ2 6.5421 879 65 61575 2 

'" "'" 2218804 1 us 76.1 1 6 5499 832 19 62015 I 

'" 79524 2l4157(08 16 1929 6 5517 '" " 62458 0 

'" 
..,., 22665 187 16'226 "'" 889 .07 62901 , , .. ..., no." .. 1& S5ZJ 6 5731 892.2 1 6.1347 1 

'" 8U25 l.I1 49U5 16 83 19 6.58011 895.35 ,,~. 

'" 81796 23J9J6S6 169 115 . "" 898 50 64242 4 

'" "'" "" ..... 16.9411 6.5%2 901 64 64()92 5 

'" 82944 2:1-8811172 16 9106 6.6OJ9 ".", 65 144 . 1 

'" IIlS2 1 UIJ1S69 170000 6.6 115 907.92 65591 2 

"" 84100 24389000 170194 6 .6191 9 11 .011 660520 ,,,, .... , 2464117 1 17 .OS87 6.6261 914 20 665011.3 
N' 85264 24897088 170830 6.6.143 917 . .15 """ , 
"" 85849 251H757 17 11 72 6.6419 920 .49 61425 6 "'. " ... 25 41 2184 11 1464 6 6494 92:1-63 67886 1 

"" 87025 2567137S " I1S6 6.6569 926 . 77 6-8349.3 

'" 870 16 259.1 4336 " "" 6.0644 929.9 1 688 13 . 4 

'" .. ",., 261980 73 " 2337 6.61 19 933.OS 69279.2 

'" 88804 2646JSQ2 17.2627 6. 6794 936. 19 69746 .S 

"" 89401 26730899 17 .29 16 6 .6869 939 .34 70215 4 

MI O,o:; 



PITTSBURGH STEEL COMPANY 

FUNCTIONS OF NUM BERS. 301 10 34' 

Square Co," 
No. _ Diame!.er 

r-; ". Square Co," '00' ' 00' C i"'um. Ar~a 

"'" """" ''000000 17.3W5 6.6943 942.48 70685 . 11 

'" "''' 2727(1')01 17,3494 6.7018 94561 71157.9 

'''' ,,- 27543608 17 .378 1 6.7092 948.76 71631.5 

"" 
,,,., 27818 127 17.4069 6,7166 951 .90 72106.6 

"" 92416 28094464 17 . 4356 6,1240 955 04 72583.4 

'" 93025 28372625 174642 6 . 7313 9511,19 73061.7 

"" 
,,.., 28652616 17 . 4929 6.7387 961.33 73541 .5 

'" 94249 28934443 11 .5214 6.7460 964 . 47 74023 .0 ". 94864 29218112 17 .5499 6 . 7533 967 .61 14506 0 

"" 95431 2')503629 11 .5784 6 . 7606 970 . 75 749906 

". "'00 29791000 17.6068 , 7679 973 .39 754768 

'" 96721 30030231 17 .6352 , 7152 977.04 75964.5 
m 97344 303713211 17.6635 , 7824 980. 18 70453 8 

'" '"'' 30664297 11 .6918 6 . 71197 983.32 76944 7 

'" 98596 30959144 17 . 7200 6.7969 986.«i 77431 . 1 

'" 99225 31255875 " 74112 68O-f1 989.60 77931 , 
'" 00",' 31554496 17 7704 6 .8113 992.74 78426 7 

'" 100489 JI855013 " ."" 6 .8185 995.88 18923 .9 

'" 101124 32157432 17 .8326 6.82sti "' ... 19422 .6 

'" 101761 32461759 1' .S606 6.8328 1001 .2 19922,9 

'" 101400 3276S000 17 .8885 6.8399 1005 .3 1!O424 .11 

'" 103041 33076161 17 9165 6.8410 '00" 80928 .2 
m 103684 33386248 17 .9444 6.8541 101 1.6 8 14332 
m 104329 33698267 17,9722 6.8612 1014 . 7 819.19.8 

'" 1O-f916 34012124 18.0000 6.8683 1011.9 82448 .0 

'" 105625 34328125 180278 6 .8753 1021 .0 8:29S7 . 7 
no 106216 34645916 18.0555 6.&824 1024 .2 83469 .0 

'" 1(1692') 34965783 18 .083 1 6,8894 1021 .J 839111 .8 

'" 1015114 35287552 18 . 1108 6.8964 1030 . 4 11441163 

'" 108241 3$011289 18 . 1384 6 .9034 1033 .6 115012 .3 

'''' "' .. "" 35937000 " 1659 6,9104 1036.7 855:29 9 

'" 109561 36264691 18 . 1934 6.9114 10399 1!6().t9.0 

'" 110214 365943611 18 .2209 6 .9144 104..1.0 86S69 . 7 

'" 110889 ~,..., 18 . 2483 6.9313 10«i . 2 87092 .0 

'" 1I1S$O 31l597O-f 18 .2757 6 .9382 1049.3 87615 .9 

'" 112225 37595315 18 .3030 6 .9451 10Sl . 4 88141.3 

'" 112896 379JJ056 III 330J 6 .9521 lOSS 6 """ '" 113569 38272753 III 3516 6 .9589 1058.7 891116 .9 ". 114244 38614472 111 , 31148 6.965S 1061 . \> 89127.0 

'" 114921 38958219 IS .4120 6 .9127 1065 .0 90158.7 

". 1I5(i00 J930-1000 18 .4391 6.9195 1068 . 1 90792 .0 

'" 116281 39651821 111 . 4662 6 .9864 1011.3 91326.9 

'" 1161164 .... ,," IS .4932 6 .9932 1074 . 4 91863 .3 

'" 1I7649 4035J601 18.5203 , .0000 1071 .6 91401. 3 

'" 11 8336 40707584 IS .5472 7.0068 1080.7 92940 .9 

'" 119025 4106J625 18 .5742 7 .0136 1083 .8 93482 .0 

'" 119716 41421736 18.6011 1.0203 1087.0 94024.7 

'" 1200) -41781923 18 .6219 1 0271 "." 94569.0 ". 121104 42144192 IS .6548 1 .0338 1093 .3 95114 .9 

'" 121801 42508549 18 .68 15 ,.- 1096.4 95662.3 

MI06 
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SEAM I,.ESS FOR SAFETY 

FUNCTIONS OF NUMIlRKS, 3st to 3 .. 

~ J 
SQ",,", C."" 

~o. - DIa_tn 

,,~" C ... ,- ,- I Circum. A~ 
I I ". 122SOO H81WOO 18 108.1 1 0413 10996 96211 j 

'" 123201 .324J551 " iJ.50 ".". 1102 7 96161 8 

'" .U ... 4J614208 18 7617 10601 1105 8 91J14 0 

'" " ... .0986971 18 18&.1 1,0614 1109 0 91861 1 

'" 12J316 4436186<1 18 81.9 1 0140 1112 t 98.13 0 

'" 12602J •• 7301J 18 841. , '"'" IliS J 98979 8 ". 126736 4JII8016 .. .... 1.081J 1118 4 99US 1 

'" 121449 4.S499NJ 1889U " ... 1121 J '''', .. ". 118164 4J882112 189lO9 "'" Ill( 1 , ..... 
'" 128M1 461682111 IS 9413 7 Ion 1121 8 101223 

,.. 
""'" ........ IS 91JII , 1138 1131 0 1011 

M ' IJOJ21 410U881 
" 0000 

, " .. IIJ4 I 102354 
M' IJH)oI4 .1.o7\I~8 III 0~63 , 

"" 11.173 102922 
~ IJI16\! .18Jl'.' III OH6 , Ill' 1140 4 '034111 ,.. IJ149(1 48118H4 '9 0188 , , ... 114J J H""" 
'M IJ.lllJ 48611115 " "" 

, ,- 1146 7 104635 

'" 13.1956 .902189(1 " lJII , lUI '149 8 105209 
M' 1J4tJ.811 .11430863 " 1S12 , ,,% 11S3 0 105185 

'" 135414 498J6OJI 19 18.1.1 , , .. , 1156 I 106362 

'" 136161 5014J4()9 19 loY4 , 1126 1159 2 106941 

,,. ","00 5065.1000 III 2J54 , 1191 1162 .. 101521 

'" 1J7641 510(>4811 19.2(>14 , 
"" 11M 5 108'0.1 

'" 138.184 51418848 III 287J , ",. 1168,7 10!!687 

'" IJ91N 51S95111 19 .I IJ2 , 1984 \11' 8 109111 

'" 1J9876 J1J I3614 19 JJIII , ~. 11150 109858 

m 140625 nlH.I1J III 3649 , 2111 1118 I 110441 ". 141.116 J.l151J16 19 3901 1 2171 1181 2 1110J6 

'" 142 129 5.15821>.1.1 111,4165 7 ,2240 1184 of 11 1628 

'" 142884 54010152 1114421 , " .. 11875 111121 

'" 143641 544.19939 19 4619 ,~ 1190 7 112815 

". 1 .... ..00 H812000 III 49J6 7,2U2 Ill1j 8 113411 

'" 145161 55306.141 19 51\12 714115 119(1 II " ... m IU914 557U968 19 54411 7,lS58 """ " .... 
'" , ..... 56181881 I\l 5104 1 2611 "'" , I !.!1m ,.. "1456 SMlll04 III 51159 ,~ 

,_. 
1t581l 

'" I«lll J70CMi6lJ 1962 14 7 2148 "" , 116416 ". 148996 515114S6 19 6469 7 2811 1212 7 11701 1 

'" 14\176\! ''''''''" III 1>72.1 7 2874 HiS 8 117628 ". 1.50544 58411012 I\l 6\!71 , "M 12 18 II 1I81l1 

'" 151J1I "." ... III 11JI ,- 12ll I 118847 

". 151100 59.1 19000 " , ... 7 J061 1225 , 1194511 

'" 152881 51111641 1 " 11Jl 71 124 1228 4 120011 

'" 153664 1>02.16288 III 7\1\10 7 ,JI86 1231 5 1201>87 

'" 15 .... 11 60698451 19 S242 7J248 12J4 6 121104 

'" 1552J6 61 16"lQ84 19 8494 7JJI0 1237,8 121911 

'" 156025 616298H 19 8146 i ,J372 1240 \I 122541 ". 156816 6"10991J6 19 8997 734.14 

I 
1244 I 12316.1 

'" I J1(>Q9 /1151077.1 19 ',1249 7,J496 1141,2 I2J1U ". 158404 6.1044792 III ,11499 1 .1558 1150 4 1244 10 

'" iJ9201 6J511l\lll 199150 1.1619 1253,S 1150.16 

MlO7 



P IT TSBURO H STEE L COMPANY 

FUNCTIO~S O F NU MUIEIlS, 4M 10 4~' 

Squa .... C ... 
NI). _ Db"nek. 

