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Til lS, the Sixteenth Edition of the Carnegie Pocket Companion, 

hna been rewritten and reset throughout. 

Since 1903, the dale of the lnat edition, there have b«-n m11ny 

('liangclI in the art of bridge and building construction with the 

('xtcllBion of the use of 81('(>1 into other lines than those covered by 

that c~lition. The endeavor in the present publication has been to 

clirninntc obsolete forms of construction, to revise the forms retained 

from th(' l!U;lt edition 80 lUI to make them conformable to prelK'nt 

IIlandard practice and to incorporo.lc with the mattcr 80 ftltaincd 

such infonnntion on the nCW(,f linc/! of manufacture as would be of 

inler('st to cngin(,(,l"!l, architects and buildcl'1l. 

From the large number of rolled s!JaJl'C8 which we manufacture, 

we ha\'c selected for illustration in the profiles and tables sueh as 

arc deemed most suitablc for usc ill bridge, building, car and 

ship construction. A complete list or all the sections rolled on 

thc Structural, Plate, Bar and Huil "lilIs of thc Carnegie Sleel 

Company, together with tubl('s of weights and other data in r('gard 

to those products, is given in ou r Shape Book, with its supple

menU!. 

_J 



CARNEGIE STEEL COft\PANV 

A:o.IERICAN SOCIETY I~OR TESTING MATEIUALS 

PIllLADELPUlA. PA., U. S. A . 

.. ~~'L'ATaD ","TK T.IIa 

INT£II NATIONAL ASSOCIATION rOR TESTING MATERIALII 

STAN OARD SPECIFICATIONS 
Po< 

STRUCTURAL STEEL FOR BRIDG ES 

I. MANUFACTUln; 

1. P.-- The aled shall be made by the open-hear th prOteM. 

II. CIIE)UCAL PROPEIITH;S AND TESTS 

2. CIte.I .. 1 CoIII_IUDB. T he atcel shall conform to lhe following 
requirements All to ehemienl composition: 

C II Il"'CAL ('O"~Qe'T'O'" 

"I".pho","" mu . per cent.{~:1c.· 
Sulphur. mu ..• _ cent. 

000 
0." 
0.0.; 

0." 
0 .. 
0.01 

, .... 
Culiop 

OOS 
0.05 
0.05 

3. Ladl. A". I,-- Au an6lY8i ~ Bhnll be made by the manu
fadure r from n test ingot lakell dur iug th(l pouring of each melt, to 
determine the percentages of enrhon, manganeBe, phosphoruB nnd 
sulphur. A copy of this nnnlyais shall be given to the purchaser 
or his repr{'f!('ntnti,,{'. 

4. ChHk A"al1_ A check analysis shall be made from finillhed 
material repr('~enting each meil, if nl\cd fo r by the Jlurehuer, in 
..... hich case an excess of 25 per cent. above the requirements specified I 
in Section 2 shall be allowed . 



S T AN DARD SI'EC I F ICAT IONS 

III. PUYSICAL I'nOI'~;ltTIES AND TESTS 

5. T~nlloll T ... to.. The steel shall conform to the following 
requircmcnts as to tell@ile properties: 

'1' '')1$ 11,0: ) ' 1I 0PEII ... ' ". 

-
l~ito Co,.;d"",! Stn.lttural Rint "~, 

"~, "*, ""~ 
Tensile ' Irongth,llNl. per ~.ln. Desired 00.000' DOfIlrod 60.000 ' 65.000 min. 
Elongation In 8 Inch(Jfl. mill .. _1.500.000~ 1.500.000 

lief Cl!ut ..... 'l"on8. st •. ·'ren • . ,tr. 
E lollgMlolI In 2 InchOfl. min .. 

ICr ceut . .......... " . ......... " 'See Settlon 7. 'See Se<tlG" 8. ,. Yield i'OJIlt. T he yield point., flS determined by the d rop of 
lb, beam of the testing machine, shall be recorded in the test 
reports. 

7. P ....... I ... lbleV.ri.l;o' .. in Te.uil" St,..,n,cth. The tensilc @trength of 
structural and rivet stool may vary 4,000 pounds per square inch 
from that. specified in Section 5. 

8. Modi6<atlo.u In Elnnptinn. (0) For material ovcr ~inch in 
thicknC8s, a dcduction of I from the percentage of elongation in 
8 inches specificd in Section 5 for structural steel shall be made for 
each incrcasc of }i inch in thicknell8 above ~ inch. 

(') For materia l under %6 inch in thicknCIl8, a deduction of 2.5 
from the percentagc of elongation in 8 inche~ specified in Section 5 
for structural steel shall be made for each decrease of 1h.6 inch in 
thickne88 below %6 inch. ,. Ch .... cu,r of Prad.ure. All broken tension test specimens of 
structural and ri\'ct stcel shall show a silky fraetucc; and of steel 
castings, a silky or finc granular fracturc. 

10. Bend TNls. (0) The test specimen for structural steel shall 
bend cold through ISO degrees without. fractu re on the outside of 
the bent portion, as follows: ]~or material under I inch in thickncss, 
flat on itself; and fo r material I inch or over in thickness, around 
a pin the diameter of which is equal to twice the thiekne88 of the 
specimen. 

(b) A rivet rod 8ha1l bend cold through ISO degrees flat on 
itfl(llf without fracture on the outside of the bent portion. When 
nicked and bent around a pin the diameter of which i8 equal to that 
of the rivet rod, it 8ha1l break gradually wit.h a fi ne, silky, uniform 
fractucc, 

, 



CAR,NEOIE STEE L COMPANY 

(c) The test specimen for steel e3btings shall bend cold through 
90 degrecs around a pin the diamcter of which is equul to 3 limes 
the thickness of the specimen, without fraCLure on the outside of 
the bent portion . 

(d) Bend tests may be made by pressure or by blows. 
II. T .. t.oof An .. les. Angle8~inch or under in thickneSll shall 

opcn fiat, und angles Y.; inch or under in thickneSll shrill bend shut, 
cold, uuder blows of a hummer without fracture . This test shall 
be made only when refJuired by the inspector. 

12. T""I S"""lmenA. (0) Tension nnd bend test specimeus fo r 
pliltes, shapes, and bars shu!! be taken from the finished product, 
and shall be of the full thickness of material as rolled. 

Tension test specimens may be of the form and dimensions 
sbown in Figure 1; or wiLh both edges parnllel; or they may be 

I 
[""About 3n

.., .;,. ParaHe.l-" eet[",,_ not 1~!han)L_, 

\ : ~~' i 

L ___ = i· . . . . . -: '. . 
L .; .. . '-~~_ l _ l ... Etc.. ... __ _____ _______________ ___ A bout IS n ••• __________ -- _ -_. ... 

FIG. 1 

turned to a diameter of ~ inch for a length of nt least 9 inches, with 
enlnrged ends. 

Bend test specimens for eye bars shall be of the ful\-sil,e section 
as rolled. T he sheared edges of bend test specimens shall be milled 
or pinned. 

(b) Rivet rods shall be tested as rolled . 
(e) Tcnsion and bend test specimens for pins and rollers shall 

be taken from the finished rolled or forged bar. The axis of the 
specimen shall be I inch from the surface of the bar, and ~hllll be 
parallel to the a.~is of the bar. 

Tcnsion test BI)Ceimena shall be of the for m and dimensions 
shown in Figure 2. 

Bend test specimens shall be 1 by Y.; inch in section. 
(d) Tension and bend test specimens fo r steel castings shall be 

taken cold from test bars attached to the caslinga, or from the 
sink-heads if they are of sufficicnt si7.C. All test bars or sink heads 
so used shall be annealed with the castings. 



S T ANDAR D SPEC IFI CAT IONS 

Tension tCSL specimens shall be of the form and dimensions 
shown in l"igure 2. 

Bend tC8t llpeeimens shall be 1 by % inch in scction. 

-', ---

~",,---.-

41 , 
2 \'~ ____ ' 

, 
Flo. 2. 

-- \t__ -to-

-"".~ 

13. Ann .. led Speclraen ... (0 ) Material which is to be used with
out annealing Of further t rentmen~ shall be tcsted All rolled or 
forg<'<1. 

(b) T ension tcst specimens for material which is to be annealed 
or oth('rwi!IQ treated before usc, shnll be cut from properly aUM'aled 
or similarly lr('ated short lengths of the fun section of the l>iece. 

\4. N' umbf,. of T .. t... (a ) At least oue t('nsion and one bend 
test for st ructural and rivet sted shall be made from each nwit. 
If material from one mcl~ differs ~ inch or more ill thickne8fl, tests 
shall be made from both the thickest and the thinnest material 
ro\1cd. 

(b) The number of tension and bend tests for stcel cfUlt iugs 
will depend Oil the character and importance of the CfUllingfl. 

15. ReleoQ.- If the teuaile strength of structural and rivet sled 
"aries more than 4,000 pounda per square inch from that Ilpedfi<,<1 
in Section 5, a retest on the same gage may be made, at the option 
of the inspect!)r, and this shall not vary more than 5,000 I>ounds 
]ler square ineh from that S)lCcified. 

1\'. I'RIt:\IISSfBLE V,\lUATIOXS I!" WF.1ClIiT AND OA(:E 

16. l'e.",I .. lble Variati...... Tho cro~tion or weigbt of csch 
piece of IIleel shall not vary more than 2.5 per cent. frOIll that 
BI){'cificdj eXCel)t in the elt.8C of sheared platcs, wh ich shall be 
covered by t he following permiSllible variations to apply to single 
plates: 

(a) When Ordered 10 lVn"ght.-For platce 12,,10) pounds per aquare 
foot or over : 

Under 100 inchce in width, 2.5 per cent. above or belolV the 
specified weightj 

7 



CARNEG I E STEEL COMPANY 

100 inchcs in width and over, 5 per cent. above or below the 
specificd weight. 

For plates undcr 121h pounds per square root: 
Under 75 inches ill width, 2.5 per ccnt. above or below the 
specified weight; 
75 to 100 inchcs in widt.h, 5 l>Ilf cent. above or 3 per cent. 

below the specificd weight ; 
100 inches in width and ovcr, 10 per cent. a.bovc or 3 per· 

cent. below the specificd wcight. 
(b) Wlwn Ordered to G(lge.- Tho thickncB8 of each plate shall 

not vary more thaD 0.01 inch under that ordered. 
An elCeeB8 over the nominal weight corresponding to the dimen-

sions on the order shall be allowed for each plate, if not more than 
tha.t shown in the following table, one cubic inch of rolled steel 
being asaumcd to weigh 0.2833 pound: 

Au.owULa e%C'QS 

Nomi ... 1 (E:lPUIl'!El> " Pl:RCm<T~O. o. ~O"'"AL Willa .... ) 
Thick· 

~~ 
For Width or Plat.! .. rollo,", .-om ..... 

,~ ... ~ 
U~" 

60 ill. 70 in. 
Under 

75 in. l00 ;n. H5 ill. 
Squ.&n> Foot " .... " " "" 5(1 in. 70 ill. ~" 

75 in. 100 in . 115 in. "-
J.i to % IUO to 6.31 " " '" .. 

%.to* 6.31(.0 '.GO 8.5 12.5 " .. 
*. to}< 7.65 to 10.20 , " " .. 

" 10.20 .. " " " 
~, 12.15 .. , ., 

" 
% 15.30 , 

" " " 
>i~ 11.85 .. , , 

" " 
" 20.40 .. , , 9 " •• 22.95 ., 0.5 8.' n 

% 2,'.·.50 • , , 
" 

Over ~i. .... " 
, 

" 
, 

,'. FINISII 

17. Flnu.h. Tho finished material shall be free from injurious 
seams, sliven, flaws, and other defects, and shall have 11 workman-
like finish. Plates 36 inches in width aud under shall have rolled 
edgCII. 

8 



ST AN DARD SPIlC I P1C AT1 0NS 

VI. ).tAnKING 

18. 1I1.rld.... The name of the ma.nufacturer and the mcl~ 
numlxor shall be legibly stamped or rolled on all finished material, 
except that each pin and roiler shall be stamped on the end. Rivet 
find lattice stC<!i and other IImaU pi~B may be Bhipped in securely 
fastened bundles, with the above marks legibly stBmjled on an 
attached lI1etal tag. 

"II. I:-<"SPECTlQN AND nE.TF.OTION 

10. I .. pectlo" . (a) The purchascr ahall be furnished complete 
copies of mill orders, and no material shall be roiled, nor work done, 
\)cfore the purchaser haa been notified where the ordertl have been 
pl:u:cd, BO that he nlAy arrange for the inspection. 

(b) T he inspector rellresenting the purchaaer shall have free 
entry, at all timCB "'hi]e work 011 the contract of the purchaser is 
being performed, to all parts of the manufacturer's works which 
concerll the manufacture of the material ordered. The manu
facturer shall alford the inspector, free of cost, all relUlOnable 
fueiliti('8 to satisfy him that the materi3i is being furn ished in 
accordance with thCBC BpeeifieationB. All tealll and inBpections 
shall be m3de at the place of manufacture prior to sbilllDellt, and 
shull be 80 conducted as not to interfere unnece88arily with the 
operat ion of the work8. 

2(1. Rejectloll. Malerinl which, 8ubscquent to the above testa 
at the mi118 and il8 acceptance there, dcveloJ>8 weak epots, brittle
ne88, CrAcks or other illlperfcetionB, or is fou nd to have injurioue 
dcfeetB, will be rejccted at the Bhor. and ehall be replaced by the 
IIlflnufacturer at hill own cost . 

• 



CARNEO I E S T EEL COMPANY 

AMERICAN SOCIETY FOR T ESTI NG l\I ATEIUA LS 

I' H I L.\ DELI' lI IA. P A .• U. S. A . 

.... n' .. T" .. WIT H Til" 

I NT£nN ATION A L :\SSO('lATION YO II T £STI N CI l\I AT ElliA LS 

STANDARD SPECIFICATIOXS 

STRUCT URAL STEEL FOR BUILDINGS 

Y. MA NU FACT UR E 

1. ~ (a) Structural steel, exeept IlS notcd ill Seclion 
(b), may be mad e by the Bcf!S('IIl(' r or the open hearth proCCilli. 

(b) Ri\'{'t sleel, lind ~lee1 for plat{'s or anglC!! o\'(' r ~.: inch in 
t hickn('ss which arc to be pu nched, shall be made by the open 
bearth prot'eSll. 

Ii. (' n ~: :IoIiCA I. PROPE RT I ~;S AN D T EST S 

2. Chemln l Com_ilion. T he stcel shall conform to the follow
ing rC{luirelncnts as to chemical composition; 

ST.OCT'C' ... L STO:E!,. Ih~'T ST"" L 
I'h- lor f B~mer .... no~o'·erO,IOper oent . . " ... 

..-Il l WI ( OIIeIl II <)&rt h . .. .. 0.06 •• noto\'CI'O.OOpcreen t. 

3. Ladle Anal,-. To dl'l(' rmine whether t he lIIo.teri ll.l conforms 
to thc requiremeuts sp<'cified iu Set'tion 2, an analysis shall be made 
by the manufa(' tUr<'r from a tMlt ingot taken during the pouring of 
each mdt. A COllY of th is analysis shall be g i\'Cu to the purchaser 
or his representative. 

II I. PH YSICAL 1'1I0 PEItTl ~;S A='O T ESTS 

4. Tru lon TtotUl. (a) T he steel shall conform to the following 
requirements IlS to tensile properties: 



STANDARD SPEC I FICATIONS 

1'Qn8J1e .trength, It)O!, 1><'. 8(], In. , 

YIeld point. n,ln., I]~, II« MI. In. 

):IOngltlon In 8 Inehel, min" per cent 

'See Sod., .. S &ad 8 

M,()()()-65,ooo -I.i.OOO--68.ooo 

0,5 1'el1l. It.. (I.1i Ten8. Itr. 

1.400.000' 1.400.000 
.... 'en •. st •. - 'I'en.". "tr~ 

(b) The yieM point aha.lI be determined by the drop of the 
bea.m of the tuting machine. 

5. Elonptloa for ]'Ina, The percentage of elongation for I)ina 
shall bc 5 leSl than tha~ specified for structural ateel in Section 4. 

6. :\Iodi8Qtion.l .. }!lo ...... loa, (a) For material over ~.; inch in 
thickn~, a deduction of I from the percentage of elongation 
IIllCcificd in Section" shall be made for each increnae of J-i inch itl 
thicknCS/:l above" illeh. 

(b) For material under o/t6 incll in thickncSl, a deduction of 
2,5 from the IICrcelltage of elongation specified in Section 4 shall 
be made for each d~rea&e of Vi" inch in thickneS8 belo"' o/t" inch, 

7. ell....,...,. of "ractu~. All broken tension test specimens shall 
show a ailky fracture, 

8. BendT .... «(I) The teilt specimen for structural steel shall 
bend cold through ISO d<'grcea around a pin the diameter of which 
is equal to the thickn<'ss of the specimCIl, without fracture on the 
oulaide of the blmt portion. 

(b) A ri\'et rod shall belld cold through ISO dcgrees lIat 011 iuelf 
without fracture on the outside of "he bent portion. 

(c) 8elld tests may be madc by prell8urc or by blows. 
9. Tat SlMdlllena, «(I) Tcusion and bend teat spccim<,us for 

structural ateel shall IJ.c taken from the finished product, and sllall 
be of full thickness of materiallLll rolled. 

Tenaiou teet specimens Illay be of the form :lnd dimensions 
shown in Fig. 1; or with both edges parallel; or they lIlay be turned 
to a diamcter of~.j, inch for a length of at lelLllt 9 inehcs, with enlarged 
enda. 

8 end teat slICcimena for material o\'cr~; inch in thicknCS/:l lIlay be 
1 by 7S illch in IICCtioll. The sheared edges of specimens shall be 
milled or planed. 

(b) Hi\'et rods and small rolled bal'll shall be tested as rolled. 



CAR;NEOI£ STEEL COMPANY 

FlO. 1 

(c) Tension test specimen!! for pins shall be taken from the 
finished rolied or forged bar. The axis of the specimen shall be 
1 inch from the surface of the bar, and shall be para,1Jel to the axis 
of the bar. 

10. Annealed Specl mena. (0) l\Iaterial which is to be used with
out annealing or further treatment shall be tested as roUed or forged. 

(b) Tension test specimens for material which is to be annealed 
or otherwise treated before use, shall be cut from properly annealed 
or similarly treated short lengths of the full section of the piece. 

11. N<l mbor of Teotll. (0) At least one tension and one bend 
tesl shall be made from each melt. If materia! from one melt 
differs ~ inch or more in thickne9ll, tests shall be made from both 
the thickest and the thinnest materia! rolled. 

(b) If any test epecimen develops flaws, or if a tension te6t 
specimen breaks outside the middle third of the gage length, iL 
may be discardcd and another specimen substit,uted . 

12. ReIst.. If the results of the tension te6ts do not conform to 
the requirements specified in Section 4, retests may be made. 

IV. PER~IISSIULE VARIATIONS I N WEIGHT AND OAO~; 

13. Pormi""ihl. V.datIon_. The cross section or weight of each 
picco of steel shall not vnry more than 2.5 pcr cent. from that 
specified; except in thc case of sheared plates, which shall be covered 
by the following pcrmi9llible vnriations to npply to single plates: 

(a) When Ordered tQ Weighl.--Fo r plates 12M pounds per square 
foot or over: 

Under 100 inches in width, 2.5 per cent. above or below the 
specified weight; 

100 inches in width and over, 5 per cent. above or below the 
specified weight; 



STANDARD SP ECifiCATIONS 

For platCIJ under 121h poundl per Iquare root: 
l"nder 75 inches in width, 2.5 per cent. ahove or below lobe 

specified weight; 
75 to 100 inchCli in width, 5 per cent. ahove or 3 per cent. 

below the specified weight ; 
100 inches in wid th and o\'er, IO per cent. ahovI' or 3 per 

een~. below tho specified IVcight. 

(b) When Ordered 10 Gage.- The th icknC88 of each plate sllaH 
not vary !!lore than 0.01 inch lx-Iow that ordered. 

An cx~ ovcr the nominal weigh t cOfre&ponding to the dimen· 
sione on the order shall be allo",'cd lor each plate, it not IllQre thRn 
that shown in the following table , one cubic inch of rolled Itool 
being a8IIumoo to weigh 0_2833 pound: 

Komi .... 
\\.1. 
l'culldt 

8Q~~'oo\ 

, J.i \0 'II. 5 . 10 to 0 .3-

%. to '!'i. 0 .37 to 7.65 

'h. \0 ~ 7 .M \0 10.20 

~~ 10.20 

~. 12 .75 

% 15.30 

•• 1 •. 85 

* 20.40 

•• 22.95 

• 25.60 

Over ~:. 

I 
uw. 
6(1 in. 

W 

'" , 

.. 

Au.ow .... ~ 
(ru.- .. j'ucs,l'uu or SOImIlL w ...... ) 

rOO" \\~.:It.h 01. I~. foilo'lro; 

6(1 ia. 11);"_ 
UW. 

,6 in. 100 in. 
W "" W W 

11) in. ... 76 in. 100 in. Il~ in . 

" 20 .. .. 
12.5 " .. 
W " .. .. 
.. .. .. " .. 8 " " .. , .. " U 8 W 

.. , , , 

.. 4.5 6.'; 8.5 

.. .. , , 8 
,., , ,., 

V. PI :-.' ISD 

115 ill. 

"" .. . 
-

.. 

.. 

.. 

" 
" 
" 
" .. 
U 

--

Ie finished 1-1. Fl.bh. TI 
1K'11.I1lS, 8live rs, fill.'" 
like finish. 

matuial shall be free rrom injuriOU8 
'lI, and other dcfeet.il, and shall have a workman-

" 



CAI(NEO IE S TEEL CO~\"ANY 

\ '1. ,\I A ll ln NG 

15. M .. rkln., The melt number shall be stamped on all finished 
mRlerial and Oil each tut specimen. H.h'et nnd l:\uiee st('eI and 
other Imall I>ieces Illay be ,hipped in !Ccurel)' fn.stened bundles, 
with the m('lt number stnmpcd 011 an nttnched mctal tng. 

\'11. INSI'I>CTION' 

16. In • ....,Uon. The inspector rcpN.'lK'llting the purcha.scr shull 
have fr('e Clltry, nt all timcs while work 011 the eOlltra(' t of the 
purcha.s(' r is being lK'rformed, to all parts of the IIHu\Ufacturer's 
works which concern the manufacture of the material ordercd. 
The mnnufncturcr shall alTord the inSIK'ctor, frec of cost, all rca.son
able {1l('ilitics to satiafy him that. the mat('rial is being furnishcd in 
accordance with these sJ)eeitkationll. All telltll and inspection 
"hall be made at the place of manufacture prior to shipmcnt 
and shall he so eOllduet('(1 lUI not to interfere unnecesssrily with 
the OIK'ralion of the worka. 

• 
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STANDARD S I'EC I F I CA TI ONS 

AMERICA N SOCIETY FOR T ESTI NG :\I .. \TERIALS 

INT~RNATION"'[. ASSOCI ATIQ:S FO il TESTING MATERIALS 

STANDARD SPECIFICATIONS 
Foo 

STRUCTURA L STEEL FOR SHIPS 

ADOPTED AUGUST 16, 1909 

L ;\IAXUFACTUUE 

1. ~. The steel shnll be made by the opc-u hearth praeeS/! . 

II. CIIK\1I 0 A L PROPERTI ES AND 'n;ST S 

2. Cheminl CQmpO$itlon. T he steel shall conform to the following 
requirements as to chemical composition: 

PI I • ( Acid .. 1(81) mIlli!. max .. II¢!' c'm,. U""lc . 
Sulphur. max .. per ccnt .. 

0.00 "". 0.00 
0'" 
0.0" 

S~t 
C .. l inp 

0.08 
0.00 

3. Ladle Analy..... To determine whether the material conforms 
to the requirements BJX!eified in Section 2, an analysis shall be mude 
by the manurac~urcr from n tcs~ ingo~ taken during the pouring 
of each melt. A copy of this analysis shall be given to the pureh!U:ler 
o r his representative. 

4. Check Analy_. A eheck analysis may be mllde by the pur
chaser from fUlishcd matcrilli representing each melt, in which case 
an exeeB~ of 25 per cent. above the requiremenls specified in Section 
2 shall be allow('d. 

" 
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CARNEO I E STE[L COM P ANY 

II I. PH YSICAL PRO I'EIl'I'IEa AND 'rESTS 

5. Ten. lon TNt.. (0) The sleel 8hall conform to the following 
requirements as to tensile properties: 

'I' '' ''SlL I: PIIOP""T' '' ' 

~.eo-Ind """""" ""' so..' ... , So.., ","". 

Tensile strength, It... per .tc:l. 'n, .. ".000-6""6' "S.(l(l(l-68,()()( 00.000 min. 

Yield 1>olnt. min., 11J11. lief MI. In .. O.STcns.str. 0.5 TOIlll. atr. 0.5 'reM, nr. 

Elongation In 81n,. min., I/Or cent. 1.500.000' 1.500.000 ...... . . 
"'eul.8u :- Te .... ~tr. 

EIQ'lJI'~tlon I" 2In .. rnln . . I)('rccnt . . . " 
' See SecUoa'. 

(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

G. Mod ifiutlona In ),;lo ..... U .. n. (,) For material over ~ inch in 
thickness, , deduction 6( I from the percentage of elongation 
RI)Ccificd in Section :I shall be madc for each increase of hi inch i n 
thickness above ~ inch. 

(b) For material under %11 inch in thickness, a deduction or 2.5 
from the 1X!f'Cenlage of elongation sllCCified in Section 5 shall be 
made for ('Sell decrease of lh, inch in thickuC88 below 41, inch. 

7. Cka..cUr of Fnd .. ",. All brokcll tCllsioll test specimens o( 

structural and rivet steel shall show a silky fracture; and of steel 
castings, a silky or filltl granular fracture. 

S. 8f,nd T~u. (0) The test specimen for structural steel shall 
bend cold through ISO degrees without fracture on the ouuide of 
the bent portion, as follows: For matcri:l.lundcr ~inch in t1licknCSII, 
nat on itself; for material ~ to IU inch irl thicknC88, around a pin 
the diametcr of which is equ!:I.l to 1M timcs the thicknCt!s of the 
specimen; and for material over I.U Inch in thicknC8!I, around a 
pin the diametcr of which is equal to twice the thickneas of the 
81X!cimen. 

(0) A rivet rod shall bend cold through 180 degrees nat Oil 
itBClf without fracture on the outside of the bent portion. 

(c) The tcst spc<:imen for steel castinglS shall bend cold through 
90 degrees around a pin the diameter of which is cqual to : times 
the thickuCSB of the specimen, without fracture on the outtide of 
the beut portion. 

--..J (d) Bend tests may bc made by /lrCS9ure or by blows. 

" 
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D. T_,- of Aq-..... Angles ~ ill~h or under in thickness ahall 
open fiat, nnd angleslhineh or under in thieknC8S I!hall bend ~hut, 
cold, under the blows of a ha.mmer without fra.cture. This test 
shall be made only when required by the inspector. 

10. T_ I Sped........ (0) Tension and bend test specimens for 
structural sleell!hall be taken from tho finished product, and ~ha! 1 

bc of thc full thickncss of mAlcrin.! as rolled. 
Tcnsion test I!pecimCIII! may bo of the form Il.nd dimensions 

ahown in Fig. 1; or with both edges parallel; or thcy may be turned 
toadi!l.mclcrof 'i inch for 0. length of at least D inchcs, with enlarged 
ends. 

,! ,_ ~1eI ~Ion_not 1_ th-.n..!:.... ;<-About l-". ___ - • 

, '~ : .... . . <':--. I~ 
, ---.4J:.-f:i..J'·- Etc. "'.-____ --------_ .... ---.+.-About 19"-· · - _. --. - - - - - - - -- -- ... 

FlO. 1 

The sheared oogCl! of bend tcst. SllCdmena shall bc milled or 
planed. 

(b) Rivet rods and smnll rolled bani shall be tested as rolled. 
(0) Tension and bend teat. speeimelts for steel castings shall be 

taken oold from teat b!l.nI attnehed to the Cal!tinp, or from the 
sink·hcads if they are of sufficient aize. Ail test bars or sink-heads 
80 u!lC(1 shall be annealed with the castings_ 

Tellsion test SllCcimens shall be of the form and dimenaiolls 
I!hoWIi in l"ig. 2. 

Bend Wilt. specimens shall bc I by M inch in section. 

__ , ,'C ___ ,- v.,-~- -,----------------------_,' ,' .... ,c..-_-_ --_- "'____ ~;i~:: :;.;:::_~ 

, , 
... ~":.:.. .--- ------- --- 2 ~ _ _______ ...,:....,.~_J 

Flo, 2. 

l II. AIIII .. I~ S.-I"'~II I. (a) Material which is to be used witll_ 
out annctl.!ing or further treatment shall bc tested all roBed. 

" 
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(b) Tenaion test specimens f()r material which is to be annealed 
or othcrwise trellled before usc, sh:l.ll be Cllt. from properly annealed 
or similarly trellled short lengths of the full section of the pieee. 

12. l'Oumbl'r 0' T"".... (a) At lenst. onc tension and onc bend test 
for strueturnl and ri\"(~t steel shall be made from each melt. If 
material from one melt differs ~ ineh or over in thieknC88, tests 
shall be made from bolh the thickest and the thinnest material 
rolled. 

(b) The number of tension and bend tests for steel CaBlings 
will depend on the character and imp()rtanee of the clUltingil. 

(c) If any test specimen dc\'clops flaws, or if :, tension test. 
specimen breaka outsido the middlo third of the gagc length, it 
may be discarded and another specimen lIubstitutcd. 

13. RdtfiL l( the results of the tenllion testll do not. conform to 
the requirement.., specified in Section 5, retestll may be made. 

IV. PEIUfl8SIBU; VARIATIO~S I N w~;IGU'r AND O ,\O~; 

H. I'~.mluibio V •• I.llou. The er08ll section or weight of each 
picce of steel shall 1I0t. vary morc than 2.5 per cent. from that 
specified j except in thc case of shear('d ])lllles, which shall be CO\'ered 
by the following permissible variations to apply to lIingle 1)latcs: 

(a) When Ordered to lV eight.-For plnles 12% pounds per s'luare 
foot or over: 

UDder 100 inches in width, 2.5 per cenl. abovc or bclow the 
specified weight; 

100 inchcs in width and over, ('j per cent. above or below the 
spooified weight. 

For piates under 12M pOllndSI>crllquare foot: 
Under 75 inches in ,,;dth, 2.6 per cent. abo\·c or below the 

specified weight; 
75 to 100 inches in width, 6 per cent. abo\'e or 3 per cent. 

below the specified weight; 
100 inches in width and over, 10 per cent. above or 31)er (·ent. 

below the speeificd weight. 

(b) When Ordered 10 Gage.-The thiekncss of each plate shall 
Dot vary more than 0.01 inch below that ordered. 

An excess over the nomins! weight corresponding to lhe dimen· 
lliolls on the order shall be allowl.'d for ("ach plate, if not mo«, thall 
that shown in the following table, onc cubic inch of rolled steel 

t being assumed to weigh 0.2833 round: 

" 



STANOARI) S l'eCIFI CATIONS 

AU4 .. U .... ~ 

Nominal 
I 

(Cl:_ .. l'ua,rUGa or ~"""".L W ..... ) 
Tl,kk. lI'eit;bI. For Width 01 PI,,,, .. lollowo: 
.~ j'""ndI <r"z:. ~ V_or ~~in. 70 i ... 

U~" 
ain. 100 In. 115 i .. 

&l-. Foot ,. .. , w .. ... 
~O in. ;0 in. "" 

Hill, lOO i ... 113 in. ••• ---
~~ to% 25.10 10 Oa7 '" 15 " .. .. . . 
~h tO~ ·1 0.37 to 7,6:. ' .., 12.5 " .. .. 
~i . to \" 7.M to 10.20 , 

'" " .. .. . . 
II 10.20 " " " .. 
•• 12.75 .. 8 " .. " 

" 1~.30 

I 
.. , 

" " " •• 17.S:; 6 8 " " 
" 20040 .. , , 9 " •• 22.M .. " (Ui S., U 

" 2550 • , :,1 " Over % 35 , , 

V. P1NI:;1I 

15. }'i n loh. T he fini~hed material shall be free from injurious 
seams, slivers, flaws, and other defects, and shall have a workman
like finish. 

VI. ~IAnKINO 

10. Markin.. The melt number shall be legibly stamped or 
rolled on all finished material and teet ~pecimeI18, except that small 
picce~ may be 'hipped in securely f:utcned bundles, with the melt 
number legibly stamped on an attached metal tag, 

"II. INSI' '';CTION 

17, lupedjOll, The inspector ("{'Presenting the llurehascr shall 
have free entry, at all timcs while work on the contract of the 
purehnscf is being performed, to all parts of the manufacturer's 
works which COncern the manufacture of the mat('rial ordered. 
The manufacturer shall afford the inspector, free of c061, all reason
able facilitics to satisfy him that the material is being furnished in 
accordance with these specifications. Alltcsts and inspection shall 
be made at the place or manufacture prior to shipment, and shall 
be 10 conducted as not to iuterferc ullncecssarily with the oj)Crnlioll 

i of the works. 

" 



CA R N Ea l !! ST!!E L C OMPA NY 

Al\IERlCAN SOC IETY FOR TESTI NG MATERIA LS 

l'UII.,.ADE l. p n IA, I'A., U, S. A. 

"rrI L, .. TI:D WIT II TIIII 

I NTEUNATIONAL ASSOCIATION FOR TESTING l\!AT.:UUUI 

STANDARD SPECIFICATIONS 

Fo, 

STRUCTURAL NICKEL STEEL 

ADO,.TED .J u .. " 1, 1012 

I . MANUFACTU IU:: 

1. P.-. Theated ahall be made by the Open Hearth process, 
2. DI .... r1I. A di-,eard of at least 25 per cent. ahall be mnde 

from the top of eac;h ingot Intended for eye bara. If necCSS3.ry, 
the ahearing ahall be cont inued untH BOund metal is found. 

II . C IlEM ICAL PROPEn'rI~;S AND TESTS 

3. e ...... I ... Co .. ~Uo". TI IC stec I I B lall COil orm to t Ie r II • owillg 
requirements o.s to chcmical composition: 

CIIMU C AL CO .. POtlTION 

rt,tt.aod Ban , Dd Bu, aDd 
t::lemenlll Colllidercd Rivete U~ " Bb.~ ,.:;:... 

Carbon, mn. per ccn~_ . . . 0.30 0.45 0.15 045 
:'IIl-n8an-.., m&.L j>('I' cellt . .. _ , . '.00 0,.0 0,70 070 
Phosphorus. ma..:. per cetlt.{ J~t .... ."' ."' 005 .. ., ... 0,0-1 .... 
S.ul~hur, mu. per cen~ .... ...... 0 .0-1 O,{).I 00-1 .... 
Nic cI, min. j>('I' cem, •.. ... ..... 3.25 3 ' 1" a.:!5 3.25 ._" 

--
4. lAdle AIIa"'_ To determine whethrr the Illaterinl conforms 

to the ~uirelllenta specified in Section 3, lUI analysis sholl be made 
by the Inallufactur<,r from a t<,st ingot takcn during the pourillg 
of each melt. A copy of this analysis shall be givcn to thc pur-
ello.ser or his repfCllCntath·c. 



STANDARD SPE CI F I CATIO NS 

5. Check Analyses. A check analysis may be made by the pur
chaser from finishcd material representing each melt, and this 
analysis shall conform to the requirements specified in Section 3. 

III. PHYSICAL PROPERTIES AND TESTS 

6. 'fension 'fests. (a) The steel shall conform to the following 
requirements as to tensile properties: 

TENSILE PROPERTIES FROM SPECIMEN TESTS 

Plates Bars and 
Properties Considered Rivets and Rollers.c 

Shapes Unanoealed 

Tensile strength, 
Ibs. per sq. in ... .. 70,000-80,000 85,000-100,000 95,000-110,000 

Yield point, min., 
I bs . p er sq. in ..... 45,000 50,000 55,000 

Elongation in 8 1,500,000 1,500 ,000b 1,500.000b 
in.,min.,pcr cent. Tens. Str. Tens. Str. Tens. Str. 

Elongation in 2 
in.,min.,per cent. 0., •• • •••• ........... . 16 

Reduetion of area 
min.,percent... __ 40 25 25 

a Tests of annealed specimens of bars shall be made for information only. 
b See Section 7. 
c Elongation shall be measured in 2 in. 

I Bars a and 
Pina,e 

Annealed 

90,000-105,000 

52,000 

20 

20 

35 

(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation. For plates, shapes and unannealed 
bars over 1 inch in thickness, a deduction of 1 from the percentage 
of elongation specified in Section 6 shall be made for each increase 
of Ys inch in thickness above 1 inch, to a minimum of 14 per cent. 

8. Character of Fractu re. All broken tension test specimens shall 
show either a silky or a very fine granular fracture, of uniform color, 
and free from coarse crystals. 

9. Bend 'fest:. (a) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without fracture on the 
outside of the bent portion, as follows: For material %: inch or 
under in thickness, around a pin the diameter of which is equal to 
the thickness of the specimen; and for material over %: inch in thick
ness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(b) A rivet rod shall bend cold through 180 degrees flat on 
itself without fracture on the outside of the bent portion. 

21 



CARNEGIE STEEL COMPANY 

(c) The test specimen for pins and rollers shall bend cold 
through 180 degrees around a 1 inch pin, without fracture on the 
outside of the bent portion_ 

(d) Bend tests may be made by pressure or by blows. 
10. Tests of Angles_ (a) Angles with 4 inch legs or under, and 

72 inch or under in thickness, shall open flat or bend shut, cold, 
under the blows of a hammer without fracture . 

(b) Angles wit.h legs over 4 inches, or over 72 inch in thickness, 
shall open to an angle of 150 degrees, or close to an angle of 30 
degrees, cold, under the blows of a hammer without fracture. 

11. Drift Tests. Punched rivet holes pitched two diameters from 
a planed edge shall stand drifting until the diameter is enlarged 
50 per cent. without cracking the metal. 

12. Test Specimens_ (a) Tension and bend test specimens for 
plates, shapes and bars shall be taken from the finished product, 
and shall be of the fu ll thickness of material as rolled. 

Tension test specimens may be of the form and dimensions 
shown in Fig. 1; or with both edges parallel; or they may be turned 

.~, 

JI 
A " ~,: ~~~~lt~L§~£!iQ!LnQ!Le_sJLj:h~_~~~--,-- .- About-3'.'...., ",,- bout3--",: .31 I """"1........ ~1 

: I" I I: ' 
!-.....1~ ' '::" '1 , ,1'1(," : ' 

__ t! ,. • • • y. · = I--~ 
L-___ " , ' , :J 

" I I 

I ----.,..:~t.-l-'~}!~ E te. I 

~-------- ------------------- About 18" ---- - - ---- - - --- - -- - -.1 

FIG. 1 

to It diameter of %: inch for a length of at least 9 inches with enlarged 
ends. 

Bend test specimens shall not be less than 2 inches in width. 

(b) Rivet rods shall be tested as rolled_ 

(c) Tension and bend test specimens for pins and rollers shall 
be taken from the finished rolled or forged bar. -The axis of the 
specimen shall be 1 inch from the surface of the bar and shall be 
parallel to the axis of the bar. Test specimens for pins shall be 
taken after annealing. 

Tension test specimens shall be of the form and dimensions 
shown in Fig. 2. 

Bend test specimens shall be 2 by 72 inch in section. 

13. Number of Tests. At least one tension and one bend test shall 

22 
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be made fro m each melt. If material from one mc1~ differs H ineh 
or over in thickneM, tests shall be mad(' from both the thickest and 
the th innest materia! rolled. No material und er 0/15 inch in thickneM 
will be used . 

.. - - -~---------____________ Hl" 

r- -...,i:'--.....,.~.·:,..--- _____ 2 .. ", 

, 
." 

'- -~': ..:..- - _ -. _. _ ••• _._ 2" 

FlO. 2. 

--- ------- --- -----.~ 

IY. PER;\IISSIBLE Y,\RIATIONS I N WEIOHT AND OAOE 

14. P~ .... I .. lble \ ·.ri&tlo.... The cross 8Cetion or weight of each 
I)iere of steel shall not vary morc thall 2.;; per cent. from that 
specified; excellL in the CD.8C of Ilheared pln.tes, which shall be 
covered by the following permiS!:lible variations to a]lply to single 
plates: 

(a) W h(n Ordered to Wri~ht .-For plates 1272 POundsllCrsquare 
foot or over: 

Under 100 inches in width, 2.5 ller cent. above or h<-Iow the 
specificd weight; 

100 inchea in width and ovcr, .') IlCr cenl. above or belo'" the 
specified wdght. 

(b) W hen Ordeml 10 Ga~e.-The thicknCl;l:l of each plate shall 
not vary marc than 0.01 inch below that ordered. 

An CXCC88 over the nominal weight corresponding to the dimen
sions on the order shall be allowed for each plate, if not marc than 
Ihnt shown in the following table, aile ellbic inch of rolled steel 
being assumed to weigh 0.2333 pounds: 

. 
AIUI .. u .... f.:xcaa 

Nomi ... 1 (ExPEQOl .... ~' PIfJlUllTA~ Qr NQ>lIN~L \\' ... 0,"' 

Thi<k_ Wcilhl, ~'or W~lth 01 11at.o ... Folio .... : 

""""'. '00"", 
loch .. ~ U"'. 1~ ill. 100 i ... min. 

SqIW"$ . '001 
76i". • • ."' 100 iA. IUiD.. ~. ----

' " 1~ . 75 , 
" " ~ I .~_:m , " " " '1. 17 _S.~ 6 , " " " 20-40 , , • I~ ., 2"'29:; .., 

I " ""' " •• 25,M) • , , '" Over ~. " 
, 0.5 , 

" 
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v. F I NISH 

15 .• ·jnl.h. The finish('d material shall be free from injurious 
S(,lIIns, slin'fB, flaws and other defects, and shall have a workman
like fini.sh. 

VI . MARKI NO 

16. M •• kl.... Thc name of the manufacturer alld the mcl~ 

number shall be legibly stamped or rollcd on all finishcd mAterial, 
C!(eellt that. each pin and roller shall be stamped on the end. Ri\·et 
and lattioo stcel and other small pieces shall be shipped in IICcurcly 
fastened bundlClJ, with the abo\'e marks legibly staml)Cd on nn 
attached metal lag. 

VII. INS PEC'I'ION 

Ii. I,..pectlon, The inspector representing the purchaser shall 
have frl'C entry, at all limes while work on the conlra('l of the 
purchaser is being performed, to all parts of the manufacturer's 
w')rks whi('h conccrn the manufacture of the material ordered. 
'l lC manufacturcr shall alTord the iuspector, froe of cost, nil reason
f Jlc fa cilitics to satisfy him that thc mat('riai is being fuwished in 
accordance with these s])Ccifieations. All tests and, inspection 
/lhall be made at the place of manufacture prior to shipment, and 
shnll be 80 conducted tiS not to interfere unnceel!liS.rily with the 
OI)Cration of the works. 

VIII. VULL SIZE TESTS 

18. T ...... o t ~e Han. ((I) Full size t('sts of annealed eye bani 
~hall conform 10 the follo\\·ing requir('menls as to tensile properties: 

Teu.IIlle Itr"ellglh, It>.. per *1. In. . ........ 85.000-100.000 
YIeld lIolnt. min .. Ibli:. per JIQ. In.. . " 8.000 
Elongation In 18 ft .• min .. per (:(lilt. 10 
"eduction ot area, min .. l>er cent. 30 

(b) The yield point shull be del('rmill('d by the halt of the 
guge of the testing machine. 



STANDARD SPECIFICATIONS 

AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATED WITH THE 

INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 

STANDARD SPECIFICATIONS 
FOR 

BOILER AND FIRE BOX STEEL 

ADOPTED JUNE 1. 1912 

1. Grades. There shall be two g,rades of steel for boilers, 
namely: Flange and firebox. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

FLANGE FIREBOX 

Carbon... . . . . . . . . . . . . . 0.12- 0.25 per cent. 
Manganese. . . . 0.30--{).60 0.3Q--{).50" 
Phosphorus (Acid).. . . .. not over 0.05 not over 0.04 
Phosphorus (Basic) . . . . . "0.04 " 0.035 
Sulphur....... . . . . . . . . . 0.05 0.04 
Copper. . . . . . . . . . . . . . . . 0.05 

4. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 3, an analysis shall be made 
by the manufacturer from a test ingot taken during thc pouring 
of each melt. A copy of this analysis shall be given to the purchaser 
or his representative. 

5. Check Analyses. A check analysis may be made by the pur
chaser from a broken tension test specimen representing each plate 
as rolled, and this analysis shall conform to the requirements speci
fied in Section 3. 
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III. PHYSICAL PIWI'~;RT I ~:S ,\:->D TESTS 

G. T"noIO B T..... (a) T he steel shall conform to the following 
requirements as to tensile properties: 

F1. . .,." .. : 
.. M.OOIJ...65.000 52.000-62.000 TeMllo $trcngth. Lt... pcr sq. III 

YieLd I)(>Lnt. min .. n .... pCfllq.Ln. 

ElongatLon In 8 In .. mLn .. perCCllt ... 
(&>0 Sccllon ;) 

0.5 Ten •. lItr. 
1.Il00.000 

'I'OIl&.lItl':' 

0.5 'Tcn". 1I1r. 
I.r.oo.OOO 

'1'0'''', lIIr. 

(b) The yield JlOint shall be determined by the drop of the 
bl'lun of the testing mnchinc. 

7. Mod La .. l;on.ln .:Ion .. llon. (a) For matcrial over ,-' inch in 
thickness, a deduelion of 0.5 from the percentage of clongation 
specified in Section (j shall be made for each inerea8C of Va ineh in 
th ickness lIbo\"e ~ .. inch. 

(b) l~or materi:l.l ~. inch or under in thickncss, the clongation 
shal! be measured on a gage length of 2~ times the thicknC88 of the 
speeimen. 

8. llend T..... (a) Cold-bend Tn/8.- T he tcst epeeimen ehall 
bend cold through ISO degrecs without fracture on the outside of 
the bent portion, as follows: For material I inch or under in thick
!H'SS, flat ou itself; and for material o\"Cr [ inch in thickncss, around 
a pin the di:unetcr of which is equal to the thiekneSil of the specimen. 

(b) Qumch-bend Tnt.s.-The lest specimen, when heated to a 
light cherry red as s('cn in thc dark (not \e88 than 1200° .F.), and 
quenched nt oncc in water the tempcrnture of which is betwecn 
80° and 00'" F., shall bend through 180 degrees without fracture 
on the outside of lhe bent portion, as follows; For material 1 
ind\ or under in thi('kn('8ll, flat on itself; and for material over 
1 inch in thickness, around a pi ll the diameter of which is equal to 
tbc lhickl\C88 of the Bpc('imen. 

(c) Bend tests may be made by prC88ure or by blowe. 

9. DO"'OI:tn";l1 TN t.. For firebox steel, 1\ 8&tllple taken from a 
brokcn tcnsion test spccimen shall not ahow any single seam or 
ca\· ity more than ~ inch long, in eilhcr of the three fraetu rl'll obtained 
in the test for homogeneity, which shall be made as follows: 

The specimen shall be either nicked with a. chisel or grooved on 
a lllaehine, lransversdy, about. Vio inch deep, in three plnees about 
2 inches apart. T he fifllt groove shall he made 2 inehctl from the 
slluare end; each succeeding groo\'c shall be made on the opposite 
~ide from the preceding onc. The specimen shall thell be firmly 

" 
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held in a vise, with the first groove about U inch above the jaws, 
and the projecting end broken off by light blows of a hammer, 
the bending being away from the groove. The specimen shall be 
broken at the other two grooves in the same manner. The object 
of this test is to open and render visible to the eye any seams due to 
failure to weld up cr to interposed foreign matter, or any cavities 
due to gas bubbles in the ingot. One side of each fracture shall be 
examined and the lengths of the seams and cavities determined, a 
pocket lens being used if necessary. 

10. Test Specimens. (a) Tension and bend test specimens shall 
be taken from the finished product, and shall be of the full thickness 
of material as rolled. 

(b) Tension test specimens shall be of the form and dimensions 
shown in Fig. 1. 

The sheared edges of bend test specimens shall be milled or 
planed. 

FIG. 1 

;--About-3~ 
: ' 

11. Number of Tests. (a) One tension, one cold-bend, and one 
quench-bend test shall be made from each plate as rolled. 

(b) If any test specimen develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may 
be discarded and another specimen substituted. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 

12. Permissible Variations. When Ordered to Gage.-The thickness 
of each plate shall not vary more than 0.01 inch below that ordered. 

An excess over the nominal weight corresponding to the dimen
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 
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Nominal 
W~t. 
Pound, 

W 
SqlW'e F<>Ot 

Mo to'.' 5.10 to 6.37 

'Ii. 10~. 6.37 to ,." 
~. to ". 7.6510 10.20 

" I 10.20 

~,. 

I 
12.75 

% 15.30 

',. 17.S5 

" 20.40 

'I. 22.\15 

% 25.50 

O"(lr~8 

" .... 
,\.(I in. 

" ,., 
, 

ALL("U .... ~ 
(EUft&IIIIu.s 1"I:IIc<.....,..(j~ or NrumrAL W£lQHT) 

Fo< Widtb of I'I . te .. 101""'.: 

,\.(1;0. 

• 70 iD. 

" 12.5 

" 

76io. ". Q"'" 

" 
" 
" 

V. F I N I SH 

W " , 
" , W , , 

, , .. , 6.5 

• , 
,., , 

100 in. .. 
115 in. 

" 
" 
" W , 
S.5 , 
6.5 

115 iD. ... 
••• 

" 
" 
" 
" 
" , 

13. l 'ln l.h. The finished material shall be free from injuriou6 
6e:1I08, sli\'er6, flawB, laminations and other defects, and ahall have 
n. workmanlike finish. 

VI. l\ IAHKI NO 

14. Ml rklng. The name of the manufacturer, melt or slab 
number, grade and lowest tensile strength for ita grade specified in 
Section Ii, shall be legibly stamped on eaeh plate. The melt or 
6lab number shall be l('gibly stamped on each lest specimen repre· 
senting that melt or slab. 

VII. I NS P ECT ION 

15. Inlp«tlon. The inspector representing the purchaser 6hal1 
have free entry, at all tinJ('a while work 011 the contract of the 
pur<::haser is being performed, to all parts of the manufacturcr's 
works which concern the manufacture of the material ordercd. 
T hc manufacturer shalla/Tord the inspector, free of cost, a1\ rCflSon
able facilities to satisfy him that the material i9 being furnished in 
accordance with th('se specifications. All tests and inspection 
shall be made at thc place of manufacture prior to shipment, and 
shall be so conducted as no~ to interrere unnccessarily with the 
operation of the works. 

" 



STA NDARD SPECIFICATIONS 

AMERICAN SOC IETY FOR T ESTING MATERIALS 

PHILAO":LI' IIIA, PA" U. S. A . 

..... ,LI .. TE .. WITH TIIK 

I NTHRNAT IOSAL ASSOCIA T IOS !'OR T HSTISG i\ ! ATHR IALS 

STA KDAHD SPECIFICATIONS 

". 
BOILER HI VET ST EEL 

ADO.TED J II'''': I. 1012 

A. Requirements fo r Rolled Bars 

I. :\1,\NUFAC1'unt: 

I. PTot.L T he stC('1 ahall be made by the open hearth proee88. 

II . CIIE:\ IICAL PROPERTIES ,\:>" 0 T~;STS 

2. Che mlc.1 Com _ ilion. T he slcel sho.!l conform to the following 
rcquircm~nt8 1\8 to chemical composition : 

:\ I .ng.n~ _ 

PhoomhontS 
SUlllhut 

0.30-<1.&0 pee' «'fIt. 
not O,-Cr 0.0-1 .. 

.. 0.045 .. 

3. L.adl<1 AnalrOH. To detcrmine whcthcr the material conform8 
to t he requiremellts specified in Rection 2, an unnly8m shall be made 
by the Inanufa{'turcr from a test ingot hken during the pouring 
of cndl Illelt. A {,OilY of thiaanalYlli8shali be gi\'en to the purdUUICt 
or his rellf('6entativc. 

4. Ch""k Analr_. A check analysis may bc made by the pur
ch:l8<'r from finished milt (' rial reprcsenting eurh Illclt, and this 
annlysis shall {'onform to the rcquircments specified in Section 2. 

II I. PIIYSIC"L I'nOP~;RTI t:S AND TESTS 

5. T .... I_ T_t. (0) The steel shall conform to the following 



r CAIl.NEO I £ STEEL COMPANY 

requirements lUI to tensile prop(' rtiC8: 

Tensllo Itretlgth. lb. l>er ooq. 'n, 4 5,()()I)..M,OOO 
0.5 T elli. aI r. 

l.r.oo.OOO 
TcM. ,tr. 

Yield ])'01"1. min •• lh. IICr 1>(1. In .. 
E longation In S In" min,. per cent ... 

(But nooed not ucood 30 ptr <:ent.) 

(b) T he y i(" ld point shall be determined by the drop of the 
beam of t.he testing machine. 

(I. lk_d T .. t.. (a) Cold.lJelid Te8/s.-The ((,8t 81X'cimcn shall 
bmd cold through 180 dl.'grccs flat on itS<"lf without fractu re on the 
outside of t he bent portion. 

(b) QIlf'n~l!·bend ,/'c81,.-1'h(' test sp<,eimen, when hcall.'d \0 
a light cherry r<>d lUI seen in lIlI,' dark (not i('S!l than 1200° F.), and 
qucII('hed at once in water the temperature of which is Octween 
80° nnd 00° F., eball uC'nd through 180° flat on itBclf without 
frncturc on the outside of lhe b<!nt. portion. 

(e) Bend tCilta may be mad<, by prt:'$llure or by blows. 

i. T ... tSPKi",eu. Tension and bend tut specimens shall be 
tnk(-n from the finished bars und ~h!\ll b<' of the full-f1ize BCttion of 
mat(' ria! lUI rolled. 

8. l'i ... berofT ...... Two t('nsion, two cold-bend, and two 
quench-bend tests shall be made from each melt. 

1\'. P EIC\ II SSIB LE \'AB I ATIOX~ 1:-.' OAO ~: 

9. Per .. l .. lbl"'Variallo .... The gage of cllch bar shall not vary 
more than O.O! inch from tha~ specified. 

, -. WOB10IAXSIllf' ANI) FINISH 

10. Wor"_ nd.ip. The finished hnrs 8hftll be ei reulnr within 0.0 I 
inch. 

II. Fln l.h. 

elivers, flaws 
finish. 

T he finished bars shall be fr('e from inju rious s(·arns, 
and other defects, ftnd shall have a workmanlike 

\"I. MAUKINO 

12. )lu .. I.... Hil'et steel shnll be shipp<'d in securely fnstened 
bundlC'!l, with the melt numbers legibly stnmped on an atta("hed 
metal tag. 

VII. INSI'I':CTION 

13. IIl.a-t!OIl. T he inspector r('prcsenting the purchaser shall 
ha\'c free entry at all times while work on the contract of the 
purehascr is being IK'rformed, to nil purts of the manufucturer's 
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STANDARD SPECIFICATIONS 

works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all r eason
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

B. Requirements for Rivets 

I. PHYSICAL PROPERTIES AND TESTS 

14. Tension Tests. The rivets, if tested, shall conform to the 
requirements as to tensile properties specified in Section 5, except 
that the elongation shall be measured on a gage length net less 
than four times the diameter of the rivet. . 

15. Bend Tests. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in Fig. 1, without fracture on the 
outside of the bent portion. 

FIG. 1 

16. Flattening Tests. The rivet heads shall flatten, while hot, to 
a diameter 272 times the diameter of the shank, as shown in Fig. 2, 
without cracking at the edges. 

17. Number of Tests. (a) If the results of the tension tests of 
the bars from which the rivets are made cannot be furnished, one 
tension test from each size in each lot of rivets offered for inspection 
shall be maclc. 

(b) Three bend and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection. 

II. WORKMANSHIP AND FINISH 

18. Workmanship. Rivets shall be true to form, concentric, and 
shall be made in a workmanlike manner. 

19. Finish. Rivets shall be free from injurious scale, fins, 
seams and other defects. 

III. REJECTION 

20. Rejection. Rivets which fail to conform to the requirements 
specified in Sections 14, 15 and 16 will be rejected and the manufac
turer shall be notified. 
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AMER ICAN SOCIETY FOR TESTI NG MATERIALS 

1)IIII..AD~: I .. PlllA. PA .. U. S. A . 

...... '1.IATII:O ""TH Tn .. 

I NTERNAT IONAL AasO('I,4.TIOS FOK TESTING MATERI ALS 

STANDAHD SPECIFICATIONS 
Fo. 

STEEL REINFOnCING BARS 

ADO"T~D J UJU 1, IIH2 

1. Claueo. (a) T here shall be three cln.ssce of steel reinforcing 
bars, namely: Illnin, ddorrned and cold·twistcd. 

(b) Plain and deformed bal1j are of two graues, namely: 
el rul!~uml steel and hard. 

2. !,luI. of • ." •• hue. Ca) The hard grade will be 1L8{'d only 
when lI»Ccified. 

(b) If desired, cold-twisted burs may be purcilfLflCd on the 
btl4is of t('8tll of the hot-rolled btu's before twisting, in which case 
Bueh lute shall go\'ern and shall conform to the requirement!! 
specified for plain bars of stru('tural steel grade. 

I. :\IANU)'ACTURE 

3. 1"'-. (a) The steel may be made by the BessemC'r or 
the ol)('n hC'arth IlfOCC8ll. 

(b) Bars shall be rolled rrom new billets. No re-rolled matl.'rial 
will 1)(' aCCCllted. 

4. Cold.j .. l. ted n..... Cold-twisted bars shall be twisted cold with 
one complete twist in a length not over 12 times the thicknl'88 01 
the bar. 

" 



STANDAR D SPECIFICATI ONS 

----
II. ClIE:\IICAL PRQPEUTH:S AND TESTS 

5. e ...... I .. 1 Co .. _LtI"D. T he sl.e<>l shall conform to the following 
requirem('nt~ BII to chemical COml)()6ition : 

Ph~ I orlllJ(DCMeme!'. . .. .. . ....... no~ O,'cr 0.10 ller ocnt . 
..... 1' 'OlleD lIearth.... . .. .. • .... .. 0.0f>" .. 

G. lAdleAnl ll_ To determine whether the material conforms 
to the re(luirementa specified in Section 5, all analysis shall be made 
by the mnnufaeturer from a tcst ingot taken during the I»ouring 
of each melt. A cop)' of this analysis shall be given to the purchaser 
or his fCp rCtlCntnti\,c. 

i. e~ed, ", .. 1,._ A cheek analysis may be made by the pur
chaser from finished material representing each mclt of open 
hearth steel and from each melt or lo~ of ten tous of Bessemer ste<'\, 
in which CIUIC an <,xcess of 25 per cent. above the requirementllspeei· 
ficd in Section 5 shall be allowed. 

III. I' IIYS ICAL PROI'EHTI ES A:'-IO TEST S 

8. Tn.lon Teo"- (0) Thc sleel shall conform to the following 
requirements as to h:nsilc properties: 

......... Dol ....... -- "'"-, ..... 
c-o .... ....... ...~, .... 

,~, ..... ... , ..... 
I G .... G .... ..... G .... 

YI~':; I ". 
0"" 

I boI::.,?~. II(). Ln~ 33.000 50.000 33.000 00.000 55.000 • EIOng .. tIO"., il:~ 
1.400.000~ I.zr.o.ooo' I~ 

, In .. min .. 
~" Tcn~. ~Ir. ·t,~. "'. Tcn~. '.rr: 

•• 
(b) The yield point SIUlll be determined by thc drop of the 

beam of the tcsting mach ine. ,. Modltl .. tlott.;n Eloapt;on, (0) For plain and deformed ban I om ' . b"h in 'hi, kn= ., di.m,'''' a d" ' ",,i ••• r , (,.m ,h, 
percentage or clongation specified in Section 8 shall be made for 
each incrc83C of ~ inch in thidmC6~ or diameter aoo\'(: ~ inch. 

, 
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(b) For plain and deformed bars under %6 inch in thickness 
or diameter, a deduction of 1 from the percentage of elongation 
specified in Se::tion 8 shall be made for each decrease of lh6 inch in 
thickness or diameteI" below %6 inch. 

10. Bend Tests. (a) The test specimen shall bend cold around 
a pin without fracture on the outside of the bent portion, as follows: 

BEND TEST REQUIREMENTS 

Thickness Plain Bars Deformed Bars 
or 

Diameter 

I 
of Structural Structural 

Bar Steel Hard Steel Hard 
Grade Grade Grade Grade 

Under ~ in .. 180 deg. I 180 deg. 180 deg. 180 deg. 
d=t d= 3t d =t d=4t 

~ In. or over. 180 deg. I 90 deg. 90 deg. 90 deg. 
d =t I d=3t d=2t d=4t 

EXPLANATORY NOTE: d=the diameter of pin about which the specimen is bent. 
t- the thickness or diameter of the specimen. 

(b) Bend tests may be made by pressure or by blows. 

Cold-
twisted 

Bars 

180 deg. 
d=2t 

180 deg. 
d=3t 

11. Test Specimens. (a) Tension and bend test specimens for 
plain and deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of material as rolled; 
except that the specimens for deformed bars may be planed or turned 
for a length of at least 9 inches, if deemed necessary by the manu
facturer to obtain uniform cross-section. 

(b) Tension and bend test specimens for cold-twisted bars 
shall be taken from the finished bars, without further treatment; 
except as provided for in Section 2 (b). 

12. Number of Tests. (a) At least one tension and one bend 
test shall be made from each melt of open hearth steel and from 
each melt, or lot of ten tons of Bessemer steel. If material from 
one melt differs % inch or more in thickness or diameter, tests shall 
be made from both the thickest and the thinnest material rolled. 

(b) If any test specimen develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may 
be discarded and another specimen substituted. 

13. Retests. If the results of the tension tests do not conform to 
the requirements specified in Section 8, a retest may be made. 
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ST AN D A I{ D SPEC IF I CA T I ONS 

n". 1'~:Kl\ IISSII)U: VA lUATIONS I N W~;IOliT 

14. Per. i_ iN. Varlallo-.. The weight of any lot of bars shall not 
vary more than 5 per eenl. from the theoretical wcight of that lot. 

V. PINI SH 

15. Pia i. b. The finished bars shall be free from injurious scams, 
slivers, l1aws and other defects, and shall have a workmanlike 
finiah. 

VI. I NSPECTION 

16. I".pedi..... Thc inspector representing the purchaser shall 
h8\'e frcc entry, at all times while work 00 the contract of the 
purcha8(' r ia being perfo rmed, to all pnrts of the manufacturer's 
worka which conccrn the manufacture of the material ordered. 
Thc manuf8l.ltUr<!r ahall alTord the inapo'tor, free of cost, all retulOn
ablc facil ities to aati!!fy him that. the material is being furnishcd in 
accordance with these SI)Ccifications. 

" 



CAR NEG IE S T EEL CO MPAN Y 

ORDE IUNG l\IATERlAL 

GE:.'EHAL h';STIIUCTIOSS 

Structural steel for bridges, buildings and ships, steel reinfon::e
mellt bal'8 and open hearth \.J.oiler 1)Ia.te and rh'et steel arc rolled 
to permissible variations given in the IJpeeifications which precede. 
In enllca of dcaign which re(luire cl03e fitling, allowance should be 
made for such rolling variations 80 as to insure alllilie clearance 
bel\\'een abulling or interfitling surfaces. 

All dimensions given on profiles arc theoretical. Whcrever the 
profile applies to more than one weight of section, the dimensions 
a rc for the minimum weight. 

Weights of rails arc given per lineal yard of Beetion, but unlese 
otherwise indicated, all ot:her weights are per lineal foot. Scctions 
hlll-ing but one weight specified can be rolled only t.o the weight 
given. 

Structural Beams, II·Beams, Structural Channels, Shipbuilding 
Channc.ls, Bulb Angles, Bulb Beams, United Statee Steel Sheet 
Piliog, Tees and Zees should be ordcred to wcigbt per foot; Anglee 
may be ordcred eitbcr t.o weight per foot or to thicknC88. 

Orden! fo r PlstCII shou ld specify all dimensions in inchcs. 

OrdCI'8 fo r Rounds, SquarC!! and other Bar i\lill Products 
should specify width and thicknC88 ill illehes aud the length in 
feet and incbes. 

Rai ls, Ties aod other track accessories should be ordered by 
sectioll number and not by the weight per foot. T he section 
number should also be specified on ordel'S for all other scctions. 

The ASliociation of American Steel }.Inllufactur(ln! has ree<lm· 
mended certain angle scctiolls as standard for bridge, enr, ship and 
general building construction, and quicker deliveries can be obtllined 
by ordering these standard sizes and weights. Angles not atnndllord 
arc marked "special" on the profile pages. 

In the calculation of the areas and weights of the various scctions 
herein shown, the fillets have been disregarded in accordance with 
the rulea of the Associat ion of American Steel }'Ianufacturers. 
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I NCREASE IN SECTIONAL AREAS 

The above t1glll'tlll Bhow tho method of Incroaslng the JlaCtlonal areas and 
weights of structuralshapefl. 01"068 hatched portlODS rel,",,",ent the minimum 
8OCtlons and the blank porllons the added areas. 

In the C&OO of Ohannel8. I -Beams and Bulb Ileams. the enlargoment of the 
8OCtion adds an equal llmount to the thlcknOllll of the web and th" ,,1dth of 
the t1ang(l8. In llm case of Angl(l8 and Zoos. the ell'oot of spreading the 
roll8 Is slightly to Increa.sa the length of thelfl(f8. i'olany of the sizes. however. 
are rolled In finishIng p8.S/lOlll whereby the exact dimensions are maintained 
for dIfferent thlckn_. 

Inasmuch. however. as thOBO p8.S/lOlll are modUle<! In the wear of the roll8. 
It Is Impra.ctlealJle to stat:} what the e~act dlmenslon.o will be. exoopt In tbe 
case of the minimum weight JlaCtlolls. DIlIILgners Imd dotallen 01 structural 
work should. thereforo. arrange for ample cIcarancas. 



CARNEGIE STEEL COMPANY 

BEAMS AND CHANNELS 

COMMON DIMENSIONS 

r<-- --------- d -- - -- .-- - -- OJ , 

SUPPLEMENTARY BEAMS 

, 
m '-0 --1 

,- d 
b=lr+ 3 

t =0.01125<1 + 0.12 

n =0.01875<1 + 0.09 

b-t 
m=+12 

0=3.82t-o.10 

p, computed 

r=1.48t+0.02 

R=16.78t-o.66 

Slope of Flange, I: 6=16%0/0=9 ° 27' 42" 

STRUCTURAL BEAMS 

n=minimum web==t 
R=minimum web + 0.10 

I r = t'\, minimum web 
..In!.. Slope of Flange, I: 6=16%0/0=9° 27' 42" 

STRUCTURAL CHANNELS 

n=minimum web =t 
R=minimum web + 0.10 
r = i'rJ minimum web 

Slope of Flange, 1:6 = 16%%= 9°27'42" 

--,--, 
I ' 
I : 
~ I 
I I 

.,1.6 
-l , 

I 
I 
I 
I 

------------------------------------------------------
All dimensionB are in inches and apply only to the minimum weight Beams or Channels. 
DimensionB given for Structural Beams are those adopted in 1896, by the Association of 

American Steel Manufacturers and apply to all Beam SectionB shown on the pages which foUow, 
except the American Standard Beam SectionB B I,B2 and B3, BeamSectionB B24 and B81, and 
Supplementary Beams B 31 to B 38, inclusive. 

DimenBionB shown for Structural Channels are those adopted by the Association of American 
Steel Manufacturers and apply to all Structural Channel Section. except C 20 
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BEAMS 

STRUCTURAL BEAMS 
,. ....• - •.••.. 7.1iO~.--.... . . ! 

! 

I , 
, , , 
, 

1 
, , 

: 
, 

I 
! 

• , 

~ .~ \; ~ -13 31 
, , , , 

: , , 
! , , , 
1 , 
i 
j 

1 
6AS 

. i 
o.~ 

'~ , " •. r .I 

0.208·; - ..... .. ,§' 
;;" -. -- .---Weidl l FIo_ W.d th. Web'I\;.c"., 

8«liod ..... per Foot. 
, ..... "" .. 11,,:1.% , .... P..,Dd. 0..:; .... 1 Fndio ... 1 DeeiIn.oI I F .... ioMl 

-031 " ",0 ",00 ,~ O.4:M • • Supplan""w1 Beano. 



c 

, , , , . 
l'" 

.... 
'''''' 
B" 

U I 

• 
! 

.~. , , 

" 
""..-..... ,-
" 
,. 

• B B24 • 
• 

\\'~t 

~ . 

11 6.0 
110.0 
10.:;.0 

1(1(), O 
0:;.0 
1100 
85.0 
80 0 

• 
~ • , 

~ . 
B l .. , , , , , 

I , , 

• " • -flaapWodl.b., ,- Web Thiok-. , .... .... , F"",tiooal o.a..I """-I 

8Il00 8 0.750 ~ 
7.008 '" 0._ II 
7.875 ' H O.62S H 
7.21>4 '" 0 .7M ~ 
7 1(J'J 'i, 0 .693 II 
7.13 1 'H 0 .631 H 
i.070 '. 0 .S70 " 7.000 , 0._ H 
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BEAMS 

STRUCTURA L BEAMS- Continued 

i"'- · ···.···-UJO~ ..• --.-"1 
r L- ..J 

" 
... _--- 6.50 ':.-----_ -- ,. , ; 

: , 
i , 
: 
; '''1 , i , , , : , , : , , i , : , 

, i , , : : 
: , , ! , 
, ~ , ~ 'g '. - " 2 • "8 32 • 0 °B .. 

" 7 , 
, , , 
, , 
: , 
: 

! , ... , ._-j ...... .... ' -. 
: - , I o.£l>3::;: ~ , 

---' 
j , -1 

, -: o.60~ , 1 0.172'" .... . i' :, , '!'-"s.Il'12~....! d L 
o.I!~f.!.: - ~ 'it 

·§··-uoo-~ d -
~ I),opth of W~I 

F1a"", Width , '" eb 'I"Ilid<_. 
b eh .. , ... 

I~u 
BN .. , porh",t, 
I .... l'oull<l._ ~ima] •• .... lional Deci .... 1 F,...,tioMl , , 

0.300 on 32 ~, 60.& '.000 , .. 
on 33 " 67.11 0 .000 o~ 0.367 II 

-
·s..""te.. .. n1.aty 0., .... .. 
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STRUCTURAL BEAMS-Continued 

1""----- 7.00'-----.., 
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B2 
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i .... 
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6~ 
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STRUCT URA L BEAi'lIS-Continued 

B 81 
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CAR N EO IE! STEE L COM PANY 

STRUCTURAL BEAi\IS-Continucd 

r" .---------~;~,.-------------. J ~~. 
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I 

0 .460 II 
42.0 

I 
5.500 "J" 0.410 " 'U 35 " 30.0 '-'00 'M 0.289 II 

• Snppl.m."bty ne.m. 

\ .. 
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6EAMS 

STRUCTUR.AL I3EA1I18-Continucd 

.8 
~- --------------9~~;------------~.J 

.w . 1 

~~ '~ 
O.~\ J 

------------------ -IZ --------------- ----... 
..... ~.l.IO' 

89 

\. ... - --------------- -~ .• ~~";;.---------------"I 

k- ______ _____ _ ___ _ - __ __ - 12!---------- - - --_ 

'8 36 

a.828'~-.- .. ---.--.-....... . . ...l,586 g 

" 0.256" ~ 0.710" 

1 ! 

~ 
oJ . ' 

< ·-·------ -- · --- - -- - --- ·-···--12 ~·-·-·-·--·- -- ·-- - --·-- ... _._.---.. 

I Ooplb 01 W.\chl ~Widtb. WcbTb ir~, 
s..lioD , ... , ... ,.,. "'., pe' h.", 

" .. hel I'oond. Dolcimo l FI".olio ... 1 Dteimal Fraotio ... l 

M.O 5.6 11 

'a 
0.1'21 

II " 
,<).0 5.489 , 0.699 

B , 45.0 <>.366 , 0.[,7(1 
40.0 [,.250 , 0 .400 

B , " 
3M ,.= '. 0.436 II 31.5 fi.OOO , 0.350 

·U :J6 " 27.5 5.000 • 0.2M 
• s., pple""",t.ary Bea .... 

" 



CA~NEO le STEEl.. COIIIPA NY 

STRUCTU RAL BEAr- iS- Continued 

fT\ 
a.31G· 

B11 , , , ... -- - -----------7 .m !.-- --- --- ----... . ' G.3la' , 

~ . ",,' 

, 
a.~~~ 

> , .1 , 

" , , -, , 
> . 0.19' -. ;....---·-------·lO~----------- > 

r ' 
- O=-m ' 

! 
°B 87 

, ... .. ______ _______ ., 7.12(;"-'- ______ • _______ • .,!.4..."7 . ~ , • , 0.?32" , . • 10-647 

7 •.. 
• • 
.. 0-37 \ • ..Ii : " • 

i. \ I 
.. .1 

• ..• - --. - --- ------ - . . ---- ' lO ~ --- - - --. ----- -- - . . • 
,- , '0.290' , B13 

... --------- 7.!18:1 '!.-------~---- ... 
• 0.2\10' 
~ ."'. • o · 

J i . , . ~. 
~ 
" , i 

• , a.l t ' 
, 

~------..• --~ ----.-------_. . 
s.. .. I Depth 01 W.i4b~ 

n.~ Width. Wt bThicl<_. 
8 .. m, ))M' Fo<>l. 

h.,h,. , ..... 
~~ '""h .. ,~ ... 

Dteilll&l F.oetl<> .... 1 I}eoimll 
, ....... , , 

40.0 

I 
5. tY.l'll 5.& 0.7·W " n " 10 35.0 4 .!l.'>2 ." ''''' " 30.0 4.1'!Of. 411 OA M " 25.0 '-'00 ." 0.310 • 

. 1) 37 10 22.0 I 4.670 ." 0.232 " 35 .0 4 .772 ." 0.732 " n oe • 30.0 ' .009 '" 0.569 .\ 
25.0 -1.416 4iW.400 If 
21.0 4 .:>30 41 O. 200~,--

.Supplemeataty B .. .., . 
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"""" ,~. 

Il 15 

'038 

"" 

BEA MS 

STRUCTUHAL BEAMS-Continued .. , , , , 
! , 
! 

.lS 

0.!081· • . ' 
~ 

o.LC· ~ f .. _. ---.-------8· ... - _. fi _ . _ __ ~ 

.-.-.--.---.• ' 8· .••• --... -• •• ----_ 

, -
i 

B17 
., to.:.e. 

_<__ ---__ a..m~ __ • _____ -;, 
• o.!lO° . .... 
r ~ t _ 0.15 -..! 

;..------7°-------... 

""'" " We~t • ~WidLb. .,. Web1"1l.;"k_, 

"'-, per 001" ,-
F..tioolal I , ... -. Deeim.ol Deeim.ol Fn""", ... 1 

23.S 4.271 '" 0 . .541 " 8 " .• 4170 ." 0.«0 II ,.., 40117 •• 0.3.57 II 
18.0 ... 00 • 0.270 II 

8 I7 .S •. = ' 11 0210 " ,. .. 3.868 3~ 0,41>8 II , 17.S 3,763 311 0,353 II 
15.0 3000 311 0.250 ~ 

• Supp/ememWy Beam. 

" 



CAR-NEOIE: STEEl.. COMPANY 

STRUCTURAL BEAJ\IS-Concludcd 

r~ .. 
.., 10.230" 

B19 11 1. 16S~ __ .' , ~.~' 

~ O.ISS" 

W ~\ .' 0.33' ~ 

O.H' _ -' 
~ .----_______ G"------ -.. 
f- B 21 

-; n..210· 

: ~ ----,~.-----~j 
.' 0.210 " 
~ _ 0,\-1.1'-

\ :f UI\ ~ . - O.I ~' -_ . 
;...------- ~ ... _------- ..... 

823 ., rullO' 877 .., i'ii.I70 ' 
1 ,--: 1\ ---w,.':---V 1 IV-'Lg,,--u 
• , '0.100' .. " . 
8 • 0.3115 5 G.no , . 0.3:'G' 

- ~ "1 .' : II ~.~,'~ I 02') ~ 

i., 0- 11 ' ,_i L:.. _____ .,._~~o~~ --; 
10----- ~ !-------.... 

""." W~l ~Width. l\'.bTh~, 
Stdioa .... I""b .. 
I~. ..... per toot, 

10<>. P ..... nd, Decimal ! Fractional o..jmol Fovtio ... t 

\7,25 3.575 'II 0,475 II 
U " , 14.75 3 .452 'll 0 .:W2 II 

12.25 3.330 'll 0.230 II 
14.75 3.204 'II O,5N )i 

D O> , 12,25 3. 147 ' I, 0.357 II 
!l.75 '.000 , 0.210 II 

10.5 2.8M '" 0,410 II 
u n • !l,5 2.807 ' II 0.337 !! 

S., 2.733 'II 0 .263 II 
'-' 2.660 '" 0.100 h 

I 
,., 

I 
2.rm ' II 0 .361 II 

Bn , 6,5 2,423 'II I 0 .263 II 
'-' 2.330 'I' 0.170 II 



BEAM S 

H-BEAPtfS 
r------·~----1 

I 
I 
! 

I . ~ ~ 
H< -. 

H2 

f I 1 
I o.m· ___ J Ull' _J 

C==~'===~.~:~=====::J,:.:;, c:=t::::~. t===J:.-; ! __ ""' ___ ' ! ~ __ =.c __ ! 
;----~.-------"'1 

...... 
'''''' 
H. 
H ' ." il • 

--, 
i 
i .
; 
• 
I , 

--' 

H.S 

"lr.'" I w .... ...... per Foot. 
Inch.. P""od. 

I , "' .. 
I • 23.8 , 18.7 

• 13.6 

r------I·-----, 

1 Hl 

I 

"i':""'tlI, ~ .. WebTb~, 
I""b .. 

D.d .... ! """"'"' Dorimt.! FfacI;C-! 

'-"00 , 0.375 .. 
'.000 , 0.313 ., 
'000 , 0.:113 ., 
' .000 • 0.313 .. 
.. 



CARNEG I E STEEL COMPANY 

BULB BEAMS ... ~~ r'- >-1 
" 1"\ 
. , r - *BlOO ~,,! : 

~ ;:::=========~.=::=~:::::- !II'~ ~.. ' r r-' ~ L~ __________ ____ IO'_________________ i 
I ,.r ' '~%' _.~::j =~':'=='=B=l=Ol====:/,~ ---.: __ 1 
l' I '\..J ~ 'f"-- · " (T 

L~.,,---'--"-·i-:.~- --~':':':':":-:-:':~:'~:':;:~:' :-:':"'':'!:::¥'~;'~' J! 
r--- ---1 ._--
! ~ *B 103 ' -_. -- --_-~;-- 8'----- ------ - I 
~ 'Y." _;::::' ::::'{:;======~'~ ___ i 
1 - .~ ~ 
I I 'f" - --1 : ______ -7". _________ >I _.i . I;&: I 

II *B 105 ~ : 
r-- y': I • I 

->- .. ;:===='=~~' 'Yo ~ 
LL_ .-- _ G!_____ .! 

I ____ ,I. 

8eetioD ! Dop\b, ~ 
FhD.U lI'idu., I WebTb~. ~:-iD .. eb '''''. '''''''' nd .. ><lIb fD' 

I "d'~r:~ 
b .dJitional ..... , r ...,tiono.l 

I 
Deoimal FrIdionai ,pQW><iper f()O~ 

I 
36.6 6.500 ,~ 0 .625 " 0.029 

'8'~ " 
28 .1 5.250 '" 0.375 " • 0 101 0 30.1 5. 125 ,~ 

I 
0 ,", ... 0 .033 U., ' .008 I '" 0 .375 " 21.2 5 .156 '. 0.469 " .1) 102 S 20.0 >000 , 0 .3 13 ... 0.037 

-I) 103

1 

23.3 6.09-1 '. 0 .531 II 0 .042 , 
18 .1 4 .875 .~ 0 .3 13 " 17.2 4 .524 ' 11 I 0 .430 ~! .1) 105 6 14.0 4 .375 • 0 .2!'H 0 .()49 

-~ 0<tIy by lpecial .. ~t. 

'" 



UULU SECT I ONS 

~.,... .... 

r' BULB ANGLES 

, .. , f) T ·B 130 a ---,T 
" . '-__ -" J",'. _________ ~ ~ 
i'k· .. - i L L _________________ ~_;_-i. 

J..------- '-,------ I~:..--------------"'" 

y,:,.. , ,i-T\ · B 130 

r--':"~ ._, , , 
i ., , 
f , 

~ "CI r' 7l ' 'Uo' 
I .01...._. --" 

'::i- ~--------------,Q.----.. -. --------->l . n "-4"/ I )1,' *B 131 -~~: .!"1 
lX' . ,. i I 

.. - :... _____ _ ________ I1: ____________ ~_r-J. .1 

T'\ " 3,: • ., r-- "BI32 I 

f-' ,'* ll-'': I , ,~ 

·t '",' 'B 1~'T.---l)--------:f--8!------ .--. (o- .. ~.:I 
'J, " • , 
,;:~ j __ J I 

:... -----------7'-----------01 .I 
~;'; -T.. -n "B 140 ';' 

:f 'v.' I 
! ~ l _2===":":;::::::::J- ~' ! .L-I~ .1 
~ • B 141 1&-7)--.-::::,----1!---------~ 

. ~ ~ !%. . -
• .•. r 

:------ .• - - '· 7"-··-·· • 
&oetiod -'. Wtich~ 

'00. , .... per Fool. .... "" 
~W:.lth. 

I 
Web Tbi.<k_. 

' ""b .. '""h .. 
Decimal I. Fta<lio ... 1 Deeimal 

, 
Fraclio ... 1 

on 130.. " 3~.0 ,.WO '" 0,G25 ,. 
on 130 " ZG.G '.'<>0 3'1 0.484 II 
on 131 • 21.8 3.WO ,~ 0.438 ~ 
on 132 • HI.3 3.f>OO ,~ 0.400 H 
08141 , 20.0 3.000 , O.f>OO ~ 
on 133 , 18.3 :1.000 , 0.438 ~ 
on 140 , 16.1 3 000 , O.34~l._ 

° Fu,niehed on\y by """"ill arraocem<1ll. 
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CARNea l E STEEL COMPA N Y 

BULB ANGLES-Concluded 

• B 142 

''''. 
• 

r
I 

L:t:::=~",,::··=·=)l~I34===fl:'.-_,J--=(-- .-.. -.... -..-----.-.-..:. \ 
L- c ________ ,, ____ --';:-:7\ 'B 135 .I 

-' 

~-l \ ~. i" 
Lr ," 

",. ... -6~- ----- "'I r - _~ 

I liB 136 *B 137 ' -~l 
T ;1-:' . '-T\ " ,, '_'v_"f'~=~'''''::=:;;===~= - ;: .;; /1 ,.. -j.l L . ~~.l: 

L--- -~. ... 1.-----5~------..l 
y{~ ~ 

f --

.,l 
" 

a. ... 
Inde. 

"" B 134 
"B 142 
"n 135 
"n 13G 
"8137 
- 8 122 
-8 123 

Weight o.ptb. Pfr ~·oot. ",.h .. Pound. 

, 17.3 , 1b.0 , 13.8 , 12 .4 

• 10.0 

• 14 .3 

• 11.9 
• 

.. FunUobod only by opecial ~l. 

~Wido" ,,,,,h. Web Thiem.., 
I .... 

Deei .... l F .... tional Decimal F ... tional 

'000 , '000 ~ 
'.000 , 0.400 " '.000 , 0 .375 ~ 
'.000 , 0 .313 h 
'.W<> ,~ 0 .3 13 h 
'.000 'H 0 .000 " 3.500 '" 0 .375 ~ 

" 



, ., 

I , , , , , , 
I , , 
L 
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'''''' 

0 ' 

020 

C H ANNELS 

STRUCTURAL CHANNELS 

~ C 1 

, , , , 
.. , 

t 1 
.~. 

: , 1 ..... ---~.100!..-___ .... 

-- W~t 
a...nDt'l. per FOOl, 

I""h .. l'oW>dl 

M_O 
W .O 
41>.0 

" -10.0 
M.O 
M.O 

W O 
45.0 

03 40.0 
37 0 
35.0 
32 .0 

~ 
.I • i 
! 
i 
I , , 

, 
~--~'------.! , , 
i , , 
i 
I , 

,I 
~ C20 

, 
1 

~fNI' t 
L 'r 

l..----- --LOO~-----_.01 

... . · .. 6 "1 0 .791 .. .,. " 0 .6.8 
4 .100 :1\ 0 .565 
4 . 122 0 .497 
"' .077 '" 0 .452 
<.<000 • 0.375 

" 

'I 
~ 
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r , , .. • -
0.17' 

CA R NEO I E ST EE L C OMPA N Y 

STRUCTURAL CHANNELS-Continued 

02 

... to.lI8O"" -, , 
.' 
! 

'

I r-.----------UIO:--------------; J ~ 

1 _~·~'·~~;========::;'·~'~~·======~'~~~·::Jo.f~· Lf 
1..--------- -- -------U~------- -----------...i 

.., Io.Zf\l· 
.... O.Il' f , ' 

~,;. ~-__ ---- --.~l:. __________ ~ ~ 
\- :0.31" ' O.~I(I· I ~ 

.L -- 'Ok· 
:.... ______________ _ 10· _____________ ~ 

l~bQf \\''?!l nan.:. Width, Web Tb;"k_. ..... (''lwlnel, P<" ool, l""b .. b" .. _ ,- ] ""h .. i'ouadl DeoimaJ 
, 

r .... liQ""] Dee''''.l I Jr.otion:.l , -
40.0 ~.418 '" 0.758 11 
35.0 ''''' '" 0.636 " 0 ' n 30.0 3. 113 '" 0.513 " 25.0 :,1.050 'A 0.390 II 

I 20.5 2.(l.IO '" •. "" /I 
$.' 3.183 .. 0.823 " "' .• 3.036 

I 
,. 0.676 " O. 

I 
10 25.0 2.8SfI '" I 0.529 1; "' .• 2.742 '" O.~1'.2 U 

15.0 MOO 211 0.2-.10 " 
" 



l 

"""" 101-

C' 

CO 

CO 

CIt ANNEL S 

STRUCTURAL CHANNELS-Continued 

,- 0.11' , 
~ .... ___________ :.u;:_ _________ ' ,' 

L_~\ .• ~"~.============~.~,.~.========~j , 

C4 

L o..Y.lT ~ 
....... - - -----____ -- -. ~.----- ----- - - -- ---J 

i -- G.l!~ 

C5 , .' • • , 
10- ________ 6.338' ________ ---.. 

, 0.=" 
L - ,w' 

0.32-

i.. _________ ----- 5::.--------------01 

0.1" r CG 

~ --...;-----~. ,:!(I!.------- ~ 
, L-'"..,~'·=========;·~'~'~"·~=="'-J ' .L o.k-

.- ---------- 1~-
__ ..i 

, 
~I II' ei!;b~ ~Widlh. Web Thitk_. 

CI .. ,,". J)fr Foot, ... 1 .. -
, l .. hM ,- """"I I -- _I I 0...;<11&1 I r"""IQ<W 

25.0 2.815 '" 0.615 II , 20.0 2.652 ' II 0 ... .52 II 
11'.0 2.488 "I 0.288 I. 
13.211 2.430 2,'. 0.230 II 

21.25 2.622 ,~ 0.582 l! 
18.75 2.~O ' II OAOO 

I " , 16.25 2.439 'I, 0 .399 II 
13.75 2.347 ". 0.307 (, 
1l.25 2.200 ' II 0.220 " Ill.75 2.5 13 211 O.ol33 II 
17.25 2.408 ". 0.528 !! , 14.75 :.?300 '" 0.423 " I 12.25 2. 198 'II 0 .318 " I 9.75 '-',. '. 0,210 II 

" 



CAR.NEO/E STEEL COM /'ANY 

STRUC'TURAL CBAN'NEIE--Concludcd 

i[O.!I,l(I' 
r.~'I%' C 7 ~- t ., i 
~ ..... _____ U1S· ____ ..., ~ 

.l ~.lO- 0.200' , 1 
, : ~.i81' 
"" - ----- - ----6:....--- - ----.... 

-G.19l)~ 

C 72 4~1;~' 

:rT(J'" . . ! ~"I ~ ...-1 .• il9-""'l ~ 
I • ,. '"1 
o.~ I7n' _1 

• om' I.-- ~ ___ ....J 

D."," " W?!t "'1," Width, Web'Thiclr._. 
SeolioD ••• , ... , ... a ........ ~ -I llChe. l'ouad. Decimal Fractional Dtci"",1 Fraetioolal 

]5.5 2.283 '. 0.5G3 ,', 
0 , , ]3.0 2. 100 '. 0.440 ,', 

10.5 2.038 ' ,\ 0.3]8 " 8.' 1.920 'n 0.200 " 11.5 2.007 '" 0.477 " 0 8 , ,. I.S00 'I' 0.330 " ,., 1.750 ,~ 0.190 " 
7.25 , 1.725 '" 0.325 " 0 , < 6.25 1.652 ' II 0.252 " 5.25 1.{;80 Ii' 0.180 h 

M L"" ' II 0 .362 " on , 
" L,," I '" 0 .264 " < .• 1.410 "' 0 .170 . " .. 



C HANNEL S 

SUIP BUI LDING CHANNElB 

--, !'iMG" 
TT' 

, ..... I , , , , .' .' C 170 ! • , , 
, +- _____________ ~.MO' -- __________ , , , ..... , , 0.1,3' , , .~~ 0.,,,,..-
L 

~ ___________________ l~ '_ - _______ --------....1 

-, to:eoo' 
'i ..." C- ' ~T , , , , , 

el60 • 
~ S 
•• 

, ___________ 7.$21~ ________ ....., , , 
I .~. , , 

0.447 ' 
.~ 0:.;00"" L , .".... _________________ 10~ ______________ ...... 

De!>th 01 W'i'!' I ~Width, WobTbiom., 
s...UoD 

""""" per 001 . 
.... , ... , .... 

h.h. ,- O"'i ..... 1 FradioMl Deoilllal Frat...,...1 

00.0 4. 140 '1. 0.840 II 
48 .4 4. 100 •• 0."" II 
46.3 4.OW •• 0.750 ~ 

0 170 " 44.3 <OLIO • 0.700 II 
40.0 3.895 'I' 0.595 " "'.0 3.773 'I' 0.473 " 40.0 4.(19\ •• 0.741 II 

0'"0 '" 
,6.9 ' .000 • Q.600 .. 
'''' 3.925 'I' 0 . .575 II 

I 31.8 3.850 31' 0."" ~ 
,0.0 3.797 , 'II 0.447 II 



CARNEO I B STEEL COMPANY 

SHIP BUI LDING CIlAt""NELS-Continued 

-< 'i.uo~ , 
r- .,.. -, , , , , 
I . 1 , C 150 ! ! 
I 

~-------- _ _ 8.1. # -- -------....01 I 
I O.lO# 

.'-00# I _. 
I • ..." 
>-

ir----- __________ 10· __ _ ___ --- - --- ---j 

~ '0: .. -. -
.~. J I 

5 C 150 b ! , r---------- &.:;9-- ------- ... I 
I ; O.lO" 0 SU' I 
I • ~- - .~. 

, , ' 10- _______ _ - ____ __ 10" ______________ .... 

r-' .,.. l,"'i' 
I I I 
I .' .' C 140 ~ ~ I 
i f------ ---G.3:,"-------; I 
I . ~ t.IO" o.uo' J I 
L - 0.100· 

10- __________ 1I'!. ____________ -J 

- I ""..- IV;!~ 
I1aDge Widlh. lVobTb"~ ..... ...... , , ... ,~ ... 

'''''' ... ...:::-, ... 
"""" F......., ~..,.~I "-'-' 

"" '.000 'I' 
I 

'.000 " 0'''' 10 "" MOO 'I' ,.,., II 
27.2 , . .,. 3), , . .,. J< 

O'~b 10 , .. 3.375 '" 0.375 " 
I I 

3~.7 ..... • 0.650 " 0 '''0 • 3 1.7 '.000 311 O.5~ " 28.0 :I.SOO '" 0.4W " 



C H ANNEL S 

SHI P BUILDING CHANNELS-Continued 

~ '~n 

C 130 

C 131 

C 120 

f"· 
O.so" 

"~.' :0.475" 
·1 , 
: : , C 130 

~ ~ 
~ .. 
. : d~·:---·--·· ~2G2~'~~~:"'--i i 
L L"::=======:::'====:':'jij:tk;~ 

0.16·· 

.~ 

•• ·8":-------_______ ... ~ 

C 131 

""1 ~0.:174" 
l 

'§ i ................. 6.209·:··········--·~ , 

L.f--2·~""=·:· ===='*, """::,:":' =::·:::jo.5~·' , . .-- .... ·-·---·--8·'·····------····· ~ 

r ..... 
I , 

" 
C 120 

• 

, 
.' 
~ , 

>------ MG2' ------of I 
l O~· 0.1.:.0. I , L'::===~=::::::::-~ " L. 0.$2G ' 

---------;!..--------~ 

Deptb of \\'.~ ~Width, WebTh~ 
I""b.. ' ••• co. ..... ptt .'00», , ..... J>OUOOI De<im.ol Fnttio ... l ""'""' Ftaetional 

26.5 ""00 'II '000 " , 25.2 3.550 'I' 0.550 II 
23.8 '''''' '" '000 " 2\.5 3.'115 'I' 0.415 " , 17.6 2.876 2J.i 0.344 II 

23.3 '''"' 'I' 

I '''"' 
II , 22.1 """ a'i '''''' " W.O 3.450 'II 0.450 II 

" 



CAR,NEaIE STEEl. COMPA N Y 

SHIP BUILDING C HA NNELS-Continued 

~ ro.31a~ 
r- O.lg· , , , , , , 

~ 
, C 121 -:i .... _______ 5.4G2~ _______ ~ , , , 
I .". 0.313" 

, -, 
L o .• ~· , , 

10- - - - ----- ;'!.- --- ------01 

•... .~. 
1 ~MO" --, 

! .i , 

'~ C 110 ~ 

i ~ ..... ___ .. I.l~( .... '.'_."'1 i , , 

i o.z:;' 0.110' : , .- ~k' .. 
~-.............. 6·'.'-."-.-' .. '.'~ 

• ~:,:o" , ... 
0.:10' ! 

i : 
: 

'. " C 100 , 
1 " 1,-..••• _ •••• 4.G~I1~" ""_'_'" i , 

.0.2.1' o .• ' i ! 
i. ;).~to· 

~ ........ ....... 6'-···············J 

I Dep\b 01 I W.oghl na"f.! Wid\b. W~b 'l1Ikk-. 
&c\iOll ... ,-, .. - (.;."nnel, por ."""'. I".h .. , ...... ...... , Fractiollal Derimal FncliQnal 

I 
18.6 3.438 'l. 0.438 I ~ 

0121 , 16.5 3.350 '"~ 0.350 II 
15.6 3.313 'h 0.313 h 

0110 6 
21.5 ,."" 31. 0.535 II 
HI.O '.M<> " 0.410 II 

0''''' 6 15.0 '''''' '" 0.350 II 

GO ( 



C H ANNELS 

SHI P B UILDI NG C HA NNELS-Conc\uded 

1 1l.2$)" 
f'" 0.21> " t 

'. C 107 § - • • --.. --- ..... 084~ ... ---.. • : , . , 
i ..,' .. " . 6.60" L . L-_______ 6~_._. _______ .. 