No. Squart C ... Roo. Roo. 
CiKllbl. ,~ 

~~---

'" ... m .<000000 ,. 0000 , 
"" 12566 """ '" ...... 6#8 1201 20 0250 , 37H 12598 126193 

." 1616().1 6(96481)8 ,. .. 00 , "'" 1162.9 126923 

'" 1620109 65450821 20,0749 , "., 1266 I 121556 ... 163216 65939264 ,. "'. , 3925 1269.2 128190 

." 164025 66430125 ,. '''' , "., 1212.3 128815 , .. IM836 66\123416 ,. 1494 , ... , 1115.5 129462 
,m 1656411 67419143 ,. 1742 , 4108 1278 .6 1J(1l00 .. 166464 61917312 ,. "'" , 4169 1281.1 130741 .., 16728 1 6!l417929 20 2231 , ,m 1284 9 lJU81 

.. , 16!11oo 6892 1000 20.2435 742')0 1188 I 1JlO15 .. , 168921 6942653 1 20 2731 " .... 1291 2 1J2610 

'" 169144 699J-t.S28 20.2918 744 10 1294 3 U3317 

'" ,<0.,' 7OU4997 20 3224 7 4410 1297 5 U3965 ... 171396 70051944 20 3470 7 .4530 1300.6 134614 

'" 172225 11473375 20 3715 1.4590 13038 135265 ... 113056 71991296 203961 14630 1JQ6 ,9 135918 

'" 113889 12511113 20.4206 7 .4110 13100 136512 ... 174724 730046.]2 20.4450 1 4110 13 13 2 U7221 .. , 115561 73560059 20 4695 7 4829 1316 3 137885 

'" 176400 "....., 20 4\139 1.4889 1319.5 133544 

'" 111241 14618461 20 51SJ 7 4948 1322 .6 U9205 
m 178084 15151448 20 5426 n." 1325.8 139861 

'" 118929 ''''''''' 20 5670 7 5067 U289 140531 

'" 179176 1"6225024 20 5913 1 5116 Ill2.0 141196 

'" 180615 16165625 20 6 155 1 .5135 IllS 2 14186.1 

." 181416 11308716 20 6398 7 5244 13Jll3 IU5.l1 
m 182329 1135«8-3 ,. .... 7 5302 U41 5 143201 

'" 1&3184 78402752 ,. .. " 7 5361 1344 6 14.1171 

'" 184041 78953589 20 1123 7 54lO 1347 7 144545 

'" 184900 79507000 20.1364 15418 1350,9 145220 

'" 135161 '00'''''' 20 7605 1 5531 13540 145896 

'" 186624 8062 1568 20 . 7846 75595 1351.2 146514 
W 181489 8 1182737 20 8087 1.5654 1360,3 141254 

'" 188356 81146504 20 8321 7 57 12 13635 .. J9l4 

'" 189225 823 12815 20 8567 75170 1366.6 148611 

". "'''''' 8188 1856 ,. ..., 1.5128 1369 7 149.101 
... , ""'" &3453453 ,. "" , "., 1312.9 149987 ". 191844 84021672 20 9184 1 59U 1316.0 150674 

'" 191721 8M1(M5 19 20 95U 1.6001 13792 151J6J 

... ""'" ~ 
20 .9762 76059 1~2 j 152053 «, 19448 1 
" 0000 

7.6117 "" . 152745 «, 1 95~4 21 0231 7 6114 U88 6 153439 «, 196249 21 0416 7 6232 1391 1 I5~U4 ... 197136 21 0713 7.6289 1394 9 154!JO 

... 198025 881111 25 " "" 7 ,6346 1398 .0 155528 ... 1989 16 88116536 " .1181 7 MOO 1401. 2 156228 .., 199800 89314623 " 142( 7.6460 14043 156930 ... 100704 89915391 ". "" 16517 1401.4 151633 .. , lO1601 90518849 " .18% 7.6514 1410.6 158331 

. 
MIOb 



SEA MLE SS FO R S A FE T Y 

I'UNCI'IOSS 0 1' SUM BERS. 4st 10 4fl 

Squa~ C.", 
1';0. _ Dla'n~~r 

No. SQuare C.," ,- ,- Cl",um. A_ 

.,. ,,, .. 9111$000 " 2Ul 766J1 14\J.7 1S\I043 

'" "'" .. 917JJU I " "" ", .. 14 16 9 1$9751 

'" ,..X" 91345408 " "'" 16744 1420 0 , ..... 
." '''''''' 929596H " "" 7 .68(11 1423 I 161171 

'" 206116 93576664 " "''' "'" 1426.l 161&1.1 

'" 207025 94 196J75 " ''''' 7 6914 14294 162$97 .'" "''''' 94818816 " U41 1.6970 14.11.6 16JJ1J 

'" "', .. , 954'-1993 " 3176 1 7016 105 7 ".",. 
'" 209764 961)11912 " - 1 10Sl 14.18 8 164748 

'" 210681 96102519 " 424.1 7 7138 14420 16H6S 

- 2J IMlO 97J.56000 " 4416 1194 1445.1 166190 
~, 2125n 91972 181 " "'" 1250 1448.l 166\1 14 
~, 213444 986 111 28 " 4942 "'" 1(5 1.4 167639 

'" 214J69 992S2Ul " 5174 '''' 1454 6 """ ~. 215296 998973U " .. ,,' 1418 1Ul 7 ""'" 
~, 216225 100544625 " "" 

, 747J 14608 169823 ... 2 11156 101194696 " .5870 , 
"" 1464 0 110554 

'" 218089 101847S6J " .6101 7 1584 1467 I 111181 ... 219024 1025032.12 " 6llJ 1.16l9 1470 1 112021 ". 2111961 103161109 " " .. 7.7695 1413 4 111157 

"" ,,",00 103823000 " 619S 1.1150 14165 17J4'U 

'" 11 1841 104481111 " 7015 1 7805 14 79.1 1142J4 

'" 2H7a( 105 154048 " "'" 7.1360 14818 174914 

'" 213129 105813817 " "'" 1 1915 14860 115116 

'" 224676 1064964H " 1115 7 1910 1489 I 116460 

m 225625 107111815 " 1945 1.8015 14923 111105 

'" 2211576 101850116 21.8114 18079 1495.4 171951 

'" 221519 IOM31JlJ n84W 7 8134 1498.5 178701 ." 128484 10Il11SJS1 21 M32 1.8188 1501.7 119451 ". 22944 1 109902lJ9 21 &161 7824.1 ,,.. , I80MU 

.. 0 ,.,.", " "'" 1 .8291 15080 ""'''' ... 131361 " 93J7 18-351 ISH I 181711 .., 232314 " 9545 18406 1S14 2 181467 .... :U.l289 21 9113 1.8460 1517 4 18-3225 ... :U4256 21.0000 7 UI4 1520 5 13.1984 

.., 235225 114084125 2O.0Ul , ..... 15lJ 1 184145 

'" 236196 114191156 22 0454 1.M22 1516 8 IU508 

'" 231169 115SOlJOJ 22.0681 1.M16 1530 0 1811211 
.OS 238144 116214212 21 0lI01 7.81.10 15331 181038 

." U9IU 1169.10169 22 I Jj3 7.8784 15361 181805 

.'" 24(1100 117649000 " 1159 18831 15)9.4 188574 

'" 241081 118310711 " "" 78891 1541 S 1811345 .., 242064 1190954&8 22 1811 1.8944 1S45 1 1110117 

'" 243049 Il~UJ1S1 " "'" 78998 15488 ''''''' ... 2440J6 1205S.1784 21.2Z61 1.905 1 1551.9 191665 

'" 24502.S 11 1287175 22 2486 7.9105 1555 I 1924H .. , 246016 122023936 21.27 11 1.9158 15582 193n1 .., 2~ 100\1 122763413 22.2935 7.9211 1S61 4 19.000 
'OS " ... 1l3S05992 n.l159 792M ISM 5 194181 .., 2~9001 124151499 22 3.18.1 1.9.117 1561. 7 19556S 

MIOO 



PI TT SBURGH S T EE L CO MP ANY 

F UNCrlONS OF NUMIIE RS, SOl 10 549 

SQua~ C"'" 
No ... Diamct~ 

NO. SQuare C"'" .- .- Circum. M~ ---
'" "0000 125000000 22.3607 7.9370 1570 8 196350 

'" 25HIOI 125751501 22 .3830 7.9423 I57J.9 197136 

'" 252004 126506008 22.4O.'i4 7.9476 1577 .1 197923 

'" 25.1009 127263521 22.4277 7.9528 1580 2 198713 

"" 254016 128024064 22.4499 7 .9581 158J .4 199504 

"" 255025 128781625 " 4722 7. %3~ 15865 ""'" , .. "'''''' 129554216 " 4944 ,- 1589 6 """'" '''' 251049 130323843 22.5167 7 .9739 1592 8 "'" .. ". 258064 lJI096512 22.5389 7.9791 1595.9 202683 

'''' 259081 13187222"9 22 5610 7,9843 1599 I 200482 

"" 260HIO lJ2651000 22,5832 7.98% 1602.2 204282 

'" 26 11 21 IJ3432SJI 12 60$3 7.9948 1605 4 205084 

'" 262144 134117728 22.6274 '.0000 16085 205&87 

'" 203169 Ul005697 22 6495 8.0052 1611 .6 '''''''' '" 2641% U57%144 22.6716 8 .0104 1614 8 207499 

'" 265225 

m~lm 
22.6936 8.01.\06 1617.9 208307 

'" 2662$6 22.7 1$6 8.0208 1621 , 209111 

'" 267289 n.7316 8 0260 1624 2 209928 

'" 268324 12.15% 8.OJ11 1627 3 210741 

'" 269361 22.7816 8.0363 1630.5 211556 

'''' """'" , ..... - n ,80l5 8.0415 163l 6 212372 

'" 271441 141420761 22 .8254 8 .0466 1636.8 213189 

'" 272484 142236648 22 8473 8.0517 1639 9 """" m 273529 143055667 n .8692 8.0569 16U I 214829 ". 274576 14J877824 22 .8910 8.0620 1646 2 215651 

m 175625 144103125 229129 8.0671 1649 3 216415 

'" 271\616 145531576 22.9347 8.0723 1652.5 211301 

'" 277129 H63631SJ 22 9565 8.0114 1655 6 218128 

'" 278184 147 197952 22 91SJ 8.0825 1658.8 2189$6 

'" 279841 148035889 23 .0000 8.0876 1661 9 219787 

"" """" 148877000 23.0217 8.0927 1665.0 220618 

'" 281%1 149721291 lJ.04H 8.0978 1668.2 221452 

'" 283014 150568768 23.0651 8.1028 1611 .3 212287 

'" 284089 15 14 19437 23.0868 8.1079 16N 5 223123 

'" 2851$6 152273304 23.1084 8.11.JO 1671 .6 22J%1 

'" 286225 , 
" 1301 8.U80 1680.8 224801 

'" 2872% 

iHimi " 1517 8.1231 168J .9 22$641 

'" 2S8369 " 1133 8 . 1281 16870 226484 

'" 289H4 " 1948 8 l.lJl 1690 .2 221329 

'" 290521 " 21M 8.1382 169.1 3 228175 

"" 291600 157464000 23.2l79 , 14JJ 16965 229022 

'" 29268 1 15834042 1 23.2594 ,. 1483 1699.6 229871 

'" 2937M IS9220088 23 2809 , 15Jj 1702 7 2.10721 

'" 294849 16010JQ07 23 . .JOlf , 1583 170S 9 231574 ". 295936 160989184 23 .12.18 , " .... 1709 0 2J2428 

'" 297025 161878625 23.3452 8. 16&3 1112 .2 233183 

'" 298116 16271IJ36 2J .31\66 8.17J3 1715.3 234140 

'" ""''''' 163667323 2J .J.880 8 . 1783 17185 23 4998 

'" 300304 IMSI\6S92 23 4094 8.1833 1121 .6 235858 , .. 301401 165469149 23 U07 8.1882 1724.7 136120 

~llIO 



SEA M L E SS FOR SAFETY 

FUNCTIONS OF NUMBERS. Sst 10 5," 

"'~~ c,," No. _ Dia_~r 
So. "'~. C,," O- R_ I 

--;;oJ I 
Circum. 

I 
,,~ 

$02500 16631.sooo lJ 4521 1 19J2 1721 II 2315&1 

'" ...... , 161Z141S1 23 41J4 11912 17.1 1.0 233441 
m ,..". 168196608 lJ 4941 "ru, 11.14 2 lJII314 

'" .. , ... 16911l.117 2J.516O 12081 11.11.1 240182 

'" 306916 1100J1464 lJ SJ72 1 ,21JO 1740 4 24 1OS1 

'" .... " Ii09S331S 2.1 5J14 12180 114.1.6 , 
". ""'~ 17187%16 lJ J191 12129 1146 1 

'" .1 10249 111S08693 " "'" 1217& 1149 9 ". 31lJ64 11.1141112 23 6220 1 .2J21 I1S30 

'" .112411 114616819 2.1 64.12 12.111 11.56.2 

'" """" 11S616000 ,,, .. ,, I 2416 11S9 J 246301 
~, 314121 116551411 1 2.1 6&S4 I 241J 1162 4 247181 
~, 315U4 I 1150'l18 23 lOb5 1 2524 1165 6 H806J ... ,,- nUS3541 2.1 . 1Z76 82513 1168 1 248941 
~. 3110116 119406144 23 . 1437 1 2621 In l 9 2408.12 

'" JIIIllS 180J62125 2J 7691 8 .2610 Ins 0 2501111 ... J1OlS6 181.121496 2.1 1\108 8 2119 1118 I 151601 

'" 321489 182284263 2.1 8 11 & 8 .2168 1181J 2514111 

'" J22624 1832504.11 23 8.128 I 2816 1184 . 4 253J18 

'" 323161 184120009 2.18531 8 2&65 11816 254281 

'" J24'JOO 18S 19JOOO 23 8141 I 291J 1790 1 255116 

'" 3260<11 186169411 2J 89s(; 8 2962 11938 256072 

'" 327184 187149148 2J Ql65 I $010 1191 0 2.5-6910 

'" 328.129 IS8iJ2S11 23 9J74 83059 ""'" "'''' '" 329416 1I9119H4 23.951.1 13107 180.13 258110 

m ""'" 190109315 2J 9191 I,JUS , ... . 259612 ". 3.11116 19 1102916 
" 0000 

832O.l 18096 260516 

'" 3.12929 11I21000J.I 24 0208 8 . .1251 1812 7 261482 

'" 3.14084 193HIO$51 24 0416 
• "00 

18iS 8 """ m 3JJJ41 104104539 24 0624 83.148 1819.0 263298 

"" " .... 1115112000 14 O&'Il · "'" 1811 I 264lOi1 

'" 3jlS61 I%U2941 14 11»9 8 J4U 18253 26S11O 

'" 333114 11111.11J6.8 H lUI 8 H91 1828.4 , ...... , 
"" """ 198155281 24 1454 8 .IS.!9 18.11 6 ".," ". 341056 199116104 24 1601 8 lSl7 18.14 7 261&65 

'" 3U2U I 2OO2016U H 1863 · .... IIn8 26818.1 , .. 343.196 1011J(lOS6 24 2074 "." lUIO 26910.1 

'" 344S69 202162003 H HSI 8 . .17.10 18« I H<l624 ". 34$144 lOJ291472 H 2481 8 3171 IM73 211547 ". 34692 1 lO-tJ.I6469 24 26Q3 8 3315 "'" . 211471 

"" 348 100 205319000 Z4 2899 8 .1872 18.5J 5 l7J.l97 

'" 349281 206415011 H 3105 1 39\9 185(i.1 274325 

'" ,,""'. 207414688 24 3J11 83%1 18.59.8 215254 

"" JJI649 108521151 14 3$16 8 4014 1&63 0 216114 

'" JS28J6 209$84584 24 j121 84061 1866. 1 211 11 1 

'" J540lS 21064481$ 24 J916 I 4108 1869.2 218M1 ". J552 16 211 1081..16 24 4iJi 8 4155 1872. 4 278986 

'" 356409 212110 113 24 HJ6 8. 4102 1815.S 21992J ". 351604 21J841192 H 4HO 8 .4249 1818 . 1 280862 

'" 358801 21 4911199 24 4145 · "" 1881.8 281802 

~111 1 



P I TTSBURGH STEE L COMPANY 

~'UNCTIONS O F NU MB ERS, 608 to 10-19 

SQuare ,." :-':0. _ Diamder 

No. SQua .... ,." Roo' Roo' Circum. ,\rea 
--I 

216000000 I ~ """" 24.4949 8 .4343 1885.0 182143 

"" 361201 11108 1801 24.5 153 8.4390 1888 1 ,.,." 