., .... 
r- 0.1$" 

., 
.~ 

, 
C H)8 '~ 

" ------- 4.m" " . --- ..... , 
L 

lUI" 1U13" 

o:~" , .. ' , 
.. . ----------- -- ---$ -- - --- -----_ •• --.. 

. , !o.,." , 
"iI.313~ . - 0-1" • 0.13" -

,i 'C 200 '~ .' 
" 

*C 190 . 
~ _--.. z,I'M~--__ ~ .! ;I , 1.660~ ;; .. ; " i ~.:I;I. ,,~, " . . .. :JI" ........ . 0.<138· , . 
' .. , 

• ___________ \ ______ ----0 
, -- -- a·--

- , _., 
Wo;iPl ~\n'hlt.. WobTbd_. 

Seef,ioD ,"'- , ... 
'''"' 

CIwo<>tI. Po' h",l. .. , ... POUDd. _ J Deeimal 

71 
O"'i .... 1 I Fr-..:loo,..l , 

C 107 , 18.1 3."" '.M3 • 13.0 2.913 'I' 0.313 • 
C '''' 

, 12.5 2.563 '. 0.313 • 
0() "'" • 13.11 ',000 ,~ 0.000 " ·0 100 , ,., 1.984 '" 0.25 ~ , 
•• ·um .... I .... lly by lpeeial ....... _nt. 



r 
CAll.NEO I E STEE L COMPANY 

EQUAL ANGLES 

.- ----,~-.-
. ...J". " , -,' 

• 
)~. 

,. 
'" ------- ~ . ------

A 113 
, ,,' . 
I 

.. ' 
• '" ! t. • A86 

A 103 • to 
A88 ., *A 94 

• to 

I *A 17 

I 
~ion lnd", ~I ... Thitk-. Weicht IN" .'oot, , ... , ... 1'0\10<1. 

I--
,\ 113 8 • l '" "" .A 112 8 • 8 ,. 

'" ,\ 11 L 8 • 8 , 51,0 
,\ 110 , • , 

~ 
45.1 

A '". 
, • , 4",0 

A 108 , • , 42.0 
,\ 107 , • , ". .. 
.. 00 , • , "., 
,\ 105 , • , 32.7 
.. 0< , • , 2'9.6 
A 100 , • , 2(1.4 

A " 
, • , , 31.4 

A '17 , • , U 3:..3 
A , 0 • , "., 
A , , • , I! 3 1.0 
A , 0 • , 28.' 
A , , • , II 20.6 

" " 
, • , 24.2 

" 0 0 • , n 21.11 
A , 0 • , 19.6 
A 8 0 • 0 h 17.2 
A " 0 • , IoU. 

'A .. , • , , " .0 
'A " 

, • , U M 
'A • 0 • , 27.2 
'A '" 0 • , U 26.4 
'A " 

, • , 23.8 
'A " 

, • , II 21.8 
'A " 

, • 0 "', 
'" " 

, • , 
~ 

18. I 
'A " 

, • , 111.2 
'A " 

, • , 14.3 __ '" " 
, • , 123 --• Special, .... PIC" M. 

" 



" 

ANG L ES 
--'-'------------. 

EQUAL ANG LES- Conti nued 

~ I, 

i ' A 18 

'" ' A 284 

s..t.ioa IDol ... .... 
I ... 

' A " • • • A " • • • 
A ,. • • • 
A " • • • 
A " • • • 
A " • • • 
A " • • • 
A " • • • 
A 00 • • • 

-A 284 • • • 
'A " 3).i x 3).i 
' A " 3* x 3 j.i 
' A " 3).i x 3j.i 
A .. 3J.i x 3j.i 
A 30 3 J.i x 3).i 
A ,. 3).i " 31-, 
A 32 3J.i " 3).i 
A '" 31i x 3).i 
A 00 3).i " 3J.i 

-A 285 :1J.i x 3J.i 

'A " 
, • , 

'A " 
, • , 

A 36 , • , 
A " 

, • , 
A os , • , 
A " 

, • , 
A " 

, • 3 

- Special, ... _ U. 

._ ....... a"':.. •. , 

. ... M 

'A 2G 

'" ·A 286 

"""-I . .. 

" " II .. 
• ~ 
" .. 
h 

" " ., 
" h 

" .. 
10 .. 
• 
" .. 
" .. 
I, .. 
" .. 

" 

t<-.. • .. · 3 

, r---:::;:;:= I ~ ,. 

.. ·A 84 

'" A40 ... 

lreich l pe,F_. , ...... 
1--

10,0 
lS.5 
17. 1 
U .7 
14.3 ,,. 
11.3 , .• 
'.2 ,., 

17,1 
16.0 
1".8 
13.6 
12 .• 
11.1 ,. •. , 
' .2 , .• 

l Ui 
10,4 

••• ••• 
", ,., 
••• 



CAR NEOIU STEEL COMPANY 

EQ UA L ANGLES-Concluded 

j .. " !~ , . . I·' ~ • ,.. 
.~ ~ .il, I , 

" • A 46 ~ .AtIJ~ ~ 
i'i to 

L 
· A .... 'ASOG .. . *A 507 ' .. 

~-' I~':"- H(.' .. I N. 

'~ ~.~. p~o , . 
~;. .. ' '. '= • AtlJ66 L tIJ 

.. 
, AI02 • A 73 • A 80 

SoWo"hdu .... Thiek_. \\"eiP\1'"' Foot • , ..... ,~ ... ,~ ... 
'" " 2'~ X 2'; ~ ,., 
A " 2).;; x 2', ... " " " 2t..; x 2Ji ~ '0 
A " 2).;; x 2J.i Jl '.0 
A '" 2)1 x 2J.i .. , 
A 100 2\i '" 2).;\ .. 3.07 

'''M 2Ji x 2).;; ~ 208 

'A '" 2 • 2 ... '.3 
A " 

, • , .. .., 
A " 

, • , .. 3." 
A " 

, • , " 3.19 
A 60 , • , .. 2.44 

'A "'" 
, • , .. .." 

'A " I~"'I~ {. < .• 
'A " Ht x I'i .. 300 
'A " I~ '" I't .. 3.39 
'A .. ni x I'': " 2.77 
'A " I', '" I' .. .. 2. 12 
·A 607 I'~ x ." .. 1 .. 44 

'A " l'ixl'i .. '-', 
A " 1'1 x I 'oj .. '.M 
A " I'i'" l!.i " 2.34 
A " I 'i x • t..; .. .."" A un I ii '" l ).;j .. 1.23 

'A '" I,," x I~ .. 2,33 
'A " I ~ x I ~ " .. " 'A " I 't x 1'4" .. 1.48 

J 
'" n I'~ '" H, .. 1.01 

'A " , " 1.49 
'A " , .. 1.16 
'A 80 , 1> O.SO 
• Spodol ... ~ 3tI. 

" 



, 
• 

r-----------.··· 6 ~ 

• A 138 
to 

"A 139 

Stcloion I"" ... 

0A l as 
0A 137 
0A 136 
"A 135 
*A 13-1 
"A 133 
0A IJ:! 
0A 13 1 
0A 1;\0 
0A l a9 

0A 320 
0A 32 1 
0A 322 
0A 323 
"A 32.1 
0A 325 
0A :l2G 
.A 321 
0A 328 
·A 32',) 

0A lW 
0A 15 1 
0,\ 162 
0A 15:1 
0A 1M 
0,\ 155 
0A 100 
0A 157 
.A 158 
.A 159 
0.\ 310 

• Sptltial, __ 36. 

A/''iO LES 

UNEQUA L ANGLES 

Siae, 
,~ .. 

: 
" • 

L 

--I 

• • , • • , • • , • • , • • , • • , • • , • • , • • , s • , 
S .,~ S .3 
S x 3 l 
S :I 3 ' 
S X 3t • .,~ S .,~ • ., • :I3 ~ • ., , 
.'~ , s:J , X :1 , ., , ., , 
" , 1l3 1-; , 
.,~ , 
" , ., , X 3!i 

M 

• A "'" to 
• A 329 

Thick_. , ... 
, 

~ 
U 
il 
I. , 
H I. 

~ 
~ , 

~ 
U 

~ 

, 

3~': ...... ~! 

, . 

• A 150 
to 

• A 310 

lI'eicht)l<'r . '001. , .... 
44.2 
41.7 
a9.1 
36.5 .... 
31.2 
28.5 
2:'. 7 
2:1.0 
20.2 

35.7 ... , 
31.1 ,.., 
27.5 
25.3 
23.2 
21.0 
18.7 
16.5 

32,3 
30.5 
28.7 
26.8 
24.9 
23.0 
21.0 
19.1 
17.0 
15.0 
130 



CARNEOI(! STeE l. COMPANY 

UNEQUAL ANGLES-Continuoo 

-- ,"--- , :---l}'~---1 , --__ I" ------, 

r > - T , 
- \.0" "," -' l->j" 

,. , ~. .. , , , • , , I 
I I 
I I "A 178 

'A 89 
I 

'A 92 • . , • to 
• to 

, 
to I *A 186 • 

A 168 *A 301 I 
I , , I , < I 

I 
> - L 

Stc:lio .. IIIder ai..,. Thirk_. Wticbi per FOOl. , .... , .... I'oundl 

'A " , • • , .. , 
'A " , • ., ij 

28,9 
A '00 , • • 272 
A 161 , • • 2~, 4 
A 162 , • • 23.6 
,\ 163 , • • 21.8 
A"" , • • '''' AIM , • • HI.! 
A 100 , • • 2 16'~ 
A 167 , • • 14,3 
A"" , • ., 12.3 

'A '" , • '" 
, '"., 

'A ~. , .,. 
~ 

27,3 
"00 , x 3' 2a.7 
A \,0 , 

• 3 ".0 
A 171 • " 22.4 
A 172 0 

• 3 

~ 
'" A 173 , ., 1i1.9 

A IH , ., 17.1 
A 175 , 

" 16.3 
A 176 , x :11 13.5 
A 177 0 " 11,7 

*A 301 , x 3,1 " '-' 
*A 178 , • • " 242 
*A 179 , • • I! 22.7 
*A ISO , • • 21.1 
*A 18 1 , • • U 19.11 
·A 1112 , • • 17.8 
*A 1s..1 , • • ~ 

16.2 
.A 1M , • • I",, '" 
·A 185 , • • 12.8 
*A 186 , • • ~ 11.0 

·Speoial. __ 38. 

00 



ANOLES 
~ 

~ : ____ . , ,, ' __ ~NEQUAL ""GLES- Om"""'" 

'IF ' 
._- s"- -, 

r ---- S~-'I I ;.0 Ho" ; ,,' ~; ~--- s~~ "----. . . 
,~" 'r .. " 

, °A 187 .~{ HI" 
• to °A 100 

, , 

" 'A "" AOO • to °A 212 , 
A 2S0 to . to 'A 97 'A 98 

I 
L 

SeetiOil I ada Silt, 
I ... 

Thick_. Weicht PO' Foot, 
I ... """l1li& 

-A 1117 , 
"~ ~ 

22.7 
0A IS8 , X :1 21.:J 

A ISII , " :1 111.8 
AOOO , 

" 18.3 
A 191 , , , 16.8 
A 102 , 

" ~ 
15.2 

A 1113 , 
" 1;1,6 

A 1111 , 
~ ~ ~ 12.0 

AiD."> ., Il 10.4 
A 00 , X 3 ' :i h 8.' 

0" 100 , , , II 10.11 
-" 197 

, , , 18 .5 
A 108 , , , 

II 17. 1 
A 100 , , , IS.7 

A "'" 
, , , 

i< 14.3 
A 201 , , , 12.8 
A :!02 , , , 

i\ 11.3 
"'00 , , , ' .8 " .. , , , ,I s.. 

'A,.. 

l 
, 

II 18 .5 
0,\ 2M · , , 17.3 
°A 206 · , , II 16 .0 
0" 207 · , , 14.7 
-" 208 · , , i< 13.3 
°A 20D · , , 1\.9 
0" 210 " , , ~ 

10.6 
-" 211 · , , 0. ' 'A ., · , , .. ,., 
0A 2 12 • 

"~ 
~. 18.5 

0A 2 13 • " a • 17.3 
-A 214 • , , II 16.0 
0A 215 • " 14.7 
0A 2 1U • , , \i 13,3 
°A 2 17 • " 11.9 
0A 218 • " ~ 

IO.U 
-A 2 10 • , , ?)~ ' A os • " .. 
o,sp..w, _.-ce 30. 

" 



r 
• , •• 

• 

CA I( NI! Q l ll S T EEL CO MPANY 

UNEQUAL ANGLES-Continued 

• 
~.?. 

• A 229 
to 

'A 2SG 

" , 

• 

-iii. I. 

• 
'A 238 

to 
A 245,:, 

-~" --~ 

·A 252 
to 

A 257 .., 

• 

• A "" to 
·A 262 

8ewoe I Ddn. 
,~. T'hi<1<.. W.;,pl per foot. ,- , .... """" 

"A ZOO • , , n 17.l 
1,\ 2tl • , a 16.0 
I,. 222 • , a 

~ 
H./I 

A 223 • , a 13.6 
,\ 22-' • , a 12,4 
A 221\ • , , ILl 
A 226 • , a " A :.!27 • , a S., 
A 228 • , a fl ,.a 

"'" Z!I.3 • , a ,.S 

"A 221) 

l 
a n 15.8 

0,\ 230 :1 x , 14.7 
0,\ 231 , , , 

II 13.6 
0,\ 2:12 :1 x , 12,[' 
A 233 3}i '" a 

* 
11 .4 

A Z:I~ 3J.;i x a 10.2 
A2~ :ni x , 

~ 
,., 

A 236 '~ , , , .S 
A 237 a , a ... 

'A "" 3J.;; " 
, 

'"' 
'A "" 3\i x 21, 

~ 
12_5 0,. 2;19 34 x 2'~ II.,'; 

"'" 240 3~ x 2 ', 10.-& 
;\211 3 It 2~ S .• 
A 242 3' x 2 S., 
A 2 13 :I x 2~ ,.a 
A211 3'~ II< 2 fl 

,., 
,\ 245 3' .. x 2' .. .. , 

I,. 2:;2 , ,," 
~ 

S., 
0,\ 253 a x2~ S., 
A 25'1 , 

"~ ~ 
,., 

A2M a , " ,., 
A 2,'\6 a x 2'-, '"' A 2.')7 , :< 2li .. , 

0", 2':>'~ , , a 
~ 

,., 
0,. 2,.,1) , , , '.8 
0,\ 200 a , a " 0,. 261 , , , 

~ " ___ "'" 262 , , , ... 
·Speeif,I,_~36. 

011 



, 
.' • : 
• 

"NO L ES 

UNEQUAL ANo r"ES-Concluded 

. " 

• A 264 
to 

*A 523 

~ ··1 ",," ~ . -
I 

*A 631 
to 

*A 525 

",\ 2&t 
0,\ 266 
,\ 200 
,\ 2G7 

"" ,\ 2G9 
0,\ 523 

°A GIO 
",\ Gil 
0,\ 6 12 

0,\ 270 
0,\ 271 
0,\ 212 
0 " 273 
0,\ 274 
0A 275 

",\ 631 
0A 61 .1 

"" GI5 
0,\ 616 0" 525 

0" &to 0" &t5 

0,\ 618 

"" GI9 
°A 620 

0,\ 670 
-,\ 623 
0,\ 624 
° Special . _ poge 36. 

~-- I y,".~ 

~ • ~~JO 
• , 

' . 
• 
! * A 612 .. 

~ ll>':~ _·IV.~ , , , ; . Ii. • . 'I~ G' '" • *A 646 .:.. * A 618 
, ,"d 

*A 645 

2 J.i x 2 
2 J.i x 2 
2 J.i x 2 
2M x 2 
2 J.i x 2 
2M x 2 
2 J.i x 2 

2 J.i x 1M 
2 M x 1M 
2 M x 1M 

2U x 1M 
2U x 1J.i 
2U x 1J.i 
2U x 1J.i 
2U x 1M 
2U x 1M 

2 x 1J.i 
2 x 1M 
2 x 1J.i 
2 x 1J.i 
2 X iJ.i 

2 X IU 
2 X IU 

I U X IU 
lU X Hi 
lU X lU 

1M X 1).( 
I J.i x IU 
1 J.i x 1J.i 

. to 
• . *A 620 

Th;.t_ . , .... 
~ 

" ~ h 

" h 

" h 

" h 

" " " h 

" h 

" h 

" h 

" " h 

" h 

" t. 

" 

,..-·IX"~~ 

8, r -' " 
,; * ~'1;O 
• to 
r *A275 L _ 

,: ~,' '~ t *A~70 
* A 624 

Weithl per Foot, ........ 
.. 

'.8 ,., ,., ... 
3.62 
2.75 
1.86 

3.92 
3 .19 
2.44 

6.6 
'.0 ... 
'.OJ 
2.98 
2.28 , ... 
3.39 
2.77 
2.12 
.. « 
2.55 
"'00 , .... 
... '" 1.23 

2.59 
2.13 
... M 



CA ~NEO I E STEE L COMPANY 

EQUAL TEES 

r---------- 4 ~---------·',1 r------
~;-.. ~ f i=:=::;;r.~' ~<;:,"::;.= 'f 

• , 
, 
, .. _-

...!~;:. 

., 
• , 
l 

T 3 

. . 
-'~-

. -------. 8 ~ .. ----- . 
h--,.,.-jl .. d. '+-- .,i "--='F ! ~'(.1,.. 

.' • ! T7 

i 

T 1 
.' • 
[ 
L .. 

~;:.. 

. ... ---.-- s~·:··--·· ~ 

t:::::jp," ... ~ ;{! 
! f -l4f.'" --1 

~ T ' 
] 
L 

.-... s· 

~~'f : , --o/i. 
'';' 
! T 8 

' ... 
----K:" 

T2 

,,"-- ... s·:·······. 

Uf.' ,.:" .:f 
i 4\. .,'It. 

• 
" i T 6 , 
L_ 

• .. -.... - 3· ...... -~ , . " ~ 

~-~::, -, 
.' " 

L 

T 9 

8eetioD SiK. " .. b .. ~.I ... b .. w""M 
po.- f oot. 

'oda ".~. s_ "- S~ , . ..." 
'n • • 3-i to I. 3i to I. 13.5 
TO • • ~ to I. ~ ~ h 10.6 

" 3~ 3H 3-i to h H~~ 11.7 
TO 3~ 3H ~ to ';' ~ to I. S, ' 
T S 3 3 H ~ ~ 3-i to h S.9 ,. , 3 3 h ~ ~ lo to 3-i S.S 
T S 3 3 ~ to l. ~ to I. ' .S 
T S 3 3 T\ to ~ -h to ~ 6.' 

'0 I 



T EES 

EQUA L TEES-Concluded 

lj) n'r 
... T 11 

l. ... 

", 
'f,' ,~ . 'I; 'T.-' ,,:. '\, .. .. I ' I 

\ , .' ~I !. . " T14 TI5 
, L. __ 

-Jt; -~ 

. ]4." ~ ,- .. II'.~.~ 

• 'r\;' • '~"; '. '. 1'12 ~,' 1 - T18 • , 
-.. """'Ji-; 

-1"0· 

~'~ 
, ~'''' 

.--l~ -

~';' , " 
, I '~~ ~ . '.~~~ , 

' ~- ~9 ' •.. '- . ; "'21 
'':' "., - '-. _ T 20 i····_. T 22 , 

"if >Ii --v.i -,. 
~iom f Siae,I""heo I Th~k_. I""l>eo "'?!' ''''u I I ~ .... -. s_ " .... s_ ,-
T 10 '" '" "00" 'i to r. ... 
T U '" '" ... to'i hOOH ... 

• T 12 'U '" hooH hOO" .,' 
TO' ,~ '" .Ii to ,\ l(to", ., ' 
TO' , , h to H h~" .., 
TO, , , . "i to h J-' to ... "" TO, '" '" !-( to h !otto", ',00 
TO' ' H '" l( to It "~h 2.47 
T" ." . " !t to I • ... to It .. " 
TO' '" '" j.( to -10 .l( to -A ,," 
TOO ." '" !t to I. h ~;' .. w 
TO' • • !t to I • ,\ to ;, 1.2.5 
Tn , • '" to i. )i to It 0.89 

" 



r 
CAA;NEQ IE STEEL COM PANY 

UNEQUAL TEES 

_-··········-5~ .--.. -----.-. ~ 
! :--l~ -, 

'. T50 

r --······· 4J.i':_ • ..... . ~ 

: j -=-~# 
i ,,~ 

'l 
! T54 

._-----
j.~ 

~ sao, '""b .. , .... .- S-

T '" , , 
TO. , ' H 
TO' <H 'H 
T" <H , 
T 53 <H , 

" 

... -··· .. ···· ··-· ·5~ ." 

'. " ! , ... _-

.. - ~ 

T61 

._------, 

l=:~?'"t' .-
T 53 

'l'h"*-, IDtb .. "'~pl , ~ .... . "". S_ ""~ . ---
H to I. iI to H 13.4 

H"''' R IO II 10.9 

""' . tl 10 Ji 15.7 
H to 10 H to I . .. , 
A "' H h loH 'A 



., '" 
'1' 55 

TO' 
T58 
TO' 
TOO 

TEES 

UNEQUAL TEES- Continued 

" 

" i 
L .... 

"":%';: 

T56 

A •••••••••••• (·: ••••• ....... 

[~' ~~ .~ .. , ~~=L* 
~; . .ly," 

i 
i 

" • 

I .... 

· " • , 

~a .. e 
,,. ,,. , , , , 

T57 

T59 

s._ 
,,. ,,. 
s , ,,. '. 

" 

, 
L 

i 
.: 
" , 

....... 

4 

-. s._ 
Ji "' '' Ji "' '' 
'" to ~ I. w ~ ,. "' . ,. "' . 
Ji "' '' ~ (0 n 
Ji "" J.i (0 I. 
~ to 10 Ji "' '' 

TOO 

S., 

" 15.3 
11.9 
14.( 

11.2 



T6.l 
T« 
T" 
T83 
T84 
T 80 
TOO 
TO' 

" 

L. 

CARNEGIE STEEL COMPANY 

UNEQUAL TEES-Continued 

T61 

T 66 

I 

'" ··_·_··_···4'.'·········· ... 

w.
. , ',", 

--'- "' ···F 
, -'Yo 

'" r T63 

j -_ 6 - "' 
_ "- d. 

-- .--~." 

~",r·--_--'::'X.;,,," _ ,: '~ 
--~ .. 

T , 
! 
; 

~y..' 1 

T67 

n.~. ,.- FI&IIII" SU_ 
I 
I 

• , 
'"' to I. '"' t.o I. • , .... to ,", ~ ~~ 

• ,~ ~~,. ~~,. 

• ,~ ~ ~ ~ ~ ~~ 

• , 
'"' to ,r. '" to I. • , ,, ~ ~ . ~~ 

3~ • ).<j to .... J.<l to .... 
3~ • ~ ~ ,. ~~,. 

" 

" ' .S S, ,., 
' .S .. , 

12.6 
'.S 



TEES 

UN EQUAL TEES- Continued 

(_._ .. __ al''':: '--"'j-' I 

I:! ~ 
~.-."' • .,." -I 
" . 

T69 

,....·-.. ·-3::..-···~ 
: I_.'J 

, 
i 

L 

....... 

T72 

T76 

• t 

SUe.'''"''"' 

.. 
1 
L. 

~'.': 

,: 
• 

,~ 

T 
! 

I '" 

-~-

3-"--

-'" 

T70 

T78 

T76 

1 
! 

'. • i , , 
• 

TbiS-.bd ... ,,.,. "'q. SO" .,,~ SO" 

T GO ,~ , ~ 10 fa 
~ "'. ". 3~ , H"" " 10 10 

T" 3~ 3 ... to" H 
T72 3 • H"" H"" 
Tn 3 • I. 10 ).i h "' H ". 3 • " 10 10 " to 10 
'" 3 3H ~ to /0 H 10 fa 

'" 3 3H I. 10 ).i I. to.!-i 
Tn • ' H H"' h " 10 I • 

" 

T74 

T77 

W~t 
~ ~. 
Pou.Dd. 

10.S 
8. , .• 

11.7 

"J •. , 
'" .. , 
8.' 

+ 



CAR,NEO IE STEEl. COMPAN Y 

UNEQUAL TEES-Concluded 

__ · .. ··3'.:.········ 
! , .0 '-'-- r,;;'. ~ :- ".I.~" -, 

'::l: L " 

.,. T 78 

f·····2"'~· · ·-, 
I ,: 

'-+ '" , 
' y." , 

,j 

i' T 82 

L 

• 

&elKIn s;.., Inch .. 
I~u 

'"~. 

T>' , 
T>' , 
"''' 

, 
T" ,~ 

T" '" T'" '" T" , 
T 519 I ~ 
T005 I~ 

'T 00' I~ , 
t RoIt.d by PeDOOyd Iron WOI"Q . 

, 
-o/if 

" ! T 83 

! ....... 

.···· ···· ·8~:·-·---, 

.~-T'>;; -:{;t 
IV. 

~ t T 31 , .. 
-1;". 

V. 

Thict_.I""bco Weith' 
ptt)'OOI., 

s~ ...... , s ... Pound, 

,~ ,,~~ I '"' to {. '.1 
,~ h to,", h~" 61 
,~ ).i to!. ).ito .... 50 , ,,~~ '"' to-l. '.1 , .... to~ I. to ~ 6.1 
IU .... to I. ... to I • 2.81 
I ~ M to ... M to I. '" , ,\ to M ... to M 2.45 
IU H to t. ,,~. 1.25 

" No. 9 Hto i o.1 0." 

• Furniobed only by IptCiaJ ....... _nt. 

" 



I 

Seel"", 
.~. 

'" .M 
• 1' 166 
"r 157 
"r 158 

TEES 

MISCE LLA NEOUS TEES 

- TIM 
~--

..... ).I,N_. _____ , 

~- Uil" : 
, .. : 

* T 156 
r- ----- 4" ' _______ ., 

," 

SiIe, I ... _ 

"-

'" • 
'H , 

-s_ 

' U , 
'K 
'K 

S~(:ut 

Soo cut 
Soo cut 
Soo cut 

~ to f. 
!~ to ~ 
f. t<> .... 
h to t. 

• Furllithtd O<l!f b)r ..,.., .. 1 .... ~I. 

-.,',--------------

..0 
11.3 

" ' .0 



CAR.NEGIE STE EL COMPANY 

ZEES 
I r-

't:!: 
~, , 

J 
"%i' :T::(t ! 

J 
'0/16 :~ 

, : 
1 

_______ .21~~-----j to----- 2*'~-~-----J ·--------3l,B::-----.l 

r 

, " ';;;:: 
"1 

( 

1 
~ : 
'" 
! 
!~ 

r ---

,j 
T 
i-

Z 3 '" , 

i~ 
( 

L ----~---3'/;:--- ------J 

:~ ~ f::,---
--- --.. 2%~-~ --J 

Z 6 

( 

~ ! 

'" ; 

!~ 
. 1 ' 
~-------- 3 !4/~ _____ .J l--------3'4':------) 

Section Size, Inches 
Index Flange Web 

3% 6Ys 
Z 3 3!B 6t. 

3)1 6 

3% 6Ys 
Z 2 3?iJ 6t. 

3)1 6 

3% 6Ys 
Z1 3!. 6t. 

3)1 6 

3% 5Ys 
Z 6 3 " 5t. 

31i 5 

3% 5Ys 
Z 5 3T

n
lf 5t. 

3~ 5 

3% 5Ys 
Z 4 3,.. 5t. 

37;( 5 

Z 2 '" Z 1 , 
, , 

+-~6 1- I-%" 

'# 

'1 ' L.----- --- 31hN--------J 

,%~ ~ ~ j 

.-------2*':----..: 

Z 5 

. ., 
~ .. 

" 

'! ' 
l------- 31A':-------~ 

Thickness, 

Flange Inche. 

3% Ys 
3 1\ H 
3)1 ;)i 

3% l! 
3TB % 
3)1 !. 

3% )1 
31'. in 
3)1 % 

3% ti 3-.'. 
37;( hi 

3% % 
3-.'. y" 37;( )1 

3% 4 3{'ir 
37;( T'ir 

j 

''' _____ 2'Y,~ ____ _ 

Z 4 

Weight 
per Foot, 
Pound. 

34.6 
32.0 
29.4 

28.1 
25.4 
22.8 

21.1 
18.4 
15.7 

28.4 
26.0 
23.7 

22.6 
20.2 
17.9 

16.4 
14.0 
11.6 

78 



'. 

'. 
3',~' 

• • '. 

ZEes 

ZEES-Concluded 

~""i! 
2Y1;:"'~' 

Z9 
, 
• 

~ 

~···~·-a~;·-

' .. '~ 
2'i~·'; 

, 
• 

M," Z 12, 

, 

2~{""'~ 
Z8 ~ 

'h~' 

--3~i" -

- ...• _ 211/i'~··· 

Z 7 

4" .~. < -rITJ 
.. Zi"l\~ '~-,r:~ 2Zlo~ 

~ 
21'll~ .. ~ l· ... ·.21~<i .. : 

,----, . 
¥to "'J. 
1 '!i':" 

·Z 14 

. ~ 
• • 

..1 

'" I'~ 
1%' • 

·Z 15 

"'~. 

l~ 
'10 

'~ , . ,... 
~.~ 
'.' 21• 
IIU 

" "j 
2', 
'Ii 

'.' ~4. 

1'la=---· 

TItidt:_. ..... 
" Ii 
~ 
I. 

~ 
n 
jj 
!1 
] 

.J 
¥.' :t:j 
1~' ," 
·Z 16 

wejpt 
per f~ . 

POUmdl 

23.0 
20.11 
111.0 
18.0 
1&.!I 
13.11 
12.& 
10.3 
11.2 

14.3 
12.6 
11 .5 ••• 
" .. , .. , ,. 
" 



CAR NE OI E ST E E L CO ,\l [>AN Y 

UN ITED STATES STEE L SH E ET PI LING 

MI04 

; 
\,:" .... ~:...-1 9 ,'.... H 

: ~-__________________________ , 12~ ---- - ------ ---------- ----~ 
:. _________________________ __ _____ 18 1~. ____________________ .J 

MI03 

~ .. 1_.1 
. .w--! 

~~L L _______ _ -- -------·9"-------------------..; L ___________ _ 
-- -- - - --- !»(-- ------------------....: 

Se<tioll Ind", Wi<hh. Web Thiclo_. \\'~bI J'>O'r F~ 
I..,h .. I""h .. Pound. 

'-
Ml().1 " M ~ 

t " MI03 , X " 



..... , ... 
0~1 14 
.~I 13 
.~I 12 
.~I II 
.~I 10 

O~I 35 
0~1 34 
0~1 33 

0:\132 
°:\131 
0),1 30 

:\1M 
M 5a 
M 52 
M5I 
),1 :;0 
).[ 40 

FLOOR. I'LATES 

TROUGH PLATE 

. M 10 

'~ 
'ok • 

. ~ .... 
.. ~ 

CORRUGATED PLATES -:::=::; .' 

CHECKERED PLATE 
1.1 49 

\\"0:1111, l)epth, Th"'-. , ... , ... , .... 

I~ 't' " " ~.\ 
'j" 

~ 3': 

". 12* " 
l~ , . ~ 

!!l 
,., 

" :A ~ , .. .. 
12 to ('00 

~ 12 to no 
12 t o 00 
12 to 00 (: 12 toGO 
12 to 48 ~ 

" 

W~I 
JIlT FOGt. "' ... 

23.2 
21.4 
19.7 
IS.O 
16.3 

23.7 
ZO.8 
17.8 

12.0 
10.1 ,., 

Woicbt 
JIlT Sq. h., "" ... 

2 1.4 
IS.D 
16.3 
13.8 
1 1.2 ,., 



r 
CA I{ NI!O l e ST EE l. CO MPANY 

Il.ECT /\ NGULAR AXD CIRCULAR PLATES, EXTIIEMt: S I U :8 

SIIF.AREI> I'UTES. OS&.FOURTII ISCII AND O\'ER 

"' .. - I\odlbt&Dd ~i .. I"'" 
Diuo .. - 132.1 126 1 1 ~'(l 
, .... , ...... 

"' "" "" 00 00 .. " ---, 
U '''' "'" '10 ". "" 300 ' 10 ,. , .. "'" 

,,. '00 27b 300 ,0--" ,.. ,., 
~ "'" ". ,'" "" ". "" '00 ". '00 '" ... "10 "'" 

,.. 
'" "" "" >SO ... ~(l.5 475 '" ~ ". ". "" "" 300 '''' .00 .'" 475 600 '" t. ". ". '00 "" 300 >SO '00 .'" 475 600 ", 

~ :l20 "'" ". 300 320 '00 >SO .,. ". . .. 131 
II ,., ,,. ". 300 ". "" "'" 

.,. ... ... ,>I 
M ,,. ". 270 '00 ,,. "" ,.. .,. ••• . .. ". 
II ,,. ". ". '00 ,,. "" "'" 420 ... . ". 13·' 
~ '". '''' ",. ",. ,,. '''' '''' 420 ... . .. ,,. , :0120 ,,. '''' 270 300 320 3'" 3110 .00 .,. 13·' 

'U "'" "" 
,,. '''' , .. 300 ,,. 

"" 370 'I" 132 

'" '00 "'" ". 230 '" '" Zll5 '" 3·10 '00 1:12 
,~ ",. ,"" '00 '10 2-10 '''' '" 300 315 340 132 , '. '" 'SO '00 "'" 225 "0 "10 "" '00 320 132 , HI' '" ",. '00 :!lO 230 245 270 "I(, '00 '" 2\i 132 1M. '''' ''''' '" '00 "" 

,,. 240 '00 ,,. 
Thick· 

" 00 00 " '" .. ., '" I~ " Uiam. -
" 300 ,1>0 ,.. . 00 '00 .,. '00 .00 >SO ",0 11O 
,\ 380 '00 .'" .00 .00 "" 

.,. .'" .00 '00 "0 
~ '00 "'" '" MO '" '"0 "'" "'" .SO .,,, 

'" ... "" IlOO WI 300 300 300 ""' I'" "" "" 132 

~ '" "'" 300 300 300 '''' "'" '" 33O "" '" ,'. '" 300 300 300 300 300 "'" "'" "" 33O '" ~ 33. IlOO 300 300 300 300 300 300 33O "'" I;U 

II 600 530 "0 ,"0 "" 300 300 '"0 33O 600 134 

• '00 300 ." '"0 OW 300 300 ,"0 33O "'" ,>I 

" "0 1>00 '''' '"0 '"0 ,"0 300 ,"0 ,,. .SO 13'1 

~ . ., 1>00 .'" "" '''' "" "'" 330 "'" "'" 1M , .00 "'" 600 .'" .'" .,. 300 <SO 470 .00 '" , ~ .,. .'" . " ... .'" 600 4SO .,,. "70 .'" 132 '. ",0 .00 .,. .,. . ,. ... .00 .00 .'" ·HO 132 
,~ 300 3SO 0100 420 .,. .<0 ... 420 .,. '''' '" JI~ 310 '00 380 1 '00 "" .3<1 .00 38<1 3SO 300 '" , ,., 3<. '00 3SO .,10 .00 '00 "" "'" '''' 

,,. 
'" '''' 300 320 310 '''' ,3<1 300 '00 ZW "'" 130 

1'IIc.. ~S" .. ide and uad •• taII.1IIo be 19I1ed..., UD.i, .... 1 Millo. 
f'or IfSI<!r I...,u. aad UD.ifflal Mdl l!w., _ Uni~ .... 1 MIll Plate T.Ik. 
1"Ia\<ll of ,",",,", di .......... th." oho .. m in .boy. ubi .. mo,y be .... bm.ittood , . ..... 

~tntioD. 

" 



FL.A T R O L.L.ED STE EL. 

RECTANGULAR AND c m cuuB. PLATES, EXTRUIE SIZES 
SHEARED l'UTES, TlIlIE&-SIXTBBSTas ISCII AND UNOER 

Thick. Widt.hl and u-ngthl ln '""h .. - Diam., 
I .... I""b .. 

n. \\'.0. ,. 
" " '" 00 .. " '" '" --

• "'" ". " . ". '" "" ". 320 aao n 
No. , "'" ". ". ". 2·10 "" '''' ". ,. 
No. , '''' '" 08. "'" "'" 220 '" " No. 10 , .0 '''' ". ". '00 ,,'" '" ~ , .0 '''' ". '''' no '" No. II , .0 '''' '''' '''' '" 00 
No 12 1- 120 "" 130 H' ". .. 
Thick· 

" M " '" - .. " 36 " " mom, 

- -- -
• ''" '''' 36. "'. ,,'" '''' ,,'" '''' '''' n 

No. S ,,, 280 ". "" ". '00 '00 '00 '00 ,. 
No. , 230 ,to '.0 '''' 2&0 ,., ,., 'W '" " No. 10 ", '" '"' ,eo '"' ,eo 230 '"' "" " ~ "'" 100 '''' '" '" '''' ,'" '''' "'" " No. II 08. '''' '''' '" 'M ",. ,,'" "'" "'" 66 
No. 12 '''' '''' '" '" 'oo "'" '" ,so '''' M -

BECTANCUI.A B. UN1VEHSA L PLATES, EXTI1E:\Iy' Sno;y.s 
UN IVERSAL MILL PLATES. ONE·FOURTH INCli ANI) OVER 

Th.,k. 
Widths ~nd 1..,"11",," io I""b .. 

"-. 
0-36

1
35-31bo-2GI25-201l9- l7 lneb .. ,...." 45-41 16-15 ].1- 12 " , .... ~ 

.--1----- .-------- --
~ ,so 'SO 'SO '''' M' M' 
I. 000 000 "'" 000 n. ... ... .. , ... 000 000 
~ ... ... 900 1140 1140 1140 tOSO tOSO tOSO OOQ soo 
I. 000 000 '''' 1140 1140 1200 "SO 'OS, ,= 900 ,.0 
M 00. OOQ '080 1200 1200 , "'" ''''" '''" 'OS, "", ,.0 
h '''' '''' '"'" 1200 1200 , "'" '''" '''" 1080 "", ''" ~ 000 "" 1020 ''''" 1200 ''''" 1020 , OSQ 1080 to", ''" " ,.0 , .0 000 '0811 '080 'OSQ to" 1020 1020 OOQ .. , 
" ". ... ... ,,'" 000 00' 000 '''' 000 OOQ ''" , 720 n. n. .. , " . ... OOQ 000 000 000 ''" ,~ 000 "'" 000 ,OS n. 'SO "'" 900 900 .. , SOO 
,~ ". M' 000 OOQ OOQ "'" '" ''" ,.0 .. , 8·10 
, ~ '"' '" '" "'" 000 000 '00 '''' .. , .. , ... 
Il< "'" '" '" ". M' '" 000 n. ". ... ... 
, ~ 'SO '" ". ". ... 'SO ,.0 OOQ n. ... ... 
'" ". '" '" ". '" "" 'SO 600 00' n. n. 

'" 420 '" '" ". "" 420 "" M. 000 000 720 , ". ,,,, ." , OS .OS 'OS 420 "'" " . 000 '" 
!'Iala 01 1I ... ~r dimeusi_ tho w ... n in abov. uhl<e may be lUbmillOO 10< opetial 

... nai<I.r;llioo. 



CARNEOIE STE EL CO MPANY 

SQUARE; E DGE F LATS 

~"to 3". wide. by any thlcknOSll )i". up tQ ,,·Idth. 

Over 3" to 5". ,,·Ide. by any tblcknOSll ~"tQ 3". Inclusive. 

Over .5" t() 7". wide. by any thlclOUllll ~" 102". Inclusive. 

SIZ(lI! nQ~ lL~t«l wLIJ be considered. 

NUT STE El .. FLATS 

AIL slZ(ll! Qf Nut Stool F la18 wlthhl tbe range Qf Square Edge FLats can be 

furnished. Somo Qf tho smaller sizes can be furnlsh«lln COlli. 

BAND E~GE FLATS 

w- I: X'Q. 18 t() NQ. " n. w. G. 
I.' I:NQ. ID to No.4 B. W. O. 

W' I: No. 22IONO.4B. W. G, 
to" to I" x No. 23 t() NO.4 ll . W. G, 

In" \Q 2" I: No. 22 1.0 No. 4 B. W.O. 
2,." t() 3" "XQ. 21 to No. • •• w.o. 
S h" to 3~" x No. 20 tQ No. U. W. G. 
3 ,."' to 4" x No. W to No. B. W. G. 
4 ,."' to 4 ~" " :-"0. 18 \Q No. B. W. G. 
4 '."' t() 5h" x No. 17 to No. B. W. G. 
bW' \Q G~" x No. 16 10 No. n. w. G. 

'" X NQ. 14 \Q No. D. w.o . 

7)(" X NQ. i4 tQ No. D.W. G. 
7~" x No. 14 t() No. Ill.W. G. 
7~" I: NQ. 14 tQ NQ. I n.w. G. 
7M" I: No. 14 to No. • B . W. O. 
7~" I: )olQ. 14 tQ No . • R W. G. 

'" x NQ. 1·1 tQ No. • B. W. O. 
SK" x NQ. 14 tQ NQ. • R W . O. 
S~" I: No. 14 t() NQ. • B. W. G. 
S,"," I: No. 14 tQ No. • n. w. O . 
D~" I: )olQ. 12 tQ No. • n. w. O. 

From ,"," t() GU" lut<lrmodlat<l Widths can be furnished. 

~'rorn 7" to 9 ,"," tho " ' ldth8 IlJn«l aro the only onC!! " 'hleh arc roILed. but 

Int<lrmodlale widths " '1lI be considered. 

SI( E LI' 

AIL 81_ "' llhln Iho rang<) Qf Shf!ll.roo;l Plates. Uni versal Mill Plates and 

Dand f;dge ~'lats can be furnished. 

--



MERCHANT ""11.5 

SQUARES 
WIDTU ACROSS FACES 

I." to 2", lnclush"C), ad\'a"clns by 64th&. 

2/1' to 3W '. lnclwotvo. ad"anclng by 3Zds. 
3,".' to 5}j".lncLushoc, advam::lnfj: by iGlhs. 

Squar08 Ca" also be rolled to doclm&1 dimensions, If 00 arrallgeti 

SQ.uar(lll Ji" Ilod smlllier ea.n bo fur nilihed In coiL!. 

RO UN D CORNERED SQUARES 
WI DTlI ACROSS PACES 

~"to U".lnclUIIlyo. adY&nclllll by 6-I~ha. 

ROUN DS 
DIA~I~;'I'E R 

{I' 10 1,,".loclU!dyc, adyanclng by 64th". 

111" to 3Ji". IndU8h'c. ad\'ancLog by 32dl1. 

3t." to 7". InclU8h'o, adyanclng by 161bs, 

Iteunds can at.o be roIJed 10 decimal dlmerulon8, If 110 an-anaod, 

Itounds Ji" and smaller can be tumlllhod In coila. 

HALl<' ROUNDS 
D1A:-.n;TE lt 

10" to Ji", InclU8I\·O. adYanclng by 64th&. 

II" to I U",lnclli$ve. adVancing by 16tbs. 

2", 2J.i", 3". 

HEXAGONS 
W I D'I'II AC ltOSS P,\CES 

M" to 1,0.", Inclusl"e, advllnclng b j! 32ds. 

tW' to 3 .... '. Inclu9lvo. advandng by 16lbs. 

" 



CARNEOIE STEEL COMPANY 

AREAS OF RECTAKGULAR SECTIONS 
SQUARE IXCHES 



I 
l 
I 

AI{EA S 01' R,ECTANOLES 

AREAS Of' RECT AXGU L A R SECTl OX8-Continuoo 
9QUAR.; ISerES 

Widt.b._~, __ 

, ...... ~11 ' 'rio 141• \, 

---1-C1 , , , 

" " " " .. .. .. 
" 
" " .. .. 
" " ., .. .. .. 
" .. 

...... I 

" 



~s 
1.-.... 1-1."--

.. .. 
" .. .. 
M 
M .. 
" " .. 
" " " " M 

" .. 
" " .. 
'" " " " " " " " " " OJ 

" ~ .. 
M .. 
50 

" " .. 
" " " " .. 
" .. 
" .. 
" 100 

CARNEO I!! STEE l. CO,..,PAN't' 

OF R I~CTAXGULAR SECTlO~S-COncludcd 
SQUARE ISCIU:s::... ___ _ 

, , 

" 



[ 
" 'idtb.' 

, ...... , 'no 

WEIOtiTS OP !>'-AT ROLL.lW S TloE!. 

WEI G HTS OF FLAT ROLLF:D STE EL 
I'QUSI)S PER LlSUI. FOOT 

.... I'll ~. ~\. ~ 'lO l~ ',. ~ "10 e, ",. ,~ I~,. I 

---< 

8. 

." ~ ... I.U I 1.70 
U3 2 U.s 
2. U 3040 

l ~' l:, ::il 
1.21 U$ US 
,.~ US I.SO 



CAR-NEO I I> STEEL COM I'ANY 

WE IG IIT8 OF I<'I .. AT n.OLI .. ED STEEL-Continued 

I'OtlNOS PER UNEA:':..;,''OOT:..;,:... __ _ 

--. .... 

'0 



, ______ WE I OtiTS OF PLAT ROLLED STEEL. 

WEIGH TS OJ" F LAT ROl.LED STEE L-Conc1udcd 
"C. _____ ...;"'~USIl6 PER J.lS£,U. FOOT".! ______ _ 

" 



CA~NEO l a ST EIlI.. CO /lIPAN V 

SQUARE AND ROUND BARS 

WRIG UTS A~D AHEAS 

-
W.;pt. l .... \,.. Sq ...... " ..... ,. Lto.. ~J!.-.... .... ~'00l , ... .... ....Foot , ... , .... ~ ---
0 0 0 0 0 0 0 

-- ----l-.- --
0 , 

'"'" ZI.03 ' .000 7.000 

A .0.13 .0.10 .""'" .oo:n il 31.MI 2:;.0:; 0.370 7.360 
.oaa .W2 .0.100 .0.123 ".,. 26.08 9.766 7.6.0. 

I, .,,. .- .03.';2 .O'.l.6 I, ".M 27.13 10.160 ,."'" 
U .213 . 167 .0025 .WOI U 35.01 28.21 10..563 8.200 

~ 
.a:l2 .261 .0077 .0.761 II 37.31 2'J.:lO 10..073 8.618 
... 18 .376 . 1100 .IIM 38.73 30."2 11.391 1I.l).l6 
.651 .5 11 .191" .1500 I, 4O.'S 3 1.!.5 11.816 0.2S1 

~ ."'" .MS .2500 .1003 

A 
·41.65 32.71 12.250 0.(121 

A 
1.0.16 ,8U .31601 .2-181'. "3.15 33.89 12.60 1 0."" 
1.328 1.013 .3900 .3008 ..... 68 35.00 1:1.1 .. 1 10..3:.11 
1.007 1.20.2 .-17:.17 .3712 "0.23 36.31 13.508 10..680 

g 1.013 1.r-02 .5625 ..... 18 " "7.81 37.sa 14 .063 11.().I5 
2.2 1 .~ 1.76J . 0002 .6 1115 U .19.42 311.81 1".53[ • 11.4 16 
2.003 2.0. 11 .7656 .60 13 51.(15 "0..10 15.0.16 11.793 ,.- 2.34 . .117111) .6003 " 52.71 41 A G 15.5(H 12.177 , 3 A OO 2.070. '.0000 .711M , M.4 U 42.73 16.000 12.000 

il 3.8:.18 3.0.15 1.1289 ,881)6 Ii 56.11 44.07 16.504 12.002 
4.:lUa :1.380 !.2(1.",o .0IHO 57.85 45.44 17.0.16 1:1.:104 

I, ".795 3.700 1.410'J 1.10.75 I, 69.02 "6.83 17.535 13.772 

" li.:U:1 4 . 172 1./;026 1.2272 " 01.41 "8.23 18.003 14.186 

II 5.81'.7 '.000 1.7227 1.31'>30 il 63.23 "9.00 18.598 14.607 
0..128 5.0.111 1,8900 1. 1840 65.08 51.11 19. 141 15.G:J.3 

I, 7.0'.!O 11.518 2.0064 1.023(1 " 00.95 62.58 10.691 15AUG 

~ 7.650 6.008 2.2500 1.7(171 " OS." 54.0.7 20..250 15.9Q.I 
lI .ao. l 0.510 2oUl .. 1.IB'5 

H 
70..78 00.59 20..816 16.;\40 

H 8.0.8 7 ,0.51 2 .(1100 2.0.730 72.73 5,. 12 21.301 16.1;00 
0.682 7.(10.1 2.1:10177 2.23tU. 74.71 58.67 21.973 17.257 

n 10..-113 8 .178 3 .0025 24053 " .6.71 60.25 22.563 17.nl 
ILL7G 8 .773 3.28[,2 Z5S02 

H 
78.i" 61.85 23. 100 18.100 

11.053 03SS 3 ./Hoo 2.7612 SO." ro." 2a.i66 18,66li 

" 12.763 IO.(J2.1 3.75:.19 2.\).183 82.89 65.10 2-1.379 10. 147 , \3.000 10..681 '.0000 3. 1416 , ".00 66.1'6 2,';.000 19.6M 

II 14.463 II .~ 4.25:19 3 . 3~ 10 II 8i.14 63.4 .. 2:;,620 20.129 
1~.3!.3 IZ.().",s 4.6156 3 . .5400 89.30 70..14 26.266 20.629 

" \6.270. 12.778 4.781'.2 3.7683 I, 91.49 .1.86 26.0 10. 21.135 

i{ 17.213 13.510 .5.0025 3.076 1 M 93.71 73.60 27.5/1.1 21.048 
liJ. 11J2 112<;() 5 .3H7 ",>00 ~ 

...,.,. i5.:16 211.223 Z'.!.IOO 
19. 17S \! •. 002 6.6-100 4 1:101 98.23 17.15 28.891 22.691 .. , 20..20.1 1 .5.~ 11.9-1'" .- .. , 100.53 78.95 29.500 23.221 

~ 21.zr.o 16.600 6,2500 4.00S7 ~ 102.8.5 SO.78 30.250 237hS 
22.:126 17.f>:I4 6.i1664 5 ,1572 10.5.20 82.62 30.94 I 2430 1 n 23.428 18 ,"00 6.~900 5 .• 1\ 19 H 107.5..~ 84.49 31.4;41 2 1.850 
21,5057 10.2&1 7.2227 .5.6727 1O'J.98 ..,." 32.afS 25."00 

" 25,7 13 20..10" 7.M2" !um16 ., IIZ.41 88." 33.003 2..,.00. 

a 26.8911 21.123 7.0\02 0 .2126 

M 
11".87 90.22 33.7&> 26.535 

28.1().'l 22.0..2 A.2I1:A 1I. l9lll 1I7.M 92.17 34 .616 27. 109 
20,aa8 23.0. 12 8.62110 6.7771 119.86 94 .1" 35.254 27.688 , 30..000 2-1.003 0.0000 7.00S6 • 122.40. 00.13 36.000 28.27-1 



WlllOtlTS 01' UA I( 

SQUAHl: AX!) aOUND B,\ IlS 

WEIGHTS AND AHEAS 

WriJlo~ U .. "" .... SQIOate WriJIol. Lbo.. Ano.s-. ... ~ ~ , .... s. . ~,~ , .... , ... , ... 
0 0 LJ 0 0 u 

, 12'2.40 63.617 

II 12400 ... ,., 
12 •. :;:; 65.397 

t. 130.17 00."" 
M 132.81 67.201 

II 1 ~.48 68.112 
1:!8.18 69.029 

t. 140.00 69.M3 

~ 143.M 70.882 

H 
116.U 71.818 
149.2:1 72.700 
162.00 73.7011 

" IM.91 74 .002 

H 
16 •• 79 75.622 
100.70 76.Ml9 
103.&1 77.561 , 100.00 78.MO 

II 169.69 79.1:mi 
172.00 80.616 

t. 17.UW 81.1>13 

M 178.71 82.516 

fl 181.81 83.625 
IM.9J 84.MI ,. 188.07 85.1't63 

§ 191.25 86.500 
IIl4.U 87.624 
197.68 " ..... 200.03 89.710 

.- 20-1.21 00.763 
I 207.52 91.821 

H 210.85 92.886 
214.21 93.957 

8 1217.00 %.003 

II 221.01 00. 116 
224.45 97.205 

h 227.92 98.301 

M 231.41 99.402 

II 23.1.03 100.510 
2:18AM 101.623 ,. 2 12.06 l(tJ.H3 

~ 215.65 100.869 

H 
2 19.28 106.001 
252.9.1 100.139 
25<1.61 107.284 

.- 200.:11 108.434 " 
H 

2&1.04 lOIl.MlI 
:l67.80 110.7501 
271.59 11 1.923 , 275.0\0 113.008 

" 



CA R NEG I E STEEL COM P AN Y 

COLD TWISTED SQUARE BARS 

Size, I Axes, Weight pcr Foot, 
Inches ___ Sq_ usre Inches Pounds 

2 4.0000 13.600 

1% 3.5156 11.953 

1~ 3.0625 10.413 

1% 2.6406 8.978 

1~ 2.2500 7.650 

1% 1.8906 6.428 

1}i 1.5625 5.313 

1Va 1.2656 4 .303 

1.0000 3.400 

it 0.8789 2.988 

% 0.7656 2.603 

H 0 .6602 2.245 

~ 0.5625 1.913 

H 0.4727 1.607 

% 0.3906 1.328 . 0.3164 1.076 u 

~ 0.2500 0.850 

1. 0.1914 0.651 

% 0.1406 0.478 . 0 .0977 0.332 ,. 
}i 0.0625 0.213 

Cold twisted bars will conform to Specifications o( the American Society (or Testing Materials , 
UnlCS3 otherwise specified. 
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CONCRETE RE I NFO RCEMEN T BARS 

DEFOIBIED BAns 
COlmUOATED I'!Q,UAIU: !JAR OOIUWOAn;D 8Q,UAHE BAR 

TYPE A TYPE B 

/2 l Z 

~ ~ , -
HQlled (Qr Corrugated Bolt C<>. 

COIUWOATE!) 1I0U"O LlAlt COIUWGATED SQ.UAIH': BAR 
TYPE C TYPE D 

C2!t2rtn (/~ ~ ~ ·]t-]~ ~ 
Rolled (Qr Corrugated Bar CQ. 

Stetiou Si .. , Weicht per Foot, Stetioa .. w.t poet Foot, 

''''u !D.,h .. ,~ .. ,- IDO~ ,~ ... 
Corrupted Squano Bar-Typo A Corrupted Squano Bu-Typo D 

·~1 HISO , ~ ' .00 oM "'" l ~l 5.:n 
o~, 19S1 , 2.70 0", '''' 

, 3.40 
o~l 19S2 ~ 1.95 0"1 1M2 '. V'O 
oM '"'' ~ 1.35 oM '''' ~l 

I 1.91 
o~l "'" " 0.'" oM ,,,. ~ 1.33 

oM "" ~ 0." 
O~l 155S •• OAS 
OM 1557 .- 0.37 
'M 155G V. 0.21 

---
Corrupted Round Bar-1'yp8 C CorrupUd Sq....., Bu-~ 0 , 

I 
"M 1732 ,~ 10.48 
"M 1731 '" 7.69 

oM lOIS ' K 4.U oM "OO ,~ '.3> oM 1617 '" 3.4 1 oM 16.t>1 '" .... 
oM UHG , 2.69 oM 1652 , 3.43 
'M 16 15 " '.06 "M '''' " ,.'" 
oM 1614 ~ 1.52 oM H)" ~ L .. 
oM 161:1 " L'" oM 1655 " 1.35 
O~I lfH2 ,. 0.'" OM "" " 0.86 
oM 1611 

I " 0.60 oM 1657 " 0.49 
o~t 1610 " 0.38 oM "" ~ 0." , 
oFunUobcd only by opecial anaap:meat. 



CARNEO I E STEE l. COM P ANY 

D~;FORl\IED BARS- Continued 

L UG BAIt-TYl'E A LUG IJAIt.-TYPE B 

Settio" 
100 .. 

Itol1ed tor aeneml Flreprooflng CQ. 

llEIHU:" OBONE llAR 

= 

Rolled tor General Fireproofing Co. 

I W.ich\ ptr Fool. 
I'ou!>d.o 

I""B_TypeA 

0:\ [ 1578 '" 5.3 1 OM H"' '" 5.31 
·M 1577 ,~ 4 .30 0:\1 H"' , ~ 4.30 
OM 1576 , 3AO 0) \ H"O , 3.40 
OM 1575 " '.60 0:\1 "" )i '.00 
0)1 1574 " 1.0 1 0:\1 H'" " 1.0 1 
0:\1 1573 ~ 1.33 0)1 "" ~ L" 
0)1 1572 " 0.85 0:\1 1{Iol2 ~ 0.85 
·)1 1570 ,', 0." .:\[ ""' ,. 0.48 
0). 157 1 ~ 0.48 0:\1 H"O " 0.21 
O)t 1570 -" 0.21 

li...u..bonec Bar 
----

St.lio" Si ... W';';h\ per ~·oot. ,,.., I ... I'ouod.o 

°:\1 1673 '" b .13 
0:\1 !(I12 '" 3.62 
OM 1671 , 2.38 
0)1 1670 )i 1.72 
0:\1 I'''' " 1.28 
OM ''''' " 0 .01 



CONCR-eTl, R-EINFO~CEMIlNT BAR,S 

DEFORMED BARS-Conltnuoo 
t;COI'IELJ) }JAR 'l'UACUElt DAR 

nolled for aooneld EngIneering 00. 

HAVElIlEYER 8Q.UAlIE BAR UAVEll EYER nomw liAR 

nolled for Concrete 81«'1 Co. 

......, .. 
.. - ....... 

*)1 IOOD . ~ '0> *"'1 150&6 
. ,M liIGS ' K 4. 17 *:\1 150&5 
·:\1 1007 'K ' .38 *.M 1M4 
• "" 1006 • 2.07 *"" 150&3 
.:\1 1005 K '''' ."" 1M2 
*"" 1004 " ' .ro OM 1501 1 
OM 1D63 " .. '" ."'1 15010 
• . M 1002 ~ 0.07 
.M 1001 K 0.38 

.. 01_ .. ...... 

*J\! 1583 " 1.33 
0:\1 1582 " 0." 
·"'1 1581 " 0.48 

, 

oM 1609 ' K 7.G5 
oJ\! 1600 ." 0.43 
0:\1 1608 ' K 6.31 O:\ f 1620 
·:\1 1607 .~ 4.30 0"" 1628 
·:\1 1600 • 3.40 .:\1 1627 
0:\1 100:; " ' .00 *:\1 1626 
0:\1 16(1.1 " 1.0 1 *:\1 1626 
0:\, 1603 " .. " 0:\1 t 02~ 
0:\1 1602 ~ 0." 0:\1 1023 
0:\, 1001 " 0 .48 0:\1 10Z2 
."" 1621 " 0.21 0:\1 1600 

• 

. ~ 
' K • K 

" " " 

." ." • 
" " " ~ 
" " 

-

.... 
' .M 
2.32 
L 7D 
1 . 3~ 

0." 
0.>. 

• •• , . ,. .. .. 
O. 
O. 
O. 

" 38 ., 
'" '" .. 
" 38 

" 



CARNIlO I Il STEEL COM PA NY 

DEFORMED BARS-Continued 

wINe BAR-TYPE A WING BAR-TYPE B 

/. I 

~ 
I 

/ 

Rolled tor Tru.ed CoDcrete Slee! Co. 

NEW nm BAR ELCANNES BAR 

Rolled tM .Mr. Elle Can ... 

...... Rioe, WllilbtP<'l' Fool, ""'"' ... Woiaht Pft' Foot, , .... , .... I POOllldt I , .... ,...;. , ..... 
II~ .... Bor-TYPe It. Wi"C Bar-Tn ... B 

."" I5Iti 'K 6 .. 0:\1 150\1 3'i 10.2 
0:11 liB. , ..,'" 0:\1 uno 2l': ,., 
""1 1[;13 ~ 270 0"1 1616 '" ., 
0:\1 1612 ,. 1.40 

S" IUbS., 
_ .... 

0:\1 1018 PI 5.31 0:'11 IDOl 'K 6.31 
011{ HIl1 ,~ •. 30 °:\1 100'.! ,~ <30 
0"1 11116 , 3.40 0;\1 1003 , 3.40 
0:\1 1016 ~ '.00 0:'1 lOOt U '.00 
0:\1 1011 , , 1.91 ·)'Il~ " Ull 
oM HlI3 .. .. '" 0:\1 1006 ~ '''' ."" HIl2 ,. 0." 0:0.1 1007 ~ O_s.; 
0:\1 IOU .. 0.48 o;\! 1908 .. OAS 
0:'11 HliO , , 0.21 0). ( 1909 " 0.21 

",-

l 



r-____________ ~C~O~N~C~R~E~T~E __ R_E_l_N_F_O~_C_E_M_=E~N~T~B~A~R~S ____________ ~ 

DEFORMED BARS-Continued 

SLANT RIB BAR MONOLITH BAR 

Rolled for Rolled for Monolith Steel Co. 
Mississippi Valley Construction Co. 

CUP BAR 

Section 
Index 

Size, II Weight per Foot, II Section Size, I Weight per F~ot, 
Inches Pounds Index Inches Pounds 

--------~------~---------

Slant Rib Bar II Monolith Bar 

I . 
*M 1297 IX 5.31 *M 1500 1)1 7.65 
*M 1206 1 3.40 *M 1508 IX 5.31 
*M 1295 Ys 2.60 *M 1507 1 3.40 
*M 1294 % 1.91 *M 1517 % 1.91 
*M 1293 % 1.33 *M 1506 % 1.33 
*M 1292 )1 0.85 *M 1505 )1 0.85 
*M 1291 % 0.48 I *M 1504 % 0.48 ! 
*M 1290 X 0.21 I , 

Cup Bar 

Section Size, Weight per Foot, 
Index Inches Pounds 

*M 1530 IX 5.31 
*M 1531 1)1 4.30 
*M 1532 1 3.40 
*M 1533 Ys 2.60 
*M 1534 % 1.91 
*M 1535 % 1.33 
*M 1536 >'2 0.85 
*M 1537 % 0.48 

*Furnished only by special arrangement. 
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r 

...... , ..... 

').1 21~1 

.'" 2162 
")121 (;3 
":\1 21M 
') 1 2IM 
oM 2150 
0:\1 2167 
":\1 2 158 

CAR,NUII E S T I!E L COMPANY 

DEFOIUJ 1m BARS-<:Oncludoo 

Rolled for PblLadel]lhla Steel and WIre 00 

1'';: 
,~ , 
~ ,.;: 
H ,. ,. 

WINO UAl~ 

ltolled for 1'homu n~lnrQrooment 00 . 

W.I""... Foot, ....... 

:;.39 
4.37 
3.46 
2.6~ 

1.91 
1.36 
0.86 
OHI 

')12161 
':\1 2162 
0'1 21nJ 

." 21&1 
":'1 21M 
0)12100 

." 2167 
OM 21(\8 

WilI!I;Bar 

.... , ...... 

'" ,,. , 
~ 

'i 
H ,. ,. 

4,2~ 

3.43 
2.71 

2.'" 
1.63 
0.00 
0.03 
0 .38 

Sr,,,.,, H"" Woic!>t per Foot, , .... ,~ .. """'" 
")1213.5 '" ,'" 
")12134 

L 
':\12133 
':\1 2132 

'M ""' 

°Furniahod onl,lr by _ioJ amo .... ""'nt. 

, 4.02 ,,. 
''''' ,,. 2.08 ,,. 0.'" 

"" 
j 



CONCItETI; ItEINFORCa'laNT UARS 

lI ANGER DAItS 

~'o'\o--._- ---.... . :.1 935 

,*~ , ,1·····< 
" ---- , • .;"-----,. ..... !~' .... 

---sJ.?--- -----'1 

"""" , ... SiR. Weisbl po:r FOOl, 

.~[ 935 

• M 981 

·M 9S2 
"l[ 9S3 
.... [ 984 

, .... 
4 ~~x l'{ x ~ .. 
4 .'~ x Iii x Ii 
3 'ix tx Ji 
3).i x It x n 
2J.i x h x ... 
2J.i .. ~ x )i 

2 .. ~ .. x ... 

2x ~ x '"' 

'"' 

,-
5.31 
4.18 
4.4 1 .... 
2.61 

"GO 
",. 
1.43 



___ --'C"AUR~NEO I E STEEL COMPANY 

H ANGER BARS-Concludcd 

WASHBOARD SECTIONS 
TYPE A 

IfM 1521 

~ ,~. ~ 1"" .... /.;--'1 

1.---- - - - - - ---~------6 ~~ _________ -_____ -01 

Seetion 
,~~ 

.i\1 ,eo 

.'" '" · M 13Z1 
-M 1522 

-, 

TYPE B 

"' M 1522 

SiR, 
,~ ... 

l x ~i x ~ 
Ix ll x/, 
Il!' x / . x :i\ 
6)1 )( ,.., x 1'1 

• FI1rI>ieI>ed only by apoeial ~t. 

'" 

W.i&bl pt't Foot, 
P .... "'h 

1.30 .. '" 
'''' 3.95 



, ~ , 
i 
~ 
• 

CROSS TICS 

CROSS TIE SECTIONS 
4W' 

M 21 

. .. . " p===:::f:.,;.=====:::o .. J.,. 
L_.......... . ..... 8.:..... . .•.....••.. _ "1 I 

• 

r 
C=~::== .f"., I", .. ,7& 

r······· s"· ...... •. 

" $ 
• 

:\121 
:\12::1 
),1 24 
:'>1 27 
:'>120 

M25 

W' 

···-6'·----········· .... 

"27 
. If' 

f·· i::4 r;::==' ... ,," ._! ,.. 

,! 
" 
I M21 

.\,j" 

L ........... _.:;--: ........... _ 

"oo ... 
: 

1J
' "' ,"If, 

.. ··-··6li··············~ "'''~.. . .... 4!i'· .... 

"' ~i-U'f ..... ..1 
.. - .. - 7 .... -.---.---.. - L...... • ....... ,':_ .•... 

I'L" ,n' 

~ 
'10111111.1"""- Wllbna-. W.~-. 

TOO ... - , ... 
,~ '" 

, ~ "' .• ., • • I, '" , , • " s .• 

" '" 
, 

" ••• T 4'; • " 
0,' 

"" 



° 110,\ 
.OOA ..,A 
OOA ... 
80A 
"A 
,.A 
"A 
OO A 
MA 

"OA 
• 5A 
<OA ". 
MA ". "'. ". .. A 

"A 
>OA I ,A 

CAR N EOII!. STEEL COAlI'ANY 

A. S. C. E. RAI LS A"D LIG HT RAllB 

e ••••• ~ 
,! --,-,.,' /" i """""~"1 

~ d: 
II' . : J _ ., .•••. , 

II r.aol. 
• • 

, 
J ~.- -". -t • 

r=::::::::......::::::i." ... ! .. ; 
~... •• b ........ ..... 

:"1~. \. b ~~.~i * l h; j l k ~ 
~ la. III.. ID. ! ID. ,h. I •• In. In. In. I •. In. I ... 

110 G~ 6~ 2U In au I fi1,.~ to -K-~ 
100 5'~ 5', 2', II! 3., Ii t. :':: ,.. ~ -to 

9.'> 5,'. 5,', 2:1 111 2:1 It ,", t... t. ~.. ... 
90 5~ 5~ 2Ji I n 2a It t. ,'/. t. ~. ,'0 
8S 5,\: &1\ 2,\ III 2'4 II; t. II t. K ,' • 
80 5 1\ 2J.1 Hi 2Ji U II I, ,\ U i. 
75 41t -I II 211 I II 211 Ii H t.\ h K ... 

... 
,', ... 
" /, 
" ,', 

70 -IJi -IJi 2,'. III 211 Ii n h ,\ K ,'. ,', 
115 -I I. 'I l, 211 1:0\ 2"': II H III T'" K ... ,\ 
60 .IJi -1)( 2M I." 2U II II l lil -to K ,~ ,~ 
t>5 -I ", -1,\ 2-" III 2U II II Ittl ,\ -" t. ... 
50 3U 3U 2J.f 1J.i 21~ U ,T. Itl ,', K ,'0 , .. 
-15 3/1 31.1 2 I, .. I n II n I ii ,\ -" -to ... 
40 3\i 3 ).f I U I I. IU Ji II I " ... ,\ )( r'o I ,~ 

35 3,\ 3 <\ n. It III Ii U III " -" h ,~ 
30 3li 3li I U Ul ill II II II! to )( ... ... 
25 2~. 2'. 111 II III n n 110\ , -" K ... ... 
20 2Ji 2H IU II II I .. , }i Ii! K... ... 
16 !2H'2\i 111 H Ilf H ... 1,1.'...... ... 
1-1 2,\ 2,\ 1,\ H I I.. U K U 'It... ,\ 
12 2 2 I ,", II.. U ,\ nit... ,~ 

>0 11K It( II If II n It It I.... ... 
8 I t, 1,\ /I iI II I • ... Hit.... ... , , 

10·1 



RA I LS 

A:\IElUCAN RAILWAY ASSOCIATION RAlLB 

..... Woio;hl 

I ... ~. 

IOOUA "" IlO n A " 8 0 lU 80 
·701~A " -OOUA 60 

Section W~bl 
I ... [' •• AN, 

'00"" 
loon o "" ooR " 00 
SOHB 80 
~onu " '"60 nll 00 

,.' 
, 

S E RIE S A 

• Lcd • 

.. I. I. I •. I. 
---

• MiI2!': 1,·, ' H 
6)i Mi 1 2,', ' II 3;. .j:!i " ~i' 2 3-i .,'. ' 111 "Ii " Ii 2-, III '" 4 'i 4 2 '~ ' II ' n : , 

~-_. __ e _ __ .., 

• , 
~ 

, • I • • 
~ 

h. ,. I •. IlL 1m. 

I • 

'" , 
" II 
II 

, 
I •. 

OIl ", 
01' '" ." ." 

;;;"ilif ,,, I A 
2r. l it 2 .... . ... 
2,', IU 2 il, I 

'" ' n 2~ In 2.1 II 
4,'0 'II 

,,, n, " " • Nol ro!!ed b,- c:v...cie SIeOI Co,nl""'" 

"" 

, 'I I h , j 11: I 
---'0.1.;:"-I •. I •. I. I. I •. IL 
--- -I-

,', 'II .. " " ,', 
,', '" !, " " " II " " " " n 

" ' ll " " " " II 211 " .. " ,', 

, 
• • ; ; • , 
I •. I. I •. h . h . I •. 

I, ~~ " 
, , 

" 
" .. , I , , 
" ' II " t, , ,', 

" 2,h n , 
" ,', 

II 1\11 U " n ,', .l i 



CAR N!!O Il! S TE EL CO ,\\PA N Y 

SPl.lCE BARS 

It. s. c. E. nA ILS A~O LIOIIT RAIUI 

SllOAt.oSll6A 
~ , ~ I. 

f ,.1--- ,:J 

10k 
• t· .... 
I r ,··r i ~- 10-. 

i if 
• , ..... 

W~t • b , d • , , b ...... JrJ!:!l . -• ~u 

"""" " " ••• . , . ., ., ., . ., 
· 9 110 It 18.12 '" ". ~ Ii II •• h I.'. 

S 100 It 15.80 31, '" II ~ Ii . ~ ~ 1,1. 
· S Ol\ It 14.70 'II '" II II Ii '" Ii Iii 
, 90 A 13 • .00 'II . ~ Ii Ii Ii .. Ii III 
S 85 It 12.40 'Ii ." II II Ii ' h ~ ~ 
, SOA 11..00 ,~ '" II Ii II ' Ii ;, ~ 
S 76 It 10 .70 'I' ' 11 .. II ;, ... ;, 11/ 
S 10 It 10.00 '" ' 11 II Ii II ' ft ;. II 

• "A •. '" '" '" II " Ii '" ;. " • 00 A 
8 .40 'II '" II ~ .. ' h ;. No • , .. , ... 'Ii '" II II Ii ' Ii " ;" 

S OOA (\.62 ,. ' Ii Ii II Ii ." " Ii 
s ... '.SO ' Ii ' A II Ii II " Ii II 
s '" '.00 '" II " II II II II No • ... '.38 '" II II " h II II II • 'OA 3.91 '" II {. Ii h II " II • , .. ,.'" '" " " Ii • II II fA 
S 20A 1.87 '" U'H" h 
S "A 1.70 "' nil! " s 14 A .. " ." U!1. " I S . 3A 1.36 •• U' -.' • • S "A .. ." 1/ u~;. Ii 
S SA 0.H 7 

• ., 
~ 
II 
Ii 
II .. 
" II 
II 
Ii .. 
Ii 
Ii 
II 
I, 
II 
Ii 

, 
• D. In. In, 

-

, 

• 
• , 

• 

t 3,\ ... 
It 3J,i ).S 

1ft 3 " )i 
t 211 )i 
'. 211 )i 

... 2!i .;. 
In 211 ... 

t 2)i I I 
10 211 10 
-No l,\ H 
-Itt 2ft H 

, 

· 

i< 21'. H 
It IU Hi 
h:Ui II 
It III -t. 

:0.- IU II 

1/ ... i I. {, 
_ . - , 

"'~ ... s "" .... A" ..... , _.- UC. ,. "". "" ... A. , ...... , I ... ror Li&bt Raila. 
'N~ rolled II)' Car .... SIeoI C-~. ... 



..... , .... 

S P LI CE BARS 

SPLICE BAHS--Concluded 

AMEUIC AN UAJ LWAY ASSOCI ATION nAILS 

[
. , . ... ~ , . .1._, 

1'lJ • d 

~ ~r~ b . ~ ... .. 
• . , -· -1 

.l. .. , 

il ······ .... _ .. .. 
WoiFht , b 

SER IES A 

• d , , • J':fi!:!i ----+-'-....... ,. ,. ,. ,. ,. ,. , .. 
---+--i 

b i b i~ 
,. ,. ,. ,. , . 

S IOO IU. 18.97 3H I n II ~ U IH.I/,o n 1 u 3,.. U 
S OO IU 16.78 3:1\, In /I II II 1IoI I U .... II ~ 3 II 
8 BOnA 13.112 211 III U It 10'. ,).1 , IU n 11 II I'" " 

' S 70ltA 11.73 2'i In if H U 1,\ 11. It n , if 2,.. U 
·S--.JIO n A __ IO~ZJl1I't'LJ'L'.!..lH'-'"'"'..!.!'""'-"'W"'",--"U"'-"",-LJL 
· SOf. rolled by c.n..p, SWIeI CcaIlU¥. 

S 100 un 

SERIES n 

W~!Pt , , , • 

~ 
0: f oot, , ... IIlinisblod 

....... ,. ,. h. ,. ,. 
f..--'------i 

8 100nn 17.1" '" ." " U " 8 DOUB 1" .31 2!f III " ~ " 8 sonD 12.72 '" . ~ " '. N. 
08 70lUl 11.87 '" •• " " /,b 
of! OOR~411 Zit.. II-<j U U ".. 
os", rolled '" c::v...c;. Steel Comp&D)". 

'" 

• 
, .. , .. 
'I! •• ... •• 

890 nn 10S60 un 

r-"'" 

b i b 

-4-,-, .. ,. ,. , .. ,. 
N. I! It\ 3.1. " " " U 2111 " II. 'd. N. Ji II '" " •• I! .- I! No 2,',\ ~ 

1 h.._lL..J L......~&.:Jl. 



CARNEO I E STEEL COMPANY 
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Z 
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< 
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w 

" • .~~ • • ~-• ;] 
'" 0 
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z ]~ < 
• -e: 00!1"S ", w • ,-
< ';8 
• 1~ w 
0 ,-
w ~i • z - l 
:0 ,-
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u '1 < ,. 
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"" 



I , 

R AIL ACC IO SSORI ES 

,-----.-----, ...• 
. 
" " 

' --------,·1 
~ 

l 

,No. 118 
! 

'------'----'f"----j .... 
:No. 104 

'---=:;:::~ .: 
i r"C-- ;; 

~T;t:·''-'--i--'---'..f 

---''' ' I ! 

'~"~?5' ,+ ... ~. " : ~ .. ¥~.~ iNO. 108 

~=:!' . ~'i 'i !.' .,! '<,:;;~..! ~ 
'} _ .. ;'.r~". _ _ ._.1 
• 't"":·i.",J..%, 14J'" 

----- 2 14~------

Rail Clip 
No. 