'''' 3624()4 218167208 24.5351 8 .«31 1891 2 284631 

"" '"'''' 219256221 24 .5S6t 8 . 4484 1894.4 285518 .,. 364816 220348864 24.5164 8 4.530 11191.5 286526 

"" ""''' 221«5 125 24 .5961 8.4.571 1900 1 287415 ". 361236 22254S016 24.0111 8.4623 1903 . 11 288426 

"" 368449 223048543 24 6314 8.4670 1900 .9 289379 .. '''''' 224155712 24 .6517 8 .• 116 1910. 1 "'"" '" 370881 125866529 24.6179 8 . • ,63 1913 .2 291289 

,W 312100 120981000 24 6982 8.41109 1916 .• 292247 

'" 313321 -128099131 24 . 11114 8.41156 1919.5 293206 
on 3145 .... 229220928 24 7386 8 .• 902 1922.1 294166 

'" 315769 230346397 24 . 7588 8.49411 1925 . 11 295 128 

". 376996 23 1475544 24 . 1790 84994 1928. 9 """, 

'" 378225 232608315 24.1992 8 .5040 1931 . 1 297051 

'" J79456 2331441196 24 8 193 85086 1935 2 298024 

'" 380689 234385113 24 .8395 8.51J2 1938.4 298992 

'" 381924 2J60l9O.n 24 .8596 8 .5178 1941.5 ""', 
'" 383161 2.17t 16659 24 .8197 85224 1944.6 -,. 
,W 384400 2.18328000 24 .8998 8.5210 1941 .8 301901 

'" 385641 239483061 24 .9199 8 .5316 19509 302382 
on "'". 240641848 24 9J99 8 .5362 1954 . 1 303858 
on 388 129 241S04J67 ,. """ 8 .HOS 1957 . 2 '''''' ,,. 389316 242970624 24 .9800 8 .5453 1960.4 305815 

'" 390025 244140625 25 .0000 8 .5499 19635 """ '" 391816 245314316 25.0200 S.5544 1966 .6 307179 

'" 393129 246491883 25 .0400 8 .5Sl1O 1969 .8 .108163 

'" 394384 247613 152 25 .0599 85635 1972.9 309148 
'N 395641 248858 189 25 .0799 8568 1 1976 I 310736 

'" '''''' 250047000 25 .0998 8 .5126 1979 .2 311125 

'" 398 161 n12l9S9l 25. 1197 8.5112 1982 .3 )12715 

'" 399424 252435968 ZS . 1396 8.58i? 1985.5 3iJ107 

'" .,"''' 253636lJl 25 . 1595 8 .5862 1988 .6 314100 ". 401956 254840104 25.1194 8.5907 1991.8 315696 

'" 4OJ225 256047875 ". "" 8 .5952 1994.9 316692 

'" .... " 251259456 " "" 8 .5991 1998 . 1 317690 

'" 405769 25841-t8S3 25 2389 86043 2001 . 2 """ '" 407014 259694072 252587 .. "'" -, 319692 

'" """ 21'>0917 11 9 25.2784 8.6132 2007 .5 320695 

,ro ..... 262144000 25 .2982 8.6171 2010.6 32 1699 , .. U0881 263374121 25.3180 8 .6222 2013.8 322105 

'" 412164 264609288 25.3317 8.6261 20169 32.1113 ,., .13449 265847107 25 3574 8.6312 2OlO0 .n4122 ... 41.'36 261OS9984 25 .3172 86357 2023 2 325133 .. , 416025 268336125 25 .3969 8.6401 2026 .3 326745 .. , 417316 269586136 25 . • 165 8.6446 2029.5 327759 

'" . .. "'" 210840023 25 . .fJ62 8.6490 2032. 6 328715 ... .. - 212097192 25.4558 8.6535 2035.8 329192 .. , 421201 27JJ59449 25 .4155 8.6579 2038.9 33OS10 



SEAMLESS FOR SAFET Y 

IIUNG'1'I0NS Oil NU MIl F. KS, ~ 101>99 

"'~" 
Cuhf, 

1'\0 . _ Di~" 'CI~r 

'\0. "'~" Co", '00' .- Circum. ,,~ 

--- I ... 411100 17.f625000 15 495 1 86624 ,.." .1.118.11 

'" 423301 21JS944.S1 n 5147 ..... ,.." .IJ2S5.1 

'" 415104 277167808 25 5343 861!J ,.." JJJS16 

'" 416409 278445017 15 5539 11.6157 """ JJ4901 , .. U1716 279716164 25 57.14 11 6801 """ JJ5917 

'" .""n 28 1011.175 25 511.Kl · .. " """ .1.16955 

'" 4.KlJ16 281JO(M16 15 6115 .- """ , .I.179AS 

'" 4.11649 W59.1JII3 25 6.110 8.6934 "''' ""' .. ". m". 2SU9OJIl 15 MIS 8 .6978 2061.2 .1400411 

'" 434281 281\19 11 79 25 6710 II 70U 20703 34108( 

... "'.00 2814\l6OOO " "'" • '''' 201.1 5 JHI III 
~, 4.16921 2SSl!O-11AI n 7099 • 7110 2076.6 H.l151 
~, 438244 290111518 15 72"94 • 1154 2079 7 JUIIl6 
~, 439569 2';I 1U4241 n "'. • 7198 =" JU2Jl 
OM • .,.% 29215 4944 25 7682 • 724 1 "." .146179 

M' 4HU5 29407\1625 25,1876 8 7285 2089.2 347.11.1 ... 44.1556 2954081\16 25!!O70 8 1.129 2092.1 .I48J68 
~, 444389 296140\16.1 15 ,826.1 8 1.11.1 2095.4 J49415 ... 446124 298011632 258457 8 7416 2098 6 .150464 
M' 441561 1994 18J09 25.8650 8 1460 2101 1 .I51S14 

'" .. ,," J0016JOOO 258844 8 1S0l 2104 .9 .I515()5 

'" 450241 J01l1111 1 25. \!OJ1 I 1S47 21080 .15.1618 
on 4515S4 30.10&64441 25 92.10 8.15110 2111.2 JH61J 

'" 451929 304321217 2J.9422 1,16.14 1114 3 .1551.10 

". 454216 306181024 25.\1615 a 1671 2111 4 .156118 

'" 455625 .101546815 15 9808 8.112 1 21W 6 .151141 

'" 456916 J089 15716 26.0000 81764 212.1 1 .158\108 ,n 453J2"9 .I 102881J.1 26 1091 8.1!!o1 2116.9 .150)911 ". 459684 JI166HU 26 0.184 I 1850 11.Kl 0 .16 10.15 

'" 461041 JlJ046SJ9 111 0516 8189.1 2U.I 1 \0\2 101 

... 462400 J1UJ~ 16 0168 1 79.11 21.16 J "'". .. , 46.1161 J I5U1141 " .... 1 1980 21194 M42J7 

'" 465 124 .1 112 14561 26 1151 8 80l.! 2142.6 "'". ... ...... .118611981 16 1JU .- 2145 7 ... ,,' ... .. ,'" J200IlS04 16 1S14 8 8109 21411 8 16145.1 

'" 469225 .111419125 261725 8.1152 2152 0 ".m ... 4105\16 .122818856 26 1916 8.8194 2155 1 """ '" 411969 .I242U1OJ 26 2107 8.81.11 2158.3 310684 ... 47JJU .I2S660671 26 11111 8 n!!O 2161.4 H1764 

'" 474711 JZ1082769 26 2481 .... ,.. 2164.6 JllSU 

'" 416100 """"'" " 2()19 ...... 11()1 . 1 .11.1928 
M ' 47,.81 JJ99J9J1J ~ >OM 8,1408 21108 J750IJ 
M' 411864 .IJ1J1JS88 26.1059 8145 1 2114 0 "..., 
'" 480249 J32812551 M3149 8.849J 2177.1 117181 , .. 481636 Jl425JJ84 26 . J4J9 8 8536 2180.1 378276 

M' 48.Kl25 JJ!lOU75 UiJ629 8.8511 21SJ 4 379161 .% 484416 JJ1I5.15.16 26 . .18 18 8.8621 21865 J80459 

'" 485809 Jl860881,' , .. "" ...... 2189.7 ~8 1 55J 

." 481104 J40068J02 104191 88706 21928 382649 .. , ..... , J 415.11099 l6.4J86 8.8748 21\16.0 383146 

~1I13 



PITTSBU R Q H STEE L COMPANY 

Fl:~cnO~S OF NU MB ERS. 7 .. 10 74' 

,,~ Co," :\0." Oi."'tl~ 
~o, SQuare Co," .,,' R_ 

el"",m. Ao" --- 1 1 1-· ". "0000 """""" 26 4375 · "" 2199 1 384345 

'" 491401 .I4H72101 26 4764 · .... , 2202 J .185945 

'" 492804 345948408 26 4953 8 8875 2205 4 JBl041 " .. 494209 .141428927 16 5141 6.8917 220155 .18815 1 ". 495616 348913664 2653.10 8.8959 2211 7 .189256 

'" 497025 .150402625 26,5518 · ,." 22 148 390j()j 

"" 498436 351895816 26 5101 690U 12 18 0 .19141 1 

'" 499849 35339J24.1 26.5895 .. "" 2221 I .192.580 

'" 501264 354894912 " .. , 69 121 2224 2 393691 ". 502681 .IS6400629 26 6171 69 169 2227 .. .194S03 

'" ""00 3519]]000 26 6-4!18 8 9211 ,~ , 39S919 

'" S05521 .lS942,..I1 " "'" 69253 21J.1 7 J91OJ5 
m ..... J6O\l«118 26 66Jj 69295 2lJ6 6 396UJ 

'" 
,,.,., 362461097 26 7021 6 9J.17 2240 0 .I991U 

'" 500;<)6 J6J99-1344 " n .. 6.0.116 22U 1 400.193 

'" 36552561S 26 7J95 8,94M 2H6 2 40IStS 

'" ,)(;70616% 26 7582 89462 22494 4026j9 

'" 36860181.1 26,7769 8.950.1 2252 S 400165 

'" J70146H2 26 7955 8.9545 215S 1 4041192 

'" 311694959 26.8 142 8,9581 2258,8 ""'" 
n. 518400 31.1248000 26 8328 8,9628 2261 9 401150 

'" 5198-41 3H80:SJ61 26.8514 89610 ,~ , 4OfIlS2 
m 521184 316.167048 26,8701 8,9711 lU8 2 409415 
".. S2U29 .177933067 2611881 8,9152 2111 4 410UO 

'" 524116 .179500424 26 9012 8.9794 2214 5 411687 

".. 5l561S 381078115 26 .9258 89835 2111.7 412825 

'" 521016 381657116 26.94« 89816 22&0 8 4iJ96$ 
m 528519 38424058J 26.9629 8,9918 2283 9 415 106 

'" "" .. J.&S8l.8J51 26.9815 8,9959 2287 I 416248 

'" 5.11441 387420189 27.0000 ' .0000 2l9O,' 417.195 

". "' .. 389011000 27.01&5 90041 2295 4 4185.19 

'" 534361 3906 1189 1 21.0.110 90082 2296,$ ...... 
m 5J5U4 J9221J 168 27 ,0555 9012.1 21996 .,.." 

'" 5.17289 393U2831 21 0740 9.0104 23028 421986 

'" 5.18156 395446904 27 0924 9.020S 2J05.9 42.11.18 

'" 540n5 .l9)OO37S 21. 1109 9,0246 "'" , 42429.1 

". 5416% 398688256 21. 129.1 9.0281 2311 . 2 42S .... 7 

'" 54.1169 400J155n 27 1471 9,Oll8 HU.4 .,... ". 544644 40194nu 27 1662 """ 2JI8S 417762 

'" 546121 403583419 21 1846 11.0410 2321 6 4211922 

". 547600 405224000 21.2029 ''''''' 2324 8 ._. 
'" 549011 """"" 27.22U 9,1)491 2.117.9 431147 

'" ,,"". 408S18-488 17 lJ97 9 OS32 23JI , I 432411 , ... 552Ot9 410172401 27 2580 9 OS72 23M. 1 41.1S78 , .. 55JSj() 411830784 27.2164 9 06\J 2.137 .I 434146 

'" 555021 41349.162) 21.2947 9 0654 2340 5 U5916 

'" 556516 4151609].6 21 .3130 9,(1694 1343.6 4.11087 

'" '''''' 41683271.1 21.3JU 9.013S 23468 U82S9 

'" 559S04 418508992 21 3496 90775 23499 U94J3 

'" 56 1001 420189149 21.].679 908 16 235.1. 1 .. """ 

.. 



S EAMLK SS F OR S AFKl'Y 

FUSCTIO;'; S OF NlI M II RKS. 7St 10 '" 

$Quart Cu~ 
'\"0. _ Dia"~ltc 

1>:0. s.,= c, .. k_ koo' -
Circum. ,~ 

---
'" ,,, .. 42 1375000 H.J361 , "" 2.156.2 44 1786 

'" ".,m 42JS4'i4751 " .... "'" 
I 

2359 3 ."''' '" 565504 4252590011 21.4226 90931 2362 J 4441 46 

'" 567009 426951111 Z1 4408 9 0971 "'" H Ull 

'" 568516 42866 1064 21 459 1 9 1011 2.J68 8 4465 11 

,n 570025 4JO.1o'i8875 27 4113 , 1051 2.17 1 ,11 447097 ,,, 57 1536 4310812 16 27. ~1I55 , 
"" 2375 0 ...... 

m 51104'> U.l7"'S09.1 27 5 136 , '''' 2378.l 4500n 

'" 574564 4.155111512 li 5.1 18 , 1178 2.181 .I 45 121>l 

'" 57608 1 437l4H79 11 5SOO , 1118 1384 .5 4S1U.I 

". 511600 438976000 17 ~I , 'm lJ37.6 ",... ,,, 57911 1 4<4071 10151 27m2 • 'N' "' .. 454$41 ,,, ..... 441450711 27 6043 , 
'" 2J9.1 9 " .. " ,,, 532169 4441949U 21.6215 , !J1B 2397 0 457!H ". """ 4UII-4J7 44 27 64()J , 
'" ,- , 453414 

'M SUn5 447691 125 27 6586 , H 58 "." ,,~ 

'" 586156 44I1U5096 21 6161 , 1498 2406 5 ... ", ,,, 588289 451211663 27 61148 , 1S.l7 2409.6 ." ... 
'" 5898 24 451984832 21 1128 , 15 11 14 12 1 461247 

'" 59136 1 454756609 27 7.1015 , 1617 1415.11 464454 

n. '''''''' 4565J.l000 11 7489 , 1651 24 19 0 4M66J 

'" 59444 1 45SJ 1..011 27 76611 , ,- 2Hl 2 46681J 

'" 5951184 """" .. 21 7UII , 
"" 2425.1 ..... 

'" 597529 46183<1911 11101II , 1115 1418 5 46Ql98 ,,, 599076 46..1684324 17 .8109 , IlIiS 2431 6 47OS 1 \ 

'" ""''' 465484J15 11 8.183 , 1855 2U4 7 4711.10 n, 601176 -a67288S16 '''''' , 11194 2437 9 41NU 
", ... n, 469091433 27 8147 , 11133 1441 0 474 163 

'" "''' 4709 10951 17 S9li 9 1913 1444 , 47SJS9 no .... " 41l7291J9 11 9106 II lOll 2441 3 476612 

, .. ... - 41UllOOO 21 918-5 " .. , 1450.4 H7S.I(i , .. .... , 41637954 1 27 946 4 9.209 1 USJ 6 479062 ,,, OI UU 47821 1768 27 9643 II 21.10 24S61 48000 , .. 61 J0811 4SOO<W>8i 27 981 1 ~ 1170 1 459 II U IS19 , .. 61 4t156 48 1 89OJO~ 
" 0000 

9 1l()q 2463 0 48li50 

'" 61611S 4837J6625 J8 0 179 , 1148 ,- , ~ 8.!981 

'" 6 117% ~85581656 18 0 .157 9 US7 2-1(1'1 j 4851 16 ,,, M9J6') 487~4J<4oOJ 28 0535 1'2326 1 ~ 71 4 ~S645 1 

'" 6209H 439JOJ871 28011.1 , "" 2475 6 ~87688 , .. 62n1 1 491 169069 18 osq l " ... 2H81 488921 

, .. 6NlOO ~9J039000 " '''' 9 24-4J 2U I 'I ~'Kl167 

'" 62~1 ~1I.9 1 367 1 " 1247 9 2~81 248-5 0 ~9 1 409 ,,, 621l6~ 49619J08.8 ,. I~H 9 lUI 2~83 I ~1I265l ,,, 613849 49116Hl57 ,. "" , " .. 24111 3 49.18117 , .. ".". 500S66IU " "'" 'I 2599 2494 4 495143 

,,, 631025 502459815 28 1951 9 26.18 2491 0 4%391 

'" 6J .l(i16 504J58JJ6 18 1 U 5 9 2611 2500 1 49764 1 ,,, 6J5209 506261513 2J 'J Il 9 27 16 2SOJ 8 498891 

'" ""'" 508 169592 28 2U9 9 2754 25070 500145 ,,, 61840 1 5 10081.199 28 2666 9219J 25 10 I 50 1399 



PITTSBURG H STa aL COM P AN Y 

"UNCTIONS 0" NUM liENS. 8M '0 8-19 

,,~~ C,," 

I 
:\0. - DiamtW 

No. Square Cui", k oo' .... -
Cir<::unI. A<n 

~ .., 
""'" '''000000 211 234.1 9 28.12 2513 .I 502655 .. , 641601 513921401 211 JOI9 9 2370 2116 4 5O.l912 ." ,m" 51534960fJ 2113 196 ,- 1519(\ 5O.S111 

"" ...... 517711 1627 18 JJ1.I 9 2943 1512 7 5(164.12 ... 6464 16 5197 111464 23 . .IH9 , ~ .. 2j25 8 507694 .. , .. ,,' 521(>6(1125 211 .Ins " J025 moo 508953 ... ....... 51.1606616 23 .11101 ,~ 2532 I 51021.1 .. , 651249 5155579U 211 01011 9 .1 102 2S.15 .I 511490 ... 652864 517514112 211 425.1 9 .1140 2538 4 512758 

'" ,,, ... 519475 129 28 4429 9 . .1179 2541 5 514028 

." ""'" 5JIH l000 , .. "" 0.1217 2H4 1 5UJOO ." 651711 U J4I1 1JI 18 478 1 9 . .1255 2547 8 51657.1 

'" 659.144 5.15.187.1l~ 28 4956 o 3204 2UI0 511348 
au ...,., SJl.161191 lS SU2 o .1.1.12 2554 1 519 124 ". 6625\16 SJ9.15J IU 28 lJ07 o lJ70 2551 .I ""." 
." 664H5 54IHJ.l15 28 5482 0 . .1403 "'" . 511681 