Wei_ht W.~t of 
P"' .·oot. fiDiobed 

~ .-1-"" .. "" "'~'_' IV." --~ 
~.------ 2':',~ 

:1 , 
]No.112 

P<>WIdI Clip. 

~~~~~-+~~i-c'~~-II~~~~~~~ 103 2J4x2 4 .4 0.64 100 to 60 lb. A. S. C. E. nails. 
114 I U lll 3i 2.3 0.25 5Oto20Ih.A.S.C.E.RaUs. 
11823i ll2 ";.65 0.85 100toOOlh. n .n.Rails. 
10-1 2 lS ll2 7.3 1.1 0 1 1OOto 60Lb.A.S.C.E. AIliIODflnI 
lOS 2J4ll2 4.8 0 .70 O lroer Ral ls. 

__ " _' __ '_2'1X2 __ '_"~=,::'°t:·,,~-,-___ -,G"''''''''~!.!R~d.''''~ __ _ 
Clipo ..... be fu:Ubod .ilh U " d~ t.oIea. 

"" 



CAltNIlO I E! STEEl.. COMPANY 

PIPE-BLACK AND GALVAXIZED 

STANDARD PIPE 

, 

~ ~ 
"". 1 por r-. ""'-, ... "", . """" """"" .... - ~ ,. 
,..~ I'-1 .. _ ; ,., --. "".1, " ..... , ...... .... ... ...... , .... P ..... 

H .• ~ ., .. . 068 .2 .... .,., " .M2 ,. .In' 
K ' ,,' 
"I 

" , 
'j( 

~HI 
". 
3 ,. 
• .,. , , 
, 
" " 0 .. .. .. 
" 
" " " .. 
" 

. .,. .,.. .... . .,.. •• 2~ " . ... , ... , 

.67~ ... ,' ... , .'" .... " .... '" .070 .... .622 ., .. .... ."" " un4 '" .116 .. .., .824 .11 3 LlSO LIS'" " 1.281 '" .300 
1.31~ 1.0-&0 .'''' 1.078 ...... "" 1.~76 ,,. .343 .. "'" .. "'" . 140 2.272 2.281 "" .. ",. '" . ..., 
.. "" 1.610 .I<IG 2.717 2.731 "" 2.218 '" .743 

2.376 2.007 .164 3.662 3.678 "" 2.760 '" 1.208 
2.876 2. 4GO . ." 1I. 7<Ja 6.810 " 3.276 ,,. 1.720 
3.300 3.068 .2 1G 7.676 7.61G " 3.048 '" 2.408 ..... 3.1148 .226 0. 100 0.202 " 4.591 '" 4.241 ..... 4 .026 .237 10.700 10.889 " 5.091 '" '.741 

0.0" ... 00 .2-107 12.638 12.642 " 5.591 '" 11.241 
11.1163 11.0-&7 .m 1t.617 1<1.810 " 6.296 ." 8 .09 1 
6.625 ' .003 .,'" 18.074 10.1~ " 7.3.58 ." 9.5054 

7.6211 7.023 .,0> 23.5« 23.769 " 8.358 ." 10.932 
8.6211 8.071 .277 2-1.696 211.000 " 9.358 ." 13.00Ii 
8.6Z1i 7.981 . 322 28.5054 , ..... " .. "" ." 13.00Ii 
9.6Z1i 8.IM I . .., 33.007 3".188 " 10.MS '" 17.236 

10.750 10. 192 .279 31.20 1 32.000 " 1l.i21 ." 29.877 
10 .750 10.136 .307 34.240 " .... " 11.721 ." 29.877 
10 .7110 10.020 .'00 40.483 41.132 " 11.721 .,. 29.877 
ll.75O 11.000 .3711 4.'>.1157 46.2-17 " 12.721 ." 32.$110 

12.750 12.000 .... 43.773 ... ~.OOO " 13.9S8 . " ., .... 
12.7110 12.000 .37~ 49.5(12 50.700 " 13.958 ." .3.008 
14.000 13.z.50 .375 ...... 66.82-1 " 15.208 ." 47.1 52 
1$.000 1 .... 250 .375 58.~73 00.375 " 16.446 ." 119.493 

16 .000 16 .2110 .3711 62.679 ' ... 00 " 17.446 ." ...". 
The ~bIo ..... _ , ••• 1116 por eeot. abo-r. 1IJId 6 por ....,1. boW_. 
Furaiohe;I willi tbreodilACI eooplU!p IIJId 1m ru:Iom leactho,..,... oU>et-riM oedtnd. 
Tl por 0( thradIiI n" d_ per 'OOI.Ieacth for allli __ 

TIl. _eicI>t PfI" 1001 of piPt _ illt. u.r..- ..... <oupli"", it t-! (HI. I ~ '" 20 '''"'. 
i .. hl<h", lb. eoopll ... OOI"illll"" leactho 0( -tllioeo .. i1I...wly "_1_ tha.o. 20 '''"'. 

All ...;pto Ind di",,1lIioao I .. ooml .. 1. 0.. air. mod. 1m IDOf"e Ill"" 0.,. _eicht, .. tickt 
dteired "'"., be Il*ified . 

". 



P I PE 

r PIPE-BLACK AND GALVANIZED-Concluded 

NATIONAL T U"", COMPANY ""ANDA"I> 

EXTRA 8TIlONO PI PE DOUIlU-; ~;XTnA ST nONG PIPE 

W~M, \\~bt 

~ D~ W Diameter&, W 
Si .. , I""IIM "",,-I FOOl, In"h .. --- FOOl, 

'-. '00"", Sla., -. '00"" ". ... iI,,,b .. .,., , .... ..... J:'t.emal la\<nU.l t:'t«nal In\<nU.l ..... '"" -----
~ .405 .2 15 . ." .314 ~ ... 0 .252 .",. 1.714 

."0 .302 . 119 .535 " 1.0W .434 .308 2.440 
~ .675 .423 .126 .7:.18 , 1.315 .590 .358 3.669 

... 0 .54t) .147 1.087 '" 1.660 .SDt) .382 5.214 

" 1.000 .742 .'" J.473 ,~ '-000 1.100 .'00 6 .408 , 1.315 .957 .179 2.17 1 , 2.375 1.503 .436 0.020 
,~ '-000 1.278 .191 2.996 ,~ 2.875 1.771 .5;;2 13.fi95 
,~ '-000 1.500 .'00 3.{;:JI , 3.000 2.:.100 .(;00 18.583 , 2.375 1.039 .218 5.022 ,~ '.000 2.728 . ." 22.850 
,~ 2.875 2.32:.1 .276 7.661 • '-'00 3.152 .674 27.5-&1 , ''''' '.000 .300 10.252 .,. '.000 '.OSO .710 32.530 ". ' .000 3.3M .318 12.~ , 5.663 '.063 .'w 38.5;;2 

• 4.500 3.826 .337 14.1)8.3 , 6.625 4.897 ...... 53. 100 
.~ MOO 4.290 .'" 17.611 , 7.fi25 5.875 .875 63.079 , 5.563 4.813 .375 20.778 , 8.625 6.875 .875 72.424 , 6.625 5.761 .432 28.573 , 

7.625 6.625 .000 38.04.8 }'urnioh«! "ilb plain ~ndo ud in ru.lom , 8.625 7.625 . 000 43.388 Je~ho unJ_ oth .... ooe onI.,...,d . , 0.625 8.625 . 000 48.728 ' .. ",.bI. vwtioll in ... ichl, for .. t .. 

" 10.750 9.750 .500 64.735 aim", pipe, 5 pel" cenl .• bov • • nd 5 pot .... \.. 

" t 1.750 10.750 . 000 60.075 
bolo •• 

" 12.750 11.750 • 000 65.415 For double .,.tn IIrOntI: pipe, 10 pel" .. "t. . 

" 14.000 13.000 • GOO 72.091 above ... d 10 J>"I" cenl. below • 

" 15.000 14 .000 . 000 77.431 All ..... hl& u.l din>enlio"' .... I>(><Ilinal • 

" 16.000 15.000 .000 82.77 1 

LAnOE O. O. PIPE 

) lI'.ichl P<1" Fool., Poondl 

Tbit~l""heo 

'" 



D"me(.r 

TOIaI Net, , <, ". " 
J< . '''' J< ,m 
li .<00 
J< .M' 

" .620 
J< .73 1 , .,.,. 

' J< .939 

'J< ,,00< 

' J< I.I M! 
' J< 1.283 
'J< 1.389 

'" 1.400 

'" \.615 , 1.711 
'li 1.836 

" 1.001 

' 1' 2.086 

CAR NEG I E S TEEL C O"IPANV 

senE\\, T il H£ADS 

,~ NIUf\!.otr D 

T~' 
DI& .• d, 
Sq.l ... 

...... 

.110 .,,. 

.307 
• 4 42 
,00' 
.786 
.99 1 

1.227 
1.485 
1.767 
2.074 
2 405 
2.76l 

3.142 
3.647 
3.076 
4.4:!O 

- " 1'01 "-" 
I)i •.. <. r.. Iiq. I ... 

.o:n '" ,OOS " .126 " ,m " ,= .. 
.4 19 • 
,M ' 8 

,'" , 
.800 , 

\.0501 6 ,,"" 6 
\.::;16 'J< 
1.744 , 
2.049 , 
2.300 'J< 
2.6411 "j 
3.02 1 , ~ 

3.410 ' !U 

T,"" 

" " 
'J< 
'J< 
'J< 
'J< , 
." 8J< 

'" , 
" ' J< 

'" , 
'" 'J< ", , 

Net. Total 
c. D ... . d. 
~ Sq. I ... 

2.175 4.900 
2.300 !i.412 
2 4 25 !i.940 
2.550 6.492 

2.620 
2.879 
3.100 
3.31 7 

7.069 
8.296 
9.62 1 

1 1.045 

N. 
Dia •••• 
Sq. I ... 

3.716 
4 . 1:;6 
4.619 
6. l OS 

6.428 , . .,. 
7.640 
8. (1011 

• , 
• , 
'J< 
'J< 
'J< , 

3.567 12.566 0.0!l3 3 
3.7008 14..186 1 1.330 2>i 
4.028 15.Q04 12.741 2 '~ 
4.255 17.721 14.22 1 2S 

4.480 19.635 15.760 
4.730 121.648 17.674 
4.0::;3 23.7M! 19.268 
6.ZQ3 26.00721.262 
5.423 28.2701 2:1.005 

'" 'J< 
'J< 
'J< , 

BOLT H EADS AX D NUTS 

~--'----R-R 
~-j-~=~l . , I ; : __ .. ·h .... 

RoucJI Sut Fillilbod Nul Il...p IIHd FiD>lhed II~ , , , 
, .. j " 

' , h 

:"",' 
h 

IM+j.t· " I. M ~ ... ! l.~+ Ji .. j 0.5 f \i.""O.(;f \\." 

For s.... TIl ..... Hotl 1I..do.nd S"ra, the Amtti<a.o. D~ C_PADJ' "'" ~ the 
.... nk~ .. h.lilu~St.a"" ..... , oomlIOOIlly kDo.-.. u t:~ittd Stalfll Stalldatd . 

'" 



n O LTS 

BOLT HEA DS AND NUl'S, DIMENSIONS IN lNCHJ;:S 

."'~R'CA" B R.Oo. CO MPA N Y BTAN DARO 

i 
'1 
l~ 
Q 

~ .. """'" II ..... or 
~~ 

"'~ " (Q> !Ql ;; OJ !- D~-, """". Q 

.... S""' 11~M La... SharI - ---- --~ 

II tl ~ 

~ " ~ 

!~ 
, 

~ , 
! ~ " ! ~ '" '" '. ~ 

tl ~ 

~ " n u , , 
m " :J1 :J1 :Ii ." '" 

,. 
, 

~~ m II 2 ,', In 
i~ ,,' , , 

I~ ~(; 111 1~ 
, ~ '. , 

~H :H 
, 

~S 'N !* '" '" '.' 2, 

, 
l~ : ~ 

, 
'" m 

II 
,. , 

II I~ 
, 

l~ iA 1A , 
" 111 :3,., ~M :3<', '" '" 

,~ }g i~ ifi m ia , 
., 

'" m 
, 

in m ;, 
: ~ 

:!'4 ," ,~ ~~ '" 'I 2~. , 
, 

'" ,~ 

1~ 6,·, '" '" ~il 
, 

Ut 
, 

,~ '" '" '" 
, 

'" '" I 
, Il,', '" ;1'4 'l' , 
"~ lq , 

,,~ (U' '" 
, 

'" 
BOLT THREADS, LENGTH I N INCHES 

UI"H,C." ""'DO", COMPAN Y BTANOA"O 

D~.I""boI , .. 
" 

, , . 
" " 

., 
" 

, 
'" '" , ., 

-, '0 , ~ M " 
, 1 }~ 

Hi to , , " " 
, 

'" ,~ , ~ 

2}i to ". " " 
, 

'" , ~ '" '" 2'i k> , " " 
, 

'" '" 'I' '" '" 3}i to 4 " " '" 'I' '" '" '" '" ,~ 

4}i to 8 , , 
'" '" " 

, 
'" 2'''' 'I' 8j.iW12 , , 

'" '" 
, 

'" ,~ , , 
12)3 to 20 , , , , '" 

, , I '. " 
, , 

Ikllt.ll no~ listed fU"O threaded about :3 t'RlC8 tho dl .. mc~t, In nO C8.iO .. re 
Blandard bolla threaded c lollOl' W tho hcad thao ~ Inch, 

us 



CA R. NEOIE S T EEL COME'ANY 

BOLTS WITH SQUARE HEADS A~D NUTS 

.... I: II'e .... ' . 'DO I: co ......... . ...... D .. IID 

WEIGIlT IN POUNDS PEl! 100 BOl,TS 

1",,,,lh Di&m~1tr ol Bolt, I ... b .. " .. -lltad , 
IlICh .. V. , .. ~ ' .. " ~ % '$ , 

1-,- ---1--;;- ------------ -, • n " " '" '" • , n " " " " '. , , 
" " " .. " '" I 

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

'" 
, , 

" " " 
., 

" ",. "" '. , 
" " " 30 ., ,. '" '" ,,, , 
" " " " " " '" '" , , n " 

,. 
" " SO '" '" '. , 

" " " " " " '" '" • , 
" " " " " '" 

,,. 
'" •• , 

" " 30 H 00 OS ,., ,os , " " " " 
., 

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

., 
" ,n '" no , n " " " " " '" <0, ,,, 

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

" 
., 

" S8 "" 185 " .. 
'" " " " '" '" '" '" , 

" " 00 " '" "" 276 , 
" 

., 
" '" ". '" '" 

" " " '" '" 
,,, 

'" " " " '" ", '" ",. 
" " , .. '" "" "" -

r .. I ... h ,. '" " -4.3 " " 12.5 17.0 22.3 
Addit>onal 

SQUARE NUTS AND BOLT HEADS 

~olBolI. 
H~ 1~~ 1 ~\ , 

'" I 3 , ... c-----
Squa.re IIoa.d a.nd Nut ... ' .05 3.51 5.48 ,.OS 15.5 I 26.2 

Welghtot Shank per Inch .3477 , .0007 .6815 .' 900 l.a!ll '.003 

'" 



60L.TS 

BOLTS WITH HEXAGON HEADS AND NUTS 

A.<ERI" .... BIUD"" CO"PAN T ITA .. DARD 

WEIG IIT IN POUNDS PEn 100 B OLTS 

...... Diamel# '" Bol., [Debeo 
_ . 

Dil.met •• ,,[ BoI. [DOb .. 
UOO. u.,. 
H"". , ."". , ... ~ ~ " " 

, 
[Deb .. " " 

~~ " 
, 

- - - - - - , - -I--, " " " 
, 

" " m '" '" ,~ " .. M ,~ 00 '" lola '" 274 
, ~ " " " • '" "" '" ", ,s; 
,~ " " 60 ,~ 66 '''' ". Ul' '''' , " " '" U3 '" '" '" "" IGZ 2:!7 '0'1 
,~ " " "" 0'1 '" "'~ " '" "" 23' 'IS 
,~ " " ., , .. '" " " 'IS '" , .. '" ,~ " " " 105 '" ,,~ " '" '" 253 '" , ,. " .5 "Ill '" " '" 127 '" '" '" ,~ 31 " " '" "" ,,~ " 13' "'" '" "" 3~ 33 " " '" '" 13 " 135 '''' '" '" ,~ " " " '" m 13~ sa '30 "Ill '" '" • " .. sa '" '" " OJ ". '" 

,., '00 
.~ " 00 00 '" "" " H U3 '" 21S "" '" .~ 38 " " '" '" " " 152 225 '" m 
.~ " " 0'1 13' '01 ,,~ 00 1;';7 23' '" '" , 

" 00 '00 143 '" " '" '01 237 329 HI 
,~ ., 

" '''' '" '" "'~ 105 160 '" '38 ." 
,~ .. " '00 'OJ 2QS " "" '" ,so '" .'" ,~ " " "" 106 '" ,,~ ", ". 256 '" '" • " 75 '" '60 '" IS '13 on '" 

,,. "'3 ,~ " " 115 ". 225 IS~ 'IS ' 83 "" on .00 
,~ " " '" '" 23' " '" '" 275 '" "" ,~ " " 122 17a '" ,,~ '" ,OJ 38 ' ... '" , 

" " '23 on '" 
,. 

'" '" '" " .. '" ,~ '" " 12S '" 247 
,~ " sa '31 '" '" ,~ '" '" 134 ", '" --

r .. [Deb ,., ,., 12.5 17.0 22.3 
P .. [Deb ,., 8 .• 12.5 17.0 22.3 Additio",l Additional 

HEXAGON NUTS A:'>l"D BOLT HEADS 

A,.".,e .. ,. BII'''''!: C""PANT 'TA NDARD 

'" '" 
H<lrflgon Head and Nut. I. 73 2.95 

.uoo, 

" ,t" , 
461 G.9 130 220 

Wetsh~ of Shank I)(:r Inch .3477 6815 8900 1391 2003 

'" 



r-
C A I( NEOIC STeE L. CO MPANY 

UPSET SCREW ENDS I-O R SQUARF; BARS 

,UUIllC ..... " ' DO" COUP .. ",. .1' .. MD ..... D 

E]]J]]]]]ll I n 1 ' " c \> 
, I _ i 

-- " ------- ---. 
P ilch and Shape ot Thre..d A. D. Co. Standard 

• "R U"'''' ,-
lddilional ....... 

Sid. 01 '- We;pl 

""""" ...... ""'" .. ,,- ,!1;. r.,., 0, • ,- '-01 ,,- '-
" , ... , ... U~, """' 01 "'-, ... co- +10'70. 

~i.o. "-,, '-01 , ... 
Sq. 1"",,- "", % ---, 

. " O.Ma 1.111 '" • • 0,939 0.600 :l3.:;! . " 0.700 2.00 '" • '" L OM 0 .800 10.2 

, LOOO 3.400 '" • • L= 1.2l).1 29 .• 

' li 1.200 4.ao '" • 3), 1.389 1.5,1; 19.7 

'" L'" .5.31 '" ' li ." 1.6 15 2.0·1{l 31.\ 

'" \.801 6.43 , "h • 1.711 '.300 21.7 

' li 2.250 7.GS 21 .. 3 0 1.96\ 3.02 1 :W.3 ,,. 2.0.'11 8.08 2~' 0 ." 2.086 3.419 29.5 ... 3.003 10.4 1 3), 5n . 'i 2.175 3.716 :ilL3 
IH 3 . .516 11.95 2'. Oli , 2.4Z{; 4.619 31.4 

, ',000 13.00 '" 6 , ,.". 5. 108 27.7 
'li 4.61(\ 16.M , 6 ' li 2.6.."'9 5.<128 2Q.2 

'" ... " 17.:n 3!! '" '" 2.879 S,,,", , ... 
'J< 5.&11 1~1.18 3!; , SJ< 3. 100 7.649 333 • 3), 6,"" 21.2:; " 

, , 3.31 7 8.&41 "., 
'J< G.S!1l 2',U13 3~~ , Oli 3.317 ... " 25.4 

'" '.363 21\.71 • '" 6li 3.567 •. = 32. 1 

'J< 8,'" 28.10 ." 8 'li 3.798 11.330 3 7.1 , 6,000 30,00 ." 8 6 3.798 11.330 26.9 

'li 0.760 33.30 ' li s~ , '.008 lZ.NI 30.6 
,~ liO.M13 35.!l1 '" 8~ 'li 4 .2M 14.2Z\ 34,6 

U'*"' ....... ed . .... _ial. 
U6 



UPSET SCRIlW F.N o S 

UPSET sC lmw EK DS FOn. nOUK D B ARS 

[U"-----]]JIJ]])1)1NL! 
L. ..... . a .•. - . .i 

Pitch and Shape o f T hre.d A. 8. Co. Standard 

• "t . ), 
• 
' U 
' K 
' U 
'H 
.~ 
.~ 

' U , 
'U 
,~ 

,~ 

'H 

'" 'K 
'U , 
'U 

'" ,~ 

81.11 

1 

OAI:.! 

0.60 1 I 
0 .786 
0.0{)4 
1.2Z7 
1.4h6 

1.767 
2.07-& 
2.40:> 
2.76\ 

LOO 
2.0~ 

2.(17 
a.3~ 

4.17 
6.(1;; 

6.01 
7.0:> 
'>.IS 
0.39 

3.142 1O.61~ 

3.M7 12.00 
3 .0.6 13.52 
•. -&30 16.00 

4.009 1 16.69 
.5.112 18.-&0 
.5.040 ZO. IO 
6.492 22.0. 

7.009 24.03 
2(1.OS 
ZII.2 ! 
3O.-&Z 

7.670 
8.ZOO 
8.046 

........ 
b. 

Inch .. 

• 
I }~ 

." 
' H ." ." , 

• 
3\i O.IlZ! 32.71 -& }( 
3~ 10.32 ! 3:'.00 4 J.i 
31t 11.()'&5 37 . .55 4 !~ 

3Ji 11I .'!);1 40 . 10 4" 

Upoe\II DlUked ...... II*'*'. 

......, .. .... 
• • 
• • • • 
' H 
.~ , 
• 

UPS!.. 

1 ... lItib .1 A""'lio1 Diaa>m. 
fOt Root of 

U,.. ""'"' +10 'lo . c. 
ioo:beo Incbm 

• , 
• 

0.838 1' 0.551 :~ 
1.004 0.800 48.0 

1. 158 I.()i;.j 34 .2 

• • • 
'H • • • 
• 
'H 
4J. 

'" 

, 

L= 1 1.294 30.2 
1.389 , 1. .5 1.5 23.5 
1.-&00 1.74 4 17 . .5 

I.; 11 
1.836 
1.9CI 

I 
, ..... 
2.175 
2.300 

2.300 
2.640 
3.021 
3.410 

3.716 
4. tall 
1>.IOS 
5.428 

"., 
27.7 
26.6 
23.8 

18.3 
17.2 
2S'-& 
22.5 I 

2.SW 
2.629 

2.879 
2.8.0 
3.100 
3.31 7 

3.317 
3.567 
3.567 
3.798 

3 •• 98 
4 .028 
4.2M 
4 .255 I 

'.000 .. .., 
7 .M9 

8.641 ! 
8 .641 

.'" 0 .(193 
11.330 

1 1.330 
12.141 
14.22 1 
14 .22 1 

32.6 
20.3 " .. 
33. ' 
22.2 "., 
20 . .5 
21l.6 

17.8 
23. 4 
28.8 
20.6 



1 

, , 

" , 
12 2 

II ' 2 

CARNEO I E STilE!.. COM I'ANY 

EYE BARS 

....... e ....... ,,,,,. 00 ........... ......... " .... " 

OR DINARY EYE BAR 

u, 

ADJUSTABLE EYE DAR 

, 
< Mr'-;'j . 

• "'-- i ..... ~ 

•. Co. 

a .... .....ted • lilould oaly bo -' .. b ... 
.booIu.teIy u ... ~oid&hIe. 
Deduct pia hole .. hal. !i&uriq weicht. 



l.OO P 'tODS 

LOOP nODS 

~1I"IlIC .. '" •• , .. 0,. COli'"'''' • ., ......... .. 

oa-w or @ide ''r'' vi. &d Ia l...t. nw.. 
~ I-~--.---r--'--.--.'--r--'--.---r--

1/ ., 

1.1( 10 
l }i J4.l-1 1 
l~ 1- 0 , 

'" 2), 
'I' 
S .. " 
'" <,,, 
• .. " 
' j( <." , 

O,j}{ 

'j( <." , 
.. " 
'j( .. " , 

10}i()-1l}i 1- 0 
~ Il }i l - O}i l . I 
1- O}i l - l}i l - 2 

,. , ,. , , .. 
, 

'" 

1 



CARNEG I E STEEL COMPA N Y 

CLEVISES 

All dlmcDBlona In Inches 

. , 
........• 

1(··· O· 

, ~. l : ....... _h.:::r.--......... 
til L_·_ .•.... . .....• 

• Hod 

iJ '~' il ~ d t . 
3 3 ~i 

"' -l H 
5 6 H 
(I 6 " 
7 i !i 

eLm' 18 NUJ.l.BEKS FOR V ,UtlOU8 RODS AND PINS 

Rod. 

RouDd : Square . UPlel I 
~---,-

Ji ~ l}i 
J.1i I I.( 

I'hlll 

I J~i~ . l"' 1 2 "" , , "-'1"'1' 
• 

, , , , , 
• 

, 
• • , • 

1 l ~ " ..j " " 
l}it IJi "' 456 
I ~t l}i l'i" .5 S 
I~ Ik .5 5 
l.li IU IJi .5 ,'; 

!~ I ~ i}i ~-~ ~ I : 
lJi"'i2~ &(1(1 1 (1677 

~~ m ~~ :: ~ 1 ~1~1~ ~ 
- ''''-' -' ___ ".i7'''''''-CCCC",:-:;=-:;c=-_~L'~"''-'_' '--' -om.. 10 bo ....... tIt tlIa Ilodo aDd ru. Ii,..,. .oo.-e. 
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CARNEQIE STEEL COMPANY 

AMERICAN BRIDGE COMPANY 

SPECIFICATIONS FOR STEEL STRUCTURES 

DESIGN, "DETAILS OF CONSTRUCTION AND WORKMANSHIP 

ADOPTED 1912 

DESIGN 

1. Loads. The steel frame of all structures shall be designed 
so as to safely support the dead and live loads. The dead load shall 
consist of the weight of all permanent construction and fixtures, 
such as walls, floors, roofs, interior partitions, and fixed or permanent 
appliances. The live load shall consist of movable loads on floors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 

2. For structures carrying traveling machinery, such as cranes, 
conveyors, etc., 25 % shall be added to the stresses resulting from 
such live load, to provide for the effect of impact and vibrations. 

3. The wind pressure shall be assumed acting horizontally in 
any direction as follows:-

First: For finished structures-A pressure of 20 pounds per 
square foot on the sides and ends of buildings and on the vertical 
projection of roof surfaces, or 

Second: In process of construction-A pressure of 30 pounds 
per square foot on vertical surfaces and the vertical projection of 
inclined surfaces of all exposed metal or other frame work. 

4. Unit Stresses. All parts of structures shall be proportioned 
so that the sum of the dead and live loads, together with the 
impact, if any, shall not cause the stresses to exceed the following 
amounts in pounds per square inch: 

126 



CONSTR.UCT ION SPECifiCATIONS 

Tensien, net section, rolled steel. ................. 16000 1 
Direct eompresl:lion, rolled stecl and steel eMtings ... 16000 
Bending, Oil extreme fiberll of rolled shapell, built 

sections, girders, and steel cMling<!. . . . . . . . . . . 16000 
Bending on e)[treme fibers of pins. .... .. . . . . . .. 24000 
Shear on shop rl\'ets and pins.... .. .... . .... 12000 
Shear Oil bolts and field rivets.. . .. 10000 
Sliear-o.verago---on webs of plate girders tuld rolled 

beams, gI'OIIS 8CCtion.. . . . . .. .... .... . ... . .. 10000 
Bearing pressure on shop rivets and pins ........ 2·1000 
Bearing on bolts and field rivets... . . . . . . . . . . .. ..20000 

The pressure per linear inch on expansion rollers shall not e)[ceed 
600 times the diameter of rollers ill incheJl. 

Axial comprossion of gross sections of columns, for 

ratio of f up to 120 ................... 19000-100 ~ 
with a maximum of.. ..................... .... 13000 

where I =effective length of members in inchC8, 
r"""llorresponding radius of gyration of section in 

inches. 

For ratios of } up to 120, and for greater ratios up to 200, use 

the amounts given in the following table. For intermedinte ratios, 
use proportional amounts. 

natlo Amoun~ Ratio Amount 

00 "000 '30 MOO 

" "000 , .. 6000 
SQ "000 '60 """ 00 '0000 '''' 6000 

"" 0000 '" <000 

'" 8000 ,SQ '000 
120 '000 "" L ''''' 

6. For bracing and combined 8trClJ81lB due to wind and other 
loading, the permissible working 8tressCi may be il\C:reased 25%
provided the BOttion thu.~ found ill not less than that required by the 
dead and live loads alone. 

PIWPORTIO::f OF I'ARTS 

6. Go ...... I. The effective or unsupported length of main 
compression menlbers shall not exceed 120 timca, and for secondary 
members 200 times, the leMt radiull of gyration. 
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7. In proportioning columnll, provision must be made for 
eccentric lon,(Ling. 

8 . In l)roportionillg tension members, net section mUlltbCII8ed . 
Rivet hole!! deducted must be t aken ~ inch larger tban the nominal 
size of rh'cts. 

9. Members 8ubjcet to the act ioll of bolh axial and bending 
IItre~ shall be proportioned 80 that the greatest fiber stress will 
not exceed the allowed limitg in that member. 

10. l\Iember.s lIubjoot to llitcrnntc IItrcss('s of tension and 
oompression shall be proportioned for the strCSII giving the largellt 
scution, but their connection~ shall be proportioned for t he 8um of 
t.he stresses. 

11. ainl~ Roll<.'<i I·bcams and "hannels, and built-up mcmbcMI 
used a.s beams and girders shall be pro]>ortioncd by their moments 
of inertia. 

12. Plate girder webs shall have a thickness not. less than "Aeo 
of the unsup]l.ortcd distance between flange angles. The wcba 
sha ll h:l.VC stilTellers, generally in paiN, over bearings, at points of 
concentrated loading, and at other points where t.he t.hickness of 
the web is leils thall Vao of the unlluPlwrted distance between 
flange angles, generally not. {nrtller apart. than the depth of the web 
plate, \\·ith a maximum limit of six (6) feet.. 

13. The lat-e.ral unsupported length of beams and girders shall 
not exceed 40 timOll the width of the oomprCllllion flange. When the 
un.supported length (I) exceeds 10 tillles the width (b) of the 
compression flange, t he s trCS8 per squarc inch in the comlJression 

flange shall not exceed I9000-300t. 

DETAILS OF STEEL CONSTRUCTION 

14. ~aenl. Adjustable p::embers in any part. of structures shall 
preferably bc avoid('(\. 

15. Sections shall IJreferably be made symmctrical. 
I G. No connection, eJ[CtJ]lt lattice bars, shullluwe lCSl! than two rirets. 
17. Trusses s lu\ ll preferably be riveted structures. lI euvy 

trusscs of long span, where the riveted field connections would 
become unwieldy, or for other good reasollll, may be designed as 
pin.col\nected structures. 

18. Abutting joint!! in compre!<I;ion members faced for hl'aring 
nhall be spliced sufficiently to hold the connect ing members accu· 
rately in place. All other joints in riveted work, whether in tension 
or compression, shall be fully spliced. 

'" 
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C O NST RUCT I ON S I'EC I FICATION S 
,------- ------, 

19. Laten)'l, longituclinalancltrallsverse bracing in all structures 
shil l! preferably be composed of rigid members, and sho.ll be dC1!igned 
to be sufficient to withstand wind and other lateral forces when 
building is in process of erection as well a.I! ufter completioll. 

20. Cirden. When two or more rolled bcmns arc used to form a 
girder, they shall be connected by bolts and separtlotors at inten'ala 
of Ilot.more than 5 feet. All beams having a depth of 12inchesand 
more aha111uJ.\'e at least two bolts to each separator. 

21. The flange plates of 0.11 girders shll.!1 be limited in width, ao 
as not to extend more than 6 inches beyond the outer line of rivets 
connecting them to the angles, or eight times the thickness of the 
thinnest plate. 

22. Web stiffeners shal l be in Ilairs, and shall have a close bearing 
ngllinst the flange angles. Those over the end bearing or forming 
the connection betwcclI girder lind column shn11 be on fill\:rs. 
Intermediate stiffeners may be on fillers or crimped oyer the flange 
angles. 

23. Web plates of girders must. be ~plieed at all points by a 
plate 011 caeh side of the web, capable of transmitting the full ~trcss 
through splice rivets. 

24. Ri,'e(in,\r. T he minimum distance between centerf:! of rivet 
holes shall be three diamcters o{ the rivet; but the distance shall 
prefcrably be not less than 3 inches for h inch ril'ets, 27'l inchcs 
{or ~ inch rivet.8, 2 inches for % inch rivets, and I%: inchcs {or ~ 
inch rivets. The maximum pitch in the line of ~he Rtress {or 
mcmbers composc<t of plates and shapes will be 0 inches for % inch 
rivets, 6 inches {or ~ inch rivets, 4~ inches {or % inch rivets and 
<I inches {or ~ inch rivcts. 

25. For angles in built sections with two gaugc Jincs, with 
rivets staggererl, the maximum pitch in each line shall be t.wicu as 
great 1\8 givcn o.bo\·e. Where two or more plates are in contact, 
ril'et.8 not more than 12 inches apnrt in either direction shall be used 
to hold the Illates together. 

:26. The minimum distance {rom the ecntcr o{ any rivet hole 
to a sheare(l edge shall be I~ inches for % inch rivets, 17.( inches 
{or %' inch rivets, IYs inches for % inch rivcts, and I inrh {or.J.4 
inch riveL!; and to a rolled edge, 17.(, 1%, I, and % inches, 
respectivcly. 

27. The mllximum distallce from any erlge "hall be eight times 
the thickness of the plate. 

'" 
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28. The pilch of rh'et./lat the ends of built compression membefll 
shall not excccd four dill.lnclcl'lJ of the rivets for a lcngth equal to 
one and one-half tirnCIJ the maximum width of the member. 

29. t.llld.... The open sidet! of compression membcl'8 shall be 
provided witb lattice bars, ha"ing tic platCIJ at cach end and at 
intermediate point.3 where the lattice is interrupted. The tic 
platcs shall be a.a ncar the ends a.a practicable. In main memben 
carrying calcu lated slrCflScs, the end tic platcs sball bave 110 length 
not 1C311 than the distance betwccn the IinCIJ of rivcts connecting 
them to the Oaugcs, and intermedinte oncs not ICSII than half 
this distauee. Their thiekncss shall not be less than one-fiftieth 
of the sanle dislallee. 

30. The latticing of compression membel1lshall be proportioned 
to rCIJist a shearing slrCf!8 e(IUal to 2% of the direct stress. The 
minimum thick ness of lattice baTH shall he for single lattice, one· 
fortieth, and fo r douhle lattice, one-sixtieth of the distance betw~n 
the end rivets. Thcir minir;\um lI'idth shall he lUI follows: 

For 15 inch ciumncis, or buil t sections wilh 
3)1 and 4 inch rU\ gle~. . ..... 2~2 inchl'lI (% inch ri\'ct~). 

For 12, 10 and 9 inch channels, or built 
sections with 3 inch angles ...... 2M inches (~ iJlt'h ril'e16). 

For 8 and 7 inch clmnncls, or built 
sectiol)s with 2)1 inch IIngiCII. ..2 inchcs (% inth ril'ets). 

For 6 and 5 inch channels, or built 
sections with 2 inch angICIJ.. 13.4' inchcsG2 inch rivcts). 

3t. The inclination of lattice bars with the :lxis of the member 
shall generally be not lCSJI than 45 degrees. When the distance 
beLwccn the ri\'et lines in the flang1.'8 is more thall 15 iudlCII, if a 
single ri l'et bar is used, the lattice shall be double. 

32. The pitch of lattice connections, along the flange, divided 
by the lell.81 radius of gyration of the member betw~n conncctions, 
shall be ICfIS than the corrCtlponciing rlltio of the member a.a a whole. 

33. 1'1.... Pin holCIJ shall be reinforced by pla.lC9 wbere n('C('!l.IIary. • 
At lell.8t one Jllate shall be a.a wide as the projecting fbrlgl'8 will 
allow; where tmglce arc u~ed, thia plMe shall be on the same side a.a 
the angles. The plateH Hhlill contain aufficient rivets to distribute 
thcir Jlortion of the pill pressure to the full cross section of the 
membcr. 

31. PillS sh~lll he long enough to insure n. full beariug of all PRrts 
connected upon the turned·down body of the pin. Memben 
packed on Jlins ~ Imll be heJd against lateral movelllent. 

,w 



r CONST R. UCT ION S P ECIFI CA TIO NS 

WO lt KM ANSHlP 

35. ~. The workmanship shall be equal to the best 
practice ill modern structural worlul. Shearing shall be done 
accurately. and a ll portiolls of the work exposed to vicw shall be 
neatly fi nished. 

36. f'ullt .. l.... The diameter of t he punch shall not be more 
than I,i., inch, nor that of the die more thnn Yi inch, linger than 
the diameter of tho rivet. Punching sImI! be done accurately, but 
an oCCl\sional slight inaccuracy in the matching of holes may be 
corrected with reamer. Drifting to enlarge unfair holes will not 
be allolnm. 

37. Rhetlq. T he size of rivets shall be as called for on the 
plans. Hivets shall be driven by pressure tools whcre\'er Ilossiblc. 
P neumatic hammers shall be IIsctl in preference to hand driving. 
RivcUl shall look neat and finished, with heads of approved shape, 
full and of equal site. They shall be centered on the shank and 
shall gri l) the assembled pieces firmly. 

38. A_ ... bU..... Riveted members shall have all Imrts well 
pinned UI) and firmly drawn together with bolts before riveting 
is commenced. Contact surfaces shall be I)aimed. Abutting 
joints shall be cut or dressed t rue and straight and fitted closely 
together. in compression joints depending on contact bearing, t ile 
surfaces shall be tru ly faced, so as to have even bearing after they 
a re riveted up complete and when perfectly a ligned. The se\'eral 
pieces forming one built member shall be straight and shall fit 
closely together, and finished members shall be free from twists, 
bends or open joints. 

30. tJe Ilan. Eye bars shall be straight and true to site, and 
shall be free from twists, fold~ in the neck or head, or any other 
defect. Heads II hall be made by upsetting, rolling o r forging. 
Welding will not be a llowed. Before boring, each eye bar shall be 
perfectly annealed /lnd carefully straightened. Pin holes shall be 
in the center line of barg and in the ccntcr of heads. Bare of the 
same length shall be bored so accurately that, wilen placed 
together, I)ins %~ inch smaller in diameter than the pin ho1ell can 
be passed through the holes at both ends of the bars at the n me 
time. 

40. Pin. Pins and roIlers sball be turned accurately to gauges, 
and shall be straight, smooth and entirely free from Haws. Pill holes 
shall be bored true to gauges, smooth and strnight, at right angles 
to the axia of the member and Ilnralle1 to each other, Ulllellll other-

'" 
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wise called for. Wherever possible, the boring shall be done after 
the member is riveted lip. The distance from center to center of 
pin holes shall be correct within lh2 inch, and the diameter of the 
hole not morc than Iho inch larger than that of the pin for pins 
up to 5 inches diameter, lind %2 inch for larger pins. 

41. Bed Plat ... , Explutsion bed platcs shall be planed t rue and 
smooth. T he cut of the planing tool shall correspond with the 
direction of expansion. 

42. Annea1inlJ. Steel, except in minor details, which 11M been 
panially heated, shall be properly nnnC:1.1cd . Welds in steel will 
not be allowed. All steel castings shall be annealed. 

43. P"inti nll'. Steelwork, before leaving the shop, shall be 
thoroughly cleaned and given one good coating of such paint as 
may be called for, well worked into all joints and open spaces. 

44. In rivetcd work, the surfaces coming in contact shall bc 
painted before being riveted together. 

45. i\l achine fin ished bearing surfaces coming in contact with 
similar surfacca should be coated with white lead and tallow before 
shipment. 

46. I"'~li(>n . The manufucturer shall furnish all facilit ies for 
inspecting and testing the weight, quality of material and work
mnnship. He ahall furnish a suitable testing machine for testing 
the specimens, M well as prepare the pieces for the machine free of 
charge. 

47. He s hall give the inspector for the purchaser free access 
to all jlart.s of the works where the material under inspection is 
lUanufactured. 

,,, 



EI.E .\\ENTS OF' SECT IONS 

ELEMENTS OF SECTIONS 

D~:f·INITIONS 

In the computations of structural designing, certain mathematical 
expressions arc used to designate the values of structural shapes in 
the various conditions undcr which they are subjected to stress. 
In thc pages which immediat.ely follow, these values, usually called 
properties, are givell ill United States meaaurements for shapes 
common in structural designs, and are defined aa follows:-

A - Area ot 8«llon. expressed in square inches. 
, - Hadi ... at Gyr ation. The distance in inches from the center of 

moments of II. section to the point or line at which its area is consid
ered concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that axis divided by the area. 

I- Mo men t of Inertia. The summation, expressed in inehe3 to the 
four th power, of the products of the elementary areaa of a section 
by Ole squares of their distances from its center of gravity or 
other axis assumed for purposes of computation. 

9 --8«t;on Modulu o. The moment of inertia divided by the distance 
(n) from the axis of moments to the extreme fiber. In an unsym
metrical section there are two section moduli for each axis of 
moments, the icaat of which determines the safe unit strC&!. 

Neutral Aii •• Axis of moments through center of area.. 
i a nd y. The distance or distances in an unsymmetrical section 

from the back or working line of the section to the centcr of gravity 
of the section. 

The seetioD modulus is used to determine the stre8ll in the extreme 
fibcr of a shape subjcct to bending by dividing the bending moment 
by the section modulus, both expressed in like units of measurement. 
I t is also used vice versa in t.he selection from a table of shapes of 
the proper section required to support a load by dividing the bend
ing stress by thc a!lowable fiber stress, both in like units of weight. 

The radius of gyration is used to ascertain the safe load any 
seetion or shape will sustain when used in compression as a strut 
or column. The unbrueed length of the section divided by the 
radius of gyration is denominated the ratio of slcnderness. 

The elements of steel sections arc baaed upon the theoretical 
dimensions given in the pages which precede. No account haa been 
takcn of fillets or rounded corners, neither have any approximations 
entercd into any of the calculations . . '" 
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SQUARE 
Axis of moments through center 

SQUARE 
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UECTANGLE A - bd 
AsIJo of mo ... ~nt. Ih roua h anln , - : 'lB :. h., "". - ..,.,--

8,., _ bd' , , -.---
L_ _j • 
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TRIANGLE 
Axis of moments through 

!)S~1 , , 
x i 

i d 
1-f- -- - --1 i 

xl : L ___ J 
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:..---- ·b·----..J 
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12 
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12 
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a 
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24 
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C I ROLE A - • d' "" 0.7853118 d" --,----
Axl . of moment. , - : throu,h ""nln 
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ELEMENTS OF SECTIONS 

2 r-Y ·,..1 
, 

------- --- --------r -~ 
, , , 

4 

, , , , 
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r ~ 
I f-- - , 
X __ t I 

, t I 
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~ -- - -t"----b:d -- -- -.: 

2 

EQUAL ANGLE 
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x 

45° 
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t(b+c) 

t(b+ 2c)+c2 
2(b+ c) 

t(2a+dk+ a2 
2(a+ ) 

t[ (2y-t)d (d-2x) +a(2x-t)(b+t-2y) J 
2(h-1 10-2) 

t(d-X)8+bxS-a(x-t)S 
3 

t(b-y)s+dyS-c(y-t)8 
3 

I2_2cos2a,-Il_lsin2a 
cos 2ct 

11-1 cos2a-I2_2sin2a. 
COS 2ct 

e(ttU
) +mt+a(m+n) 
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6A 

b 
2" 
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12 
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36 
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144 



CARNEOIE S TEE L COM I'ANV 

COMPOUND S(;CTI0NS 
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CO~IPOU!\D SECTION'S---Concludoo. 
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ELEMENTS OF STRUCTURAL BEAMS 
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ELE"I EN TS Olo~ STRUCTURAL BEAMS-Concluded 
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1~.0 <11.423.660 0.2:;1) 36.2 , .... 10.4 ,., 0.18 '-' 
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nw 6 1 ... . 711 ~.34 3 .• 52 0.352 ..... '.M ••• ,., 0." .. , 
12 . 2~ 3.61 3.330 0.230 21.S ,.OS '.3 ... 0.72 '-' 
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CA!tN.,Q I I< STEEL COM PANY 

ELEM I~~T8 OJ.' STRUCTURAL CHANNELS 
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OL O/loI I.lNTS OF SECT I O NS 

ELEl\IENTS OF SU I I' BUI LDING CHANNELS 
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" , ,., , ,., ,., 
,. I , .• , 6.1> 2. 1 

• .. .4 2.2 , 
" 
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1.17 
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CARNEGIE STEEL COM PANY 

ELE~IENTS OF EQUAL ANGLES 
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A • 8 • 32.1 11.61 119A 2.49 10.3 2.23 "" A • 8 • 29.6 8'" M. I 2.50 9.3 2 ,21 1.t>8 
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A • , • 24.2 1. 11 ~., "" 
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A • • • ~ 

21.9 6.'13 22. 1 "" , .. 1.71 1. 18 
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A •• • ~ 

21.8 640 14.1 1.11 I .., "60 0.1)7 
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A • • • ~ 143 -4 .18 10.0 "M '" 1.-4 I 098 
A • , • 12.3 3.61 .., "06 , .. 1.39 0.00 

• • • II 19.9 .... 8. ' 1. 18 3.' "" 0 .77 
• • • 18.5 6.4-1 ", 1.19 ' .8 1.27 0 .77 
• • • II 17. 1 11.03 ,., 1.19 ,., 1.25 0.77 
• • • 111.1 -4 .61 " 1.20 ". 1.23 0 .77 
• • • A 14.3 "18 , .. 1.2 1 ", 1.21 0 .78 
• • • 12.8 3 ,75 

I " 
1.22 ". 1.18 0 .78 

• • • ~ 11.3 3.31 ,., 
I 

1.23 "8 1. 16 0 .18 
• • • ' .8 '"" •• 1.23 ", I. 14 0 .79 
• •• • ~ 8.' 2 .40 3.7 1.24 "3 1. 12 0.79 
• • • ,., 1.9 1 3.' 1.25 "0 " 00 0 .19 • .-.'" 



t;LEMIlNTS 0" SECTIONS 

I ELEMENTS Ol<~ EQUAL ANGLES-Concluded 
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.~ 2,2.'> ., 0 .74 0.73 0.81 0.017 

. ;~ '.00 ... 0.76 0.61> 0.18 0.018 
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; t: 0.00 O.~ 0.78 0.'" 0.69 0.49 
0.61 0.38 0.79 0.'" 0.67 0.'" 

:U l .'" 0." 0.59 0." 0.00 0.39 
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0." 0." 0.61 0." 0.59 0.39 

:(1 0.71 0." 0.62 0.19 0.67 0.40 
0." 0.t9 0." 0.13 0.'-' 0." ,., 1.34 0." 0.61 0.'" 0.69 0.'" 

' .00 1.17 0.31 0.51 0.26 0.67 0.34 
:t:19 .00 0.27 0.52 0.2:1 0." 0.'" 
2.77 0111 0.23 ..,3 0.19 0." 0.'" 
2 . 12 0.62 0.18 0." 0.14 0.61 0.35 
1.41 0 .42 0.13 0.'-' 0.10 0.'" 0.$ 
3.33 0.98 0 . 19 0.44 0.19 0.51 0.'" 
2.116 0," 0.16 0.4.1. 0.16 0,49 0.'" 
2.:11 0.69 0.14 0.·4(; 0.13 0.47 0'" .... 0.03 0.11 0,46 0.10 0.« 0.29 ." 0.a6 0." 0 .46 0.07 0,42 0.30 
2.33 0." 0."" 0.36 0.11 0,42 0.24 
1.02 0.'" 0.08 0.37 0."" 0.40 024 
1,48 0.43 0.00 0." 0.07 0.38 0.24 
1.01 0.30 0." 0." 0,05 0.35 0 .23 
I ,-ID 0.41 0." 0.29 0.00 0.34 O.\D 
1.16 o,a'i O.ro 0.30 0 ... 0.32 O.ID 

• 0.00 0.23 0,02 0.31 0.'" 0.30 0.19 
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CA It N£O I£ STEEL COM " ANY 

ELE~IE N' TS Ol~ UNEQUA L ANGLES 
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x 3'. xl., 13.0 I 3.'''1 >0.' 2.27 

liU 
!oI.3 
13.4 
1:2.11 
11.7 
lO.8 ,., 
8.' 8.' ,., 

10.6 
10.0 
0.' 

" ,., , .. 
'.0 
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1.78 5.3 1.110 1.:10 
1.79 4.8 1.47 1.:10 
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i.8 
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(1.7 
6.3 ,., 
" M .., 
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7.5 0.89 
i.2 0.89 
6.8 0.00 
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0. 1 0.91 
5.7 0.92 
5.3 0 .93 
4.9 0.93 
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4.0 O.lhl 
3.5 0 .00 
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2.9 

" ,., 
2.3 
2.2 
'.0 
0.8 
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2.5 
2.:1 
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0., 
0.0 L. 
0.3 
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1
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0,00 0.74 
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0.9 1 0 .74 
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0,1;7,0.74 
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g:~lg:~~ 

A 89 6" 4 X I 30.6 l.il5 10.8 1.09 3.8 
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0.75 . 0.70 
0.73

1
°.76 

1.1 7 0.85 
1.14 I O.SS 
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1
0." 

1.08 0.86 
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l. 01 O,b7 
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0,00 01<7 
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;LU~! ! ~ ti, ig ::~~ Ig:~ U? 1:~ 
AI6 1 6X 4 "I 2.~.4 1.87 9.21.11 3.2 
"162(1"4,, •• 2<1.6 I.S8 8.71.123.0 
"1630x 4 xU 2UI 1.89 S.I 1.1 :1 2.8 
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AI(I"O" 4 "1"1 18. 1 1.00 0.9 1.14 2.:1 
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ELEMENTS OF SECTI ONS 

ELEl\I ENTS 01" UNEQUAL ANGLES-Continued 
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CARNeOle STEEL COMPANY 

ELEMENT S OF UNEQU,\L ANGLES-Coutiuued 

,\220 4:13 
1\221 4 x3 
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A228 1 x 3 
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IlLI!M eNTS Of' SECTIO NS 

ELEMENTS 01" UNEQUAL ANGLES-Concluded 
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C A II; NEOI E STEEL COMPAN Y 

ELEMENTS OF EQUAL TEES 
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. 22 , , ,. ,. 0.80 0.26 0.02 0.30 '.00 0 .20 0.01 0.21 0.0' 

'" 



I>I. EMENTS OF SECTIONS 

ELEi\ IENTS OF' UXEQUAL TEES 

, 
; '-- , ,.---' 

1·..1.-·- t'---. 
I 

f-~-~";:"==cil,w. A~ 1_~--"''':'~'C'''-c __ I'_~':''O'O'';''''_ 
~~I"_ &om ~~ik': ) .~ s.... Ir S x I r ~ 

_ 10. 10. n:~' ~ Lbt. :: 1 ... _ I... 1 ... _ J.. 1 ... _ ~f 1 ... _ 

l' r.o.5 3 }i II 13," 3.03 2.4 0.7& 1.1 0.73.5.4 1.172.2 
l' 5\.5 2!oi '" I. 10.0 3. 18 1.5 O.ns 0.78 0.63 4 . \ ~.~ 1.0 
T 52 4}i 3J.i ,'. U 16.7 '1.00 5.\ LOU 2.1 1.11 3.7 ?;:: 1.7 
l' M 4J.i 3 '" ~~ 0.8 2.SS 2. 1 O.S! 0.01 0.74 3.0 1.02 1.3 
l' 5:J Hi:l h ,\ tt.4 2 .46 1.8 0.85 0.7& 0.71 2.5 1.01 1.1 
l' 56 41i 2\i '" '" 0.2 2.68 1.2 0.07 0 .63 0.59 3.0 ~ .~ 1.3 
T 115 4}i 2 J.i ,\ ... 7.8 2.29 1.0 0 .68 0 .64 0.51 2 . .5 !.~ 1.1 
' j ' 67" 6 J.i J.i 15.3 " . .500 10.8 1.55 3. 1 I.M\ 2.8 0.7 1.4 
'r 58 4 6 ~ '" 11.0 3.40 8.5 1.66 2.4 1.51 2.1 0 .7 1.1 
T 69 4 41i}i H 14.4 4.23 7.0 \.37 2.5 1.37 2.& ~. ~.I 1.4 
T 00 4 4 1i '" '" 11.2 3.29 0 .3 \.30 2.0 1.31 2.1 ~.~ 1.1 
T 61 .. :J '" H 9 .2 2.68 2 .0 0.80 0.00 0,78 2. 1 ~.~: I.l 
T 41 4 3 ,.. h 7.& 2.20 1.7 0 .87 0.77 0 .75 1.& ~.~ 0.88 
T 02 1 " 21i H H 8.5 2."8 1.2 0.000.620.022. 1 0 .(2 ).0 
T 63 4 2H ,\ ... 7.2 2. 12 1.0 '0.00 0.63 0 .60 1.8 ~.~ 0.88 
T &I" 2 '" '" 7 .8 2.27 0 .00 0.62 0.40 0.48 2.1 ~' ;::' 1.I 
T 05'" 2 h I. 6.7 1.05 0 .630.620.3-10,461.8 0 .0:; 0 .88 
T 00: 31i" J.i J.i 12.6 3.70 5.5 1.21 2.0 1.2-4 1.0 0 .72 1.1 
T 67' 3'~" H" H 0 .8 2.88 4 .3 1.23 1.5 1.19 1.4 0 .70, 0.&1 
T 09 , 3J.i 3 J.i J.i 10.8 3. 17 2" 0.87 1.1 O.SS 1.9 ,0.11, 1.1 
T 70 , 3}i 3 H" ~ 8.5 2 A':l 1.0 O.SS,O.RO 0 .83 1,4 0.750.8 1 
T 71 3}i 3 ,\ 71 7.6 2.::''0 1.8 0 .01 O.M 0 .85 1.2 0 .• 40.68 
T 72 3 " !i Ji 11.7 3.4~ 6.2 1.23 1.9 1.32 1.2 0.590.8 1 
T 73' 3 " It ... 10.6 3.06 4 .7 123 \.7 1.29 1.I 0.590.70 
T 71 3 -4 H" S 0.2 2,68 4 . 1 1.24 1.5 1.27 0 .00 0.5S 0 .60 
T 75 3 31i)oS )oS 10.8 3.17 3.5 1.06 1.5 1.12 1.2 0.62" 0.80 
T 761 3 3J.i h " 07 2,83 3.2 1.06 1.3 1.10 1.0 0'OO~0'60 
T 77, 3 3'~ tl H 8.6 2."8 2.8 1.07 1.2 1.07 0.93 0.61 0.(12 
T 78,:1 21i 71 H 7.1 2.07 \,1 0 .72 0 .00 0.71 0.80 O. O.!.O 
T 70 3 21i h ... 6.1 1.77 0 .04 0 .73 0 .62 0.68 0.75 O. ' 0 .1>0 
T 31 3 2J.i ,L{ ~ 5.0 1.47 0.7S 0.73 0.43 0.66 0.61 0.&1 0040 
T 82 2!oi 3 '" '" 7.1 2.07 1.7 10.!)! 0.84 0 .0.5 0.63 0 ,.51 0 .-42 
T 8..1 2,i:l fo 10 (I I 1.77 1.5 0.92 O.a 0.92 0.44 O. 0 .35 
l' 86 2!i I'{ l't h 287 0.84 O.~ 0.3 \ 0.09 0.32 0 .29 0 .1"0..", 0 .23 
l' 87 2 I 'i \,,; ~ 3.00 0.01 0.1~0.42 0.15 OA2 0 . 18 0 .43,0 . 18 
l' 510 1"" 2 ,\ ,\ 2.4.5 0 .72 0.270.6 1 O.ID 0.(;3 0 .00 0 .9"2, 0.08 
TOO.'> I i. 1'{ )oS ~ 1.25 0 .37 0.050.370.050.33 O.M 0 .320.05 
T 603 I L~ '" 1\0,9 ~ 0,88 0.26 0 .01 0 .16 0 .0 1 0.10 O ,O'~ 0.31 0,04 

'" 



CAR.NEOIE STEEl. COIIIPANY 

ELE) IENTS OF ZEES 

., 
f' 

1/ 
1-- -·1 

/ .. , 
... 1w ... 1,:1' hill·1 AU!-2 A •• 

,~ ..... 
I'- ~~ rn,ln. I .... ..,. I , S I , S ---

I. I. I •. .... I., I., I. I.' I., I. I.' l~. --
'" '" » 34.6 10.17 W.2 2.22 !G.4 HI.2 1.37 0.0 0.$03 

Z , '. '" :12.0 {I.40 40.1 2.22 15.2 17.3 1.36 '-' 0.82 , ,~ 2{1.4 8.63 42.1 2.21 H. .O 15.4 1.34 .. , 0.81 

,~ 'H II 28. 1 8.25 43.2 2.2{1 14. 1 16.3 1.41 0.0 0." 
Z , 0., 1~ 25.4 7.46 38.0 2.28 12.8 14.4 1.30 •• 0.1S2 

0 ., 22.8 0.68 34.6 2.28 11.5 12.6 1.37 '.0 0.81 

O~ 'H ~ 
2 1. 1 G.1 9 34.4 2.36 11.2 12.{I 1.44 ,., 0." 

Z , .. 1tl 18.4 6.3{1 20.8 '.M ,. 11.0 1.43 ,., 0." , Hi.7 4 .tiD 25.3 ,., 8.' 0.1 1.41 '-' 0." 

'H 'H !l 2 ..... " 8.33 08.7 1.80 11 .2 14." 1.31 ••• 0.76 
Z , '. 1il 26.0 7." 26.2 1.85 10.3 12.8 1.30 ... 0.74 , II .23.7 '.00 23.7 1-'" D.S II." 1.28 '.0 0.73 

'" '" " 22.6 ,." "., un .. , 12.1 LM '.0 0.76 
Z , '. 1i/ ~ 

20.2 5.~ 21.8 1.91 8.' 10.5 1.13 ,., 0.75 , 17.D 5.25 lD.2 I.{l i 7.7 0.1 l.31 '.0 0.74 

'H '" ~ 
16.4 4.81 lD.1 1.00 7.' 0.' I.'" :l .ll 0.77 

Z • '. 1!! 1".0 4. 10 16.2 1.00 , .. 7.' 1.37 2.5 0.76 , 11.6 "'0 13.4 LOS " ~, , ... '.0 0.76 

." 111 U 
2..1.0 6.76 IS.O I."ll 7.' 11.2 I.'" ' .0 0.68 

Z 0 '.' 2O.11 6. 14 13.5 1.48 '.7 16.0 1.27 '-' 0.67 • '. 18.11 S.M 12. 1 1.48 " " 1.26 ,., 0.00 

." 'il ~ 
18.0 5.27 12.7 LM .., 0.' 1.13 ,., 0." 

Z 8 '., , 1!I.11 ' .00 11.2 1.55 ,., '.0 1.3 l , .• 0.67 • .. 13.8 4.OS 0.7 1.55 '.8 0.7 I~' 2.4 0.00 

." 11l Q 12 . .5 '.00 0.' 1.62 '.7 O~ 1.36 ,., 0.'" 
Z 7 •• 10.3 '.00 7.' 1.62 " " 1.34 L' 0.68 • '. 8.' 2.41 0.' 1.62 ,., .. , 1.13 I.. 0.67 

Z 12 '. "'I fl 14.3 ".18 •. , 1.12 ... '.7 1.1 7 " 0." , 21 12.6 ,." .. , 1.12 ,., '.0 t. 11> '.0 0.53 

ZIl ,. 
"I Ii 11.6 3.36 .. , 1. 17 '0 ' .8 1.I11 1.0 0.05 , I, 0.8 , .. '.0 1.16 " ' .0 1.17 LO O.M 

Z 10 3,\' 2", iI 8 .. ~ 2.48 ,., 1.21 , .. '.0 1.2 1 , .. 0 .56 , 2U '.7 1.\)7 '.0 1.21 ,., 2.8 1.111 .., 0.05 



ELE ME NT S OP SECTIO NS 

ELEMENTS 01<' 11 DEA~I S 

t · 
""'. Weich ,~ Width Tbiek· A1i1."'r;:- A ... r', ...... .. /:, -, -, "':'tI ..... ..... s..:tio~ ...... • , S , , S 

,_. ..... 1 •. 2 ". , . ,., ". " , ,.' ". 111,1 

n. 8 ,. .• 10 .00 ••• .3711 116.4 3.-10 ".0 M.' W ••• n 3 • "' .. T.OO ••• .3 13 4:>. 1 ' .M 15.0 14.7 1.45 ' .0 
H 2 , 18.7 , ... , .• . 313 "' . ,.OS .., '-' .. ., ... 

_" I • 13.6 ' .00 ••• .313 10 .7 LOU .., '-' 0 .05 .. , 
ELE~IENTS OF CROSS TIES 

,~. 
'Z "" 

Widlll cI To .. A>. ", A.it ._. 
n .-r.:. " -..... ... " • , s • , , s .... ... ... T~ - .. .. . ,. ..... ,., •• •• ". .,' b . ,.' " . ,.' ,. ,,' 

M 2 1 , ... 20.0

1

6 .71 .. , ••• .200 ".0 ,." 0.' ,." "'.D .. " ,., 
M 26 4 .25 14.6 4 .10 ••• • •• . ". 13.0 1.78 3.3 , ... ••• .. " , .. 
~1 24 , 3.00 D./; 2.80 , .. , .. . ' ''' ".3 .... ,., 1.27 , .. 1.0:. .., 

j2 .\t, '·1 -t 
I, 

"1' ,- Width ol 1."" 1 A ... ·t 
WI • .. ..... ~ . ..... .... r.:. ... - • s , , , , .... ... ... T~ ,"" 

, • 
". ..... Ill.' ,. ,. .,. I ... ' ,. ,.' ". I D.' ,. h .' 

M 27 2.25 ••• 2.62 " , .. ., .. .., 0.70 0 .79 '.03 16.8 2.63 ••• 
MOO ' .00 ••• 1.72 ., ••• . 3 13 0 .7 1 .... . ... O,5D • •• 2.22 , .. 

'" 



CARNEG I E STEEL COM PANY 

ELEMENTS OF n ULB BEAMS 

! :" - r ' 2 

""'" Wi . ,- Width r...: A .. it 1.1 Alit Z-2 ., 
SecliOll " 1"':' ... ~ " , ... Bu_ ,." Web , , S • , , , , 

'0. Lbo. In._ '0. <- In.- ,. In.s 10. ,.' 10. In.- 10. 

B 100 " :l6.6 10.625.1>000.62" 140. 43.64 25.:l 4 .45 '0 0.84 ,., 2.75 

" 2tU 8. 125.250
1
°.375118. 3.82 20.7 4.28 S., 0." ,.. '''' 

n 101 0 30. 1 8.83'5.12.'.0.563 %. 3.29 19.4 ' .00 5.< 0 .78 '.1 2.56 , 2-1.3 7.Hii4.938p.375 84. 3.43 1{l.6 3.9" '.0 0." " 2.47 

B '''' 

, 24.2 7. 11 5.15-60.460 " 2.!l7 14.1 '.M ., 0.79 " 2.58 , 20.0 5.SG
I
5.000

1
0.313 " 'OS 12.2 3.43 3.9 0.82 IS 2.50 

B '''' 
, 23.3 6.855.1»10.531 .,. 52.57 11.7 3.11 .. , 0.79 " '" , 18.1 6.32

1
4.87",°.313 38.82.70 0.' 2.98 ,.. 0.82 .., 2.44 

II 105 0 17.2 5.004.5~::2.430 2.1.4,2.20 " 2.61 ,., 0 .73 " 2.26 , 14.0 4.1 I 4.:J75.0.28 1 21.6. 2.28 S. , 2.46 " 0.72 '0 2.19 

ELE,MENTS OF BULB ANGLES 

, '-b . . 
"' 

I"'.:' WI. 

I ~ I~:~ - Axit 1·[ ,1.1;'2·2 

1:1 " I", Web I I ' , • I ' , S ,. 
, , •. 11,"'- II •. I •. I I •. 110. . I •. I I •.• I 10. 110. 10. 110 . I •. 

, <0 
<0 , 
S , . , , . , , . 

~ !HI , , , , , , , , , ' . 

1i1l , 0 , . , , , , " , • , • 
'" 



ELEMeNTS oP-"' =' cccTc' O"-"=, ________ _ 

ELEMENTS OF TROUGU PLATES 

'-,c-.,..-c~~·:~:;-:·~.=c:_~""-I \\'riP\ A.... A.io I_I 
~~ I- . ' b ' d ' t _ ' .' . roo. ...... _ •. ' . I I rs ,. 

ill. ~I~ Ill. IlL Lbe. ' ':':'-1-='='.' i.=":cj-":' .'+=':'C ,--- -- -. 
M.. 9U II 3" " ~ 23.2 6.11.2 11.5 0.00 2.2 1.2 1 
M 1;1 9 II 3H U II 2,,'.' ,1 6.aO 5.0 0.00 20 1.19 
M 12 9 5 3 '"' 1'0 5.70 • . 6 0.00 1.8 1.16 
M II" 5 3 , ,of I-U 111 0 5.28 4.1 0.91 1.6 1.12 
~_D _6 2~"' L"-" .1 16.3Uj'C·'"'CC"'C'Cl-'0C·'<'Llc'C'U. 'L"""'-

ELE~ IE~TS OF CORRUGATED PLATES 

.\ _~~: 1nji~ 
tf~:·: : ~: . : ~ .• 

: ____ ___ b··_·_· w : 

• • _____ ••• _ •••••••••• ___ w 

Oi<nc __ 
Wei&bt Ala I AIio I_I 

Bectio. b d , ~ Scc"t- , s , .... • , , • r.;:- I..- '--
;-; 

I. I. 1':;-
,. ~~IIIL' I. I.' I. 

120\ l* in in 23.7 0.07 0.8 0.00 ,.S I.'" 
M 34 ,,. 

il 20.8 6 . 10 6.8 0.98 , .• 1.32 
M 33 ". '. 17.8 5.22 4.8 0.00 '-' l.:n 
:!II 82 !~ ia ,~ 

~ ~a 120 363 1.3 0.'" I., 0.74 
:'>, :U lu 10. I 2.00 O.a.:; 0.57 ... 0 .72 
:'>!:to 1'1.1 2.38 0.(1.1, 0.a2 0.80 0.70 

ELEMENTS OF U_ S. STEEL SHEET l)lLING SECTIONS 

,-i-· -. : ' !2J+6\, 1'- ,~k 
r@ M 104 •• _ M 103 

, :' \11 L@ :J 
t ~- •• ------Ir----------~ i :..---- ---Ir-------~ ... ___________ • __________ -_ 0,..-------_ .• -•• _---- .. 

1 ......,. Yo'.;pt ... .u;, 1·1 

roo. • ..... "=ili= . .... I 8 '''. ~b , d , , 
lB. IlL ID. ID. la. , .. 'L' 10< I. I.· ~,," I ,,~~m ,. 

11 .2 : 1 8.a 0.11.7 .., 
oM Loa 9 D 2,', 1 .. 4.71 I.:> 0.06 ... 

'" 



CAItNIOO I Il S T ee L CO M PAN Y 

ELE~mN'I'S 01" A. S. C. l~. AND LIGHT RA ILS 

r-----e -----... 

l' .l)'------n .. -." "., -1~---1: .. " 
II~_- :, 

• • 1.;- ;....:.-:t--I 1: 

L. ~,: i ..--; -~'--i : 
: : __ t __ * 
10 __________ b ___ ••• _ .... 

Woin!.1 Area ~ Mio I_I 

8ec""'pet\''''''s..~. bed 0 f I h IrS J[ 

I"'" 1_ ==-~-=+-=+++++++'--+--'---1--"+=
-I lOA 

!(MM 

OM 
OOA 

'M 
80" 
'M 
"A 
"A 
00" 

"" OOA 

"A 
"A ,,. 
'"., 
25A 
,.A 
>0" 
.. A 
12A 

10,\ 

SA 

... 
'00 

" 90 

" 80 

" " " 00 

" 00 ., .. 
" 30 

" ,. 
>0 .. ., .. , 

10,80 
1),M •. " ,." 
8.33 

'.M ,." 
6.81 

6.33 

'.00 
U, 
<1 .87 

<1 .<10 

"., 

3.4-& 

'.00 
2.311 

'.00 

L" 
L" 
1.l8 

'.00 
0.77 

'00'" ~··~·'=--e·~·+·~·~· e·,"·+·!··+·!··+··~·"I.~.+I·~·1-'··"-·l-'·!·'-1-~··''''-1-"I~·o· 
O~ OJi 2~ l u a u I II 21! M.2 2.20 17.2 2.92 

6" 6" 2" I H 3/, It ,.. ,v. «.0 2.11 14.6 2.73 
6, 6,\ 2U 111 21 it ,\- ,,',38.8 2.05 13.3 2.M 

6H lI» 2» I; 211 II ,', ~N 34.4 1.97 12.2 2.M 
6 6~ 21'0 1112; Ii ,\- 2U 30. 1 1.00 11.1 2.·H 

(j 6 2J.i I). 2» H it i, 26.4 1.83 10.1 2.38 

<II 4 1 211 11121 Ii U H.22.0 1.77 0. 1 2.30 

<I» 4 '" 2." I i 2; II II Ir 19.7 1.70 8.2 2.22 

'~<I' 2U 1/ 2» II J.i IU 16.9 1.63 7.4 2.14 
<I ' .. i 2» I I 2. U It III 1".6 1..57 O.lI 2.05 

<I .. 2)( 11 2U II II 111 12.0 1.50 1i.7 1.07 

3n 3Ji 2li IJi 2, H ,\ IJI 9.9 U3 Ii.O 1.S8 

31~ ~~ 2 I ~ IJ It II I ~'! 8.1 1.36 .u 1.78 
3K3} l Ji I, I I » nil"" 6.61.29 3.G 1.68 

3,~3 IH I I t 11 11 HI 5.2 1.23 3.0 1.00 

3J.i ' a; I III ~ 1) Ii If Itt 4.1 1.16 2.6 1.1i2 

2,",',::' I}i I II Ii it 1M 2.5 1.02 1.8 1.33 

2W2, IU I II l. "IU 1.00.99 1.<1 1.27 

'~»::o I U I II » I. In 1.20.89 1.0 1111 
2 2 I ", '" 1 ,j U Ji n 0.760.700.73 1.02 
2 2 I ~ 11 U ft Ii 0.66 0.75 0.63 0.00 

I I" tI I tit,.. II 6.<10 0.65 0.46 0.87 

I I , II U II II Ir H 0.26 o.~ 0.32 0.76 
~...L.,~~ 
-SOC roIk<i t". ear- 81ee1 eo..._. 

'" , 



E L EMENTS 01' SEC TI ONS 

P!LEMENTS OF A. R. A. RAl l..S 
~ ........ _ ... , 
if ,! \ ------; 1,i 

-~ "';,-:--'--_···--·1 : 
, .. it.... !, 

l 'r-' ·--=-·i - 'I t 
i b i: * -~---J i ~~-~-'--- --, 

~. __ .. ___ b ···· ... 
__ r_r __ SER IF-::·S:.;A:;-___ .---,.---

""ojp' .u.. ~ MifI.1 
IItnioa _, ard ~ • ___ ~~ bed ~-'-r:!-.2:.~1 r 

POll ..... , .... I ... In , ... ID'~I"'~I~ I~ I ... ' In. 

l OOn,\ 100 9.84 6 S~ 2" ·I-~ 3Ji !!I /0 II 48.9223 
oo ltA 00 8.82 Sy,1 bH Z" 'l l lI 30\' I /0 211 38.1 Z 09 
SO IlA 80 1.86 6", 4 U· ZJ.i 1,', 2 1t II tJ 2& 288 1 91 

--rOn A 10 6.82 4,. 4K z", I U 2J.i1 I J.i 2 U 21 I 1.76 
"ilOnA 60 11.86_ 4~ 4 2"i l it ZI1"-.11 ii ~ii 111.4 1.62 
'X,",roIlcd b, c..-;..S\ceI ~. 

r-----e--··· , 

"t" I)' --- ---n • \ d : 
!I 11°" 
., t '-"1 : 

'i"-. I: 
h- tL -''--1 ' ~ i 

, I " , . " rr -~---i : _J. J 

-._.-••. b .-. -

S'E RI ES D. 

111.1 
IZ.S 
10.Z 
s .• 
0.' 

I W1!, 1 ':; L ....... I Axiol·1 

, T s 

2.76 

' .M 
2.31 
2.20 
2 . 13 

• ~i~~.~.+~ tI ~ f I h I 
I'oucI. I ... , I .. I.. I .. .!!:.j I .. I.. I.. I... I .. ' 

loons, 100 9.& ~--;.' 211 lj! 2 11 1 /.~ N. 41.3 

Ta. ~. 1 ... -; I ... 

""'~ ... , '-'" OOIlSI 90 8.87 SU 41t 2,". I U Z~ I n ,', it 32.3 
801m 80 7.1)1 4111 41t 'N. I II Z l~j I U 2i! 25.1 

'70nn 70 6.89 4n' 4 A' 2 ", I n 2 1 II If 2, 1 18.6 
·oolln 60 II.R7 4 ,..' 3U 2 H In 2 0 1i It I n 13.3 
~ rolled by c.r""Cie Steel c .... paa,y_ 

1.91 ILl> 12.4.5 
1.78 9.4 2.27 
1.64 7.8 216 
1.111 6.0 Ulli 



r 

L~_! 

, , , , , 
" " " " " 

CA R N EGIE STEE L CO MPAN Y 

MOl\-IENTS OF INERTIA OF RECTANGLES 
IN \\'[OTUS .'llO)[ 14 TO % J NCU AND I I NCH 

ThlJ! and tho follo .. ing tabln may 00 used In COml)utlng tho 
MomC!l\.8 of Jlll"'ti", of !'lato Olrdcl'll. Colu"m" .. "" (It.her """'_ 
IIOU"d 9OCt10D!! In which pl .. tOli are used ; SOQ llagfl'l 140 and 141 . 

. 083 .w, 
2.250 
5.a:U 

10..117 
18.000 
21>.1.113 
42.667 
00.750 

83.333 
110.11 17 
144.000 
183.08:.1 
22~.667 

'''' 



H 
' . .. , . 
" '. j, , 

E L E",I EN T S 01' SECT IONS 

:-' IOl\IENTS Ol~ IXERTIA OF RECTANGLES 

1:0.' WIOTUS OF I l NCU 

XIOII,,...I Ail. Th,<>uah Cenl~r N .. r .... 1 I .. ~p'h 

Toobtaln tho :\lomentor Inertla of any rcctangJ'l, !llultlpJ)' 
tho tabu tar ,',<iuu tor l(.sd'lpth by It. width hllnehcs. "'or docper 
,,-'Ctangl08 or tabular thlck,,~. multll,ly tbo tahular 'al,,{'11 for 
hall their dellth by 8: or for ono-third their depth by 27. etc. 

., 

::.'., 

., 

'" 



CA R NEG i e ST EEL COo\\I 'A N Y 

HOLLOW HO UN D SECTIONS 

AlIt;AS AND HADI ! Ot" G YI!ATION 

c(Q). 
... ( D~-da) 

0.78:'1 ( 1.)2-(.12) sq. in. , Arca= - 4 
, D vlD~+d~ in . , Hadius of lQ'ration= ... ~ , 

D;'. " Thick_ in In,b .. 

D. ! \. j_~;.' ~' '~l" I "'~ I 
1\&) 1 ~' 1 1% I I',,: 1')" I 1~' ". j , I ... 

" 
, 

A ,;I , _ , 
. 

- ...!... . .!E,W,--------------
:I ·H~~_!:i___l _ ____________ 
I A 2.~ 3,62; 4.21 r..!>O =:j 

r 1,:\3 1.31 1.2!(1.2li _. _ _______ -+-_ 
, A £73 '-61/; 5.~~lo.ol . 

r "Tt$;"t.Mi 'l.etl, t~ ' I.53'-' 
A 4,53,.5.M> _6,~iO"l:&l2.37~4.(li·I5.11=L---- -- ----

~...!... -2.03.!!! I. .!...~l l.i8Il.84~_ ' ______ 
_ A 5.30 6,5,rngj'1l21J2.fI2U.73IHI41U';iIli'622.58 

• r -2.~ 2.;fZ.~-t.d2.1.TI ~ z.t:~~ 
A _l . ' ~~IUI>,,!.08!!.w21.9'JUi2t5.!8- 30.6:>=---

8 r 207t 2.. 'J7. 2.11$ 2.621 t.sS! 2.~~ t.1 t.3 2oae! 
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El.EMENTS OF SECTION S 

HOLLOW SQUt\H I~ SECTlOKS 

AltEAS AN Il HAulI or CYIIATIOS 

Area -= D~-d~ sq. in. 

Radius of gyration=- VD21t d~ in. 



., 

______ CCA.c:.R. NEO I U S T EE L COi\IPANY 

ltADII OF GYRATION }'OR TWO EQUAL ANGLES 

T" , , , 
! 

" 

,©,:w.:, 
, , 

, 

, I 

,~ , .... 

3Hx3HxU 

a x 3 "'~ 

211x2 j.<jl< II 

1:'- Axio I_I 

l(ad;; ol Gyntioll. IDe .... 

hil2-2 

56.9 33.46 2~2 3.42 3.51 a.55 3.00 3.00 
42.0 ::!.I.M 2.46 3.37 3.46 3.50 3.Mi 3.601 
26.4 15.50 2.60 3.33 3.41 3.45 3.50 3.59 
37.4 22.00 U!O 259 2(108 2.72 2.77 2-1'17 
26.5 15.M I.M 2.64 2.63 2.67 2.71 'l.Sl 
1<1.\) 8.72 1.88 2.49 2,[08 2.62 2.00 2.76 
30.6 18.00 1.48 2.19 2.28 2.33 2.38 2.47 
21.8 12.80 un 2.13 2.22 2.26 2.31 2.40 
1:.1.3 1.22 1.6(1 2.00 2.17 2.21 2.21.1 2.35 
HI.9 11.68 1.18 1.75 1.85 1.89 1.94 2.().1 
6.6 3.SS 1.25 1.00 \.75 1.19 1.84 l.lla 

17.1 10.06 1.02 I.::>:; 1.65 1.70 1.7.5 I.~ 
5.8 3.38 1.00 1.<10 1.1>5 1.59 1.(l.I 1.73 

11.5 6.72 0.88 1.32 1.<1. 1.46 1.5 1 UH 
",9 2.SS 0.93 1.25 1.3-1 1.38 1. ... 3 1.63 
7.7 4.SO 0.74 1.00 Ll9 1.24 i.Z{l 1.39 
4.1 2.3S 0.77 1.0.:> 1.14 1.19 I.:M 1.34 

'2 x :2 XU ! Uo U~ Z:~~ g:~ g::: ~:~ : :~ u: 
Th'- table and too two following are emplo)'oo In computlng tho .. fe 

mIl5lallCO to oomllroSSinl atroM of two anl:lOII, back to back, used ...... tru~ 
or ... tho oompreaion chord Of .. roo' tnlSll. etc .. as follo,,-s: 

ObtaIn from tho oolUllroaion formula In 1190 tho allowed atl'C8S lief "'Iua"" 
Inch oolTOllpomUng to tile ratIO o( alendenlOila of tho se<:tlou. am multl])I)' 
that valuo by tho area.. Tho r'CIIult wlll be tho allo"'ablo ooll1lll'C8Sh 0 Itl'Ulll. 

~:umlllo l. Section gIven. UC<tlllrod tho safo load In oomllroulon Blf ller 
formula r_ 19IXlO_ 100 I r on .. uru~ ooml)()l'lO(l ot t..-o anglOil 4" X .\" X ~". 
l>ack to back. wIth an un~up[)Orted length of n tco.'t. 

Art.-'& of :,Ireton, A =3.88 II':ltUlrtl Inch(ll; Least Itadlus. r= 1.25. 
Hallo of Slendcnllllill, I r "" {l x 12+ 1.25<·80.·1. 
Allowed Unit Stress. r 10000-100 X 80.4 _ 10300 IlOond~ ller IKIUBffl Inch. 
Safo Load, AI=3.~", 103OO=40'.,!00 IlOunds. 
Enmplc 2, Stl'C8S g1v('n, ltequlror.l a aoctJon tor a member In oomprOllldon 

12' :1" 101lg. mado of t,,·o .ngh" III'll1Irated by !i Inch gUaMlt platce.. to reslat a 
tolal ltl\tJS of 35OIX) pound,,; .... tlo of ~1('ndcmOila not to exOilod 120. 

A!IIJUmo 2 Bngles. 5" X 3" X "l.". ionglqp.. back to Incl<. 
Area. Q' Scctlon.,\ =.\.80 II(luare IIIcIiOll; l.a5t Iladlus, r= 1.26 Inchce.. 
natlQ of SI('ndc-mCll!l, I r "" 12.25 X 12 + 1.2&:>0 116.7. 
Allowed t:nlt Su·css. f'" 191XlO- 100 X 116.7_ 7330 pounds per II(IUAm Inch. 
8afo Strtllll. A1=4.8O x 7330",3[;200 pounds. 
In tho Il,."t _ tho 10D.9t l"&(lIul It that about axl~ 1-1; In tho..:lCOJld eue 

aOOllt axis 2-2; In all case8 tho least r.dllm detennlnC!l tho ratio of 81enden',
anti the...., .. lth the allo"'c<1 .eato comj)l"l.lSjlvo ~tr-eM. In all <::allCII a\oo;llho two 
anllles arc to be lIOCurod IOj(elher by Htay rlvot>! SQ SflDC(X1 as to In~1I1'O tha~ the 
fIOCllon ae,," as a unit. 1'1;0 rntlo 0 ' ~lendemflS8 of any ~I"glo angle betW(ltln 
rlvot>! mUll', always be 10000lhau that ot tho Itrll~ or comllnlSlllon chord. 

>G' 



ELE M EN T S OP SECTI ONS 

RADn OF GYRATION FOR TWO Ui'."EQUAL ANGLES 

""q Lop V~ .. Ue1lL 

T 
: .,.ffto~" 

If 
• " - T~ Sio,.loA., 
~ 

ltadii 01 G)nIi<a. IIItbooI . ~ Ire.bt • ,... A1io ~_2 

1 .... ' w"", 1 ..... AUlI-1 
la \~"A~"A~ '''A~'''A''''I ..... 1'001 C<>alad ' 

8 % 6 % I ·H.2 26.00 2.<10 2.39 2.48 2.52 2.57 '00 
'I 33.8 !lU;S 2 .. '>3 :U5 2.44 2.18 2.52 2(11 

" 
,.., 11.10'6 2.57 2.31 2.39 2.43 2.48 2.00 

8 %3li% I 31i.7 21.00 2.51 1.26 1.35 1.40 1.45 1.55 

;i, 27.5 16.12 2.55 1.20 1.29 l.a4 1.39 1.49 
16.5 0.'" 2.50 1.15 1.23 1.28 1.32 1.,11 

7 %3~x 1 32.3 10.00 2.19 1.31 1.40 1.45 1.'" LOO 

II 23.0 13.60 2.2:1 1.25 1.34 1.39 1.44 1.53 
13.0 '.00 2.27 1.20 1.28 1.33 1.37 1.46 

6 % 4 X I ,0.0 18.00 1.'" 1.00 1.00 1.74 1.70 1.89 

U 21.8 12.80 1.10'9 1.[,.5 1.03 1.08 1.73 1.82 
12.3 7.22 1.03 1.00 1.58 1.62 J.(17 1.76 

6 xali" 1 2'i.O 17.00 1." 1.37 1.47 1.51 1.,. 1.00 

~ . 20.6 12.12 J.)~9 1.31 1.41 1.45 1.49 1.00 ,., 6.74 1.95 1.25 1.33 1.37 1.42 I 1.50 

6 % 4 ,,~I 21.2 14.22 1.52 1.00 1.76 1.'" 1." 1.95 
11.0 6046 1.50 .. '" "00 1.70 1.75 ..... 

6 J:3~X!:f. 22.7 13.3·' "" 1.42 1.51 .. '" 1.61 1.71 
8.' 6.12 LllI .. 33 1.41 1.45 1.'" 159 

5 X 3"~ 10.0 11.68 1.[.3 1.18 1.27 1.32 1.37 \.47 ., ..... 1.61 .. '" 1.17 .. " .. ,. '" 4li,,3x ll 1S-5 10.86 L38 1.21 1.31 1.36 1041 1.51 
,\ ,., ... 0 1.44 1.13 1." 1.26 .. 30 !.to 

4 J:3li"U 18.5 >0.80 1.10 .. '" \.59 I.M .... 1.70 
,\ ,., •. W 1.26 1.42 1.51 1.33 "00 .. " 

4% 3X !I 17.1 10.06 1.21 1.25 .. " \.40 1.45 .. " ,. 3.38 1.28 1.16 1.24- "" ..33 1.-113 

3!-i:l 3 "U 15.8 0." 1." .. 30 1.4-0 1.45 .. '" .. 110 ... 3.12 1.11 .. ,. .. ,. 1.34 .. ,. 1.48 

3li:l2J.1i:l U 12.6 7.30 1.00 .. " 1.13 1.18 .. '" l.33 
•. S ,." 1.12 0.1>3 .... .. ., 1.13 .. '" 

3 :l2li" U 0.' '.116 0.91 .. " 1.16 1." 1.25 1." .. , '.M 0.95 .. 00 .. '" 1.13 1.18 1." 
3 % 2:l~ '" ... 0 0.02 0.'" I 0." 0." .. 00 1.10 

'.1 2.as 0.05 0.74 0." 0.88 0.03 .. " 
2li:l 2 :lti 88 ' .00 0.75 0.84 I 0." 0.00 .... 1.15 

3.62 2.12 0.78 080 0.89 8.00 0.08 .. " 
1" 



CAItNeO l 1l STEE L C O M I'ANY 

RAD II Q}o' GYBXn Q:>.' I·'OR TWO U:\EQUAL ANG LES 

Short ~ \'ertleal 

.j . 2 " " 

,-=. 
•• 

c:~~_ :"'"" 

, UU ' 
.! 

8iacIo AltcJo Two ------:""'""'·-."G:,-_----=,-... .,---.==::::;""-:-:- _ A,._ 
I~ 

W.l, " AI.~Z 
POUDdI A-. AJ.io I I I I )i' T 

1* . ·OOl I ... ~ • D I"" A~H" Apar\ "Apwt.!1" Apu\ 
--I---ISoata<''"iF--'='1'''''--=+'--''=-t'-'= 

a J: 4 X 1 

Ii 
a x3J.iI 1 

~ 
(; X 4 J:~ 

.5 x3hXi 

44,2 
33.8 
?O,2 

"., 
21.6 
1a,1I 

32,3 
23.0 
13.0 

W.O 
21.8 
12.3 

28.0 
20,6 •. , ... , 
11.0 

22.1 .. , 
.5 J: 3 I~t 19.9 

... 8.2 

4 x3nJ:U 
,; 

4X3X,f 
• 

3nJ: 3 Xlli 
3hx2\~xUI 

3 dJ.iJ: e 

IS.1I ,., 
IS.1I ,., 
11.1 ••• ". ••• 
12.11 ••• 
••• ••• 

3 x 2 X~li U 
2nx2x\.S a,g 

J.i 3.(12 

26.00 \.73 3.64 3.73 3.78 3.83 3.92 
10.&1 1.76 3.60 3.&1 3.73 3.78 3,87 
1\.86 1.80 3.M 3.&1 3.68 3.73 3.82 

21.00 0.8(1 U)4 ~.I-& "'.19 ~.u. "'.34 
16.12 0.88 3.91> "'.00 4.13 4. 18 -&.211 
O.GS O.D2 3.00 4.02 4,07 "'.12 "'.22 

10.00 O.8D 3.-&8 3.M 3.63 3.68 3.18 
13.50 0.92 3.42 3.62 3.67 3.a2 3.72 
7.00 0.00 3.36 3.46 3.60 3.M 3.66 

18.00 
12.80 
7.22 

11.00 
12.12 
II." 

1.00 
l. l:l 
1.11 

0.92 
O.M 
LOO 

14.22 1.1'" 
a.46 1.20 

13.3' 0.00 
6. 12 1.03 

11 .68 O.SO 
4..110 0.85 

10.86 0.81 
4.50 0.87 

10.86 1.01 
"' .00 1.07 

10.00 0.83 
3.as 0.89 

9.24 O.s.:; 
3.12 O.\H 

7.30 0.69 
2.!08 0 .14 

6.66 0 .12 
2.&1 0 .75 

4.60 O.M 
2.38 0.61 

-&.00 0.6(1 
2. 12 0.611 

2.&" 
2.m 
2.74 

2.00 
2,107 
2.81 

,.", 
'.W ,.,. 
2,26 

2.-&!! ,." 
2.11. 
'.00 
1.81 
1.73 

1.11.'1 
1.78 

1.61 
1.112 

LOO 
L'" 
1.37 
1.31 

1.42 
L38 
1.1(; 
1.11 

'" 

2.05 
2.89 , ... , . ." 
'.00 
'.00 '-', 
,.", 
2.45 
'.M 
2.(;2 
2 . .,,2 

2.2<-
2.1.'> 

1.91 
1.81 

LOS 
1.81 

1.71 
1.61 

1.75 
1.67 

1.46 
1.40 

1.62 
1.47 

1.211 
1.20 

' .00 
2.93 
2.87 

3.07 
3.01 
2.9.'> 

2.43 
2.3~ 

'" 2.39 

2.<-1 
2 . .,,7 

'.W 
'.W 
LOO Lsa 
,.ro 
L'" 
1.76 
L'" 
LSO 
1.71 

l.IB 
1.45 

1.117 
1.112 

LOQ 
1.26 

, ... 
2.98 
2.92 

3.12 
'.00 '.00 
2.48 
2.:18 

2.M 
2.44 

2.aZ 
2.62 

2.35 ,." 
2.01 
1.91 , ... 
LOO 
\.81 
1.70 
L!lG 
1 .• 6 

LM> 
LOO 
1.62 
Ui' 
1.35 
1.30 

3.14 
3.011 
a.O'.! 
3.22 
3.16 
3.00 

'.M 
2.4.11 

'''' 2.64 

2.72 
2.(11 

2.45 
2.34 

2.11 
'.00 
2.18 
'.00 
1.01 
L80 

LOO 
1.b6 

LOO 
1.119 
1.72 
1.67 

1.46 
1.40 • 



FLEXURE FORM U L AS 

STRESSES I ~ BEA MS 

In the application of the principlell of ~tructuml meehaniell to 
determine wh~~ ~ections should be used safely to sustain super· 
imposed loads under specified condil ions of 10:lding, it ill neeellS:lTY 
to Meertain, first, the effects produced on the structure by the loads 
under those condi tions; second, to decide what unit. strength the 
material, the usc of which is contemplated, has to resist the !;tresscs 
proliuced within the structure by the loading; and, third, to select 
a section whose section modulus is equivalent to the ratio found to 
exist between the slresses tcnding 10 C:l.use deformation within 
the structure and the unit strength of the material to resist them. 

Rcad;ons. In the simple case of 11 heam supported at both emIli, 
each lIupport reacts with an upward pressure called the reaction 
of the support. The sum of these t\\'o reactions is equallo the total 
load on the beam. 

lih"".. The londs and the reactions of the SuppOrtll nrc vertical 
fo rces tending to shear or cut the beam ncros.<! and the stresses 
tiley produce within the beam are, therefore, called shcaring 
stresses. The shear nt each support is equal to the reaction of 
the support; the shear at any point between the supports is equal 
to the reaction of a support less the tolal load betwC{:n that 
support and the point; or, if the reaction acting upward is 
considered II.I! positive and the loads, acting downwards, as 
negative, the shear at any point is the algebraic sum of the 
vertical forces acting on the beam between that point and either 
support. 

If Bueh a simple beam supported at both ends carries a load 
uniformly distributed over its entire length, the reaction and the 
shear at each support is equal to olle·half the total load on the 
beam, but the shear decreases uniformly to zero at the center of 
the span; if the load is concentrated at the center of t.he span, the 
reaction and the shear at each support arc also equal to one-half 
the total load, but the shear is uniform throughout the entire 
length of the beam. 

Bending 1I1 .. m~nl. The loads on the beam and the reactions of the 
supports constitute external forces which produce bending stress in 
the beam. The summation of the mOlllent1! of the external forces 
about {lilY point is called the bending moment and varies from 
point to point. It attains a maximulll value at a point where the 
shear is either zero or changes from posi tive to ncgati\·e or vice 
versa. If the loads are concentrn.ted Ilt several points, the maxi· 
mum bending moment always occurs at the point of application of 

'" 



CARNEGIE STEEL COMPANY 

one of the loads so located that the sum of all the loads on the beam 
between one support up to and including that load is equal to or 
greater than tho reaction of the support. 

Vertical Dellection. Bending stress within a beam produces flexure, 
and the deflection, or the amount of its departure from a straight 
line, is the measure of the deformation which the beam has under
gone in its resistance to bending stress. So long as the stress is 
within the safe limits allowed for tho material, the deflection is 
negligible so far as concerns the beam itself; it may, however, be 
of sufficient magnitude to cause the disruption of other materials 
in contact with or supported by the beam but of less strength, such 
as plaster. In such cases the limit of allowable deflection may 
determine or at least influence the choice of a section. 

Lateral Dellection. The stresses within a beam under transverse 
loading are compressive on one side of the neutral axis and tensile 
on the other. The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to deflect it in a lateral direction, just as the bending stresses 
as a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. ' 

Method of Computation. A complete investigation of the strength of 
beams under transverse loading must take into account all the 
elements, the bending moment, the vertical deflection, the lateral 
deflection and the shearing stress; though under the usual loading 
conditions the first alone determines the size and weight of section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates conversion to inch pounds before the 
section can be selected from the tables. The section modulus of 
the required section is obtained by dividing the maximum bending 
moment in inch pounds by the allowed fiber stress in pounds per 
square inch. In such calculations it is assumed that the neutral 
axis of the section is normal to the line of action of the load. When 
this is not the case, correction must be made for the eccentricity 
of the loading. 

In the pages which immediately follow are given general formulas 
for the bending moments and vertical deflections of beams under 
the usual conditions of loading, and also diagrams illustrative of 
those conditions. The general method for the computation of the 
maximum bending moment of a beam supported at its ends and 
loaded at various points is as follows:-
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FirSL. Find the reaction at the left (right) support by multi
plying ellch load by its distance from the rigllt (left) support and 
dividing the sum of these products by the lcngth of the span. 

Second . Starting from the left (right) end of the beam, ndd thc 
successive loads until a point is rcaehed where the sum of the lond~ 
eqlmls or exceeds the rcactiOIl of the left (right) support; the point 
of maximum bcnding momcnt is locatcd at this point. 

Third. Multiply thc reactiOIl at thc lcft (right) support by its 
distance from thc ]loint of maximum bending moment and subtract 
thc sum of the products of all loads to the left (right) of this point 
by the corresponding distance from this point; the difference 
betwecn these moments is then the maximum bending moment. 

EXIlmple: Hoqulrlld tlH) size of Il 

steel bellnl to support; thc following 

qulO8CCn~ loads over a clesr span of 1(1 

foot betwoon 'UPl)Qrts. Ilt a maximum 

fiber stl'Ul!l nOt to <)l:cQed 16000 l)(lunds 

per 'qnart) Inch. 
W, = I6000 pounlb. 4 toot from len SUPI)Qr1.. 

W.= 18OOO 

W. = 2000 

"'.= 60 
over cnUrt) span . 

Lett Hea<:Uon, 

9 .. 

per foot, uniform nl' to 4 foot from right oro plXlrt. 

a8:!1umoo wolghtof!)oam unifonnlydlstribu tod 

IMOO % 12 1- (60~ 16)8 + 18000~1 + (2000 x 4) x 2-.<>,,,,, , ..... a -6 ~~~ 

lIIght HeactlQn, 18000 % 4 + (60 % 16)8 + IF.g + (2000 ~ 4) ~ 14 _ 21605 lb!!. 

Sum of roo.ctlonll=/iumol loads- W, + W. + W. + W. _ 2060 lb!! . 

PolnUl Qf maJ[lmum moment (00 x 4 ) + 16000 - 11;2·10 < 213$ 

(00 x 0) + 10000 + 18000 - :14540 > 213M 

therefol'Q the IXlln t Qf maJ[llllum bending mQrncnt Is at IXllnt of lo&d W •• 

:Maxlmu m beudlng moment. 2135hIl- I MOO~("(G,h9)~ 4~ =10076& ft. Ibs. 

o r . 216ru.7-(2000x 4 ).("(60~1)d.5 = HlO7% fl. Ibs. 

Hoqulrod section modulus=loolJUxl 12 I~Jll:Jo80=S2.4 

A8 the section moduLu:; of tho 15 Inch 65 l)QlUld Or the IS Inch 5,'. pound 

beam Is greater thall thIs. either of these sectIons may be nsod. It It Is decided 

that the IS InCh 46 l)Qund supplomcutary !)oam Is st"'ng enough for tho 

pUr]>OSe. the act ual floor sttc8S o n that IIOCtlon would be J:lM~fO= 1 6 1 62 
l)Qunds por squaro Inch. If tho allowoo flbor stn:.<s wcro 12500 lXlunds IlOr 

squaro Inch, tho required section modulus would be l09l:?6~ 12 114KAi'? .. 
10:;.38 and the IHlrmlsslble minimum secUflns " 'ould be 20 Inch M l)(lund. 21 

Lneh 57.5 pOund beams. Ctc. 

'" 
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NOTATION USED IN FORMUL AS 

A = Area of section, in squure inches. 
n =Distance from ccnter line of gravity toextreme fiber, in inches. 
I = Moment of inertia about center line of gravi ty, in inehcs'. 
~fa=Stntie moment, ill inches3 . 

S = Seetion modulus = I / n, in inehes3 • 

r = Radius of gyralion = v Il A, in inches. 
f = Bcnding stress in extreme fiber, ill pounds per sqUlJ,re inch . 
fb = RCIlistunce of wcb, ill pounds ]llC r square inch. 
E = Modulus of ei!l8tieity, in pounds pcr square inch. 
L = Length of section, in feet. 
I = Lcngth of section, in inchcs. 
d =Depth of section, in inches. 
b = Widlh of section, in inches. 
t = Thickness of section, in inches. 
W, Wh W~=Supcrimpose(1 louds supported by beam, in pound3. 
w =Superimposed load, in pounds per unit length or area. 
W max = i\faximum safe load at point given, in pounds. 
R, RI = Reaetions at points of support, ill pounds. 
V = Verticalshear, in pounds. 
M, M I, ~h=Bending moments at points given, in inch pounds. 
1\1 max = l\Iaximum bending moment. in inch pounds. 
:Mr = Muximumrcsistingmomellt, in inch poundS=!' l / n = { S. 
D, DI = Delleetions at points given, in inches. 
D IDax = Maximum deflection at. point given , in inches. 



FLEXUR.!! FORMULAS 

COMPARISON OF VA IUOUS LOADI NG CONDITIONS 
The formulas and diagram8 on pages 172 to 175 give the variOU8 

8trcasC8 in 8cction8 used a8 bcam8, reeulting from u8ual condition8 
of loading. 

Taking M a ullit of COm1)arison 9. uniformly distributed 8afe load 
on bcams of equal length nnd IICCtion, sUPJlOrted at tho cxtreme 
ends, tho follOIl·ing table gives the rclative maximum safe leads 
or bending momenta and defleetions. 

As a check '" tbe accuracy of a computation, the Rafe load 
obtained from the fonnula for a lly condition of loading may be 
mu[tiplied by the reciprocal givCl1 in the table corrC8IMlDding to 
Rueh loading condition; the result should be the maximum allowable 
uniform lond a8 takcn from bcam snfe [o9.d tables. 

M...u..u.. !W • .......... 
Cooodiu... of l.(IOdi", eu. '-' ....... 

So. 
ReIa" ... "- ReiAtiy. 

-
Ih .... SU PPOKT"" AT E",,,. 

Lo.d u"lformly distri buted o,-er 'VB" ,X , , , 
Load ooncentrated at center of .van V ~ , .80 
T ... oequ.ll~ .)"mmetncally concentrate< \"(1 1/ 4a 4a/ 1 
Load Inereasl"8 unIform])' toone end X .9743 1.0264 .97(1 
Load Incl'C&8ln" uniform])' to center XII -\ , ~ .00 
Loe.d d~ln8' unlforml)' to cenwr XI ~ ~ L08 

D r...,. F"'':D AT ON" E"'D. C"NTIL""". 

l.oad unIformly dlnnbutcd over span " " • , . ., 
Load eonoentrat«t at ead , ~ • .., . 
Load [ucl"CMing unl forml)' to tl:lod end '" • '" L" 

B,,4O' COIITIl<lIOUI O .... :K T .. ·o SUPPORT 
EQUI .... T .. "'T I'KQ" J<:", .. , 

Load uniformly dl$lributed OVl'I' 8" an XV I 

L If dllltanto a > 0.2071 I ]'/ "a' ""'/I. ,. It dllltanoe a < 0.2071 I 
, ,~. 

1--4. -,-
3. It dl'tanto a -0.2071 I ~.82S5 .1716 

Two Oqo.:-.lloflds concentrated a~ end. XV 1/ 41. 4a/1 

m 
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BEAi\IS UXOE n. VARIOUS I..OA DI XG COX DITIONS 
nHNO I~O MOMENTS AND J)t;I'I.ECTlO:s".\i 

I. CA,.-;TILEVElt BEJUI--con«Dt ... l~ l(NOd at r~ ~nd 

n , {mu. i hC&TJ w 

M. dlstanco:lt 

~. I . 

D:~"'-'--' n. 
--- :J;-'-_ 

W 

Mmu.UB, WI 

"-,,,u. 
Dmax. 

---

M. dlstanco I 

, 

b911 
,-~- ~ R 

D ' • .. , , 
~--.:< .- -~ 

:\Imu. at n, 

Wmax. 

Dmn. 

M. dlstanco,. 

:\1 ilia,.. a~ H, 

Wmu. 

Dmu. 

w 
WI' 

-= ----:rr-
WI - -,-
2fS 

~ T 

W IS 
- ",-

= W 
W ,.1 

= ;r-,r 
WI --,-
:lfil -, 
W\_ 

"" I l:i U 

IV. BEAM SUPPOllTED A.T ESDS---(;&n""nlntH load near ODe end 

~~1mu, 
, " , " !---------· I '.' - .~ 
,..--- - a .. b 

R~R. 
i,_,._~ wO 

\\' b 
B{mu. shoar If b> a) "" -r-

\Va 
U,(mu .• hear If a> b) = -,-

\Vbl 
:\1. dlstanco I - --r-

W ah 
:\1 mu,. atpolntofload= --r-
W mu. =W 
D mu, 

Wab (a+2b) "'~) 
:HEII l 

~ -VJ(&i2b). , 

-----,,,=-, 



FLEX U RE I'ORIn U LAS 

BEA~IS UXDEIt VAIUQUS WADING COX DlTlONS 
BJ::NDII'O ~IOMJ::NTS AND DBFLBCTIOI'S 

V. DF.AM SUI'I'ORTED AT E:»DS-<:On""nt.u." load al center 

/ 
, W 

~ ~m1l,,_R ( mlU:. Khear)=1!1 - T 

, ~.-_, Ill, dlst1ltlcc" W:.: "" ---y-" _______ 11· ___ ___ ~ 
, '!' 
t r-- 2. -'--1 

~
'" .. '--,---:-D)- II, .. -

W 

111 rna:.: .. at point of load 

D ma:.:. 

WI -.-
'" - -, 
WI" 

- 4SEi 

YO. BEA~I SUPI'ORTf;O AT };ND$----Toro "n. ,.mmeulcal .... n<:ent .... ted loada 
\\' 

'~'" u ¥, 
1, ,_J 

, , , 
:- -.--- I -~-----'~ 

~ a--+I-(.'bJ-i. -. !,. -.~ 

~ 
It v~~. o ~y R, 

J~ (mu. HlJoar If a<b) 

M. dlstatlcc a 

- :rr(I-&+b) 

w 
""' :IT (Ha-b) 

" 'a 
"" n=--=.rr--(I ..... +b) 

WI> 
i\I, nuu .• distance b (I»a)_ R,b=<""""!lrU+Il- h) 

M •• dlstllnoo:r 
w = Jh' --r(x-a) 

:!lfS 
- 11(1+ ... b ) WIllIU:. ( 1)>.) 

VII. BEAM SUI'POIITEI> AT f:I'D$----Toro aymmet.lcal CODC'enl ra1.td load. 
W 

"" 7 
W:r 

"" --::r-
Wa 

111 mlU:.atand betwccnloada=--::r-

Wmax. 

Dmu. 

VII I. BEAM SUPPORTED AT ENDS-Threo ....n~nl .. 1.td loada 

~~ 'C~~~J,R 
n, r.-+ 'r- I - -t-·--4 

,·-·t· a, ' --rb.-' 
~-.<ar ~ bl -1 
r "'" b .-. 

'~R' 
W W, Wa 

1\1 at W 
Mma.:r.It W 

lIIUW, 
."max.lr w 1+w 
1IIma".lf W, + W. 

1I l atW. 
1IIma".lfW. 

Wb+ W,b, + W .h. 
- 1 

Wa+W,a,+W,II. - , 
= Ra. 
_ or> R 
... U:I,- W(a,-a) 

= Ror> R 
.,. It,or> R, 
... Ro,-\\' (a.-a.)-\\',~,) 

= l~, or> R, 
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BEAMS UXDER VAH IOl;8 LO,\ J) ]XG COXDlTlONS 

u . Ut:A)'J SUPPORTlm AT E .... D'!-U"lror ... 17 di.tributod 1000d 

A' ':n,' I{(mu;, "henrJ_H, 

I
' I M D'I&JI:_ 

i: UICL_ ,...-_LI ~ .; :'1. dlsta"ces 

~- ....... _\ ' 111 mao:. u~ <:cuter 

W -, 
... '2" (I-f) 

WI -.. 
i .~. ~ ---..; 

It~RI 
D 

Wnuu. 

Dmu. 

-"" .. 
... ;;:~'I 

x 1It:A)'J SUI'PORTED AT ENDS- Lc>od In~ ..... I •• uniform" 10 One ~nd 

W 
It =""J 

~
-------'1 H, (max .• hear) - ? 

. M max. Ws . _ 
~ :'1. dlllt&nal 0: "a-(I~,.-) 

D.j" --' 1.[3 2WI 
~. I .. 1IIm ..... dhltanco---:r-='_ 

1'1-' 

n"1- ---
~ ~7~: o it, Wmu. .,. 21 ,13 

• lI -_ 

I)mu. .013044 WI_ 
F.! 

Bi!.AM SUrl>()RT1:D AT 1:NJ)S- Lc>od doc:~I ..... iror ... 17 to "'"kr 

~;,.. 
~ . .J ........ 

M. dilll.nco" 

n~RI I) mas. 

W - -,-
, 0: 20:_ 

= \\ XOi-T+W) 
WI 

"" IT 
IZI8 - --, 
;lWI' 

"" ""JZOl::T 

XII. BEA.\I SUI'PORTED AT 1:NDS- Lc>od '''''rft8lna- IIniforml7 to ... nl~r 

~ Y-rn.L n (mu a1,c..-J_B , ... ~ 
,~c;. _____ O.~ 1II,d"t.aual" \\-"(J.i'*' 

, , w, 
101 m&.l .. d"t.aoal ~ "' """6"" 

Wmax. =¥ 
Omu. WI" 

- GOEr 



FLEXURE FORMULAS 

BEAMS UNDER VARIOUS LOADING CONDITIONS 
BENDING MOMENTS AND DEFLECTIONs-Concluded 

XIII. BEAM SUPPORTED AT ENDS-Uniform load partially distributed 

R(max. shearita<c) W(2~i+ b) 

W(;r+b) 
M, dist.x=aor<a, =Rx 

M, dist.x>a, =Rx W (x-a)O 
26 

M2, dist. x> (a+b), =Rx W(2x;2a-b) 

M di t + 
Rb _ W(2c+ b)[4aI+b(2c+b)] 

ma:"., s.a -W-,- 812 

SI2fS Wmax. = (2c+b)[4aJ+b(2c+b)] 

XIV. BEAM SUPpbRTED AT ENDS-Uniform load partially discontinuous 

R(max. shear if W > W,) 

R, 

M, distanco x <a, 

M, distance x >a, 

2Wal-Wa2 +Wlca 
Mmax.dist.x 2W1 

& Wa> W,c 
Wmax. 

W(21-;(+W,c 

W,(21-c)+Wa 
21 

=Rx- 'R2 
- R W(2x-a) 
- x 2 

R 2 a 
=~ 

R 2a 
= 2is 

XV. BEAM CONTINUOUS OVER TWO SUPPORTS-Two exterior 8ymmetricalloads 

W 
2' 

R(max. shear)=R, 

M , distance x 

M max., from R to R, 

Wmax. 

D, distance a 

. I 
D" dlstance-y- -:l. 

W 
=2 

Wx 
=-2-

Wa 
=-2-

21S 
=-a-

Wa(3al-4a') 
12 RI 

Wa(l-2a)2 
WEI 

XVI. BEAM CONTINUOUS OVER TWO SUPPORTS-Uniformly distributed load 

---------------1. R(max.shenr)=R, = :y . 
'""'n-rt-''-'-' ........ ...w....w.-'t-r"",..,---t - W(x2-lx+al) ·f 1 + , n(l-4a) i *, M, distanco x 21 0, I ~ - Y-4 -

_____ .-l __ .:t 

:1. W·4'3) 1 : : 

-:~~---- t-'::----i 1--- - - - -~--:--~ 
~--a--~·1-a--j.-l-a-4·-a-·..: 
i ' 2 : 2 I : 

~:~ 
~ , : 
1oIo-----X------1" 

Wa2 
M1atRandRI=~ 

W(1-4a) 
lVI:z at center = ~ 

W, max_ 

W2 max. 

175 

2ltS 
=~ 

= Is.::a 

max. if a > l( .v~-~) 

max. if a < l( .v~-~) 

max. if. > I(¥*~) 

max. if. < l(.v~-~) 

I 
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SAFE LOADS FOR SECTIONS USED AS BEAMS 

EXPLANATION OF TABLES 

The tables of safe loads for structural and supplementary beams, 
H-beams, cross tie sections and channels, used as beams under 
conditions of transverse loading, give the uniformly distributed 
safe loads in thousands of pounds for spans customary in bridge 
and building construction based upon an extreme fiber stress of 
16,000 pounds per square inch. The ta,bles of safe loads for angles, 
tees and zees give the values at the same fib er stress on spans of one 
foot from which the safe load for any span length may be obtained 
by direct division and also the values for those spans at which the 
allowed safe load wil\ produce a deflection of %60 of the span length. 
The loads in all cases inelude the weight of the section, which should 
be deducted in order to arrive at the net load which the section will 
support. 

In addition to these usual tables of safe loads, there follow, on 
the same basis, tables of the allowable uniform load in pounds per 
foot on beams and channels for various span lengths, which may be 
used in proportioning the floor systems of buildings. The choice 
between various weights and depths of sections for any given span 
or any uniform load per running foot may be made on inspection. 

It is assumed in all cases that the loads are applied normal to 
the axis 1-1 as shown in the tables of clements of sections, and that 
the beam deflects vertically in the plane of bending only. If the 
conditions of loading involve the introduction of forces outside this 
plane of loading, the allowable safe loads must be determined from 
the general theory of flexure in accordance with the mode of appli
cation of the load and its character. This applies particularly to 
unsymmetrical sections, such as zee bars and angles, which should 
be used only under those conditions of loading where the section 
can deflect vertically only, being rigidly secured against lateral 
deflection or twisting throughout the entire span. In all such 
cases of eccentric loading, the actual safe loads would be considerably 
lower than the tabulated safe loads which have been based upon 

, the most favorable conditions of loading. 

Vertical Deflection of Beams. In the case of beams intended to carry 
plastered ceilings, experience indicates that the vertical deflection 
to avoid cracking the plaster should be limited to not more than 
%60 of the span length. This span limit for steel beams is approxi
mately in feet twice the depth in inches and is indicated in the 
tables by the lower zigzag line. Beams intended for such purposes 

176 
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should not be used for greater spans unles!l the a!lov.able tabular 
s:l.fc IQ:l.d exeeeds the ac~Ul\[ load to be supported. As the dead 
IQad of the floor is supported by the beams befQre the plaster is 
applied, Qnly the defleetiQn due tQ the live load really needs to be 
considered. 

The coo!l\cients given belQW may be used tQ Qbtain thcdcflectiQn, 
in inches, Qf sectiQns subjected tQ tr:l.nsveI"SCstresses duo tQ uniformly 
distributed loads at \'ariou~ fiber stl'('S8Ci:l and are based UI)QD the 
follQwing formulas, using the notation given on page 170, 

1)<:f1octlon D'=> ~ when WI=8f1 or D=~=IMI "'X 1. 
. 7(1.SI:: I · II 76.S.l::1\ -,::- n 

For 8ymmetr!clllsocllons. ",,1· D-~x*-de~ili~l·t~tC8 

COBn'ICIBNT$ OF DB~'L";CTION UNU'OR~ILY DISTUlUUTED LOADS 

o , , , 
W 

U 

" " " " 
'" " " " '" 
25 

13.1317 
13.000 
13.149 
D.21l5 
13.414 

13.500 
13.811 
1.1359 
1.341 
1.655 

2.003 
2.3S3 
2.797 
3.244 
3.721 

4.237 
47K1 
5.363 
MI75 
6.(121 

7.299 
8.1311 
8.756 
9.!.34 

10.345 

13.1314 
13.13:;8 
13. 1313 
13.232 
13.362 

13.521 
13.7)13 
13.927 
1.173 
1.4·18 

1.752 
2.086 
2.448 I 
2.839 
3.259 

3.708 
4.186 
4.1l92 
5.228 
5,793 

6.387 
7.1310 
7.G(H 
8,3-12 
9.M2 

Q.Q1a 
D.M2 
13.116 
13.207 
13.323 

13.466 
13.634 
13.828 
1,13 17 
1.200 

1.565 
1.862 
2.185 
2.!.34 
2.009 

3.310 
3.737 
4.100 
' .008 
5,172 

5.703 
6.259 
6.841 
7.418 ,= 

Spon, 
hel 

" " " " 30 

" " " 3·j 

" 30 

" " 30 

'" .. ., 
" « ., 
" " " " '" 

11.189 
12.066 
12.977 
13.920 
14.897 

15.0013 
16.1).19 
18.1325 
10.134 
213.276 

21.451 
22.659 
23.001 
25.175 
26.483 

27.82--1 
29.197 
313.603 
31.954 
33,517 

35.023 
36.562 
37.135 
39.741 
41.379 

""'" 
9.700 

10.558 
11.354 
12.ISO 
13.034 

13.9 18 
14.830 
15.772 
Hi.742 
17.74L 

18.770 
19.827 
20.913 
22.028 
23.172 

24.346 
21>.548 
2{\.779 
28.039 
29.328 

3O.641l 
31.992 
3;).36.8 
3-1.773 
3G.2Q7 

12500 

8.741 
9.421 

113.138 
113.875 
1 \.638 

12.427 
13.241 
14.082 
14.948 
15.841 

16.759 
17.703 
18.672 
19.008 
213.690 

21.737 
22.810 
23.009 
25 ,034 
26.181> 

27.362 
28.565 
29.793 
3 1.047 
32.328 

To find the deflection in inches of 9. section symmetrical about 
the neutral axis, such as beams, channels, zces, etc., divide the 
coefficient ill the table corresponding to given span and fiber stre8ll 
by the depth of the IICetion in inches. 
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To find the defiection in inches of a seclion not symmetrical 
abou~ thc neutral axis, lIuch all angles, tees, elc. , divide tho coeffi
cient corresponding to given span and fibe r strC58 by twice thc 
distnnee of extrcme fibc r from ncutflll axis obtnined from table of 
elements of section~, p:.ges H2 to 159, inciusi,·e. 

To find the deflection in inches of II s('ction for any oth('r fib(' r 
stre68 thlln th08C giv('n, multiply this fib('r 8trCSII by IIny of the 
coefficients in the table for the given 81)31\ nnd divide by the fiber 
8lrC8.'l corresponding to the cocfficien~ ullCd. 

!..u,nl !)oft •• don of II .. ",.. The tnbulur snfe loads nrc bll.8Cd on thc 
assumptioll thnt the comprCSiliOIl flllnge~ of thc various sections arc 
Bccured ag~li ll st "'teml deflection by tho usc of tic rods or by other 
means at proper intervuls. According to the Construction Hpecifi
cations, page 128, the lateral UnSUI)IX)rlC'{1 length of bcnms and 
girders should not ueced forty timcs the width of the comprCll5ion 
flunges. When the ull8upported length ('xteeds tell tim('S the 
width, the tabular sdO' loads should be rcducctl in aee<lrdll.llCO with 
the ra tios given in the following tuble ill o rder to insurc that the 