'" .. ,'" j4JJj84\16 285(\57 9 .1441 25M 5 512%2 

'" 661489 S4HJ8SIJ 28 58.12 o H8.'l 25661 524245 ". 669124 541.14H.ll 28 6007 9 JSl3 2569 II 515529 ." 6107(\1 549.15.12S9 28 6181 9 .156 1 lS7.1 0 5268H 

"" 672 400 55 1368000 28 6.156 9 . .1599 2S76 1 5281 02 ." 674041 55JJ87661 28 6S.l 1 , ,." 2519 2 529.191 

'" 615684 55S 41 H48 28 6705 o .1675 2582 4 530681 

'" 611.120 557HI 767 18 6380 9 J7lJ 258.'l 5 5.1 197.1 ." 618916 SJ9H6224 28 7054 9 .1151 2588 1 5.13267 

'" 561515625 " 7118 9 .1189 259111 5J4562 ." 56.1559976 " , .. , 9 .1821 1595 0 !.I5858 

'" 56S60921U 28 7516 "." 2598 1 SJ7I 57 

'" 56166,1552 18 7150 9 .1'102 1601 2 m ... 
'" , 569712789 18 1924 9 .1940 " ... 5.19158 ... ,.,,'" 511181000 2880!H 9.1918 26015 54 1061 

'" .... , 57.18S6IQI 18 3 lil 9 4016 2610.7 542.165 

'" 692214 5159JO.108 28 8444 9 4GSJ 261.1 8 54J61l ... , MI.l1Sl19 5780005.11 28 3617 ,~, 2616 " 544910 ... 69U56 5II(l(IOJ1O' 18 8191 9 4120 2620 1 546238 

." (,'Inn 53U81815 28 8964 o 4166 262.1 2 547599 .... , .. ,,' 5114211056 28 'lUi 9.4204 2626 4 H8912 ... , ''''''' 586.17615.1 28 9.110 " 4241 2629 5 5S02l6 .... 10n « 538430471 18 9482 9.4219 26.12 7 551541 

'" 7OJ91 1 590580719 18 9655 9 4.116 26.15 II 552858 

.. " "'"'''' 5\11700<<I00 18 9828 9 4JH 26.18 9 554 111 ... 10728 1 59482.1.121 ~ "'" 9 4.191 2641 I 555497 ." 108964 5\16947638 lOOln 9.4419 2645.2 5568 19 ." 710649 599011107 29 OJU 94466 2648 4 558141 ... 711.1.16 60121 1S8 ~ 29 0517 9.45OJ 2651.5 559461 .. , 1 14025 6O.IJSI12S 20.0689 9 4541 26546 56019~ 

.~ 115116 6OH957.16 " "'" 9 45 18 2651.8 561 122 .., 111409 60164542.1 19. 10.1,1 9.4615 2660.9 56.1452 ... 119104 609800192 29.120' 9.4652 2664 .1 564783 .. , 72()801 6 11 960049 29 !J16 ,."'" 2661.2 566116 

MUll 



S EAMl.E SS FOR S AF E TY 

FUNCTIONS OF NU MUE k S, as. t o 899 

,",- C,"" No . .. Dlam~ter 
No. $Quare C,"" Roo. R_ 

Circum. A_ 

." 122500 614125000 29 1548 9.4727 26104 567450 ". 72(201 61629SO$I 29 1719 9.4164 267.1.5 "', .. 
'" "' ... 618410208 29. 1890 94801 1616.6 510124 ." 721609 620650471 291062 9.48M 2619.8 51146J .... 129.116 6218.15864 29.22.1l 9 .4815 2681.9 572SOJ 

'" 1.11015 29.2404 9.4912 16M. I 514146 

'" 1.12736 29 1575 9.4949 "" , 515490 

'" l.1U49 29 .1146 9 4986 2M2.l 576&.15 

'" 136164 29 2916 9501.1 169LS 518182 ... 1.1153 1 ,,, .. , · "'" 16986 579530 ... " .... .... - 29 J258 95091 1101 8 , .... ." 141311 6JS171M I 29 .1428 9 51J( 21049 5811J! 

'" , ...... 64050.1918 29 3598 9 5111 2108 I 583585 .. , 7U169 6411.15641 29 .1169 9.5201 1111 2 584940 ... 146496 644972$44 29 . .19.19 9 5244 1114 .I 586297 .. , 7(8115 6HU4615 2\1 (109 9 Sl81 2111 .5 5816$5 .. 149956 649461 806 29 4119 9 5.117 2720.6 5S90H .. , 751689 6517 14J.6J 19 4449 9 B54 212.1 .8 59O.l15 ... 15HH ~.l9120.ll 19 46 18 9 5391 2726.9 5917.18 ... 155161 6562.149Q9 29 4788 9.5427 21.10 .0 593102 

." ,,,,., ~UOjOOO 29 4958 9 5464 17JJ 2 594468 ." 758641 660176.11 1 29 SIll 95501 2736.3 595835 

'" 160384 66J.054848 29 5206 9.55.17 27.19 5 591204 

'" 162119 66HJ8617 19 5466 9 5514 2742.6 59851S ." 76..1876 6616H624 '''''' 9.56 10 2745 8 599941 

'" 7~615 29 5804 956H 2148.9 601J20 . " 161316 29 591.1 ..... 2152.0 """ '" 769129 29 6142 9 5119 2155.2 .... " '" 170884 29 63 11 9 5156 2U8 .I 605451 ." 712641 29 6479 9 H9l 2161 5 ...... , 
'" 714400 68 1412000 29 .6648 9 5828 2164 6 608212 .. , 716161 68J797841 296816 · ... , 2161.1 609595 

'" 711924 686128968 ,,, .. , 9.5901 27109 ....... .... 7196SQ b88465M7 29 11SJ 9 59.11 2174 0 612.166 ... 7814j6 690807104 29 7321 9597.1 2111 1 61J15 4 

.... 78Jl2S " "" 9 6010 21&0.1 61514.1 ... , ..... 19 7658 ..... 21M .! 6165.14 

'" 786169 29 7825 · ... , 21866 617927 ... 7S8.S U 29 1993 9 6 11 8 2189 1 619.1U ... 79OJ2 1 29 8161 9 61!4 2192 9 620711 ... 192100 , ........ " ..,,, 9 6190 2106.0 6nl H ." 19J881 70734197 1 19.8496 9 6226 2199.2 62J51J ." 795664 1091J2288 " ... 9 6261 2802 J 6H91J .n 791449 112121951 29 S8JI 96298 2805 . 4 616315 ... 199136 714516984 29.8998 9 .6JJ4 2808.6 617718 

." 801025 7169 17.175 29.9166 96.110 28LI.7 619LH ... 801816 719.12.1136 29 9JJJ .. "" 2814 9 6.10530 

'" .- 7l 17J421J 29.9500 96442 2818 0 63 1938 ". ...... 72 4150192 " ..... 9.6477 282 1.2 6JJJ4S ... 808101 726572699 29 .983.1 9. 6513 2814 1 634160 

101117 



P I TT SBURGH S T EE L COMPANY 

FUNCTIONS OF NUMUERS. 901 to> 949 

Squan: C,," !«o.,. Oiameter 
No. Square C,," Roo' Roo' Circum. Area ---
"" "'0000 "'000000 "' .0000 9.6549 2817.4 6J.611} 

'''' 81 1801 73 1432101 30 .0167 9.6585 18JO.6 6J7581 

'" "' ... 733870808 3OOJ33 9.6610 2833.7 '""'" ~, 8154W 7J.6J IU 27 30.0500 9.66.\06 28J6.9 64-0421 ... 8172 16 73876J164 "0000 9.6692 2840.0 6418«1 

,., 819025 741211625 30.0332 9.6721 2843.1 643261 ... 820836 743671416 30.0098 9.616J 2846.3 " .. " ~, 822649 746142643 3O.1l64 9.6199 2849.4 646107 

"" 82U64 748613312 30 . JjjO 9 .6834 28516 647533 

"" 82628 1 751089429 30. 1496 9 .6810 2855.1 6(8960 

'" 828100 753571000 30 . 1662 9.6905 2858.8 650388 

'" 82992 1 1560580Jt 30 . 1828 9 .6941 2862.0 6518 18 

'" 83114. 758550528 30. 1993 9.6916 1865 . 1 653250 

'" SlU69 761(1.18497 .10 . 2159 9 7012 2868 .3 654684 

'" 835396 76355 1944 3O . 2124 9 . 7(1.17 2811 • 656118 

'" 831225 766060815 30 .2490 , "'" 2814 .6 657555 ", ... ,." 768575296 30.2655 , 1118 2817 . 7 ~"" '" 840889 71 10952iJ .10 .2820 9 . 7153 2880.8 .... " '" 842124 173620632 30 .2985 9 . 7188 2884 .0 661874 

'" 8H.\061 176151559 30.3150 9.122. 2887 . 1 663317 

'" , .. "" 178688000 30 . 3..115 , 7259 2890.3 664761 

'" 848241 78 1229961 30 .3(80 , "'. 2893 4 666207 
on 850084 183771448 30 .3645 , 7329 2896.5 661654 

'" 85 1929 186330-161 30.3809 , ",. 2899 .7 669103 

'" 853776 188889024 30 .3914 , ''''' 1902.8 610554 

'" 855625 191453 125 30 4U8 , 1435 ""'., 611006 

'" 851476 794022176 304J{l1 , 1470 "" , 673460 

'" 859329 796591983 30 4467 9 .7505 2912 .3 614915 ". 861184 199118152 30 .4631 9.15.0 2915 . 4 616312 
'N 863041 801165089 30.4195 9 . 1575 2918.5 671831 

'" ... '" 8()'u51000 30 .4959 , 7610 2921 . 1 679291 

'" 866161 806954491 30 5113 , 1645 2924 .8 680752 

'" .... " 809551.1068 .10 .5287 , 1680 2928.0 6821 16 

'" 810489 812166231 30.5450 , 711S 2931 . 1 ""'" '" 87ZJS6 8141805(1.1 30 . .10614 , 1150 2934 2 685141 

'" 814215 8 11400J15 30 .5118 , 1185 2937 . 4 .... " ". "..,. 820025856 30 5941 , 7819 Nro, 688084 

'" 811969 82265695.1 30 6105 9.1854 2943 . 1 689555 

'" 879844 825293611 30 .6268 9 . 7889 2946 .8 691028 

'" 88 1721 821936019 306431 9 . 7924 2950 .0 691S02 

,ro ~"'" 830584000 30 .6594 9 7959 2953 . 1 693918 

'" 885481 833231621 30 .6157 9 7993 2956.2 695455 

'" 881.164 835896888 '" WW 9 .8028 29594 ""''' '" 889249 838.106 1807 30 . 7083 9.8063 2962 .5 698415 , .. 891136 841232384 30 . 1246 9 .8097 2965.7 699897 

'" S9JOZS 843908625 30 . 1-109 9 .81J1 "" .. 701380 , .. 8949 16 8465905.16 30 . 7511 9.8 167 297 1.9 7028(15 

'" .%"" 849218123 30. 1134 9 .8201 2915.1 704352 ". 8987(1.1 85197 1.192 30. 7896 9.8236 2918.2 705840 .. , """ 854610349 30.8058 9 .8210 1981.4 707330 

MII8 



SEAMLESS '0 R SA FETY 

FUNCTIONS 01' NUMBERS, 950 IQ 999 

SQuar~ C,," 
"'D. _ Dia,,,et~r 

;'; D. Squar~ C,," ROO' Roo' 
Cir~um. A~ 

'" 902500 8.51315000 30.822 1 !I.1IJOS 2984 .5 708822 

'" 904401 8600S.'i351 30 .8383 9 .8339 2987 . 1 7103 15 

'" "'" .. 862801408 30 .8545 9 8374 mo .• 111809 

'" ",,,., 865523171 30.8701 9 .8408 2993.9 113306 , .. 910116 1168250664 30 .8869 9 .8443 2997 . 1 114803 

'" 912025 8109/1.)875 30.903 1 9 .8417 """ , 116303 
,~ 9 13936 813122816 30.9192 9 .85 11 .wru .• 711804 

'" 915849 816461493 30.9354 9 .8546 3006 .5 119306 

'" 911164 879217912 30 .9516 9 .8580 - ., 7208 10 

'" 919681 88191<4079 30.9671 9.8(i 14 3012 .8 1223 16 

.... 921600 884736000 30,98311 9 .8648 3015 II 723823 

'" 923521 8875036-81 31,0000 9.8683 3019 . 1 11$332 

'" 925444 890211 128 31 .0161 11.8717 3022 . 2 116842 

'" 921369 893056347 31.0322 9.8751 3015 . 4 72MB 

'" 929296 895841344 31.0483 '1.8785 3028 .5 129867 

'" " "' .. 9 .881'1 JOJI.6 731382 

'" 31.0805 '1,8854 3034 .8 7328911 

'" 31.0966 '1 .8888 3OJ7 . '1 13UIi 

'" 31.1127 '1.8922 30·11 . 1 135937 

'" 31 . 1288 9 .8956 3044 . 2 137458 

'" """'" 912673000 " 1448 9.8990 3047.3 138981 

'" 942841 915498611 " ''''' 9.9024 3050.5 """ on 944784 918330048 " . '''' 9.9058 3053.6 742012 

'" 946129 92 1167JI7 " 1929 9.9002 3056.8 143559 

'" 948676 924010-424 " "'" 9 .9126 3059 .9 745088 

'" 926859315 " 2250 '1 .9160 ""'. , 7466 19 

'" 929114176 " 2f10 '1 .91'14 3066 . 2 748151 
on 932514833 " 2570 9 .9221 3069 .3 '''''' ". 93544135 2 " "''' '1 .926 1 3012 .5 75 1221 

'" 9383 13739 " '"'' 9 .9295 3015 .6 752758 

"" .... ,," 941192000 " .3050 9 .9329 3078 .8 

'" 96236 1 '144076141 " "., 9.9363 308 1.9 

'" """ 946966168 " .3369 9.9396 3085.0 

'" 966289 '14'1862087 " . 3528 9.9430 3088 .2 

'" 968256 952763904 " ."" 9 .9464 30\1 1.3 

'" 910225 95567 1625 " . 3841 9 .9497 3094.5 762013 

'" 97 2196 958585256 " . • 000 9 . '1531 3()97 .6 76356 1 

'" 974169 9615()ol8(l3 " . 4166 9 .9565 3100 .8 16.511 1 ". 976 144 964430272 " .4325 9 .9598 3103 .9 """ '" 978 121 96136 1669 " . 4484 9 .9612 3107 .0 768214 

- 980100 910mooo " ."" ,."" 3110. 2 169169 

'" 982081 973242271 " . 4802 ,.- 3 113 .3 711325 

'" 984064 91619 1488 " ...... 11 . 9733 3 116.5 772882 
00' ""'" 919146657 " .5U9 9.9766 3 119 .6 11UU W. ""'" 982107184 " . 5278 9 .9800 3122 .1 116002 

00' 00",'" 985074815 " .5436 9.9833 3115 .9 177564 

'" 992016 988047936 " 55'15 '1.9866 3129.0 779 128 
00' 00_ 99 1016913 " S7S3 ' .000< 3132.2 780693 W. """" 9940119112 " ,5911 '1 .9933 3135.3 782260 

'" 9118001 9970029911 " "'" 9.9967 3138.S 783828 

1\.1119 



PITTSBURG H STEEL COMPANY 

COMPARATIVE TABLE OF STANDARD GAGES 

TIIICK~ESS 1:-< DECIMALS OF A:>i IlI<CH 

0 
, , , 

~ ~ 
, 

~.~ 
.. 

:; I:; !!:! .. =< 
0 "' G.~ '- ' ;; ,. 

~~ E=~ E;5i" <i!:;;:.;,! _0 

!"E~ ~Dm""" 1:; ~ e~~ '·0 o. ~""Cl 

~ ... .! 
]_E~ s, - 0, "':i"j 

t • ;;£.$1~ 0, - .... '" .--i~j.." , . ,u ~:i~ ., 
~ .~ < £ ' , " .- "< 

~ =" ~:I) 
• 

00000oo .. '" .'00 
1--

00000o ~" .- I· 00000 "'" .450 m 
0000 . 454 .3938 .<00 .00 .,. . ·U5 .3615 - .312 .,.,. 

00 .J80 J310 '" .J48 .4452 , .J40 ",,, '" '" "" , .. l89l<)1 . l8.1O '" ... J5Jl , .284 251617 .2625 .265 .276 .J141 , .25') n942.1 .l4J1 .2H .252 .1804 • .2J8 204307 .2253 .225 .2.12 "00 , 
. "" . 181940 .2070 '" .2 12 2125 , . "" . lri2()2J . 1910 "" '" . 1981 , 
"" 1442U .1770 . 115 . 176 . 1164 • '" 11849'0 . 16l0 .,w .160 . 1$70 , ... . 1144ll . 1483 '" .144 . 13<)8 

'" 1.14 101891 1350 '" .128 . 1250 

" "" .090142 .1105 . 1175 .116 . 1113 

" "" .""'''' .1055 . 105 . '''' ."'" 
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PITTSljUROH S TEEL CO MPANY 

TRADE CUSTOMS 
Unlco. othef""it~ .p«l5ed ~1on'I 'f~ lot PfOOIPI «eeptoncc .nd 'f~ .ubiecl 10 cl>tn,. 

withoul _ie~_ 
All .. Ico, contr«tt .nd ord~" bocoooe declJve .... Iy when 'PP'O\Ied .nd «<ePled In _Itl •• 

by ,h~ Selle", hooo. oA"ke. 
The «Ce .... nee 01 .,.,., OId~. 01 .peelficoIIOll, .nd I~ ... 01 POI"II~RI, ..... 11 .. I .... ocl orde" ., • 

• ubi«l 10 Ih •• pp'0\I.1 of ,he T •••• u ... 01110. Sell ••. Th. Sell .... y decline to •• ke dellve.I ... , e.ceDl 
fof c •• h, whe.","", Ihe S.II~. fof •• y 'ltO.on .11011 h •• e .ny do;,bt •• 10 lIoe Blrte", ''''pOMlblli!'f'...! 
.h.lI.o .dvl.e ,he 8 ...... ~f~ whef.u""n the 8 ......... h.1I ,,"ve 110. ",lvll.S. of .. tI'/yln. the Sell., of hi •••• 
'pOMlblh,v, • ...! wh •• ~~II •• I. 10 .. tltfi.d, Ih.n d.llv •• I ... ,""II bo .. d. o ••••• ""ed .. PC' I .... 
•• "' .... ed. 