strcsscs in thc compre&>ion flanges IIhou ld not exceed the allowed 
safo unit streM.'!;-

------------~------r.. ... lb 01 ~pu I Alionble s.s. 1.-1 AIIo •• ble s.s. l.o:d 

6o:r Ilaoge width ~·ulliabul"r load 
10.: •• .. .• •. .. 

15:r .. .. 1 90.6~ labular 100.:1 
2O:r .. .• 81.2% •• •. 

25:r flange width 
30.: .. .• 
35.: 
<0, 

71.9% labula r 106d 
62.5% .• •. 
53. 1 % •. .. 
43.8 % •. .• 

In addi tion to this latcml deflection which is induced within 
the beam by tllC action of pure bending strcsses, Interal deflect ion 
may be induced by the thrust of floor arches or othcr loading acting 
on an axis IlerlK'lldicular to tho line of principal bcnding ~tress . 

The thrust of thcse arches should cithcr bc ncutralized by tic rods, 
or the safe carrying capacity of the beam should be COIllPuted in 
accordance with the g('neral formulllS 01 tlcxurc to provide for the 
combined ~tre~es due to the action of both vcrticalllnd horizontal 
forces; that is to say, the snJc IOll.d ~ should be figured a rOllnd both 
the axes 1·\ and 2·2, nnd thc unit strellS computed 110 till not to 
exceed 16,000 pounds per square inch. 

E6""t of Impooct oa Sl~ The fonnullUl upon which thc tnblcs of Mfe 
loads arc bMed IUll!U1ne all loads to be quieeecllt or static. The e!Teet 
of rum'ing loads may be taken care of either by reducing the allowllble 
unit stl""CSSC'8, or el.sc by increasing the theoretical loads. &c 
Construction S»ccificalions, p~ I~G, paragraph 2. 

'" 

~----------------------------
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When the load is suddenly applied, the resultant Btres&e8 are greatcr 
than th06C due to an C<lual static load. When lhe load i8 instan· 
lanoously applied, the rcl!uitnnt stre.'IIICIJ urc double. 

Whcn an instantaneously applied loud producetl impuct or pcrcUIt" 
sion, thc resultan~ str~ nre dynamic and arc m('rururcd by the lawe 
governing the energy of bodiCil in motion. The following empirica l 
formulas may bo used to nllcerlain the approximate fiber Btrc88 and 
deflt'Clion due to a load fulling on the center of Il beam supported at 
both ('nds, whell I ~ O llCt'Ount is taken of the distortion due to the 
impact or percUSlSion ut the point of application of tho load:-Lct 

W - Wcight or load, in pounds. 
WI_ Weight of beam, in pounds. 
Ii _ lIeight of full, in inehC8. 
f - Extreme fiber stl"Cf!8 due to stalic load, W+ \"I, in pounds per 

squllro inch. 
fd _ Extreme fiber stfCSB due to dynamic load, W, in pounds per 

square inch. 
D -=Dcflcction due to static load, W+W., in inches. 
Dd - Dcllcction due to dynamic load, W, in inches. 

m - 35W+17Wl' 
35 W Thcn 

fd ""'f (1 + -yZmh + 1) and Dd- D + ,12mhD + D2 
D 

S .... I ... SI..- The f!.tI.fe load tablCll for bcamll and channels are 
comlJuted solely with reference to Mfc unit strCl!oSCll due to flexure, 
and the saIc loads un"ifcrmly distributed on the spans given will not 
produce average shearing stresscs in thc web grealer than t he 
10,000 pounds per square inch allowed by the ConstructiOl1 Specifi. 
cations. When, howc"cr, beams arc loaded with heavy loade 
concentrated ncar t!lC supports, or when beama of short span arc 
louded with uniformly distributed loads to their full carrying 
cap:ldty as regards flexure, the bending moments may be amall in 
comparison with th(' reactions at the 6upporUl, and the bcams may 
fail along the neutral pillne as a r('l'lult of 10ngitudiM\ shearing 
stresscs, or mny bucklo :UI a result of the combincd longitudinal 
and vertical web strC!l3t1l. On such spans the safo shearing o r 
buckling strength of the wl'b Dlay limit the carrying capacity of 
the b('nm rather than the resistance of the fiangC3 to bending 
stresses . 

Lo .... ltudiD. 1 S~ .. r. At any point in any flCCtion of a beam, the 
lIori&Onl£l.l und ~·erlical componcnl& of I]", wd ... Iln.'IIII areequal toeach 
other and proportional 10 tho vertical shcaf; their intcnsities are 
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dC(l('ndcnt ulxm the dietance of the point from the neutrnl axis. In 
order to determine the intensity of the vertical shearing 61rcss at 
a givell Jloint in no vertical section of the beam, thcr('forc, it is 
aullident to find tho equal intensity of the horizontal shearing 
8trCSII at the same point in the horizontal plane. 

The longitudi oni unit shear is zero at the upper and lowcr flangel! 
of the beam nnd a maximum at the Il('utral plane. It is greatest 
Ill. the supports and zero where til(, fC is no v('rlienl shenT. 

The intensity of the longitudinal sh('sr at any point in nlly section 
is tho product of the vcrtical ShC::t.f, \', for that scclioll and the 
slatical moment, )1, of the seetioD included betwC('n the horiwlHal 
plane of IIhear through that poin~ and the extreme fibers on the same 
side of the neutral J)lnne divided by the product of the momcnt of 
inertia of the oeam around the proper u.xis und the thickness at the 
plaue of shear j or 

Longiludinalshcar per square inch _ ~ 118 . 

• ::umplo--n cqulrOO the mUhIU'"10ngltudlla l 
,h~'lIr lief 8qlla...., InCh In .. 2·1" 80 l b. beam ioa.d<!<J 
... Ith t,,·o lIynunctrkaJ loads or 100.000 pounds 
('aeh. dbregardlng tho w('Lgh~ of the Uca.m . 
.M~or .'lange ltC'Ctanglo=7x.00x1 1.7 ... "'!I. 14 
)I.of .'langeTrianKh.", =3.2':;J:_5-I2J:11.2ID= 1!I.76 
:>'I,of Web _11 .... 0:1..6015 .• 0 ... 32 -II) 
Total Stallc Momcnt IOl:iii 

:>'Iol\lell~ of 1 ""<~:';':':~O:'l<~~w~~' 
l..ongltudlnal S 

-"""'''"'''' lief R1Utlrolnch. 

Vnder u~lIal conditions of loadi ng, the vcrticalshear need not be 
taken into consideration. 

Bu~"l1~ V. lu .. of lkam Wet.. The verticnl shearing stresscs or the 
vertical compressive com ponents of the web strCll8 may under some 
conditions exceed the safe r('sistance of the beam to buckling, and 
there remains the pos"ibility that. a web or web plate which ill amply 
.secure aa agaillllt the &life allowed shear of 10,000 pounds I~r square 
iuch will not be of suflici{,llt .strength whell COllsidered as a column. 
I II such cases provisiOIl must be made for security ngllinst buckling 
either in the wily of IItilTeners or by increasing the thickness of the 
web or web plate. 

A series of eX I~riments ha\'e been carried out on beams of various 
depths and w{'b thiekn('Sr;1'8 to arrive tiL a bll<lis ror a simpler method 
of oomputll.tion to usc ill the inn'lIl ig:ltion of the Slife buckling 

"" 



BEAM SAFE LOADS 
=-=-------, 

l'CI!istance of beams with unsupported webe, and from tbCIIC experi_ 
menta tbe following for mul llll ha.ve been deduced: 

.' .' r-____ d ilW!!C!1iu •. ".~"1 Safe end reaction 

f--_______ '-'l Safe interior load 

L', 

R_ fb xt (a +4) 
\\"_ 2 fb:l t (al +!l) • 

In these formul 8.8 R is the end reaction, W the concentrated load, 
t the web thick nClls , d thc depth of the bea.m, 110 1 half the distance 
oycr which the eonccntrated load is applied and a tbe wholc 
distance over which the end reaction is applied, whi le fb is the safe 
resistance of the web to buckling in pounds per square inch by the 
formula 19000-100 d/ 2r (d / 2=1 in column formula). 

T he first formula is gelleral and applies to any condition of 
loading. The second fonnula coveN the ease of a single load 
conccntrated at tbe ccnter of a spaD; it Clm be extended to coY{'r a 
system of concentrated loads provided the sum of the distanC1l8 al is 
not less than a. 

The tablCll which immediately follow give for beams aDd channels 
with unsupported webs: 

1. Allowed web resistance fb, in pounds per square inch com
puted from this comprCSl!ion formula. 

2. The distance Il, or the distance over which the end reaction 
must be distributed when the sheo.ring stretlll, V, in the web is the 
IIlI\.Ximum allowable of 10,000 pound~ per square inch. 

3. T he allowable end reaction (n.) when a is taken at 3,1<j" 
whieh is the usuallellgth of beam actually resting on the 4" angles 
ordinnrily used in building construction for oonlll seals. 

4. The allowablo shear V, on tbe gr088 area of besm or channel 
webs at 1O,(H)(l pounds per square inch. 

In addition to thClle dnta which have to do with t he maximum 
loads on beams lind ehlUlncls as com puted fro m the web resistance, 
thcse tables a lso give the maximum bending moments in foot 
pounds, oblain{'{\ by the multiplication of the section modulus of 
each section by the allowed fiber stress of IG,(H)(lIXlunds and the 
division of the product by 12 in order to reduce to a foot pound 
basis. These maximulll bending moments may be used on inspec
tion instead of the table of properties to ascertain the proper lite 
section to be used in any particular instance. ='----

'" 



CAItNEQIIl STEEL COMPANY 

EXAloIPLES Of TilE U8£ OF BF.A.loI SAFE I ..oAD T ADU:l! 

J':xamille I. Direct. Bending. nequlrro the proper &lze of a tw.m laterally 
bracod to wppOrt a super1m.-! or ne~ load of 30.000 pounds unlfennl,. 
distributed o\'e~ a clear ~n of 20 foe~. 

Prom the table of Bfa loads. Ila.8e 188. I~ II found that a 15 Im;h 42 pound 
boa", "' i!lIUI)llOrt a g~ load of 31.400 poulld~. The weight of 0. beilIU 20 
foot 101111 I, MO IIOlllld~. Tho not aafo IUIl(I I8. lh.:orefero. 31.400 ."4U ' 30.560 
IIOU II<.'-. A 15 Inch 42 poulld beam wllL. therelort:, f'arrylilo net 10lld "I/OCHI""" . 

~:J<amille 2. Shoar. nllliulrod the maxlmnm lead which a 20 Illch 85 
IIOUII([ beam call support without c~eeodlng the aafe .. eb 1'\)001$\1" '00 0 ' the 
IIOCtlon. 

From tho table, pq:o la1'. tho maximum load for thl8 IJIlCtlon sh'en In small 
ftcure. abo,-e the upper dgll-Kllne I, found to be 26.:>.200 IIOUlld8. 

~:xample 3. , 'ertlcal Deflection. Ilequlrcd the IlrollCr abe and tile 
d enectlon of a channel auppOrtlng a ne\ load of 10.000 pounds <X>llCCntrated In 
t!lo middle of a H-foot span ... umlng th.~ tho channel 18 bn.(:c(I qalnn 
lau~ral denectloll. 

The 11)«:lftod load Is equl\,alent on the glV{'rl ,pan to a uniformly distributed 
load of 2.1t 10.000= 20.000 pounds. 

In tho table. Ilage 100. It Is fuund that a 12 Inch 30 poulld channel will 
I UllllOrt. 1I:1"O$I108.d of ZQ,600 I>ounda or a ne~ load of 20,500-14 " 3O_ 20.0IW 
pound8. Tho ne~ sale load OOllcontral<.~1 at tho middle of tho 8j)an "'Ill be 
ono..hall thl, or 10.040 IlOulld,. 

Tho defleet.ton produced 10)' a uniforml y dilltribnled load of 20,500 IlOund, 
I, foulld from tho oocmc~n~ given In t he ... me tablo .nd II",,, 1 J'1 to 

be W - 0.270" Tho deflection 'or tho 1I)OCIOod load <x>neentraUld In tbol 

mlddlo of the span 18 appro.hnately~_0.216". 
See page 171. 

Exam))lo 4. '"erLical 0cn0ct.1on. Required tho deflection of a ,"'eted 
glrtl.!f 37 Illchlll deep for a 8,)&n of 35 feet and .nber&trll8Sof 14.000 IK)tmdspt:r 
IIluare IllCh. 

lIequlrod defle<:llon. _ t.blo.IIafIO 1 77. _~?P _ O.479'" 
Kltamillo 1\, Vertical nonecUoII. HOO:Julrcd the deflectloll of an ""gle 

6" 4" ~,." allOut an Ul8 parallel to tho ,hor t ll'll for a span ot J.I foot and a 
flber fttl'Ollll o f 16.000 POUIHI8. 

ItOO:lulrod denectlon. *'" table. JI&IlCOl I J'1 and 178. ill 1:" ~ttltOO) .. 0.401". 

Examille 6. Vertlc.l Deflection. Ilequlred the deflection of I. 10 Inch 
'-m for a lpan of 18 fOOt .. Ith a nber Itl'lll!ll 0' 11.000 pounds. 

liequ!red deflection. _ l.blo. II&8C8 ll'7 and 178,= Pu-:-~ ~ t;1~_0,3001', 
E".",plo 7. Lateral Deflection, ll«lul~ the we 106d on. 12 Inch 31H 

pound beam for a span 0 ' 16 feel. " Ithout .ny lateral lruPpOrt o:r braclr'C. 

Tabular 106d. pago 189. _ 24.000 pound •. 

lIatto ' .... n!llh of ~oan _ !!..x 12_ 38.4 Flango ",dtl, 0-
UllducOO nfe load. Plllr'l 178. 24.000 x 0.468_ 11.232 pound •. 

'" 
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121710 00. .... 00000 ,- ••• '''' .. 
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CAII.NEG l e STelll. COMPANY 

BEAMS 

Al.L()WAUU; UNIVOfU( I..oAD IN TIIOUSANDS OF POUNDS 
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BEAMS 

ALLOWADLIl UNU'O IU' LoAD IN TIIOOSAND8 or POOND15 
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... 1 
• 

Foot 'II .. , ... .. , .. '" 80 a 7(1 as IHI 35 80 

:- I L 
" ,o~ , ... -, .. IIIL n.. IIIL IIIL IIIL n.. It.. lbo.. 

,!M (; ........ ..;, O.·U 

~ . ·~~-~1~~:.t·~~~:l:!j 6 ~.:I .,. .•. . .t>:.>.lU. .0' v.\):.>.~.! IIII.I..P~ 0.60 
7 r.;*.23:l44.8237.7 :oro.v ~.<I 193.:lI85.Q : 213.<l200

H
7:· .OHM: 0.8 1 

8 220.7214.2;!07.7i20 1. 1 IM.1'i 169.2 162.6 16.5.0 186.7180. 175.0160. 1 1.00 
Q 100.2100.4 184.61178.1> 173.8 160." 144.6138.6 166.0i60. ~ I 5::..5"Hio.a 1.34 

:~ ::::!:~:~:~J::::I:=:~::::I:~:):~):::j::~:~::~:~:~:; ~:: 
12 147.2 142.& 1 3II.61:1~. 1 lao.3,1 1:'!.!j 108.4104.0 12<1.6120.& 11 0.&112.7 2.38 
13 135.1>1:11.& 127. 1 23.tH20'3I().1'~11 00' 1 00.0114.0111.3107.7 104. 1 2.80 
14 126. 1122.4 118.7 114.0111.7 00.7 02. 80.1100.7103.3100. 00.6 a.2 4 
1& 117.71114.2110.8107. I(H: 00. 1>6.7 8:1.2 W. 00. 93.3 00.2 3.72 

10 110.4107. 1103.8 100. 07.784. 8 1.3 7~.,! 93.400. 87.1> 84.64.24 
17 103.0100. 07. 94.1 112. 7D'~ 70.6 7~ ... 87.0 8<>. 1 82.:1 70.0 4.78 
18 98. 1 05. 02. 80.'" 86. 70. 72.:1 60.:1 8:1.0 SO.4 77.8 75.1 5.36 
10 02. 00.2 87.4 84.7 82: 71: 68. 65.7 78.676.1 7:1.7 71.2 1>.08 
20 88.3 ~.7 11:$. 1 &0. 78: 67.7 65.1 &:>..4 14.7 72. 70._ 67.6

1
6.02 

21 84. 1 81. 71l.1 76. 74. (14. 62. 1>9.4 71.1 68. 66 .• 64.4 7.:10 
22 so: 77. 76. 7:1. 1 7 1.1 Ol.!> 69.1 1>0.7 67.0 65. 63.0 01.6 8.01 
2:1 76. 74. 72. 7~.; 68. 68'~ 66. M.2 04.11 &2. OO.D 6oS.b 8.70 
2-& 73. 71.4 09: 6?~ 0.:;. 66. M.2 52.0 o~.~ 00. 68.3 66.4 0.53 
2':> 70. 68. 00. 64. 62. &1.1 62. 49.0 50.ll 67. W. M.I 10.35 

2(1 07. 0.:;. 63. 61. 00. 62.1 ro. 4S.0' ~r-!!!>.S. 63. 62.0
I
ll.11l 

27 0.:;. 63. 61. 60. 67. 60.1 <18.2 <16.2 !>.S.3 63 . .51. liQ.112.07 
28 63.1 01. 60. 67. M. <118.a <l6.!> <1",.6 63.3 !>1.7 liQ. <lS.312.08 
20 00. 60.1 1.7: 1.5. 63. <10.7 ..... 4~.~ ~!.~ 49. <1'1.3 40.613.02 
30 68. 67.1 66. 63. 1.2. 1 U.I{ f3.<1 41 .... 40.l:l 48. .1>.7 U.I('.OO 

31 1.7. 1.5. 63. 61. 60. <13.71 <12 . <10.2 48.2 <16. <115.2 .a.616.01 
:12 M. 63. til. 60.: <I". <I~.3 <10.7 39.0 <10.7 <15.2 <13.7 42.316.9S 
J3 b3. liil. ro. <IS. <lr.~ 41.0 39.<1 37.8 <I!>.343. <12.<11 <11.O 18.03 
3<1 . Iii!. 60. <IS. <17.' <I~.~ 39.& 38'3~36' <113.9 42. <11.2 8O.S 19.13 
35 lIO. 41,1. <117 46. 4t.7 38.7j 37.2 3.5.6 42.71 <II. 40. 38'0r..28 

~ ~:~:: :!:~ :::. :~: :~: ;!:~ ;::~ ~:; !ij:~r1g:'i-~t ~ij~~';!:~ 
3S 40. 45.1 <lJ. .2.3: <II. :15.6 34.2 3::.8 30.3 38.1 3(1 35.623.00 
30 <15." <13. 42. <l1.:l· <10.1 3<1.733.4 32.0 25.18 : :;~ .:;- -~'~r:!~J-;~':r~:I~~~~ ;! ::: 
<12 42. <lO.S 311:i1 3s.;1 37.2 3:l.2 31.0 29.7 2!l.2Q 

---;:;;i;'obono _1IoNorI~ li_ win prod""" ...... u..UIIl allonble obc...- i" wet.. 
1.-10 bftow IP-... loor,_u,l li_ WIll prod .... a_ •• d ... u.-. 
For ......... _ ..,.loodt, II1II _ lSI. 

187 



r 
CARNEO I E STEEL COMPANY 

BEAM S 

A LLOWABLE UN I FORll LoAD I N T HOUSANDS o r P OUNDS 

.M ulmll m Bending Stng, 16,000 Pound! lIe r SQu a.ro Inch 

Dt-pth .od \\·~i.v;ht or &ct..... 1_ , 
s- I---=,,__--~---'---=,,__---- ' . ', - -- .- ~ .,:!t ,(I 6~ &0 M U ~ 7~ fO ~5 M M M 45 4Z 8°;! 
_-l'I''''-j"I~.C'+,'.::C' F''''''-~'~'''t~'''",- lbo. lbo. It... IbI. IhI. lbe. [be. ~ 

16U I l'~\ 
." \lM.e ~I 1!11~ ~'$lS1!06~ InGlbl "1~~ 0.27 

5 lTIF.4' tm. I II'J . l oo·e.I~lI;O. 11 :J JI4.';'"I::J'''i'.'' ' 0 ... 1 I ~ I I l~O 
(I 182. 174 .1 1 66.3 : ~~' ,1 1638IS731W81444121 1 11~ 1081 \ii:& 0.60 
7 100. 149.2142.S,!34 . ~ 1"0.4 134 .S l2!l'21~3'7 1 00'!8':192.o.,81),~ 0.81 
8 136.5 130.6 12-1 .7 11 7 .911)l;.~ 122.91 18.0 L 13 .1 108." 00. .1181.0078.5 1.00 
{I 121.3 116 .1 I 1O.!lI().j.800.6 100.2104.9100 00. 80.8 (),4172.0G9.8 1.:.14 

10 109.2 10<1,' 9!J'~ 9-1.3
1
1:16,9 98.3 il4 . 00. 86. 72 . 768'jG4.~G2.1:1 1.66 

11 99.3 9:;.0 00. 85.770.0 89.4 85.S 82.2 78.7 66. 1 2.558.057.1 2.00 
12 ~1.0 S7,1 83.1 ·1~.(;~2.4 8~.9 7~.7 75.4 72.2 69.6n.3,M.0;,j~.~ 2.38 
13 84.0 SO.4 76.7 7 2.500. 7".6 72.6 &.:1.6 00.6 ./;".91,,_.949.9,.115,,1 ~:~ '.! 7~.0 74.6 71.3 67.;~4}2. 1 7Q':; 67.4 G4.~ 61.0 liUI49.14~.3 11 .\) ",," 

_ 7_.8 ()9. 00.562.9",7.0 65." 62.0 00.3 57.7 4 8 .¥5.L .2LI.0 " .. 

68.2 65.3 62.4 58.J ...... 3 61.4 50.0 56.5 64. 1 45.443.040.530.3 4 .24 
&1.2 () I.f> 511.7 M.&,j1.1 S7.8 55.5 M.2 SO.9 42.840,438. 137.01 4.71:1 
00.7 5S.0 55.4 62.4 18.:1 {H.6 52.4 60.3 48.1 .010.438.236.0:.11.9 &.~6 
[>7.5 M,O 52.f> 49.6 1[>.7 51.749.7.017. 4[>.638.336.234.133. 1 6.98 
64.6 5 2.2 4 9.9 47.~ t3.4 4 9.2 47.2 .015.2 .013.3 8(;':L4.~32.4[1.4 (;.62 

" " " " '" 
" " " " " 
" " " " " 

36 

52.0 .01 9.7 47.5 44.d4 1.4 46.8 44.9 43.1 4 1.2 34.632.tl30.9 29.9 7,30 
49,6 47.5 45,3 42.939.6 4 4 .7 42.9.01 1.1 39,4 83.031.329.S2S.61 8.01 
47 ,S 45.4 43.4 41.037.S 42.741.039.337.7 31.629.92S.227.3 8.76 
45.5 .01 3.5 4 1.6 39.336.2 41.039.337.7 31l.1 30.328.627.026.2 9.':"1 
43.7 41.& 39.9 37.7r4. 30'~ 37,& 36.2 3 U I 29.1e.5125.r.;ZS.I IIO.35 

42 . .010.238.4 36.333.4 37.836.334.833.3 28.026.424 .0'z4.2 11.10 
40,4 38.737.0 3'1.\M2.2 30.4 35.0 33.5 32.1 26.9,1l5.524.0 '23.3 12.07 
30. 37.3 35.6 33.731.0 35.1 33.7 32.3 30.9 26.0;>'4.623.2~2,4 12.08 
37.6 36. 3 4 .432.630.0 33.932.531.229.9 2 5. 1!l!3.722,4 21.7 1~.92 
36.4 3 4 .8 33.3 31·i~9. ~.~:.t,~.I.:?_.~?:~, .?~:. z.:I. :~t!;!?(!.:~{?:~r·oo 
35.2 33.732.230.428. 31.11 30.4 29.2 27. 23.422.2 20.9'20.315.91 
3 4. 1 32.6 3 1.2 29.S:H.2 30.7 20$ 2 8 .3 27.1 22.721.520.319.6116.95 
83.1 31.7 30.2 28.626.3 18.03 
32.1 30.7 29,3 27.725.6 i!U3 
31.2 2G.& 28.5 26.9f4, 20.28 

30,3 2G. 27, 26.2'24.1 2 1.45 
37 2G.S 28.2 "Z7·.'ij"2ii:ii!ii:r.' 
38 2!U 27 . .5 263\ 21.822.9 

22.00 
23.00 

1.-1 • • bo .... UJlPIT bori.onlalli ...... ill ~'1Oe n ... imU1l> .IJo,rabl. eheu in .. ebt. 
1.-1. beIo. low •• IooriJontalli .... ",II produco .,._vo dellecuona. 
FOI ~UDI-.le loade.lIeO pqe 1"-

'" 



n"AM SA P E LOAI)S 

BEAMS 

ALLOWABLE UNIFORM LoAD IN TII008ANDS 011 POUNDS 

Mulmum Oendhljj: Ste.,.... Hl.OOO Pounds l'er SQ.u...., Incb 

~ MId W,,;pl 01 Sett.iox. 

81':" 151.. 12 hd 10 hdo 

fed ICI &.S 1 &0 43 ~O 15 13Ih ' Z.", 4G U SO 2.1 n 
_ II:&. ~ II:&. II.. Ita. IIIL I lba. Lbo. II:&. I.... Ua. II:&. It.. 

, , , 
• . , , ST.lI , n.o , 64.0 

" 57.11 

" 52.4 

" -&S.O 

" 44.3 

" 41.2 
15 38..! 

1(1 13 (1.0 

" 33.9 

" ::12.0 

" 30.3 

'" 28.8 

" 2704 
22 20.2 

" 25.1 

" 2-&0 
25 23.0 

" n.2 

" 21.3 
2S 20.0 
29 19.9 

" 10.2 

31 1116 
32 , UI.O 

lw/II l~ not I 
T'iiiI'l..!!!..!. un ~ .fi"T.!>ru::r:1 II.~ I , 
l4Z.7WUT::!T.UuOtfiiT1i 1.0 84'~7S'I'ii':ilIU 
11"'I I""·~!l:IOI.~\I!:tI81.2 '1ii:7 II! 67.7 62.5(7.2 m .st 

95.1 89. S4.ri70.7 67.0 63.9 Slf.T 56.4 52.147.7'43 ... .nra 
SUi 71. 72.66,'t.3 :;.'1.0 (;.\,g 50.7 4SA 44.640.937.2 :14.7 
71.3 67.<1 63.11'69.850.7 "".014.4 42.339.035.8

1

32.630.4 
63.41 69. 56.4/i:l.145.L "2.039.", 37,631.131.828.027.0 
fi7.1.s3. :;0.1; "7.b 40,6 3S.<I 35.5 33.9 31.2

1
28.626.024.3 

51.0 40. 46.243.6 31UI 34,0 32,;J 30.S 28.420.023.722.1 
47.0 H.O 42,330.11 33.1'1 32.0 29.0 2!:U 26.023.921.720.2 
43.0: 41.11 :10.130.831.229.527.;\ 20.024.022.020.018.7 
-10.8 3lf.5 30.334.229.0 :n,4 :lr..3 24.222.320.4 18.6 17.4 
3::1.01 36.~ 3:1.031.°

1
21.[ 25.023.7 22.620.819. 1 17.416.2 

35.7 33.!i 31.720.0 2:;.421.022.2 21.2 10.517.016.315.2 
33.631.7, 29.02S.1

1
2:1.0 22.620.0 19.91804 16,8 15.314.3 

31.7130.028.226.622.521.319.7 IS.8 17.4 15.9 14.5 13.5 
30.0 2SA 26,725.221.·1 20.2 1>1.7 17.8 16.4 15. 1 13.7 12.8 
28'j 27'0~ 25.4 23.0

1

20.3 10.2 17.7 .. !.!!·.?_!.~:2 !.~.;~).~.:!!:!~:.t 

27.2 25. U. 22.810.3 18.316.9 1(1.1 14.913.612.4 11.0 
25.92". 23.121.718.417.4 16.1 15.4, 14.213.011.811.0 
24.R 2:U 22.1 2O.8 17.6 16.7 1b.4 

'';~:'i~~:~-'~id! :.~:¥ :·a:~ .:~:~ it·i 
21.0 20.T 19.518.4 111.6 1-&.11 13.6 

,so 

0.15 
0.27 
0041 

'.60 
0.81 
LOO 
1.34 
LOO 

'.00 
2.38 
2.80 
3,24 
3.72 

4.24 
4.78 
5.36 
5.98 
6.62 

'.W 
8.0 1 
8.76 ,." 

10.35 

11.19 
12.07 
12.98 
13.02 
IU)() 

15.91 
16.95 



CAR N EGIE ST EEl. COMPA N Y 

DEA~IS 

ALLQWABL.: UN IFORM I ..oAD IS T IIOUSAN DS OF POU NDS 

:\IUlmum Bending 8trot<l<. 16.000 Pound~ per 8quaro Inch 

l),eplhaodWeichlolStctiolll 'e: 

S~. --:-~~~;=~:=:=:;::f':~==~=-=:;:=-=~~;=:j ~ s lD • e lo.b 8h .. b 71""b '~1! 
.' .. 1 35 30 2~ 21 2Sh 23 20~~ I 18 17~ ~O 1i~, 16 ~d. 
~ It. .~ ~ ~~ ,It. I It. ~~ It.. It. lbo. 8 
)fn~~....J!,L IOIS";1~ ~ll "'I ~ 

3 I>l:I 3 I:W ""';'"2"JJ"~tiO tL ~ ,,3 {i" 4U,. 4 ~ ~ 0.15 
-4 66.2 00.4 5-1.:> I ~.~ 45.0 -43.0 40.~ , ~~.!! ~ 32. 1 29.9 I ~:..~ 0.21 
5 53,01-48.3 43.6 40.336.534.4 132.3 130.3 , 31.125.123.922.1 0041 

6 44.2 40.2 30.3 33.6 30 .4 28,7 20.9 25.3 2".9 21.4 19.9 18.-4 0.60 
7 37.934 .5 3 1.1 28.S 26.1 2-4.0 23.1 21.7 22.2 I!:JA 17.1 15.8 O.SI 
S 3a. l 30.2 27.2 25.2 22.S 21.5 20.2 19.0 ID.4 16.1 14.9 la,s 1.00 
9 29.<120.8 2, • . 2 22.<1 20.3 19. 1 IS.O 16.1) 17.3 14.3 13.3 12.a 1.34 

10 20';;I2-t.l 21.820.1 18.2 17.2 10.2 1t>.2 15.6 12.9 11.9 11.0 1.66 

11 24. 1 22,0 19.8 18.3 16.6 1;;.6 14.7 13.8 14. 1 11.7 10.9 10.0 2.00· 
12 22.120.1 IS.2 16.8 Hi.2 1-4.3 113.5 12.(1 13.0 107

1

100 0.2 2.:18 
1:1 20.<118.616.8 1a.a 14.01:1.212.411.7 112.0 99 92 S.5 2.1'10 
14 18.917.215.614.4 13.012.311." 10.8 11. 1 U2 85 1.9 3.24 

:: ~~:~ :::~ :;:! :~:~ 12.2 11.5 10.8 10.1 l~:; ··::· I ··;~ I ~:!' ::~: 11.4 10.8 10.1 9.5 
17 15.0 14 .2 12.8 11.8 ···i)."2· 4.78 "ii):'r ro.T ··irs "i;:ii' 
18 1-4.71 a.-4 12.1 11.2 S.6 530 10.1 .. , ••• SA 
10 ''iii:;) ·Pi."?" iT:ji: ·iij:lT 5.0S 
20 13.312.1 10.9 10 .... __ 6.1l,! 

s_ o.,>lh 1 .. 1 W~t 01 Se<t ion. 

" G I""h 
F .. , 

17~' I.', I~~i 

I 5 1""h • Imh 3 ~.~~h 
Ilc",-c"",;-",clc,7 •• C.-':',",O";-~""-" IO\lz Oh 8~~ .~. )h ~~l! 5'. , ... ,_. 

I It.. 

~M 4'! t .0 , 3 1.0 ~~. '''.IS , za.3 2 1.3 10.4 , 18.6 17.1 15.5 

0 15.5 14.2 12.9 , 13.3 12.2 11.1 
S 11.6 10.7 " 0 10.3 ., 8.6 .. 9.3 S., , .. 

11 8.5 7.8 7.0 
12 7.8 7.1 6.5 
13 ' .. J:'.£, '·ij:ii' '·K&" 
14 6.7 6.1 . 5.5 

It.. n.. lho. lbo It.. lbo 1bo lbo. , It... lbo. 

-=- 2867 1 AlCr210 1--I~ I ,,~ In, ! 

~ • 1.1.1 (!I 0 II.I.U 1~'U~IU'1.I 15 t 10.4 IT.iT ~ 
21.5 HI.4 "i"7":2 12.7 I~ .O 11.3

1

iU11 6.9 6.4 6.0 
16.2 14.5 12.9 9.5 9. 8.6 8.0 5.2,4.8 4.4 
12.9 Il.(; 10.3 7,6 7,2 6.8 6.4 4.1 3.8 3.5 

10.8 9.7 8.01 6.3 6. 6.6 5.3 3.r. ' .3.2 2.9 
92 8.3 7.4 5.-4 6.1 4.S ' 4 ." ··:i:i:i '·£'f ':i:if 
$.1 7.:l 6.4 4.8 4.5 4.2 -4.0 2.6 2.4 2.2 
7.2 6.5 5.7 ";i.":z "4:i:i ·;i"."iI 'X'!. 
6.5 [,.11 5.2 3.11 :1.6 304 3.2 

··;:~r ;,···:~· .. ~:; 
5A 4 .S 4.3 

Loa.l. IhDy~ upper hofoool&11i_ .. ill produ.~ malimum allowable Meat in webo, 
!.<»do be1o .. k> ..... l>ooilOnl&llin .. WIll (>rQd1>Ce ao"'ve dcll..,liona. 
For I1lIJ.Unum aaIe kood .. IDe _ ISf. 

,OJ 

."' 0.07 
0.15 
0.27 
OA1 

'.00 
O.S . 
1.06 
1.34 
1.66 

2.00 
2.38 
2.80 
3.24 
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C A It N IlOJE STE EL CO i\\PA N Y 

M ISCELLANEOUS BEA MS 

ALL(lWAlIu: rNlfOIUJ I..oAD IN T HOUSA." DS OF POONDS 

:\Iulmum Iknd1ns Sir .... lG.DOO PoundB pCr SQuare Inch 

" BEA.'IIS 

Otpth aad "'.;p\ of !'ectiou .... Coollk .... 11 .. " 8 I ... ~ o I ... h ,I ... h " ... .. ~ 
no .""'''''' !J..8I~ ISo7 Powodo 13.0 Pouodo """'-

, , , 
• 7 , , ,. 
" " " " " 
" " " 

, , , 

•• •• llI,o 0 . 1:> 
n. ZH 14,3 o.:a 
3~. 1 "" 11.4 OAI ., 

t.t.a 26.7 16.9 9.5 ' .00 
~ I. O 22.9 11,5 , .. D.ln 
3S.' ZO •• 12.7 , .. LOO 
3 ~ .2 IVI 11.3 (;.3 1.34 
30 .8 !(l.0 10,1 " 1.66 

2~ .O 116 " '''' 2".11 1:1.4 8 ,5 ~.38 

23.7 ······j"ii:ii .... ·· 2.110 
22.0 11./\ 3.24 
20.5 3.72 

19.2 4.21 
.. ····T~··i·· .. ···· 478 

17.1 a.:!6 

('no~s 'I'IF. SECTIOXS 

l>.Jdo ... d ", .. Ill 0/. • .::""""':;:.::: ___ _ 

U I ... h 4,231 ..... 
ZO,O ~"'" 14.5 , ......... 

~1 • 1~ t 
!'II 1\1. lS.\! 0.1l> 
;!ij,ij 14.7 6.7 0.27 
::"'0,8 11.7 a.3 0.41 

6 17.3 9.8 4.5 0.60 
7 14.8 8.4 3.8 0.1:11 
8 13.0 7.3 ·-3:3·· .. ···· 1.06 
o 11.:> 6.5 3.0 1.34 

10 10,,1 ·· .. ···· .. ·:;·:0-··· .. · 1.66 

11 II..! 5.3 2.00 
12 8.7 2.38 
13 ·· .. ·······ii:ij·········1 2,/W 

-----·~!·'c:O~COc:="~'~O=":7.CCC;Cc:cc,L:c'"~CC~~c::c"·"" ·----I_Lo aOOYO UI'P'!f borilool&l li ..... iLl ptOduoe lIl .. imom "lonbLe"_ in ... bo. 
1 ......... 0. ktw.r boruonlal liMe .,11 prodllCe ~.'e dtllectio .... 

Ill·' 



BEAM SAFE LOADS 

CHANNELS 

ALLOWABl,.E UNIFORM LoAD IN 'l'UOUSANDS 0' POUNDS 

) 1l\.XlmlLm ll(llLdlng StrC6/!. 16.000 Pounds per Squaro Inch 

Depth ....:I Weicht'" ~ioJ,., 

~j S!:" I~ I..,h 13 !Deh 

~ '·'~". I " " ~ " "I" " "l::" __ It.. lbo. IhI. lbo. lbo. It.. ~ ~I~ ~ lbo. ~ 

"".4 tI •. o 1 •. 8 H. ; 118.' 
3 04.O'HKjjim:. 161' ItI.S~ 171.v i"iiOJ; HU ~ IIU $7.~ 0.15 . '""""l·_·T· .. ., ,"'''''''''. r- 0.27 , "'Y"r os~ 0' 88ro 00' "'I "j" '" 0.41 , 1O'2.0'!Ki.4 88. 82.4 75.8 74.1 85.8 SO.2 74.t. 71.1 68. 65.0' ' .60 , 87.4 81. 7G. 70'.6 65. GJ.' 73.6 68.7 63.S 00. 60. 65.7 0'.81 , 76.571. GU., 6t.!; 56. M.~ 61 .• 00.1 50.9.53.351.648.7 '00 , {IS. 63. 60: 54.9' 50. 49.4 . 67.2 43.4 40.7 4 7.4 45.9' 43.3 \.34 

W "~ "., ". "" 1 ".~ "" 1 '" "" 1"·'1 .,., "'1,,·0 1.66 

" 55. 52.1 48. 4·1.9 41.4 10'04 4G.8 43.7 4O'. c.; 3S. 37.535.4 '.00 

" ".~ ""1"" ... , "., n, '" <0.' n' ". , ., .• "., ,." 
" 47.1 44 .1 4 1.~ :IS.O 35.0" 34.2 30.637.0" 3-IA 32.S· :H.S· 3O'.O ""0 
" 43.740'.938.135.3' 32.6 31.S' 3G.8 34. 31.9 :10.61 20.5' 27.9 3.24 

" 49. 3S.2
1

35'J 33'0'1 39_31 29.~ 340.3 32.1 29.~ U.4 27.5126,9 3.72 

W 38.2 35.8 33.3 39.0
1 

2SA 27.S 32.2 30.1 27.0 26.7
1

25.824.4 4 .24 

" 36_033.7, 31.42(1. 1 26.S, 2G.} 30.3 2S: 2G.3 2a.l 24.a' 22.9 4.78 

" 31.9 31.8 29.6 27.5 $.a, 24.7 28.6 26. 24.S 23.71 22.921.7 00' 

" a2.2 30,1 ' 28.1/ 26.02:1.0, 23.4 27. 1 25 .. 23.5' 2204 21.7120'.5 'OS 

" 30.~ 28.6 26.7 24.1
1 

22.S 22.3 25.1 24. 22.3
1 

21.3 20'~ 19.5 6.62 

" "., " ., " .• "., ""I" """ "~,,.~.. "., '" " 21.S 26.0' 24,3 22.6 20.~ 29: , 234 2 1 293 1l) 4 I S 17 1 8" 

" 2\)'{\1 24. 23.221.5 19. , 19: 224 ZO. Hl4 I~ IS 179 '" .. 25.523. 22. 29.G 19.0' I~:~ 2 1 5 2(). IS~ 17 172 162 '" " 2-1 .522.0 21. Hl.~ 18.2 17. 296 19. 17 17 I 165
1

166 1035 

" 23.~ 22, 20. 19.0' 17. 17.1 .19~_~S _17 •• lo.~ .. !.~.~·V.~.!:' 11 19 

" 22.7 21,2 II).S IS.3 16. 16.5 HI. I 17. Hl.G 15. 15,a 1.01.4 12.97 ,. 12.08 

'" 21.1 HU IS.4 17. 15.7 15.3 13.92 

" 20.~ HI.I !.?::; 16,5 15.2 14.1' 14.90 

" 
HI ·~·~:~-;·7. ~~: •• ··;~:~r;·~·.·~ 16.91 

" 19. 1 17, 16.7 15.4 14.2 13.0 1 , . 16.95 
r-I.lbo,.., UPI><"' horioont.1 Ii .... will pr-odu"," mu;mum . nQW1b1e "'_ in webe. 
1.-1. boJ<>,t loft!' hot,"".t.l)", .. w,1I """",u,,," "" .... n delleeJ.iou. 
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f CAR-NEO I E STEEL COMPANY 

e RA NNELS 

ALI..oWAJ)L& UXI Jl'QHM Lo .0 IS THOUSANDS O F POUNJ}8 

MuhnUll) [len dIng Stre&ll . 16.000 l'Qunlill per Sqllaro Inch 

.",. .... .... " .... • 
,~ 

" ~ " " "" , ... , ... , ... , ... , .. 
~ ~"" , p , M.' , 11 6.7 ,. I !to • 87.~ 79.7 71.8 ".0 , 70.0 "'., S7.6 {il.2 

'ei&hlol Sec.;.. 

i j 10 1 ..... 'I' 
~ 

"~ " " 0 , .. U.. Ibt. , ... , .. 
1M. 1".1 101.1 

j " 4".0 ' 1 ~~:W ~~:i l ~:7 
0.07 

t 3~:7 
0.L6 

0 1.6 M.L 48.6 "2.0 0.27 ., 4\1.3 4".0 38.8 "'.0 28.6 0." 1 

• .... "U 47.9 42.7 '" .0 4L.L 30.7 32.3 28 .0 23.8 0.00 , "'.0 <>., 41.1 36.6 32 
8 <13.8 31)8 35,9 32.0 " , ,.., M' 3 1.0 OS., " 00 3i>.O 31.9 28.1 2.5.6 " 

, 
"" 31.6 27.7 24.0 20.4 0.81 ., "' .. 27.6 '" 21.0 17.8 0.00 ., 27.4 2",.6 2 1.6 18.7 1.11.11 1.3-1 

.8 2-1. 0 22 .0 HI." ' M 14 .3 LOG 

" 31.8 "'.0 26. 1 23.3 .. 
" 29.2 2(}.6 23.9 21.3 00 

., 22.4 20.0 17.6 16.3 13.0 '.00 .0 20.6 18.4 16.2 14.0 11.9 2.38 

" 26.1) 24.r; 22.' HI.7 " ., 111 .0 16.9 14.9 12.9 1 1.0 2.80 .. 2 5.0 22.8 W .... 18.3 00 

" 23,3 21.2 IU.:.! 17. 1 " 
.:1 17 .6 16.7 13.9 12.0 10 .2 3.2" ., HI.4 14 .7 12.9 11.2 " 3.72 

00 21.9 19.0 18.0 !G.O .. ., 16." 13.8 12. 1 10.6 8.0 ..,. 
" 2Q.6 18 .7 16.9 11>.1 " A 14.6 la.o 11.4 ' .0 8A 4.78 

" HI.:; 17.1 16.0 1".2 " ., 137 12.2 to.8 .., ' .0 , ... 
" 18.4 lOS la. ' J3 .:; " .0 13.0 11.6 10 .2 8.8 7 .6 6.08 

" 17.6 15.9 14.4 12.8 " • ~~.,~ 11.0 .. , .!"~ .. ..!.:.!.. .'" .... -_ ... 
" 16.1 15.2 13 .7 12.2 00 8 11.7 10.6 ,., 8.0 '8 '.30 

" U.9 14.5 13 .1 11.6 00 .. , 11.2 10 .0 8.' ' .0 0.0 8 .01 

" 15.2 13.0 12.5 11 .1 , .0 8 .70 

" 1 1.6 13.3 12.0 10.7 , , 9.~ 

25 "'j:r:ii -·E.i:ij -"j"i:6" ......... "'0 10.2 
.... ., 10.35 

" l a.5 12.3 11.1 ' .8 8 .8 11.19 
1.-1 •• boy. 11_ IIoriooatall ..... win ~ 
Looda bo:I<nrlow .. """'-tal J ..... will prod For ID&I.ImUIII .... '-Ia, __ iSS. 

__ .;mUll! olkntabL~ ill wet.. 
_~ .. d~ 
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BEAII\ SAF E L OA DS 

CHANNELS 

ALLOWABLE U NH'(lIllI LoAD IN T HOUSANDS OF POUNDS 

:Maxlmum n.:,ndl ng StroJll. 1(1.000 Pounds per Square I nch 
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CARNEalE STEEL CO.\IPANY 

EQUAL ANGLES 1 
ALLoWABLE UNI I"OIUI Lo"D IS" 'I)IOUSA~"DS 01' POONDS 

N""lnl " ,.1. l·a .... lJ~1 10 Either IAlr 

MfLXImum Bending Str<lll/l, 10,000 l'QundB P<Jr Squar(l Inch 

" M I .'<>0)1. Mulmnlll 8f1&11 

Thick- .... Thick- s.. • 300~ D ..... h.a 
Bi .. , o.. 

I""h. -. , ... -. , ... s.<, "'. , ... So<, .." 

""" """ '-' '-' 

8 • 8 U. 8.31 n.' 

~ 
24.00 2.SS 'A 

8 • 8 ','. 7.87 22.6 22.51 2.37 .., 
8 • 8 , 7.43 n.' 20.91 2. 18 ,., 
8 • 8 U .. " 22,8 19.31 2.00 S., 
8 • 8 ~ .. " 22.9 17.60 \.8 1 .., 

15.89 1.62 '.8 • • • U '.08 23.0 14.08 1.42 ••• • • 8 ~ .(i.(13 :,n. t ]2.27 1.23 10.0 
8 • 8 U 6. 18 2a.2 

~ 
10.4& .. <» 10.1 

• • 8 H 4.7:1 23.2 8.43 0 .8:1 10.2 
8 • 8 " 4 .28 23.3 H 13.87 1.69 8.2 
8 • 8 ~ 3.82 23.-' 

A 12.69 \.1)3 83 
IIAI 1.37 8' • • • , 6.48 16.7 A 10.13 1.21 ••• • • • U 6.16 10.8 8.85 1.0-1 8.' • • • ~ .... 16.8 ~ 
7.57 0.88 8.' 

• • • U 4.6\ IG.D (1.111 0.11 8.' 
• • • ~ ".18 11.0 " 7.19 1.1;"; '.8 , • • U "'. 11. 1 i; '.ro 1.01 6.6 

• • 6 H 3.51 11.2 , ... 0.87 '.6 
6 • 6 " 3.11 17.3 ~ 

5.12 0.72 '" 6 • 6 " ",3 17.4 4.16 6." 7.2 
6 • 6 I, 2.48 17.6 il 3." 0.4" 1.3 

6 • 6 H 2. 14 11.0 2. 13 0.29 7.'" 

" 
, i; 4.27 0.79 ••• , • , , 4.65 13.0 " 
, 3.73 0.'" ., 

• • , " 4.28 13.7 " 
, 

II 3.20 0.S7 ••• , . " 0.46 .. , • • • ~ '.00 13.8 ; 2.67 

• • , " 3.7:1 13.0 " il ,." O.:lf. • •• 
" • ~ 3 .4S 1<1.0 " 

, 1.39 0.2.1 ,. 
" • " 3. 18 14.1 r ~ 3.20 0.68 .., 
• • , H '.00 14.2 ' " 2.77 060 .., , • • ,'. 2.62 14.3 '" Ii 2045 0.~1 ••• 

'!' '.00 0.41 .. , , • • " 2.301 101 .4 
L " . il 1.49 0.30 '.0 , • , ... " .,. '.00 14.11 1 ~4.1 1.01 0 .21 •. , , • , H " .S< 1.78 14.6 ,,,. 

~ '" 0 . .51 '.0 

• • U 2.0S 10.0 'a' 1.71 0.42 .. , 
• , . 1.39 0 .33 .., 

• • • ~ 2.73 11.0 , . 
~ 1.0i 0.2::; 4.3 

• • • " 2.S1 IU ,,,. 0.77 0.17 ••• • • • H ,,. 11.2 
' ~. 1.17 0.36 3.' • • • " 2.07 11.3 , . 0 .97 0" ... 

• • • " 1.8[, 11.4 

I:~: 
0 .• 6 0.22 " ., • • ,'. 1.63 11.4 0 .S2 0.]4 3.' 

• • • " ] AI ] J..5 , . 6.00 0 .22 ,., 
• • • • 1.19 ] 1.6 , . 0.47 0.17 ,., 
• • • U '.00 ] 1.7 , . 0.33 0 .12 28 

200 



I 11(, ,,-0\\ SA Pe LOAOS 
, 

UNEQUAL ANGLES 

ALLOWAUU: USI VOfUol LoAO IN TIIOUSA.."DS OP P OUND8 

Nealral A;d. l"ull~1 10 S~_ Lra" 

Maximum Ilcndl~ 81,,-. 16,000 l>ounda IIet' Square Incb 

,,~ Muu.. .. ~ ,,~ llui ....... SJ>t..a. 

""". .- "'.- 'l\n- ... ........... 
!'ix. I~ ~ ,- -, -. , ..... 

Sol. Sol. 'F'!t, , .... .... ....... ..... ..... ..... ..... I'~ 

8 • • , 16 1.17 7.40 21.5 • ,,~ , 83.52 ri.!>? 15.0 
8 • • " 162.21 ' .1» 21.6 • "Ii " 71).(14 ,.,.. IIU , • • ,. 113.0.. 6.00 2L7 • • 'Ii ,. 74.45 <,00 1[;.2 , • • " 133.87 0 •• 4 21.8 • x3J1 II 69.87 4.57 1[;.3 , • • ~ 12-1.48 "". 21.1) • x 3).i ~ 6.5.07 .U!3 15.4 
8 • • II 11-1,88 6.22 22.0 • x 3), II oo.:n 3.8D 15.5 , • • Ii IM.28 <1 .76 22.1 • %3)-1 Ii M.30 3.M 15.0 , • • f, 05.47 4.30 22.2 • • 'Ii f, 50.35 3.21 111.7 
8 • • Ii SIU:i1l 3.801 22.3 • x:Ui Ii 4 5 .23 2.86 15.S , • • ,', 76.41 3.37 22.4 • " 3j.i ., 40.00 2.52 15.9 , ",. , 140.00 7.53 10.4 • "Ii Ii 3 4 .67 2.1 7 16.0 

8 x 3)1 " 138.00 "". 19.5 • :It 3)1 • 29.23 " 53 10.0 , x 3)1 ,. l:ro.92 O.n;! J{Ul , "Ii " 121.00 0.17 10.7 • • ,. 1>3.23 ',00 13.3 
8 x 3)1 Ii 113.11 6.72 10.8 , • • II '",00 3.73 13.4 , " 3J.i II IIH.M 6.23 10.9 , • • ~ 46.61 3.46 13.5 , "Ii Ii D5.7G 4.78 20.0 , • • II 4 3.20 3.19 13 . .5 , lI3).i 

" 
M,83 4.32 '"' · • • Ii 39.79 2.92 13.6 , ",. Ii 77.07 ',811 ,",' , • • .. , 36.16 ".. 13.7 , ",. .. , .8.80 3.30 ~'O.3 , • • ~ 32.53 '-3' 13.8 

• 'J< 
, 11 2.M 6 . .52 17.3 

, • • ,', ".,. 2.07 13.0 , , • < " 2-4.00 1.78 14.0 , 
• 'J< II 100.67 6.13 17.4 , " J< ,. 100.48 6.1'6 17 . .5 , .,~ ,. 1>2.OS ',1» 12.0 , 
• 'J< II 1»,118 .5.36 17.6 , " ,. II 41;1.81) 3.76 13.0 , ,,~ Ii S1'.68 4.D7 17.6 , ",. II S1.07 4 .58 17.7 

, "J< ~ 4.5.6.> 3.40 13.1 , .,,. 
" 7 1.36 41S 17.S 

, ,,~ II 42.35 3.2 1 13.2 , .3,. .', 67 . .52 3.77 17.9 
, .,,. 

" 38.83 2.93 13.3 , lI3\i " 00,611 3.37 IS.0 
, .,,. f, 35.41 ',M 13.4 , .,,. ~ 31.SD 2.36 13 . .5 , lI3\i ,', 63. 401 2.00 UU , "Ii " 28.16 2.07 13.6 , ,,~ 

" 40.10 2.54 IS.2 , 
"" " 24.43 LiD 13,7 

• • • , ''''. "''' 11>.4 , "" " ,",W 1..51 13.7 

• • • II SII,OO 1>.22 15 . .5 

• • • ,. 76.27 4.S9 1;;.6 , • , II 47.47 3.77 12.6 

• • • II 7 .... 7 4 .M 15 .• • , ~ ·14.37 3.49 12.7 
II • " " 

00.67 4.22 1.5.S • , II 41.17 3.22 12.8 

• • " II 61.M '" 11>.11 , • , " 37.87 H'·' 12.9 

• • • " 
,",M 3.$.1 16.0 , • , ,', 34.4.5 ',M 13.0 

• • • ,', 1>1 . .52 3,., 16. 1 , • , ,. 31.04 2.37 13. 1 

• • • Ii 44\. 10 ',M 1(1.2 · • , " 27 . .52 'l1li 13.2 

• • • ,', 40.S.5 2 . .5 1 16.3 , • , " 23.S9 1.S11 13.3 

• • • " 31>.4 1 2. 16 16.4 , • , h 26.16 1.1>1 13.4 

'" 



.~' 
, 

:~! 
, , · , , , , , 

4''1 II , 
'M' , · , , · , , 
• "~ • " • lI:I~ • " • ,'" • lIaloS • lI3\~ • x:l~ • lI3r.,. , 

• , , • , , • , , • , , • , , • , , • , , • , , • , , • , , 
3 .~~ x , 
'~' 

, 
" , , 

T 
, , , , , , , , , , 

3 ~ II 3 
3tl x 3 
3 , , 

r~ , " , " , " 
3 x2 , 

3 " , " 

• 

CA R Nllo l 1! STEIlL COM P ANY 

UNEQUAL ANGLES 

AI,wWAIJLE USIYOIIM 1...o,\D IN TuouS/o.."1>S or POUNDS 

Nealral A"I. Parallel 10 SIIorin 14 

Maximum ncndlna: 5t""'"' 16.000 l'ounda p.eI' Squaro Inch 

~ 
~ 
II • 
~ 
9 
h 
I. 

R II 
9 
h 
~ 

n 
l; 
II 
il 
II 
l\ 
il 
~ 

I Foot Mw.... "'. -:= 
!WI !WI ..... ..... ~~. 

38.61 3.30 11.5 ,. . ., 3.11 11.6 
33."0 2.57 11.7 
ao.sa 2.112 1l .8 
2.~.LO 2.:11'1 11.8 
25.2"; 2. 1;\ 11.0 
2"l.~O 1.117 12.0 
1 0.a~ 1.01 12.1 
11>.43 1.35 12.2 

31.11i 2.n.1 10.0 
20.23 2.73 10.7 
27.20 2.a2 10.S 
2(,.07 2.30 10.0 
22.0;\ 2.08 11.0 
20.60 'S<> 11.1 
18.35 , .. 11.2 
16.00 1.4 I 11.3 
13.4-1 1.18 I 1.1 

30.01 2.D7 10.3 
28.5D 2.75 10.4 
20.50 2.~ 10.6 
21.5:1 2.31 10.0 
22.40 ' .W 10.7 
20.10 1.117 10.11 
17.D2 , .. IO.D 
111.67 1.42 11.0 
13. 12 1.10 11.0 
10.67 0.00 11.1 

23.47 2.51 D.' 
21.117 2.38 D.2 
20.;17 2 .U' D.3 
111.77 '00 D.' 
1717 1.11 L D.' 
15.47 1-02 .., 
1;1.76 1.43 0.' 
12.~ ,,. 0.' 
10.2-\ I.(),'i " 8.32 0." 0.0 

ID.73 2.ID 0.0 
111.2-1 2.00 0.' 
16.&1 1.82 0.' 
11104 'f, 1:1.44 1. ·1 

0.2 
11.3 

11.7a ,,. D.I 
D.D2 I.().I '-' 
'.00 0 .'13 '.0 

I ... , ... 
, 

'ia , 
" , 
" , 
!~~ , , X:lJ.i , , , , • , , • , , • , , , , 

''', , '", , 21lK , 
'" 

, 
2(,Jx , 
2L" 

, 
2J.iK , 

J.1x I ~ S 
2 1,K : ~ 

"" 
ri~ 2' III 

' " ~~!m 
2~.xlJ.i , , IE 3 " , 

"" , 
"!> , "J 3 " , xH .. 

I~" l\i 
I t~" 1 \i 
I.J:IN 

.: ~~ : lf 
InX I"" 

,., 

, 
,,~ Mui.woo flpu 

nd· .... 3IOK Do8eeIioll -, I 
,~ .. SU, SU, --, ..... ..... .' .. , 
l; 12.27 1.b3 '.0 

11.00 1.3. " II D.I¥.! 1.22 ,., 
S ... '00 8.2 

i: 7.36 OJ'II &.a 
5.07 0.71 , .. 

~ 
10.67 1.39 '-' 

0.·111 1.22 '.S 
8.32 1.05 '.0 

~ 7.01 0.88 '0 
:;';6 0.71 '" 

" 7.47 1.15 '-' 
II 0.72 1.02 .. , 

S.1I7 0,," .,' 
iI 5.01 0.7" .S 

• M O.MI ., . 
Ii ,.ro 0.44 , .• 

2.13 0.'" '-' 

Ii 4 .6D 0.73 .. 
3." O.SD .., 

• 2.99 ." ••• 
" 5.76 '" ... 
Ii 5.12 0.00 •. , 

4.48 0.77 3,S 

~ 
,.,. 0." 3.D ,.,. 0.33 ... ,', 2.4S 0.40 ',0 

" 3.03 0.70 '-' 
iI 3m .." 3.3 

' ,36 0.47 ... 
Ii '" 0.33 6.5 

1.39 0.24 ... 
" 2.45 0.47 " I, '" 0." 3.3 

~ '-" 0.42 ••• 1.49 0.32 .., 
'-00 0.21 .,' 

Ii 1.71 0.44 3.0 
1.30 0.3~ .. • 1.07 0.20 " 

j 



o eAM SA F e L OA D S -----

l UNEQUA L ANGLES 

AI,.!.oOWABI,..l USIJi'OKY I.oAO l.'1 Tuou8A.IIo"DS 0 .. POUNOS 

NKUS' A:lIl v. .. n~, to Lo~ 14 

;\Iulmum I~ndlntr Strc.. 16.000 Pounds pet' Square Inch 

I.',*, )Oll .•• am 81"'_ "M MuimI .. 8pu 
nit.· ... ,., ......... nidr;. -,.,. ""'"'"" 

~ .... -. -- I Some. -, ... , ... , ... ... , .... ~, , ... ..,. "', '-">. 
'-' ,-' 

I ""' ""' ,~ 

I , • , , o.:;. l~ ~.44 17.5 (I x3j.4 , 30.93 3.00 10.0 , • , " SO.02 6.11 17.6 6 x 3).i II ",." '.00 10.1 
8 • • ~ SoI,GO 4 .70 17.7 o x 3~ " 2 •. 63 2.71 10.2 
8 • • " 70.30 4 ." 5 17.S o x 3U' li 25.02 2.62 10.3 , . • ~ 73.02 4. 13 17.0 6 x 3}i n 24.21 ,." lOA 
8 • • li 61:1.37 a .so IS.O a x 3U II 22.5 1 2.14 10.05 
8 • • H 62 .• 2 a .4S IS.O 6 x 3).S H 20.60 1.05 10.6 
8 • • ,', 00.00 3 . 15 IS.I o J:3)i ,', IS.as 1.76 10.7 
8 • • ~ 51.00 2.SI IS.2 6 x 3)i ~ 16.96 1.57 IO.S , • • ,', 45.12 2.47 IS.3 6 x 3)i ,., 15.04 .. 38 10.0 , .3~ , 32.21 3. 10 lOA 

(I x 3 U, H 13. 12 1.10 11.0 

: : ',1 
h 11.00 "00 1 1.1 

8 x 3!i " 30.40 2.00 10.05 , x :l~' ~ 28.60 2.71 10.0 
~ 35.31 3.15 11.2 8 x 3li " 26.88 2.52 10.7 

S x 3 j.i ~ 25.07 2 .33 IO.S 
, .. " 33.17 2.93 1 1.3 

S x34 II 23.13 213 10.9 
, .. ~ ... n 2.71 11.4 

S x34 H 21.33 1.0-1 11.0 
, .. II 28.69 3.3. II.~ 

S x 3 l i I, 10 .41 I.H 11.1 
, .. H 26.45 ,." 11.6 

S x34 ~ 17. 10 1.57 ] 1.2 
, .. 

" 2-1.] I 2.16 11.7 

S x3j.4 " 1 ~.!i7 .. 38 11.3 '''I ~ 21.76 .. M ll.S 
5 x 4 ,', 10.31 1.62 11.0 

7 x 3J.S , 31.57 3. 10 10.2 , .. H 16.75 1.40 12.0 
7 x 3).S " 2O.S7 ' .00 10.3 
7 x 3':1 ~ 2.~. 16 2.71 10. 1 5 x3)i ~ ".88 2,71 ••• 7 x 3)i li 20.45 2.52 10.5 5 x3!i " ,.." ,." 10.0 
7 x 3 '. ~ 21.64 '" 10.6 5 x3j.i ~ 23.68 '.M 10.1 

II 
7 x 3'. II 22.83 214 10.7 5 x31i II 21.07 2.1~ 10.2 
7 x 3}1 H 21.01 .. " 10.8 5 x3j.i H 20.21 1.07 10.3 
7 x 31i I, ]0.20 176 10.0 :; x3j.i I, IS.45 1.7S 10.4 
7 x 3\.;; " 17.28 I .G7 11.0 5 x 3!i ~ 16.&1 "00 104 
7 x a'~ ,., 15.36 ,." 11 . 1 5 x3,., ,', 11.83 IAI 10.~ 
7 x 3}1 .. 13 ... ' 1.10 11 .2 5 x3j.i .. 12.01 1.22 10.6 

6 • • , 40.43 '.63 IIA 
5 x3j.i " 10.88 .. 63 10.7 .. • " 38.20 3.33 11.5 " , " 18.56 2.16 8.' o. • Ji 3a.la 312 11.6 

o. • " 33.02 200 11.7 ' . , H 17.39 '.00 8.' .. • H :U.68 2.60 11.8 05 x 3 II 16.11 .. 83 8.8 .. • " 20.41 2.47 11.0 , " .. 14.83 1.67 8.' .. • .. 27.00 2.26 ]2.0 " , I, 13.1iS 1.51 ••• • • • ,', 2".64 '.M 12.0 , . , ~ 12.27 .. 33 ., 
• • • ~ 22. 19 , .. 12.1 , . , .. , 10.88 I.IS .. , 
• • • ,', W .'3 1.62 12.2 , • , .. 0,49 1.02 .. , , • • .. 17.07 1.:10 12.3 " 3 " 8.00 '.83 ... 

'" 



CA~N£O I £ STEEL C~OC'~'P~A"N"V,-____________ --, 

UNEQUAL ANGLES 

AI..l.oO'\\'AlII..& UN I FOlUI 1.o"'D IN TIlOUStu"DS OF P DUNDfi 

N'ntnl "'d. Panllel 10 ~ Loa' 

Mulmum Dendi", Sirotlil. 16.000 I'ounda per SquarQ Inch 

,,~ N-.u- I!f- " ... M01imu.,. Epu. 

""". ... ........... 'I1Iict- ... 310% DtIIodioa 
SiM. .~. , ..... - , ~'- -. ,.'- .... SJ, '-. , ... 

SJ. SJ, ~. '-' ..... "M '-' ..... 
-

I ~ "tX 3 U 1~.'14 :U5 '" 
, 
-,~ 

~ 
$.75 1.25 7.0 

~~X3 17.07 .. ,. 8.0 , x2~ 7.89 1.12 '.0 
4 x 3 ij HUm 1.8.1 8.7 , -'" 7.Q.I 0-" 1.1 
~!-i E 3 11.6 1 1.61 ••• , x2', (I. 19 0.85 7.2 

~~ " 3 

~ 
1:1.:~3 1.51 •. , , x21; Ji "'.2;J 0.72 7.:1 

~ x3 12.05 I.U '.0 , 
" 4.27 0." '-< 

Hix :I 10.1'7 1. 1\) 0.0 
4~X ;J 1I.3ll 1.00 0.' , -, 

~ 
5.01 0.'" ,., . " '.00 0.87 ,., , -, 4.48 0.77 " , -, 3.115 0.67 '.0 • x3).i 

~ 
24 .53 2.[,(1 00 , -, 3.41 0.57 0.0 

• -IE 22.113 2.37 ,., , -, 2.77 0.46 0.' 

• ., 21.33 2. 18 ,., 
• xali 19.63 1.118 ,., -,,- , 

" 4.111 0 .89 lUi • X3t} 17.112 1.7ll 10.0 2~x , 
~ 

4.37 0.78 '.0 • I:H H.I.2 1 .. " LO. I 24" , '" 0.67 5.7 • 
-'~ 

14.40 1.4 t 10.2 2',x , 3.31 0 . .,7 ,. 
• " 12.511 1.22 lo.a 2~x , 2.67 0.46 " • X3}jj " 10.61 1.00 10.4 2")1 , II 2.13 0.35 0.0 

17.112 2. 15 8.3 
,,, , 1.411 0.23 0.' • -, Ij • " 16.15 .. ,. ... 

2 J.i x I 

~ 
I.ftl 0.41 •• • " ~ 

16.b7 ,.'" 8.5 

• " 1".40 1.61 b{l 21,x I 1.4ll 0.33 45 

• X ;1 13.12 1.61 •. , 2~xl 1.17 0.2a '.0 

• " 11.&1 1.35 ,., 
• -, ~ 10.66 1.19 , .. _~(xl 

Z 
. -- 0.67 " _.if 

• " ll.2» .. '" '" .!', xl' , 2.45 OM ., 
• " " 

1.lIll OJ:H 0.0 2', x I ..... 2.13 OJ)(I 43 

• -, 6.40 0.70 0.' 21,1 I I, Ji 1.81 ou ••• • 2 .... xl ~ 1.49 0.'" .., 
31i x 3 J' 17.60 2.17 .. , ~'X I~ ,\ 1.17 0.2a '.0 
3~X 3 10.4a 2 .01 K.2 
3 la ij 1".36 .. " s.a 2 xII .. 2.13 0.51 .. , 

, 3J.i x :1 14.111 1.69 ••• 2 x I !-; 

a 
1.81 012 '-' 

3~X 3 U 
12.61 1.52 &.11 2 x I " 1.411 0.34 ... 

3 1:1 11.13 1.36 1<.0 

"'~ 
1.17 0 .26 .. , 

3J.i x 3 

~ 
10.45 1.20 87 '" 0.80 0.17 '.0 

3~X 3 9.07 .. " '-, 
3 13 '.as 0.S1 ,., 

2 EI~ " .. " 0." " 3}jj x 3 6. til 0.10 '0 '" • 0.80 0.2t 3.S 

3J.i12 

~ 
10.56 un '.0 

: ~~ l a ~ 1.01 0.28 30 
3SX2J.i

1 fUll 1.311 ,., 
3 x2J.i S.,. 1.26 ,., f: 0.80 0 .22 3.7 

3 x2J.i fU I 1.1 3 ,., I"x l 0.56 0 .15 , .. 
:1}jjx2J.i1 

~ 
7.25 0.00 7.a 

3J.iX2~' 0.20 o.".~ ". I J.ix l\( fI 1.17 0 .:14 '-' 
3 "X2~ lI.;!:l 0.7t ,., l!~x I ~ OW 0.2' 3 . ., 
3)ix2 4.37 O.US ". 1311x I h 0.78 0 .22 3.G 

- - - -

j 

j 
",. 



IJ EA foI SA FE L"OCACO:S=--_~ __ 

TEES 

USI FORM LoAO I S T HOUSANDS Of' P OOND8 

Nea t .... .1.,,1. I'.ralle l to ~·I . ..... 

Mulmum Ue"dlng St.,... 16.000 I'<>,,,,,ds per Sq" ...... Inch 

EQU\L T ~'ES • " ... Si .. 
, 

,,~ M .. i ....... @paD , "d Mulmam~ '.;pI '- ... ,- W.;pl ~po.II 3G011)dk<,Iooo 

r= ... " .~ "'- ,-, §1 ,~ .. = ... , So<, ~. J""'" ,- s.<, '"', ..... , 
'-' '-' '-' '-' •· .. 1 

• , 13.5 21.5;; 1.119 11.4 '" '" .. , 3.41 0.1>3 0' • • 10.5 10.85 1,45 \l.6 , , .., 3.31 0.&9 M 

"~ "~ 11.7 !G.32 1.1)5 ••• , , M' 2.07 0.·19 ,., 
"~ "~ .. , 12.(19 1.27 10.0 , ~ , ~ 3.09 '.ro OAI .., 
" , ••• 11.73 1.-11 8.3 , ~ '" 2.47 1.49 0 ,36 .. , 
" " 8.' 10.45 1.2-1 8, , ~ ,~ 1.9-1 1.17 0.27 .., 
" 3 7.S 9.ti 1.0~ 8,5 '" '" ,.ro 1.01 0 .30 "' 3 " •. , 7.110 0.92 S.' IJ. .. '" 1.59 0 .7S 0.22 3.5 

'" ,~ 1l.<I 0.20 .'" '.0 , , 1.25 0,40 O.IS ,., 
,~ ,~ 5.5 5.a3 0.75 U , , 0.89 0 .35 0 . 12 '.0 
'11 , '.0 4.37 0.00 '.3 

u~a:QUAL n:ES 

"" t I FOOl Mui",um 8 .J "" 11'""t Maximum I!paa 
'.;pI s,.. SOOI I>eftc,c:t_1 Weicht ,- 3G(lll)dk<,l>OO\ 

FIurc< Stem. t:... - '"",,, I:~ 
, ... h. I ... h. Poul>4 So<, ... , ~.I""'" , ... b .. ....... '"', g." """', '-' '-' '-' '-' root 
---- --f-;- " ~ , 

" 13A 11.41 1.2.'> 0. ' '" 10.8 12.05 1.42 , 2'i 10.9 8.00 1.20 •• 5 '. " 8.5 9.49 '00 8.' 

'" ". 15.7 22.72 2.37 0.' "~ " --,., 9.07 1.0-1 8.7 
, ~ " •. , 9.71 1.07 .. , " • II. • 2O.1l9 1.92 10.8 '. " " 8.32 '.00 .. , " 

, 10.5 18.35 L'" 10.9 
,~ 2!i .. , 6 -.,' .. - 0.87 7.7 " • 9.2 16. 11 1.47 11 .0 
,~ ,~ '.8 5.1'6 0.14 7.S , ,~ 10.8 15.89 LOO , .. , , 15.3 33.3!l 2.10 13.0 " ,~ '.7 1-1. 19 1.46 '.7 , • 11.9 2;;.9'J L," H. I " ,~ S., 12.37 LW 0.8 

• '. B." :n.09 2. 15 12,6 " 2'i 7.1 6.40 0 .89 7.2 

• '. 11.2 21.12 La..; 12.8 " " , ,., 5.55 0.76 " • " 9.2 0.00 ,OS 8.' " '. 5.0 4.59 0.1l2 ,.. 
• , 7.8 8.21 0.00 0.' ,~ " •. 1 8.00 LOS 8." 

lkf 
8.' 6.6 1 0.~7 7.0 2'-1 " " 7 . ." 0.9 1 8.' · ,~ ", 5.1l5 0.73 '.7 2'i '" 2.S1' 0.93 0.2& 3.7 · , 7.8 4.27 0.70 0.' , , ~ 3.00 LOO 0.36 ••• · , 0.7 3.6a 0.59 6.2 ,~ , 2.45 2.00 0 .37 5.5 

,~ . 12.6 21. 12 '.00 11.1 .. , '" 1.2:- 0 .57 0.\5 '" 33i 4 '" LU.53 1.-16 1 1.3 IH ~ O.SS 0 .1-1 om LO 
\ 



r 
CAR N EOI!! STEEL CQ.\\PA NV 

r 
ZEES 

Al,oWWABLE UNl l'()fW LoAD IN THOUSANDS 0" P OUNDS 

:\Iulmum Ikmdlnll SU'", 16.000 Pounds 1>« Square I nch 

... 
::e. ,,,-, --,~ .. ,~ ... 

"M M .. iDnuoo ~ 

W1!l .... ,",,-
~. "'. .. , ......, 

Cool Cool Fm 

". ,~ Ji 
G,; 3,·, Il 
6 ,~ J. 

34.6 174.93 \If 12.3 
32.0 162.35 L'" 12.2 
2<).4 149.76 1.24 12.1 

". ,,. II 28.1 150.'10 1.22 12.3 

',; 3,.. ,. 25.4 136.75 1.12 12.2 

• ,~ t, 22.8 123.20 1.02 12.1 .,. ,,. ~ 2L1 119.G8 0.(17 12.3 

'0 3,·, ,', l SA 10.1.8;; 0.86 12.2 

• ,~ 

I 
,. 

.,. ,,. 
" 

l5.7 00.00 0.75 12.1 

28.4 11!).'!i 1.16 10.3 .. " " " 26.0 110.20 LOO 10.2 

• 3~' II 23.7 101.01 L OO 10.1 .,. '" 
,. 22.(1 102.0$ .. " 10.3 

'/0 '" t, 20.2 01.1)..'; '.00 10.2 

• " ~ 17.0 sun 0.81 10.1 ,,. 
'" " 16.4 7(1.3(; 0.77 10.3 

',; '" H U .O r.s:.16 0.67 10.2 

• '" t, 11.6 "'.00 0.57 10.1 

<,. 3,'0 " 23.0 77.,'" '.00 .., 
<0 ,,. II ,. .. 70.ro 0.87 .., 
< '" 

,. 18.9 .,. ... .... U 

<,. ,. ,', 18.0 M.92 0.79 8.' 
<,; ,,. ~ 15.9 ~.6i 0.72 8.' 
• ',; ,', 13.8 51.62 .... 8.' 
<,. '" H IHi ~9,Sl '.00 8.' ." ,,. 

" 10.3 <ll.i I 0.51 .., 
• Oi, l< .., 33.49 0.4 1 .. , 
' ... '" t, 14.3 36.59 0.59 .., , 'II Ji 12.6 32.&1 .... '" 
'" 2~.( ,', 11..5 31.79 0.51 .., , 

'" H ••• 27.41 0.45 .. , '. '" " 
.., 25.39 0.4 1 .., , 'II Ji 0.' 20.48 0.34- ,., 
". 



STRUCTURA L OeTA1LS 

BEAM CONNECTIONS 
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C ARNeOl11 STEeL COMPANY 
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STRU CTURAL DETAILS 

TIE HODS AKD AKCUORS 

lo"II:III""N HHI DGII: CO""."'Y 8T"ND .. II D 

~ I .'i:ClI '1'IE n OD S 

Lr:NOTn. AIID W r:IGHTS rOil VAIIIO.,. DI &YA,.eu C. TO C. Or au". 

Wcll!'hUllllCluda two NuU. 

C. to C ......... Wei&ht C. to C l..onith Weight "C. to Ci Lmatb ' Weight C. to C. 
::-ci -l:::-"-~ 

..... Weight 

Ft._la. rtAn. I'""Ddo Ft.-In. Ft.·ln. I'""Ddo h-In. Ft.- Ia_ 1'''''00. Ft._In. Ft_la. 1'''''00. 

, .. '" 2.30 '·3 ,., 2.61 ,., 
~O ,., 3.80 2-3 2-6 4.11 ~. 
3·0 .1-3 5.30 3·' 3·' 5.61 ,., 
'·0 4-3 '.80 '·3 ... 1.1 1 ,., 
""0 ;., 8.30 ""' 5-6 8.67 ... 
0-0 .. 3 ,.SO .., .. , 10.17 .. , , .. 7-3 11.30 ,~ ,., 11.67 ,., 
8 .. 8·' 12,80 8-0 '"' 13.17 '"' 

ANCliOUS 
SWl:DOC B O LT 

i{j* 0 : 0 = 
Weight incIooee Nut 

I Diameter Le",lh Wei~ht 
I 

I",bee Feet-Inohca l'oul>cb 

'" 0-9 1.3 Ji 1-0 2.3 
1 1-0 3.1 L_,,,I,,_L. .. -'C' ·"' ___ ,,·C'....! 
BUILT- i ll A IIC HOR B OLTS 

When "'mler tooen\ttof .... bo.... ~I_ IhaD 
.. idlhoI .. aaber, 11M ""'or .. ilh t .. o hoi-. 

'" 

,., 3.05 ,., '·0 3.42 
~, 4.55 ~, ~O 4.92 ,., '.05 3·' '·0 6.42 ,., 1.M .., ;.0 7.92 .. , 9.05 ""' ;'0 9.42 .. , 10.55 .. , '·0 10.92 ,., 12.05 ,., ,"0 12.42 

'"' 13.55 '"' 
.., 13.92 

GOVl:RN .. l:NT ANC HOR 

! ' . ~ i . ...: , : .. r .... ! 
_____ j. 

~"Rod 1'9"10I!/I. WI.,31b&. 

ANOL .. ANeROIC 

2 ATlltIeo6". 4N .;.1 ~".O' 2~N 
\\'.;pt"ilh ~"boI .. , 1 1b&. 



CAR,NEOII> STEE L COMPANY 

BEARING P I~ATES 

The size and thickncsa of steel bearing platC8 depend on the end 
rcnetion, length of bearing, and unit pre;saure. T he following table 
givessizC8 for beams of usual spalu!, the nliowablesafelooo8in thou$.'l.nds 
of pounds and the apan of beams giving equivalent end rcnctions. 

STANDAIID BEAIII!o.·O P LATF.S 

--::---.,.,,,-..,,-' I'late BN.m ,..,,-,-:--,...,--

II 

Plates of spedul SizC8 may be taken from the table of projection 
cocfficieuUi given below, enleubtcd from the following formula . Let 

l ~ 
A = Iength of ~rlng [)Iato. In InchOil. 
B =wIdth of bo.'&J'lng plate. In tncEtOil. 
t = thlckn06ll of bearing 1)lato. In tncEtCJII. 
b = l1ange width of beam. hi Inches. 

. . H = reaction on bearing I)lllte. [n poundJl. 
L-:, __ g "~J L_ A -J w = R+A"n, allowable unlL prO!ll!uroon masonry, 

R<B-b) wAll rB-b) IA" 4ft' " _ _ 11_ = g z: fS = """"i) ; J)(U-b)=- Jw' oc ... ·hen 1_ 16000. 

B (ll- b) = 64~ v> , the same U thetormula for rollooJlwci alaboo, P"II'e 225. 

RULE;-Take from table on opposite page the proper Ri1.c bearing plate 
for thereaetion a nd unit pressure. :Multiply the width of the plnte by the 
width minus lhe width of thebeam flange and sclect from the lable below 
the thickncsa oorresponding to the value for the given unit prt!llsure. 

PROJECTIOS COEI'FICIENTS 
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STRUCTURAL=-:D:'CTC·C':'C''---_______ _ 

r 
"E"IUXO PLATES 1 

__ :-_"S~.--.. --R .. £8ISTA_' ·' · .. ~,·,·'·'CU.O"u ... _,'.'"--O~.--I'.O"u.'" .•• ' ________ __ 
P-. ill PoucLt 1ft Sq...." IDtio Ileui".PlAu. 11'.11 .... ... ~ w. ,.::t.1:t! ........ 7~ '00 

--1--,--1--
• • • 0., o.. 
• • • 0.8 , .. 
• • 8 , .. .., 
• • • .., 3.' • • 8 3.6 ' .8 

• • .. .., ••• 
8 8 8 • . 8 6." 
8 8 .. ••• 8 • 
8 8 " ,., ••• .. '" .. , .. 10.0 .. .. " 0.' 12.0 .. .. " 10.6 14.0 

" " " 10.8 14.4 

" " " 12.6 16.8 

" " .. 11.4 11).2 

,., .. .. 11.7 uI.a 

" .. .. 1(1.8 22." 

" .. OS 18.0 2~.~ 

" " '" 21.0 28.0 .. .. .. 10.2 25.0 .. .. OS 21.6 28.8 .. .. ., 2~.O 32.0 .. .. 22 , .. M.' 
" OS OS ".3 32.4 

" OS ., 27.0 36.0 

" " " 297 30.6 

" " 
,. 32.4 <113.2 ., 

'" 
., 30.' 40.0 

'" 
., ,. 33.' ·'-'1 .0 

'" '" 2 1 36.0 "8.0 

'" ., 
" 30.0 62.0 

22 " " ".3 oIoS.4 

" " " 39.6 52.8 
22 2'2 :!Il . 42.9 67.2 

" " '" 0/,0.2 6 1.6 ,., ,. 
" 43.2 67.6 

" " '" 40.8 , 02.4 ,. .. " 50.41 67 .2 

" .. .. M.O 72.0 

, '''' '" ._-, , •• .0 

• 
• • , 

•• 
•• •• ., 

8 

'" " 
" " " 

•• .. 
•• 
•• •• ., 

" " " ,. 
'" " 36 

" " .. .. .. 
" " w 

" 00 

" 00 
00 

•• •• •• ., 
•• ., 
•• 
•• •• •• •• ., 
•• . , 
•• 
•• .0 

•• •• ., 
•• ., 

... 
3.' 
..8 ... ,., 
••• 
••• 111.0 

14.4 

'<>.0 
18.0 
21.0 

21.6 
2':;.2 
28.8 

20.-& 
33.6 
37.8 
42.0 

3SA 
-13.2 
-IS.O 
52.8 

48.6 " .. 
W .• 
.... 8 

00.' 
00 .• 
72.0 
7S.0 

72.6 
79.2 
... S " " .0 02.4 

" " 8,' 
00 

.0 86.4 

.0 oo.n 

.0 100.8 

.0 1108.0 

'" 

2.8 ... 
••• .., 
8.' 

10.5 

1!.2 
11.0 
iG.8 

17.5 
21.0 
2·1.6 

25.2 
:W.-& 
33.6 

34.3 
30.2 
-1-1.1 
-10.0 

4-1 .S 

"' .. ..... 
61.G 

M.' 
03.' 
".3 
7<'>.6 

70.0 
77.0 
SI.O 
91.0 

S.., .... 
100. 1 
101.8 

100.8 
100.2 
117.n 
12G.0 

"'" '''' 300 "" .00 

-- ---- -- --.., '.0 ' .8 ... • •• 
'.8 ••• ,., , .. ••• ••• 8.' • •• 11.2 12.8 

,., • •• 10.8 12.6 14.4 

••• 12.0 14.4 16.8 19.2 
12.0 Ui.O 18.0 21.0 2~.O 

12.8 16.0 19.2 22.'1 25.6 
10.0 .... .... 28.0 32.0 
Ul.2 24.0 28.8 33.' ,. .. .... 25.0 30 .0 , ... 40.0 
2-1.0 30.' 30.0 42.0 48.0 
28.0 3 ... 42.0 41>.0 60.0 

28.8 36.0 43.2 "' .. <'>7.6 
33.6 -&2.0 W .• 68.8 G7.2 
38.-1. 48.0 57.6 G7.2 76.8 

30.2 40.0 68.' .... 78.4 
4-1.8 "' .. 67.2 78.-& 80.6 
00.-1. 03.' 75.6 '" 100.S 

"' .• 70.0 .... \lS.O 112.0 

<'> 1.2 "'. 76.8 SO.6 102.-1. 
<'>7.6 72.0 .... 100.8 11 <'>. 2 ..... ,6.0 00.' 112.0 128.0 
70.1 88.01056

1
1232 H08 

06.8 SI 01 97 2 113.-1. 120.6 n. 000 1080
1
126.0IH.0 

'" 99.0 1188
1
138 6 1:>8.4 .... 1 080(~9.61 151.2 1728 ..... 100.0 120.0 1-1.0.0

1
100.0 " .• 110.0 132.0 IM.O 176.0 

00.' 120.01-&4.0 168.0 192.0 
H)-I.O 130.0

1
11>6.0 182.0 ", .. 

00.8 121.01-15.2 169.4 103.6 
UN.G 132.0

1
158.411&1.8 21L2 

1I4 . ~ '-&3.0171.6200.2 228.8 
123.2 '''r 8 215.6 2·16.4 

115.2 1-1-1..0172.8 201.6 230.4 
12 t .8 156.0 187.2 2 18.4 2-10.6 
134 .-1. 168.0201.6 235.2 268.8 
14.4.0 18O.02IG.0 252.0 288.0 



CARNEO I E STEE l. COM PANY 

[

DETAII.S FOR PUKCIII NG AND HI\'F.'J"ING 

uU."le .. ,.. II"ID"" cQwpun , TA ND .. RD 

CONVENTIONAL SIONS FOI~ RIVETING 

Shoe> Rlv.u }'!dd Ri~ Sbop Rlveu 

=-:=: == ~ ~ .~~~ 
I I I 
i ! I 

ii 0- 0 0- -lii. 

, 
" . 

... 
L " .' .' 

1 
! f I I 
l i , 
• ).tl . .... ::-:ri!. 

-'I 

I I I 
• ! I 

S $ lil 

; f I 
ill 

I I I 
I I 

$ .. 

st-w ®® . 
OAUGES Fon ANOLES. INC HES 

3 3 ~ 1' 4 
. .. I~IJI' 

)t .... "yet 

8 7 • , • H' ~~'M 'H""~i.' " "H~~[ 3 .J>.' ,li ,~( , T'I N "fjj-

'~t' I IJi I 'u ~ Ji :. ~ -;(LU H~~ .~. ~Sl ~\-;( 
Fo ... o:II ....... deto> ..... G" k& (~ .. thid. orw-l ~coI ....... obfl,l· _ l ~~". ,, _ 3". 
J"or~"""", e&e •• I1I11P i. middle. _bon riyt\el 1aI ........ orueeodo' .. for Ji" riyitla. 

' H "lor }jj" rh·.18-
u. opeeial ~ to Mapl.....-t 10 multiple puocb. 01' 10 .......... bIo d ..... ". 

EARANCB FOU CL , VEU IU VETINO 

SF I 

fi~ 
1(1If...! .... ~·~ 1l( .. ·t .. I _ ._ 

l 1-io )'f...: .'i.H

• ' : • • 

B~·)f.:· 1":.-:_ 
ni-~.'j __ -: _~I!o::: •• 

IUV~~"'S IN 
Cru.MJ>EO ANOLES 

Ut3 
DiotaDee 1 ob.ouId ~ lJ.i" pi .. ~ 

01 chord 0DCb. buuent 1_ Iha.B 2". 

STAN IMHO 
Htn:T DIES 

CJ , 2·: _ . -r' - ~--

~21-( .. _" .•• ::'" ,,,,- ... ~'~ .::... :,r.: .. 1 ~ _. ~:. 
L_ S ' ~ :: .11( __ :'._ 

CLEAUANCE FOlt COVBIt PLATE RI\T~:TINO 

,!!.,d. Dlmcoslo'lIln IncbCII 

r. 9"Of<> <i (I '~ 1.'i.1 2 I ~'i a 3!j 1 4 ~ 6J r.\i~ 
b~~w.iw "~'cil£i~I , ~ .lli:.illi..'!!i.~'.'Clli. 

r is>'l>.'ilt,Q. f l o ~2 2}i~ -1+ 
l.!!.A ~.", ,,,,I 0 _ I- [--j _ __ 

.. 

-
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STJt UCT UR. Al. DET AIl.S 

lUVET SPACI NG 

..... "RIC' ... H "BID"J: C'D .... ANy a T""DA"D 

M I NIMUM STAGGElt ,l.'OR IUVETS 

Dia. f ________ --"~' ;:o""="m"'-"",,'C.'O.:'"': .. =-- - -------
R~f~ e,lDOha 

DISTANC E CE:\'TE lt TO CENTER O~' STAGGERJ<:D HIVETS 
Valu(J8 of " for varyIng ,'"luOll 01 " "nd b 

'" 



CA R, NEO I E STEE L C OMP ANY 

REDUCTION 0,1" AREA FOR RIVET HOLES 
Aroa In Square InchOlP><Dlamctcr of IIolll by Thickness of :l\letal 

Thiok.- Diometer 01. lIol~ ill I""t..., 
of Meta), 

'""b .. Yo Y. .- " '"' " ' '1l~ ,~ 'on .. , 
~~. ----., ." .00 .n ." . ., ... .15 .16 ." " .20 .21 

X . .., . ., ... .W . ., ... .20 \ .22 .n ." .27 .28 

t. . ., .W ." ." ." .n .25 .27 .29 .3> .33 .35 

" .00 ." ." .n .W ." .30 .33 ." ." .'10 .42 

.'. .n ." ." ." ." ." . " . " . .. ... ... .<0 

" 
. ., ." ." . 3> ... ." '" ,,< .H .,. ." ." 

t. ... ." ." " ." .., ." '" ." ." .00 ." 
" .W .3> ." ." .43 .H ." .55 .59 ." .00 ." 
II ., ... ." . ., ... .52 .56 .00 ." .00 .n .n 

" ." .OS . ., ... ." ." ." .00 ." .n • SO ... 
il ." '" ", .51 .W ." .00 .n .m .S> .SO ." 
" .22 ... '" ." .00 .00 .n .n .82 .88 .93 ." 
" .23 .H .53 .M ... .N .m ." .88 . .. LOO 1.05 , " .W ." ." ." ." .S> .88 ... LOO 1.06 1.13 

'.' ." .53 .00 .00 .n .SO .SO .00 LOO 1.06 1. 13 1.20 

'" ." ." ." .N .n ." ." .,. 1.05 1.13 1.20 1.27 

' t. ." ." ." ." ." ." ." 1.04 1.11 1.19 1.26 1.34 

'" .3) ." .• 0 .n . 80 ... 1.02 LOO 1.17 1.25 1.33 1.41 

I,'. ." ." ." ." .00 .OS 1.07 1.15 1.23 1.31 1.39 1.48 

'" .J< ." .n .86 .95 1.03 LIZ UO 1.29 .. " 1.46 I.IW 
I,'. ." .72 .S> .00 .00 ULS 1.17 1.26 1.35 1.44 1.53 1.62 

'" ." . 75 ... ... 1.03 1.13 1.22 1.31 1.41 1.50 1.59 1.69 

STAGGER OF RIVETS TO "IAIXTAIX XET SECTION 

.. "'''RIC .. ", DRI"G" CO"P""'Y BY""'''ARD 

1 Hole Out 2 Holes Out Dimcnslonllin InchOil 

~' ;ct ~-; 
I " i" , ,~" %" is" . ~-·~·c~ " a ~ Riyel " ~ Rh·e~ '-2: +- - ._. - ' ---- .. 

Lb- j '- ::..::r.-... - ... r- b b b b 
'---... --

~ b- " 
I I ~ I N: 

, II '" 1J.i I 2 OJ, 

~~ 2 211 2M 
, 

y=diamct<:!r of rivet + ~" 2J.i 2, 26 '" 
, 

a' - 2y= "a2+b"- 3y 
3 2,'. 2 , , 

a_y= , la '+ b"_2y 3~ 2 ,', 2\ '" 
, • 4 2\ 3 8 , 

:~ 
,-,=,rlay+ )·· 

,-,= , r:!a)· + y· 4J.i 2\ 3,\- 8)' < 

a=Sum of Kaut: minus thlcknCIIII of a~tc. h" rlvcts. can taken a~ ti" lCSII than or~" rl'-Cla_ 
I' rlvCIa. ean be taken at "more than for ~"riv(!1& 



R I VETS AND I' I NS ---
STRESSES I N RIVETS AND PlXS 

Rheta. In trsnsmilting stree8('!l between riveted p iccCll, it is 
customary to disregard friction and to proportion rivets to the entire 
Ht~ to be tmnsmittcd. They mu~~ be of sunieient lrize and number 
to resist she:lr and to afford such bearing arca o.s not to cause di~tor· 

l ion of the metal at the rivet holt'll. In tho CIISe of beams which frame 
oPPol'ite and of single web girdenil, Ihis l"tter condition often neoessi· 
tates a greater thickness of web t lmn N'quirNI by tho shearing SlrC:Sil4.'I!. 
In Il plato girdcr with %.s" wcb, U" ri,·cts connccting the web with 
the Ilnngo angles would have II bearing mlue at 2-1,000 pounds unit 
III~ of 5,630 pounds per rivct, while thei r value in double shear at 
12,000 pound3 unit stress is 10,000 pounds per rivet; and it might be 
nccx'l!8ary to i n~<re the web thickness to ,"i" or more in ordt'r that 
the I)rca/lure of the rivets upon the metal be not cxOOllSive. 

I'b",. P ins must be calculated for shearing, bending and Ix>aring 
stresses, but one of tho latter two will in most eMCS dctermine the 
size. When groups of bnrs are connected to tho same pin, U.!I in the 
lo\\·cr chord of truss bridges, t lw size of the bllors must be so chosen 
and tho bars 80 placed that at. no point o n the pin will there be any 
exccssive bending stress. When the 8i1.e of pin has been determined 
from the bending stress, the thick nt·ss of the bnrs or web of the l)(Ist 
should be inv{'Iltigated to provide Huflicient bearing area, the baf! 
being thickcned or pin p11ltl'8 added if necessRry. 

The rollowing is the formula ror flexure applied to pius: 
~I_ f .... dS + 32 or = r A d + 8, in which i\I = moment of forces 
for any section through pin, f- filx>r stress per square inch in 
bending, A _ the area of sectioll, d - dialllcter, 1r =3. HIS!!. The 
forc{'s arc ll.8Sumcd to net in a piane pl\.S9ing th rough the axis of the 
pin. 

1 1 

F.XA .... U 1.- .'\ 1)111, fIOO flgu..." has to carry a. load 01 
64,000 IKmnds: rQQuln)(1 the slzo at 2,1.000 poullds Rb". 
~trt)lSS. llSSumlng t ho dlstLlnl:(l between point.8 01 aUI)llOrt 
t" be 5 lnchCII. 

Bending 1ll0lllen t.>a€W.OOOx 5 + 4=80.000 Inch pound..s; 
U8C a. 3 'i Incb 1)ln: allo.nxl momcnt: 80.000 Inch pound!!. 

EXA"PL~ 2.- Requlrod lho thlckn ...... of IlIetal In tho 
t"p <'hord Of a brldlo t" gl ... .1 aumclcnt bearing a.rctII to a 3,.. 
Inch pin. ha,' lng 10 lrallilmlt a. Itl'ClJlJ 01 121.400 l)OUnds at 
a.n allo,,'oo bee.l"\ng l)fOSIIUnI 01 2 1.000 l)Ou"d8 l)er lOQuaT() 

"" .. 
T ho bee.rlng ,..tuo of a. 3H Inch pin lor I lneh thicknoo. 

of metalla 81.000 t)Ound~: thcrefore, the thick" ...... o f metal 
requlred= l:!l,'IOO + S I ,(l(l()=I'i Inch, or ea.cb ... ·00 01 tho 
chord m''''t 00 ,! tne'h thick. Including pin platllll. 
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CA R- N E O I E STEE L CO MPANY 

R I VETS 
S UICAHI:>G AN I) !If;AIII NO VALUES 

ValuOfl In Pounds, all D imcII1Iloll8 III IlIc hOfl 

% IN C U R I \' t;TS ,\rw .1104 ;qllaro Inch 

" 
" 

060 7~ 

980 11 30 
1310 1500 

'''0 
1910 

,,'" '''0 

'" 1270 
>6'" 
21 10 

",. 

(1<10 
1410 

"'" 2340 
2810 

1030 1130 
1550 IGOO 
2060 22~ 

2810 

"'" 
Y2 INCH RIVET S-Art .... 1003 8qu"~;;,"';,,,;'~,,,,.,,.,,,,,,,_ 

Unit,Lt..~. Sq.I"- 7000 8000 1l()()() 10000 11000 12000 

~ S.Sbe&rper Rivel 1370 1570 1770 1900 2160 2360 

_ lJoubleSbearp<.R.i,· 2750 "~ ~O 3930 4320 ~ 

Iju~·~'c·'~.~·~"~~;:·'~·~·I~'~'ooo"''1:_'~WOO~~~'8QOO~~I '-='OOOOocc-.r''=>OCO=o~-="cOOO==_ 
l I ~ 
I 
~ 

... 1310 
;( 1750 
h 2190 
'i 2630 

,., 3060 

3-i 3500 '''''' '000 

1000 1880 
2250 2500 
2810 3130 
3380 3 750 

3910 4380 

'''''' 3QOO 

woo 
2750 
3440 
4130 

4810 

""" 

,,'" 
WOO 
3750 

'''''' 
5250 
WOO 

% I NCU R I\' ETS- Arca .3068 8Quaro Inch 

UBi!, Lt.. pet SQ. III. 

A Si .. le Shea. pet Rinl 

_ lJou~Sb .... per Riv 

U";I, Lbo. p<' Sq.ln. 

.
" ,', 

" " 

2150 

''''' 
"000 

"", 
"'" mo 
3280 
3830 

4380 

"" 5-170 

8QOO 0000 10000 ! ! 000 12000 

2 150 2700 3070 3370 3()80 

~9 1 0 I-C,C,""o-j-c,~,C,00:1--,O-O,,,",1-~'~'60~ 
16000 18000 20000 22000",+:,,7000::::-

,,'" ,"'" 
3130 
3750 
<3'" 

3QOO 

"'" 6250 

2110 

"''' 3520 
·1220 
4920 

""0 
00"" 
7().IO 

2340 
3130 
3910 

<0'" 
5470 

0250 
'000 
7810 

"go 
3440 
<300 
5160 

.,'" 
"'" 7730 
86'" 

2810 

"'" "'''' ""'" '060 
'500 
8 440 ,,'" 

\'aluee btlow dottod Ii .... .", p-eoo~r thon double Ih ..... 

,,, 



R, I V ETS AN D PI NS 

IUVETS 
SnEAntNG MW BEAI\lNG VALOt:8 

VIIIIUOli In Pounds. Dimensions In InchOli 



CA ~NeOIl! STEEL COM I'ANY 

PINS 

1 BI':ARlNO VAl,.IlFJ! IN POUNOS OS METAL ONE I scu 'rUIC" 

ae.t1ng V .. I_Dlameter Of Ptn • UcvIng St ..... pI.lI' Squ .. re I""h 

,. BMriIIt; S_i. P..aDCiapeo' Sq~ IDC!! , 
""- -. ,,.,,. 

'''''''' """" """ "000 , ..... Sq. I .... 

, 
. '" ",m ",m """" """ ,.000 

!S 1.2'27 , ""'" ''''''''' '''''''' """ 30000 
1.767 ",m '''''' 30000 33000 30000 
2.4M "000 ,.,.., 

""'" ""'" """" , 3 . 142 "000 30000 '0000 .. 000 ..... 
~S 

3 .076 27000 ""'" .- .- ,.000 
' .00() 30000 37500 """'" MoOOO 00000 
.5.040 33000 «300 MoOOO 00000 <I000O , 7.000 30000 .""'" 00000 00000 "000 is "''''' 30000 .""" """" moo "''''''' 0.1121 . .,.,. """ '0000 "000 '"000 11.()'1;'; .- """" '''''''' """ 00000 

• 12.M6 .- 00000 80000 8_ 00000 is 14.IStl '"m "''''''' 30000 03500 '"'''''' IIUM14 "000 moo 00000 00000 ""000 17.721 """" 71300 "'000 H14500 114000 

• HI.fl.:U, 00000 '''''''' ' 00000 "0000 , """" 
~~ 

2 1.(WS ~""'" "" ... 105000 llMOO ''''000 23.UJlt 00000 """ "0000 121000 """'" •• 2~.OO7 '0000 80300 """'" 12MOO ''''''''' , 28.214 '''''''' 00000 """'" '''000 

:~ "''''''' '''''''' ''''''" 137500 '''''''''' 33.111:1 ,- '''''' ,,- '60000 3.5.7& ,<0'" 10 1300 ""'" I6~'OOO , 38.4.% ,"000 "''''''' "0000 ''''''' ''''''''' 
~S 

41.2li.2 11'1'000 ''''''''' """'" Hiu.:iOO '''000 
4~.179 00000 1I2:iOO '''''''''' 165000 '80000 
47.173 03000 110300 """'" 170500 '80000 , 5O.2M 00000 ''''''''' '''''''''' ta M .400 00000 123S00 "'''''''' 00.745 "''''''' 127500 170000 
00.132 "'''''''' 131300 """'" , 63.617 '''''''' """"" "0000 

!S 67.201 111000 """'" :n2000 
70.ss.:;! 114000 """"" ''''''''' "'.002 117000 21ol5OO 23-1000 

'" 78.640 ''''''''' '''''''''' """"'" """"" "0000 

"'a 82.516 123000 ''''''''' """'" 22MiOO """" '" ".800 "0000 157500 "0000 231000 '''''''' '" 00.763 "0000 161300 215000 ""'" "'000 
" 05.03:1 132000 ''''''''' """"" .. ""'" ""000 
lt~ Il'lAO'.! '''''''' '68800 220000 2-17500 "0000 HXJ.869 ''''''''' 172500 =000 253000 "0000 lI ~i 10!U3t 1·11000 176300 33""'" ""'" "'000 

" 113.097 144000 <80000 "0000 ,"'''''' '88000 

'" 

l 



RIVETS AN:D~PC'~N:',-__________ ___ 

PINS 

D £SDINO M O)l}:STfl l N l scn POUND8 

Ben<llnc M oment-(D lamewr of PIn)" lit 0 .098175 lit Stl'e&B per Square iodi 

____ _'p;,,~.'-----_ > ____ ~---' .... ~ Strt. ill , .. 
I 

''''''" 22500 24000 2.'iOOO 
0--..... ' 

l .. bQ 1 
,

Sq. I .. 
·,----1 -----f 

2200' 2-100' , 
is , 
~S , 
,~ 

" ; 3l, 

• 
'" ~ ! jl 

.". 1.227 
1.767 
2.4Ob 

3. 142 
3 .076 
' .009 
(,.040 

7.000 
8.200 
0.62 1 

11 .().15 

12.M6 
14.186 
I.~,OOI 
17.7:H 

UI.G35 
21.648 
23.7M 
25.007 

28.2701 
30.680 
33. 183 
3.5.785 

''''' 3000 

""'" "00 

38.4il.r> 110.5100 006100 673500 
4 1.282 661200 673100 7oIS200 
4 1.1 79 621300 74MOO 82&&00 
47.173 68MOO, 822000 Ol-WOO 

8 M1.2M 754000 904800 1(1(1:;.30() I IOMOO 
8'': 53. -156 tl26900 992300 1102.)(10 1 2 1~ 
8 t~ 56.701(, 904400 los.:;:JOO 1205ISOO 1326400 8,. 00. 132 ' 08M00 1183000 1316400 1440000 

63.6 17 
67.201 
70 . .'!82 
701.002 

7f1.MO 
82.616 

=:~~ 
"-'.033 
99.402 

103.SGll 
108.4:14 
l13.0!l7 

'" 

4300 4600 
"00 l1OOO 

11800
1 

12000 

17700 18800' 
2(,200 26S00 
34500 3G800 
45000 .019000 

~=} 
0-1700 

"""" 
14 1'100! 
1600001 
20 1300 
236700i 

~r~1 
3675OO! 

"""'" 
H7IOO! 508000 
539300- ('75200 
600600 647100 
67g.,t001 72-t600 

"'" ""'" 1<300 
13200 

00300 
8 4300 
10.~200 
1211400 

157100 
''''00 223700 
31"000 

'''''''''' ,'-''''' 
"''''00 '00000 

530100 
,';99200 
6701000 

'"'''' 
8082()() 841800 
897000 931>300 
994000 103(,400 

1000800 ll.uMIQ 



CARN IW l e ST EE L COMPA N Y 

ANC LES 

Au.owABLE TE~810N V,4.LOt::8 IN TuOO8A.'1DS or POUNDS 

Mulmum FIIx!r 81,..,.,., 10000 Poundl per Square Inch 

NtlAteuaad S,--Two II ... Dod..-:! ... "'icIr._ ~-r:~ ,- J.i I ..... Ri¥eco ,t lado Rinu ~ lDC:b ltinu ,.- ,;:::. ,-, ,...." ...... ...... ...... ,-, "'- I ...... • 
so- ,-, S_ 

o. • , 61.0 15.00 13.00 "'.0 13.25 212.0 .. • 
H 

4'! .1 101.12 12.24 105.8 12.018 100.7 •• • 45.0 13.23 11."8 lsa.7 11.70 187.2 o. • "2.0 12.3~ 10.72 171.5 10.02 1701.7 •• • .. .• 11.01' 0.0~ 160.0 10.13 162.1 
S. • M.' 1053 0.16 146.6 '.33 10&9.3 .. • 32.7 0.61 '.M 133.8 8.52 136.3 '" 138.7 
S. • Jl ".0 S ... '.M 120.8 7.70 123.2 7 .8l 125.4 •• • 26.4 7.75 6.75 IOS.O ."' 100.9 '"'0 112.0 

•• 0 , 4 1.2 13.00 11.00 176.0 11.25 180.0 .. 0 

i 
011.7 12.25 10.37 165.9 10.61 1f¥.).8 •• 0 3U. 1 11.48 0.73 166.7 9.91, 15f1.2 •• 0 36.6 10.72 0.10 146.6 0.30 148.8 •• 0 33.8 9.1).1 fl ..... 136.0 .. '" 138. 1 •• 0 31.2 11.15 7.78 12-1.6 '.96 121.2 •• 0 28.6 8.36 7.11 113.8 7.27 11 (;.3 7,42 118.7 •• • 25.7 '"'. n,43 102.0 0." IOS.3 6.72 107.5 •• 0 2:1.0 6.75 5.76 02.0 6.87 03.U 0.00 00.0 •• 0 20.2 6.00 '.M .... 6.Hl 82.6 5.27 84.3 

O. 0 II 33.1 9.73 7.08 127.7 '.W 131.2 .. 0 :U.O '.00 7047 119.6 7.67 122.7 .. 0 28.7 8 ..... 6.0.1 111.0 7. 13 11". 1 .. 0 

g 
26.5 7.78 6.4 1 102.6 0." 105.3 .. 0 ,..., 7.11 '.80 03.8 0." 00.3 6.17 ... , .. 0 21.9 6.43 6.30 .... 5.45 87.2 6.59 89.4 .. 0 10.6 5 .75 4 .76 76.0 01.87 77.9 '.00 ".0 .. 0 17.2 '.00 01. 18 00.' ..,. 0 ... 4."0 70 ... 

O. 0 "'.9 ... 36 3.6 1 67.8 3.70 59.2 3." 00.8 .. , 
~ 

27.2 ' .OS 0." ... , 6 ... 5 103.2 
O. , 25.4 7."7 6.86 " .0 6.05 00.8 .. , 23.6 0 ." 5 .'" 87.0 , . ., 00.' .. , 21.8 6."0 ' .ro SO.S S ... 83.3 .. , 20.0 '.M 4.61 73.,11 4.77 76.3 4 .02 78.7 .. , 18. 1 6 .31 4 .18 00.' '.33 00.3 ".H 71.5 
O. , 111.2 ".75 3.76 00.0 3.87 61.9 '.00 " .0 .. , 101.3 4. 18 3.30 52.8 3.41 [04.6 3.52 "'.3 .. , 12.3 a .61 3." .. 5.8 2.05 017.2 3." 018.8 

"31 ~ 
10.8 .. ., 3.67 OS., 3.83 61.3 "'8 .,., 

s •• 15.2 01.47 3 .34 "' .. 3.40 M.8 3." 5iU 
"3 13.6 '.00 3.00 48,0 :l.12 49.0 3.25 52.0 ". 12.0 3.&3 3.05 "2." 2.76 44.2 2.87 45.9 
'.3 l OA 3 .05 3.'" 36.8 2.39 ".3 2.49 30.8 
"3 8.' 3.'" " 93 30.9 2.01 32.2 3.00 33.' 

!: 3 

~ 
12.8 3.76 2.75 44.0 2.87 "6.9 300 "S.O • 1 1.3 3.:U 2.43 " .. 3." "0.6 3.'" "2.01 .. 3 0.' 2.86 2. 11 33.8 2.20 35.2 2.30 30.8 .. • 8.2 2.40 1.77 28.3 " SO 30.0 1.03 30.0 

"0 



TDN SION VALUES 

I 
ANGLES 

ALLOWAUW-: TESSION VAI.O&S IN TIlOUSANDS or POUNDS 

Mulmum Fiber SII'OllS. 10000 Pound, per Square Inch - Nn A ... _ &--o.lIoIo DedatUd ... Thick • 

~~ "-. Ji lodo Ri_ ,~ I.oeb. RiTftt )i lodo R.nu , .... - I ... ~. , .... ,-. ,-. ,-. , .... "'- , ..... .... , ..... S_ . ., 0 " 33. 1 0.73 .... 141.6 '.00 143.4 .. • " 31.0 ' .00 .. " 132.3 .. " 134.1 
0, 0 " " .7 8.~", 7.60 123.0 7.78 124.6 .. 0 " 26.6 7.78 7.00 113.4 7. 18 114.0 .. 0 H 21.2 7. 11 0.48 103.7 .... 105.0 .... 100.2 
0, 0 ,'. 21.0 6.43 6.87 ro.O ,." M.O 0.01 00.' .. , ~ 10.0 3 .7G .. " ... G.31 ." 6.37 ... , .. • ,'. 17.2 '.00 4.(,2 73.0 ' .OS 74.9 4.73 76.7 
0, 0 H 14.0 4 .36 3.OS ".7 '.ro .... '.08 08.' .. • " 

..,., 7.08 7. 10 113.6 7.21 113 .4 
0, • " 26.4 7.47 0." 100.0 6.76 108.2 
0, • U 23.6 tl.04 6 . 10 00.' 0." 100.5 

" • " 21.8 0.40 5.71 01.4 '''' ", .. 
0, • H ,.., 0.86 .. " 83.7 6.31 ." 3.30 ".2 

" • ,'. 18. 1 6.3 1 4.76 76.0 4 .82 77.1 4.80 78.2 

" • ~ 16.2 4 .76 4.25 00.' 4.31 00' 4.37 00.0 
0, • ,', 14.3 ... . 18 3.74 60.8 3.80 .... 3.80 (11.0 
0, • ~ 12.3 3.01 3.23 5 1.7 ,." 52.3 ,." bJ.3 

3x3U H 16.8 .... 112 .. ,. 08.0 4.37 00' 4.45 7 1.2 
3:r 3); ,. 16.2 4.47 3.IlI 62.6 3.0S ".7 4.05 .... 
5:r 3 ).i ~ \3.6 ' .00 3.60 56.0 , ... 37.0 , . ., 57.0 
3x3J.i ,'. 12.0 U, '.00 40.4 3 . 15 .. .. ,.,. 5 1.2 
3:r3U H 10.4 3." 2.67 42.7 2.72 43.5 2.77 44.3 
3:r3J.ij • '.7 , ... ,." 36.0 "" , ... 2." 37.3 

" 3 H 15.7 4 .61 3." ".7 .... 00.0 .... 14 "', 
" 

, r. 14.3 4 .18 3 .62 b7.0 3.60 .... 3.76 00.' ., 3 ~ 12.8 3.76 ,." b2.0 3.31 .'" 3.37 03.' 

" 3 ... 11 .3 3.3 1 2 .87 45.0 '.ro 46.0 '.OS 47.7 .. , H ••• 2 .80 2 .48 30.7 "" 40.,5 "'S 41.3 .. , " 
•. , 2.40 ' .00 " .. 2.13 ,U 2.17 34.7 .. • H 16.7 4.61 '.08 ".7 '.00 08.' 4.14 'U .. • ,'. 14.3 4.18 3." 67.9 , ... 39.0 3.7(1 00.' .. • ~ 12.8 3.70 3.2."> b2.0 3.31 .... 3.37 .... .. • ,'. 11 .3 3.3 1 2 .87 43.0 '.ro 4(1.9 ,." 47.7 .. • H ••• '.M 2 .48 39.7 , ... 40.3 '.OS 41.3 .. • .. , .., 2.40 '.00 " .. 2.13 3U 2. 17 ".7 .. • ~ '.0 "" "00 27.0 l. iZ " .. 1.7:\ " .• .. , ~ 11. 1 3." 2.76 44.0 2.81 4b.0 2.81 46.0 .. 3 ,'. , .. 2 .S7 2.43 3S.0 2.49 30.8 "'. 40.6 .. , H ••• 2.48 2 . 10 33.6

1 

2.15 34.4 2." 3:\.2 .. 3 " 7.' '.00 1.78 2S.b 1.82 29.1 "SO 29.8 .. 3 ~ b.8 1.60 I .H 23.0 1.47 23.5 "'. 24.0 

'-----



CARNEO I E STE EL COMPANY 

ANGLES 

AloWWABLE T~N8.ION VAloUES IS TUOUSANDS Of' POUSDS 

Mulmnm Ftber 8tre.. 16000 Pound, per Squaro I ,,,:h 

.... ..... 

'~"~ , '" 
3~:r3 
3 :r3 

T' 3 :r3 , " 

T' 3 ' x :I 
3 :r:l 
:I :r 3 
3 :r 3 

r~ 3 -"2 
3 :r2 
:I -"2 
3 ;li:r2 

, • , , • , , • , , • , , • , 
, :r2}i , 

:r2tj , ", ' 

~ ~:i~ I H1:i ~ 
2 )ix 2 
2' , :r 2 
2 g X 2 , ., 
, " , " " , , " , 
" ~ '" 2 -"I;li 

~;._~ I 
, .... i'oudlt I 

H 13.6 

~ 
12. ~ 
11.1 ••• '" ", 

II '" 

~ 
10.2 

•• • , .. 
"" 6. ·1 

~ 
... 
8.3 
7.2 
0. ' ••• 

~ 
... 

I 
1"-:1 
7.2 
0.' ••• 

~ 
6. I , .. ., , 

~ " , .. ... ., 3.0. 

~ 
6.3 .. , 
3.fil 
2.76 

~ 
.., 
3.92 
:1.111 
2.44 

Jl 3.39 
2.77 • 2.12 

3.08 
3.62 

'" 2.t;7 
2.4~ 
2.00 

' '''' 
3.00 
2.M 
2.30 
1.113 
Uj6 

2.76 
2.43 
2. 11 
1.711 
1..1·' 

2.75 
2 .-1 3 
2. 11 
1.711 
1.4·1 

'" I.G~ 
1.3 1 

1.73 
1.47 
I.UI 
0.00 

L" 1.31 
LOO 
0.1:11 

1.36 
1.15 
O,O~ 
0 .• 1 

LOO 
0 .11 1 
0 .G2 

• 

SH A __ a.ad s---oa. nolo D!d .. 1«1 , 
Ji IDtil R' ..... 

I 
, . bob Ri.-ell 

, 
~ loeb 1li1"Oll 

,-. s_ ,-. s_ ,- 5, ..... ....... , ..... . .... 
---

3.35 53.6 3.~3 ", 3.51 56.2 
3.00 49.0 3.13 W .• 3.:ltl 51.2 
2 .• 6 H .O 2.81 450 2.1>7 45.0 
2-4:1 3..'1.9 2.49 39.8 2.5 1 40.6 
2. 10 3:1.6 :U5 34.4 ,,. 3:; .2 
1.78 2->!a 1.$2 " .. ' '''' 29.1:1 
1.4.1 2:1.0 1.4. 23.a 1.00 " .. 
,.W 40,0 ,,. 41.0 2.62 oil. \) 
2 .21 35,4 2.2. 36.3 2.32 3 •. 1 
1.\)2 30.7 Ul7 :11 .6 '.00 32.3 
1.62 2:;.9 ' ''' 26.6 1..0 2 •. 2 
1.31 21.0 1.:14 21.4 1.37 21.1) 

2.25 3l1,0 2.31 3 •. 0 2.3. 3 •. 0 
I.9'J 31.1:1 2.0:; 32 ,8 2.10 33.6 
1.73 2'.7 1.78 28.6 1.83 21).:1 
1.·17 2-1.5 I.t.l 24.2 1.5t. 2U~ 
1.111 10.0 1.22 19.6 1.2a 20.0 

2.25 36.0 2.3 1 37.0 2.3. 37.9 
I.II'J 31.8 2.0:; 32.8 2.10 sa.O 
1.73 2 • .• 1 .• 8 2:s.a .1.83 " ., 
1.4. 23,6 1.6 1 24.2 1.1;5 24.8 
1.19 19.0 1.22 19.5 1.25 " .. 
". 216 1.50 2.>.4 '''' 26.2 
1 :11 21,0 1.35 21.6 1.39 22.2 
'00 1 • . 0 '''' 17.4 1.12 1 •. 9 

1.40 

I 
22.4 1.46 23.2 

I. ~>(l 10,2 1.24 10.8 
0.9. 15.a '00 16.0 
0.74 11.8 0 .• 6 12.2 

1.22 19.5 1.27 ,.., ... 16.6 ,OS 17.3 
o~, 13.4 0.$. 13.n 
' .M 10.4 0.67 10.7 

, OS 17.3 
0.92 H .• o.;r, 12.0 
0 .57 ••• 
0.77 12.3 
0 .62 09 
0.48 ,., 

222 



11lNSIQ N VA L U =. C' _____ _ 

BARS 

UOUND lIAIlS SQUAUE BAliS 

~ OM 

1,;";1 till' 

"'.;p, ft.2i .... S_ 

,:" "1f" S~ ,-. "'<!PI 'b:" .. ,. , .... , ....... ..7.i< ....... .. s::. ,- .. 
S<i~ .. ~ 
''''' , .. , .. 

0.0 12 0.0-12 0' 0.3 Ii 0.016 0.= 0.3 
0.028 0."" 0.' 0.0 O.OJ.5 0.119 0.' 
0.0-19 0. 11l1 0.8 0.0 O.ooa 0.212 0.0 

0,017 0261 0.' I. ... ~ 
0._ 0.333 LO 

0 . 110 0,a7.5 L' 2,2 0.141 0.478 '3 
0,150 0 . .511 2.'1 3.0 ~ 0. 191 0.001 3. 1 
0.100 0.007 3.1 3 .U 0 .2.50 0 .1150 '.0 

0.249 0.&1<0 '.0 0.0 ~ 0.31G 0. .. <0. 1 
0.ao7 1.0 1 '.0 0.' 0.391 1.33 6 .3 
0.a1 1 1.20 '.0 , .. 

~! 0.473 1.01 ' .0 
0.4 12 1.50 U '.8 0.= 1.91 0.0 

0.Gl9 1.76 8.3 10.4 

h 
.... oo 2.25 10.6 

0.00 1 2.0~ 0.0 12.0 0.766 'OO 12.3 
O.lloo 2.3.5 11 .0 l a.s 0.819 '.00 14 .1 
0 .785 2.67 12.0 1.5.7 • 0." 3.40 10.0 

0.881 3.0 1 14,2 17.7 : ~ 1.13 3." 18.1 
0.'" 3.38 16.0 19.9 1.21 '.30 20.3 
1. 11 3.77 11.1 222 " 1.41 ." 22.1l 
1.23 4. 17 HI.6 2·1.6 ". 0." 6.31 2(;.0 

1.35 ' .00 2 1.6 21. 1 l ~ 1.72 5.86 27.1l 
1.4g 0.00 23.8 20.' I.S0 6.43 ao.3 
1.112 .5.52 2U,0 32,.5 

l ~ 
2.07 ,.ro "". 

1.77 6 .01 2'1.3 36.3 2.25 '.M 30.0 

0.'" 0 • .52 30.7 "' .. 1(. 2.41 S.30 39.1 
2.07 7.0:> 33.2 41.1. 2.64 S." 42.3 
2.2-1 ' .00 3 ... 14.7 h! 2 .8.5 '.OS 45.6 
2.~ 1 ... as.5 ~S.I 3.00 10.41 "9.0 

2.f>8 ." ~1 .3 IH .O m 3.29 11.17 .52.6 
2,70 9.39 4t.2 "., 3.52 11.95 00.3 
2,M 1O.0'.! 47.2 69.0 '" ;1.15 12.7t1 00.' 
J.I" 10.68 .50.3 62.S , '.00 13.60 ".0 
3.3-1 11.36 .'.:1.6 00.' 00, t.25 ' 1-1.46 .... 
3.a:. 12.00 M.' 10.9 2 ~. 4.:>2 1.5.35 72.3 
3.76 12.7g .... 76 .2 2(" 4.79 16.27 76.6 
3.0S 13.62 63.6 19.6 2,~ '.00 17.22 SI.O 

'.20 11.Zl> 117.2 ".0 i~ 5.35 18.19 80.0 
I,U U.07 70.9 ".0 , ... 19.18 003 
4.61 1:>.1«> H.7 ru.3 , , "'.9·1 W.W 95. 1 
un 16 69 19 . .5 OS.2 2\-i 11.2.5 21.25 100.0 

; •. 16 17,5.3 82.6 103.1 , " 0.51 22.33 10.5,1 
5.41 IIHO "'.0 108,2 2 !--a 0.100 23.43 110.3 
5.67 19.29 00.' 113.5 'U 7.22 24 .511 11 5.6 
1:..11·1 20,20 9:1,0 II S,g , 7.00 25.71 121.0 

1121 2112 (KH 124 .:1 'I' 7.91 26.00 126.6 
0,49 2207 l o;UI 129.8 2~ 8,21 28.10 132.3 
(l7t! 2J.O I 168, \ 131i.6 21 . •. " 29.34 138. 1 
7.07 2 1.(1:\ 113,1 H 1.4 " '.00 30.GO 144.0 

'" 

0.3 ,., 
1.3 

'0 
2.8 
' .S 
M 

" " ,., 
11.3 

13.2 
11\,3 
17.6 
20.0 

22.6 
25.3 
28.2 
3 1.3 

.U 
31.8 
41.3 
4[,.0 

48,8 
.52.8 
57.0 
6 l.3 

M.' 
70.3 
15.1 
".0 .. .. 
00.3 
95.1 

10 1.3 

107.0 
112.S 
II S.S 
125,0 

131.3 
137.8 
144.6 
1[,1.3 

If>8.2 
165.3 
172.6 
180.0 



CARNEO I Il. ST EE L COM PANY 

GHI LLAGE FOUNDATIONS 

Grmq~ Unm.. In the design of foundations for columns, piers 
and \mlls , provision must be mude for the uniform distribution of 
the 10'11.1 O\'er the footing. T his is best done by the usc of 1\ grilbge 
of stccl b(,:\llls 1\nJ concrete. This method of construction elbnin
ates deep excavalionll and large i01UI/!('S of mnsonry 1\nd is, ~herefore, 
truly economical. For heavy loads on !lOils of s lllall bellring 
capacity, three tiel'1l of beams Illay be nCCCSllaryj while for lighter 
loads or belter lIOils ~wo tiers, or even one, may suffice. 

The lower tier should rest upon lI!lOlid bed ofeoncrcte or~uflident 
thick ness to Jistribute the load to the !lOil. Good practice rt'{luin:s 
the spacell betwccn the beams in all the tiers to be filled with , and 
t hc bcams cncloscd in, concrete not ie!!JI than four inches thick. 

The clear distance between the flangu of the beams in each tier 
should not bc lellS than 214 inches, nor more than lhrcelimCII thc 
fbngc width. The fil'1lt requircment is necessary to f>ertnit the 
introduction lind proper tllmping of the concrete, the second, to 
insure uniform distribution of the load. When scparators are used 
to hold the b('lIms in position, they should bcofgns pi pe, u.s enst iron 
separators tend to break t he conti nuity of the concrete. Grit lrige 
beams should not be painted, ns concrete dOCll 1I0t udhere well to 
painted surfaces but is itsclf all excdlcnt pl'CIlen'ativc of stccl. 

To determine the area in S(luare fee~ re(luircd for the foundation, 
dh'idc the total lond on the column, pier or walt by the allownble 
Il rCSllure per S(luare foot on the soil. This gives the nr(,ll of the 
footing, the shape of whieh is determined by locnl condit iolls. On 
t he assumption tha~ the loads on the soil arc unifo rmly distributed, 
the number, size and weight of the b('11I1I8 r('quired are determi ned 
from the maximum bending moment, the maximum shear, or the 
muximum web re~istanee to buckling, Ill! follows:-Let 

W- Totalload on the foundation, in pounds. 
L -. L-. . .::!::'....;.._ .•. ____ T ..... L - Length of be:UII, In feet. 

i i: "\ : a - Length of loaded portion, in feel. I ;; I :1 :·~fc~~:~ ~a~nil:: \~~~~'n inches. 
jiillliiiJ 11111 iidiilrlii II -=Xu mber of beams in II. tier . .. -·-------lr--- ----.~ fb- Attowublc unit web buckling resistance. 

The maximu m bending moment occurs nt the center of the beam 
and is equal in foot pounds to W (L-&) ... 8j this fonnulu is 
identical with the formuln of maximUIll bending mom('nt for a 
beam of length (t.-.) under n uniformly distributed load, w. 

The proper size of beam in any tier IlS regards Hexure at n fiber 
stre8l! of 16,000 pOIJ Il(b per S{lullr(l inch ilIay be found ill the bcnm 

,,. 
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GRILLAO E FO UNDATIO NS 

safe load lable fo r the length oorrcs]x)IIding to (lr-a), by dividing 
the to1nl l08d by the number of beam.!!. 

Or may be found from the table of maximum bending moments, 
by di\"idillg t he total bending moment by the number of beams; 

Or fro m the table of properties, by dividing by the nu mber of 
beams in the tier the total section modulus required, which 
, I 3 W ( 1. __ ) 

19 equll to 3Z,QOO 

Kote, however, that the load on the beam fo r any span must not 
exceed the maximu m \.3bubr safe load for shear. 

T he mn:dmum vertical shear occurs at the edge of the column 

base or at a distance in feel of 1.;& from each end of th(: beam and 

is cquailO ~ x 1.;--

Web thieknC8ll, t, to reeist llv('ragc shcm- ~~ It " ;" x n 1(1 ,110,000 

O I ' I I W I. - a I h' I r, tlCfl.VCragc ycrtH~a 1111)111- L X -,-" n l(h~ ,W ICI must not 

cxct:W 10,000 pounds per square inch. 
The maximulll buckling stre811 occurs on a length in inches of 

1211+ d / 2 tlnd is equtll in tottl l per linetll inch of web to 12.'!di2. 

The required thicknc811 of web, t, to rcsist buckli ng= 
w 

O& ( 12. + d2)db. 

Or the tlvertlgc web rcsisltlnce per square inch to buckli ng= 
w 

1I 1 (12 .. + d /2) .t which must 1I0t exeeed the tabular values for 
t he allowable buckling resisttlnce 01\ benm webs. 

Railed SI ... I Sla..... To distribute the 10:1ds from columns ovcr 
girders, grillage bea ms, etc., solid slabs of rolled steel lI\ay be 
advtlnttlgcous ly used in lhc place of cast iron or riveted steel bases, 
e tc. The size of the sbb is usually fixed by the dimensions of ·the 
column tlnd its thickne811 is determined from the maximum bcnding 
mOIllt'llt , on the assUlllption of uniform loading, as followlI ;-Let 

[2]
-'1' W_ Totalload, in j)Ounds. 

D 
'i,.',' A _ Width of slnb, in inches . 

.,. B _ Length of slnb, in inches . 
. ~ , 

; : t _ Thickness of slab, in inchca. 
, - ---~ flo - OuUlide dimen,ion of column, in inches. 

t ~_ •. ~ : 
~--'--A'---'; b - OuUlidc dimcnsion of column, in inehca. 

T he maximum bendi ng momeut will oceur a t the center of the 
, I ' 'I d W fA a ) W (n -b) d 
, ~[ab and equa s, 111 lII C I ])Oun s, Ii or Ii ,an at a 

fiber streSs of 16,000 l)Oullds I»cr S(luarc inch, the required thickne83 
of slab t <= ... 13W {A a\ _ , / :Jw ru b) 

" V IH,OOO 8 or " 6,1,000 A 
----------' ,,, 



CARNEale STUl L CO MPANY 

' . .-..... ' ... 

Steel Slab 36"x lIi"x« 

4-2C90 ib. Beam. lO~$"1oaa' 

E x ..... u: Uoqulrod to design a grUlf.gO found lltion for & column load of 
I,().IO.OOO pOund, on .011 wIth .n . 1I0 .... bkl I.>eariDg capacity of 6,000 IlOunds 
per lIQu.ro tOOt. CoLumn oomp(lOlf)d Df I .... eb pl.te. ,-I" l[ ~", 4 flanso.ngies, 
6" x -I" x ~" .nd 4 n"ngo pl"tcfI. 14" X h", outslde dlmcwdolUl '4" x 18", 

Itequirod r.ror. of footing= I.()IO,OOO+ 6,~J73.33 flqU&rll foot. 
U ..... "rea 12' 0" It 16' 0" = 180 flqUIU"(l foot. 
A."!Sumo 3' 0" IIIIUaN:! .. tho d imensions of tho rolled ~t<lCL ,Inb or column 

b MO nnd allow 0" for ooncrote on the .Ides fon d ends of be"ms. thon tho dhnen
. Ions of t ho steel gr ll l"r;o will be 10' 6" x 13' (l". concreto beln!! _umod of 
.umc1ent lhlckn(lll8 and stI"Cngth to dllltrihutoto the edg(Ji:. 

Rolled Steel SI.b 

-hl~kn~ ........ ulrod t _ ... 13 x i.(HO.OOO % 22 _ 6•46 In . 
• ~ ~...... ,~ " 6-1 .000 %36 

U~ 'W'. -.---J 
,,, 
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GRILLAGE FOUNDATIONS 

Beams-Section Modulus Method. 

Bottom tier-L=13.5 feet; = 3.0 feet. 

Required total section modulus, S, 3 x 1.040,000 x 10.5 
32,000 

1,023.75 In.-

Use 13-15" 60 lb. beams-Total section modulu=I,055,6 in.3 

A h 1,040,000 10.5 1 3 515lb . 
verage s ea= 13.5 x -2- x 13 x 15 x .59 =, s. per sq. m. 

Average buckling stre= 13 I~Oi~:~O~ .59 =3,120 lbs. per sq. in. 

Top tier-L=1O.5 feet; =3.0 feet. 

Required total section modulus, S, 3 x 1'034~ggg x 7.5 =731.25 in .• 

Use 4--24" 90 lb. beams- Total section modulu=746.0 in.-

A h 1,040,000 7.5 1 6 40lb i verage sear 10.5 x -2- x 4 x 24 x .63 = ,I s. per sq. n. 

A b ' kl' t 1.040,000 =8 600 lb . verage uc mg s re= 4 x 48 x .63 - , s. per sq. m. 

Plate Girder Grillage Foundations. In those cases where columns carry 
very heavy loads, plate girders are used for the top tier of the 
grillage rather than beams. In the case of symmetricalfoundations, 
the method of computation is the same as has already been illus
trated in the case of beams. The following example indicates the 
procedure in the quite frequent case of unsymmetrical loading 
conditions; 

840,000 pounds 1,2S0,OOO pounds 
"'~~-s;,-----------------20~0~-----------------F-=--8~ 

. 2'-s'l , .. ,.. ' , 
TJ-4-&'---! 2 Plate Girders r----·5-&-~~,-lT 

- 'I I 5'14 I 

4----4 ~ O'! __ ~ __ --4'-O!'---J 

Make up of 1 Plate Girder 
4 Flange Angles 6 x 4 x % 
2 Flange Plates 14 x % 
1 Web Plate 36 x Yo 
2 Web Reinf. Plates % thick, 

each end between Flange 
Angles 

2 Web Reinf. Plates % thick,' 
each end over Flange Angles 

Stiffener Angl .. 5 x 8 V. x V. 
Tie Angles 5 x 3 V. x V. 

l.---- -·6 c O~-----""'-----6c O'~-- ---..: 

Wall Column 14" 

' .~ 

~ - - -- - - "l C 0"---- --_ ------7c O~-------.J 
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CARNEGIE STEEL COMPANY 

EXAMPLE:-Required to design a grillago foundation under an exterior or 
wall column carrying a load of 840.000 pounds. and an interior column with 
a load of 1.260.000 pounds. on soil with an allowable bearing capacity of 
8.000 pounds p er square foo t. 

Required footing area of wall column 

Use area 8' 0" x 14' 0"= 112 square feet. 

Required area of interior column tooting 

Use area 12' 0" x 14' 0"= 168 square feet. 

....!:8::;4~0!.'.0~0~0~=105 square feet. 
8.000 

1.260.000 =157.5 square teet. 
8.000 

With these dimensions and areas, the load on the soil will be uniform at 
7.500 pounds per square foot. and the footings the same width, both of which 
are desirable from the standpoint of unUorm settlement. 

Rolled Steel Slabs for Column Footings: Assume a width of 30" and a 
length of 32". then the required thickness will be as follows:-

Wall column. t = " 13 x 840.000 x (32 - 14) 486 in . use 5" 
." 64.000 x 30 ..• . 

Interior column t = " 13 x 1.260.000 x (32 - 16) = 561 in . use 5u" 
.." 64.000 x 30 ... 74 • 

Plate Girders: Maximum bending moment occurs at the inner beams of 
the respective footings. and is equal to the load on the column multiplied by the 
distance of its center from the center of moments . 

)'.1 max. from wall column = 840.000 x 2' 6"=2.100.000 foot pounds. 
M max. from interior column=1.260.000 x l' 8"=2.100.000 foot pounds. 

Required section modulus of two girder= 2.10~6~ggox 12 =1.575.0 in ." 

Select from girder safe load table. page 244. two girders composed each of 
1 web plate 36" x )1 ". 4 angles 6" x 4" x %". and 2 flange plates 14" x %":
Total section modulus. S= 2 x 792.3= 1.584.6 in.-

Maximum shear occurs at thc inside edge of the steel slab under the interior 
column. and is equal in total for the two girders to the load carried by the 
portion of the footing between that point and the inside edge of the footing. 

or 1.260·fgg x 68 =680.000 or 340.000 pounds per girder. 

At 10.000 pounds per square inch. the 36" x )1" plate girder web is good for 
180.000 pounds: thercfore. it is necessary to use reinforcing web plates where 
the shear exceeds that amoun t . 

Beams. Lower Tier. Interior Column: 

Required total section modulus. S. = 3 x 1.2:g:ggg x 9.67 1.142.3 in .• 

Use 13-18" 55 lb. beams - Total section modulus = 1.149.2 in.s 

Avera!!e shear = 1.260.000 x 9.67 x 1 4 520lb i ~ 12.5 2 13 x 18 x .46 • s. per sq. n. 

A b kli t 1.260.000 4 900 Ib in verage uc ' ng s ress = 13 x 43 x .46 • s. per sq. • 

For exterior column use 9-18" 55 lb. beams. 

N oTE.-In order to facilitate manufacture and shipment, it is 
desirable to use for the entire foundation as few sizes and weights 
of beams as possible, and the rolled steel slabs should be of the 
same thickness or at least of as few thicknesses as really convenient. 
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O IlU)ER.S 

RlVETED BEAM AND PI.,ATE GIRDERS 

'Where single rolled beams arc insufficient to carry the loads, the 
required eap,.eity may be swured by fabrication in various methods. 

Two beams can be used, connected together by bolts find separa