Th" toWl QlHnll!'f of ..... 1.1 In uch Ind.vldu.1 shl~."" will _.m Ih. Ptlcc. cl>t.,,,d 10. Ihe 
.. t •• I.I •• p«I~ed ...d~. ord.".nd c_octo, which Ptlee. u..11 bo lIoe Pt_. prlea I", thl Qu.n"!'f 
.nd d.lovcry Involved In «cord.ne. ""nh the ,.ne •• 1 schedul. of prlea upon ""hlch ,h. co._. 
I, ..... shown or. booed. E.c:.h Month'. ,hl_nto 10 be lIe.,ed ..... _.1. one! Ind.pcndeflt COfltroc::t, but II 8..,... ,.11. 
10 hI!lin I .... 01 _.ot ....d •• 'fIY cont.oct Selle ... y '"'the. def .. lurth .. shl~ents ufltil _eot 
10 ..... e '" .. y e ..... 1 110" _oct. 

The S"II ...... 11 nt>I bo II.bI. lot "",,_"_nee of <>«I." '" conttocto In ....... Ie 01 In pott II 
wch """.perI_ne. II IIoc ... ult 01 S ... , ,lrikn, diA"c.enc .. with e-oIoycI, ...... 111 ... del..,. In 
1 •• nspOf\ollon. ohorto,. oIu" 01 other u"' .. bcyo,ocj the Seller' .......... bf. control, no. u..1l1h .... 
•••• PlI ..... bo 1"lIed '" w.lved by.fIY orh •• Iu. 01 ord." o. _octo, wheth •• prlnCed '" _men. 

All .. 1 •• 1.4 or. ufehlily I""",,"cd, .nd In ,he .... 01 lUbin, pipe .... In,. tt<: .• eve.., pI«e 
II luted bol",. ,hl~.nl, bul It I. not .Iw ..... poo.lbI. 10 delectl_rlectlono} th ••• f",. the o.ly .... .. 
• nlee Ih.t I. ,Iv •• II to •• ploc. ,..do .. te.I.I ...... o.e dcfectlve 0.- to .lIow ",.dlt lot Ihel • • etUfn 
.t Sclle,·. optlo.. 11,ood •• ppe •• dcfectlv~, 8 ...... e. ,hould d'lCon'lnue Ih.l. IIIe .nd nolo/y Sell • • 
ptolOptly.o ,hot S.lIef"y h", ... lIfOt •. Sellcf will not .lIow .ny ,,1.1 . for I.bo. 0, ""P ..... occ: •• lon.d 
by the u.e 01 dol,cliY. 800<k. no. b. , ... pomlbl. fo, d .... ' .. bcvond lh. Ptiee ofth. defccllv ••• ,.,1.1. 

Und., no el.eu ..... nea will S.lIe, «copt 11. ••• ,u,n of 8OO<k for credit 0.- •• pl.e ••• ot unle .. 
• ".ng ••• "" ho ...... vlou.ly botn..oe I". .... h ,elu.n. 

Spe.I.1 ....,d • ..0. to .peclficotlono, whe •• Buye. I. to IfIIQ«t/ .",1 bo 1"'P«I.d befo ...... ,p . 
• e ... It .od.. Aft •• shl~'" oI • ..do ,pcc~1 ,ooo:k II ...... Sell •• I ... ponIibilo!'f ec .... . 

Mote.I.I. 10 bo wl'*'ln the Ii.i ... nd of .Iz .... nuf_,ed byS.II., .ndlubject to S.II ..... , • ...!.,d 
.. ..." .... 'In' y •• IotIons. cI ... !5utIono . nd e ..... . 

All tuba sold oubica to the ", ... 1 v.tto_ ". tof ••• ne... Unless odo.twhe .p«I&ed, .ill 
Icn,,1Is 015 fcot o.ncI O\IC. ""ill bo shlppccj. An nu ........ woll be -.0. lot cvtton, tubn to _101 
len,tho. el.;., fOl ohorto!IC Of ded_1ons I", c • ..,.. • .,.... eII ••• a.<tIl bo Ptacnted _Plfy Of w,1I 
not bo .llowed. 

All tubo. 16 ..... nd II~ .. ""ill bo shipped bo.ed. AIso.1I tuba In .11 .. , ... In I .... h. '''''0 
leet 0.- "'-'c. _11 bo shipped bo.o:I If, In '*'1 5.11 .... Iud,.cnt, th..,. should be 10 shlppccj. All 
othe. tubet will bo thlQPC:d bundlo:l unlffl ord •• 0:1 bo.o:I by anto •••• 

Tho urrle" .f •• e.ponslbl. 10' ,oocfo loot o. do ... ed In t ...... II, .nd In .... of Ioos 0.- d .... e 
."'Ou'e conol,n •••• , "QUlfed by Rule No.2, P •••••• pto B 01 the Uni/o .. Bill of Ledin., .111. I •• 
• edl ... lv notify the C'f""·' .,.nt ... d .. lln.llon In "",llIn, In ord~. to .ubot.",I.te fo ... 1 01.1. when 
p.a.nlcd. 

0.110. 10' oth ..... 0", d.li<;iencie, o. I.p •• fcellon< ""III not b.: .nt.rtoln.d by the Selle. unl« • 
...0. ""ithln 15 d.VI . lte, .ec.iPl of ... t •• I.1. 

Exe.pt., Ptovlded .bov., .11 ord." .nd conI'KIS when occopted ••• bind'"1 both upon 8 ........ 
• nd Selle' .nd not .ubje(\. to .. null.hon. It It e ...... 1y undcrotood .nd .g •• ed th.t no .,.OIc(\.lo • 
• ,.i .. 1 d.e," •• In the ... ,e ..... shown in ord .... nd cont,«tt un be . 1I0wed by the Selle •. 

I. thl COl. of <>«Ie" 10. '"bet 01 other .. le.I.1t oI.peel.1 'I>:a, , .. !«.nd .... pcs Ihe Pthr,le,1 
I. , ...... ed of .... I"""nll.n per Clllt .... " o. I ... thon the Q ... flti!'f ..... ered. Rc"" .... for thc -.I,fico· 
ficol;"" 01 _ificol_ uiling for odcI.I~ .. _101 ... IYII., M len .... Of ",...ed ",ba uMOl be 
e .... Io:I •• o:I 11th ... ""'_. of the .. t.rIol\";; boen _"""ed wh.n the 'eQUat .eocka the .,11. 

IftYOio: ... OIO'!'"ble .. the Ge •••• 1 Ollie" 01 Sell .. , Pitttbu,th, P •. , 10 the ord., of tt.c Sell •• , In 
funch a",e", In Pimbu .... , .... In N.w Yorl< udoon ... 

I\ny t •• i_ed by.fIY praent o. futu'e I.w, Fed ... f, St.te o<.nv """'. <3oYcr_cnWl A.cncr, 
Oft the .. I. 01 the .rtlela COY.,ed by ..... <>«I ... Of controcts, .... 11 bo.deled to tt. •• _fIt to bo:. POlO" 
th •• eund ... 

r<><bo:,f.nce Of f.,lu •• of tt.. Selle. to CNO<.:" .ny 01 thac condillo ... 0< 10 ••• reln • ...,. rt"'t 
«Ullin, f.". .,.... dol.ult 01 Ih~ 8 ........ sh.1I _ .~ect o. I.pol. the S.II ..... Ights In "" ... udt d.f."lt 
continue, Of In COl. of . n, ,ubo.Qnn. dcf.uit 01 Ihe Buy.!t .nd .... h lorl:>c ••• ne. o. f.llu •• will _ 
.ct ••• "".Ivc' In u .. 0 other 0.- futu •• def."III of the II..,.. •. 

All eontr.e," .nd ord." ., .... cuted by th~ 5.11., In Ih~ 5 .... of P.nnsylv.nl •. 
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OTHER PITTSBURGH PRODUCTS 

Pittsburgh Steel Compdny mdnufdctures under the 
"Pittsburgh" fdmily ndme d diversi~ed group of prod­
ucts for Industry, the T rddes dnd the Home. Some of 
these products Me listed here: 

Industrial Fel"lces, L<lwtl Fel"lces, F~rm <lnd 
Poultry Fel"lces, HiShw<lY Guord, Borbed Wire, 
G~!es, Pm!s, Fence Fittings, Fence Tools, 
S\<Iples, Spring Wire, Bright Wire, Annealed 
Wire, Hot Zinc (o<lted (']"Ivanized) Wire, 
SI<linlen Wire ond St<linle11 Wire Products, 
B<lle Ties, N<lils (Bri,]ht, Blued or Hot Zinc 
(O<Ited ··,]<llvanized"). 

(<lSinS, Drill Pipe, Oil Well Tubing, line Pipe, 
(r<lcking Still Tubes, Boiler Tubes, Power 
Piping, Refinery Piping, Refriger<llion (oils, 
Mechonic~1 Tubing. 

Reinforcing Fobric for Ro<KIs, Streds, Side­
walb, Driveways, Runwoys, Buildings, Floors, 
Roofs, (dnols, Gunite, Concrete Pipe/ Steehex 
(wire reinforcing mesh with inte,]r<ll fibrous 
bockin']) for Interior Ptdsler, Stucco, Brick or 
Stone Veneer, Portilion', Suspended Ceili",]s, 
Floors- <lnd for Modernizing. 

A request for literdture dnd informdtion dbout dny 
of these products will put you under no obligdtion. 

PITTSBURGH STEEL COMPANY 
PITTSBURGH , PENNSYLVANIA 

MIZS 
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