tOfS. The total strength of these is twice that of the single beam 
of the same depth and weight. Care should be taken, howevef, to 
!;w that the loads arc applied on them equally, and where it is 
necessary fOf the beams to act as a unit, theseparators should be of 
plates and angles and not of cast iron. If the loading is not uniform 
on the two sections, their strength must be computed separately. 

T he usc of single beam girders with phtes top and bottom to 
sustain a given load is often more economical in material than the 
use of two beams connected by bali>! lind separators. 

Box girders formed of two beams with flange plates riveted thereto 
arc often used for supporting illtcrior walls in buildings. They 
are not, however, as economical in material flS single beams with 
flange plates or plate girders. Their interior surfaces do not admit 
of repainting and t.hey should, therefore, not be used in exposed 
plnees. 

The most economical section to sustain heavy loads is the single 
web plate girder and it is sufficient fo r all ordinary purposes. When 
not so, two single web plate girders may be used, together with tic 
plates extending clear across the angles, or box girdcrs may be 
made of four flnnge :Ingles, two web plates and top and botlom 
flange plates. In case there is unequal distribution of the load, 
the two girders or half girders must be figured ilS sepamte units. 

] n the design of beam or plate girders, cafe must be taken to sec 
thnt the web is of sufficient. thickness to resist buckling stress and, 
thereforc, attention is called to the eonstfuetion specifications and 
to the rcmarks made on page 180 as to shcaring stresses in generaL 

The tables which follow givc first, a selected line of fiveted beam 
girders of npproxim.'l.tciy twice the carrying capacity of the singlc 
beams of which the scctions are built; second, a ~clecled line of 
r iveted plate girders of various depths and carrying capacities such 
as arc customary in building work; third, clements of riveted platc 
girders of various depths from which it is posaible to select econom· 
ical sections for almost any ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds uniformlydistributcd. 

In accordanec with the construction specifications, t hese girder 
tables are based upon the section modulus of tho gross area of the 
section, with bending stress allowed at Hi,OOO pounds per square inch. 

n, 
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CA R-NEO I E STEEL COMPANY 

RlVETED BEAM GIRDERS 

ALLOWABLE UNIYOU).! LoAD IN 'l'uOUSANDS OF P OUNDS 

Maximum Bending Str~ 16000 Poundo Il(!r Square Inch 

:-- 12" -~ ~-- 12"- • r-- 1O"·-1 , ··- IO~··-, 

I 'x 
, II ~I- ~ I I .~ 1 I .' gs - -- f" ~- " --
! T ~ 

S .... .. .. . . L ~ 
;. 

l-lleam 27"18:111;: l·&.m 24''%8(111)0 I-Beam 24"%~!1;: I-ne.m 20"d10 lbo. • 
F~ t-Plat<ll 12"1" " 2-Plateo 12"xU" Z-PIaWll IO"IIi" 2-PL.Ieo IO"xli" • " I 1_- 1_- 1_- 1_-

~. ~~e ~. in Sal. , , , , ....... , 
s.<. Yi. I~b .... "".I",,b .... ro" I"'" "', fo°locb ....... I.- ...... 1_- ....... -- ....... 

~ " ~f:= ~~ ~iE ", 
",~ "'~ Pial .. 

• 

<0 '" 15.2 270 12.3 ,~ 10.1 ,.. S .. 3.72 

" '" 14,3 
~ 

] 1.11 ,,, , .. I" , .• 4.24 

" "" 13.4 10.0 "8 , .. I SO , .. 4 .78 

" 
,,, 12.7 ,,, 10.3 '" S .• I " '-0 5.36 

" "" 12,0 '" .. , m S .• '" ••• 5.08 

" I~ 11.4 ,"" .. , .oS ,., <03 '.3 6.62 

" '" 10.0 193 S.S 100 ,., 
'" ••• '.30 

" '" 10.4 , .. S .• <03 '.0 '" ,., 8.01 

" '" 0.0 '" S .• '" ••• 183 '-' 8.76 

" '" 0' '00 ,., I" '.3 '" '.3 9.53 

" '00 •. , ,os '-' '" ,., '" , .. 10.3.5 

" 183 S.S ,SO ,., '" '.0 "8 ' .S n.IO 

" '" 8" <0' '.8 '" , .. '" ., 12.07 

" '" S., '" 6.S '80 SA 100 .. , 12.98 ,. "" , .• ,,, ,.. '" ., 10' ' .3 13.02 
30 169 ,., 136 ,., II' ,., "" 

.., 14.90 

" ' 63 , .. ,,, ••• 100 ' .0 00 .. , 16.IH 

" '" ,., '" '.S '05 '.S 00 " 16.95 

" '" , .• '" •. , '" .. , " 3S 18.03 

" '" ,., ". , .. 00 .. , 00 3.7 nUl 

" ". M '" '3 00 ' .3 " , .. "." ..... 42.41 i""b"" 41.32 inc~ $.82iDth ... 3$.73 i",W 

S~ H6.0 illOh" 380.0 jilt"""" 315.6 i""",*" 288.1 incboo* 
W , IU.2 lb.. ptr £I. Hl.~ lbo.pu ft. I2U lbo. pu II.. lal.O n. .. pu It. 

. 8&1. Jc.dI above hori..,lIIal line. u.-:l the ..... w.re of the '11th .Dd ,irdon Mould bo 
provid«l .ilh l ti! . ..... ; 101 ]jllUtilli OOM,tlcma,..e upWy,1Oty lICIt.., pap 180 "'"" ope<iE<abOllA, 
_ 128. 

Weia:htl linn lot &irdon do _ iDdIide lti!enen, rivel. heidi or oCher det&ill.. 
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QJR.OERS 

RIVETED BEAM GIItDEHS-Concludcd 

ALI.ow~uJ.l': UNIIIORM LoAD IN TUOUSANDS OF P OUNDS 

Mulmum lknd11\l St ..... 10000 I'ouuct. per Squaro Inch 

'I 
. .~~-.. .--$".~ ~·-8· .-~ 

'~I '1 ']E 
, 

.,; . -, . . -
i i I r J ' . L. .. ' . 
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I~ I- I- 1- j 
~t ~e '.!We 

~r' \,. I.!.. """ f • f .... lh lodl .... .... ~~ ... . ~.:.!:!' """ ~r 
1-<. 1- """ ""'" 

'E: ~~= ~i~ ~i; 
"'* ,"* 1'10_ 1'10_ 

" 2S1 12.7 "'" 10.3 170 '" '" , .• 1.00 
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... "" U ", •. , '.00 
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" ... '.SO .. '" 0.' ... 7.4 '" • •• .. ,., .." 

" '" •. , '" 0.' '" ,., " '-' 3.72 

" ." ••• '" ... '00 6.3 n ••• 4.24 

" ." ,., . " ••• ' 00 6.0 " ... 4 .78 

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

" .. , 6.36 

" "" .. , 103 " 00 ... " .. , .... .. IZS ••• " ,., " '.3 " "-' "" " . " '. 1 '" .. , " ' .0 " , .. , .SO 

" ". , .• " .. , " 3.' " 3.6 8.01 

'" ." M " 
.., 

" "-' " "-" 8.76 

" ." ,., " .. , " 3.' " 
.., ,." 

'" • 00 '.1 " ••• 68 , .. " ••• 10.36 

26 " '.0 " ••• 60 3.' " " 11.1 {l 

" '" .. , n ,. '" 3.' .. , .. 12.07 

" 00 ••• " "-' " 3.0 .. ,., 12.{lS 

'" " ••• 68 " " '.0 ., ,., 13.{l2 
30 ,. .., 

" 
,.. 

" , .• .. '-' 14.00 

"'" 3i..58 i ....... n,18 ''''''-'' 28.02' ...... 20.48,......., 

8~ m.2' ..... lI.n i ... ,*" l.w.$ ,,,,,,*" 115.3 ioocllul 
W • IOU lba. "edt. • 3.3 lba. "'" It. tu IbL"",ll . &11.2 lba. ptr It. 

Safe Iooodo ' 00 .... horiooaw li_ exooed the ~ 01 It.. 'ftb . Dd li rd ... abould be 
_idod ori!b otill_IQtliIllJU"I ~,tiou, ... upl&"'1QrJ -. _ ISO.ADd 'P'Oi8.0f0\.lODt, 
_128. 

lI'oi&!>lIli_IQt lirdll"l do DOl 'lIIIlkideuilloam, ,,"", bMdlI or o\bef deWt.. 
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CARN EO I !; ST EEL COMPA N Y 

RIVETED PLATE GIRDERS 

SAFE LoADS I N TUOUSANDI!I 0" POUNDS UN I FOlUI LY DISTRIBUTED 

Maslmum 800dlng 8t ......... 16000 Poued. Per Square I~h 

'''' . Dlmcnslor.l!Iln InchO'l '8 
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~e 1...&0 .bo~. hOti..,.,tal.li .... u.-l tbe ."" ~ o.od Ii""'" ohould "" p.....MI«l 
.itll rWr ...... ; lOt "",it" .. OO""UIO ..... _ upla""tory 110\81, pap22t,ond rp«i6catlOal, _ e 128. 

"".,;pta ci'l'1lD lOt ,i>den do !lOt l".hldc d ....... rint beado, Or other deta.i1L 
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O I R. DERS 

r- lUVETED PLATE GIRDEUS-Continued 

I SA'., I...oADS I S T UOU8ASDS or I'OUSI)8 USI I'Qru.t LY DISTRlaUT£D 

Maximum Scndl ... 8'''', 16000 Pounct. Per Square Inch 
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CA~NEQ I E STEEL COMPANY 

RIVETED Pl,,\TE CIRDERS-Concludod 

l .oAD8 I:.' TllOU8A:.'DS OF P OUNDS UNU"OIUILY DISTRIBUTED 

M ulmuru Dendi", 8tn.. 10000 Pounds Per Square Ineh 
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O IROIlRS 

RIVETED P LATE GIRDERS 

To obtain ... girder luitable to carry any lpedned 

i""O. p loading, determine the maximum end reaction in pound _ 
&.lid tho mUJmum bending moment In Inch-pounds. , 

Select. from tho tahle ... girder having tbe dll&lred , 
~! deptb . a tWck..- of .... eb ... delermlned by tbe m.a:rlmum 
.: . L~ - ' . end reaction and a l ultabl" IJOCtlon modulWl ... det.:':r-.' mIned bydl"ldlns lbe bending moment by Ihe permissible .: Itn:. per «Juan) Inch. 

' ! .-or IImlUng oondltlonB _ CJ:pLa.nat.ory 1lO1A'lI. paso 

i ~ 
229. and lpeo:Hlcatlon, . pase 128. 

Welghta Wlvco do DOt Include stlUeners, rl,·et hoadl. ... or other detail •. 

W.;pl per Fooi, !.I.orim ..... ..... Siae ia l ochet ,.,." "'" Modul ... ..... 
Web Plate ;, 

A1io I_I. w •• -. "- . .. "'~. """'"" ,- r." A",let ".~ .- P.~ " ,- ""' ... 
136.6 4 x :J x H 59.5 00.6 
168.6 4X :J lIH 69.9 "'., 
19S.7 5x:JHxH 79.9 "'., 
236. 1 24 x '!o\. haHlI'i 92.1 ,Q.6 
238.0 5x3loixloi 1211 J.i 79.9 40.S "'., 
372.9 5x3JoixJoi 1211 'i 79.9 5 1.0 "'., 
408.5 5x3Joix 'i 12x H 92.7 61.0 , ... 
142.5 411 3 x U ... , 00.8 
HIS.5 SlI3H x H 72.2 ... 8 
174.5 ~x 3 xJ.i 75.0 00.8 ,..., 4x 3 xH 8M 00.8 ,..., 5 113}illloi 8M 00.8 

• 
U2.0 ,. ... 5x3,hxH 97.8 00.8 
270.9 5lE3loixU 1211 U 72.2 "'., ... 8 "'.., h3Joidi 1211 )i 72.2 <02 OOA 
3-13.6 5x3Joill)i 12 II loi 85.0 40.8 00.8 
378.5 5x 3JoixJoi 12x H 8M 51.0 60.8 
4 14. 1 5l13JoixH; 1211H 97.8 51.0 00.8 

151.6 4X 311U 61.6 "'., 
176.8 5l13~lIU 6\1.2 M.' 186.6 4X 3 xloi 72.0 M.' 
201.2 6x 4 xH 76.8 M.' 
2 19.6 6 l13)ixJ.i 82.0 M.' 
252.0 611 4 1IJ.i 'H 56.3 
200.7 513J.iIH ".8 ,.., 
291.3 26 lE Vi. 6 x3)ix U 12 11 '"' 00.' ,.., 56.3 
30 1.0 ,. .l lEU 107.6 , ... 
329.5 6lE3}ixH ]2 II loi GIl.' 40.8 66.3 
334.8 611 4 x,", ]~x ,", 76.S 35.7 56.3 
370.7 5x3J.illJoi 12 x )ojj 82.0 40.8 66.3 
379.4 6x ~ I ,", t 4 X )ojj 76.8 47.6 56.3 
408.6 6lE3)ojjx)ojj 1211 H S2.0 6 1.0 66.3 
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472.7 Z(I I m. 611 .. x!i Hx ~ 92 .• 59.5 "' .• 
619.5 .. " H 14", ,,, 107.6 .J.> " .• ""., 611 .. xh 1 .. I '" 107.6 .71." " .. 
\68.5 .. X :I xh 67.2 67.:; 
183.8 6x:JJ,ixH: 74.S 61.5 
103.11 <Ix :I x Ji 77.6 67.5 

""U 6x .. " h 82.4. 67.5 
226.6 4>1: 3 I S S7.G 61.1I 
226.0 5x3}ix \.i 81.6 67.6 
2"8.0 Ox .. x J.i 98.0 67.G 
267.6 lIx:"jli"h 1000A 67..5 
208.0 6x:lJ,ix h 12 x !i 14.8 30.6 67.6 
301.0 6x " x'" 1 13.2 67.6 
336.2 5x3J.idi 12 X J.i 74.8 40,S 67.6 
341.6 26 I H 6x ;\ x h 14 x h 82.4 35.1 67.5 
a.YI.4 6x .. x" 121.6 6 7.5 
377.4 51l :n s:o: J.i 12xJ.i 87.6 40.8 67.5 
386. ' ox .. xh 14 " J.i 

,,.. 
41.6 67.5 

415.2 5x3j.i"x J.i 12x h 87.6 51.0 67.5 
"M. l 6x " llJ.i IIxJ.i 08.0 47.6 61.,5 
4M . .5 .5lf3\ix h 12" ", 100." 51.0 67.5 
410.3 Ox 4 "Ji 14Ih 00.0 :>9.3 67.[> 
626. 1 .. .. ~ 14 X Ii 113.2 fill.3 67.3 "' .. o. " H 14xU 113.2 71.4 67.5 
613.9 •• "K 11 x '"' 

127.0 71.4 67.5 

""'., .. 3 xU I 83.' 78.8 
233.4 4x 3 x H 03.' 7&.8 =., 6x3~x~ 03.' '" 26.5.8 6)[ 4 xli 100.5 78.8 
274.6 6x3"x ti 103.9 78.8 
311.8 6x 4 xti 118.7 '" 361.3 6x 4 x~t 133.1 78.8 
.... 0 20)[~. 6x3!1x li 12 x li 03.' 40.8 78.8 
421.8 6x3~ix '" 12" ti 93.1 61.0 78.8 
441.7 6x 4 "li l<lxU 100.5 47.6 "'J 46l.1 6"3'-ixU 12 x ti 100.9 51.0 78.8 
483.0 6x 4 "J.i 1<1 X ti 100.3 59.5 78.8 
632.7 0. " xti 14 X ti 118.7 39.3 78.8 
1176.6 0. 4 x tii 14 X U 118.7 71.4 78.8 
62().6 0. .. ~ 14 X U 133. 1 7 1.4 78.8 • 
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26-&. 1 6x " xJ.i OM "'.3 
2.3.2 .5x3}i:x J, IN.9 56.3 
W.., 5x3}i:xJj 12 x J{ 70.3 W.' '" 3 1.5.3 Ox" x h IOS.7 56.3 
34·1.2 .5x3~xh 12 x J1 70.3 40.S ".3 
349.8 27 x~. . .. . ~ II x ,", 77.9 '" "'.3 
387.3 .(;J:a}i:J:}i: 12 x J1 " .. 40.S .56.3 
300.2 , .. 'U 14 x H 77.9 47.6 "'., 
420.7 .(;J:3}i:J:J..) 12 x ~, S:l.l 51.0 50.3 
447.'1 " . ." 14 x H 93 . .(; 47 .5 '" 467.7 6x3}ix ,", 

12 x '" !l5.9 51.0 .56.3 
4!l3.4 , .. . " 14 x h !l3.5 59.5 56.3 
542.·1 '" 'U 14 x h IOS.7 59.5 56.3 
68S.' , .. 'h 14 x~ IOS.7 71.4 .56.3 

1!l3.1 t;J:aJ1jx,", 76.0 67 • .5 
21 S.5 , .. . " '" 67 . .5 
237.S liJ:aJ1jxJ.i "'., 67 . .5 
271.5 ." ." '" 67.5 ""., ax3~x,", 101.6 67.5 
311.7 .5J:3).i X '"' 12 J: '"' 76.0 w., 67.6 
322.7 6J:" J:'" 114.4 67.5 
351.·\ aJ:3J.i:lJ{ 12 .. J1 70.0 "O.S 67.t; 
lS7. 1 '" 'U J.!x ,", " .. "., 67.5 
371.4. 27 X '" '" ." 128.8 67.5 
39-1 . .5 ax3J.iJ:J.i 12 x J.i 88.8 40.8 67 . .5 
403.1 '" 'h 14:1H "., 47.0 67.5 
417.9 '" 'h 143.2 67.5 
" 33.8- t;J:3~J:J.i 

12 X '"' 88.8 51.0 67.a 
454.6 ." ." 14. X J.i ,.., "7.6 61 . .5 
4 .... S ax3}ix,", 12x,", 101.6 5 1.0 67.5 
000.3 '" ." II x,", ""., 59.5 67 . .5 
5-19.5 ." 'U 14. xH 114.4 59.5 67.5 
593.1 .. , 'U IIx~ 114.4 7 1.'1 67.5 
Ml.2 '" 'W l4.xM 128.8 71.4 67.6 

245.2 .5x3J1xH "'., 78.S 
279.0 27 J: Vi. '" ." 10.:;.0 78.S 
21>8.1 .5x3}ix,", 107.4 78.8 
330 .2 '" ." 120.2 , .. 
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378.8 Ox " xU I 134.(1 78.8 
401.7 5:t3}ixJ.i 12:11 J.i '".0 40.8 78,8 
425.3 6x " x Ji, 149.0 78.8 
HO,D ax3J.i xJ.i 12" H '" .. In.o 78.8 
.. 01.8 27 I 'l~ 6:.; " xli 14 X J.i 1(l..';.0 47.6 78.8 
482.0 6x8J.i xH 12 X J\ 107.4 01.0 78.8 ""., 6x " :< j.i 14" '" 10.;.0 69.5 78.8 
MO.' 6x " xH 14" H 100.2 all.:; 7M .., .. 6:1 " " H 14 x K 120.2 71.4 78.8 
648.2 6x 4 xU 14 x " 13-10.6 71.4 78.8 

\901.11 5x3).i x H 71A 06.3 
221.0 (h: "xH 7!l.0 06' 
2H .1 5x3J.ix J.i 8<' 116.3 
276.3 0:.: " xJ.i 04.6 66.3 
2%.8 5x3j.ix H 97.0 06.' 
317.8 '";x3J.i" H 12 x H 71.4 ,<1.6 06.' 
329.7 6x 4 "s 109.8 "'., 
.... 0 Sx3).ix ", 12" J.i 71.4 40.8 OIl.' ,.,.. Z8 xm, 6x .. x"': 14x H 79.0 3[;.7 "'., 
40-1 .0 6:l3j.ix J.i, 12 x J.i 8<.' 40.S 06.' 
413. 1 6x " li S ]4 X J.i 79.0 47.6 OIl.' 
444.8 5z3J.ix).S 12 x H 8<.' 61.0 ". "00.6 6x " .o; j.i 14 x J.i ".0 "7.6 OIl.' 
487.6 lix3J,i x H 12 x ~ 07.0 51.0 G<I.' 
614.2 6" ... "Ji 14" ~ '" .. 59.5 06.3 
611 ... 6" 4.1~ 14" ~ 109.8 59.5 06.' 
612.7 0" 4 ")i 14 " 'I 109.8 71.4 611.' 

202.5 5"3Ji"~ 77.3 67.11 
221).0 0" 4"~ 8<.0 67.5 
240. 1 ,';x3Ji" Ji 110.' 67.6 ,..., 6" 4 " Ji 100.5 G7.5 ""., 5,,3Ji " ~. 102.9 67.5 
32.'>.6 5"3Ji "~ 12" )i 77.3 , ... 67.5 
337.7 ,.. " 6" ... ,, ~' 115.7 67.5 
300.' ,h3Ji X ~: 12 x Ji 77.3 40.8 67.5 
372.8 Ox 4 ")i 14 " )i ,.., ".7 67.5 
388.' Ox 4 "U 130. 1 67.6 
4 11 .7 sxaJi"Ji 12" Ji 

I 
110.1 40.8 67.6 

420.8 6" 4 " )i 14 x Ji 8<.' 47.6 67.5 
"37.0 6" 4 "U 144.5 67.5 
462.6 t;"aJi"Ji 12" ~ 110.1 61.0 o~ 
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414.3 6" 4 ,,'"' 14" '"' 100.~ 41.6 61.~ 

495.3 S"3,","~ 12" ~ 102.9 51.0 61.~ 
521.9 28" Ji ... .~ 14 x Ji 100.6 59.5 61.5 
673.1 ... . ~ 14" Ji IIS.7 59.S 67.5 
620.4 6" 4' "Ji 14" " IIS.1 11.4 67.;'; 
008.' 6" 4 ,," 14 " IJ; 130.1 11.4 67.5 

251.1 6"3,",,,,", 00.' 78.8 
292.4 6" 4 ,,'"' 100.5 78.8 
301.8 ;';"3~"Ji 108.9 78.8 
345.8 ... .~ 121.1 78.8 
300.6 6x 4 "". 136.1 78.8 
4111.5 lix3J.i"J.i 12" J.i 00. ' 40.8 78.8 
445.1 28 x~. Ill: 4 "Ji 150.S 78.8 
460.2 6,,3J.i"'"' 12 x Ji 00. ' 51.0 78.8 
482.0 6x 4 "J.i 14xJ.i 100.6 47.6 78.8 
003.0 :;x3J.ixJi 12 " J.i 108.9 51.0 78.8 
629.6 6x 4 "J.i 14 x Ji 100.5 69.5 78.8 "" .. 6x 4 "Ji !-Ix ,", 121.7 59.:; 78.8 
628.0 ••• . ~ 1·1" St 121.1 71.4 78.8 
616.2 ... . " 14" "" 136.1 il." 78.8 

221.8 5,,3,", x,", 79.9 74.3 
250.5 ... ." 81.5 14.3 
212.1 ;';,,3J.ix J.i ,,., 74.3 
310.3 6x " x,", 103.1 74.3 
320.5 ;';x3J.i"Ji 105.5 14.3 
353.8 5"3,",,,,, 12 x Ji 79.9 "' .. 74.3 
366.2 6:l3J.id( 117.5 74.3 ,..., 

(Il: " xJi 118.3 14.3 
397.8 6"3,",x,, 12" '"' 79.9 40.8 14.3 
"04.1 ... ... 14" " 87.5 '-'., 14.3 
"23.1 "'. ~ ... ." 132.1 74.3 
""6.6 5x3,",,,J.i 12 x '"' 92.1 40.8 74.3 ,,56., , .. . " 14 X J.i 87.5 47.6 74.3 
"75.8 6" 4 .IU 147.' 14.3 
"00.3 S.l3,",,,,", 12" Ji 02.7 61.0 ;,1.3 
614.0 6s " .I,", 1-I.l J.i 103.' 41.6 74.3 
636.7 6s3J.i" Ji 12 x J.i 1~.1i 61.0 7-1.3 
6%.' , .. ." 101 " J.i 103.' 69.5 74.3 
620.6 ... ." 101 " J.i l1S.3 59.5 74.3 
61 1.3 (I" ·1 ." 14 X " 118.3 71.4 74.3 
723.8 ... ." 101 X U 132.7 71.4 14.3 
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281 .4 6 :r31.i x "i 00.0 116.0 
3 10.6 Ox " Jt !i IO'JA 116.6 
320.7 .5ll3~ItU 111.8 116.0 
376.6 6:r3.1i"''' 123.8 11<1.' 
377.3 " . ," 12-.1 .6 11<1.' 
432.3 " . ," 139.0 116.6 
<lM.6 ;';x3.\ill .li 12:< H ,.., 40.8 116.6 
.~.O 30" ". '" ' J< 103.4 11<1.' 
" !Ill.2 ax3.1i".Ii 12x ~ 00.0 51.0 11<1.' 
623.0 .. . ," U x,li 109.4 47.6 • 11<1.' 
M.!;J} :;:r3.1i" Ji 12:< ~ 111 .8 51.0 86.6 
674.0 '" , ~ 14 " H 100.·1 5!:l..5 SO., 
620.6 '" ," II x ~ 12-.1 ,6 50.6 SO., 
II1I<I.' ' " ," 14" " 

I Z,Hj 71.4 SO., 
732.1) " . ," 14 " 'i 130.0 71. 4 86.0 

200.6 6x3.!ix)i I05A 00.0 
325.8 " , ," 115.8 "'.0 
>'II.' 6:r3,\i:rH l18.2 "'.0 ".., .;'h:3.1i " ' i 130.2 "'.0 ""'., " . ," 131.0 00.0 
4 11 .5 ." ." 145.4 00.0 
4 CW •• 6J:3.\ix)i 12:r .Ii 10.:;.4 40.8 00.0 
491.2 ",. " , .. .J< 15\).S 000 
bOS.O "x3,1iJ:l!i 12 I Ji 10.:;.4 51.0 00.0 
~I.O , .. ." ' " It .Ii 11 5.8 "7.6 "" M'" 6x3'~ s H 12:r Ji 118.2 51.0 "'" ~2.8 ., . xl i 14 x h 11 5.8 59.6 00.0 
"'.3 G •• ... H:r Ji 131 .0 59.6 00.0 

"''' ... " ~i !tx ,," 131.0 il.4 11<1.0 
7-11.3 , .. ." It " '" 

145.4 71.4 00.0 

251.7 6:r3hx,", 83.7 8 1.0 
283.7 , .. ." 01.3 SI.O 
30'" (;s3\is \.i II.., 8 1.0 
30 .. '" ... 10 1.7 121..5 
aso.3 '" s " lOtI.O 8 1.0 
361.5 33 s 'i 5s3}is 'i 109.3 81 .0 

383.' .. , ." 120.5 121.5 
300.0 (;s3j.Ss'i 12x,", 83.' 30.' 81.0 
4 12.6 6J.3Jixt( 12 1.3 81.0 
4 14 .7 , .. ." 122.1 

I 
81.0 

4'15.6 6x3J.ix Ji; 12 x J.i 83.' 40.[ 81.0 
453.4 6 • • . " 14 x '"' ol.a 3M 81.0 

-
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4M.9 G. .. ~ 138.0 121.5 
476.1 .. 41: H 136.5 81.0 
477.0 .. 6 " H III: ,.. 101.7 35:, IZI.5 
4!Xl.8 r; ,,3J.ix ). 12" J.'i 00.' 40.8 81.0 
5 10.0 G. ·1 x ~.i II x J.'i 1)1.3 47.6 81.0 
525.4 .. 6 x ~ ' 156.9 121.5 
534. 1 6x 6 I H I I " J.i 101.7 47.6 lZl.li 
5015.0 513'.x~i 12 x '" 00.' 51.0 81.0 
t>74.7 •• .. ~ I4xJi 100.9 47.6 SLO 
t>OO.6 

, .. G .~ HI '" 10\.7 59.5 121.t> 
592.6 33 I: '"' " G. U 17<1.5 121.5 
5!lfUI 513),iJ " 12 x ~' 109.3 51.0 S\.O 
007.1 G. ,, ~ 14 J ),i 120.5 47.6 121.5 
030 .9 G. -I x ),i 141 '" 100.9 59.5 S1.0 ""'. , G. 6 ): ' 1 II x '" 120.5 59.5 12 1.5 
003.0 .. ., , ~ J.lx h 122.1 M.5 8 1.0 
710.2 " o "!i J.I x ~~ 120.5 11.4 121.5 
732.7 .. " U 11 X H 138.9 ...9 .... 121.5 
745.9 G. -I xH 11 x 't 122.1 71.4 81.0 
1ss.a G. 6 " ~i Ill' " 138.!! 11.4 l ZI.5 
807.6 .. " "'t 1 I I: , . 136.5 71.4 81.0 
S&I.!! .. 0" ,. I I " ~ ~ 166.!! 71.4 121.5 

3 1S.0 5J:3'ix ).i 103.5 ... , 
361.5 6:1. -I I: !.i 113.!! M .5 
312.7 5:1.3I i " ~' 116.3 01 .5 
3!H.S .. 6x H 127.5 IH.S 
423.1 5"3Ii x ~~ 123.3 1).1 .5 
42".1'1 G. 4 d li 129.1 1),1 .5 
467.0 G. 6 xH U5.9 141 .8 
4::17.2 " 4 x ~~ 143.5 9-1.5 
5 10.7 3.J" ~i. 5x3).i " H 12 x ~. 103.5 40.8 .... 
"'.G G. 6 x ~~ 163.9 141.8 
MS.S t>I:3 'i x ~:i 121: !i 103.5 51.0 !l-I.5 
"'.G .. 4 x ' ii !I"H 113.9 47.6 ! .... 5 
003.8 .. o X't 181.5 14\.8 
610.a 5 1:3Ji "" 12x ", 116.3 51.0 !l-I.5 
617.0 G. 6" r.. 1I1: J.i 12;.5 47.6 111.8 
6-11.7 .. 41: H 111: ,", 113.9 59 .... 0-1.5 
613.9 .. "U 1<Ix ", 127.5 50.5 14 1.8 
703.8 G. " U 14 X '" IZ9.1 59.5 .... 
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72\'1.0 .. , 'H 11 I: " 127.[; 71.4 141.8 
743.11 '" . Ii lIx +{ 145.0 MI.5 141.8 
71>9.6 33 I: ~, . ••• ... UI: " 129.1 71.4 OL:) ""., .. , .,. tlx ~I U':'.9 71.4 141..8 
8 18.3 " 

, I: ~t lIlI: K B 3.5 71.4 ... , 
8M.6 '" .~ 14 1: " Iro.9 il.4 141.8 

""., 5x3~I:J.i 110.5 IOS.O 
3n.0 Ox 4. I:)1j 120.9 IOS.O 
383.' 5l1:3)1jx~' 123.3 IOS.0 
4(10.0 ,. , .~ 134..5 102.0 
0 ,1.0 Iix3)1j ll: ~{ 135.3 IOS.0 
437.0 , .. ." 136.1 IOS.0 
478.2 ,. , • Il lti2.9 162.0 
4(18.4 ". ." 150.5 IOS.0 
621.6 6x3)1jxJ.i 12 I: )1j 110.5 40.8 IOS.O 
617.8 6l1: 6 1:,,' liO.O 102.0 
M9.5 Gx3J.il:)1j 12x h 110.5 51.0 IOS.0 
666.' 33 lI: )1j , .. . H 14 I: )1j 120.9 47.0 IOS.O 
615.0 6x 6 lI: ~ 188.[; 102.0 
62U till:3)1jl: 'i 121: h 123.3 51.0 108.0 
628.8 01: 01: '" 11 I: J.i 134..5 47.6 lO2.0 
6SZ.11 G •• . Il IIx ,", 120.0 69.5 108.0 ""., '" '" IoIx ", 134.5 59.11 162.0 
nt.,5 ". ." III: '" 136.1 50.5 108.0 
710.0 .. , ." II I: " 134.[; 71,4 16Z.0 
i':'{.3 ... .,. 14.I: H 152.9 ,59.5 102.0 
710.3 ... ." II I: " 136.1 71,4 IOS.O 
809.' .. , ... IIx K 152.9 71,4 IOZ.O 
829.0 , .. x'( 14 x ' I 150.6 71.4 IOS.O 
876.3 ." ." J.ill: K 170.9 71." IIl2.0 

318.0 ... ." Uti.1 87.8 
3~U 6 J:3 j1xH 100.3 87.8 
3{6.0 ." ." 1Q.5.6 13:1.0 
391 . I ". ." 110.7 87.8 
403.7 5x3)1j l: H 113. 1 87.8 
430.3 36 lI: '" '" ." 121.3 135.0 
"00.0 lill:3J.i l:K \2.>.1 87.8 
462.4 , .. . ,. 125.9 87.8 
000.3 , .. ." 14 x '" 0;;,1 35.7 87.8 
610.5 ,. , ." l1Z.7 135.0 
63<).' " . x ~' loW.3 87.8 
631.0 '" . " 1·llI: '" 105.;) 35.' 135,0 
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65-1.0 .. , . u II x ~ 10.>.5 59.5 135.0 
00-&.2 36.11: ~ 5x3}ix ~ 12.11: ~ 11 3. \ 51.0 87.8 
674. 1 .. , ' U 1I.11:}i ]2-1.3 47.6 135,0 
698.0 ,. ., 'U II x H ] 10.7 59.5 87.8 
735.5 .. , .u IIx ~ 121.3 69.5 135.0 
700.0 ,. ., . u lI x ~ 125.9 "'., 87.8 
700.8 ,. , 'U I I x ~:( 121 .3 71.4 135.0 
813,\ .. , ' U 14 X ~ H 2.7 59.5 135.0 
827.0 .. • ." II"~ \25.9 71.~ 87.8 
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475.7 , .. ' U 133.6 102.4 
5::3.8 .. , . ~ 150.4 157.5 
M3.5 , .. . ~ ]18.0 102.4 
567.2 5.11:3}ix }i 12 X }i IOS.O 40.8 102.4 
MS.' 36x ,i.. , .. ." I G2.4 102.4 
610.7 ax3j.ix }i 12.11: H IOS.O 51.0 102.4 
1W9.5 ... ." 11 .11: l-' 118.4 47.6 102. 1 
677.1 5x3!i.ll: ~ 12 X ~ 120.8 51.0 102.4 
687.3 .. , .,. II X }i 132.0 41.6 1li1.5 
ilO.8 ,. , .~ II.11: H 118.4 59.5 102.4 
748.4 .. • ." 1I .11: ~ 132.0 59.5 157.5 
779.5 .. , ." 14 X S 133.6 59.5 102.4 "",., .. • ' U I I X ~ 132.0 71.4 157.5 
82G.9 ,. , ." 11.11: Ii 150.4 59.5 157.5 
MO.4 " ., ' U II.II:~ 133.6 71.4 102.4 
8M.' .. , ." 11.11: "" I6(U 71.4 157,5 
005.5 .. ., ." Hx,," 148.0 71.4 102.4 

243 
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I-
S ... i.l ...... W~Foot, M .. l.aou .. ..... 

'"' Modal,., -~ Web !'late ;. 
Awl-I, .... ·- 1- ... Ii: 

",.,..,. , .... 
"'~ A-"" Plow. "- • ,- ...... 

418.0 6" 4 " ~:i IZO.O 11 7.0 
4!ilHl 6" 6" !:i I 139.0 ISO.O 
4$9.0 6" 4 " , ; 1~1.2 117.0 
637.1 0"6,,,.. 158.0 ISO.O 
[,,56.9 0" 4 " !{ 155.6 117.0 
6U.5 0" 6" ,~ 176.0 ISO.O 
621.9 0"4,, hi 170.0 117.0 
002.5 0"4,, h II" !{ 126.0 47.6 117.0 
689.2 0" 0 I: ;': 100.0 ISO.O 
700.3 0" I),,).i 1 1 .~ " 1:11).0 47.6 ISO.0 
7::la.7 0"4,, H lI1:Ji 126.0 59.5 117.0 
70 L3 30" J.i 11 I: 0 X }S 1I "~ 139.6 59.5 lSO.O 
792.:1 OX 'I " H 1I" ~ 141.Z 50.:; 117.0 
8ZZ.:J 01: 0" ht I I " ~~ 139.0 7 104 ISO.0 
S38.S 0"0,, ~ 14" H 1(08.0 (;9.5 180.0 
s:>3.2 0" ·1 ,, H 1·1 x " 141.2 71A ll7.0 
800.4 1)"1),, ~ 14" " 1(08.0 71.4 180.0 
Dl8.a 6x4x'~ 14 " , _ 155.6 71.4 117.0 
973.7 I) x 0" '-i 14 " !. 176.6 71.4 ISO.0 

1031).1 0" I " ! .i 14 " 
, 155.0 95.2 117.0 

109-1.1 6" 0" ! .i ". , 170.0 95.2 lSO.O 
1101.1 0,,4x1' '" 170.0 M.' 117.0 
1I(H.1) OxO" 1I ". 100.6 M.Z ISO.O 

444.7 
0" 4 " '. 

141.3 140.3 
"$J.5 6" 0 x 'S 154.9 22:;.0 
616.7 0" 4 I: " 

100.5 UO.3 

"',., 01:0" " 173.3 :n5.0 "'., 6" 4 " !.i 170.1) 110.3 
641.2 (;" tI x ~( 191.3 225.0 
648.5 6,, 4X H, ,,,. U 6.3 

688.' 3Q" H Ox 1 I: IS 14" J.i 141..3 47.6 140.3 
716.8 Ox 0" ! i WS., ZZS.O 
726.2 0" 0" ).ji IIx }i 15-1.9 47.6 
7~9.1 0" 4 X H I·' xH 141.3 "" 1·16.:1 
787.0 6 X 6 I: H ""~ 154.9 51).5 Z25.0 
818.1 OX4"" 1I"~ 100.5 51'1.5 110.3 
8-17.9 6 "0,, ~S II " ,;. 154.1) 71.-1 ""J ..... , 0.0" H 14 " ~,j 173.3 59.5 ZZ5.0 
878.8 

0" 4 " " IIx " 156.5 71.4 146.3 
924 .0 Ox 0" H II "~ 173.3 71.4 225.0 

". 
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~ ... ,-- Weicbl Pft' FQO)I., 
;\IUimlllll ....... 
"" M ...... ...... 

WOO PIaie ;, 
ADo ,.1. ,"'.0 ,- "- ... l1:: 

.......... • I ..... Pblol ' ... "'* ,- ........ ,... 
9-13.0 G K.j " , .. »lx l ' 1.0.9 71.4 146.3 

"""., 6:16x'4 H x.J" 191.3 71.4 22';.0 
l().lJJ.9 6x I} " ~ , .. , 173.3 95.2 2"-.>.0 
IOM.7 '''' " 01:"" U ... , 170.9 "'., 146.3 
1119.3 6x6x," ... HII.S "., n..;.O 
11 2(\.3 0:1")1: H ... 185.3 %.2 140.3 
1100.1 0" 6 x U ... "' .. 95.2 225.0 

300.2 6x".II: ~ 102.8 101.3 
427.6 (1.11: I} " 'Ii 11 3.2 1.57 • .5 
477 .2 I} x" x !-i II S.4 101.3 
621.2 6x6x! ; 132.0 1,57 . .5 
6(11. 4 I}:< " ); ,.. 133.6 101.3 

""" .. o x of" ,.. Hx~ 102.8 35.7 101.3 
623 . .5 0.11: I} X ~ 150.4 167.6 
63S.3 OxL'I H 16 x ,.. 102.8 40.8 101.3 
642.1 OX.I X'4 14'3.0 101.3 
043,2 6x6x ~" 14 x H 11 3.2 35.7 157.6 
675.1 OXOXHI 16" ,.. 113.2 40.8 157.[, 
678.0 6 x" x ,.. 14.11: )i 102.8 47.6 101.3 
715.2 Ox6xH, 14x)i 113.2 47.6 157.6 
716,[; I} x I} " ~.j ,os.. 157.5 
719.5 0.11: 1.11: J. 102.4 101 .3 
767.7 6 x I} It,.. 16" J.i 113.2 "A 157.5 
763.7 42 " U 0.11:4%", 14 % J.i 118.4 4 • . 6 101.3 
787.2 0% 6 % H 14% ~ 113.2 5~.5 157.5 ,,,.., 0%" % !i 10 % J.i liSA M.4 101 .3 

""'. 0% II % H 186.0 157.:; 
812.7 6%II%Ji 14 % J.i 132.0 47.6 157.6 
831>.5 0% 4% Ji U% ~ 118. \ 59.5 101.3 
&.::os.2 O%O%Ji 10 x Ji 132.0 "A 1&7.6 
88(.2 6 x 6 x .oS 1\ xH 132.0 59.5 157.5 
917.3 6 x 4 X ,.. Bx ~ 133.6 59.5 101.3 
937.3 6x 0 X h lOx ~ 132.0 68-. 157.5 
9.>..'>.7 Ox 0 X J.2 14 X ,.. 132.0 71.4 157.5 
970.\ 6X4X,", 10 X ,.. 133.0 OS. 101.3 
977.0 6x6x" 14x H 150.4 59.5 157.5 
9S8.7 6x 4x " IIx ~ 133.6 71.4 101.3 

1030.8 II xOx ,", 10 X ,.. 100.4 OS., 157.5 
1(1.18.0 6 X 0 X H 14% ~ I6(U .1.4 157.6 
1000.6 6 X 4 x h 14 x" ]1'1.0 H.I 101.3 
1112 .• , Gx6x,", ]6x M 150.4 81.6 157.6 

'" 
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Suel.ao l..,bo. W.;pJ"::"'"" M .. ",,, .. 

""'"' , .. 
Mod_ ..... 

Web PIote 
;. 

AD \·1, .. ~ ''- "- ... "- ""'""" , ..... ....... - .... * "- ....* " ,- ....... 
, i 

1130 I 0"4",, 10", " 148.0 81.6 101.3 

11385 6x 6 x ~ .01 x" 168.4 71." 137.3 
11941 Ox 6 x H 16,,~ 100.4 ",., 1:;7.5 
1m3 ." " 0:< 6" H 16"~ 168.4 81.6 157.6 

"'''' 6IO"'" 16 x Ji IOS.4 "., Hi7.5 

", .. Ox"\ x U IbxU 162.4 "., 101.3 

'''''' , 6xO,;Ji 16;1 Ji 186.0 "., 1117.5 

<10M,S 6I4 x U 127.3 118.\ 
;'1454 GxO"", 1.0.0 183.8 
579.1\ Ox 4" ~ 1"2.6 11 8.1 
641 .0 6x 6 x ~ 1li6.3 183.8 

000.' 6X4X H 156.9 J 18.1 
734.7 6xOxH 177.3 183.8 
737.6 Ox 4 " U 171.3 118.1 

781.5 (I,," x )i 14 x )i 127.3 47.0 118.1 

82-1 0 Ox" x '" 16 x )i 127.3 54.4 11 8.1 
82~.6 Ox 6 x U 19,\.0 183.8 

"'" 0" 6 x J.i 14 X J.i 140.0 41.6 183.8 
Mal 0"" x J.ii 14:.:,.. 127.3 59.5 llS.1 
8726 (I" 6 x '" Hh: J1 140.9 .54.4 183.8 
00" OsO",", 14 x U 140.0 59.5 183.8 .,. .. "2. ~\. 6x":r h HilJ.1 142.5 59.5 1I8.1 ..... OxoJ:Ji IOIH 1-lO.9 .... Isa.8 
973.2 al:al: ~ 141: S{ 140.9 71." 183.8 

"" al: "1: ", 1al: '" 142.5 68.' IIS.1 
",., a I: 6 1:,.. 14 I: '" IMI.3 ... , "'~ 1006 2 61:41:H 14 I: 't' 142.5 71.4 118.1 

I(HS4 ol:Ol:H ]01: H 1;')9.3 , ... , .. ~ 
'''' , 01:61: '" ]lI:S{ 159.3 71.4 183.8 

"'" , 01:"1:'" 1<1 I: S{ 100.9 71.4 118.1 
11299 al:ol: '" 161: S{ 1;')9.3 81.6 183.8 
11479 al:41:S{ 16 I: S( 156.9 S1.a 118.1 
11560 6 I: a I: S( 141:S{ "'. 71.4 183.8 
1211 6 al:ol:'" 161: U 159.3 "., 183.8 
12108 al:ol:" 16 I: S( 177.3 81.a 183.8 

'''''' , a I: 6 1:" 16 I: Ji 177.3 9.'>.2 183.8 
1387.3 61:al:U 161:U 104,0 M.' 183.8 

613.6 6 I: ·1 I: Ji 13a.2 13.5.0 
!;63.5 61:al:Ji 140.8 210.0 
6977 42 I: J.i 6 x 4 I: H 151.4 ]35.0 " ... 01:01:'" 168.2 210.0 
678 4 01: " I: J( 165.8 135,0 

"" 
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9'11:1 tn, 0:1)(,;1 H" l ' i H :r t' :rD 9'9(18 

0'081 ,." 8'Ot:\ H x (II " roro ,,'068 
O'OSI O'D!I " lI'OXO ... m 
9'1<;1 O'OLI H :r I'"~ 0 !:'St8 
O'OSI il"!' S'ot\ "'Xli " :rIP' \) G'ttS 
~nzl In!> " '011 51 "toE " "'tID O'LO! 
O'OSI 10'01- Iroc;! " :r OJ " :r 9:r {I 6'~L 

O'OSI C'" 8'1);;1 " :r ,,\ H lrgx{j s'on 
9' 161 D'WI " :r .. x {I " II: i t 91l11L 
~rll'a ~ .. ,,'011 " :II' 91 Jt ll"tXO S'09L 
O'OSI 0 '99\ H :rg." t'tt! 
s'lia ,.'" "'011 " :r tl " "tIt) ,.'ttt. 
~Ii':t (';'11'1 " If t:r 0 

, .... 
O'OSI O'6tl H:ro:ro 0'8<':9 
~ru.:t 0 '9<:1 Jf :r" x I} "'L1XI' 
O'OS I 8'0<: 1 " "9:r 9 .n:19 

!tll:l t'llli " ·""9 6'OOt 

0 '011: ,.'" ,."" H :rtH Ji x9l1"O .non 
O'~I ,.'" ;:;'OSI H:r (II ti' :rt"O 1';'1(';&1 

0'01<; 1:'~6 t'981 J1' II: 91 " ·1)%9 ,.'SII:I 
0'01('; 0'18 (';'9101 "x 01 ,, :r9:q~ " '1.£61 
0'01<: ~r!16 ,,'8\1 1 "1'.91 H X\lxo O'6U1 
0'016 t ' IL r;'OSI "x tl 1i:r I):r I) g'!:tl! 
O'!le l 0'18 8'9(11 " x tH " " t:r (I 

,'WII 
0'01('; 0'18 ;;'8\11 ,., X 91 " "01'0 !I'nll 
O'!.'J; I t'lL S'WI "x \'\ ,.:r "X I) L'IOII 
0 '011: "'IL t"891 "x l'I S XIPII .!:£S() I 
O"Olt 0· .. t "891 ,",XO I U x 0 x 0 0 "000 1 
O"lle l ""I! " "I!] I "x " 1 U X" x 0 L"&-..o l 
O"Olt 1l"01l 1:"891 '"' x ~1 '"' x 0 x 0 ~ x 1:' 0";:101 
O"!O'1:1 0" " "I!]I ,", XO I '"' x I- x II L"OOO I 
0"01;: ""IL S"Otl "x tl ~ x 0 x 0 '·000 
0"01;: 0· .. S"Otl ,",XOI ~ x 0 x \) 0"61.6 
O"!O'1:1 1l"611 " "11l1 ,", x tl U x ,"xll O";;W 
0"011: 1l"611 S"6t l ,", x '" I ~ x Il XO " "0 10 
0"01;: ,." S"6t! 51 x DI H x D xo .... , 
O"!O'1:1 1l"611 I:"I/t l U Xtf H x '" xo S"OLS 
O"OIZ O"Lt Ir6t l H X tl H x D XO I"SHl 
0"01l: S"1.m H x D XO t, "ZHl 
O"!O'1:1 ,." Z"9£1 51 x 0 1 ~ x t xo n Hl 
0"!O'1:1 O"L" Z"I/t l 51 x tl H x '" x 0 Z"66L 
O"!O'1:1 ;;"WI Ji XtXO S"!1IIL 
0 "01l: ;;"081 ' i XDXIl Ir ;;llL 

....... ....... = ~'" = -.. '- , " ...... ... - ". .,...... 
"1'1.{ qo, .... '1·1~ . , 

.."... """'POlO( 

"" '1<lOJ~~M 
...., 

~I,\ ""'P'J -1 MIS 

panu!luoO-SU30UIO 3.J.V'Id 03J.3 AIli 

S~:HlQlIl[) 

Ii......-
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-I 8 ... ;. 1 ...... w~root, 

10100_. I 
w .. ...... AliII-I. .... ..... ..... ... -. .- "". ,- "". >"- "". ,-

1X! ~ .3 O .., O x U I I X ,.. 120.8 >M 
9-14 .0 Ox 4 X H 16x H 126..0 " .. 
6.>S.2 O xOx }i 1!l3.0 
0:;':;.8 Ox Ox H 14x H 139.0 <17.6 
077.7 O x " x H 14 X U 126.0 W., 

100&.3 6x 6 X H 16x H 139.6 .... 
1007.6 O x 0 X H 14 X Jjj 130.6 {;IU 
1072.7 6 X 4 X U 14 X U 141.2 {;9 .5 
1008.2 6xOx J.i 16x U 139.0 "'.0 
1119.6 o xOx J.i 1-& X "" 139.0 7 1.-& 
1133.3 6 X -& X '"' 16x ,", 1-& 1.2 "'.0 
11-&7. 1 48 X '"' 6 X 6x U 1-4 X '"' HiS.O 60.5 
II M .4 6 X 4 X '"' 1-4 .., "" 14 1.2 71.4 
12<l7.8 6.., 0 X '"' 10.., ,", HiS.O 'M 
1228.4 Ox 6 X '"' 14 x U 158.0 71.4 
IZ-I{;.2 6x " X U 14 x" 155.6 71.4 
1301.2 6x 6 X '"' 16 x " 158.0 8 1.6 
1317.0 6x 4 X U 16x " 155.6 8 1.6 
1S34.0 6 x 6 x " 14 x" 176.0 71.4 
130·1.7 6 x 6 X '"' 16x U 1M .0 05.2 
1406.7 6x6 xJl 16 x U 176.0 8 1.6 
1498.1 6x 4 X U l OX U 170.0 "., 
1400.7 6x6 x'" 10 X U 176.0 "., 
1601.3 6 X 6x U 16x U 193.6 "" 

.50 1.2 6 X 4 X J.i 136.2 
"'., 6 X 6 X J.i 149.8 

"'" 6 x 4 X U 1{;1.4 
76.5.0 6 X 6x U 168.2 
78 2.3 6 X 4 XJl 165.8 
8 72. 1 6x4 xJi 180.2 
873.8 6x6x ~" 186.2 
0 18.8 6x<l X H 14 x J.i 136.2 47.6 
007.3 

-&8x~. 
6x4x ~. 16x -'" 136.2 " .. 

97(1.0 6 x 6 xJ. "'., 
07(1.0 6 X 6 X J.i 14 X J.i 149.8 47.6 

1000.8 6x <l X ~ 14X ,", 136.2 69.6 
1027.6 6x 6 x ~ .. 16 x H 149.8 M.4 
1060.8 6 X 6 X J.i II x,", \<19.8 ro(l.S 
1095.8 6x 4 X '"' 1,1 X '"' 1{;1.4 MI.S 
11 21.4 Ox 6 X H 16 x '"' 149.8 "'.0 
1142.6 6 x II X J.i 1-& X ' { 149.8 7t.4 
1I ~.6 6x 4 X '"' 16x ,", 151 .4 "'.0 

'" 

U ... m.-... -... 
" -. , , ..... 

180.0 
i2 1.{; 
180.0 
180.0 
121 . .5 
180.0 
180.0 
121.{; 
180.0 
180.0 
121..5 
180.0 
121.6 
180.0 
180.0 
121.6 
180.0 
121.6 
180.0 
180.0 
180.0 
121.{; 
1SO.0 
180.0 

... 1.8 
210.0 
141.8 
210.0 
1·11.8 
141.8 
210.0 
141.8 
141 .8 
210.0 
210.0 
141 .8 
210.0 
2 10.0 
1-& 1.8 
lnO.O 
210.0 
141.8 
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I Weipt IW r OOI. 
Mu.i"' ..... ..... bioi I ....... , ..... ."" M ...... ....... 

"'eb l'lal.o 
;. 

Mil 1.1. . ~ - ~ ... ~ 
"'-" 

I ..... I'I>~ - \':,l: • , ..... 
lliO.3 OxOx " 14 x Ji 168.2 SO.S ZIO.O 

111'7." o X 4x hi ... x ~. IS I.4 71.4 141.8 
IZ30.9 (\ x 6 x Ji 16", ~ ... , , .... 210.0 
IUl.li Ox6x '" 14 K ~. ."" 71. .. 210.0 
1203.2 6x " x U 14x U 10.;.8 71.4 1 .. 1.8 
1324.3 6 x6x " 16x U 168.2 S I.O 210.0 
1341.0 "8 x ~. 6x"x ,.. lOx ,.. IM.S 8 1.6 141.8 
13[,7.0 6 x 6 x ~~ l .. xU 186.2 71.4 210.0 
1"17.7 6x6x " 16. Ji 168.Z "., 210.0 
1429.8 6.6. ,.. 16.,.. 186.2 S I.6 210.0 
1[.21.0 0. of. Ji 16. Ji lSO.2 %.2 14 1.S 
I S22.7 0.6. , . 16. U 186.2 ,'-' 210.0 
1624.2 6.6x Ji I6.Ji '"'.8 "., 210.0 

61S.0 6 x 4 x '"' 1413.4 1132.0 
076.4 OxOx H 160.0 240.0 
712.4 Ox4x H 161.6 162.0 
7SS.S OxOx ", 17S.4 2·10.0 
800.9 (I x 4 x ,~ 170.0 102.0 
805.S 6x4 x U 100.4 102.0 
S07.6 6 x 6 x ~~ 100.4 240.0 
1142. 1 Ox4 x ~ 14x~ 146.4 47.6 162.0 
Il00.6 6 x 4 x '"' 16x ~ 146.4 ,. .. 162.0 

1002.3 6xOx H 14x H 160.0 47.6 240.0 
1002.7 6xOx UI 2 1·1.0 240.0 
1024.0 6 x 4 x ).oj 14 x H HO.4 SO.,'; 162.0 
HMO.S 1.1 x 6 x !. l Ox H 160.0 ,. .. 2~0.0 

1083.0 6 x 0 x ~!i 14 x '" 160.0 S9.S 240.0 
1110.0 6x4x H 14 x Ji 161.6 SO.S 102.0 
1144.S 48 x H 0.6 x . , lOx H 160.0 , .... 240.0 
11611.6 6 x 6 x ' !i 14 x ,.. 160.0 71." 2·10.0 
1170.<1 6x4x h 16x '" 101.6 , .... 16.2.0 
1193.4 Ox O. " 14 x '" 178.4 S9.S 240.0 .wo., 0.4 X ",' 14x ,.. 101.0 71.4 162.0 
12M. I Oxo. " 10 x '" 11S.4 ".9 240.0 
127" .5 OxOx h 14 x 'i 178 4 71.4 240.0 
1291 .2 Ox 4 x , . 14 x J( 170.0 71.4 162.0 
13-17.3 O.Ox "'l lOx ,.. 178." SI.O 240.0 
13&6.0 Ox4x " lOx U 170.0 81.0 16.2.0 
1386.0 6xOx " 14 x ~l 196.4 71.4 240.0 
1 .. 406 Ox Ox H lO x U 17S." 05.2 240.0 
1452.S Ox 0 x ~. 16x ,.. 100.4 S I.6 210.0 
I M3.0 Ox" x Ji 16x U 100.4 05.2 162.0 
I MS.O Ox (\ x ~~ 16x U 100.4 ro.2 240 0 
1647. 1 lI.(\x U lOx U 2 14.0 05.2 240.0 

, .. 
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I 
ea. 1" , __ Woicbl ~ Fool, 

M .. ;.., ..... s. ... ....... 
"" "_ I 

I 
...... W_""'", ;. 

AD I-I, .... = \l:: ... - ",...... 
I ...... - = "'* " ....... 
19-1.7 .... ~ ".1 67.6 
246.7 

2 ~ ..: 'Pl.. 0..:0..: lo.1.{1 67.6 .,.., 0..:0..: 122.3 67.6 
3~0.7 6..: 6 x ~ 140.3 67.6 

""' .. "6' ~ 00.' 81.0 
2!>l.fi ".H O..:Ox 100.0 8 1.0 
300.1 Os6s IV.4 8 1.0 
340.6 6s0s 145.0/0 81.0 

216.0 .... ~ "., ,,~ 
272.1} 26 x~. 6 s 6 x 106.0 78.8 
326.7 Ox Os 124.4 78.8 
378.2 6 s 6 x 10/02.4 ,,~ 

223.6 .... ~ .M .H 
21!l.8 

20 x '"'" 
OxOx 111.0 (1.1.6 

:133.0 t\sOs 130.0 (1.1.6 
:iS5.2 Ox Ox 148.0 "'., 
230.4 .... ~ .M 110.3 
280.7 20 xli. O"Ox 117.1 110.3 
340.6 0"0,, 135.5 110.3 
302.1 O"Ox 163.6 110-3 

227.8 .... ~ 88.3 78.8 
286.8 27 x~. O"Ox 107.1 78.8 
3~3.1 II" 6" 125.5 78.8 
307.3 0"0,, 10/03.6 78.8 ,.,., .... S , ... ... , ""., 27 x '"'" 

Os6..: 112.8 , ... 
3'''' 6..:6..: 131.2 "'., .... , 6..:0..: 149.2 ... 
242.7 .... ~ 00.8 110.3 
301.7 27..: li. 0..: 0..: 118.0 110.3 
368. 1 0..:0..: 137.0 110.3 
412.2 0..:6..: 1055.0 110.3 

271.2 .... ~ 97.9 108.0 
"'.3 30..: H 6..:0..: 116.7 108.0 
402.6 0..:6..: 135.1 108.0 ..... 6..:0..: 163. 1 l OtI.O 

"" .. 6"'~ 1().I.2 126.0 
34.7.6 30..: ~. fI..:O..: 123.0 126.0 
0/0 11.8 6..:0" 141.4 120.0 
473.0 0..:6..: 159 .. l 120.0 

280.6 
6 ••• ~ 110.6 140/0.0 

31\0.7 ., .,. OxOx 129.4 144.0 
421.0 OxOx 147.8 1~4 . 0 
482.8 Os Os 10.5.8 1"''''.0 

, .. 



COLUMN SAFE LOADS 

COLU~INS AND STR UTS 

ComprOl!8ion members in structurClll are called posts, struts or 
columll8. No exact theoretical formula has been found which will 
give the IItrcngth of such members under various conditions of 
loading. The formulas in current usc arc bll.8ed on the a.ssumption 
that the members under str{,!!3 may fail by direct Coml)re88ion, by 
eomprC88ion nnd bendi ng combined, or by bending alone. The 
empiricnl formulas bll.8eJ on these D.88urnptionll practically agree 
with resultll obtained by experiment on full si:e melllbef8. T hese 
experimentll IIhow that sled columns of ordinary silles and lengthll 
fail at nearly a constant strl'8S which corresponds to the yield 
IXlint of that material, :Ind that the load which will cause a column 
to fait decreases in the rnlio of itH length to its least lateral 
dimension. 

Radial of O,. .. UOII. All the strength of a column dependll on its 
abi lity to resillt flexural stre8l!, the moment of inertia of illl CfOllll 

scotion is an important factor in the determination of its cnrrying 
capacity. For the purlXl8C of CODlputation, however, it ill much 
more convenient to use the radius of gyration which depends on 
the moment of inertia. 

Ratio of 81ell-""-' The ratio of slendernC811 is the unsupported 
length of a comprC88ion member divided by its radius of gyration, 
and the unsupported length of a column is determined by such 
poi nts of SUI>port as will prevent deflection of the column in the 
direction which eorrcsponds to the particular radius of gyration 
under consideration. Columns of unsymmetrical section ha\'e 
more t han one radius of gyration. It is, therefore, nect'88ary to 
determine the ratio of slendernel!l!l for the different radii of gyration 
of such columns and to use the proper ratio in any particular 
case. 

The unit IItresses for different ratiOIl of slendernesa given in the 
construction HI)CCificat ions and on pagc 254 a re coosistent with 
present practice io column COll8truction and their use does not 
involve the refinement.!! of the more complicated formulas, which 
refinemellts are often vitiated by uncertaintiClll in the applieation 
of 10lldH or other pmctic:l.l feaLure9. 

The construction IIpceificntioll8 limit the maxi mu m ratio of 
slenderllCi8 to 120 for main members under steady strCIISCS. For 
secondary members under temporary strC!!8, such as those used in 
wind bracing, higher rati06 may be usc<i, but ill no CMe IIhould the 
ratio exceed 200. 

'" 



CARNEGIE STEEL CO!o\l>ANV 

Form lind SbeofS<!cUon. Jmportant as it may be to have the metal 
in the column scction distributed as f:l.r as posgible from the ncutral 
axis, that is, with as large a radius of gyratiOll1lJ:! possiblc, considera
tions of Calle in fabrication and simplicity in connections arc of 
greater weight. T he economical column section is not. that. which 
affords the least weight of metal in the shaft, but that which, with 
a reasonable radius of gyration, provides the least weight of member, 
shaft and details with the minimum amount of riveting. ~ l odern 
practice, thcrefore, eliminates earlier forms of construction which 
represented the minimum amount of metal for the maximum 
radius of gyr:ltion, such, for example, as the column composed of 
three I-beams or one j -beam and two ehannels placed either with 
the flanges in or the fl anges out. T he Z-bar column has also fallen 
into disuse, likewise a number of patcnted sections and other sections 
shown in earlier editions of this publication. 

The most. practicul column is one the surfaccs of which are 
readily acccssible for painting and, therefore, it is desirable to use 
open angle and plate columns mther than closed channel and 
plate columns. 

The column sections should be of such size as to permit reudy 
framing of bcams and girders thereto und so plaecd in the construc
tion as to pennit the simplest details. Experience indicates that 
eight inches is the smallest. desirable dimension ill ordinary building 
work. For struts and light loads, smaller angle wlumns are still 
in usc, while tllC H-beams are excellcnt for such purposes. j -beams 
and single ungles may be used with economy where the conditions 
of lengths and loading permit. 

E~pl.nation of T. bl ... The tables which immediately follow give 
the safe loads in thousands of pounds on H-beam and I-beam 
columns and on a selected line of channel and angle columns which, 
in the light of experience, seem to be desirable for usc in ordinary 
building and bridge construction . In addition to the safe loads, 
they give moments of inertia and radii of gymtion about both 
axes of symmetry, areM of sections, and weights in pounds per foot 
without ullowanee for rivet heads or other details. 

T hese tables have been computed for the lelLS~ radius of gyration 
in accordance with the formula given in the construction specifica
tions. The values may be adjusted to other formulas or to different 
values of the ratio of slenderness by use of the comparative table on 
page 254. T his table is also suitable for use in figuring columns 
80 braced against llexuTC, that their safe strength may be computcd 
for the greater radius of gyration. 

'" 



CO L U M N SA. I>E L OA. D S 

Colllbill,.,j &"cll,.. ... cI ComplftA;o" 81..- I ~ is assumed in the 
tables that the londs a re direct and equally distributed over the 
crosa section of the column or balanced on opposite sides thefwf. 
I n the CMe of beums carried on brackets or other forms of eccenlric 
loading, bending sir('sa('s are produced which should be taken into 
considerntion and the column sections so proportioned that the 
oombinoo fiber stN'88CS do not exceed the allowable axial COlOpN'fI

sive stresses. There is uo dircct simple solution of this problem; 
the following trial method is /Iuited to the lables:-

Let 
W - Direct load in pounds. 
W I- Eccenlric load in pounds. 
1\1 _ Bending moment due to eccentric load in inch 

pounds=w,x 
_ :\ lomcnt of inertia of coluDln in dircetio ll of 

bending. 
n _Extreme fiber distance in direction of bending. 
A _ Area of column section, in square inches. 
f _ Allowable axial \lnit eomprcssion in pounds 

pef square inch; then f should be equal to or greatcr 

than w ~ W I + -¥ the fiber sll'Cll8CS due to compression and 

bending respectively. 
RUI..J:::-Assume a ~tion in CXceM of that required for the 

direct oompressioll w + w, and compute the combi ned fiber slrC8S. 
If it works out too large or too sUlatt, try again. 

~; ;u .... u::-Hoqul1'(!d to IMllect a plato and angle oolumn 20 toot 101111 to 
ulItl1ll1 8. balanced lood of 210.000 pound~ Ilml an ooccnlrlc load o f 40.000 
poundll a l)pUcd 15 InchOll from the oolumn CCllwr 011 axis I-I. 

Assnmea !lCCtloli 'nl'do upot 14"",%" ".cb 1)la(<,. four anglee 6"",4"""i. " and 
toro flange platOll 14"lI't;,". page2i3. 

A _ 32.47. 1,., _ 1$ 1, r.-. = 3.00. ratio of IIIc"d(ln'1lOIII = 20ll12+3.00_ 77. 

Allowablo Oboer Irttellll. HI.OOO- IOO I/r _ 1 1.300 pounds per rOquare Inch. 
page 2"". 

Actual Oboer IItl'Ollll _ 210.000 + 40.000 + 40.000", I.~ '" 7.625=7 700+3 300=--
32.41 lasl •• 

1l.0Il0 poundll IKlr rOqnlro inch. 

'" 



CARNEO I E STEE L COMPAN Y 

COM PARISON OF CO~Il>HESSION I''OJH.IULAS 

1 
ALU)WABLt: UN IT STIlt:88!:8 I N POUNDS PER SQUARE 1Nc1I 

I 
, 

A. R. E. 'UO·.· 1 GonIoot. A.B. Co. ' COo X.,.\,,,,,,, Plliladelpbir, , ....... 
1- I- I I , So leooo-.~ I 12.3j.' I~ '''''' ,~ 

"-""'- I. I. 
Ss: a iii 1- 1400010181. I + iiiiiii5"ri ' • 1 + 11000 01 1 + :I0000 01 

0 ""'''''' ,«"'" '"'''' 15200 162.50 , ""'" , 
"""'" .. """ ,,, .... 14910 16215 150l;() .. ''''''''' .. """ 12400 14620 16100 15920 

" , ...... .. """ 124.20 14330 15925 "'''' '" ''''''''' .. """ 123M ,..,0 ""'" 15600 

" , ...... .. """ 12285 13700 15375 165 15 ,. 
"""" """" 12195 "'". ''''''' 153 10 

" , ...... 135.'.0 '''' .... 13170 14620 10075 .. ''''''''' ""00 11970 """ 14185 14815 

" , ...... 12800 1183S 12590 13725 14530 

"'" ''''''''' 12500 11690 ''"'''' 13240 14220 

" , ...... 12 100 11530 12010 12745 """" 00 , ...... ""'" IlaM 11720 122010 13500 

" 12r.oo 114/10 11185 11430 11740 13210 

" , ""'" 11100 , .. "'" 11140 11240 12850 

" """" 10700 10810 .. ,"" 10750 12400 
80 """" , ...... 10015 '""'" 10275 12120 

'" IOr.oo .. ,,"'" IQ..IIO 10270 ..... 11755 .... .... "'" 0; .... 10295 - "'"00 11300 

" 0 ..... "'""'" 
...... , 00 .... '","0 11025 , .... ........ ........ '"'' M .... 8510 10070 .. ,' ""'" '000 "" 9110 8 115 10315 ". .,... &:100 roM "'" 7740 """ '" '""" 79r.o 9140 .". " .. """ 120 ''''''' '000 '","0 8240 7035 00 .... 

'" ''". 7250 8715 6715 

'W ""'" ...... " .. .,,'S 
"" 6200 ""~ """ 6115 

'" ........ ,,... 
""'" ",,0 

'" "SO "'" " .... ''''' """ """ " .... 
'" """ ".., 
'00 ...... ''''' '" ·1700 7120 
1iO ...... 6935 
175 4.200 "" '80 .""" ..". 

'" 3700 .... , .... """ 6240 

'" 32.'>0 8080 

"" ""'" 5026 , , 
~Iuim""" Ratio 011 r 

1'1 ..... of .·OI'OlulA AbI:nroialioa 
M";a M_ btrI ' BrSC:iq 611'11\1 

Amen.." B~ CompAlU' A.1I. .., ,., 
A""";"" Rail..,. Enci ....... A.'D A. R. E- '00 ,~ 

CIIicqo DWldi .. lA. .. C. ,~ ,~ 

G""~ G. .. 
N.,. Yo.I< Buildi .. r... s. Y. ,~ .. 
Pbil..Jelpbia Bwldi .. r... P. '" .. 
BOlt .... BuilJi .. r.. .. •• ,~ .. 

, '" 



CO L U,,"' N SAFB LOADS 
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, ___ ,--___ ~CCAC.:Nc:::EO I E S TEEL CO M P" N V 

BEA:'II COLUMNS 

SArE 1.0.1.08 I S TIiOUSA.,,"os OF P OUSOl5 1: Allo ... bla ~"ber !'It ...... per •• ware Inch. 13,tXIO pound_ 
for 1englhll Of 00 radII or under ; r..'<Iu~ for length. ovcr 00 
radii. _ ~ I)OCLncaIJol\II. 1'&80 127. 

2 Wclghta do no~ 'ncLude d ill "lis. 

1'.If .. I;J II Bo&n:,. ~lh.Dd W"'bl~"=S.~'~_~~===:;:~~~= 
!:r-.:.~ 8in.!SiD. "". "'II, lu ,;. 12m. LO .... l fI""l~ ;iD, '6in. 5; ... · 4 1 ... 

3' %3$ Is.; lu ll nUl, u I 2\ 18 15 1,~1' fI!. 7h 
I~ ~ I~ l~ ~ I ~ ~ ~ I~ ~ _ ~ h 

--'- I 30.~OI.O 71..5 1>2.0 102.2120.4 0':;.8 82.0 69.3 ,57.6 46.9 37.3 1 2~_7 
3 l ao.O 01.0 'l.a 1>2.0 162.2121).4 M.8 82.0 60.3 a7.5 ~E:.!! 2:0..5 
" 130.001.071.652.0102.212049:111 11.20 r.93 008 '14[, 3J:I 2 1 0 
(; 1 30.~OI.O 71.f> 50.1 162.2120.4\H:i"irr'1E]' 00.0 38.ti

l
2ll,O 10_6 

6 1 30.~O1.0 71.5 45.7 1 ~.O~85.3 (19.4 ' 55.6 43.2 32.5 22 ... !-;;; 
7 130 . ..,01.000.0 40':1 HO.l OS.O 70.2 61.0 48.0 3t1.4 26.5 I!:I.S 1:1.0 
II 1300biJT601> 356 1"6 2 87067 1 ,526 404 303 22\) 16.1 108 • 
" 
" " " .. 
" 
" " " " " , , , , • , , , , , 
" " " "' '0 , , , 
, .. : 
-

',i .... .'. 

1:10:080:0 1>5:0 j30:,5 li2:~ 76:01>. .. :0144:2 ~ 26:9 
12a.1I7,5.1 49.1> 211. 4 (1[,.0

1

00.2

1

40.0 3 1.2 23.1> 

1I~:~ 69.344.02 1.2 86. 59.0 " a.7 35.8 27.4 ZO.I 
II~:~ oa.I>~21.7 70.0

1
64.4 ."1.1 :11 .523.616.7 

100. /i7.7 35.11 19.2 72.1 4 ~.9 36.5 27.3 HI.fI 13.3 
100.2*33.0 16.6 M.2 4:J..I 3~.0 23.1 \G.O 
93.8

1
"7.11

1

30.3 14.1 M.2 37.027." 18.0 

87.3 "".7 27.5 fH3! 32.1 22.0 1 

so.041.82".8 H." 21).\,1 
, 7U 38.0 22.0 37.~ 

6!1.0 36.0 19.3 
M·"I33.1 

,e, 
62.1! 30.2 
MI,4 27.3 
MI.22--1 .'" 

T 
... ... 
,,:1.4 
"o.2 
~7. 
33.7 

30." I .... , .. lWO • . 00, 1~.1.~ i.~. m .." .... 4.n 
113.4 45.1 12U M • " .. '" ... , ... HIS U3 U3 4 !!3 .... U~ on '" .;a"1 as.1 .... 1.87 

•• 

"
". " -' ,~ ... ..... 
u.. 

!t.7 
,.U 

23: I UH <UIJI 215. 

7.t I.e 148 U ' .t U U ... 
1.20 o.~ LOS 1.61 0.f1 .... .... O.iS 

42 1al.IS ~ 
--

~ " ~. la~ IU 21 ! IS " ~ 
,. 

, 
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10.9 13.,5 8.' 
16.8 10.8 

13.8 
10.8 ' 

UI "" U> -,,. 11.1 " t .• ' 
,., ' .M ... U 0.77 . ~ .... .... 
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10 INCH CHANNEL COLUMNS 

SAFE LOADS IN THOUSANDS OF POUNDS 

Allowable Fiber Stress per square inch, 13,000 
pounds tor lengths ot 60 radii or under; reduced lor 
lengths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details . 

II 2-10 in. Chan. J: Latticed 2-10 in. Channels, ~12 in. Plates 

.S _ _ _ _ _ _ _ _ _ _ _ _ 1 - - - ' - . -

~ I ]'~ ].~ 1~ ]11]~]!]! 1!]!].8 ]~ ]~ ~~]1! 1~ ]~ ~~ 
~ ]] ]] ~~ ]£]~ ]~ ]~ .a~ ]£ ]£ ]£ ~~]£]£.a£ ]~ ]£ 
~ o~c..:>..£C)~ c..:>dOdO.~Od().EQdO.EOdc3.dOdO.dOdQ.dc...>d 
~ ~ ao::9 ~1:9 ~ ~.; :9' ~:9 e:9i:e~ ;9'- :9~ :9'; ~ '; :9';:e ; ::e';::e ~ ::e'; 
~ lQW 000 I.QOO I.Q;;; o.n~ 1.Qts:. lQ .... Ol_' o~ O~ ...... o~ lQ~ lQ~ o~ o~ ICQ-::: I.Q~ 
~ 1"""1C'1C'ol ...... _...-I_C'tc-&C"IC!"-'c.lc.lM~CQM 

~~153191 1~233:~ 272~3093283483671~405424443463 
12 116,153 191 213,233252,272 2891309328 348367 380 405 424 443 463 
13 116 153 191 213233/252272 289 3091328 348367 386405 424 443 463 
14 1161153 191 213233 2521272 289,309 328 348367 386405 424 443 403 
15 1161153:11 191 2131233 252 2721289 309 328 348 367 386 405 424 443 463 

1(; 116153 191 213233252272289309328 348367386405424443 463 
17 116153191 2d233 252 272 289 309' 328348 367 3~t4031 423437 457 
18 1'.g1152i186~233I1 2521 2711 2861 305~ 343359 378392 411 424 444 
19 115148 1 1 208227245264278297315334349367381 399412431 
20 1121144 176 2031221 2391257271 289 307 325339 357 370 388 400 418 

21 109 140 171 197 215 232 250 263 2~Q 298 316329 347359 376 387 405 
22 106 136 165 192209226243256272289 307 319 336348 364 375 392 
23 103132160 1862032191236 248 26~~4 281297310 326337353362379 
24 100 128 155, 181 197213 229 240 25 272 288300 316 326 341 350 366 
25 98 124 150

1

175 191 20622223324 203 279290 305 314 330 338 354 

26 95 120 145 l?q 185 2Q2 215 225 2,!~ 255 270 280 295 303 318 325 341 
27 921 llG'14oi 164 179 193 208 217 231246261270285292306313328 
28 89 112 134, 159 173 187201 210 223 237 252260 274 281 295 301 315 

~g ~~ 19~ m, m l~i l~~ l~~ ig~ ~M ~~g ~~~ m ~E~ ~~g ~~t ~~~ ~g~ 
31 80 100 119 142 155 167 1 0 187 199211 224231 243 248 260 263 276 
32 77 96 114 137 149 161 173 179 191 203 215221 233 237 248 251 263 
33 75 92109 131143154 166 172 183 194 206211 222226237239250 
34 72 8 103. 126 137 148 159 164 174 185 196201 2121216 227 232 243 
35 69 84lOIj. 120

1
131 1411152 157 166, 177 1 71194 2051211 221 226 237 

_~L!~~~m~~~~~~~~llil~-~ 
11_1,in.41134 158 ' 182333376420461«4489534581559606583630 608 6,5 
rt_l,in. 3.87 3.66 3.52 4.50 4.58 4.65 4.71 4.46 4.53 4.60 4.66 4.45 4.52 4.33 4.39 4.22 4.29 
["_",in.' 123 148 171 213 231 249 267 274 292 310 328 333 351 354 372 372 390 
r,_"in. 3. 3.55

1 
3.41 3.60~~ 3.58 3.51 3.50 3.50 3.50 3.44 3.44~ 3.37 330 3.31 

W.igh~ ---1- I -
~m~m~.~m~u~uu~~~~~ 

Safe load values above upper zIgzag hne are for ratIOs of Ilr not over 60, those between thezlgza~ 
lines arc for ratios up to 120 l,c, and those below lower zigzag line arc fur ratios not over 200 l/r. 
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CARNEGIE STEEL COMPANY 

10 INCll CllANNEL COLUl\INS---COnlinuoo 

SAFE LoADS IX TUOUSANI>S OF POUNDS 

Allowable Fiber SCrea r.er square Inch, 13,000 
I)Ournl. for Icngtlul of 60 radIi or under; rodurod f" r 
lona:Ua 0,"« 60 radII, _ .pec:IHc:aUOni, ~ 12;, 

WelJ;hlJl do not Includo rl"ct h ....... or other 
detall., 

I, 

Z;:;S 
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C OL. UMNS 

10 INCH CH.I\.J.'iNEL COLU~IN8--CoIltillucd 

S .,u'E LoADS IX THOUSANDS O' })OUI\"O$ 

Allowable FIlxlr 8t ...... per square Incb, 13.000 
pounda for 1(!Ilgtha of {\() radII or under: roducod for 
longtilll OVer {\() radll. 800 81)0(:1tlCI.~IOIlJl, page 127, 

Welllhta do no~ Include rlvct hea.da or other 
detailil, 

2-10 in. Cbru>olo, 2-14 in. Plaia 

11 480 502 525 M8 571 593 009 632 654 677 100 723 
12 4SO 502 525 0548 51 1 593 009 632 6501 671 100 123 
13 480 502 525 648 571 593 600 632 654 677 100 723 
14 4SO 502 525 648 571 593 009 632 654 677 100 723 
15 480 502 525 M8 671 593 009 632 654 677 700 123 

16 602 525 548 571 593 600 632 654 677 700 123 
17 Ml2 525 M8 571 593 600 632 654 671 100 723 
18 502 525 548 571 593 600 632 654 677 700 123 
19 502 525 M8 571 593 600 632 654 677 700 123 
20 502 525 548 571 593 600 632 654 677 700 723 

21 417 500 522 544 561 589 602 624 647 669 691 714 
22 461 488 tHO 532 554 575 1:088 610 632 654 675 697 
23 456 411 4\Xl 520 641 562 576 500 617 639 660 681 
Z4 446 466 481 508 529 54!l 561 682 603 624 644 665 
25 435 455 475 495 516 536 647 50S 588 608 628 648 

26 424 444 464 483 003 522 533 553 513 593 612 632 
21 414 432 452 411 400 509 520 539 559 578 500 616 
28 403 42 1 440 459 478 400 500 525 544 563 681 599 
29 392 410 429 446 465 483 492 511 529 641 565 683 
30 382 399 417 434 41>2 469 419 496 514 532 549 561 

31 371 3S8 405 422 440 41>6 465 482 500 1>17 533 MO 
32 360 311 394 410 421 443 451 468 485 502 511 534 
33 350 365 382 398 414 430 437 454 410 481 502 518 
34 339 3M 310 385 401 416 424 440 455 41 1 486 502 
35 328 343 359 373 389 403 410 425 44t 456 410 48li 

1 ~ ll lm~ . ~1~1~ ljij 
131.4. 1 1'~.3 IM.2 150.3 IM.2 171.2 111.1 1S3.! ISIl.O 

r .... ra~ -= over 120 lit, Y~'" .... 1 .. I 

'" 
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12 I NCH C liANNEL COLl"j\IN8---Continued 

Allowable Fiber SIre88 \>Cf squaro loch, 13,000 

II<:mO<iS for lengths of 60 rad I or under; I"('(lu","",1 for 
engths oYCr 60 radii, _ ijpecUlcallons, page 127. 

"·elght'! d o not IndudO rh'et hCllds o r other 
det.lb. 

~12 In. 0... ..... :., 2-14 in.. Plr.\I)o 

'" 333 
323 ". 
"" 

" .. 

'" .. " 391 
3St 
37 1 

'" '" '" '" '" 

'" 421 . ., 
"" 3S8 

'" 3(;7 ". 
'" 3" 
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CO LUM NS 

12 [NCIl CIlANNEL COLU1lNS-O>nH"oo l 

SAFE LoADS IN 'I'lionSAN08 OF POUN08 

AIlO ... blo } ' Ibcr 81!"O111 per IIQUa.re Inch, 13,000 
pOund. lor length.o 01 00 radII Or under; reduced lor 
10l13th.o o"er 60 nldU, _ ~ 1_ltlc.tIOlUl, page 127, 

We.b~ do ~ IncludO rh'c~ heads or other 
dotalla, 

2-12 ill.. C~ 2-14 ill.. Pb.LeI 

•• 
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CAItNIlO I I; STEI:L COMPANY 

12 INCH CHANNEL COLUMNB--Continuod 

SAn: Lo,,1)8 IN THOUSANDS 0" POUNDS 

AUowable Fiber Su'.., pee' squa,., Inch, 13.000 
pouodB fQr lcngtlu! of 60 radII Or under; rcdUO!'d fo r 
lengtlu! o"er 60 radII, _ .pedftcatlollJl, pago 127, 

Weq:ht.e: do not Includo rh'e~ ~ O!' otbel' 
d ...... 

1.12 iL ~ :'18 iL I'bw. 

H li 1! ';'1 f! 'h l~ 11 J'~ ~~ •• ". d- ,l" d, 
.o" •• s •• ~.;. •• .o'. • • =!i .o • -" -~ -~ -~ -, -. i- i- i - .- .- .- .- 0 -

'" '0; no '" '" '" '" "" '" '0; n, '" '" '" '" '<0 
'" '0; no '" '" '" '" '" '" ,0; 72:1 '" '" '" '" '" '" '0; n, ,., 
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COL U M NS 

lZ INCH CHANNEL COLUMNS-Cc.mtinuoo 

SAFE LoADS IN T IJOUaANOS OF l'oUNOS 

Allo..-llble Fiber 8tl"UM llet Ilquarc Inch. 13.000 
I)(>undlil tOt lensths ot 00 r&d I Or undet; n'dUCCtl lor 
length. OV(lI" 60 ~1I. _ .pedncaUola, page 127. 

Weights do no~ Include rh'ct he&ds or other 
de tal"" 

1118 944 970 900 1022 
1)18 941 970 006 1022 
1)18 !).I~ 970 000 1022 
918 11-11 970 \100 10~2 
918 044 970 000 1022 
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918 9"" 970 006 1022 
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CARNeGI !! STIl El. COM PANY 
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15 INCH CHANNEL COLU~IN8-Conlinued 

SAFE Lo",os IN TIlOUSA'-':OS or POUSD8 

ALIo ..... bl" Plbo,!r Rtress pel' lIQuaro Inch. 13.000 
pounds tor h:~llKth~ ot 60 1'70<.111 or under; reduc:t.'d tor 
IC"¥tha ovCC' 60 radII. _ .pocltlcallorui, 11,,0 127. 

Wela:hl.ll do no~ lociudo rh'e~ head_ or other 
UdaU" 
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,.1ioI DOl. 0'" 120 I, •• 
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COLUMNS 

151NCU CHA NNEl. COLUMX8--Continucd 

S"'fI'l: LoADS IS TUOIJ8ANOS 01' POliSOS 

AIIO .... blo J.lber Sln'l8ll per .,;Ju • .., Incb. 13.000 
pounds rur l"nll'lhl of 00 radII or under; reduced ror 
1enllll,. o\er 00 radII. _ ."""Ulcallona. page 127. 

Welgh'- do no~ Includo rh'llt bead. or other 
det.11s. 
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6.17 M7 
622 (1.11 
600 62.'> 
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CARNEO I E STEEL COMPANY 

15 INCll CHANNEL COLUMN5--Continucd 

SAFE LoADS IN TuOUSAN08 OJ' l'OUN08 

Allowable Ftbo)r St..- per aqUanI In<:h, 13.000 
poundll for lengtM ot 60 radII /)I' under: reduced tor 
1en&tI1II ove!' 00 radII. _lI'pedtlc:allowr. ~ 127. 

Welghw do nO(; lnclude rI\'~ beadII' /)I' otber 
del&&' 
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COLUMNS 

151Ncn CHANNEL COLUMN8-Continuoo 

SAY!'; LoADS IN THOUSANDS OF POu:.'D8 

Allo .... ble Fiber Slross per lKIuare Inch. 13.000 
J)(lun.a f~ lenglh. or 00 ....til O~ under; roduood tor 
h.· ... ll .. o,-cr 00 radII. _ apeclHcatlon .. page 127. 

Welllhta tlo not Include rl,-."t bead.!l or Other 
de\.alb. 

2117 



'""B'" 
. .,., 

,j 1 7 .. . 
1... .' . 

, " 

CARNEOIE STEEl. COM PAN Y 

15 INCH CHA.! ..... NE L COLUM~8----Coneluded 

SArli: LoADS l.s 1'uOUSA.. .... DS or l'OU.sDS 

AIlQ,,"ablo Fiber Stra88 per lIQuare loeh. 13.000 
pounds tor lengths QI 60 radH or under: rt.'(luCC<i IQr 
lengtlls Q,·Or 60 r&dll. 600 sllOCifle&tIQllS. D"80 127. 

WeighUl dQ nQt IneludO rivet beads or other 
dotalls. 



I 

.. $. $ .:.. 
• • .. ~, t; 

6 , 
8 
o 

W 

" 

• • 

I :' 35 
13 32 '7Hcm 
11 ZS 
Hi 25 

16 22 34 36 
17 18 32 32 
18 21) 2!1 
19 26 26 
20 23 22 

" " '" >< 
" 

, 

CO L UMNS 

PLATE AND ANGLE COLUMNS 

SAI'l'; 1.0,1.08 IX TIlOUSA~m& OF P OUNDS 

Allowabln Fiber SU'OSII per !IIlUaN) Inch. 13.000 
pounds lor Length" 01 00 radii or lindeI'; ..... Iuood tor 
It'D8th,. Q"cr 00 radlJ, lICe sp(!ciOcatloos. p&80 127. 

Wol8hlJl do no~ Include rh-et heads or Olh(!t' 
dctai!& 

~ ... &nO for rat.ioo 011 • not OYer 110, 0.-
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CAR,NEO I I! STEE L COM I'A N Y 

PLATE AND ANGLE COLUl\lX8-Conlinuoo 

SA FE 1..0,1.08 IN 'l'llOUSAN08 OP POUNDS 

A IIOlwablo F llJ.<:,r Slrfl88 per SQuaro Inch. 13.000 
pounds for lengths Olf 60 raUll or I!UUCI"; roUucod tor 
ICllgttUi o\"er GO radII, s~"(l.pt.oclllcalions, 1'&I:\e 127. 

Weights dOl not Include ri"et bea(ls or ollle. 
dClail!J. 
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COLUIIINS 

PLATE AI'1D ANGLE COLUMNS---Continued 

SAFE LoADS IN TIIOmMNDS OP P OIlNDS 

Allowable F iber 8t ........ per squa,.., Inch. 13.000 
lX'und3 for ]<)Ilgtils of 60 ra(lli Or under; reduced for 
lengtlUJ ow!r 60 radII, soo speeHleatlons, pago 127. 

Weights do not IUciude rivet beads or other 
detall$. 



CA R NEO I E STEEL CO M PANY 

, P LAT E AND ANGI~E COLUl\INS-Continucd 
". " ~q .iF; SAFE LOADS I" TIIOUSA~DS OF POU:o;OS " +: ~ 

Allowablo FIlx'r SlfOII'!I Ncr 8(tUIINl Inch. 13.000 . ' • 
~ 

1>o""d8 for IC6filh8 ur 60 rad Or uuder: n ... luced for 

·L~ Orllllh80Vcr radlJ, _ sLKlClflcaUOllll, LlagO 127. 

Wclghu do rlO~ InCludo rivCL hca.;1B or other 

.' dctll1Jll. 
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COL U M NS 

PLATE AND A..I.'WLE COLUl\INS-Continued 

SAFB LoA!)S IN TUOUSANDS OF P OUN!)S 

AllO"'&hlo ~'lhet' StrC>'!S per IlqlllU'O Ineh, 13,000 
pounds ror lengtlui or {lO radll Or ulld~'T; l'QIlllccd ror 
lengtha over {\() radII, 800 BIJOCUlIcMlons, I)!lge 127, 

WclghlJl do no~ Include rIvet h.,..da or other 
details, 
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CA RNEQ I E STEEL COM PANY 

, IJLATE Aa.~D Aa.\"GLE COLUMN8-CoDtiDUOO 
r 

If"" ~! --; SAFt: LoAnS IN TnOUSANDS OF POUNDS 

-' Allowable nber St~ ... u...., Inch, 13,000 ., -
~ndJl fo r legathll of 00 II CK' under; reduced l Ot 

~I ~ -b,. ths oYU' radII, _ lpocilkation., paa:e 121, 

W e!ghl.ll do DOt IneIllde rlve~ heidi or otbcl' 
dctalll, 
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DOt..,.to' 200 I., 

". 



:. 
• • 
~L 

i • 
" • • , , 
" , 
~ 

n 

" " " " 

" " " " " 
" " " " " " " " " " 

• 

. ' 

:<~ .- "'''' . -
• • • • .. .= . = .= - - -i1 .! .! •• !:e " <" .. • • •• 

COLUMN S 

PLATE AND ANGLE COLU ~I NS-Continued 

SA FE LoADS IN TUOUSANDS OF P OUNDS 

Allowablo ~'lbcr StN,lSS POf sqUlI.fO Inch. 13.000 
pounds lor length$ o f 60 radll or u nder; redueod lor 
length" o v/)r 60 rll.<lil. soo spocltlCII.tlons . plI.gc 127. 

W eights do not lucludc rivet hoo.<ls Or other 
d&Ut.Ua • 

"'''' '" :<", '" '" ~'" "'''' .- ." .- ." ." .. ." 
• • • • •• _. _. _. _ . _. .. .= •• •• •• •• • • •• • • - - - - - - - - -
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CAR-NEOII!. STEEL COMPANY 

• PLATE AND ANGLE COLU;\ tNS-Concluded 

'joi 
SAn: L OADS IX TUOUSANDS o r P OUNDS 

AIiO"'able Fiber Stress \leT square Inch. 13,000 ., ! ~und8 for le;mth8 o f 00 rad I or undur; roduced tor .' ~ i 
ength~ o\"er radII, _ IpIlClflcatlons, pago lZ7. 

I. Wclshts do not Include rivet heads or other 
deL611s. 
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________ CC0:..:l. UM N OETAC"C''-____ _ 

TYPICAL COI .. UMN DETAILS 

.. 
• • 

Simplicity in detailg is es!Cntial to 
eoonomical construction. To eliminate 
bending or !!COOndary etree8Cll. it La 
desirable in making dC!'igns and details 
that lond1 be transmitted from benms, 
giniers and truSl!CS to columns directly 
!llld with tile minimum number of 
connecting piceee. rivets, or boltll, and 
thnt the rh·ct.s or bolts be stlUlllCd in 
sheaf or bearing only. 

The column connections Bhown on 
this Jlnge aod the two pagcs which fol
low rcpreeent the best modern practice 
and conform to these fundamental 
conditiolls and cover the range of 
Cn&e8 met with il\ ordinary mill nnd 
office building construction. 

Where columnl:l rest on steel slabs 
or cnIltingo, the loads are trellsmitted 
directly into the footing, and shoe 
angi<'8 lIlay be provided for proper 
anehorngc. Where they rest on 
ffiMCIIlr)', gusset plates lIlay be re
quire<1 to distribute the load. 

Columns Ilhould be milled to neeu
rate bcoringatjointe, with splioo pmte/J 
sufficient to hold the acctiorur in Jino 
and to resist bendingstre8ilC8. TIori7.0n
tnl bearing "Iatc!! must be used betwoon 
column IICCtions of different forms or 
genernl dimensiolls. Rivet slla.cing in 
column ~haft8 and at beam connections 
should be uniform to pennit the usc of 
rnullipic punches; spacing should be 
in multiples of onc-quarter incb. 

Erection requircmenbl should not 
be overlooked; beams should frame 

~ Bl)6rlngoD lIaIIODry with ample clearances! particularly to 
~ column wcbs, and nvcts should be 

countel"3unk or flnttcned where ncOO&-
MI LL BUILDING COLUMN IIIl.ry to swing beallls into pOSition. 

277 



C AR NEOII:! STEEL COMPANY 

TYPICAL COLUMN DETA ILS 

OFFICE BUILD.SO CoSSTIlUCTIOX 

Section A·A iSfttlon IJ.B Sect;"" A_A Section 80B 

T\'PICAL ANG LE COLU M,S TYPICAL ANOI. E COLU MN 

Bearing on Steel 

'" 



Section A·A 

• 

CO L U M. N D ETAI L S 

TYPI CA l. CO Lm lN D1~TAILS 

OYYICE llUll.olSO CoSIITRt:CTIOS 

_B-B 

TYPICAL S PLICE 

A ... 16 Column toChanncl Column 

, :--: 
• , 

• · • • · • • • • • • • • 

TYPICAL SPLICE 

• : • 
• 

• 

· . • • 

TYPICAL CIlANN~;L CO L UMN T\'l' ICAL SI'LICf; 

Bearing Oil Sleel Cha unel Columns, dlfferenl ~Iz&l 

"';-----------' 



CARNEO IE S TEE L. CO\II'ANY 

CAST IHON COLUM NS 

ALLOWABLE UNIT STRESSES IN P OUSOS PER SQUARE I NCH 

For Various Rntio9 or Slcndcrnesa 

Pnmo8"d formulao! Naw York Building Law: 1XlOO-40 I.r Ibs. IICr lIQuanl loch 

", u... per Sq. In. I" 1 u..~" '· 1 ", Lt.. pet Sq. I. 

I 
W ""'" '" '900 '" ,"00 .. """ " 7760 " ""'" " ",. " "'. " ,,'" 
" ,"SO OJ """ '" """ ,. 84010 '" ''". " 1>,<0 

" MOO " '""" " """ " "'''' " ''''' " 00'" 
" 8320 " 1520 " 6720 

" "110 ,. 
"'" " 00110 

" 82~0 " 7440 " (;6.10 ,. 
8200 •• "00 00 0000 

" 8>'" .. '3'" " MOO 

" 8 120 " 7320 ., 
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Tllo safe load for a cast Iron column o f given dlmeDlilons Is dmennlnod 

from the abo"e tsble byobtalnlng thoratloot llrand multlpl)'!ng the correspond-
Ing unl~ stl'<)ll8 b)' tho soctlonallln)Il of column. 

Examplo:- Boqulrod Wo safe load of • cast Iron column. 15 InchOfl squal'O, 
Ji loch In th ickness. and lfi feet 10Dg. 

From tablo of lIollow Squal'O SectIons. pago lfi3. tho r&dh.! .. o f gyrAtion 
Is 05.78 Inch...s and tho SOCtlonal aroa Is 40.44 lK\ual'O Inchee; hcnce tho ratio of 
I/t = 16x 12 -+- 6.78=33.2. corresponding to aatt". of7672 pouudo per lK\u.aro 
Inch, gl"lns a total sate load of 49.4-1 x 7672 = 370000 pouods. 

T ho minImum size of a can lroll column of a certain length to safely 
support a gh'lm IQ&d Is dC{(lrmlnoo as fQllQws: 

Dh'lde the length In Inches by 70; the qU()tlont Is the mInimum allowable 
radius of gyration required. D!,'lde tho total load by 1)200 pounds; thequoUent 
Is th(l mInImum soctlonal area. 

Ex.mple:- n oqulrod th(l mi nImum size o f a round cast lroll column, 20 
feet long. to support. lo&d of 23SOOO I){lUnd><. 

T he mlnlmum radllUl or gyration Is20:.: 12 +- 70 _ 3.43InchC8: tbo minimum 
area Is 235000 + 6200= 37 .90squarelnchee. l-'rom tableot 110110,.. Round Soc-
tlODli. 1)ag(l162. the ncares~ minimum o<ize for this radius Qf gyration and thl!! 
.rea.ls found tQ bo aoolumn II Inchflll In diameter sod 1 ~ InchOliln thlckn ..... 
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CAST IRON COLU MNS 

IcE 
ROUND CAST IRON COLUMNS 

(Q) ALLOWAlII.E 1.0,4.1)8 IN TIIOOSA.SOS 0" P OUIIo"DS 

By ProlMMCd Ne ... Yo.-k Building lA.w Formull. 

Weltl:hUl do DO~ Includo dCUll1lI 
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CARNEO I E STE El. COO\IPANY 

SQUARE CAST IRON COLU~INS 

,\ u..oWADUi J.oADS IN' T HOUSANDS or POUNDS 

B y l'tva-! New 'l'oeil: Building t.. ... Formula 

Welgllta do not Ir>elude d(ltallll 
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FLOOR CONSTRUCTION 

FLOORS AND FLOOR LOADS 

Kinds of Load.. Two kinds of loads are carried by structures. 
Live loads consist of the weight of carriages, cranes or other handling 
devices and their supported loads, machinery, merchandise, persons 
or other moving objects, the support of which is the purpose of the 
structure, including also wind stresses. D ead loads consist of the 
actual weight of the structure itself with the walls, floors, partitions, 
roofs, and all other permanent construction and fixtures. The 
dead loads stress· the structure at all times and it must, therefore, 
be proportioned to sustain them at all times without reduction. 
The live loads may be taken at their full values or reduced in 
accordance with the probabilities that the structure as a whole 
or its principal members will not be subject at all times to the full 
theoretical live loading. 

Dead Load.. The permanent load should be calculated from 
known weights per unit of the material composing floors, partitions, 
walls, or other permanent construction. The weight assumed for 
the steel frame itself should be checked after the sections are 
determined and then the sizes readjusted if n ecessary. 

Live Load.. Live loads vary with the character of the struc
.tures. In buildings they consist of uniform loads per square foot 
of floor area, concentrated loads, such as heavy safes, which may 
be applied at any point of the floor, and uniform loads per lineal 
foot of beams or girders. The load which produces the maximum 
bending moment or reaction is to be used in proportioning sections. 
The floor system between beams must of course be of sufficient 
strength to transmit any concentrated load to the beam. 

In cities the minimum live loads to be used on the various classes 
of buildings are fixed by public ordinances, and are given on page 
284 for the principal cities of the United States in accordance with 
the most recent building laws, which are intended to cover general 
conditions and do not include machinery or other concentrations. 
If such concentrations, like safes, armatures, generators, or printing 
presses, occur on floors, special provision should be made for them 
in the floor framing . Flat roofs of buildings which may be loaded 
with people, should be treated the same as floors and the same 
uniform live loads used as given in the table for dwellings, hotels 
or assembly rooms. 
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CARNEGIE STEEL COMPANY 

FLOORS AND ROOFS 

MINIM,UM LIVE LOADS, POUNDS PER SQUARE FOOT 

By Building Laws of Various Cities 

~. 
,; 

~~ 
:.a igs i ':g -g ,; 

~~ Eo", ~'" m ~::: "'-Kind of BuildiIlli ,,- ,,_ 0 "'-W 0> ~~ "00> E~ .c 0> "'- t~ :a~ 0 _ ,,- .!'l- 0 
P'l " ~ " ~ e; (3 U Z 

P-< 
P'l 

.!!f 
"0 0_ 

H~ 

"" rn 

------------
Apartments .............. 50 

Public Rooms~ and Halls 100 
Assembly Halls . ......... 125 

Fixed Seat Auditoriums .. 
Movable Seat 

Auditoriums .. .... . 
Churches ..... .... ..... 
Dance Httlls ........ . .. 200 
Drill Rooms .. . ....... . 200 
Riding Schools ......... 200 
Theaters. . . . . . . . . . .' . . . 

Dwellings ....... . .... ... 50 
Public Roomsa .. ..... .. 100 

Hotels ..... .. ........... 50 
First Floors ...... . ..... 
Corridors ... .. . ... .•... 
Office Floors .......... . 100 
Public Roomsa ......... 100 

Manufacturing .. ......... 125 
Light Factories ..... ... 

Mercantile .... . .. .... ... 
Heavy Storehouses .... . 
Retail Stores .. .... . .. .. 125 
VVarehouses ....... .. ... 250 

Offices ............ •• .... 100 
First Floor .. : ...... . . . 100 
Corridors .............. 

Schools (Class Rooms) .... 60 
Assembly Rooms-Halls 125 

Sidewalks .... . .. .. ........ 
Stables-Carriage Houses .. 

Area less than 500 sq. ft. 
Stairways and Landings ... 7.0 

Fire Escapes .... ... .... 70 

Roofs-Flatc ........ .. .. 40 
Horizontal Projection 

Steep Roofs ... ... ... . 
Superficial Surface ...... 

VVind Pressure .. ......... 

a Area greater than 500 square feet. 
b First Floors 200. 
c Slopes less than 20 degrees. 

60 

90 

90 

90 
60 

60 

120 
120 

150 

150 
75 

150 

75 
90 

300 
75 

50 

30 

30 

70 60 50 50 40 60 
80 

120 125 100 100 
75 125 80 100 

12.5 100 100 
75 125 100 

150 150 100 
150 
150 

75 125 100 
70 60 50 40 40 60 

70 60 70 50 50 60 
100 

80 
80 

120 125 125 100 
150 125 150 

150 250 200 200 
120 125 125 125 100 150 
150 200 100 150 
100 75 70 60 50 70 

150 150 
100 

75 70 60 40 100 
70 80 75 

200 200 
100 80 100 

40 
80 100 
80 

40 50d 40 25 40 

20 50d 25 

30 I 50d 40 
30e 30 25 30e 20 30 

0 

.~ 
go ,,-
~C> 
r..-
~ 

" ~ 
60 

125 
75 

125 
125 

125 
60 

60 

125 

250 
125 
250 

60 
150 

75 
125 
150 

75 

30 

20 

20 

d Dead and live, except for one story steel frame buildings, corrugated iron roofs, 35 pounds. 
e High Buildings, built up districts, 35 pounds; 14 stories or over, 25 pounds at tenth story, 

2 Yo pounds less each story below. 
Figures for manufacturing establishments do not include machinery, 
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I'I.OOR, CONSl'R,UCTI ON 

Re<lund Li ~e Loood.. Floor beams in buildinl!s should be computed 
to suetai n floor by floor the full live and dend loads. It is not 
probable th:,t nil the floort'l will be fully loaded "t all timCfl, and, 
therefore, good practice permits 110 reduction of the thcorcticallivc 
load in the computntions of column 8eClion~. The Ncw York and 
proposed Pittsburgh building bws permit DO reduction on columns 
8upporting the roof and top floor. These building Inws pennit for 
buildings more than Jive storlcS in height on columns Mupporting 
each succeeding floor a reduction of 5 per centof the totalli\'c floor 
lond until 50 JX:r Cent. is rcached, which reduced lond is to be used 
for the columns sUPl>orting the remaining floors. J'iltsburgh build
ing In"', howe\'er, dOCflnot permit any reduction of Ih'e floor londs 
over 150 pounds per squnrc foot (bulk storage). The Cllieago 
building law requires eolumUH to Bustain the full live load on 
roofs, 85 per e(mt of the full live floor load on the top Door with a 
5 per cent reduction on each succeeding floor down to 50 per cent, 

When the character of the loading will permit, it is al80 considered 
good practice to reduce the li\'e load on th(l mnin girders to which 
the primary supporting beanlS are framed. The amount of th(l 
reduction will depend on the Jlrobable distribution of the loads. 

Foun .... tlon Loooda. FootillgS should be 80 designed that the leads 
they sustain per unit of nrea shall be as nearly uuiform as po!I8ible, 
and thc dead lunds carried by the footings should incl4de the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. The live load should be lWlumcd to be the same all 
the live lond ill the lowest tier of columns or in the footi ngs under 
walls. According to the prol>Osed Ne\\' York building law, the 
area of the footing which has the largest perccntage of livc load to 
total load shall be determined by dividing the totnl load by the 
unit working stress. From the aren thus calculated all the other 
footings of the building shall be prOl>ortiolled according to the 
ratios of their respective dead loads only. In no Cl\8e shnl! the 
load per square foot under any I>ortion of nny footing due to the 
combined dead, li\'e, and wind 10f\(I~, c:o.:ccro the safe sustaining 
power of the soil upon which the footing rests . 

• 'i~oor Floor 87......... A modem office or mereanlile building 
is essentially a steel framed structure which support/! the dead load 
of the building and its contents and is itself protected on :111 sides 
by refraetory materials, The floors nre made fireproof by the use 
of terra cotta tiles or archCII er of a composite flooring made or 
concrete or rcinforced concrete. While brick arches may still 
be used in s llCeial Iocntions where great floor strength is nccded, 
and concrete arches arc sometimes thrOWll between the beams, 
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CARN,"O I I! STEE L COMPANY 

modern practioo is limited substantially to the hollow tile arch 
sprung betwoon the beams and the reinforced concrete slab laid 
on their tops, the ceiling construction being modificd to suit. 
Each system has advantages of it.!! OWO. 

Tern Colta Arc..... Hollow tile archCII 611 the lotal depth of the 
Hoor beamB, and, therefore, lend to Btiffen and brace the building; 
their weight per square foot is light lUI compared with other forms 
of fireproof floor constructiou of equRI Btrength. Hollow terra 
cotta floor archCt!l arc made eitl~r flat or segmcntal. The Begmental 
a rch will develop much greater strcngth than the flat arch of the 
Bame width and depth, and may be designed to carry a given load 
with tile 'of leas depth than flat arches. They are, therefore, 
more economical, though not always acceptable from t.he stand· 
point of architectural appearll.nce. In oflice buildings the ceilings 
under such arches arc usually suspended. A correctly designed 
and constructed fiat areh will always develop the full strcngth of 
the stool beam which supports it. 

When arch blocks are the same depth fill the beams, they are 
usually laid to project l~ inches below the bollom of the beams, 
and the Bpace above the arch is filled in either with cinder concrete, 
in which can be laid pipes, conduits, and wooden nailing strips 
supporting "'ood flooring, or with thin terra cotta blocks made for 
this PUfPOSC, or with a layer of pllllItic composition of cement, 
which forms the wearing surface for the floor. 

Tllnu t or .,loor Aull".. All forms of terra cotta arches produec side 
thrust on the floor beams. I n the fiat arch the blocks have tapered 
faces Ilnd the central block or key wedges thc others together; in 
the S('gmenlal arch the thrust is that due to all a rch action. Thcse 
thrusts it is found necC8Bary to counterbalance by means of lie rodB 
which connect the floor beams and relieve them from the tendency 
to deflect sidcwise. In the central bays, owing to the nct.ion of 
adjncent arches, Ule tie rods are someti mes omitted, but. it is 
necessary to investigate outer beams and channels around openings 
for additional thrust stresses SO that the combined fiber atfC8liCS 

produced by vertical loading and horizontal thrusts Olay not be 
excessive. With flat arches~.i inch tie rods spaced apart not o\'er 
firteen times the width of the beam flanges will usually be Hufficient. 
The total thrust of arch, the net area of tie rods required, the maxi· 
mum distance between tic rods and the scction of outer beams for 
any condition, may be found .as follows: 
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FLOOR CONST IWCTION 

Lo' 
w """load on arch, in pounds per square foot. 
L =spall of arch, in feet. 
Lb - lcllglh of floor bealll supporting the urch, in feet. 
n. ~ffootive rise of urch, in inches. 
p -=thrus t of arch per lineal fool, in pounds. 
J> = lotal thrust of arch per panel, in pounds. 
A = totalnet area of tic rods per panel, in squnre inchCfl. 
a = nct area of one tic rod, in square inchCll. 
l.J ==spacing of tie rods, center to center, in feet. 

= allowable combined fiber strC1!8 not to exceed 16.000 pounds 
per squure inch. 

51-I =Section i\IOOulus of beam, axis 1.1, in inchCl:!3. 
8 2., = Scetion ) IOOulus of beam, axis 2-2, in inchCl:!3. 

i\ h .I = Bcnding Moment due to vertical loading, inch pounds. 
M2.2= Bcnding l\loment due to arch thrust, inch pounds; then, 

p 

A 

3wL2 
21t 

3wI?Lb ,,·L2Lb 
:dlt - ToOO.H, 

zfaR lOOO'aR 
3wL2 wL~ 

p -

MI_I 
(%owL Lb) Lbl2 3\\' l.~ 

8 - --.-

M _~ (pL.) L.12 _ 42 
~ • 12 V 

I = 1\11.1 + M~., 
~ 82_2 

In the formula given for i\h.2, the beam is considered continuous 
and supported at intervals by the tic rods. In segmental arches 
the effective rise is equnl to the vertical distance between the 
highest point of the concave surface and the springing line or chord; 
the effective rise of a lint Ilreh may be takell at 2.4 inchesle611 than 
t.he arch depth. 

The net arefL8 of the uSlial size tie rods arc as rollows:-

Oiamoter 01 Ro:I. 1"""* " I " .. I~~J 0.05.50 Ne~ arou.. Il. Ij(jUIlr(l InCh':' 0.420 
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CARNEGIE STEEL COMPANY 

EXAMPLE.-A fioor panel 18 feet by 6 feet, made of 12 inch fiat terra cotta 
blocks, is to support a unilorm load, live and dead, of 150 pounds per square 
foot . Required the total thrust, total area of rods per panel, maximum 
spacing of rods, and the proper size beam to carry:one-half of the panel without 
other lateral support than the tie rods. 

Entire panel load is 18x6x150= 16,200 pounds. Assume a 12 inch 31.5 
pound beam and ~ inch tie rods, then wo have--

3x150x6x6 
Thrust of areh per lineal foot, p 2(12- 2.4) 840 pounds. 

Total thrust of arch, P 3x150x6xGx18 
2 (12 2.4) 15,200 pounds. 

Total area of tie rods, 
150xGx6x18 

A lO,GG7 (12- 2.4) 0.95 square inches. 

Maximum spacing of tie rods, Ls 106G7x 1:~;6~~2-2.4) 5.73 feet. 

Bending Moment, vert.icalloading, M 1- 1 
6x18x150x18x12 

8x2 
218,700 in. lbs. 

Bending Moment, horizontal thrust, M 2 - 2 840x5.73x5.73x12 27,580in.lbs. 
12 

C b · d fib f 218,700+27,580 . h om me er stress, 36 -"3:8= 13,330 pounds per square me . 

It tie rods are spaced 6' 0" centers, then the 
Bending Moment, horizontal thrust, M 2_2=840x6x6=30,240 inch pounds. 

Combined fiber stress, f =21~,~OO + 3~~40=14,030 pounds per square inch. 

When used, tie rods should be placed in the line of thrust if 
possible, usually 3 inches above the bottom of the beam. 

Span, 
Feet 

- -3 -

4 
5 
6 
7 
8 
9 

10 

MAXIMUM SPACING OF % INCH TIE RODS, 
LOADS O~' 100 POUNDS PER SQUARE FOOT 

Effective Rise of Arch, R, in Inches 

4 5 6 7 8 9 10 11 12 13 14 
----------------------
14.3 
8.1 10.1 12.1 14.1 
5.2 6.4 7.7 9.0 10.3 11.6 12.9 14.2 
3.6 4.5 5.4 6.3 7.2 8.1 8.9 9.8 10.7 11.6 12.5 

3.3 3.9 4.6 5.3 5.9 6.6 7.2 7.9 8.5 9.2 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 

3.2 3.6 4.0 4.4 4.8 5.2 5.6 
3.2 3.5 3.0 4.2 4.5 

15 
--

13.4 
9.9 
7.6 
6.0 
4.8 

For any other loading, multiply tabular values by 100 and diVide 
by total new load per square foot. 

The tables which follow give the weights per square foot for terra 
cotta arches, both flat and segmental, of various depths, their area 
in square inches, and the safe loads they will sustain on various 
spans. These tables should be used as a general guide only, as 
conditions may make it possible to design more economical arches 
for a given load than indicated by the tables. Where a paneled 
ceiling is not objectionable, for exampie, a shallow arch may be used 
on raised skewbacks with a considerable economy in material. 
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FLAT TERRA COTTA ARCHES 
JUIIOp"CTlla lC .. ' a T"lIu" . U 

S,l.Yl; 1.0,1.1)8 IN P OONDS PEa SQU,l.aE FOOT 
~'actor of Safety = 7 

I -
l)epth of A""b.loehN 

S_ I I 
----. , • , • • " " " , ~ ---..... "-of~h.Sq ...... I ....... 

Ft.- Ia. 
U U " I ~ ., 

1-
.. " ,-<> -iis OS, -m-' "" "" IoIS7 2210 

~, '" .00 on '" '" 12112 1877 
,-6 330 4:!4 '" "" '" "" 1612 
~, ,.. .., 

'" "" ." "" " .. ... 
I 

2-17 ,<8 '" ,w '" 8~'O "" .-, 211l 2.8 35" '" '" '" 1079 
.-<> '" '" "'" '" ·101 ,,<0 051 .-, '" '" m 3<" "" 571 8M 

"" '" 103 '" 
.,.. 

'" '" '" ... '" 218 '" "'" "" '" ,.. 'M ,.., 2-15 "" .. " "'" .. , '" '" ", '"' 31'8 50' ,.., 
'" '" '" ,« ", 

"" ", <8, 222 3101 m ... '" '''' 203 287 '" .. , '50 <8" 2601 "'" ,-<> 

I '" "" 
,,, 

'" , .. , .. '" '" 0-0 '" '" 0-0 1(,..1 '" 0-0 '" "" ... <8" ">-,, '" 'fhis table and the two foHowing are employed in computing tbe 
ijafe loads of tloor arehCIJ of hollow terra colla blocks. The area. 
given i9 that of a er08ll aection at right angles to tho webs, and, 
generally, end-construction blocks of \·arioull shapcs but of the same 
depth nnd cross-seetionnl area havc cqual strength. 

The weight of thc tcrra cotta arch has been deducted from t be 
safe load given in the tables, 80 that only thc dead load of the 
concrete fill, plastering, etc., must be deducted to obtain the nct 
safe live load for any afch and IIIIRII; blocks of dHrerellt a re(l8 ood 
for other facto rs of safety arc calculated as follows: 

- .. E,... ..... L Requlrot.l t he load IICC' Mlua", foo~ for a f> -6 lpan and 8 Inch 
arcb blocka with thrt'oe horizontal and fOil. vertical we"". K Incb thick • ...,~ In end 
eou.IItructlon. cf"OSS-4IC(:tlon thn;lUgh " "ebB Of blocks 1) ...... lIel to webll of be .. ms. 

Soctlo"al arca of the blocks Is 8".: JI"x4+( 12"- 4X J'''):r.~'':r. 4.2f> IIQ. In. 
at 0.00 pOlInd8 per cu. tn .• the " 'elght 111 44.25xI2xO.()(Ioca32 poundl. 

Tbe DC~ afe I~ of the 8 Inch block given In the ta ble Is 100 pounds. 
Addlq tbe wclght of the hlock. 37I12xO.OO=26 pOunds. the wtal afo load II 
222 pound.. The net llafe load (or blockl wltb an Irca of 44.26 MI. In. and a 
... fe~y '!lew. of 5 Is (41.25+ 37J222.:7/.5)-32=340 I)()und.ll per MI. ft. 
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C A R NEOIE STEEL COMPA N Y 

SEG?lII~NTA I, T E HnA COT TA ARCUES 
"~"IJP"CTIJ.K"'· .. • .. "n •• D 
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SEGMENTA L TERRA COTTA ARCUES-CoXCLUDED 

llepu. 01 Am., la.lIN o.pth d Am., I ... "", ..., .... -- s.- J R .. • • R' I • I' I " • • • • " ..... ~' ~olA ... Io~s..-.I ... "",_ .mh, Am. . ArM ol Am, Sqgue 1...-"'". "',. ,. 
~ M ~ 47 ~ • ~ " --- ----<--., W ." '" ... " 151 '" '" 'M , 327 '" "" MO , 

"" 2M ... ." ,~ ... .. , '" 678 '" '" ... 391 .30 ,,-0 

'" 479 '" '" "" "-0 '" ... '" ... .. , 
,~ '" '" . " '''' , " '" ~52 '" '00 , 

'" "" ". ' 006 , 393 006 .... '" 
" '" 

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

'" '" ... '" 
, U" ". "" '" '" '" "'" ." '" '" ". 310 370 ... 

11 -6 Pi '00 '"' '" '" 
, ... 

'" '" 370 .oJ .oJ2 '" ", ". ... ." ." '" '" 425 "''' OM , 
'" '" "'" ''''' 

, 
'" on 570 ". 

" '" 21111 '" '" " 13·1 on 200 '" , "" '" <OS 000 , 
'" '" '" ... 

'" '>0 m "" '" '" m ,., 'W '" ,,-0 

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

'" 271 ." '" .M 
'" "" '" no ... .. , ." "" '". ,,. , 

'" '" '60 '" , ... ... "" '" 
" '" '" 33' "" " '" .... ,., 

'" , 284 '" '" m , 
'" '" '" '" '" ... '" til5 'M '" '" on 

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

.,. " , .... "'" 20-0 '" '" '" '" '" I h 08' 62 1 '" '" ' J( " .. '" 'M ." , '" 000 "" "'" , ." '" ... '" " "" '" '" '" " '" '" '" 200 , '" "" .. , '58 , 
'" 

.,. " .. '" , ~ "''' '" '" 570 '" "" 30' '" ". ,,.. 
Hi "" '" ... " '" ,,-0 'OS ", , .. '" '09 

'" '" '''' '" no '" '" '''' '" m , 
'" ,>0 .. , ." , 

'" ... .... ... 
" '" .. , '" '" " '" '" '" '00 , 253 '36 , ... ." , 'M '" '" '" , ., '" • 00 .... 030 '" '" ,w "" 326 ,,-0 

'" m '" '" 03' 33-0 

'" '" "'" "" ." '. "" '" "" '" .. , 28 • M' '" 'W , 
'" '" , .. 800 , , .. '" .. , "" " 11'4 '" ". "" " '''' '" '''' .. , , 
'" 

,., 
'" 39·1 , '" '00 '" '" '" 

,., an <6. ... '" '" ,as '" '" ,,.. 
I\j 3-17 ,H ". "" 

,,.. 
'" '" ". "'. '" I _. ... '" '" '" '" '" '" ." '" , 4-19 '" "" , .. , 

'" ... ... .s. 

" '" "" '" '" " '" '" '" '" , 
'" '" 336 367 , .. , '" '" '" I t:t '" "" 4~1 . 00 '" m '" '" '" , .. ". 32.5 '" """ .. , "-0 '" '" 272 '" 3511 

, ~ '" '" '" '" '" ... , .. 371> .W , .,. M' .. , "" 
, 2 701 '" '" "" 

2UI 



CA~NUO I E STEEL COMPANY 

T~nRA COT'f A AHCHES 1 
:FOR 

Floor Load of 150 Pounds per Square :FOOt i i' : A.,.".... Woitbl, u.. ..... s... Fl. 
~~~~~.'~'" 

j ...... -. ...... ,~. .. " , .j !! .. l! , __ I ...... loeb<. feet ~ teo ~ ~ .- ~ 

• ----~--,~~ (..> - ~ ,~ 
6 L (I '-----0- 51{ ' 6 ' 22 30 4 5 ' (17 

.2g 7 6 12 0'1 7 22 38 4 5 76 
iii'( 8 6 13 5'~ 8 22 45 4 5 84 
1::.l5 7 1 12 6 8 21 30 4 5 7 1 
;; It 8 7 13 6 8 24 38 4 0 70 
80 0 1 14 0 8 21 45 4 5 86 
li:! 8 8 13 OM 8 27 30 4 5 i4 

o 8 14 OM 8 27 38 4 ;5 82 
~.~ 10 8 156M 8 27 45 'I 5 8n 

• n D 141M 8 2{1 30 .. .5 76 t-a 10 0 15 7~ 9 2':l 38 .. 5 85 
12 9 177M 9 29 a3 .. 5 100 g 10 10 I II 8 9 31 30 4 .5 7{1 

_~ 12 10 17 8 {I 31 45 .. 5 01 
'" 12 12 17 O}i 10 35 30 .. 5 8·' 

15 12 20 O}i 10 35 1)3 .. 5 107 
15 J5 20 11 1242 30 . 4 5 93 

For llau"' .... oo ... *'1 ...... "h..., Ih. top of Ih .... b iolenl"ith lho> top of tho floor '-'n, 
ded"d.boul 7 pound. 1"" iock 01 dill'...,..,., bel ...... \ltehoightof \lteftoor~.oo tb .... b. 

Rioe Ap(H'<>X. W~\. Lbo. pet Sq. }'\, 

o..:tth Dt~th of Limit; ~ I' I 
~ I~~ I~ )I::'_~ £S _~. ~ _~ ~ 

o 4 ~t 4 }i 7 20 27 4 .5 63 
741.5 7202S"IIM 
8 .. I ~ 5}i 7 20 29 4 .5 61\ 
D 4 1 J.i 6 8 20 30 .. ;5 67 
8 (I ' 458262741170 
D 6 1 5}i 8 20 28 4 .5 71 

10 (I 1M 6 0 26 20 .. (, 73 
12 (I l}oji 0J.i 9 26 30 4 II 74 
10 8 ~ .5}i Q 31 27 4 .5 76 
12 8 I 6 0 3 1 28 4 II 77 
12 8 I ~ 6 J.i 10 3 1 29 .. II 79 
I II 8 1 }oji 7 10 31 30 4 ;5 80 
12 10 S o~ 10 3 1 27 4 II 80 
12 10 1 6 }oji II 31 28 4 II 82 
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F L OOR. CONSTRUCTION 

REI N FORCE D COiX CHETE BEAi\IS AN D FLOOR SLA BS 

To give a complete mathemMical analysis of the stru8CII which 
occur in rcinforced concrete atructures ia not within the acope of 
this book. For such an analyais refercnce may be made to 8tandard 
text booh on the theory and I)ractice of reinforced concrctc. 

Girder. and ~·Ioo .. IJe,..... . The arrangement of girders and floor 
beaIllll follows the same prineiple8 as in structural steel eonstruction. 
On short spana floor crOM beams may be omitted or used only at 
columns to securc lateral stiffness. Beams arc usually designed as 
tee beaIllll, and thcreby a part of the floor slab is utilized all a part 
of the beam. The width of the slab thus considered to act as part 
of the beam should not exceed five times the slab thickneSll. 

Floor 81. ",. Heinforcemcnt may be of small rods, wires or metal 
fabric, the lattcr especially on short spans. CrOM reinforcement of 
small rod8 or wires about two foot apar t laid parallel to the beam 
supporting the IIlab should IX' used to prevent cracks, shrinkage, 
etc. If the length of the slab exceeds 1 ~ times its width, the 
cnti rc load should be carried by transverse reinforcement. The 
distribution of the load on n rectangular slab supported on fOUf 

sides and reinforced in both directions may be approximately 
determined by the formul:, R_l~-+-(l4.+b4.), where R is the ratio of 
the load, I the length and b the width of the slab. An effective 
bond 8hould be provided at the junction of IX'nm and slab, and if 
the prineipnl reinforce ment of t he slnb is parallel to the beam, 
transverse reinforcement should be uscd extending over the beam 
and well iuto the slab . 

8~ei ... of Hei..ro~I ... Ban. The lateral spacing of parallel bars 
should not be le8s than 2~ diameters, nor ahould the clear vertical 
!lpaee between layers of bal"8 be less than M inch. The distance 
from the edge or side of the beam or s lab should not be len than 
two diameters. 

Sheaf or Web Helnronemeal. In the calculation of web reinforcement, 
concrete may be assumed to carry ){ to ~ of the total shear; the 
remainder to be takcn by additional reinforcement arranged in 
intervals equal to the depth of the beam. The usual mcthod of 
reinforcing IX'am8 against failure by diagonal tension or shear is 
to use bent rods or stirrups in cither vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
'i" of the dOllth of the beam. 

Formal... The foUowing formulas arc those approved by the 
Committee of lhe Americnn Society of Civil Engineerson Concrete and 
Reinforced Concrete (Proooodl~, Vol XXXIX-No.2 , February. 1913.) 

"" 



CAR;NEOIE STE E L COMPANY 

REINPonCED CONCIIETll BEAllS-:\OTATION 

Rect. .... ul ar Beam •• Reinfor«ment ror Te,uion onl,.. 

fa = Tcnsilc unit stress in steel, in pounds per sq. inch. 
fc = (;Qmpressi\,e unit strcss in concrete, in pounds per sq. inch. 
Es =~Iodulus of elasticity of steel, in pounds per sq. inch. 
Ec =~lodu1us of elasticity of concrete, in pounds per sq. inch. 
n = Elasticity mtio, Es-f" Ec. 
M = Bcnding moment, in inch pounds. 
M8=~lomcnt of resistance of steel, in inch pounds. 
Mc=~IOlllent of resistance of concrete, in inch pounds. 
A =.\tea of steel section, in square inches. 
b = \\'idth of beam, in inches. 
d = Depth of beam to center of steel reinforcement, in inches. 
k = Ratio of dcpth of neutral axis to effective depth, d. 

= Ratio of lever arm of resisting couple to dcpth, d. 
z = Distance, top 10 rcsultant of eomprcssion, in inches. 
jd = Arm of resisting couple, in inehcs==d-z. 
p _ Ratio of stcel area to area of rcctangle, bd,=-A ... bd. 
kd = Dis1ance from top of bcam to ncutralll.xis, in inches. 

T_ Beama. 

b = Width of flange, in inches. 
b' = Width of stem, in inches. 
t = Thickncss of f1angc , in inches. 
p = Ratio of stcel arca to aren of reetanglc, bd,=A ... bd. 

Rect.n.ular Bee.m •• Ilelnfar«<! for Compr.,..,ion. 

A' = Area of comprcssi\'e steel, in square inches. 
p' = 8tecl ratio for compressi\'e stecl. 
f~ = Unit eompressivc strcss in steel, in pounds per sq. inch. 
C = Total compressi vestrcss in concrete, in pounds per sq. inch. 
C' = Totn1 compressive stress in steel, in pounds per sq. inch . 
d' = Depth to center of compressive steel, in inches. 
z =Depth to resultant of C+C', in inches. 

Shur Bnd Bond. 

V = To(al shear, in pounds. 
f" =Unit shearing stress in concrete, in pounds per sq. inch. 
fu = Unit bondingstrcsa in concrete, in pounds pefsq. inch. 
::£0 =8ulII of the perimeters of the tcnsion bars. 

'" 



1 
FLOOW. CONSTR UCTION 

RE I Nlo'O RCED CONCRETE BEA:\IB-FORMULAS 

Red.ot. ..... lar Sea .... Rf,[Dforeed for Telll[oa o.d ,.. 
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CARNEOI!: S T EEL COMPANY 

T he formulns Rre baacd upon the following a&lumptions: 
1. The applicd forccs are perpendicular to the neutral 1)lane. 
2. The ddormation of any fiber is prOPQrtional to itH distance 

from thc ncutraiaxis. 
3. T he re8i8ting moment of the beam is the sum of the moments 

above the neulra.! axis, due to the C()ncrcte arca in compre!lllion, 
and of thosc below the neutral axis, due to the steel area in tension. 

4. The ten8ile strength of the concrete is negligible. 

Budi,.. JUo .. ~n"'. If slabs and girders arc reinforced over supports 
to take care of negative bending moments, they act as continuous 
beams, and the bending moment at tho center of the span will be 
reduced. It ill considered good practice to use the following values: 

Floor slabs, M at center and at sIlPI>ortll=(r 11·1'. 
Beams, M at center and at support8=n wl1 for interior 

spans. and n wl1 for end IIpana. 
If beams are frC<'ly supported at ('11(\8, M-} wl~. 

Columnl. Columna Dlay be reinforced by means of longitudinal 
bars, by bands or hoops, or by both. The general effect of the 
banding or hooping is to permit the use of somewhat higher working 
stresses; the value p, given in the formula which follows, refers to 
iongitudinalsteel reinforcement only: 

P =totalload on columns, in I>ounds. 
Ae=area of concrete, in square inches. 
At -area of steel, in 8quare inehcs. 
fk =unit eomprcssive strCSII in steel, in pounds per aq. inch: 
1) - fo (Ao+nA8) fk - nfc. 

",orkin, 8tr_. The following working stresscs arc ill current uae 
for reinforcing bars of medium structural steel and good Portland 
eeDlen~ and gravel eonerete of a I :2:4 or I :2Ji:5 mixture: 

fc =unit C()mpressive 8tre!lll of C()ncrelc. . . .. 650 lb.. l)oCr 8(1. in. 
fv=uDit shearing stress of concrete, 

straight rei nforecnlent ........ 30 to 40 " ",," 
speeial8hear reinforcement .... 60 to 100 " """ 

fu=unit bOlld stress of ooncrete, 
sll100th rods. . . 60 to 80 " """ 
deformed b1l.I"S ............... 100 to 175 " "" " 

fs=uDittensilestressof steel........ 16,000"""" 
fk=unit oon'prCMive ~trCM of lIlcel .. 
D =E.+Ec-15. 

10,000 " " " " 

}'or apil roximate calculations, the arm or the resisting C()uple, jd, 
Dlay be taken at id, and ordinarily accepted working 8tresscs 
will not be exceeded if the steel ralio, p, docs not exceed 0.01. 

". 



F l.OOR CONS TRUCT ION 

EZlI'lanal;on of Tabl... Reinforced Concrete Slabs: T he tables 
givcn on page 298 arc bascd upon the prccedingformula8for rcct
angulnr beams, and upon fibcr stresses of 650 pou nds pcr square 
inch for concrete, 20,000 pounds for steel wire reinforcement, and 
16,000 pounds for steel bar or rod reinforcement. 

T he bending moments arc given in foot pounds per foot of width ; 
below and to the left of the zigzag lines the values are detcrmined 
by the maximum allowable fi ber strcss on steel; lIbove and to t he 
right thcy lire de termined by the maximum allowable stresscs in 
conerete. 

The first column gives the total IhicknC811 of the slab, the sec
ond, the distance from the center of the steel to the bottom of the 
slnb, llnd the thi rd the approximate weigM of concrete slabs one 
foot square. 

E "' .... PLB.-ROquirQd tbe rolnfo!"alment for a slab OOnUnUOU8 at four sldeo: 
and 5 inches thIck to carry a BUI)Cl"iml108Cd load of 150 IlOunds per -'I<l.uaro foot 
oyer a. c lcar apan of 8 teet. 

AssumIng tbe wcight of the concreto slab in IIOUnds at tweh·o UmOfl tbe 
tWckncss of tho slab In InchCl!. then the weight of the slab per foot Is 1 2x5~ 

pound s, and the total wcight, W. tor a span of S feet is (60+ 150jxS= lGSO 
pounds. 

M = W L + 12=lGSOxS+ 12 = 1120 foot.-POWlds. 

If t riangle DlCl!h Is used. the steel arca required by Ullper table. page 298, 
oomplitOO for a [; Inch slab. is. by illtcrpolatJon,O.I85square InchOfl. Oquiyalent 
by table. page 299. to t rlanglo Dl(l6b sty le number 41. 

If medium structural ~1()(>1 bars or rods llre used. tho roquired area . by 
the lo .. 'cr table. I)ago 298. Is 0.24 square Inched, a ud tile 81_ way be taken 
from page 02. 

'" 
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r _______ CCOAooRCNC'CO,,1 e STe eL CCCOCM:::'·CACN: V'--_____ _ 

REIKFORCED COXCHETE SLABS 

BENI)ISO MO.Y.ENT'8 IS lo'ooT I'OUSDS n:R FOOT 01" WIDTI! 

AUo.u.blo fo'Iber 81"",,: Steel. 20,000 and Con~. 6W PoundJ IK'I' Sq. Inch 
E. + Ec III 

,\110 ..... Wo J.'iber Slt ..... : Swcl, 10.000 and Concrete. (i.5() Pound~ pcr Sq. I nch 
E, + Ee-lli 

Slab 01 I Sq. FL 

'" 

Mi).! $G;4 
6-"115 CHIO 
61.4· em 

"" I 
ooa~ "" 
II\IT~](MOI0Q3e , , 



FLOOR CONSTRUCTION 

TRIANGLE r- IESH CONCR I<;TE REINFORCEl\IENT 

AW"Il";,," U'1l1l1. " "" W"U : COWPA"Y BY""" .... " 

mUmale St!'(lngtll 
(mlulmum), 8[;,()()() lbl!!. 
per square Inch 

Ehl..'Itlc [,Iml t (mInI_ 
mum), M,()()() lb!!. per 
square Inch 

Triana-Ie Meoll Reinforcement 

\ 

LongItudInal Wll'UI, 
Spaced 4" Centert;l 

CI'OS8 Wll'UI, 
Spaced 4" Ceoters 

Trlanglo Mesh Is a woven labrlc 01 oold dra wn stool wire, provldlog .. 
conUnUOUli reInforcement, an m'en dLstrlbutlOIl of metal, and a perloot bond. 

1>l8do .. lth both slnglo and stranded tension m(lrnbcl'8 In Icngthll up to 
300 teet and [n widths u p to Mlnches. 

TR [ANGLE MESD-STY I,ES, AUEAS, AND WI;;IGDTS 

[..ongitudinl.1 I\'a.. ero. Wire. ToC.oIA .... 

AW"i:~",:r Sty .. Number A.B . .!:\\'. .... A. S . .!:\\'. 
,. 

"'" "'" ,~ Number ;. "'- pet }'oo<, c.. pet Foo<, Width, 100 . Flo., 
M a"lle No. Sq. In. llUle N Sq. [D. Sq. In. '00,," 

---------.. , , .,.; .. ,025 ,UY.! " , , .00' .. .025 ,077 " , , 
" ... , .. ,025 .638 " 0; , 
" ..." .. ..." ... , " ." , W . 147 ,, ~ .00' .\70 " ,.. , • .119 I Z;i .00' .142 " " , , .10 1 ,, ~ .008 .IZ4 M 

." , , .,., ,, ~ .'" .110 '" ." , 8 .00' ,, ~ .00' .080 .. 
" 

, 
" ... , ,, ~ .'" ."'" " " , 
" .'''' ,, ~ .00' ... , " " 

, • .", ,,~ .00' .201 '" " 
, , .= ,, ~ .008 .225 '" 33 , , .1 74 ,, ~ .008 '" " " 
, , .124 ,, ~ .008 .146 " SO , 

" .Ol3O ,, ~ .. " .'" '" " 
, 

" .052 ,, ~ .008 .075 " '" , • .= ,, ~ .008 .= '" " 3 , .300 ,, ~ .638 .3Z5 'SO 

" 
, , .Z60 ,, ~ .'" .", , .. 

" 
, , 

. '" ,,~ .= .'" " ." , 
" .129 ,, ~ .638 .151 00 

" 
, 

" .078 ,, ~ .= .101 " 
Rollt-I.eogtho: 150.200and lOCIr .. \.. Widt~ IS. Z2, 26,30, U, 38. 4~,46.&O. M.a.od 58 irw:bl\l. 

TriaDli;Ie Mesh "Iu.oiabtd ~ith ... with or "itbout p tva.rn.iog; ~ od>erwiee """,,;W 
_ton,l ""ll be m ,wed ~ ~\~.niml, 

Stylt< t:<WIo:«l* ...... lIIlIa I, earritd in .tork by Amfflean Sttol aDd Win: C"ompot.ny. 
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C A R N E O I E STEE L COMPAN Y 

BUCKLE P LAT ES 

P / " V "-J IlL .. '-J ~ 7 U U D ~ ~ L 
n 1'- / 1 J'- /1 "" / 1 I" 
( ' . 

1. 
" ",""," 1. • ':<.''"'' . ' · .. H.'~.' .• ' ',,- . 

1. 1. 
~;. . 

Buckle Plates, as generally used on highway bridges with paved 
floors, arc subjected to a uniform dead load due to the weigh~ of the 
roadway paving and in addition II ooncent rated live load due to the 
weight of II wagon or truck whed. 

Buckle Plates should be placed with the buckle turned down; then 
the live load which can be placed on a buckle in addition to the 
uniform dead load can be obtained from the formula given below, 
using the following notalion . 

W= Total allowable concentrated load on buckle plate, in pounds. 
w Uniform load, in pounds per square foot. 
d = Rise of buckle, in inches. 
1 = Length of buckle, in inches. 
b = Width of buckle, in inches. 
t =Thickness of buckle plate, in inches, 

Then W = t COO fdt - 0.525 wlb) 
Gd+ 15t 

The following table gives for Il fiber slress of 9000 pounds the 
maximumoonecntrated live load in pounds allowed on buckles (turned 
down), in addition to n uniform load of 120 pounds per square foot . 

Thick .... of Rille, d, ;n J ... bee 
B..aJe Plole, 

J""hee 
, ,~ 3 3~ 

" "'''''' n""" n""" 22500 
~. 30000 3WOO "''''''' 3<""" 
% """" .woo """" moo 
"'II . 03""" """" ",000 63000 

The allowable uniformly distributed 1000 per buckle may b, 
obtained from the formub., 

W = 12fdt. 
Whell the buckles are turned up, usc one-third of aoo\·e values. 



Fl.OOR. Pl.ATES 

BUCKLE l' LATES 

... , .,R' C.l,. BRI"Ge COMP .. ,. ... T .... " .. " " 

6a6~1-~;d~~i 
..... ...... ...... ~ . . . J ._----, , 

! .. ,,''''' 
~ Side I. k:ide b 
Q \.-lu 1)' .... 111. 

~ 3-11 4- (I 
24- (1 3_11 
33-113-6 
43_(13_11 
63-93- 9 
(I 3- I 3- 9 
7 3-93-1 
8:l-83-8 
f) 2- 8 :1- 8 

103-82-8 
112-23-8 
123-82_2 
1:1 3- 0 3- 0 
142-92-9 
10 2_ 6 2_ f) 
202-92-6 
212_62-6 
223-6<1-6 
2:1 3-63-S 
243-6a-9 
253_93_{\ 
263-23-1 
273- 1 :'1-2 
28 :1_0:'1_1 
293- 1 3- 0 
302-62- 0 
31 2- 0 2_ (I 
32S-63-(I 
33:J-(lS-6 
344_04_0 

Radii 01 Du.k~ S"umi>er!1 Il"itllb. of nang,." and Fillet. 
R;'" of 

d. I==.,-:-I'.'~:c=-,-=C-T:'=-In. Side !. Sid.b. ;DO..., £ .. ,;I}'lo_ }}1I. to Sidef1aD&eo 
)·,A ... )'t..-In. Plate 1,,1, I. b"I>. 

m , , , , , , , , , , , , 
m , , , , , , , 
3 

m , 

6- 8~ S- 9}i I t(> 
S- 0 >1 6- 8~1 1 to 7 
7- O}S 6-:1 I to 
6- 3 7_ O~ l to "!ll ,. m ' ~ 4-1 7- l ltol 
7_ 1 4_t 1 1.(> 

10- 2 10- 2 I to 
5-6 10-2 l to ll 

10-2 5-5 I to 
3-7~ 1 0-2 I tol4 

10-2 3-7~ l to 
6- 10 6- 10 I I.(> I 
3-10}jj 3-10~ I to I I 
3-10\1 4 _ 7 1 to 1 
4-7;S 3-1O 11 1011 
3-\OK 3-\0)4 1 to \' 
6- 11,'06-3 I to 
6- 3 5- lI fj l to 

r: 3~} ~I~I : E 
4-1 5- I H l tol 
4_ 7 .1- 11»i I I.(> 1 
4- 1 4- 7M lto l 
3-10 2- (1,'.1 1 to I 
2_ (I, 3- IO}i 1 I.(> 15 

13- III 5- 4~ I to 
5-" 13- 1f/ l to 9 
8- 1% 8- 1%,1 to 7 

"''' 



CA R N EG I E STEE L CO MPANY 

T ROUG H PL AT ES 

ob " ..1 
! , : , 

! I I 1 j 
, = 

" . j ~ •... a .•.. _. 1 . ·_·_-"!'-._.a -

ELt:MENTS 01' TnOOGH PI,An:s 

1 -&n;Ie Soe:loo Riveted Section - , , 
Seclion S .... We;p.1 W . h Section 

0, ,. • OIl!; I per Modul .... 
l od .. lD,b~ per . 001. , ... I ... Square Foot, O"d·oo1. W. l1h. POIInJ. Pound. I"" ..... 

:>1 11 9 }i x :n .. "', , , ~ :H.S Hi.58 
:>1 13 9 }i x3 ~i 21.4 , ,~ 32.1 14.2S 
:>1 12 9 .\i x3 Ji 19.7 , ,~ 29.(1 13.00 
:>1 11 9 }i x3 ,.. 18.0 , ,~ 27.0 11.79 
,\! 10 9 !;:i x3 ~ 16.:,\ , , U., 10.(10 

ALL(l WABLI; U:S-IFOIC~I LoAD IN POONDS PEl! SQUAll!:; F OOT -
' P" Fibor Su.., I ll:XXI l,I ... per Sq . I •. ,. Fibor 81 ....... 120(1() l.t.. per Sq. ,. 
}'.d M 14 M 13 MI2 ~~ M 14 I.lIJ M12 ~ll! MIO 
-,~ ---, "" "'''' 5;;47 "'''' 4561 ''''' 4.'.70 "00 3773 :J421 , 4616 423 1 'SO, 3493 3167 "''' 3 173 "" 2620 2376 , 3392 "'" ,,'" 2::;(;7 2327 2543 2331 2124 19'25 1745 , 2::>~7 2380 2167 , "'-' 17S2 "" 

,;g, l(l25 1474 1336 , 2:1::>2 "'" 17 12 1::;53 ,<I,' la39 l-l 1O 12S-1 "" "'" '" 1002 1523 "', 1258 ]]40 "" 1142 U"" ,., 'SO 
II 1373 1250 1146 '"" 912 '00" .. , "" ,SO '"' " 1154 1058 "'" '" ", ,eo 793 ' .. --- "" [;94 

" 983 00 ' 521 ,H 675 738 676 615 '" SQ6 ,-, 0" 777 707 '"' "" "" "" "" '" '" " n, on ' IS '" '''' ,,. ." '" .. , '" 
" "" 595 ,., 

'" "'I '" 
4·1(1 "'1 '" '" " '" 527 ' SO 4 35 395 431 :J9::; '00 '" '" IS '" '" '" "" 352 '" 353 321 '" "" " ... 422 ,S< '" :JIG '" '" '" '"' '" '" 415 '" '" '" 'SO 312 '" '00 236 '" 

T ho valuOl'l '!!:on In abo"e tablOl'l are the 8Illoloads ,)(', ti([uare foot 01 Hoor 
BUr/ace and aro sod upon tho average n'JIbitanoo 01 t h e r iveted portion wit h in 
dlBtanoo a . 

The weight 01 thO 1)la(.O!J a re Indudod In t hosaro loads a nd mll8~ be dooucted 
10 obtain the net supcrlmlx •• od .... to load. 

Sa te load s tor o ther fiber ~tresses t han th080 given In t able m a y be obtaInoo 
from t ho "aluOII given b y d11"OC~ l)roperUon 01 tho floor stresses. 

'rh!) welgb~ IIC' squa re roo~ d oes not includo tho welgb~ o t rl" ot heads or 
o ther det/l.llil. 

'"' 



PLOOR PLATE S 

CORRUGATED PLATES 

.A, ~ "'~~ 'T 
, -

---1\----
__ L _.l _____ . Il .J 

EU:ld£N1'8 0' COnnUGATED .PLATES 

Sind. Section Rive(od 8ot(ion - - --s;,Wo 
Section Sioe, WTt per -, -, Weicht (1ft' ModulUl, 

'M_ .... ::..1. I""b .. .... SQu .... f oot, 0....'001 
1'''''00, "'idLh, 

- --- _ -1nchd'_ 

M a5 12.'. X:.!~ 23.7 ". 2 » 23.3 ..j.3D 
;\, 34 12,\ X 211 "'., 12,,, 'I ' "'. 3.S4 
;\, 33 12,'. ,,2~ 17.S '2,\ ," 17.ii 3.28 
M 32 8Mx I~ 12.0 '" ,~ 16." l.Oii 
M31 S~ X 1,', 10.1 '" ", 13.S .. " ;\130 8M" IJ.i , .. S,,, .~ I I 1.5 1.!O 

ALLOWABLE U:"U·onM T,oAD IN' POUNDS PEn SQUARE FOOT 

S~. Fiber 8m.. 16000 1110, per 1'1, in. m ... ""-- 12000 lbe. pt. 1'1 . in. 
;. , , 
I'~ ~135 ,,~ M ~ M 32 .\131 .130 M3S M:J.I M31 M3~~ M 30 

--1- 1-1-- 1-1-, 1873 1638 1<100 832 00' .. , 1400 ,1221) 1000 62..j ~96 '" , 1301 1138 '" '" .lii9 ", '" '" '" ." 344 '" , ". '" '" ~25 337 '" '" 627 "" '" 253 18' , '" '" '" 325 "'I "" '" '''' '" 211 '" '" , '" S06 m 257 ,,~ ' OS .,. '" 32-1 to, IS' 16' 

" ... '" ". , .. "" m OS, ,., 
"" 156 " " u 

I '" '" '" 172 '" " "" 255 '" '" 16. " " 325 ,g, '" , .. 'IS " , .. 
"'I '" '" sa " " on '" '" 123 " ~i l ,., 182 '" " " " " "" "" '" '00 '" 60 179 '" "" 80 83 " " , .. '" IS' " " 62 : 156, to, .., 

" " " 
Tllo VeJUClII given In above tables ate tlm salo load!! per squ .... o loot ol 

floor aurfaoo Ilod are ba'lOd upoo the Ilverage rosistllocc 01 the rh'cted IlOrtloo 
within dlst-ance a 

The weight of thc plates are Included In the sa.fe loads and must '" dooucted to oOtaln tho nct snJ)Crlml)(l6(j,1 safe load. 
Safe lo&ds for other fiber str<l6SCS than those gll'en In table may '" ohtalnt'(l from the \,Illu~ gh'cn by direct proportion of the tlber stl"08liOi>. 
Tho .... clllht per square foot dot'fl not InClude the weight 01 splice bars, 

rivet heads or other det&lls. 

"" 



CAR- N EOIE STEE L COo\\PANY 

CHECKERED PLATES 

m:o:o:\ I07Jljllj )~( X:J: 
~~~~~~~~~~~~1~ 

, I 
r":=;;~-~~-:;;;'-;;;''':;;~-~-~-:';-==-1~ 

EU;)IENTS M CIIECKEUED P UTES 

Width, .. 
'Thiel. ..... W.tro;r "' .. s...lion jo![odu[1l$ lor , .... MiDimum, Mu imwn, J"j .. Sq ...... 001, ""Foot Width. 

Inch .. I ... b .. 
Pou"" '''''''' 

)1 54 " 00 ~ 2\.4 '.000 
1\1 53 " '" " 18.9 ''''' 1\1 62 " 00 ~ 16.3 0.281 
M 51 " '" " 13.8 0.195 
M50 " '" N 1\'2 0.125 
ill 49 " " " 

S., 0.070 

A LLOWABLE UNIFOl\lI IAlAn IN POUNDS l'ER SQUAliE I"OOT 

.,.. Fiber Su... 16000I'o\lOd. ~ Sq......,IJICh Fiber Su.., lZOOO roo .... per Squore looh 

'" F .. ~ :\1M M5~ llb2 1.151 MOO M 49 MM !>1M ~152 M51 MOO M40 

-- ---- ------------ ._---, .'" 4083 3000 "'" 1333 746 4000 3064 2:2-18 "'" 1000 '00 , 1333 1021 n, ". 333 187 1000 '" "" 
,,, 

'"' '" , 
'" 454 333 '" .. , 

83 1 4H '" '''' In '" " , 333 '" . 88 .30 83 47 250 '" '" " 63 , ,,, 
'" '" 83 63 .'" '" 00 " , .. , m 83 " n , " " , '00 83 6J " 63 

S 83 .. " • 00 I 
Tho valuOfl fl"ollin &00\'0 table aro tho g"lo loads p·er squ .. ro root or 

plMes SIlPllQrtOl On tv.o sides onlK and &TO hasod upon Iho r CliLsla llco 01 
roctanf,ular soct lons, 12 InehOfi by I 10 Ile~ 8(>(:tIOIl, t. 

T 10 welre'~ ot tho plM ..... "re InCluded In tho BarO loads and mutt Uo 
d educted te 0 taln tho not 8U IICrlml_ed uto load. 

Salo loa.ds lor otber tIIlCr Btr..-es tban those gl\"(~n In ta~lo may ho 
obtained ll'Qm tho valuOli glvcn by direct proportion or tho fiber stressCii. 



ROOF CONSTRUCT ION 

ROOFS AND ROOI~ LOADS 

The design of roofs and t he IK'I{!Ction of suitable roofing materials 
depend on the character of the building, whether monumental, 
public, l'ClSidence, mill or shop ; permanent or temporary; goo
grnphical location IL!l regards allowance for snow and wind loads, 
and also availability of materials and fami liari ty of workmen 
wi th the construction; atmoSI>iH:oric conditions lUI concertls presence 
of indusuial or other plunts producing deleterious gascs; water
ti ghtnC88 or resistance of the roof layers to penetration of waler, 
1I1l0W or ice under storm and long conlinued exposure; wind 
resistance or the strength of materiuls to resist disillaccment of 
the entire surface or disruption between points of su pport; type 
and pi tch of roof, whel her sclf-flUPllOrting on wide apllllS or 
requiring the use of sheathing, and whether materinls can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within all w('11118 without, made of refrnctory mnterials supported 
by equally refractory framing. It should In.st wilhouL repllir liS 
long IL!l the building stands without. repair. Its maintenallCC cost 
should be low 1Ilid its materili is purchlU!Cd on the probuble life and 
IK'rvice of the structure. 

s ....... t-d.. The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slepe 
of the roof. Where snow is likely to occur, the minimum load per 
horizontal square foo t of roof should be taken at 25 pounds for all 
slopes up to 20 degrees; t his load 10 be reduced one JlOund for each 
degree of increase in s lope up 10 45 degrees, above which no SIIOW 
load need be considered. In severe ciimat('8 these load;! should be 
incren.sed in accordance with actual conditions. Ilegard should 
also be taken to the possibility of partial snow load with 10cal 
concenlration. 

Wind Loood.. These vary "Iso wilh the geogm])hicai location and 
the slope of the roof, and, when not fixed by bui lding I(lws, are 
usually laken as acting hori:contally at 40 I>ounds per ~(] Ullfl.· foot 
on verlical surfaces of the mOllt eXpo;!ed structul'ClS, and 30 pounds 
on less eXl108Cd struc tures. 00 inclined surfaces onl~' the normal 
components of the wind pressure need be considered. T he following 
normal prell8UreB are blL!led on the formula given by Hutton: 

Po = l' (sin ll ) 1.84008Il-I, where P is the direct horizontal 

pressure assumed at 30 pounds per square foot 00 the "erlieal 
surface aud Pn the normal IlreS!:lUre on a unit of surface, sloping 
at angle .. with the hori ZOlltnl. 



CAR N EG IE ST E E L COMPA N Y 

NOIOI.'.!, " 'nov l)R.;ssu n~, IS P OUSDS 1'~11 SQuAnF. F OOT 

3-"~~ 
rr-..re,Pn, Slop" ~,"", ,,~ 

~re,Pp, 

PC' po IX'" ~, W 
,, 0 Square Fool, ,, 0 Sq",,", "oot, . 0 Squ .... Foot, . ' Squ.areFoot, 

1'"""", I'"""". i'""mdo '00,," 

5 3.0 20 13.8 " n.{\ '" 28.G 
10 7.2 25 17.0 " 25.0 " 20.G 
15 , 10.7 30 HI.O " 27.0 '" 30.0 

l"or other pre!l-!:lures than 30 pounds per square foot, the values 
given above ehunge in proportion. For elopes over 600 the valuffi 
given for 600 urc applied. 

Combined Roof Load .. r" climates oorrceponding to that of 
and where the ~I loads are not fixed by building Pittsburgh, 

laws, ordinary roofs up to 80 feet sp~n should carry the following 
minimum loads pcr squa-re foot of exposed surface, applied verti-
cally, 10 pro\-ide for dead, wind and snow loads combined. 

~ 

Roof l.oad 
Roof c-n", W 

~uaro.·oot, ,-
OMl\'ci or rn boaros, flat 8lope, I to G or I(!SS ........ .. '" ComJlCW!ltlon on boards, stoep slope. IllOr(l than I to 6 . ., 
Hoofing on 3 Inch nat tile Or cinder conCl'Cto ..... 00 
COlTllgat«lshoollng on boards or Jlurllns ....... ,. '0 
Slaw {on boards or Jlurlins ....... . ........ ...... .. 60 

on 3 Inch nat tile Or clndc. COIlCl'Cte . '" Tlle on stool !lllrlln.s ................ .. , .. 55 
01 ...... .. ................. ..... ............................ " 

For roofs in climales where no SIIOW is likdy to occur, reduce 
these loads by 10 pounds per square foot , but no roof or any purt 
thereof should hc designed fo r a total live and dcad load less than 
40 pounds pcr square foot. 

Roo t Coyuln¥. As stated above, suitable protection of a building 
agllinst rain, snow, etc., depends on th, churacter nnd locution 
of the building, nnd the slope or piteh of the roof. T in, tnr, gravel, 
asphult roofings and similar compositions arc used for Ibt roofs; 
slate, tiJcs, and tin are used for slant roofs of public buildings and 
residences, shingles 10' smaller dweHing houses, and corrugated 
sheeting for shops and warehouses. Slatc, tile, tin, and shinglcs 

'" usually attached to a layer 01 planking, clllled sheathing, 
which in tUrn is supported by ruflers, often eallcd jack l"lIfiers, 
resting upon the roof purling, or placed directly upon the purlins 
of the roof. 

~-------------------------



ROOF CO NSTRUCTIO N 

nooll'lll !>Ia!erial 

COIl])er, No. 22 Il. W.O ..... , ..... . 
Corrugated gal\'unlwd Iron, No. ZO B. W.O ... 
CerrUllutcd galvanized lro", No. 2() Il. W. 0 .. 
Felt. 2 laycrs . . . . . . . . . . . . .. . ........... ,. 
~'clt and asphalt or coal-tar,. , . 
Oass, ~ l"cl1 thick ...... . 
l.ath and plaster cel11ng .. . 
Lead. J.i Inch thIck ............... . 
I\ l acklte, 1 InCh thIck, with Illaster .,',.,. 
Sheathing, hcmlpck, linch thick ........... . 
Sheathing, white 1,Ino, spnlce. 1 Inch thick .. . 
Sheathing, )'ollow IJllle. 1 Inch thick .... , .. 
ShluglC!l. ()~ I S InchOlt, 6 Inch"" to wcather ... .. . 
8k)'Ught, g lMS .''\. 1.0 14 Inch. IncludIng framo ............... , . 
Slag roof, 4-1'1), with -cement and """d, , . _ .. . 
Slute, J.i Inc 'thick, 3 Inch doubl<) lU I" ....... ,', .. , ... , .... . 
Slate, ... Inch thick, 3 Inch dOllbln lap ...... . 
'T'crncillatc, Ie ............. _ ........... . 

~jf~Cl;:~,tiii) ~1ox,,<i u" ~ i,;';ilM,'i, ii inci,e.; 'to'~'eailicr: : : : . 
~'il~~ R!~~2~IK·. \t'~61~.~.I.".c.I~,:,,: .7.}.'. ~~~I~~_ ~~ .~·~~t.I~~r:: . 

Roof Tru_. TruSllCS arc used whcre wide roof openings arc to be 
spanned; they form a structure of compression and tension members 
and produce vertiClll reactions under verticallonds; the total10ad 
of the roof, that is, the weight of the truss, purlins, roof covering, 
ceiling, and often also the snoll' and lI'ind load, is usually considered 
a uniformly distributed load, equally di\-ided between the two 
supports and producing equlli and vertical end reactions. 

The purlins usually rest on the UPI)er chord of the truss, trans
mitting to the latter thc load of the roof covering, the wind and 
snow load, that of the jack rafters and ~heir own, and arc often so 
arranged as to carry the dead load d irectly to the iruss joi nts or 
panel points to avoid transverse streSllCS. T he distance between 
two consecutive joints of the lop chord is the panel length, the dis-
tanec between two adjacent trus.~cs the bay length. 

T ho transverse strength of the sheathing or of the corrugated 
iron used for the roof covering generally determincs the spaces 
between the jack rafters or the purlins. T hese purlins or rafters 
are small steel shapes, such as beam!!, channels nnd angles, or 
wooden beams, if the roof i~ not of fireproof coniltruclion. 

Wei,ht of Tru-. As a bH.!;is for the preliminary design of a stccl 
truss for a given span, 1., and a roof load of about 40 pounds per 
square foot, the approximate weight is: 

If:; (-/L + 1,.S L ) pounds per horizontal square foot. 
J<'or greater loads multiply formula by ratio: load per sq. ft . + 40. 

'" 
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ROOF CONSTR.UCT ION 

TR USSES-COl:I' I'ICI.;STS or S1'"~SS~S 
W 

r---· ,·"·""-1 

+ 
L _ -''-'''''-'-'''i 
------lr ------- ----

n _ L,11 ... 2C:OL " SW --- -.;.;;. 
n "", Spo, .. ... lleiI;hl_ 2 ... t .. 

a 24(1 ~~ • • t.~~ 
u.s 3.110 A_ %.70 2.\18 3,00 4.04 U4 

Bb 1.15 7.47 2.60 
I.e. J.2..S U1 UO 
I.e 1..50 1.71 1.11 
ab ,0.83 OM 0.87 
be 0.7& O.se 0.87 

UIU2 ur 
'.00 1.110 I.;a 
2.00 2.40 2..50 
OAS 0.02 0.03 
1.00 1.20 l.25 

H , . , 
}""-'-"-"-"'---'_ .•• > 

---------- L------

.. ~ '-', .... 

.~ , ... 

~f .... ~ 

" .. 
Co ,. 
'" ...... 
~ 

1 

D _ Span ... lltichl _ 2 Mt .. 

• "" 
U I us 
U 4 U. 
1.60 U5 
3.75 UO 
2-UU7 
0.03 O.IN 
1.101.71 

f---, I, 
! 

2 ... 1' 
w .... 
' .00 
' .00 
U • , .. 
,m 
'.n 

4 ~ • • 
.s.$UO f.7 3 ;.~1 

.5t e.M 
110 , .%7 
%.I • .50 

" ... , '" ... ,., 
u.s U8 5 
4.70,5.73 6 
.s.oo 8.00 •. 
1.00'3.II03.r 
11111 1.18 12 
HIO UO 2 

L. -'_"'--'--"<1<"1 
---·- lr-------------- w 

I n = SIlO" ... lIe"ht 2 «It .. D _ Spa" ... lIei&hl _ 2 eot " 

Moml... ?' 171~5~t 4 24/511 & Member, '2 ... 1' , ___ '_~'~j;!~ • ~ 2417 130' , 4 124/51 6 , 

AI. 1.31 •. ~ 1.00 ,.83 G.lO U2 11.0; A_ U2 10.~I II 'OOIUOIUO I Ulllr.3t 
Bb ,5.;' •. U UO 7.38 8.72 8.11310.7$ 81> 8.t.I U110.001U51U8 1U81&.13 
C. 5.205.04 &.00 f.t3 U3 8.6810...:1 Co &.81 1.81 10.001"'013..531 4.0;11.7& 
DI :U.s 5.43 5050 UII 7.t.! .31 10.12 DI W ~.~ ~..:;o l o.MI3.15 I :a.ro ... " 
Lo US UIO e.o7 7.00 8.40 S.iS IIl.5O Fe 7_28 8.4' ~'.9112.JX! I J~I$.I11 
I", 4..:;0 S.14 6.20 '.00 7_20 7..:;0 g.oo fb 7.14 S'mUOI0.06I1.38IU616.03 
Ie 3.00 3,43 3 .• ' 4,00 UO $,00'.00 I.. &15 U U3I1.oo13.20 13.i51UO 

.b,of 0.83 0.81 0.87 O.st 0.02 UJ 0.Q6 Ld &',$ 7.71 7.

S 
~.ooJO.80 I I.:U IUO 

N 1.$(\ 1.73 1.73 1.711 10M 1.86 1.90 IJ 4..:;0 5.14 6. 6.~ ,.~ 7.50 t.OO 
be,de 0. 7$ OM 0.87 1.00 1.20 I.:U l..:;ow. bo. fl.a11 0.03 0,110,1. 1. 1.1 1.21 1.3>1 

<II: 1.50 1.71 1.73 2.00 UO 2..:;0 3.00 de 2.50 2.$ 2. 2_ 2.77 2.7t 2.&5 
fe 1.25 2.57 2.80 ,.00 UO 3.75 • ..:;0 .... of 1.50 1.71 1.1$ 2. 2040 1.50 3.00 

eo 2~ %.$7 2.60 3.00: UO 3.r.s 4..:;0 
-:;-:;c:-::::--="hi _F5 4.2, U:I 6.00 '.00 '.ZS ...? ~ 

The pi~'" <II_ b'WI iltIIe nllO 01 tile rioa ot IoeiPt to \be _ Ieoocth <II tbe b'WI. 
I'IId!. _ II L = ' . D_ D _ L,11 _ , pildo. 

T" obWa the ot.... i1111J11 _boo- <II • ei"", ~ .. ~It.Pb' tbe ~iII& ........ , br 
~be .,..,..J "-<I W. 

Com-""t mem~ ... ~ by +.Dd It1I1ioD "",,,,ben by
--'---------' 
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ROOF CONSTRUCTION 

Tn t;~SES-Co ~:""IC I t:\,T8 OF STnt:SSJ::S 

~~\ T. e: ._ .. 
---------. 1.,------

H , , .. 
w 

ZW n L.H=2cot" 

11-8po.n+Hcicht 200'11 

MtDlber' 3 ~ 
--~42.~1 4 2U ~ 4 

All. Db 2.10 2.98 3.00i3.3..1 3.1110 4.04 t.;4 
La 2.:15 Ul 2.eo SOO S.eo 3.75 (.ro 
I.e l.ro 1.11 U3 UCl UO 2.ro 3.00 
• b 1.00 1-00'1.00 1-00 1.00 1.00 1.00 
be I.:.!.> 1.32 1.::2 1.41 1116 1.60 1$ 

w 

All. Bb 

'" .. ... 
Lo 

'" .. 
~ 

" 

II _Spall + Heichl - 2..,.." 

3 '24 7 ~~ 4 '20 ~ 6 , 
4061 4.116 ~OO U~ e.ro 8.73 HI 
3081 Ul 4.00 U7 H(l &.:10 6.32 

11.1"$ 4 .~ U3 $.00 6.00 4.25 7.L0 
3.00 US 1.48 4.00 4>·0 UO UO 
UJ Job7 2.80 1,00 UO I __ a UO 
1.00 1.00 \.00 1.00 1.00 !.fO,I,CO 
l.ro 1.lO 1.lO UO 1.lO U.O 1.1.0 
1.2~ 1.32 1.32 1.41 1116 1.60 I ~O 
I ~L !.is U3 1.80,1.02 I.G.S 2.12 

r -,'/,,\ -" 
;, , 

'2 ' M .... ber ~ I ' 
3 ~4 7::1 4 21 5 5 6 3 21 7 3~ 4 24 l 5 , 

~UI US '.00;..83 U(lIU2\1.O;:-"~","'"'-+UI 1.t1,;;;110.O!lIII.70t;;;",,",," 
Cd 5.41 5._ 6.00 e.71 7.80 ,8.08, U~ Cd 1.217.9-18.00 8.iH10.4010.i1"12.M 
Of 4061 4.1175.00 UD 6.ro

1

,.73: 7.11 Of lUI 6._ 7.00 7.83 D.IO U2l\.01 
I.. 5~ 6.00 6.(1111.00 8.40 8.a'101lO Eb HI U5 6.00 6.7117.80, 8.OS t.49 
I.e l .ro 5.14 5.20 0,00 7.2(l1"$ 11.00 I.. 6.75 UI 7.79 ~.OO~IO.80 II .2.\IUO 
I... 3.75 4,29 4033 6.00 6.00 U5 1!>O I.e e.oo GH M3 8. UO IO.OOl2.00 
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.b 1.00 1.00 1.00 1.00 l.00 t l .CO 1.00 Lc 4.00 &. l\ 5.20 6. 1. 1.609.00 
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of 2.00 2.00 2.00 2110 200 2.00,2.00 .b 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
be I~ l .u I.n HI 1.66 1.110, LSO cd 1.10 11IO'UO UO 1m 1.iO> 1.50 
d. 1.08 1,73,1.73 1.80 1.02 I.OS 2.12 of 2.00 2.00'2.00 2.00 2.00 2.Ml2.00 
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f, ! 2.14 !J8 2.18 202. 2.33 U(I UO 
hi 2.01 2.M 2,M 2,6\1 2.17 2.80 2.n 



CA R NEGIE STEE L COMPANY 

CORRUGATED SHEETS 

Corrugated sheets are used for roofs and sides of buildings. They 
are usually laid directly upon the roof purlins and held in place by 
means of clips of steel hoops which encircle the purlin and are 
placed about 12 inches apart. Special care must be taken that the 
projecting edges of the corrugated sheets at the eaves and gable 
ends of the roof are well secured, otherwise the wind will loosen the 
sheets. 

Corrugated sheets are made in the sizes given on opposite page, 
the size most generally used has nominally 2Yz inch corrugations, 
(actual width 2% inches), about Yz of an inch in depth. The gauges 
frequently used for roofing are Nos. 20 and 22, U. S. Standard 
Gauge. 

By one corrugation is meant the double curve between corres
ponding points, and by depth of corrugation the greatest deviation 
of the curved surfaces from the straight line. 

One and one-half corrugations are allowed for lap in the width 
of the sheet and 6 inches in the length for the usual quarter pitch 
roof; one corrugation in width and 4 inches in the length of the 
sheet is usually allowed for sidings. 

Corrugated sheets are furnished in standard lengths of 5, 6, 7, 8, 
9 and 10 feet and with a covering width of 24 inches, when laid 
with a lap of either one or one and one-half corrugations. 

By experiment it has been determined that corrugated sheet 
steel, % inch deep and 0.035 inch thick, spanning 6 feet, began to 
give a permanent deflection with a load of 30 pounds per square 
foot, and that it collapsed with a load of 60 pounds per square 
foot. The distance between centers of purlins should, therefore, 
not exceed 6 feet and should preferably be less than this . 

Approximately the uniformly distributed safe load of corrugated 
sheets may be obtained from the formulas given below, using the 
following notations:-

W=Total allowable uniform load, in pounds. 
w-Allowable uniform load, in pounds per square foot. 
b=Width of sheet, in inches. 
I=Unsupported length of sheet, in inches. 

L=Unsupported length of sheet, in feet. 
t=Thickness of sheet, in inches. 
d=Depth of corrugations, in inches . 

Then: 
W_25,000 tdb 

- 1 
_25,000 td 

w- L2 
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~OOFS AND ~OO FINQ 

CORRUGATED SHEETS 

D&scltl r110!'l' 0 p CoIiRUGA TEl) SII££TS A IIEAS 0 I' CoIUlUGA TED SHEETS 

SbeN ill 100 Sq. Ft. 

CorrupIIQ .. --
'" ~';''/t~ 'Ir· " 

8.57 "'3 .... 
7.14 7.69 8.00 

." &.59 , ... 
5.36 5.71 ' .00 
4 .76 5. 13 G.33 
•. W 4.(;2 4 .80 
3.57 3.85 ' .00 

CoRRUGATED SIIEETS-Painted 
Welght.l In Poundw per Jo'oet. 

,~~ ·"" 1·"" 
1 ". 

4701 339 

,;~. -, , , 

CoIIIIUOAT.:O S UEETS--Gaivnnizoo 
Weight.l In Pounw. per 100 Squam Fee~ 

~ U. 8. 8wohnt G_ ...... ~ 01 an hodo 

14 16 18 W 21 ~ ~ 24 ' ~ ' ~ ' n ' ~ 
I~ .109 - 1 

.078 .003 050 .038 .034 .0 31 .028 .026 .022 .019 .011 .016 

II 354 286 232 178 165 151 138 124 111 98 91 85 
3 2S6 232 ]78 165 151 13S 12·1 111 9S 01 85 
2 ,", 488 354 286 232 178 ](\5 151 138 12.1 III OS 9 1 85 

_j; 286 232 178 165 15 1 13S 124 111 9S 91 S5 
I 1S5 157 129 101 0" 87 

129 10 1 "" 8 7 
The .. l'lKhu IK'I" 100 8qU..-e tN't «h'en In prect'rlln« I.bl.,. do no~ Include 

. UO ... DOOII fo.- end Or side 1.1111. Tbe feUo .. lntI" t.b]e 11"1",)8 the . l)IIl"WIhn.te 
num ber o f .... n.re foot of shootIng nOOCl'lSar), t.o co'·cr .n area ot 100 ":Iuace 
r ee~ .nd Is bllJled on sheetol o f ~tQndlU"(1 Width, 06 !t1C1 ...... 10113. If lon!l:01r or 
Ihort.er8hoot/llU"ewoOO. th()numbcrotll«ua.refootroqull"\1d will ,·at)' lWOOnilngly. 

8QUAItE Ff.ET OF CoRIIUOAn:u S IIEETS TO CoV.:R 100 SQUAW: F"n:T 

Side Lop 

1 r~_u.. 
I ,",-''Y , .. 

, 
'" '" 123 

, 
'" '" '" 

E.I t..i"I ...... , 
'" '" '" 

• 
'" I '" 12(; 

• ". I ,., 
'" 

, 
". 121 
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CAR.NEO I E STEE L COMPANY 

STEEl. S HEET PILING 

The introduction of et~1 shC('~ piling in .su~titulion for wood 
has made possible the extcnaion and indeed the pr3ctical r('ju\'rna
tion of the coffcrdam mcthod of making excavations. It .s U!IC ha~ 

led to great u[timate economics, gr("ater 83fety in working and to 
the extension in size and depth of open excavations to limits which 
othcrwi~e were regarded M impoS8ible of attainment. The cellular 
cofferdnm, first used in the Black nock Lock, Buffalo, is a very 
suecCf!!lful method for the elimination of the expensive, ~Iow, and 
not always reliable, pneumatic eai880n on work of la:-ge magnitude. 

Steel .sheet piling by il~ positive interlook enables the sub-6urface 
diallhragm.s of diaphragm dams to be made with a certainty not 
possible with wooden sheet piling, and \\ith an economy not po8!Iible 
with concrete by resson of the elimination of the exeavation 
neee88ary in the case of the ordinary puddle core, concretc core or 
mll80nry eore wall. .-\ diaphragm made of such imperishable 
materials fulfills all the requirement8 of the ordinary core walt with 
the additional advantage of aceommodating itself, by its Dexibility, 
to slight irregularities of settlement in the dam. 1t is a lso used in 
the construction of curtain wal[s, sea wal[s and loading slips, founda
tions for cylinder piers, sewere nnd trenches, etc. 

In addition to temporary coff('rdams, steel sheet piling has found 
large use in the construction of permanent retaining walls for 
buildings. Driyen before excavation in soils containing quick
sand or water.bearing strata, its use prcvents the undermining of 
adjacent building foundntio!l8 by movement of the strata. I t also 
prevents in many cases the delay, expenSIl and danger of under
pinning adjacent buildings. It may be employed in this wa.y alone 
or reinforced by steel buckstnys 1'-8 shown in the illustration, which 
rcpresents the method follOwed by D. II. Burnham & Company in 
constructing retaining Willis for lhe l\larshali }-'ield and Stevens 
Building, Chicago, where sheeting with its attached buckslays was 
ddv('n its full depth and the btu!emen~ and sub-basement floors 
placro as the excavation w('nt forward. The rigidity of the buck
stays with the bracing supported by the Doors eliminated the 
nee<'fl!lity a.nd expense of shoring. After excavation concrete WIIS 

filled in between the buckstnys and the total expense did not 
exceed GO per cent. of its COllt by the ordinary method. 

TJ-. The Carnegie Sted Company manufactures United 
Stall'S Steel Sheet Pilinp:, Pri('!!led~ Interlocking Channel Bar 
Piling, lind Symmetrical Int('rlock Channel Bar Piling. 
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United States Sted Sheet Piling is a simple, plain, rolled section 

ready for usc !1.8 it comes from thc mill without furthe r fnbriClltion. 
Each piecc is complete in itself and nil pieces of the Bame width fLrc 
interchangeable. Its profile inoorporat~ the advantages of the 
ball and socket joint, with sufficient clearance in the interlock for 
case in driving and sufficient spllee for the usc of a packing substance 
octwccn its adjacent edg('8to insure watert ightness. l.Jnited States 
Steel Sheet Piling is more easily driven and pulled than any other 
section hithcrto placed on the market. The reason fo r this is 
belicvcd to bc the nh.senee of a leading groove combined with the 
line contact obtained in the joints. 

fo'ricstedt Interlocking Channcl Bar Piling is a fabricated section 
made of channels nnd sec bars; unsymmetricaln..s regards adjacent 
pieces, one channel having two zcc bar8 full I<'"rgth and the next 
adjacent channel ocing plain, that is. without zcc haiti. 

Symmetrical Interlock Channel Bar Piling is a flLbricatcd &Cction 
made of channels and zee bars in which caeh piece hM a short zee 
bar on one edge and a long zee bur on the other. The long zce bar 
forms the interlock with the next adjacent section, while the short 
zee reinforces the top of the pile and scrvca to distribute the blow 
from the pilc driving hammer over the width of thc section . 

.1\11 the seCtiOM ha\·c po.sith·e interlocks continuous throughout 
theentirclength in both lateral and horitontal directions, affording 
maximum strength against ~idewi8C dcnection, distortion or sepa· 
ration of the pieces due to prCS!lUreB, deformation in driving, etc. 



CARNEGIE STEEL COMPANY 

Strength of Section. When driven and under pressure, steel sheet 
piling must have strength similar to that possessed by any other 
beam loaded equally or unequally with earth or water pressure, 
and the resistance of the piling to transverse bending can be calcu
lated by the known laws of flexure from the properties of the section 
as given in the tables on page 317. In the case of Symmetri cal 
Interlock Channel Bar Piling, the center line of the assemblement 
is not the center line of the individual members. Calculations are 
referred, therefore, to a theoretical neutral axis and give the pro
perties of the sections on the assumption that when interlocked 
they will act as a unit. In the case of United States Steel Sheet 
Piling, the properties of the individual pieces are the same as the 
properties of the sections interlocked in place. 

During driving the sections are forced to act as loaded columns, 
and the tables, therefore, show the radius of gyration of the sections 
for computing their compressive resistance under load or the blow 
of the pile driving hammer. The radius of gyration of the section, 
however, need not bear any definite proportion to its length and 
blocks of wood may be bolted to the leads of the pile driver if the 
piling shows a tendency to spring. As the piling actually enters 
the earth, it is supported laterally and stiffened by the adjacent 
soil, and the blows of the hammer need but overcome the friction. 
In an ordinary cofferdam braced in the usual manner, strength in 
the interlock to resist the tearing apart of the sections by direct 
tension in a longitudinal direction is not often required, but if it is, 
United States Steel Sheet Piling is recommended for use, as its 
longitudinal strength is greater than that of the fabricated sections. 
This interlock strength in a longitudinal direction depends on the 
type of section, the opening of the jaw, the character of the soil, 
etc., and can only be determined by tests. The average longitudinal 
strength per lineal inch of medium steel sections is as follows: 

9" United States Steel Sheet Piling. . . . . . . . . . . . . . . . .. 5,600 pounds 
1272" 38 lb. United States Steel Sheet Piling ........... . 10,000 
15" 39 lb. Symmetrical Interlock Channel Bar Piling. . .. 1,500 

Steel sheet piling is usually made of medium steel manufactured 
to standard specifications. Where the construction is permanent 
and possible corrosion is a serious factor, it may be made of steel 
containing about 0.50 % copper, experiments on which, as well 
as analyses of old structures, indicate that such an addition goes 
very far towards making the steel practically indestructible. 

Full information on this specialty and its various uses is given 
in a separate pamphlet entitled "Steel Sheet Piling," copies of 
which can be had on request. 
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UK ITED STATES STEEL SlJEET 1' l LINO 
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CARNEO I E STEEL COM I'ANV 

ST RUCTUR Al .. Tl MI3ER 

The strength of structural limbers depends upon a. number of 
factors; the kind of wood, the age of the tree, the time of the year 
in whieh it was fe lled, the method of sawing, the character of the 
seasoning and therewith its moisture content, the proportion of 
heartwood to sapwood and the proportion of knots to clear wood. 

Tn consequence of these variable factol'!!, the working unit stresses 
approved by the building laws of different cities vary widely, as 
wen a lso as the unit stresses given in the proceedings of the various 
engineering assoeilltions. They go hlH'k in some cases to the 
studies made in 1805 by the Association of Railway Superintendents 
of I3ridges and Buildings. 

The most recent studies in this direet ion have been made by t he 
American Hailway Engineeri ng Association, and the tables for 
wooden beams and columns which follow arc bascd on the working 
unit stresses for slructural t illlbers adopted by that As~oeiation. 
The table of working unit stresses has been reprinted, by permission, 
from the Manual, edition of IO J !. 

These unit stresses vary with the claas of construction. They are 
intendcd, as noted, for rl\ilwuy bridges and trestles. l~'o r highway 
bridges and tresUes and for buildings and similar strueturcs, the 
unit. strcs.scs may be inercased in accordance with the more quicscent 
character of the loading lind freedom from deleterious weather 
conditions. T he values a re based on carefully selected timber 
purchased in accordance with the standard specifications of t he 
Association and subject to careful inspection. 

The com mercial timbers which arc in common use in bui lding 
construction will not meet thcse specifications, and, thereforc, thc 
unit stressCli approved by good building practice fl.S evidenced in 
the bui lding laws of various cities arc rightly lower. The tablcs 
as they stnnd are in accord with the average practice ll.S represcnted 
by these building laws, and may, thcrefore, be used as they stand 
for ordinary building work executed with the commercial grades of 
timbcr, such fl.S can be purchased in the open market. 

The allowable loads may be adjusted to other species of wood 
t han those statcd ill lhe headings of the tables and to other unit 
stresses by the direct proportion which such unit st reSSC9 bear to 
those for which the tables nrc computed . i ll the case of columns 
the vulucs may be adjuster! to any 1I'0rking unit stress by direct 
proportion based on the relations of l Id. 
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TI MBER SA i"E l.OADS 

WORKI NG UNIT STRESSES FOIt STRUCT UHAL TBIBER 

ADOPTO:D .... THO: ... U'UC .. S "",L"' .... O:SOI""~"''''O .. 880CIATtO>< 

Tho working unit SII'UllKfl gl>'cn in tho tablo aro Intendod for railroad 
bridgOfl and trostlOfl. t 'or high .. ·,,)· bridget! "lid trostlCII, tho unit St«'MOfI 
may be Iner<:Med 25 I)er cent. ~'or buHdlng>! "nd similar structuros, In which 
tho tlmOOr Is protected from tho "'eather "nd I)ractleally free from impact, 
tho unit strossos may 00 [nereasod 50 I>cr oont. To oomputo tho deflootion 
of a OOam under long oont[nued loading It'''teMI of that whcn tho load Is 
first applied. only 50 per cent. of tho corr('.ISpQndlng modulUl! of elasticity 
gh'cn In tho t&b[o Is to bo~':m::::,,:'o~,~."'~. _____________ ,"," __ 



C AR NEOIE STE EL COMPANY 

WOODEN BEAMS 

The safe load tables of woodcn beaml! which follow, baaed upon 
the working unit st re88e~ adopted by the American Hail way 
Engineering Association, give the uniformly distributed safe loads 
for rectangular sections olle inch thick; the safe load for a beam of 
any thick nCflll is found by multiplying the tabubr vlliue by the 
thickncss of the beam in inchell. T he safe londs include the weight 
of the beamll and are computed on the lUIIIumption that the beanlll 
are braced against lat('rui deflection. Tb<'8C tables alllO gi\'e mini
mum alld maximum spalls alld coefficicnts of dcflection. 

The plaximum safe loads Il.8 limited by tho allownbie shearing 
~trC8SC8 along hori~ontalaxell of bulIl.H have been calculated from 
the formula: Maximulll Mfe load = '% " ar(!9. of section" safe 
unit strcss for longitudinn.i shear. These limitll, indicated also by 
horizontnl li nCH ill the tubles, should not be exceeded to avoid 
failure of the beam in horizontal direction of the grain of the wood. 

The thooretieal deflection in the collier of the span for uniformly 
distributed alld permaneutiy applicJ loads is obtained from the 
coefficients of defleelioll by dividing thc depth of the beam, in 
inches, into the oorrellponding coefficiellt; the rC8ultobtainoo only 
aPllroximates the actual deflection, aa the modulull of elll.8tieity 
\'aries with the moisture content of the wood. 

The dcflcetion of beams intended to carry p!1l.81ered ceilings should 
1I0t exceed ~o of the 8pan; the tables give the maximum spanH for 
this limit llnd for uniform and permanently llpplied loads. 

For loads concentrated. in tile center of the spnn, IISC one-half the 
values for the tabular loads and four·fifths of the coenicients of 
deHection. For special CflllCfl of loading, BOC ImgeH 170 to 175. 

£" ....... 1: I,-Requlred the thlclm~ and the a \)pro:LImate ~ftectloo of a 
beam or " 'hlte oak. H luchCII deel). lupportlns a unllorm.ly distributed and 
l)CfmanCn~ dC1l<J and Ike load o t 10,000 »Ounda o,'cr fl apan Of 19 fee~. 

Th!) tabular \'II.lue for a beam one Inch t hick li nd for a ~lla n ot 19 f/)C~ I~ 
1.20 1 pound.: the required th lclmCllllIl therefore 10 .000+ 1,261 InehCII, l.n(1 
the deflection I. 20.72+14_ 1..&8 Inclle., 

E" ..... u 2.-Requlred the lafo load of • beam of " 'hlto 1)lne. 8 InchCII 
d CCI) .nd 0 InehCll thlek .... Ithou~ CJ[CIlClO;llng thO 10ngltudln t.1 shearing .t ..... 

Tho table glvCII for It. corrtlll]lOndhlll I>clt.m I Inch thick a safe load of 747 
pounds: tho tot.1 safe load Is thcrefore II x .47 ,482 JlOund.8. or tho sat!) load 
.. hleh can be .feiy ~upported o"cr" . plUl of 8,6 tOO1o. 

E "" ... nll 3.-Uequlrod the safo LO&d. OOnoont .... led In the .:eUler 01 a IliaD 
26 f()C~ ions. flnll tho deflection of a bcQm of 10nslCllf pine, 18 InehCll doop allli 
121nchc8 thLek. 

Tho tablo glnlll for a COITOIIpondlng beam 1 Inch th lcli: a unJrormly dillll'l· 
bute<l safo 1O&d of 1,800 l)Qunds, or for a load In .:enlCr of .pan 1.800+2-000 
powads: for I. beam 12 Ille~ ... Ido the .fo kIad ilItbercfore 000 x \2 _ 10,800 
pounds, It.nd tho detlcctlon I. approxlmately ~i x 32,75';is;;.,~I'."'6 lucl"""" 
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T IMBER SAFE LOADS 

RECTANGULAR WOODEN BEAMS-ONE I NCH THICK 

MAXIMUM SAFE LOADS AND LIMITING SPANS 

COEFFICIENTS OF DEFLECTION FOR PERMANENT LOADS 

8,., 

" , .. 
, 
3 • , 
• 7 
8 , .. 

n 

" " " " .. 
" " .. 
" 

~[ XI U SI' N8 IN FEET ~'OR PERMANENT Lo OS • M M • . . A 

Dep1.h III Beazn iD 1",,"-
Sped .. ot TUnbel' 

18 I ZQ , • • • '" " " " " " 
WhIte Oak '.3 .., 7.' ,. 3 I 1.6 13. 16.318.6ZO.0'23.225.627.9 
l...ongleat Pine '.8 '" 8.3 ... 13.8,IB. 19.3i22.0;24.8~7 .6130.3,33.1 
ShortIQat l'lnc 3.' ••• •. , ". o 15.0 I 7. 9,ZO.1) 23.9'26. 9,21).9,32.935.9 
Westenl lIemlock 3 ' .. , " ". 15.0, I 7. ~0.!l,23.9:2B. 9~9.9,32.9,35.9 
WhIte Pille, DougJa.o FIr '.8 '" 8.' ... 
Sprll<:e ,., M 8.' n. 2 :t~: ~:dg:~~~:~j~~:~'2~:~~g:~,g~:~ 
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CARN EQ I E STEEL COMPANY 

RECTANGULAR WOODEN DEA~IS-ONE I NCH TllICK 
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DOUGLAS FIR 

ALLOW.BLE U N IPOlur Lo.o I N POUNDS 

Mulmum Ocndlnl S~, 1200 Pounds per Square Incb 
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T I MOE~ SAFE LOADS 
-------, 

RECTANGULAR WOOD)O~N BEAMS-ONE I NCH THICK 

LOSCLEAY PINE 
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ALLOWABLE U~U'OIU.l LOAD l ~ POUNDS 

Mulmum Der>dlq Sl..-. 1300 Pounds per SqUAl"8 J.neh 
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CARNEO I E STEeL COM PANY 

RECTANGULAR WOODEN BEi\:\IS-OKE INCH THICK 
8 UOitTLEAP PINE, WESTERN II El1LOCK AJ,,'D WIllTE OAK 

ALLOWASI.& USIFORM LoAD IS POllSDS 
Mulmum Bendl"l Stl'(lM, 1100 I'Oundl: Il<'r 8Qu&N! Inch 
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" "" ... 1141 .. 00 '''' 2328 zii'i'f "''' 
" ... 800 "'" 1422 ,- ,m "" 'ai'cij 

" "" '" 10-12 "'" 1722 212(1 2672 '''''' " "" '" "" 
,,.. 

''''' ,." , .. , "'" " , .. ." 1252 ,,.. 
"'" " ... 2816 ,. m "" "'" '''' ''''' 2275 2708 

" ." '" 1169 1467 1811 21111 """ 28 "" '" 1118 1414 11'4(1 2113 !ISH ,. ' 26 1079 " ... ''''' 2().10 2428 
30 , .. , .. , ."" '630 1073 2J.48 

" '" "'" 1278 !fin .- 2271 

" U, '" 1238 1628 .... "00 

" o.. "00 10/082 1793 "" ,. .,., .. " '''' 1740 2071 

'" so. 1131 1397 ".00 2011 

30 I S61l .. 00 "." "" ",. 
" 1070 1321 ,,,,. .003 
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1(1..12 1128 7 "" .... " I 
lOIS 12$06 1617 ,,'" 

" , 990 1222 1479 "" Uppcr,micldlo, ... 110 ..... honlOllt.ollo_ ,nd,",~ lite lJDlIto for ~to __ 'D. Ibl 
bot ..... w .. lI'«'uoaollbelroi" ofSboru.f j>ID.I, WhiteOak,and Homlo<.Ir. """*t..~ebr, 



TIMBER SAFE LOADS 

RECTANGULAR WOODEN BEAMS-ONE INCH THICK 

Sl'an 
III 

Feet 

2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

2 

187 

WHITE PINE 

ALLOWABLE UNIFORM LOAD IN POUNDS 

Maximum Bending Stress, 900 Pounds per Square Inch 

Depth of Beam in Inches 

4 6 8 20 22 

----
10 I 12 I 14 16 18 

----,------ I----

133"" 
100 ~ 80 320 

67 267 660 
57 229 5i4 
50 200 450 747 

178 400 """"'7i""l" 
160 360 640 

145 327 582 ~ 
133 300 533 833 1120 

277 492 769 li08 
257 457 714 1029 1307 
240 427 667 960 l307 
225 400 625 900 1225 

377 588 847 1153 Iili-356 556 800 1089 
337 526 758 1032 1347 1680 
320 500 720 980 1280 I~ 

476 686 933 1219 1543 1867 
455 655 891 1164 1473 I~ 
435 626 ' 852 1113 1409 1739 2063 
417 600 817 1067 1350 1667 12017 

576 784 1024 1296 1600 1936 

554 754 985 1246 1538 1802 
533 726 948 1200 1481 1793 
5 14 700 914 1157 1429 1729 

676 883 1117 1379 1069 
653 853 1080 1333 1613 

632 820 1045 1290 1561 
613 800 1013 1250 1513 

776 982 1212 1467 
753 953 1176 1424 
731 926 1143 1383 

711 900 1111 1344 
876 1081 1308 
853 1053 1274 
831 1026 1241 
810 1000 1210 , 

24 

~ 2215 
2133 
2057 
1986 
1920 

1858 
1800 
1746 
1694 
1646 

1600 
1557 
1516 
1477 
1440 

Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 
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CARNEGIE STEEL COMPANY 

I RECTANGULAR WOODEN BEAMS-ONE INCll TIJICK 
SPRUCE 

ALI,OWADLE U:-'IP'ORli LOAD 1:-' POU:-'D8 

__ ,.......:'~'~u...;lmum Oendlq Sl.--. 1000 Pouoda pee' SQuare Incb;.. __ _ 

.... .. 
f~ , • " " " " " 
, , 
• , 
, , , , 
" 
" '" ... ,., 
" '" '" 1103 

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

'" 



__________ ~TC" C'C·C·CR~SAF£:cLCOCACOC'~ ______________ __, 

WOODEN COLUMNS 

The sale load tables of wooden columns which follow, balled 
upon the working unit stre88CS adopted by the American Hallway 
Engineering A8!JOciation, give the allowable direet eomprC68ive 
loads for square and round columna. . 

The Bafe loads of reetangular columns may be found from t ho 
safe loads of· square columns by direct proportion of areas, ulling 
the safe load unit stl'Cllll of the square column whose side is equal 
to the lelUlt side of the rectangular llection. 

The following table gi\'cs the safe load in pounds per Bljuare inch 
or seelional area lor ratios of 

I effectivc lena;th of column, in inches 
(i- least side ordiametcr, in inches ' 

ranging bet.wccn limits of 15 and 30. 

U:O; IT "'OR"':O;O STRF,Ssr.1I 1:0; POONOS PER SQUA.RE I :O;C ll 

~,~"'6.k u.:t'k nJro;';t,. T ......... k Rodwood 
S",....,. 

I'joe , .. ....... "W.:: '", I "7.:~' .. 0. ,>., I ." C.,,,, I 
- -- 1--------1300(1-1 'dGOlI200(I-ldllO) IIOO(1-tdeQJ 1000 (1-1 dtlO) 000 0-1 dlSO) 8OO (1-I{deO) -
I ------

" ." "'" ." TOO m 000 

" "'" """ "'" "" 660 '" " ." 800 ". '" .. , {o;3 

" '" MO HO T'" 630 "" " 888 .,. 
'" 683 '" 

,., 
" SOT 800 "" "T 000 "" " .. , TOO no GOO '" ". " ." TOO 'OT "" '" "" " "" ". '" "T '" .'" ,. 'SO 720 000 000 , .. '80 

" ". '00 .. , "-, '" '" " '" """ 023 '" '" "" " no 000 ... '''' .. , 4010 

" '''' ... '" '" "'" ." 

" on '" "" '" '" '" '" "" 000 "" "" 'SO '''' 
E:u .... u I. Uequlred the allo"abto toad tor & column of ",hlW OU; 

10" x 8". 10& too~ ]008. 
The ato ]<*(I given in tho table for. *!.UaN! .... hlte oak column 8" ][ 8", 

104 fce~ ]008. 1.1 54.,100 pounds. Tbe]<*(I for tho 10" x 8" 8eCtloo 1.1 
10 x 54.. tOO + 8 _ 67.000 pouodL 

EXA ....... 2.-Uequlred tho &tio.,&bln load for & IJ)ruee pUn. 9" dl&meter 
and 18 foc~ loni. 

The unit IJtl'Ctl8 ,Iven In tho &00"0 tablo tor tho oorrespondlna ratio of 
l id . 18 x 12 + {I _ U I~ 000 I)(lUnda. and tho 8eCtlonal area tor & IY' round II 
63.62 IIqlLarn InchOi. The .. fo load. theroforo. II 63.62 x 000-.&2.000 pound,. 

,,, 
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CAR NEal1! STEEL COMPANY 

SQUAR I~ WOO DEN COLU MNS 

SAI'E LoADS IN TIIOltSASDS 01' P OUNDS 

Amel'ican R .. I1 ..... ,. t:l\llineerlug Aseoclll.tlon Fonnlliu 

I~'I-C-'I---"'-'I-;' -;I-""~:-·T'"--';;:C·"-' ·':c;'I~.:"_·C_'-'"'--;'-=---''"~ 
b ~ 1---''--+--''--1 .----
6 14.6 

~ :~:g I a~:~ 
9 11.4 a2.8 '---.!!L 

10 10.4 3 1.2 I 62 . ~ 
II Z9.6 00.3 
12 21U 68.2 
14 2.5.0 M. I 
16 49.0 
18 4b.8 
20 41.6 

f.+ ::U I i:ta ~'l"_ ~ 83.2 131.0 IS9.3 :.n .. 
7$,0 12-1.8 182.0 , :,>.411.6 ~3"'"'."'+,'=OO"'~Oc 

.5 -tt.i-
6 I :lA 
1 1 2. S L..!:::!..-
8 U.5 I 3l.7 
9 10.6 aO.2 ~ 

10 9.6 28.8 .57.tl 
II 27.4 M.1 
12 25.9 638 ~ 
14 23.0 49 9 tI6.4 I..!!!:!.- ~ 
16 46 I 8 16 I 1261 ...!1!:!.. 
18 42.2 768 121.0 174.7 ~ 
20 I 3&. ~ _ ....!!:2..~~ 230 4 291.63600 

r; --tit 
6 12.3 
7 1 1.4 ~ 
8 10.6 :t!l.6 
9 9.1 2 7.7 ~ 

10 8.8 20..1 .52.8 
11 25.1 61.0 
12 n.8 4 9.3 ~ 
14 21.1 45.8 7U.2 ~ 
H) 42.2 14.8 I]'[[]--~ 
18 38.1 70.4 110.<;1 100.2 h:Wi!,;r 

__ 1_"'~0-1, .. 1 __ -1c""".2'1cOO""'0"-lc'e"''''''0 164.0 211.2 

.5 --&ij-
267.3 330.0 

6 11.2 
7 10.4 r£7 
8 0.6 26.4 
9 8.8 2b.2;.J!.!.. 

10 8.0 2-\ .0 4;>j .O 
II 22.8 46.4 
12 21.6 44.8 
14 19.2 4 1.6 
16 38.4 
18 35.2 
20 32.0 

....1!:!... 
'72.0~ 
118.0 I 10::..6 ..!.!1L 
04.0 100.8 145.6!.1!!L 
00.0 00.0 140.0 I H12.0 

Lo.d.ab:;."" hori.".,1.aIIi ......... Ih. lI\a";mum alJo.rabl • .Ie 10&4. 
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TI M 8 E R SA f E LOAD S 

ROUN D WOODEN COLUMNS 

SArf! LoAD8 IN TIIOU8ANDS or POUNDS 

American Ibn .... y Englncerma: ~ .. Uon Pormul ... 

,-, ~.I ... "", ,_. 
• • • I • I " " " .. I-'!--! " --- l=&f 

, ----i 

~~ 
, 
6 II . ~ , 10,6 -;%-~~ 8 ' .8 :.!7.0 I ;"°T • ' ,0 ",., i-£, •• '" 

.., " .. 411 ,0 
:o:t:::; " 2:1.3 47 .4 

G=~ " 22. 1 45 .7 1'* ZiJ .. 19.6 42 . .5 73.5 ~ 3 - '" 39.2 ..... 107.S ~ " 311.{1 M.3 102.9 14g.7 -MY.7. 
'" 32.7 6 1.3 08.0 142.9 100.0 2.18.1 306.3 ,-1* I ------

,,~-
, 11 .3 
6 10.6 

.~;j 
, 08 ~ 8 ••• 2-1. \J 

<I1 -T • 8,' :la.7 4TI-~; - '" ,,' 22.6 

0=· " 21.5 0,7 

".~ " 20.4 42.2 i~ gE~ " 18.1 30.2 67.0 ~ 

'" 36,\1 64. 1 00.1> l-ffi!:r • " '" 60.3 9.5.0 137.2 ~ '" 30.' 60.11 00.1> 132.0 IgLO ~ "''''' 
I-.'¥. • • 10.-& 

Z - 6 '" ;: § , , .• 
'*" 8 ... 22.g 

;"~-' , ' ,6 21.8 -1*-;:ii! '" 6 ,' .,., 41.11 " .. " 10.7 40.1 

=". " 18.7 "., I~ o _ 

" 16.6 "., 62.:l 

* ~ - '" "., ... , IlL2 ~ 
" M.' M.' 87. 1 IZS.8 ~ ,. 27.6 111.8 82,1) 121.0 IM.O m .• 259.2 

, --¥.r-, .. 
:-ilol§ 

, 8.8 , .., 
~ "0 8 7.' :W.7 

::";5- , , .• ID.'l -!t'r ;:;:;:! '" '.3 18.9 37.7 .-. " 17.9 ,. .. 
= ~§ " 17.0 M.' ~ iJi- _ " 15. ' 32.7 .M -;;%-

" 30.2 63.-& gl!.!l -fW7 
" 27.6 ro" 70.2 114,4 

~ " 2".1 47.1 75.4 110.0 150.8 100.9 ." .. 
~ abo~. iIo<.-\&Ilitlel .... Ib. muUQIlIII .J1o •• bIe ..t.loodL 
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CARNEGIE STEEL COMPANY 

SPECIFIC GRAVITIES AND WEIGHTS 

WATER AT 4°C. AND NORMAL ATMOSPHERIC PRESSURE 

I 
Substance Specific 

Gravity 

I 
Metals, Alloys, Ores 

Al~num, cast-hammered .. 2.55-2.75 
bronze........ 7.7 

Brass, cast-rolled ......... 8.4-8.7 
Bronze, 7.9 to 14% Sn.. 7.4-8.9 
Co~per, cast-rolled. . .. . . . . 8.8-9.0 

ore, pyrites...... . 4.1-4.3 
Gold, cast-hammered ...... 19.25-19.35 
Iron, cast, pig. . . . . . . . . . . 7.2 

.. wrought............. 7.6-7.9 

.. steel................ 7.8-7.9 
" spiegel-eisen......... 7.5 
.. fe"<>-Silicon....... 6.7-7.3 
U ore, hematite. . . . . . . . 5.2 
" "limonite.. . . 3.6-4.0 
" If magnetite. . . . . .. 4.9-5.2 
.. slag ...... . ..... 2.5-3.0 

Lead . .. . .. .......... .. 11.37 
ore, galena.......... 7.3-7.6 

Man~~nese .... . ..... : 7.2-8.0 
ore, pyrolusite.. 3.7-4.6 

Mercury. . . . . . . 13.6 
Nickel. . . . . . . . . . . . . . . . . . . 8.9-9.2 

.. monel metal. . . . . . . .. 8.8-9.0 
Platinum, cast-hammered.. 21.1-21.5 
Silver, cast-hammered. .... 10.4-10.6 
Tin, cast-hammered...... 7.2-7.5 

U ore, cassiterite. ..... 6.4-7.0 
Zinc, cast-rolled.. . . . 6.9-7.2 

" ore, blende. . . . . . . . . . 3.9-4.2 

Various Solids 

Cereals, oata, bulk .... 
:: barley, H 

corn, rye, 
" wheat, " ... 

H.y and Str.w, bales .. 
Cotton, Flax, Hemp ...... . 
F.ta ....... .. ........... . 
Fl?,ut, loose . . ...... . . . 

pressed......... .. 
Glass, common.... .. . ... . 

II plate or crown . .. . 
H crystal .. .......... . 

Leather . ............... . 
P.per .. ..... ............ . 
Potatoes, piled ....... . 

1.47-1.50 
0.90-0.97 
0.40-0.50 
0.70-0.80 
2.40-2.60 
2.45-2.72 
2.90-3.00 
0.86-1.02 
0.70-1.15 

Rubber, caoutchouc. . . 0.92-{).96 
Rubber goods. . . . . . . . . . . . . 1.0-2.0 
Salt, granulated, piled ... . 
S.ltpeter .............. .. . 
Starch ................. . 'j 1.53 
Sulphur. . . . . . . . . . . . . . . . . . 1.93-2.07 
Wool.................... 1.32 

I Weight, Pounds 
per 

Cu. Ft. 

165 
481 
534 
509 
556 
262 

1205 
450 
485 
490 
468 
437 
325 
237 
315 
172 
710 
465 
475 
259 
849 
565 
556 

1330 
656 
459 
418 
440 
253 

Substance 

Timber, U. S. Seasoned 

Ash, white-red . . ...... . 
Cedar, white-red . . 
Chestnut . .. ..... . 
Cypress ......... . 
Fir J Douglas spruce . . 

H eastern .. ....... . 
Elm, white . .. . ........ . 
Hemlock .......... . .... . 
Hickory .........•.... 
Locust ................ . 
Map'le, hard .. . .... . . . . 

white . .. ... ..... . 
O~k, chestnut ..... .. . . .. . 

live ... ........... . 
:: red,l black ........ . 

white..... . .. . .. . 
Pi,~e, Oregon. .. . ... . 

" red: .. 
white ............. . 

.. yellow,long.leaf. ... . 
Ii II short-leaf . .. . 

Poplar .............. . 
Redwood, California .. 
Spruce, white, black. 
Wa!?ut, black ..... . . 

whJte ....... . 
Moisture Contenta: 
Seasoned timber 15 to 20% 
Green timber up to 50%. 

Various Liquids 

Alcohol, 100%. . . . . . 
Acids, muriatic 40%.. 

32 .. nitric 91% .. 
39 .. sulphuric 87%. 
48 Lye, soda .. ...... 66% .. 
48 Oils, vegetable .. . 
20 H mineral,lubricanta .. . 
93 Water, 4°C, max. density .. 
58 .. lOO"C .... ........ . 
28 "ice ........ . ..... . 
47 "snow, fresh fallen .. . 

156 .. sea water .. 
161 
1~ Gases, Air = 1 

58 Air, O°C, 760 mm .. 
42 Ammonia ....... . 
59 Carbon dioxide . ... . 
94 Carbon monoxide ... " 
48 Gas, illuminating ..... . 
67 .. natural.... . ..... . 
96 Hydrogen . . ............ . 

125 Nitrogen . . . .... ... . 
82 Oxygen ............. ... . 

330 

Specific 
Gravity 

0.62-0.65 
0.32-0.38 

0.66 
0.48 
0.51 
0.40 
0.72 

0.42-0.52 
0.74-0.84 

0.73 
0.68 
0.53 
0.86 
0.95 
0.65 
0.74 
0.51 
0.48 
0.41 
0.70 
0.61 
0.48 
0.42 

0.40-0.46 
0.61 
0.41 

0.79 
1.20 
1.50 
1.80 
1.70 

0.91-0.94 
0.90-0.93 

1.0 
0.9584 

0.88-0.92 
.125 

1.02-1.03 

1.0 
0.5920 
1.5291 
0.9673 

0.35-Q.45 
0.47-0.48 , 

0.0693 I 
0.9714 
1.1056 

Weight, 
Pounds 

per 
Cu. Ft 

40 
22 
41 
30 
32 
25 
45 
29 
49 
46 
43 
33 
54 
59 
41 
46 
32 
30 
26 
44 
38 
30 
26 
27 
38 
26 

49 
75 
94 

112 
106 
58 
57 

62.428 
59.830 

56 
8 

64 

.0807 

I 



PHVS ICAL PROPERTI ES OP SU BSTANCES 

SPECIFIC Gfu\vITlES AND WEIGHTS 

....... 
A.bl •• )1 .... .,1")' 

Oranite. ~It, peiaI 
1_.IMtbIc, 
~bI_. 

Morta. Rala'- MaM"l'] 

~~.--"-0.-,. Rubb'- M .... .., 
G ..... tt, 1)' .... 1e.~, 
U-O"'.-'bIe 

"""'-"-
Brick MaM"'" 

rr-:t brid; .• 
Commoa britk .. 
Soft britk .. 

Vorloa. Bulldl .... H . t· 
AIMo, c:uod.... .., 
C->Ot, por\laDd, 10<.-, 

" " ... 
u.... ,"""",.10<.-

~';::: ... 
.. ".......u.p-.. 1IIIdUao"'_ .. "'1IDd 

E&rtlI, etc:" F, ~ .. y.ted 
C!~.dl7 ... .- ... -

d&mp, plMuco .... 
Clay and ",,0,,1. dl7, .. 
¥,d'l,lOOlfl .......... . 

I*k ... . 
" moiot, looM. •• •. 
:: .. J*ked ... 

....... "w'III,· · .. . 
" .. PKked .... . 

Ripnr.p,~ •.•.. 

:~::::: .. 
¥,. c:n;:-el • ..,.:=..t:. 

.. " .. wet 

S_i&c 
Gr""11 

%.3-3.0 
%.3-1.8 
2.1-2.4 

u-u 
U-U 
:.0-2.2 

u-u 
1.11-2.1 
1.8-1.'1 

2.'!-U 
1.8-2.0 
1.!--1.7 

U-H 
U -U 
1.!--L1 

2.1-3.2 

1.4--1.' 

,. 
,ro , .. ,. 
'00 , .. 
, .. 
'U 

'" , .. 
'" '00 

'" '" '00 

....., .. ". .,.... 
"" 67-71 

118-117 .. . ...., 

Bubt~ 

Hl"c:r:aLo 

Aobfolol .. . 
&tyw. ....... . 
B"'I .... . 
B-.wle ......... . 
Botu ......... . 
00aIk ..•..•• 
CIa1. -.I ..... . 
Ilolo.ile ............ . 
.......... orthot: ...... . 0 __ 1_ .. . 
G ...... "" 1)''''''10 .•.•. 
O_,tnp 
Gy ....... ~ .. 
Uorabieade 
l,imer\oIIO. nw-hII .. 
M_II ........... . 

:=Ie.~~'.~~~'~ .. :. 
PumiN, DIIW'&I .•.....• 
Quarto, .... 1 
1f-d.1OIIe, III--. . 
SIoaIe. "'11, _ .... 
81 .. M, o...rrIc:od. PtlM 

&a.ll."""';"" ~ 
X-....... bIe.quaru 
8aado&.- •...•• 
fIhale .• _ __ ••. 0 __ 1tonobIeDde .•. 

Bllu",I" .... s ...... ,, _ 
AJpbalIU", ...•....... 
CnAl, .. tb ... ile ...... . 

,. bollUll'''''''" ... . 
., 1;p'1e .. _ .. . 
" prtIl, lorf, dry. 
" ~,PI""" 
" "..It. 
" «Ike ...... . 

O .. ph.,Ie_ ••..•..•. 
1't.roJII ......... . , ........ 

.. -
" bouiae, ••.• 

'" 
" poolUooI .••• 

T ... ,bI~ 

£ ....... 110 .. I. W."" I &od or ""yel, 60 Co&l .... Coke, P iled 
" " , ...... day, $6 Coool,IIIw...;Ie .. _ 

Clot . .. . . .. ... 80 "boIU ........... lip,,,,_ 
R'yer...... .... ...•.. DO" ~t, tmf .•.... 
Sod_ ... 70 "~h"""" ........ . 

!e-::::",":"':::'·c·c··:·c· cccc'--__ :C--="=--= " coke ............. . 

'" 

2.1-2.3 .... 
2.1-3.2 , .. 
1.1- 1.8 
I.8-U 
I.8-U ... 
2.!--U 
2.4--2.1 
2M.1 
U-U 
U-U ... 
U-U .. , 

'-' 
2.f .. z.G 

o.31-o'DO 
2.!--2.8 
U-U 
2.1-U 
U-U 

1.1-1.5 
1.4-1.1 
1.2-U 
1.1-1.4 , ...... 

o.28-(l.U 
0-47-0.57 

1.1)..1.4 
U-2.3 

OA1-O.'1 ,m 
.".." 
0.73-0.7) 
0.6&-0.. 
1.07-1.16 , ... 

Weia;ht, 
Pound. , .. 
CII, 1'1. 

'M 
~, ,. 
,~ , .. 
on 
on 

'" ,~ 

,n ". ,~ 

,~ 

'" ,. 
'W ,., 
'" .. ,. 
'" H5 ". .. .. 
" " '" 
" " • " " ~ • 
" '" M • 00 .. .. .. 
" 

"U ..... 
"." 
10-14 
"." 
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CAItNEO I El STEEL CO MPANY 

I COKTI':NTS OF STORAGE WAREHOUSES 

W.h", wtOpti ,--.. .. 
ev.:rCMlt H~t ~ Li ... ~ ...... -,~ ...... '- .... ... ,,;:: -..... 'M --. "'- -,~ ... ,-

c __ WI_ Lluo ... E&<. 

Bouo,iAbtr.- " , .., 
eu-! GoOOa, ia_ M • '" Colee, RooNd, ill '- D , 

'" OoIroe,G_io ~ " 
, 

'" Do_;,,_ .. ~ • "" )'ip,l ..... , .. , 3iO 
Flour, ;n t..m.Io, " , ,., 
M~i"banW, .. , "" Rice, in boocI- •.•... M • MS ZOOIo.lOO 
80.1 Soob, ill t.r.do .. .. , 

'" Salt, in !.p .•.• " " , 
"" &.p P01Id .. , ill .... ~ S ... 

Sl&rth, in ban-tlo, . ~ • "" Supt,; .. barTN. " 
, 

'" Supt.; ...... " • .. 
T •. i".t... .. .. ~ , 

'"' ",_ ....J l.iquon. io b&rTtIo .•. ~ • '" 
DI"J' Good .. eolton. W_I, r::t~. 

Burlap. i. t.I. .. ~ • '" Coirrllt1l.;,,~, D , 
'" CotIOa, ill t.l.. ..... ~ .. , 
'" CltIOol 81o.obod Goodo. '" ... ~ , ~. 

0>1.I0Il .,..,... u. _, . 
" 

, .. 
Cot""'~",,;,,_ , n , 

'" Cot_ Yano, u._ ~ , 
'"' F ....... _ ...-I " 

, 15~ 

1I .... p. IIaliuI.-..-l n , 176 
11..,1'. M..wa, ~ '" 

, 
'" ,",.w 

J"te.~ ...... U , 
"" r..m.. o....-t. iII. ... ~ , 
'" 1"- Goodo.. in .... '" 

, ,ro 

~:.:.--::;.= .... ro • '" " 
, , .. 

Tow,com~ ............. , " 
, '" Wool,; .. t.l.._...-I ...... .. 

11'001, io b&Ieo, DOt_...-I " 
, ,~ 

wool.W~i .. _, ..... " , 
'" ." 



PI1YS I CAL PR,OPER,T I ES 0' SIJBSTA NC E S 

CONTENTS OJ-' STORAGE WAREHOUSES 
1 

W.,;plll "".;pili ,.....-0" 
Cv~roo4. H~t ~ Li •• Lc.Io, 

M.wriaI " ". .... '- .... ... /: "'S~, ,~ '" )loor, Sq~ (>CIt ....... ....... 
Ralldlq M,te. lal. 

il C-I.,s.t ....... " • '" , ...... " • ,~ .. . .., 
Liooot_~ ~ • '" 

lIard ware, Et~. 

Door Cloetkt ... ~ 

II~ .. M 
Leekt. in --. pacUd. " s..h •• ... Dtn .. 
&:~ .. '" 300 10 400 
Sheel TiD, iu 00. •.... ., , 

"' WW CaN..OIl ........ '" Wir-e,I_lotcd Copper, iu <Oilo .. ~ , 
'" lI'i.e, O"un~ IrOIl, in toOilt .... " 4\. '" Wire, M"KOd, on 1l])00I0 .. " • ' 00 

On .. , 1',lnb, 011, .:I~, 

Alum, "-I, ill ~ ... "'." ~ • ,~ 

B_hiDll:r...m.r,ilI~ " '. 'W 
BI ... Vitnol, ill bam ..... ~ • '" G~,ino_ ........ " • '" Li....d Do.!, in boorrW •. .. • '" L~ Oil, in in:JlI d"' ...... , ~ , , .. 
Lopood )::'u.el, ill __ . 

" , .., 
Roeia,ill.~ ..... .. • .. "" ... 
SbeIIac, GIUII. .. • '" I Sod. AlII. ill t.apIoado. U ~, ,~ 

Soda. Caaot;o, In iroa d...- .. '. m 
Sod ... Sitieo.te, Ia '-mil ... ~ • '" 

II 
S<dphurie Aoid " , .. ,~ '00 
White lad PMI.e, ill._. m 31~ .., 
V,hite LNd, dJy .. . .. 4a, ... 
Rod 1.-1 ODd Lilbarp, dry. ,. W. .~ 

i\11.a:llalloo", l 0 ..... ,,"u_."_~ .. , 
'" Hid.ODdr..Ihft.'D~, .... " . , . .. , , .. 

lIid,., BuIf&lo, in 0000* ...... " .... . " 
, 

'" rapt!', Newopa()O., aod St • ..-t.;.rdo ..... M • '" ) 
~·i:·:~.~.~~~~~·:,.:: .. .. • '"' ... 

" • ,n 

"" 



CARNEOIE STEEL COMPANY 

STRENGTli 010' MATER1ALS 

STltE88&8 PER SQUAIU: L"cil 

SU-i .. ~ot~ 

" w .... aad Allop H 
"" 

AM ....... ,_.. 15 
.. t.r..-"-. 24-28 .. ..ue. Mrd. .. . .. .. . »-M 
.. .. ...-kG.. .• 20-35 
.. 2-~o N;.. IA. Fl. *. 4O-W 

AlumuwmBtoIIH,670\.07~""AI . 75 
" .. 10"", AI.. 8S-HIO 

~,-""""""""" 112~ • pWlaI, rodoI, bola.. . . . . . . 
.. w,~, urd. ....•..... M-& 

B;'I~7~~~::: .... :.8 
" 23 ":: .:':':'" . .... 28.1 
" .. .. .. 41 .1 
.... 31 
.. 'UI,~ ... : ...... ::::: ISo24 

U 
U 

12-1' ,.., 
" ~ 
" ~ o 

'" 
'" ... ,.. 
.0 

17.4 
17.9 
o 

" " " B~W~~~': ::::::::::':' ~! 
:: ~ ::. .' :.' : ... :.. ~ tt 

:: ti:.:::.!:: ~ Il':'~: .~. : ~ ~.6 
.. .. rolled ~ .. " 100 80 

.. .. .... i'%p... 100 .. ~-Ltc1:. .. 60 ~ 
:: I!ilioo;a, ..... S~ ........ ~ 
.. : .. 5.,0&........ lOll 

: T~i: .. ·\~t· :: 
.. "~~i,&l'b. 100 

~M~:'laIl~z... :i 
.. .. ...... tJ.- 4 t·,. M .. .. ..... d. 1- fill 100 

o..-sa-, t$ .z...2Oi!.NL. 1",,", __ 333 .. .. . GoId._ .. ......... :10 
.. ....... ..... ............... ao 
.. _.5 AII.ICIi ....... 60 

;~~.:~,;.H .1~1 
SIllel. __ 335 ..•..•. 
Ti ... _ .. .. 3..1-46 1 ~1.8 

.. &IIu_. IOBm,ISb 11 
ZiIlO. ,1111. 4o{! 4 

.. rolkd ~ .... 1- 10 

"" 

Ii 41 ;' 
],I 

~. •• <" 

" " 

.. 

42 43.7 " ., 
78 M.1 

114 12 
141 It .I 

" ,~ 

>, 
"1 " !~. 

11,000,000 

10.000,00) 

18.000.001 
1 ~.ooo,OOO 

1 
I" 

~., 

~. "., "., 
0.' 

9,000.000 

",000,000 
10.000.000 M 

10,000.000 

."" .. 
8.000,000 

1.000,000 '.-720.000 

4.000,00;1 

13,000,000 

u .. ~ • • 

-



PHYS ICAL PA,O I'ERTIES Of' SUBSTANCES 

f_ STRENGTU OF MATERIALS 

STRE88E8 l'E Il SQUAIIE I NCII 

"'tOOIpllroll 
Sha!>eI ................ . "'" . w!!".~ ... 

Cullroll 

1910. 

'36 



( 
CARNEO I '" STEEL COM P AN Y 

STRE NGTII OF J\IATERI ALS 
S T RI::SSt:S I N POUNDS Pt:1I SQUA UE I SCII 

UIt~A_Su- Modulul fW.Worki".St ..... 
Buildi". ].hu, ialo 

Stone 
BI.....-............ 
(lranile, ""'ill ....... Li_. mo.rbIe .. 
Sa.:.:latooo .. .... ....... 

Ikicll 
eo.z.mon. good .......... , .. 

" modiuII' bumei .. .. hanl bumei .... .. 
Pre.td lDIIpayLIIC . . 

Ce"'~nl. I'ortland 
Nat, 2S daya ...... . .. 

.. Wd.)'I .•...... 
1:3 .Dd, 28 oU.) .... , ..•.••• 

" 9O~ ...... , ' 

Concrete, P. C. 
1:1M<3,bard_._ 

" oo/UIOI>O .. 
" oiodm , ..... .. .. . 

1,2 :4, hArd_ ..... . 
.. .....t.lo<>o. 
.. clI.den., ....•.. 

1 :2ji:~, banhlome ... 
.. dt_. 
" cinden ..•.•. 

1: 3 :6,barddoDe .. 
,- ooIt_ ... 
" cinder. ..•. 

Muon...,. 
G ...... ite. .. .... 
~.blu"-. 
So.odoco<>c. . • ••.•• 
Rubble ........ . 

" courad .... . 
eo...~, P.C.,I : 2 :4 .. 

.. "1:Z~~ ... 
Bn.t. con><nOII ... , . 

•• h&rd bumtd .... 

M~ll ... toU 
O~O)<)tIID>OII,. 

~oor,,,, .... 
Pbokl" .........••..•••. 
T..,..~ ............... . 
~ outot..,lhoiooti", ..• 

:, .~arodi"", d ... icl< .•.• . 
<owula ......... .. 

Belt.. adid wo--e<o, ""tton . . .. ,. ,. Ilu. .. 

'" ComP'" Teaoioa BeDelillC fJUlicily Comp .... Ilear;oe Sheariua 

l2,I:m 
12.00) .... .... 
10,000 

IO,COO 
11,000 
1&.003 . ... 
i~ .'" 1,400 

'.'" . .... 
'''' 2,100 . ... .. 

1,;00 

"'" oro 

'.'" .. .. 
• 00 

.. ... 
lO'm 

3." 

'"'''' "'" oro 
.00 ,,.. 
,., 

, .. 
140 
3~ ... 

, ... 
3.~ 

..... 
70.000 . ... 
''''' . ... 

"'''' ..... 
"'" 1.200 , .. .. 

3." .... 

7,000,(0) .. ,., 
i,OOO,OOO .'" 7,00:1,000 oro 
3,000.000 .. 

14,000,000 .,.. 

8,000,000 

..,., 

.".. 
000 
oro .,.. 

.. 
300 
. 00 , .. 
"' .. .. 
300 

'" 

,., .. 
'" '" n • 

FOt ultimate aDd worti", lit ...... of SlnIClural TImbtt, """ I'*'" 319. 
' For """,pIm dot., ... rro.-liJq,:I oS th~ Ameriou Sooiet¥ 01 Qvil~, Vol. XXXIX. 

No.2, February, 1913. 
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P H VSICAL P R.OPER.TIIlS Of' SUBSTANCES 

EXPANSION OF BODIES BY HEAT 

The linear coefficient of expnnlion of a body is the rate at whicb 
the unit of length changes, under constant pressure, with an increase 
of unit or one degree of temperature; the square surface coeffieient 
of expansion is, approximately, two times, and thc cubical or 
volumetrio coefficient three timet! the iinenr coefficient of expansiou. 
A bar, if not fixed, undergoes l~ chango in length itn, where I 
is t be length of the bar in inches, t the number of degrees, n tho 
corresponding linear coefficient; if fixed at both ends, the internal 
IILrCS8 per unit of area_ tnE, pouDds per square inch, where E is 
the modulus of elasticity, and the total temperature stress_AtDE, 
pound8, where A i8 the crOl!olll!eCtion of the bar in square inches. 

To fi nd the increase of a bar due to an increase in temperature, 
from the table, multiply the length of the bar by the incretLge in 
degrOO6 and by tJle coefficient for 100 degrees, and divide by 100. 

COEFFICIENTS OJ' EXPANSION' JlOR 100 DEGREES-lOOn 

BllbIWIoo BIIt:.w>oo 
------+""'=',-=f"~ ... :::.: ... =·I_-----_1CfD· F~t 

Meu.l, and Al lo,.. 
Alu ........... ,........pl ... . 
ara. ............. . 

" w ....... . 
II.-- ............. . 
Cower· · .......... . 
0.-801_ ....... .. 
00W. • ....... . 
J.roo. .... cr-t" ........ . 

.. ...,..pl ........ . 

" -..... 
lO",kd 
l'lal.lflu", .... 
l'laullum-Ind"""., 16%1 
8<1.lt .. 
S~l,~ ... . 

.. modi ...... . 

.. tol\ .. . 
Till .. . 
Zi ... , rolled ••.... 

Mlacella_ ... 80lkit 
01 .... G_. 
Oglla-ptttb. 
Panlim •. 
1'orooIaiII .. 

.om, 

.00'" .oo'A 

.00151 .00," 

.,,~ .00,,, 
'"'~ .oo,~ 
.00124 

""" .oo,~ 
.00.00 .... , 
.oo,~ 
.00110 
.oom 
.00120 
.00110 
.00'" .. " 

EXFANSION OF 

.,,~ 

.,,~ 

.oo,m 

.DOLOI ...., 

.oo,~ ...., .... ... , .... .00," 

...." . ..., ...., 

.00107 ..., 

.rom ... , 

. ... , 

.00117 

.00173 

Stoll •• lld M-..onl7 
..uhlar ..--y ...... . 
IInot-r .. : .... . 
<:-1. porUa.Od •••••• 
c-..... 
O"'='!.e ~::::: 
1_ ........... . 
Morbit ..• ..••..••. 
PIMwt •..•...•••..• 
R .. bb6t-.,. ...... . ........ 
Slale.. . ..••. .••... 

TI.,b« 

...., .... 
,",m 
.oo,~ .00,,' .... ..... 
.00'" .00," ...., 
.00110 
.oo,~ 

""" .0000' ..... 
.0000V .... , .... , ..... ..... ...., 
""" ... , .... 

~"~W'j =: = I'illl .ooo.w .00CI30 

.'" .00:.8 .0033 M.plo ieular .(!().IS .()(/21 
Oak '" 61>«. . • . • JlO.I.f. .0030 ,..... .oou .ooID 
LI ..... 1d s.. ..... II.. Voru.uie ~ 
A ............... .Iew. .Oolo8 
M>cI, ... IrIO •..•••••••• • 110 .001 

.. at"""""........011.:1 .~ 

~r-' .. ,........ :: :f,!g 

"" 



CARNEO I E STEEL COMPANY .-------
EQUIVALENTS O}o' ?o.IEASURE 

LENOTII8 

1 meter. m _ IO deelmeWMI. dnl=IOO eentlmotl!l'II, cm_l<W mllllmoters, mm, 
I ml!ter, m _ O. 1 deeame,..,r. dkm _ 0.01 heetomel.<lr. hm _O.OCII kUomNer. km. 
llneWl', m _ :W.n Inchel. U. S. Standa .. d _ ~.3101I3InchCl!, BritIsh Standard. 
I millimeter, mm _ IOOO mlCroru<. Inch _ 39.31 ml'" 

...... -. .. , .... 
" 

y ..... 

". ,. ... .. 
0.25 " 

or sphere ... b~ IUrfaoo «Iual.o 

reet= 1.15162 Itatule mnes=- 1M3.1t mel.<l .... 

SURFACES AND AREAS 

I 8<.1. rocWI', m' _ IOO aq. docimel.<ln. dm' _ I(I(I()O""1. (lCIIthncters. em'. 
I sq. meter. nI' _ O.OI are. a = O.<W1 hOCI"",, ha. 
I .q. millimeter, mm' = O.OI cm.= o,OOI~ 8<.1. Inch _ 1217.M ell"(:. mll.o. 
I are, a "" I "'1. d ....... a.metl!r . dkm = O.ret710-l aero. 

Sq. l'eet. 
lQ.ft. 

Sq.Y Set.~ ~ ~ 
Set. Kilo-

1Q.7'I. IQ.'. A ~ 

--,-+:::-:::-r:-::c::1 
1 IMO.OO 1O.76a9 l.I!l.,;!H) !O.OOMoi 0. :2-111 0.0001 0.:3561 O.tl 

0.:&&52 I O.:Il04-4 0' :77~6 OhM I O.:IMH 0.~6-t~5_ O.::WH O:6-t52 
0.00200 144 1 O.lIIJt 0.:36730.;::200 0.; _ O.b5870.!OZOO 
0.83613 1200 0 I 0.00300 0.~2000 0.}8361 0'X32 0.1.8361 
25.2030 3(1204 272.25 30.25 I 0.00025 0.u25_ 0'Q0701l 0.~2521l 
404(1.876272610 4840 100 I 0 .4()'16 0.~ 1 563 0.~4M7 

10000 I MOOOO 11%9.9 3%.366 2.47104 I o.hso l 0.01 
2589900 3097 102400 640 259. 1 2.59000 
1000000 11M 39.'>36.02H. IQ.I 100 0.386 1 I 
1 aq. rod. aq. pOle . or 1fQ. pcrch=S::.s aq. Ilnka_ ~\ .. lIero. 
1 aq. Cb.alD, Ollnl.et·I _ 181fQ. rods = l1o aero. 
I acre = 4 IKJ. rocxb _ 1110 IKJ. rods. ::;quaru 01 I acre= 20S.7iW root 1fQ1lare.. 

=--otatlorul S. :. !. etc .. Indicate Ihat tho!, to &. etc .. aru to be replaced by 
2, a, 4, etc., clphcns. 

E " .... ~Ll)-llKl. rod _ O.~07G11""o,()!).I(Q7l1& 1fQ. mlle.. 



IIIEASURES AN D WE I O ttTS 

EQUIVALENTS OF MEASURE 
VO LU1Ul ,l.NO C,l.I>AC I TY 

1 cu. meter, rna_ IOC(I CU. doclmoter. dm" = 100(0)) cu. ccntlmoterll, eml. 
lUter, 1= 10 dectlitenl. dl = IOO ccntHltc .... , cl=IOC(I mlLlllitelll. ml 

= 10C(1 cu. centimeters, em". or ce, 
t litor, 1= 0.1 dOC1llitllr, dkl = O.OI hoctoliter, hl = 1 cu. doclmeter. dml. 

Cubio Cob< Co .. Co .. U.S.Quart.e U. S. O&lloao U.S. o.- ,- 'm, 'oro.. LiqWd, lli" J.iqWd, 0." S""'" dm" , I cu. 'D. elI.h. elI.yd. I. (11. d.(l1. 1.p1. 1.1&1. 
,", 

I 6 1.0234 0.00531 0.~130S 1.05668 0.00S08 0.26417 0.22702 0.02838 
0.01639 0.g5787 0.~2H3 0.01732 0.01488 0.g4329 0.~3720 0.;46S0 
28.3170 1728 0.03704. 29.9221 25.7140 7.480b5 6.42851 0.80356 
764.559 4(;656 27 1 807.800 69-1.279 201.974 173.5702\.6002 
0.9-1636 <">7.7<"> 0 .00342 0.~1238 1 0.85937 0,25 0.214840.02686 
1.10123 67.2()()U 0 .03889 0,01440 L163GS 0.29091 0.25 0.03125 
3,78543 23 1 0 , 13368 O.~ ·HI::; 1 4 3.43747 0.859370.10742 
4.40..!92 268.803 0 .15556 0.b76 1 4.61i4oo 4 l.!63M I 0.125 
3<">.2393 2150.42 1.Ui4/j 0.04009 37.2368 32 9.:10920 8 
U. S. Dry ~ I easure: 1 hUJIhel = 4 pocks = S ganong = 32 quar1Jl = M pints. 
U. S. Uquld Measuro: 1 g[l,lIon=4 quarlS = 8 plnlS=32 gHls=l28 fluid ounC(llJ. 
U. S. Apoth. Measure: I n. OIUlCC, t l =8 It drams, B =0&80 mlnIIWI, "'1, 

=29.6i4 cu. em". 
lIr1tlsh Imperial g8110n drr and liquid measure = 1.11)202 U. S. dry gal, 

= 1.2(lO\I1 U. S. liquid l'Ia . 
British I mperIal gallon =277.410 cu. In. = 4~.il'631 em". 

Welgh~ot water at maximum density, 4· C. 45- Lat., and _level. 
I cu. ft. =62.4:!83 lbs. av. = 28.31i0 kg I cu. In .... O,USOI oZ. av. = 16.3872 g . 
I gal.. U. 8. 111uhl = 8.3-IS451b8.=a.18S43 kll, 
I g&I., British mperl&! = lO.ml Ibs. = 4.S459631 kg. 

MASS<.S ANO Wt:IQUTS 

1 gram. g= mg, 
1 ~ram, 9 , kg, 
1 Hogram. _ lovel 

Kilo- Graiu, 
~- .' "", Ami., "", Me~, q, d OI • • Y. '"' 10000q. 

,. . 
Ex ..... PLE-1 graln = O.o2083=O.OO2Q8:I oz . t. 1 gn.ln=O.!M80=O.1XIOO6t.SO kg. 

"" 



CAR.NEOIE STEEL C OMPANY 

EQU1VALENT S OF l\IEASURE 

FORCES OR " 'EIGHTS I'ER Ul'i ITS 0' LENGTH, LINEAR " 'BIGHTS 

1 d yne per ccn Um\ltcr =0.001010;0 ~Icm = 0.000183710 poundaliin. 
I gr .. mJJ.Cr centhnet.cr = \180,5\1611 yn .... lcm= O.l80IM pound .. l,ln. 
1 poun 0.1 per Incb = 50143.11 dyn .... iclu = 5.MO!ilglcm ",, 0.03101l32 pound /l n. 

G.~ G_ Met, .. 

~-
Ora, ... Pouodo Pou"". PQU"". 

K __ 

N(!\TolII. 
,.~ TOIII. 

po,lncb. per h •• h. por hot, p<r Y. rd. p;..:'Metu 2OOOibo • mOlt... lOOOk(. - Ir I", lb.[ ..... Ib./lt.. lb.lyd. .". poI'MIi. perM,,,, ~, 

I~ KiLometu , 39.1j)8.3 0.;5000 0.00720 0.20159 0.10 0.17740 0.15839 0.10 
0 .02551 , 0. ~ 1420 0.~1714 0. ~5 1~3 0.~2551 0.~4526 0.~40U 0. ~255 1 
178 .579 """ 

, 
" " 17.8579 31.6800 28.2857 17.8579 

14.8816 583.333 0.08333 , , 1.488 16 2.&1000 2.35714 1.48816 
4.00064 194.444 0.02778 0.33333 , 0.49605 0."""'" 0.78571 0.49605 

W 391.983 0.05000 0.67197 2.01591 , 1.77400 1.58393 , 
6.03698 220.960 0.03157 0.37879 1.1 3036 0.50370 , 0.89286 0.56370 
6.31342 247.475 0.03535 0.42424 1.27273 0.63134 1.12 , 0.63134 

W 391.983 0.05000 0.67197 2.01591 , 1.71400 1.58393 , 
FORCES OR WEIGHTS PElt UN ITS OJ' AnJ,;A, PRESSIJIlE 

1 dyn\l IJoeTIIQ..<Xlnthn\lt.\lr=0.00IOIQ79 g lcm1 = 0.00011lG646 poundallllln·. 
I gl'&Illgersq. ccn tlmet\lr= 9SO.S906I!dyn .... /em% =(l.f57592 poundo.lll/J Il2. 
I I)OUn 0.1 pcrsq.lneh 2142.~dyn .... ;cm' 2.ISSM glcmo -O.031Ctl32poundlln·. 

-Kil~ POIIIId8 ,~ ... x •• T""" ,,- Colulnlll 01 Memory.' Colu ... ",o{ Water. 
""! . per ~, ,." ,,. ph ..... ]1,,13.w.;I)3Sp.Q. Mu.o.osiI,y 4°(; 

Sq. Cu lach ~.~·ool. ~, 8IaM&rd. MilLi-- ., \""b .. :l.(tun ,.-~ sa;,/iD .• I ./It.~ Sq , Foot 760 mm ~~ , 14.2234 2048.17 1.02408 0.96778 735.514 28.1Ko72 >0 32.80S3 
0.0703\ , '" 0.01200 0.0080< 5\,7116 2.03588 0.70307 2.30005 
o.~4882 O.~6{l44 , 0.000&> 0. t 4725 0.J5011 0.01414 0.:4882 0.01602 
0.97648 13.8889 ""'" 

, 0.94502 718.216 28.2762 9.7G482 32.0067 
L03329 14.6009 2116.35 1.05818 , >00 29.9212 10.3329 33.9006 
0. t I360 O.OHI34 2.78468 l.~ 131)2 O. ~ 1316 I 0.03937 0.0 1360 0.M461 
0.03453 0,49! 19 70.7310 0.03537 0·0334~ lr4001 

, 0.345;14 1.13299 
0.10 1.42234 204.817 0. 10241 0.09678 73.MI" 2.89572 , 3.28083 

0.03048 0,43353 62.4283 0.03121 0.02950 22.4 185 0.88262 0.30480 , 
FORCES '" WEIGHTS 1'.;11 UNITS OF VOLU1!E, Dt:NSITY 

1 dyno per CU. <Xlntlme~r=O.OO!oHi;g ~ram/em' =O.lXlIIS528 pouDdalsllo ". 
1 gram lJ.Cf cu. ccIlUm\lt.\lr=~.5966 ynllOl/cm" = U 62253 IlOun(iats/ln". 
I pound,,1 pcr cu. Inch =Si3 .G83 dyu .... lcm.=O.&60378glem.=0.031Ctl321)Ound/ln •• 

G_ , ...... , ...... Pound. K',::"," ,~ ... PO"",," ""''''' Kil,*"",," 

CU.,,&:t> ~ ~ ~, ~ Cu.lford. h~:'" w 00Il0<0. Gallon. Jeokliter. Cu.lndl. Cu. FOOl. BlIIhd. 
If!: Liqwd. "",tot. 

1b.1I ... • lb.ifV Ib·lyd·· "'.' U. S. """ ,m' U .• , O.03(i13 62.4283 16S5.S6 >000 77.6893 9.7111 6 8.34545 '00 
Z7.n7!}7 , 1728 ' MOO 27679.7 2150,42 268.803 231 2767.97 
0.01602 0.~5787 , 

" 16.0184 1.24446 0,1:;(;56 0,13368 1.60184 
0. Z5933 0.12 143 0.03704 , 0.59327 O.0400<J 0.~5762 O:g4951 0.05933 

0.001 O.t36 13 0.00243 L""'" , 0.01769 0.~971l O.l8345 0.10 
0.01287 0. ~ 4650 0.80356 21.69(;2 \2.8718 , 0.125 0.10142 1.28718 
0.10297 0.~3720 6.42851 173.670 102.974 , , 0.85937 10.2914 
0.11j)8.3 OJ4329 7,48052 201.914 1l9.836 9.30920 L163{1S , 11.9826 

0.01 0.;3613 0.62428 Hl.S5b7 W 0.776S9 0.Of/711 0.0S345 , 
Notations ~ ,~, ~, etc .. Indicate tho.~ th\l~, ;, ~, etc .. ~ w be ~J)laC\ld by 

2. 3. 4. etC. ctphCl$. E" ..... PJ.t:-;-1 kgjm' =O.~13 =o.oooo3a13 10'{1 1I3. 



MEASURES AND WEIOHTS 

EQUI VALENTS OF MEASURE 

ENERGY, WORK, li EAT 

I dYlle.-<:entlmot<lr= I org=O.OOI01979 gram-cenUmot.er=O.t737Bl2 foot-pound. 
I I!'ram-centimotet'=IISO.~ ergs=o.1rn3 fOO\.-jIQund. 
I foot-pound""I$57300 ergs= 1 l82~.5 gram-centlmct<lcs. 

KilOgBm- '00> HONO\lO.-er-bour POlI«Iet- Kilo ..... tt- Jool ... Thermal UDil& 
c .. ttn. Pound •. ,Y.I4,. M<1ri< 1.111 bou ... ..... 10". U\;:t. B. T. U. CIIo.ie. ".m 11 . .,lt.- W.~m.:t.lOOk.c-m. ,~, .. b.l.u. k,,-< .. I , 7.23300 0.h653 0. ~3704 0.~2778 0. ~2724 !I.8oo!)7 0.~!l2!l6 0.bM2 

0.13826 , 0.:505 1 0.~6121 0.Z3840 0.g37OO 1.35573 0.:128.5 0 .h23!l 
273745 := , 1.01387 0.70010 0.745M 268434 2ti44.M 641.240 
"0000 0.!l8632 , 0.75 0.73545 2647{11 25O!l.63 632.467 
300000 I~= 1.3 15O!l 1.33333 , 0.98000 

I~~ 
33413.44 843.289 

367123 !.34ll1 1..15972 1.01979 , 3412.00 859.07[; 
0. 10198 0.73761 0.&3726 O.~3777 0'i2833 0.b77s , 0. ~!l480 0.:2389 
107.577 778.104 0.h930 0.33984 0.Q2988 0.~2930 10&4.00 , 0.25200 
426.000 :1087.77 O.~L.%9 O.~I:,,'1 1 0.31186 0.~ 11 G3 4 18G.17 :1.008:12 , 

] 'OW.;ll, RATE OF EXElt(lY AXD liEAT 

I erg per _I dyno-emlsoc.-o.OOIOI~79 gram-cmjSO'l(:. =O.Z731612 foo\.-j)Qunds/l;cc . 
I IU1lm-ccnth.nOWr per ~nd=IISO.~ ergs{soo.=O.t7Zl8 foot.-ponlld~lsoo. 
I toot-pound per socond 1 3657~I'IOI(soc=138Z1i.5 g .... m-cm(800. 

Ki!op.o>- ~'oot- 1l0N0\l0 .... ~~.nita rom. -"" -" Kilonll. Will&. 
W s.roDd. U. SO. Met .... "" 10'""'111(1 ""' ... "" " q.mJo , .. R. T. U. Cal",;' 

k~m(. II.-It.- • fl.-It.- I. kII-"," ..... kc-<:al;s , 7.23300 0.01315 0.01333 0.01 0.~9800 9.80597 o ~9Z96 o :2342 
0.13820 , 0.h818 0.~1843 0.~13S3 0.~1356 1.35573 0~1285 o hZ37 
76.0404 "" , 1.01387 0.70040 0.74565 745.650 0.70085 0.17812 

" 542.475 0.fl8632 , 0.75 0.7:1545 735.4018 0.69718 0.17569 
W. 723.300 1.31500 1.33333 , .. """'" OSO.597 0.02957 0.23425 

101.979 737.6 12 1.34111 1.35972 !.oum) , WOO 0.94700 0.23888 
0.10198 0.7376 1 0.h341 0.~1300 0.~1020 0.0(11 , 0.~9480 0.~2389 
107.57i 778.104 1.41474 1.43436 1.07577 1.05400 10&4.00 , 0.25200 
426.000 30M.77 5.6 14 125.69200 4.26000 4.\8617 4186.17 3.96832 , 

VELOCITIJ,:S AND ACCELERATIONS 
I klno= I ccnthnowr per socond=O.IXIZS<& toot J1lf >iOCOnd. 
1 'I'dlan per socond=51.29.>8 dcgroos IICT sQO.= .1511153 l'(j\'oluUons lIer $(10. 
~ gTI'vl!y-IISO.~96(I centlmet<lcs IlCr sec. per soc. -32.1717 fret I"'T sec. per sec. 

Melero ,~ 
Mil .. K_ Ki",," Mete. ,.~ Mil .. Ki"""der 

~, 
. ~ mete .. ,. ~ ~ "" -". ""' ... per Hour. per Hour. Hour. -/oM ""''-- hou.l_ hou%_ 

m!o ft./. Mfb U .• 'm' ml" It.('" " ... 'm • , 3.28083 2.23693 1.1).1254 3.' 
0.30480 , 0.68182 0 .59209 1.09728 
0.41704 1.40067 , 0.86839 1.60935 
0.51479 1.68894 1.15155 , 1.85325 
0.27778 0.91134 0.62137 0.53059 , , 3.28083 2.23603 3.' 

0.30480 , 0.68182 1.09728 

I 0.44704 IA0067 , 1.60935 
0.27778 0 .9 1134 0.62137 , 

NotatIons 0, u) 0, etc .. Indicate that the ~'o, 0, 6tO .. are to be replacod by 
2.3.4. ow .. ciphers. Ex ..... PL_I Ca.lorl6=O.~II63=O.OOII63 kllowatt-hollcs. 

'" 



y 
CA R NI:O U! S T EEL C O M PA N Y r-

~ I ETRIC CONVERSION TABLES 
::-"....,._...:;!N:;C:.:;lIl:a TO CENTlloIETEH8-1 in.~.M0()()5 em 

)b~ 0 .. , • • • • ; • • 
(I J~ ,USO 7.120 10.110 12.1'OD IUiO 17.780 2IO..no n.seo 
1 1UOO:!7.i1O ".W 13.020 :I5.MO 38.100 40.540 .a.l80 &3.720 u.:!80 
J IOAOO aufO 6L88O 68.410 110.1180 43..500 I!IUIW 6U8O 71.120 73MO 
S JUDO 18.HO 81.280 83.820 8U«I 88.Il00 III.WI \lUSO -.no • .oeo 
4 101.100 11M 140 108.1180 101.230 111.100 11 4..300 118.sw !JUliO 1t1.t20 12UIO 
6 1V'.ooo UP.MO 132.080 nutlO IU.leo 13!1,'00 142.2-40 1~.780 147.320 H UMO 
I ISU(lO IM.G40 151.480 1l10.020 182,uo 16&.100 ISi.Wl I ro. l80 172.720 li.utO 
7 1i7.1OO 180.3'0 l ilU80 18U20 187.1'10 1110..500 11113.010 I~.$SO 1~120 200.660 
8 2OUOO !OU40 208.!80121G.12O 2130300 2lHlOO 21 UfO m.WIO 223.&20 228.080 
D 22&.800 231.1.0 m.a80 :t3e.m 238:;. ~U.300 2'3.840 m.sso 2~s.m %,\1.4110 

TO CE:"TuIETl:Rs'-1 in.'=6A5 1(1Z5 em' 

'" 
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MEA SU RES AND WE I O NTS 

]l.IETRI C CONVERSlOX TABLES 
CE:;" TB!ETER8 ,. I '-;CIIE8-1 cm..:(l.$1)J7 In . 

• • , • • , • , • • 
0.3D37 0.7874 1.1811 1.li748 1.1 ! 12·~ 1 2.7M9 3.1411(1 U4:l3 

3.D370 .- 4.nit 5.1 1S1 UIIS 5.1IOM G.~ 8.6m ,.- , .... 
;.sUO ",n 8.661 4 9.OMI H488 t.&lZ5 10.Z~ 10.62911 11.0288 11.4173 

11.8110 12.20-17 12.5llB4 12.m. 13.38M 1 3.77~ ) 14.1732 14~ 1f.'I«lI\ 15.3M3 
15.,480 IlUU7 16.~ 18.ml .,,'" 17.7165 IS.llOZ IS.WII IS.8976 19.2913 
19.6MO 2O.07S7 %O.H24 ro",. 21.2MlS 21.G53J 22.1»72 22.~ I09 22.S346 2302283 
23.6220 24.Q]57 2U OlH 24.8031 ~.IOO8 MO. Zh.9SlZ 16.3179 2U71& 12i.lM3 
V."" 27.~21 2S.34M 2S.7401 :11.1338 29.5275 :11.9212 :10.3149 30.7(19(1 31.1023 
31.4000 31.8591 32.2334 32.6771 33.0;(18 33.4&U 33.&\82 3U510 34.M56 M.03~ 
3U330 ~.82G1 M."" 36.61 -1 . 37.0078 37.-1015 37.19M! 38.1889·3S..!-S16 3M763 

CENTUIET.:RS2 ,. l ,-;c IIEs~-1 cm2=O.IMOOOO!l in.2 . 

• • , , • • • , • • 
O.lMO 0.3100 0.46S0 0.6200 0.7700 0._ . ..., 1.2400 ~ 

• .MOO 1.7050 .- 2.0100 2.1,00 "'" 2.4800 '''''' 2.iWO 2.,.50 
3.1000 3.2MO UlOO ''''' 3.7200 3.8750 ' .0000 4.185(1 4.3100 1.4%0 ..... .-.. "" 5.1l5O 502700· 504200 .,800 5.73-00 ..... 6J1I5O •. = ."" MIOO 6.66.1>0 ; 6.8200 6.9750 7.1300 7.28M 7.4400 '"'' 7.7$00 7.00.s0 ...... 8.2150 8.3700 8.52:.0 .... "'" ..... 9.1450 .. .., 9.4MO 9.GlOO 0.71\.50 . ..... 10.0750 10.2300 """ 10MOO 10.1WW .. -11.0060 ! l.lroD 1l.3150 II.I WO 11.6250 11.7800 11.93W 12.0900 12.2~5O 

12Aooo 12.5&.0 12.7100 12.&650 13.Q'1OO 13.1750 'U'"' IUs:.o 13.G400 13.moo 
13.i,)OO IU050 11.2600 14.1150 . IU700 14.7250 IUSOO "..., 15.1000 """'" 
• , • • • • 

0.0&102 O.l2WS 0.18307 0.2UOII 0.30S12 0.36611 0.42716 0.48819 OM021 
0.81023 0.67126 0.73nS 0.7r030 0.&433 0.91!13.S 0.97637 1.037010 t.cmt2 1.15!l41 
1.220U 1.2S149 1.34251 1.403M ]'~M56 I.liZhW 1$&(11 1.64763 1.70836 1.769M 
1.83070 1.801~3 U'\2;~ 2.01317 2.()74SO 2.IM81 2.111!18t 2.25i87 Z.318S9 2.3,gof l 
2.«004 UOI!ltl 2.Mn8 2.62401 2.68.'i03 2.UIIO.S 2.80108 2.86810 2.92912 2.9901~ 

3.061l7 3.1l219 3.173n 3.23424 3.29526 3.3562';1 3041731 U7S33 3.;)3')38 3060038 
3.66140 3.72243 8.7~ 1 3.S4H7 3.00.\.50 3.\111&2 UmM 4.08857 4 .14%~ 4.21061 
1.27164 4.332M 4.39368 U 5Iil UU73 U7G75 U3n8 4.69880 4.75983 4.820&5 
4.88187 4.114290 5.0I.la92 5.064114 5.125117 5.1&11911 5.24801 5.30901 S.3'()()8 M310!! 
M!lZ1I , 6.M313 6.61U5 6.67618 5.i3620 6.70722 5.&825 6.91027 5.!18029 6.(14132 

• , • • 
•• 

.. 

'" 



( 
CARNEOI!'; STEEL. COII·\ PA N Y 

l\IETRI C CONVERSION TADLES 
FEET TO l\IETEus- l f l.=O.30.ISOOO ru 

~---;..=;.; 
~ , , • , • • 
1 I ~~ I !.:m, 1~1 !?~ ilm ! Hili ! i1~1 :::! HE 
: ~:;n~::111 ::: I :::~' !U' :ffii!l ' 

2.1432 
6.7IIl2 
U192 

]1.8872 
U 9352 

& I .I. I . 
G I .. .I. " ." 210312 

,1 ~1~::I;:~ I~:::::~iii.i1' ,Elm 
. ~ I'EI\ l\h;Tf:u-1 Ib 1ft - 1 488161 kg/m 

~~I~] 2 3 4 ,1-,-'-cl-CC"j 
, ,- ,' .. - "' .. ,, ~, ,'.-. " •... o 1.'88 2.&16 4.464 5.!I.\J ;.441 ow .... ..,,'" 

1 140882 16.310 ]1.8.\.8 rg.340 20.$3f Z2.322 23.811 2UW 26.781' 28.275 
2 29.763 31.U1 32.740 34.228 35.7]6 37.2Of 38.692 40.lS() 41.1169 43.157 
3 R&i5 46.133 47.1121 49.109 Ml.597 52.0811 &3.574 M.052 M.MO M.ros 
4 ~g.s26 61.015 6U03 63.001 6.'i 479 66.961 6/1.455 6\1."". ,1.432 72.020 
5 74.408 75.S1H1 77.384 78.873 8(1.361 81.84g 83.3.37 &I~ 86.313 871i02 
6 89.200 00.778 gZ.:>M W.7M 1l.\.2f2 1l6.i30 98.219 99.707 IOUIl.\ 102.&83 
7 IOU7! 105.6511 107.148 1011.&36 IlO.124 111.612 113.100 !lU8S IIM7; 117..1& 
8 1l9.M:i 1200M I 12~.020 123.517 1251106 12tUlf.l 121.982 IN.HO 130.OM 132.446 
9 1.13.~ UU23 136.9U 138.3W 13l1.8S7 141.375 142.863 lU..MZ 145,8(0 147.328 

P OUNll8 P t: l( S Q. h WII TO KG. i'J,: R SQ. C:M.-llb.fin.~=o.0103061 kg/crn~ -~0123 4 56 7 89 
~ - 0.07031 0.1t001 0.21092 o:28i23 O.3SIM 0.4218-4 ~ 0.56245 0.&327G 

1 0.70301 0.77337 01U368 0.91399 0.~29 1.0S41lO 1.12191 1.10521 1.26M2 1.~ 
2 J.40613 1.4i6-H J,54615 1.6[;05 1.6873(1 1.757117 1.827n 1.898Z8 1.~9 2.03889 
3 2.l(lOOO 2.1ml 2-24981 2.32(112 2.391)013 2.46073 2.MlOl 2.60IM M71&5 2.741~ 
4 2~ 1 227 2.882;7 2.%288 3.1l2319 3.09349 3.11J.3SO 3.23411 3.30441 3.314i2 3.44M3 
6 3..51»4 3$SM 3.~ 3.iZ1lZ1l 3.796S6 3.86GS7 3,93718 4.00748 4.07719 H t810 
6 4.218-10 4,28871 4.35002 4042\132 UI)9G3 4.56994 4.&1024 Vl~ 4.78OSG 4.8511G 
I 4.921H U9178 5.00208 5.13230!6.2Im0 5.27300 5.3-1331 M13(12 5.48392 6.53423 
8 5.524.1-4 5.1m8-4 5.76.516 5.$3..}1~ 6.00515 Ui607 6.041)38 5 .1 ](\68 6.18699 6.t5730 
1/ (1.32760 &.3 ... 91 6.46822 U.w.2 6.lI08S3 M7\l1 4 6.)4944 16.81975 6.89OOt1 MI)(XIG 

I I\CII-POUI\DS TO K U.oO IIUI-CEN TllI ETJ,:M- ! in- lb .=1 152127kg-em 

~o -, , , • • , , • • --- - -----;;J7 ---, 1.162 "'. 3.4M .... 5.76] 6.0]3 "'" 10.3M , 11..521 12-673 "'" 14 .... 8 16.130 17.282 ]8.43-1 l U.S8(I 20.738 21.8QO , 
~"" 24.1% ~-'" 211.4911 V.Ml ~ ... 2II.!I.l.5 3: .107 32.260 33.412 , U .... M.i16 U ... " .... 39.172 40.324 4l.477 42.62\1 43.781 44.t-33 

• ...... 47.237 48.389 411M1 00.'" 61.&16 52.lI'.l8 54.150 .. '" 5&.454 , 57.606 58.75$ .5i).911 ~1.063 62.215 ~." 6U19 &5.671 .. m 6a75 

• 00.128 m." 71.432 ,,, .. n" .. IUSS ; 6.010

1

77.193 78.3-15 79.497 , 8O.M9 81.801 8HM &1.105 85.257 8UlO 87M2 88.1 14 "'" 111.018 

• 92.HO 93.322 94."4 05.11.."7 ~.7711 97.931 GG.0S3 HIO.2M 101.387 10'l.639 

• I(l;Um 1(H.&14 IQ,j.M J07.l t 8 108.300 10\I.4521110.1I04 1l1.75' 112.908 114.(161 

, .. 



r 
MEASU RES AND WE I OI1TS 

------- -------
METRIC CONVEHSION TABLES 

-"_,",,..~'~I:;',:T:E:::H8 TO Fn:T-1 m ....:l.280S333 ft. 

• 

• • 

](0. I'£R SQ. CW. TO POUNDS P£KSQ. lNc u - 1 kg/ Cm2=14 .22:W lbe./m.' 
, l' 
1',~ , , , , • • • • , .. ", "'~ 

,,., .... 71.1J MM "'" 113.71 12:8.01 , 14!.23 , .... lro.68 ISUIO 1119.11 ~IU5 ,'W 2U.80 ,..., "0.,, , 28U7 "''' 31U11 327.lt ~". ...... ..." '"'''' 
,..,. .IU8 , ne.ro ... " 4M.15 ... " "' .. OW" a12.G4 . ,,,, ..... $SoI.71 , .... M 683.1S .. ". Sll.81 .,'" "''' .,U' ...., "'.n ....M 

• 711 .1 7 ".." "'.0 7M" "'" "". """ 810.73 82ds 839.18 

• .., ... 887.53 "'". "'~ "'" .,,,. 1138.14 ~U7 1lII7.1$ $81.41 ...... '''''' looM8 1038.31 IOS2..s3 IOM.iS 108(1.\18 IM.>.20 l iOIl.43 1\23.45 

• 1137.87 11112.10 lI{WI.32 1180.M 1l~.77 ",.," l Z23.21 1237.44 1251.(1(1 "" .. , 12IiO. 1I ".,,' ", .... 1322.78 1337.00 1a61.22 136MlI 137U7 "" ... 141)8..12 



CARNi!O I E STEEL COM I'ANY 

METR IC CONVERSION TABLE 

I NCIIE8 TO MII.L1»ETEa8 

39.37InebOll. U. 9. Su.ndud_ 1 rneter-IOO cenlimete.--lOOO millimeter.. 

, ... o I,. 
- "- ~-_\'-~--~O·--i , I. 

o , , , 
0 .00 

25.40 
W .... 
76.20 

101.00 
127.00 

1.611 
26.00 
62.311 
77. 711 

103. 11) 
02S.W 

3 .18 6.35 1.0-1 .. " ".'" 00.'" 
8.5.73 

111.13 ", .. '" 
11.11 
36.6 1 
CI.91 
87.3 1 

112.71 
138.11 

28.M 31.i5 , 33.3~ 
!lo3.D8 67.16 58.i~ 
19.38 82.65 84.1-1 

• , 1().t.7S 107.9.> 100.501 
13O.IS 133.35 134.1).1, 

• , , 162.40 IM.OO IM.M 
177.80 179.39 180.98 
20..1 .20 2().t.79 200.38 
228.60 230. 19 231.78 
2M.00 205.69 267. 18 • " 

" " " .. 
" 06 

271).40 280.00 2'12 .68 
30-1.80 3()6.30 :107.08 
:J30.20 :!a 1.iO :!a3.aS ,. 
3M.00 357.19 358.711 
381.00 lI$2.5U as4.IS 

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

.100040 401.00 "00.68 
·13J.fIO ":I3.:lO "34.I)S 
".'17.20 45!1.71) 460.38 
482.60 484.19 48li.78 
flOS.OO 6O!l.60 6 11. 18 

6:13.40 634.00 .'136.68 
MiI.80 .'100.39 001.08 
684.20 .'18.'\,79 .'\.&7.38 
600.00 611. 19 012.7g 
63.5.00 636.69 638.18 

66OAO 661.00 663.58 
68.5.110 687.39 ~.08 
711.20 712.79 714.38 
736.00 738. 19 739.78 ' 
762.00 763.69 166.18 

787.40 7SS.99 
S12.8O 814.39 
838.20 8311.79 
863.00 8&. 19 
&89.00 800.69 

36 1IJ.j, .40 91.5,1)9 
37 1139.80 9<1 1.:19 
38 00.5.20 006.79 
311 900.60 002. '0 
"0 1016.00 1017.69 '" '0.'0" 
oil 1(1.11."0 1(1.12.1)9 
42 1000.80 I~. :I~ 
.. a l002.ZO 1093.79 
'" 111 1.60 11111. 1\) 
46 1143.00 11"".60 

46 1168."0 
47 111I3.1iO 
"8 121\).20 
.. 0 1244.00 
50 1270.00 

'" 

168.75 160.34 161.00 IM.51 
184.16 18.'1.74 187.33 188.DI 
209.1i-:1 211. 1-1 212 .• 3 2 14.31 
234.05 236.501 238.13 239.71 
200.36 261.94 263.63 266.11 

28.'1.75 287.34 288.03 200.51 
311.15 3 12.7-4 314.33 316.IH 
336.55 33S. 14 3311.73 3 .... 31 
361.1)5 363.64 366. 13 366.71 
381.35 38H.!)4 300.63 392. 11 

412.75 "14.aoI 416.03 417.61 
" 38.1:; "39.14 441.33 442.01 
463.55 465.14 400.73 468.31 
4.88.115 "00.64 492.13 403.71 
6 14.35 515.901 5 17.63 .'I11I. ll 

530.75 541.34 542.03 544.61 
005.1.'1 566.7-1 568.3.1 669.0 1 
500.5.'1 .'11)2.1" 503.73 695.31 
015.115 017.54 6 10.13 020 .7L 
641.35 6-12.94 6-14..53 646.11 

006.75 668.3" 669.03 67 1..'11 
6112.15 003 .• " 695.33 600.91 
"7.'-"'; 719.'" 7ZO.73 722.31 
742.95 lH.M 746.13 747.71 
768.35 7611.114 771.63 773.11 

700.93 798 . .'11 
822.33 823.IH 
847.73 849.31 
873.13 874.7 1 
808.53 000.11 



____________ M'-ECA_SCUC.~ES A N D W:' _' O:c"CTCS'-____ __ 

METRIC CONVERSION TABLE 1 
I SCHE8 TO MII, I.DIETER!! 

30.37 Inchllll, U. S. Standard,.. , ~100 ccntlm~IOOO mUlhn(!te .. 

'6,. 
0 23.111 , 4\1 .2 1 , 74 .61 , J()(l.Ol 

• 126.U , 1110.81 , 176.21 
7 201.61 
8 227.0 1 • 262.'" 

" 277.8 1 

" 303.2 1 

" 328.61 

" 354.01 .. 379.-11 

" 4Q.1.8\ 

" 430.21 

" "M.1l 1 

" 4111.01 

" 600.4 ' 

" 631.8 1 

" 657.2 1 

" 682.61 

" 608.01 

" 633.41 

" 668.81 ,. ~.21 

" 700.61 

" 735.01 

" 700.41 
30 78.5.81 

" 811.21 

" saO.OI 

" 862.01 ,. 887.4 1 

" 1112.8\ 

" 938.21 

" 003.61 

" DSIl.Ol 

" 1014.-1\ .. 1039.81 .. IOM.21 ., 1000.61 ., 1116.01 .. 11-11 .41 .. 1166.81 .. 1102.21 

" 1211.61 .. 1243.01 .. 1268.4 1 .. I zua.S l 

'" 



r _______ CCC.C'.:cNC' COC'C' '-=-STIlEL COMPANY 

o , , , 
• , 
, , 
• • 
" 
" " " .. 
" .. 
" " " " 
" " " ,. 
" 
" " " " '" 
" " '" " '" .. 
" " " .. .. ., ., .. 
" .. 
" " .. 

l\1J<;TIUC CO~VEnSION TABLE 

l 'oVNDS AVOilIDUl'O l8 TO KlLOO KAM8 

0.. 0.91 1.36 1.81 2.27 

•. M 4. (j.44 6.00 6'~M' 6'~ 9.07 9.6:1 O.1Jh. IO.~ 10.8 11.3<1 
1361 .4. I4.M 14.07 1~.42 16. 
1 8:~1" 18. 10.0.'. 19.50 19. 20.<1. 
22. 23.13 23'~ ,..~ 24.4 24.M 

27.22 27.67 28.1 28." 29.03 20."8 
31.7 32.21 :12. :13.1 1 33.57 3U)'.! 
3(1. 36.N 31.1 37.' as.IO 311 . .50& 
40.82 "1.2t1 41.13 42.1 42.M 43.00 
~.3~ -6li,b l 46.27 -&6.72 47.17 41.63 

"D,wI 110.35 :.o.!'IO 51.26 51.71 62.16 
501.43 &01.1>& M.a .. 55.79 66.2.'> M.10 

~:~, ~:OO~4: E-l! ~:~~: ~:~;~ ~:~rl 
~~:nl ~~ (; ~~ ~ ~l~ ~::~g ~~:t. 
8 1 (I.:; 82 I 81 83 01 83. 83.oi l 
86.111 8tHH 87 81 M 88. 88.45; 

::::1 :,;. ~ I :.~ ::~ =~:: 
99 79 100.24 100.7 101 I~ 101 00 102.00 

2.72 ,. 
11.7 
16.33 

~gl~' 
20.94 
34.47 
39.01 
43.M ..... 

3.18 
7.7 1 

12.25 

4?:~~' 
25.85 

30.39' 
34.93 
39.46 
4~.OO 

48'j 

~:O~; 62.1" 
00 . 
71.2 1 

75.7 
SO., 
".8 
89.3 
93.811 

10-1,33 104.7t> IM'2~ IOS'69100' 14 100.50 I 

11 7.9.1118.3 118!W 11 9 1197 . ••••. 1 .... 
!~:,~ !r~!3; :~.~I n~~Z2 ::g'~21 W:~~ 1 
122 ·17 122 1I2 12.13 123 12-12 ' 
127.01 127.4 127111 1283 12S82 
13154 132 1:124 132 133.3 
136.0Sj136 .. 1a60& 137.44 137.S 

140.611 141. 141.lIi 141.9 :42.43 
1.s 15 1411 "'0.00 146.51 146.00 
149.6915(1.14 150.1I9 161.00 151.50 

~:~;;:r!1 ::;~13 :;t!I
S
' :::~I 

172.:17 172.8 173.2 173.7' 174.1l< 
176.~ 177,a 177.81 178.2 17S.72 
181.4 18 1.8 182: IS2. 18:1.251 

185.9 1SO.4. 1M. 187. IS7.7n' 
lOO.M 100.00 1111.42 191.8 192.32 
195'~ 1~.60 IGlI.D:> 100.41 100.86 
199.' 200.03 200.49 200.94 W1.40' 
2()I.l 20-&.57205.0'.,205. 205., 

208.~ 200.11 ' 200.,561210.01 210.4. ~!!!!:!,! 
213.1 21:1.61 :.!J.f.1~214.M 2 1 5.~' 
217.72 2HI. I tf., 2UUI:I 2\0.09 2 1 11.5~ • 
222.2 222.711223.17223.62122-1.07 . 

'" 

"" 8. 16 
12.7 
17.24 
2L77 
26.31 

30.84 
Jt;: 
39.92 
44 .-6 
48.00 

0." 
8.62 

13. 16 
17.69 
22.23 
26.76 

31.30 
3;';.83 
40.37 
4-6 .91 
49.44 



M EASU ItES AND W:' C' O:::."CTC'=--_______ _ 

?I ET RIC CON VE RSION TA BLE 

P OUNDS A VOIRDUPOIS TO ] ( Il.QORAMS 

'" " " '" " " 
"" " '" " 00 

" ., 
"" .. 
'" 
"" 300.45 

" 307.00 

'" 312.53 

" 317.00 

" 321.60 

" 326. 13 

" 330.67 

" 335.20 ,. 339.74 

" a-t4.28 

76 

" " ,. 80 

" " '" .. 
" sa 
" 8S 

" 00 

" " " .. 
" 
" " "" '" 

'" 
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CAR.NEOIE STEEL COMPANY 

PROPERTIES OF THE CIRCLE 

Circumfcreoccof Circle of Oi(l,. 1= '11" = 3.14159265 
Circumference of Circle = 2 or r 
Dis. of Circle = Circumference x 0.31831 

Dill.lllcter of Circle of equal periphery lIS square = side '" 1.27324 
Side of Square of equal periphery a8 circle = dinmetcr I 0.78540 
Diameter of Circle circumscribed about squnfC =side x 1.41421 
Side of Square inscribed ill Circle = diameter x 0.10711 --- X--1 

Are, 

1800 a a 
Angle, A-=----;r;- =57.29578-r 

4b2 +e2 
Radius, r == 8. b Diameter, d = 

Chonl, 0- 2V 2b r b' . A' 
2 r Sill -,-

Rise, b- r-J1A!4r2 0' 
e AO 

• A "2 tan -,-=2 r sm2 T 

Rise, b ~ r+Y-Y~ y=b-~ x='/r2 -(r+y bl' 
• 3.14159265,log=0.4971400 

~ 0.3183099, log = 1.6028501 • 
,..2 = 9.8696().W, log = 0.0042007 , 
,..2= 0.1013212, log =i 1.0007003 

F~ 1.7724539, log = 0.2481>749 

\If. _ 
• 0.5641800, log =1.7514251 

• [Og =2.2418774 i8(j= 0.0174533, 

"., -;:- =57.2%7795, 10g= 1.7581226 

"'. 



MENSURAT ION TABl.ES 

AREA OF PLANE FIGURES 

T.I."lfle, Base x y.! perpendicular height. 

v 6(s-a) (6 b) (&---e), 
S=}::1 sum of the thrcc sides a, b and c. 

T'.i>"'zhlln, Sum of area of the two triangles. 

T"'i>"'zOld, ~ sum of parallel sides x pe rpendicular height. 

P ... lIel<>lmlm: Base x perpendicular height. 

Rqular 1'"l.I"lfon, 7!l sum of sidell x inside radius. 

Clrele, = 0.78MO" dia.~ =0.07958 x circumference~. 

Sedor of Circle, 
... r2 A 0 
~=O.OOS7266 r~Ao=arc x U radius. 

hment 01 Clrele: - --- -sm A " (dO . 0) 
, H'O 

CI..,le of ..... e . r Ho &8 oqu.,.,,: diameter = side X 1.1Z838 

Squ.re of .. mo .rHo ... drde, side = diumeter x 0.88623 

p . .. bol.: 

Long diameter x short d i.lmeter " 0.7%40 

Base x % perpendicular height. 

A B 

, I , , - , , 0 , , , 
< < < < 

• b 

, ,D c , ' , ' .. _______________ nd ______________ ...l 

Di vide any plune surface A, B, C, D, along a line a- b into an even 
numhcr, n, of parallel and sufficiently small strips, d , whose ordinates 
are hi, hz, lis, li-t., h.r; . . .... hn- I , hn, hn+l, and considering contours 
hctwccn three ordinates as parabolic curves, then for section ABCD, 

Area=~ [hl+h"+1+4(h2+li-t.+h,, ... +hll)+z (hs+h.r;+h, ... + h ..... d) 
or, approximately, Area = Sum of ordinates" width, d. 

'" 



CARNEGIE STEEL COMPANY 

TRIGONOMETRIC FORMULAS 

Radius, l=sin'A+cos' A 

=sio A cosec A=cosA secA-=tan A cot A 

Sine A-eos A ~c08A t&DA=~ I-cos' A 
cot. A cosec A 

Cosine A =sin AA ~A _sin A cot A=~ 1 - sin', A 
tan sec 

Tangent A ~:! - co! A _sin A sec A 

Cotangent A =':"''''in'-'~~~.''an'-A'''=C08A eoseeA 

Secanl 

Cos«"1 

"sin (A±B) =sinA cosB±cosA sinB 

C08 (A±B) =cosA c09B+sinA siqB 

.in A+ .in B =2 .in ~ (A+ B) cos ~ (A-B) 

.in A-.inB =2 cos ~ (A+ B) sin ~ (A-B) 

co. A + co. B = 2 cos.~ (A + B) cos ~ (A-B) 

cos B - coo A = 2 .In ~ (A + B) .in ~ (A-B) 

sin 2A =2sinA' cos A 

cos 2 A = cos' A-sin' A 

sin ~ A=~ 1-
2
COSA cos UA=~1+2A 

ain' A 
1- cos 2A 

2 

sin' A-sin' B = sin (A + B) sin (A-B) 
sin A±sin B 
cos A, + cos B 

I.n ~(A±B) 

coo A 

A~ __ l_ 
-cos A - ainA 

bn (A±B) tanA±tanB 
l+tanA tanB 

col (A±B) cotA cotBft 
cot B± cot A 

tanA+tan B= sin ~A + B~ 
cos A cos B 

tan A-tan B= 
sin!A-B} 

cos A cos B 

cot A+ cot B = sin (B+Al 
sillA sinB 

cot A-cot B = sin ~B-Al 
6inA e:inB 

bn2A 2 tan A 
1 tan' A 

col2A 
cot' A-I 

2 cot A 

tAnJ.iA=l~nCO~A cot,!-iA= l~nc!A 

tan' A = :=;::i~ cot' A = I+C09 2 A 
l---eos2A 

cos' A-sin' B = cos (A + B) cos (A- B) 

:::±::! oot}i (A+B) 

'an "'" 
Functiolls Values vsry from Equivalent valUeti •• .' .' .' .' sin Oto+1 lto-H-{)to-IHto-l ~ ~'i2 ~..,r3 
-

1 to +0-0'0 -1-1 10-{)[to to +1 ~..,r3 ~'i2 

Ian OtO+Ol Ol',,-41-0t0+o:rOlto-l J-S..,r3 

-:;-- Ol.o-Hi OI<r-o:fi-OltO-Hi-<JtO-<X> ..,r3 

352 

OO±a ±sin a +C08 a ±tan a ±cota 

9O":±a + cos a +sin a +cot a +tan a 

lSOO±a ::tsin a -cos a ±tan a ±cot a 

27001:a -ebs a ±sin a +cot a +tan a 



MENSURATION TABLES 

TRIGONOMETRIC SOLUTION OF TRIANGLES 

Aa S=a+~+c 
~ 

b 

Given I Sought I Formuke 

RIGHT-ANGLED TRIANGLES 
a, c A, B, b sin A - ~, C03 B-..!Ie 

- C' b=V c2 - a:! 

Area Area _..!Ie ;/ c2-a" 
-2 

a, b A, B, c tan A = t, tan B =.!c, a c= V a" + b" 

Area Area 
ab 

=-2-

A,a B, b, C B = 90°-A, b=acot A, a 
c = sin A 

Area Area 
a2 cot A 

= 2 

A,b B, a, c B = 90°-A, a= b tan A, b 
C = COSA:" 

Area Area 
b2 tan A 

2 

A,c B, a, b B = 90°-A, a= csin A, b=ccosA 

Area Area 
c2 sin A cos A c2 sin 2 A 

= 2 or 4 

OBLIQUE-ANGLED TRIANGLES 

a, b, c A sin t A= '\J (s-t(s-<),cos ~A= \fs ~~a) ,tan !A= \f (s-b) (8-<) 
s (s-a) 

B sin! B = \f rs-a) (s-o) ,coslB = \fs (s-b) , tan tB= 
ac ac 

\f (s-a) (s-o) 
8 (s-b) 

0 sin! C= \f (s-a)ts- b) cos~C= \f8 (a-o) ,tantC= 
a Jab 

\f (s-a) (a-b) 
a (a-o) 

Area Area - V s (s-a) (s b) (s-o) --- ---
asin B a, A,B b, c b c= a sin 0 = a sin (A + B) 

= "STilA sin A sin A 

Area . a2 sin B sin 0 
Area = ! a b sm 0 = --2 sin A 

a, b, A B sinB = b sin A 
a 

c c = a sin AO = b ~inBo = V a2 + b2-2 ab cos 0 
si n SIn 

Area Area=tabsinO ---
a, b, 0 A 

a sin 0 
tanA= b-acosO' 

a-b 
tan t (A-B ) = a + b cot 1 0 

c c = V a 2 + b 2-2 ab cos 0 asin 0 
=~ 

Area Area = ! ab sin 0 

a 2 = b 2 + c2-2bc cos A, b 2=a2 + c 2-2 a c cos B c 2 = a2 + b 2-2 ab cos 0 

353 



CARNEGIE STEEL COMPANY 

AREA OF CIRCULAR SECTIONS 

q 

e ~ , ' 
'f-------c--------tl 

m8~ n t u 

v w 

q 

Circular Sector, m 0 n p 

Area=7!j (length of arc, m p n x radius, 1') 

=area of circle arc, m p n, in degrees 
x 360 

=0.0087266 x square of radius, r:! ,xangleo[ arc, mpn,indegrees 

Circular Segment, m P D, less than half circle. 

Area.=area of sector, m 0 n p - area of triangle, m 0 n 
=(iength'of are, m p n, "adius, r) - (radius,r, -rise, b) x chord, c 

2 

Circular Segment, m q n , greater than half circle. 

Area=area of circle-area of segment, mnp 

Circular Segment, from Table I, page 355. 

Given: rise, b, and chord , c. 
Area=product of rise and chord, b x c, multiplied by the 

coefficient given opposite the quotient ot ~ : 

Intermediate coefficients for values of ~ not given 

in tables are obtained by interpolation, 
Example-Given: rise= 1.49 and chord=3.52, 

~ = ~:~~ = 0.4233. Coefficient = 0.7542. 

Area=b x c x coetr.=1.49 x 3.52 x 0.7542=3.9556. 

Circular Segment, from Table II, pages 356 and 357. 

Given: rise, b, and diameter, d = 21'. 
Area=square of diameter, d 2, multiplied by the 

coefficient given opposite the quotient of ~ . 

Intermediate coefficients for values of ~ not given 

in tables arc obtained by interpolation. 
Example - Given: ri8e=21/,6 and diameter=5%2. 

b d =2~lu -+- 5%2=0.478528. 

Coefficient by interpolation = 0.371233. 
Area=d2xcoetr. = 25.94629 x 0.:l71233= 9.6321. 

Circular Zone. t u w v 

Area==area of circle-(areaof segment, tpu + arcs of segment, vq w}. 

Circular Lune, m p n 8 

Area=segment, m P n - segment, m s n. 

354 



ilI BNSU R. AT ION T ABLES 

ARE/\ S OF CIRCULAR SEG~IE~TS 

TABL* 1-I<'Olt RATIOS or R18l: MiD CUORD 

~--, i 
---' 

--- (lIroooojA c ___ -- - j 

A~;II; b;ll; ooeflIcleI' 

",,1 (.'001&- 1 t '" l"oO- b j~1 b '" - b ,-, -, " " ..... , r; , ..... , ·~1-46 .6722 .1017 .. .{I8M ..m " . . 7230 .3373 , .0067 .001-1 47 .67Z-Io .1040 " .6001 .2122 '" .72-19 ."'''' , .0067 .0000 48 .6727 .,""" '" .0000 .2 148 ,,.. .7200 .3436 .. . ""'" .,x," " .67211 .1086 '" .Gl1L2 .2174 '" .7270 ."'''' , .""'" .0100 60 .6732 .1100 '" .6918 .2200 '" .128 1 .3501 
6 .606' .0131 " .67:M .1 131 '" . 692,\ .2226 ... .7292 .3~ l , .066' .01[,3 " .6737 .11.~4 "' .6930 .Z252 '" .7JOJ ."'" 8 .""" .0 176 " .6740 .1177 os .6036 .2279 ,n .7314 .""" , .6<'.09 .Otl}7 .. .6743 .1200 " .6942 .23OS '" .7325 .3(\;13 

" .0070 .021S " .67-&6 .1224 '''' .60·IS .2332 '" .7336 .3000 

" .6670 .02·l0 '" .6740 • 1247 '" .6054 .,,,. ... .7:MS .3700 
12 .0071 .O:WZ " .6762 .1270 '"' .GOO' .23M ," .7300 .373-1, 

" .0072 .02!'!4 08 .67M .1203 "" .6967 .2412 .. , .7372 .3768 

" .0072 .OO00 " .67U8 .1316 ,.,. .6074 .2439 .. , .,,,. ."", 
" .0073 .OO28 00 .(1761 .\340 '" .6980 .2466 '''' .7396 ."" 
" . 0071 .OO5Q .. .67&1 .\363 '''' .60S7 ."" '" .7408 .3871 

" .0074 .0.172 " .(l7G8 .1387 '"' .6094 .25:.>0 '" .742 1 .''''' " .007:. .039~ " . 9771 .1410 , .. .700 1 .2548 153 .7434 .31H2 

" .6676 .G1I6 .. .67711 .1434 '" .7008 .2575 '" .7447 .3977 

'" .6(177 .0437 '" .6779 .IU7 no .1015 .>0" ,,. .7460 .4013 

" .0078 .()459 00 .6782 • 1481 '" .7re2 .2G.'lI " . .7473 .... , 
" .00" .04'11 "' .67~ .1005 ", .7030 .2M9 '" .74&6 I .0WS5 

" .""'" .""" " .6700 .16211 '" .7037 .2G87 ,,. .''''' .4122 

" .608' .0526 " .6704 .,.., n. .7045 .2716 '" .7514 .4159 

" .6082 ."'" 70 .6797 .11177 no .7052 .2743 "" .7528 .·1\00 

" .WW .0.;70 " .• ,'" .1601 no .,"" .2712 '" .7542 .4233 

" .- .0592 " .08M .1625 '" .,"" .2S00 ", .7557 .4270 
2S .'"'' .0014 " .""" .1649 n, .7076 .,,,, '" .7571 .4308 

" .""" . "'" " .6814 .1673 n. ., ... ."" , ... .7386 .4346 

'" .0000 .00.58 " .&fIS .\607 '''' .'"" .,." '" .7601 A"" 
31 .6691 .0081 " .6.'122 .1722 '" .7100 .2916 166 .7616 .-1-12-1 

" .6<1'" .07'" " .08'" .1746 122 .7109 .""' '" .7632 .4463 

" .000< .0725 " ."", .1771 '" .7117 .m, 108 
.
i648 1·-I502 " .0006 .0747 " .68:15 .179;; 12-1 .7126 .""" '" .7664 .4M2 

" .0098 .0770 so .... 0 .IS2Q '" .7134 .300' no .7680 .4382 

" .6700 .0702 " .6!¥H .111-15 126 .71-13 .- m .7600 .4622 

" .G70'J .OIU4 " ."". .1869 '" .7 152 .- m .7712 .4663 

'" .67GI ."'" '" .- .1894 '" .7161 .3 124 173 .7729 .470-1 

" .6700 .08.>, " .6860 • 19\0 " . .7170 .3155 ," .7746 .4H!i .. .6708 .0882 '" .68M .If).I~ I'" .7180 .3185 '" .7763 .4787 .. .6710 .ro<» " .6869 .1970 '" .7 189 .3216 17 • . 778 1 .4828 

" .6712 .0\127 87 .6874 .1005 132 .7199 .32-17 In .779(1 .4'171 

" .6714 ."'" " .6879 .2()2() 133 .7209 .3278 178 .7817 .4914 

" .67 17 .0972 so .""" • 2046 '" .7219 .3300 17 • .'''' .40[.7 

" .67 19 .- 00 ."'''' .2071 '" .7229 .3341 ISO .'''' . .>000 
L-

'" 
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CAR N EOle STE EL COo\\PANY 

AllEAS Ofo' ClHCU[.AR SEmlEKTS 
TAlII .. 1l II , .'()II RATIOS or RUSE ASD DI.ulETEl\ 

-_ .... 
• 

. 17 1 

.172 

. 173 

. 114 

.176 

.176 

. 177 

.178 

.170 

.'80 

. 181 

.'" .183 ., .. 

.ISS .,,,. 

.187 .", . 

.189 

.'00 
.007528 .191 
.008225 .HI:! 
.000D24 .1!l3 
.0600~6 ,\1).1 .070329 1.105 
.071034 .100 
.07174 1 . 197 
.07:.M50 .19S 
,0 73162 .199 
.07(11175 .200 

. 0781D4 .200 

.078921 .207 

.070000 .208 

.080380 .209 

.081112 .210 

.081847 .2\ 1 

.082582 .212 

.0S33ZO .:H:J 

.084060 .2 14 

.084801 .216 
.21(; 
.2 17 
.218 
.2111 
.220 

:~~~ 
.2'23 
.224 
.225 

.093074 .226 

.003S37 .227 

.004601 .228 

.095367 .220 
,006135 .230 
.096904 .231 
.007676 .232 
.O!l8H7 .233 
.(I!I!Y.!21 .234 
.00!l997 .23:> 
.100774 
.10 1M3 
. 102334 
.100 11 6 
.100900 
.104686 
. 10S472 
. 106261 
.1070;;1 
.107S43 
.108636 .246 
.10043I

j
'247 

.110227 .2-18 
.111025 .Z.IO 
. lllSU .250 



j\1I, N SU RAT I ON TABLES 

AJU:;AS Of' CIRCULAR SEO:\l EXTS 
TADLE II, FOR RATI080" RISI': AND DIAMETER-Concluded 

~---. . 

__ ~ __ ~~ ____ ~A~rc-d' x oocmck'nt 

leo.& .... t i le .... ;...1 b Coo6:;"'1 b """"",, b b b 
1 ;r ;r ;r , 

.2:;1 .15"'13 .301 .If.IOO.<I;; .3-43;;8 

.252 .IM2SI .3cn .>0000., .:1·"'.73 
.2.:.3 . 16614" ."'" .2OO'J~2 .345768 
.2,,40 . 1.'\7019 .30-1 .2011'-11 .3467&1 
.2M .1.'\7b91 .= .202762 .347760 
.2J6 . 1 5~763 ."'" .2o..1(1,!~.1 .34~756 
.257 . 15!l(};j6 .!.I07 .20-1605 .31!17.'\2 
.258 . 11lO511 .= .21rni2~ .350749 
.259 . 16 1:1S6 . .,. .2O(W.~2 .3.'\ 1745 
.'00 .1 62263 .:HO .207376 .352742 
.261 . 163 141 .!1l1 .208302 .353739 
.202 .1(101020 .312 .200:.!:!!! .3547:10 
.263 . 164900 .:113 .2 10 165 .355733 
.264 .IM7S 1 .314 .2 11 083 .366730 
.20.:> .1006G3 .31.'\ .2 120 11 .357728 
.266 .167646 .:116 .2 129-11 .3.'.8725 
.267 .168i3 1 .317 .2 13!!7 1 .3[.9723 

.'" .169316 .318 .2 14S02 .36072 1 

.269 .170202 .aul .2 1573i .361719 

.:.170 .171000 .320 .2 10066 .362717 

.271 .1711178 .:121 .217000 .3637 15 

.272 .172S68 .:122 .218:>3-l .36471-1 

.273 . 173758 .323 .2HUG9 .3657 12 

.27-1 .1 7-1650 .<I~H .22lJ..1,Oi .3007 11 

.275 . 175-542 .325- .221MI .307710 

.276 .17&136 .326 .222278 
.277 .177330 .327 .22:U I6 
.21S .178226 ."" .22UM 
.2711 . 179 122 .3211 .22.".0!).1 

.'''' . J8OO'!0 .330 .226OJ.1 

.28 1 . 1800 IS .33' .220074 
.2<;2 . 18 18 1S .332 .2279 16 
.21>3 .1'127 18 .= .22.'>858 
.284 .1836 111 .3:11 .2~'1lS0 1 .'" .184522 .~ .2307-4 5 

.'" .18M2(; .33' .23I(1,!1!I 

."" .1S63~'!1 .3:17 .2326.14 

.258 .187235 .33,~ .233aSO 

.2S11 .ISS141 .339 .2:14f>:!fl ."" . 1800IS .340 .2asHa 

."" . IS!19!i6 .341 .23(1421 ."" .,,.,., .3 12 .237a60 .= .19 177-1 .3U .238..119 

.29·1 .10'..!68.~ .3·11 .23!126S 

.295 .19351)7 .3-45 .2 tO"..!lll 

."'" .11).t509 .346 .21 1170 

.m .19M23 .8 17 .242122 

.21)8 .106:1:17 .a4S .2 13014 

.290 . 197252 .319 .24·1027 
300 .1118 168 .350 .244980 

,>7 



CARNEGIE STEEL COMPANY 

SURFACE A D VOLUME OF SOLIDS 
S=LATERAL OR CONVEX SURFACE. V=VOLUME 

: +h" /A - .,; S=perimeter, P, perp. to s idesx lat. length, I: PI ~ 
___ l!jJ_::<' ) Parallelopiped 

J.--- _ / .~ V=area of base, B x perpendicular height, h: Bh 
' __ 1./ V=arcaof section, A , perp. tosidesxlat. lengtb, I : Al 

[d' --.--~--,", Prism, Right or Oblique, Regular or Irregular 
:: - /. " S=perimeter, p, p erp. to sides x lat. length, I: PI 
I h _, ;;, V=area of bas.e, B x perpendi~ular height, h: Bh 

/'~, _J __ ~ ' . .1 V=area of sectIOn, A, perp. tosldesx iat. iengtb, I: Al 

'F:b--, 
~p 
~ _____ b _____ ~--t 

~ 
, --

-- ---1---___ ~ 
__ --'--~ -'fh 

........ ~ - __ t 

Cylinder, Right or Oblique, Circular or Elliptic, etc. 
S=perimeter of base, 0 x perp. height, h: Oh 
S=perimeter, p, perp. to sides xlat. length, I: PI 
V=area of base, B x perpendicular height, h: Bh 
V=area of section, A, perp. to sides x lat. length, I: Al 

Frustum of any Prism or Cylinder 
V=area of base, B x perp. distance, h, from base 

to center of gravity of opposite face: Bh 
For cylinder: Yz A (It + b) 

Pyramid or Cone, Right and Regular 
S=perimeter of base, B x Yz slant heigbt, I: 
V=area of base, B x 'h perp. height, h: 

'12 BI 
'h Bh 

PYramid or Cone, Right or Oblique, Regular or Irregular 
V=area of base , B X '13 perp. height, h: 'h Bh 
V=% volume of prism or cylinder of same base 

and p erpendicular height 
V='h volume of hentisphere of same base and 

perpendicular heigb t 

Frustum of PYramid or Cone, Right and Regular, 
Parallel Ends 

S=(sum of perimeter of base, B, and top, b ) x¥.! slant 
height, 1: Yz I (B + b) 

V=(sum of areas of base, B, and top, b + square 
root of their products) x% perp. height, h: 

~~ h (B + b + V B b ) 

Frustum of any Pyramid or Cone, Parallel Ends 
V=(sum of areas of base, B, and top, b + square 

root of their products) x % perp. height, h: 
'18 h (B + b + v'Bb) 

Wedge, Parallelogram Face 
V=¥o (sum of three edges, a b a x perpendicular 

height, hxperpendicularwidth, d ) : 
'1odh(2a+b) 

Prismatoid 
V=¥o perp. height, h (sum of areas of basc, B, and top 

b, + 4 x area of section, M, parallel to bases 
and midway between them): 

'10 h (B + b + 4 M) 
The Prismatoid formula applies also to any of 

the foregoing solids with parallel baS'es, to pyramids, 
cones, sphcrical sections, and to many solids with 
irregular surfaces. 
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/I\ ENSUR ATI ON T AB LES 

SURFACE AND VOJ,U:-'JE OF' SOLlDS~Concludcd 
S=LAT~:ItAL on CO~\'EX SUIlFACt:. V "",VOLUME 

G 
e;--- t 
, -, ~ ... , 
:"·--c~ .. ~ 

LJ\} 
, "' : .... _-.,.-.... 

~'Q 
C=Z1=P' 
. -- ..... ---... '- b- -~ <[3? ~-,--. . 

f : 
· · 1, ' ___ h- ._.1 

~ 
1-·--........ ----1 

8 = 01 ... r'... ... d t "" 3.1415fl2t15 d' 
\·9k ...... =". ... d" ... 0.5235»878 d" 

8pherlcal &clor 

8 ""~' ... r (4 h + C) 
\"=~" ... r' b 

Spheriea l Sea ... enl 
3 = 2 ... r b = ~i ... (01 bO + c.) 
\'=~iI ... b ' (3 . - b ) = ~t. ... b (3 (:. + 4 h"J 

8 = 2 ... r b 
Spherieal Zone 

\·='", ... b (3 e.' + 3c' + o6b*) 

Cln:ular R in .. 
8 = 4 ... ·nr 
Y z .... nr. 

U .... ul ... f Rll'ht. Reeu la r Cylinder 

Daae=.So;ogment. b a b D&se=I1e.lf Circle 

" S =(2rm-.;oxarc.bab) f-<) S=2rh 

V:zG~ m'--oiflrea,bab) ~ V=% r'h 

n~o;ogment, C a C 8_Clrcle 

S-(2rn+I).arc,caC) S = r ... h 

Y=(~l n" + I)" area, c ac) Y='It r2 ... h 

V=~~ ... rab 
E lli peoJd 

Y=',~ ... r' h 
1' .... b<)I .. ld 

Ratio of oorr-osl)()lldlng \'olumMof a Cone, Parabo
loid, Sphere, and Cylinder Of equal helgh~; 'It : 'It : %: 1 

Bod ie. G<ne ... ted. by Pani,,1 .. r C .. mplete Re-.olulion 

I ~I<lllgtll of a curvo } rotating about an axiS 1.1 
A=al"<l& of a plane OnOne SldOB.nd In IIlaUeOr aIls 
r =dlstance of center of grB.vlty of line Or plane trom 

axis ]·1 and for any angle of reVolution. a Q
• 

2 ;::oa
o 

_ length of a.rc dC'SCrlb<.>d by center Of gre.vlty, 

S=l<lngtb of curve" l<lngth of a.rcabou~ IIJ[I, 

= 1 Z r..- a
O 

For oomplete revolutlon 2nrl ". 
Y==&rea. or plane" length of are about axl" 

= A 2;:roa O Jo'or oompleterevoJut lon Y= 2r..- A 

'" 



CA R NEO I!! STEEL CO MPAN Y 

FuNCTIOS8 0' NUJ,lD.E;l18. 1 TO 49 

, 
No._D~ 

't:;' "'"' 
, .. 

tin. ..- "'~ .... _ .. , 
Rftiprooal """"- ,~ 

--, , , 0.0000 0.0000 0.00000 1000.000 3.142 0.7~ , • , \.4142 1.2500 0 .30103 000.000 6.283 3.1416 , • " 1.7:121 1.4"'~2 0.477 12 333.33:1 0.425 7.0086 

• " .. '0000 1.587" 0.60200 200.000 12.500 12.l>OO4 

• ,. '" 2.2301 1.7100 0.tl1lS97 200.000 15.708 19.63liO 

• '" '" 2.4495 \.S17 I 0.77S15 100.007 IS.850 28.2743 , .. ,., 2.6458 1.0 120 0 .8>1510 1012.857 2 1.991 38.018>15 
8 .. '" 2.S284 ' .0000 0.""'" 125.000 25. 133 .,.-
• " ". 3.0000 2.0801 0.9$4201 !I 1.l 1l 28.274 63.6173 .. '00 ' 000 3.1623 2.1M\! 0.00000 100.000 31.0116 78.M98 

n '" "" 3.3166 2 .ZUO 1.(1-1139 00.9001 ...... 0.5.0332 

" ... "" 3.01641 2.28D-1 1,070 18 ... - 37.OW 113.007 

" , .. 2UI7 ."'" 2.3.5 13 1.1I3g..& 76.\1231 40.&11 132.732 .. '" 2744 3.7417 2 4101 1.146 13 7 1.4286 43.982 1.53.038 

" '" 3375 3.8730 2 .4002 1. 176O!J 00.6007 47.124 176.7 1.5 

" '" .000 '.0000 2 .6 108 ).2{H12 62.5000 liO.265 20\.062 

" '" 4013 4.1231 2 . .5713 1.23tH5 58.8235 M.407 226.080 

" '" "'" 4.2426 2.6207 1.25527 65.5556 M\.Mo9 254.460 

" ,6> '8" 4.3.s80 2.6684 1.:m;7.5 62.63 16 .50.600 283.620 

'" '00 8000 4 .4721 2.7144. 1.30103 ".0000 62.832 314.1.50 

" ... "., 4.5820 2.7/180 1.32222 47.6100 65.973 340.361 

" ." >0.<8 '.6006 ,.- 134242 45.4545 00.115 380. 133 
23 "" 12167 4 .79.">8 2.&139 1.36173 013.4783 72.2:.7 0116.476 ,. 

'''' "'". 4.8900 2.88-'5 1.38021 011.6007 7.5.398 0152.380 ,. 62.'> IMl26 '.0000 2.9240 1.3070t 010.0000 7S.MO 400.874 

'" ." 17676 6.6_ 2.0025 1.410197 38.4015 81.681 "".m 
" 

,,. , .... 6. 1002 ' .0000 1.43 130 37.0370 &1.823 .572.M5 
OS '" 219S2 6.2916 3.0366 1,4<1716 35.71013 8"'''' 61.5.752 

" .. , " ... 6.3852 3.0723 1.462010 34.4828 01.100- .., . .,. 
30 "'" "000 6.4772 3.1072 1.47712 ... - ... ,.. 700.8.58 

" "" 20701 6.5678 3.1414 1.40 136 32.2581 97.389- 7.54.768 

" "'" 32768 5.6560 3.174S 1.505 16 3 1.2[,00 lOO.5:U 80-1.248 
33 "'" 35037 5.14·16 3.2Q76 1.51851 36.3030 100.673- SM.200 ( .. 1156 30304 6.8:110 3.2300 1.6a 148 20.01118 100.8 14. 007.020 

" 1226 428i6 .5.9161 3.2711 1..5440 7 28.57 14 lOO.!lW 962.113 

'" "'" .""" '.0000 3.30(1) 0.00630 27.7778 113.007 (1)17.88 

" 1360 ""'" 6.0828 3.3322 1.li6S20 27.0270 116.239 107.5.2 1 .. 1444 .54872 6 .10.&4 3.36ZO 1.5797S 26.3 158 119.381 1134. 11 

" l.521 69319 6.2400 3 .3012 1..59106 25.6410 122 . .'>22 119-1.50 •• '000 66000 ."'. 3.4200 0."""" ".0000 125.66 1256.64 .. "''' "''' 6.4031 3.4482 1.61218 24.3002 128.81 13ZO.25 ., ,,,. ,,- 6.4807 3 .4700 1.6232.5 """" 131.95 1385.44 ., , ... 70507 8.MN 3.5034 1.(I3.3~7 23.2:>58 135.00 1452.ZO .. ,,,. "'". 6.6332 3 .5303 1.643065 22.7273 138.23 1520.M ., "'" 0112.5 6.76b2 3 . .5500 1.65321 22.2222 141.37 1.'>00.43 .. 2116 """ 6.7823 3.~ 1.00276 21.7301 14 ~ .61 1001.00 

" 2200 103823 8.85.'>7 '.0088 1.67210 21.2766 147.65 173-1.114 .. 23 .. 110692 6.0282 3.6342 1.68124 '0.8333 l(iO.80 1809.56 .. 2401 117649 '.0000 3.~93 1.60020 20.4082 l oSa.D4 1886.74 
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/lUTtiEMATICAL TABLES 

FUNCTIOSS 01' NOIolII&1I8 50 TO 99 

"c' "' ... ~ 
No.. _ no.-

N. ,,- "'~ ... L.tpriIhaoReoi~ <>-- .... 
-

'" """ 12WOO 7 .071 1 3.68-10 !.I)0897 >0.0000 157.08 1003.50 

" ",m 132651 7.1414 :J.iOtYl 1.70757 19.6078 160.2'2 2<"2.82 

" 210-1 '''''''' 7.2'111 3 .732'5 1.71600 IQ.230S 163.36 212'3.72 

" "'" 141>1:>77 7 .2::101 3.7563 1.724ZS 18.8679 166.50 22OO.IS 

" 
,.,. 1574M , ..... 3.7708 1.73230 IS.5185 169.6.> """." " 30"-' 166376 7.4162 ' .&000 1.74006 IS. ISIS 172.79 2375.83 

'" ",. 170016 7.4;;33 3 .11250 I.HSIO 17.8571 175.93 2463.01 

" 32.1\1 IM I93 7.M08 3 .1Ws..5 1.76-51>7 17.5439 179.07 2M1.76 
68 .... 19.'>112 7.1)158 3.&709 1.76343 17.U I4 182'.2'1 2642'.08 

" M81 ,."" 7.61111 3.8000 ' 1.77085 16.9-192 185.3.5 2733.97 

'" ""'" "0000 7.7400 3.1:1149 1.77811> 16.6667 188.50 2827.43 .. 3721 22t11)SI 7.8102 ,.""" 1.78.':.33 16.3934 191.64 2922.'7 

" 
,,,,. 2a8328 7.8740 3.9.'>79 1.70239 16.1200 19..1.78 3019.07 

'" 3009 2':;0Q47 7.9373 3.0791 1.70!l3' 15.8730 197.92 3 117.2.5 .. "''''' 2621 .... '.0000 '.0000 1.80018 15.6250 2'01.00 3216.09 

'" .225 27462'5 8.0023 4.02'07 1.81201 15.3&16 2Q.1.2'O 3318.31 

'" 4:lCtU 2117406 8.12-10 4.o-U2 1.810;; ... 15.1515 207.3.5 342'1. 111 

" 40189 300763 8. 1~ 4.0015 1.82'007 1 .... 92Ii4 210.49 3625.65 

" .... 3 14432 8 .2"'112 4.0817 1.83251 14.70M] 213.63 36:l1.68 

" 47(11 """ 8.300\) -1.1010 1.8388.5 14.4028 216.77 3739.28 

70 .000 343000 8.3006 4.12 13 1.!Wt>lO 14.2&;7 219.9 1 3848.4.5 

" ""' 357911 8.426 1 -I. I"'OS 1.85 126 14.0845 223.0$ 3960.19 

" " .. 373248 8.4M3 4.Ioo"l \.8.5733 1:J.88S9 2""~(I.19 4071.50 

" 5a20 3bOO 17 8.54010 4.1793 1.8(1332 13.6986 229.34 418.5.30 ,. '''' 4OS2'2-\, 8.6O'13 4 . 1~ 1.8692'3 13.513.5 232.48 4300.84 

" Ml25 <l21~7.5 '.0003 4 .2172 1.87500 13.3333 2'3.5.62 4417.86 

" 5776 438976 8.7178 4.2368 ''''OS> 13.U79 238.76 "536."6 

" ",. .""'" 8.7750 4 .2M3 1.8S049 12.0870 2"'1.00 "MfI.63 
78 .... <174M2 8 .8JIS 4.2'727 1.8!l2OO 12.is205 2oI5.Q.I 477S.au 

" ... , ...... '''''' ".2908 I.S9763 12.M82 248.19 "001.67 

80 "'" 612"000 8.9-1 13 .... 30&9 >.,.,.. 12.5000 2.51.33 ""'." "' "'" 5314 ... 1 '.0000 .... 32'1l7 1.90S49 12.3-157 2.54 .... 7 :;I53.00 
82 ., .. "''''' Q.~ " .3",",5 1.91381 12.1031 ~7.61 .5281.02 

" "'SO 6717~7 9.1IQ-1 -6.3621 1.91008 12.0<182 260.75 6410.61 .. """ [,92704 9.IM2 .... 37M 1.02-128 II.9Q.IS 263.89 654 1.77 

" 72".15 6HI:W 0 .2111.:1 ..,.., 1.929-12 11.76-67 2G7.04 6614.50 
sa "'" """"" 9.2730 ....... UO \.!l3oI[,Q 11.6279 270.IS ""'.80 ., '06' G.;b[,OO 9.327'" .... UIO 1.93952 11.49-f3 273.32 _.08 
88 7744 681<172 0.."'" ...... 1.g.;4 ... 8 11.3636 276A6 6082.12 

" iD21 '0<000 9."340 ...... 647 1.9,lOOQ 11.2360 279.60 6221.14 

'" "'''' ,>0000 IU868 -I .... 8 t. 1.95424 11.1111 282.74 &aIB.73 

" 8281 753-571 9.539-1 4.4979 1.9S004 10.9800 "'." 6503.88 ., "' .. ,,- 9.5917 ".5144 1.00379 10.8696 289.03 6647.61 .. 86< • 60-1357 Q.6437 4.6307 1.00848 10.7527 292.17 6792.91 ,. """ """" 9.69oW 4.50668 1.97313 10.6383 295.31 6039.78 

" "''' &;7:.176 1l.7"68 4.0629 1.07772 10.5263 298.45 7088.22 

'" 9216 884730 0.7980 ".5789 1.08227 10.4167 301.59 7238.23 

" ,"00 IH207:1 9.S489 ".59-17 1.98077 10.30113 3Q.1.73 7389.81 

'" """ 941192 9.8996 4.61().1 1.99123 10.2(H1 307.88 7542.96 
00 "'" 070200 9.04t19 ".6261 1.906&1 10.1010 311.02 7697.69 
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CA R. NEG I E STEE L COMPA N Y 

F'uNCTIO:-OS or NU)l UF,lts, 100 TO 149 

':I::;' ""'" 
HIOO I No. _ Dia_ .. 

N. .. - "'~ Roo< 
_ .. . , 

Reciproto.l Citowrt. A/'Q 
, 

H)() "'00. ' 000000 10.0000 4.64 16 '.00000 10.0000 314.16 18:13.08 

"" 10201 H"OO'H 10.0-190 4.6510 2.QO.I32 9.00009 311.30 8011.811 

"" H"'" 1001208 10.0005 " .6723 ,. """'" 9.80392 320.4·1 8 111.28 
,(>3 '0000 IOO'l121 10.1489 4 .6816 2.012S1 9.10814 323.58 8332.29 

'''' 10816 1124864 10.1980 ".1()'l1 2.01103 9.61538 326.13 841.14.81 
H,' 11025 1157{125 10.2-170 4.7 177 2 .02119 9.52381 329.87 8M9.0 1 , .. 11236 1191016 10.2%(; 4.7326 2.021131 9.43300 333.ot 8824.13 

"" 11449 1225043 10.3441 4 .1475 2 .02938 9.34579 336.15 800"lQ2 , .. ""'" 1259712 10.3923 4.7022 2.03342 9.2592{1 339.29 0100.88 
'00 11881 "'''''' 10.4403 4 .7109 2.03713 9.17431 3-12.43 0031.32 

". 12100 1331000 10.4881 4.1014 2.(W130 9.1)9091 345.58 9Ml3.32 

'" 12321 1367631 10.S3!>7 4.8Q,';9 2 .(Wa:t2 9.00001 348.72 0076.89 

'" 12544 1404928 10.ft830 4 .8203 2.(W1)22 8.92857 3<'t1.8{I 9852.03 
113 12769 1442897 10.GaOI 4.8346 2.M308 8.849.56 3M.OO 10028.7 ". ",.. 148IM4 10.6771 4.8488 , . .".. 8.77193 3M.14 10207.0 

'" 13225 1520875 10.7238 4.S(;29 2.00070 8.09;;% 3GI.28 10386.9 

'" 13456 1560S00 10.7703 4.8710 2 .00446 8.62009 304.42 10008.3 

'" 13(189 160 1613 10.81{17 4.8010 2.008\9 8.M701 367.57 10751.3 

'" 131)24 1643032 10.8628 4.00.\9 2.07188 8.4 7458 370.71 10935.9 

'''' 1416l ItISf;1/19 10.0087 4.9187 2,07555 8.40336 373.85 1112'l.0 
, 

". 1·(400 " ..... 10.gM5 4.0024 2.07Dl8 ,.= 376.D9 11300.7 

'" 14641 177 1561 11.0000 4 .9-161 2 .08279 8.26446 380.13 114D9.0 

'" , .... 1815S48 11.(WM 4 .9507 2.0b<I36 8.10072 383.27 11689.0 
123 111129 , ..... , 11.090.5 4.0732 2.OSD91 8. 13008 388.42 11882.3 

'" 15376 ,,,",,, lL13aa .. -2.()03.&2 8.064S2 389.00 12070.3 

'" "." 10.>3125 11.1803 ...... 2.000~1I '.00000 392.70 1227 1.8 

'" IM76 2000376 11.2250 /1.0133 2.10037 7.9365 1 395.84 12.100.0 

'" HII29 '''''''' 11.2694 /1.0265 2. 10080 7.87402 398.08 12007.7 

'" ''''''' 2007152 11.3 137 1\.(1397 2. 1072 1 7.8 1250 402. 12 12S68.0 
'20 lO'" 2146689 11.3578 5.0/;28 2.110/;9 7.'/l i M 401>.2. 13069.8 

,,. , .... 2197000 11.'1018 11.0058 2.11394 7.600:31 408.4 1 13273.2 
)3) 17161 2248091 11 .445/1 11.0788 2.11727 '.G3359 411.55 13478.2 

'" 17424 ,,- 11.4801 5.0010 2.120.:;7 7.575.6 414.69 136804.8 

'" 17689 2352637 lU':120 5.10-111 2. 12385 7.51880 0117.83 13892,9 

". 17950 240011» 11.11758 5. 11 72 2.127 10 7.'16209 420.97 14102.6 
135 18225 2400J75 11.6100 5.1201) 2.13033 7.40741 424. 12 143 13.9 ,,. I~IOO 2515450 11.6010 5.1420 2.133M 7.352114 427.26 14526.7 

'" 18769 2571353 11.70"1 /I.IMI 2.136.2 7.20927 430.40 14741. 1 

'" '''''. 2028072 11.7473 5. 1070 2.13988 7.24638 433.54 141157.1 ,'" 19321 2685619 11.7898 11.1801 2. 14301 7.111424 436,{18 1[;174.7 ... , .... 2744000 11.8322 5.192/1 2. 146 13 7.14286 439.82 15393.8 .. , ' .. 8> """-'" , 11.8743 11.20-18 2.14922 7.00Z20 4--12.00 15614.5 .. , 2O'M ""'288 11.9164 11.2171 2.15Z29 7.(w22;j 416.11 1f>S36.8 .. , 20 ..... 9 2924201 11.0083 /1.2293 2.1M3" 6.99.101 449.2[; 16000.6 , .. 20736 , ...... 12.0000 5.2·11[; 2. 1&g36 6.Q4444 452.39 16286.0 

'" """ 3Of8623 12.1»16 11 .2536 2 16 137 6.80055 455.53 \6513.0 , .. 2 1316 3112136 12.0830 •. -2.16433 6.84002 458.61 1074 1.5 .. , " ... 3176S23 12.1244 11.2776 2. 16732 0.80272 1461.8 1 16971.7 .. , 
""" 324 1792 1 2.1~ 1I.2M16 2.17026 6.75676 464.00 17203.4 ... 222Ql 3307949 12 .2060 5.30Ui 2.I73Ig 6.71141 468.10 1 17436.6 

- -.. , 



MATHeMAT I CA L TABLes 

FUNCTIONS or NOIolDEI\S, 150 TO 199 

~-:-~,-

150 22.500 3371iOOO 
161 22801 31-1~1 

I 152 23H).1 35I1SOS 
I 15:1 23400 3581577 
I 154 23716 8MZ2M 
1~ 2 t 023 3723875 
156 2t336 3796416 
107 24649 3860S93 
158 24004 39H312 
159 2ii281 4010079 

100 25600 4000000 
Ull 25921 4173281 
162 262-14 4 251028 
163 26569 4330747 
1M 26800 41lOD.I\ 
165 27225 4·102125 
166 27Mi6 4574296 
167 27880 4657463 
](18 28224 4741632 
169 2~1 4820800 

170 28000 4913000 
171 202.Jl 6000'.! 11 
172 2958-1 1\OSS448 
173 20029 5177717 
174 30276 52(l8024 
175 30025 53.50375 
176 30076 5451776 
177 3 1329 M-&5233 
178 31684 0039752 
179 320-11 573$339 

ISO 32400 
181 3276 1 
182 33 12-t 
183 3..1189 
, .. 338.>6 
ISS 34Z25 
186 34500 
187 34009 

'" ..... 189 35721 

100 36100 
Hli 364SI 

'" ""'" 193 3 7219 
19-1 37636 
195 38025 
100 38416 
107 38809 
198 3D2().1 
100 30001 

""""" 50297-1 1 

"""""" 612&187 
622%0-1 
6331625 .. ...,. 
'''''''3 0001-1672 
6751269 

"'''''''''' 6007871 
7077888 
71800.;7 
73{)1384 
H1",,875 
7620536 
76015373 
7762302 

"""00' 

, .. 
12.2474 5.3133 2.17600 6.00667 471.24 17671.5 
12.2882 5.32;;1 2.17898 6.62U2 474.38 17007.9 
12.3288 5.3368 2. 18 184 6.5789.."> 477.52 18145.8 
12.3693 ii.34M 2 . 18469 6.1io3S95 480.66 1838.5.4 
12.4007 5.3001 2.18752 6.49"J.51 483.81 18626.5 
IlUI!l9 6.3717 2.19033 6.4516 1 486.~ 18869.2 
12.-1000 6.3832 2.10012 6.-11026 -100.00 191134 
12.S300 5.3917 2.10500 6.36913 493.23 19350.3 
12.5608 5.400 1 2.19SG6 6.32911 ""00.37 10606.7 
12.60115 5.4 17& 2.201"0 6.28931 "99.51 198M.7 

12.6491 6."288 2.20-112 6.25000 502.65 2(HOO.2 
12.6886 &.· ... 01 2.206S3 6.21118 /i.05.SO 20358.3 
12.7279 6.451-1 2.20052 6.17284 508.94. 20012.0 
12.7671 5.4626 2.21219 6.13407 512.08 20867.2 
12.8002 5.4737 2.214M 6.00756 515.22 2l\24. 1 
12.8452 11041148 2.217~S 6.00061 518.36 21382.11 
12.8841 5.4MO 2.2201l 6.02410 521.50 21642.4 
12.9228 11.5009 2.22272 6.98S02 624.6.5 219C).1.0 
12.0015 6.Ci178 2.22.531 5.95238 627.79 22167. 1 
13.0000 6.6288 2.22789 5.91716 530.03 22431.8 

13.0384 &.~97 2.2304.5 &.88235 534.07 22008.0 
13,0767 5.5505 2.2a300 6.84795 .537.21 22005.8 
13.1 149 5.56 13 2.23M3 6.8 1395 640.3.5 23235.2 
13.11;29 5.572 1 2.2380.5 1>.78035 $43.500 23500.2 
13. 1000 &.5828 2.240$ 6.7-1713 646.64 23778.7 
13.22tiS 6.6934 2.2·13{) 1 5.71429 50'0.78 U0.52.8 
13.26M 5.00-11 2.24551 5.68 182 M2.92 2-1328.5 
13.30-1\ 6.6147 2.24.07 &.&1972 556.06 2460.5.7 
13.34 17 5.6252 2.25().12 5.61798 6.51).20 US84.6 
13.370 1 5.1Wt7 2.25285 5.58659 562.33 251640.9 

1304164 
13.4536 
13.-1007 
13.5277 
13.56-17 
13.0015 
13.6382 
13.670/0S 
13.7113 
13.70177 

13.78-10 
13.8Z03 
13.&64 
13.8\124 
13.028-1 
13.0042 
14.0000 
14.03&7 
14.07 12 
14.1007 

IIJU62 2.25.527 5.55l.S6 
5.6567 2.20768 5.02-186 
5.0071 2.26007 5.49-151 
5.6774 2.262-15 5046448 
5.6877 2.26482 5.43478 
ii.OO8O 2.26717 5.40.>41 
5.7003 2.269.51 5.37634 
5.71% 2.27 18-1 5.34759 
ii.7ZS7 2.27416 5.31915 
5.7388 2.27646 1 5.29101 

ii.7489 2.27875 5.26316 
5.7000 2.ZE1I03 5.23560 
11.7600 2.283ao 5.20833 
ii.77011 2.281\56 5.18 135 
5.7800 2.28780 5. 15464 
11.7980 2.20003 5. 12821 
1I.80SS 2.29226 5.1020-1 
5.8186 2.20447 5.0761-1 
11.8286 2.29007 5.000s1 
1I.S3S3 I 2.208S5 5.02513 

0%.49 

"".'" 571.77 
5J"4.91 
578.OS 
Ml.IO ,...'" 
587.48 
500.62 
593.76 

500.90 
000.<» 
603.19 
600." 
600.47 
612.61 
615.75 
61S.89 
622.{lo1 
625.1d 

2li446.9 
20730.4 
26015.5 ,.3" .... 
26500.4. 
26880.3 
27171.6 
27464.6 
27759.1 
,.."., 

28352.9 
28M2. 1 
28952.9 
29255.3 
29559.2 
29864.8 
30171.9 
30480.6 
30790.7 
31102.6 



r 
CARNEQ I !! STEEl. COM P ANY 

r 
F'USCTIOS& OJ' NUMIIER8, 200 TO 249 

, .. - "' ... 1_ •• ''''' No. _ Diamt:tor 
N. So- c. .. .... , ..... , , 

Ret:iprocal <><0 •• ,------, 

"'" """'" """"""" 14 ,1421 1).84100 2.30100 '-"0000 628.32 3 1H5.0 
'(U ~(HOI 8120001 H.1774 lio.8b78 2.30320 4.07512 631.46 31730.9 

"" .- 8242408 14.2 127 :;.8615 2.30435 4.g,;o.:;o 63,1.60 3~'().I7.4 ",. .011200 ..... " 14 .2478 6.877 1 2 .30700 4 .92611 631.74 3236S.5 

"" "HUG "'- U .2829 ..,,"" ,.,.,., 4.00100 640.88 3Z6S5.1 

"" 4202S 861f.L:l5 14.3178 6.8004 2.3 1175 4.87800 644.00 """"' .. 
"'" .,,,'" 8741816 1-1 .3.527 .5,00.;0 2.31387 4.8M37 6-17.11 33329.2 

'"' ., ... 8800743 14.3875 6.91M 2.31/;01 .. ..." 650.31 """"., 
'" 403264 800&012 14.4222 S.O'l.50 2,3 1806 4.80169 653.46 33970.5 

"'" ", .. , 0 120329 14.4008 6.9345 2.32015 4.1MOO 656.50 34307.0 

'"0 44 100 0261000 14.41)14 6.n.l31l 2.32'222 4.76190 650.73 34C036. 1 

'" ""1>21 03UJOJI 14.62:;8 5.D,'j;J3 2.32_128 4 .73934 662.88 34900.7 

'" 44l).B ~Z8 I 28 14.5002 b.OO21 2.3ZGa4 4 .71698 GOO-'" 352D8.9 
213 -15360 """"" 14.6945 5.0721 2.32;sas 4.60484 009.16 35632.1 
214 45700 D8OO3H 14.6Z!S7 lU)81 .1 2.3JOIl 4 .67200 672.30 35008.1 

'"' 40225 00&;375 14.0029 .'\.0007 2.332·U 4 .65116 615.44 36:10.:>.0. 
216 "'''''' 10077600 14.6960 '.0000 2.aa·115 4 .02"963 078.58 36643.11 
217 4 7080 10218313 14.1309 6.0.002 2.33tl-lO 4.60829 1.18 \.73 :1698:1.6 

'"' 47524 10360232 14.1(148 6.01811 2.331>40 4.58110 68-1.87 37325.3 
219 47061 l000a459 14.7080 6.0'..!77 2.34Q.14 4 .566U 688.01 37668.5 

"0 '''00 ""'''000 14.832-1 6.0368 2 .34242 4.54545 69 1.15 38013.3 
221 "',., 107D3861 1-1.8661 6.().IaO 2.34439 4.52-189 694.29 383a9.6 

'" ", .. 100011018 14.8007 6.0s00 2.34635 4.5().I50 697.43 3870.7.6 
223 49729 11089567 14.0)32 6 .064 1 2.34830 4.48-130 100.<>8 300,,7.1 
224 50176 11230424 14.0666 6.0732 2.3t.025 4.046429 703.12 39 1OS. 1 

'" '00" 1130061U. \1 •. 0000 6.0822 2 .3.'>2 18 4.4-01444 700.80 3976(1.8 
226 11 1076 11643 176 15.0333 6.0912 2.350111 4.42478 110.00 4.0115.9 
227 51529 11697083 I[..OOM 0.1002 '.30003 4..40.:;29 7 13.14 40nG.S 

", " ... 11~2M2 1[,.0091 6.1091 2.3l>793 4.38;;96 710.2S 40828.1 
". 112441 12OORAA9 1!>.I327 6.1180 2.3l>984 4.3(i68 1 7 19.42 4.1187.1 

"0 '''''''' 12167000 1[..1658 6.1200 2.36173 4.34783 722.57 41641.6 

'" 1\3361 12326391 1[.. 1087 6.1358 2 .36361 '.32000 .2.'>.71 41900.6 

"" ""'" 1248 71(18 1[..231& 6.14 16 2.36549 4.31034 728.&5 42273.3 

'" .. "" 12649337 15.2643 6.1534 2.36736 4.291&5 731.00 42638.5 

" .. M7t.6 128129(1.1 15.2971 6.1622 2.36922 4.27350 135.13 4300/\.3 

"" M22[. 12917875 15.3Z9' 6.1710 2.371 07 4..2.'>532 738.27 43373.6 

"" ""'" 13144200 15.3623- 6.1797 2.372')1 4.23729 741.42 43743.& 

'" """" 133 12053- 16.3048 6.1SS:; 2.37475 4.219-11 7H.56 44115.9 

'" '00" 1348 1272 1[..4272 6.1972 2.37658 4 .26168 747.70 44488.1 

". 67121 13651919 15.4500 6.2058 2.37849 .1. 18410. 750.84 4-\862.7 

"0 """" 13824000 15.4919 6.2 145 2.38021 4.1GOO7 753.08 4.5238.9 

'" 6808. 1399762 1 15.52·12 6.2231 2.38202 4. .14938 757.12 45610.7 

'" 
..,.. 14172-688 15.M63 6.2317 2.38382 4.13223 7 6(1.27 4a900.1 

'" ""'" 14348907 16.6885 6.2403 2.38.561 4. 11523 763041 4 6377.0. , .. ,0= 14526784 15.6ZOli 6.2488 2.38739 4.09836 766.55 46759.5 

'" """" 1.70012[. 111 .65211 6.2573 2.380 17 4..08163 769.69 47143.6 

"" 60516 14886006 16.C0844 0.2658 2.30094 . ..,.. 772.83 4. 7629.2 

", 0'000 15069223 1(";.7162 6.274.3 2.39270. 4 .(l.1,%8 77(";.97 471)16.4 

'" ,,, .. 1[,2(";2992 111.74)}() 6.21128 2.31).\ 15 H13226 779.12 4.8305. 1 ". 62001 11104382·19 15.7707 0.2912 2.30020 4..01606 782.26 4.86911.& 



MAT H HMATICAL TA BL ES 

FlJSCTIOS8 OF NU)Uu;ftS, 250 TO 299 

1 
So. ) Sq ...... '1':: I t.... .1hIo1 I? Xo. _ D-.r o.bo ~~ RM;~ I 0-. A ... -----
". 62.'iOO "."... 16.8 114 .. - 23971H 4.00000 786.40 400874 

'" .,.. .. 1:.8132.">1 16.8430 6,aogo 2.39007 3.98400 78$.6'\ 491SO.9 

'" .".. ,- 16 .8746 6.3164 2.40UO 3.00825 791.68 49876.9 
253 ... m 10 19-1277 11\.1M)6() 6.3ZH 2 .4(\312 3.9:>21\7 79-1.82 00272.6 

'" &11\10 16387004 11\.93H .. -2A().l83 3.93701 797.00 606;0.7 

'" ..." 11\.5S 1376 16.1.161>7 6.3413 2.4(lIlM 3.92167 SOl.l1 61070.1\ 

'''' ""'. 10777210 10.0000 0.3-100 2 .4082-1 3.00625 80-&.25 1\1471.9 

'" ..... 16!l7~~ 16.0:U2 6.31I7lJ , ...... 3.89103 807.39 61:;74.8 

'" ""'" 17173512 16.0621 6.3001 2 .-11162 3.87597 810.63 52279.2 

'" 07081 17373979 10.09a6 6.3743 2.41330 3.S0100 813.67 62686.3 , .. 07000 17570000 16.124.5 0.382.5 2.-11497 13.84615 816.81 63002.9 

'" 68121 17779.581 10.1<'iS.5 6.3007 2.41664 3.83142- 819.00 =., 
202 " ... 17984728 16.18&1 6.3988 2.<1 1830 3.81079 823.10 63912.9 

"" 69109 18191""7 16.2173 0.1070 2.41900 3.80228 820.21 .5432.5.2 ",. '0000 183(}1l74 1 16.2481 0.411\1 2.42160 3.78788 8~'1).38 64739. 1 
'M 70226 1800002.'0 10.2788 0.1232 2 .42325 3.773.'t8 832.52 MIM.O 

'''' 70700 18821006 10.:JOIl5 604312 2.42488 3.750-10 835.66 .55571.0 
267 71280 100341tJ:1 10.3401 0.4303 2.4Z(l.51 3.74532 &1,s.81 65990.2 

'''' 71824 1924SS32 16.3707 0044 73 2.428 1:1 3.7313-1 841.9.5 66-110.4 , .. 72a61 10006li IOO 10.40 12 0..01553 2.42975 3.71747 S.15.09 561:132.2 

'" " ... ,-"'" 10.43 17 6.4633 2 .43 136 3.70070 M,s.23 572505.6 

'" 73441 190021\11 10.4021 0.47 13 2.43297 3.6!JOO.1 851.37 5768004 

'" 73984 20123648 1604921 004792 2.43-157 3.671>47 85-1.5 1 58100.9 

'" 74529 200·1(106 17 10.5227 6.4872 2.<13610 ,.orooo 867.6.5 """ .• 
'" 75676 20670824 10.6629 0.4951 2.43775 3.64004 ...... 58004.0 
275 75626 20700876 10 . .5831 6 .5030 2.<13933 3.63636 863.91 6\)306.7 

'" 76176 21024576 10.0132 0.6108 2.-11091 3.62319 867.08 60828.6 
on 76729 21253033 10.(1.433 6.IH87 2 .41248 3.6101 1 870.22 60262.8 

'" 7728-1 21.84M2 16.6733 0 . .'026.5 2..014104 3.69712 873.36 ""'.7 

'" 778-11 21717639 16.7033 6.5343 2.-1-1000 3.58423 876.60 61136.2 

"" 78-100 219:>2000 16.7332 6.1io&21 2.<14716 3.67143 87'9.05 01575.2 

'" 78961 221~H HI.7031 6.5-409 2.-14871 3.MS72 882.7'9 62016.8 

'" '19524 22425768 16.792'9 0.5ft77 2.45025 3.601610 885.93 62458.0 ,., """ :12666187 16.8226 6 .5654 2.45179 3.53357 889.07 62001.8 , .. '00-'6 
,,,..,.. 10.8623 6 .5731 2.-15332 3.62113 892.21 633-47.1 

'" 8 1225 231.9125 10.8819 0.!t808 20460184 3.50877 895.311 6379-1.0 

"" 81700 Z3393656 10.911.5 6.1">886 2.10037 3.49650 ...... 6-12-12.4 

'" 82360 ,,., .... 16.6411 6.5002 2.157118 3.48432 901.6-1 64092.5 

"" '''''' 23887872 10.9700 6.0039 2,45939 3.47222 9(1.1.78 651-14.1 ". "''' 24137569 11.0000 6.6116 2.40000 3.46021 907.92 65M17.2 

"" 84 100 ,,,., .... 17.021).1 6.6191 2..016240 3.44828 911.06 00062.0 

'" 84681 2·1642171 17.0587 6.6267 2.46389 3.436-13 91-1.20 66508.3 

'" "". 248970S8 17.0880 6.63~3 2.40.538 3.42-166 917.36 66006.2 

'" .... , 2:;1~767 17.1172 6.64 19 2,40087 3.41297 92(1.4':} 67426.6 ,.. 86-136 260112184 17. 14&1 6 .64IM 2.46835 3.40136 923.63 07S86.7 

'" I"'" 2~72376 17. 17(;6 6.6569 2.40982 3.38083 926.77 68349.3 
200 87616 2Ml34330 17.20-17 0.6644 2.<1712'9 3.37838 920.91 6::18 13.4 
297 88209 26 10807:1 17.2337 6.0719 2 .-17276 3.:16700 933.OS 1 69279.2 '" ...... 260163592 17.2627 0.070.1 2.47422 3.35570 930.10 6!l740.S 
299 81)101 26730800 17.2016 6.6b69 2,47567 3.34448 93t1.3~ 702 UI.4 

'" 



'( 
CAItNEO I E STEEL COM PA NY 

} 'UXCTIOS8 OF NUMUl:II.S, 300 TQ 349 

No. s,_ """ .,- Co .... 
,~ -

"'" 00000 21'000000 7008.5.8 

"'" 0000' 27270001 71161.9 

"'" IH201 271143008 71631.6 

"" 00"'" 27818127 72100.0 ... 92116 ~464 72tiS3.4 

"'" oo,m ZS372626 73001.7 
800 93636 2~2616 73MI.;'; 

"'" .... , 2-'iDMH3 74023.0 
30S ...... 2{l2 18 112 14500.0 ,., OMSI """"'''' 74900.6 

'" 00'00 297DIOOO 973.89 760176.8 

'" 00721 30060231 917.04 76004.;:; ." WaH 3037132S 980.18 71Wc.3.8 

'" ""'" :J00042Q7 083.32 76944.7 

'" "". 3OMD14-.i 986.46 77",37.) 

'" 09'.l26 312M&76 089.00 7703 1.1 

'" """ 31M4400 9!l2.H 7&12(1.7 

'" 10Q.I89 31SM013 005.88 78923.9 

'" 101 124 32Ui7<l32 009.03 70422.6 

'" IOl7tH 324617[00 70922.0 

'" 102400 32708000 80424.8 

'" 100().I1 3:1070WI 80028.2 

'" IDa684 33386248 81433.2 .n 104329 33008267 81939.8 sa. 1().I(l76 340 12224 8Z448.0 

'" J0602,s 3 4:J28125 829J7.7 
326 106276 3,I64W76 (13.169.0 

'" 100929 34006783 83981.8 

'" ,." .. 3l.287~ 84<100.3 

'" ''''''' 30011289 8.'i012.3 ... ,OS"'" 35007000 

'" '''''''' 36264691 

'" 1102Z4 3'''''''' '" 110889 ...,"", 
'" l116M 3126970. 

"" 112226 3711~76 

'" 112800 , """"'" 
"" """" 3S272753 

"" 11.2-11 3861""12 

"" 1149',/1 38~19 

'". """" ..... "'" '" 116281 3!)M\82 1 .. , 116O(H 40001688 .. , 117(WD '0="" ... J 18336 407076&1 

'" 110025 41063625 

'"' 11 0716 "1421736 .. , 120400 41781023 , .. 121lO-1 421 .... 1D2 
349 12 1801 "2~{1 

'00 



M ATHeMAT I CA L T A OLES 

FoSCTIOSS or NUloIUF:R8, 350 = ,.. 
,,- I 'lI:: l ~ 

,." No.. ""D-.. 
No.. "" Lapritlom I ......... """"- """ I --- ----- - ---

"" 122.;00 "2876000 18.708-1 ' 7.().17:J 2.Il0l40. 2.8.'.711 1009.6 00211.3 
35 1 123~>O1 "32-13551 18.7300 7.01;.\0. 2.64531 2.lW900 1102.7 00701.8 
352 123001 "36I~ZOS 18 .• 617 . 7.0007 2.MMI 2.8-400 1 1105.8 073J.10 

'" " .. "" "31)80077 IS.7t;l:1.3 7.007" 2.,54777 2.83286 1109.6 97867.7 

'" 12.'>310 "1361864 18.81"9 7.07~0 2.,54900 2.82-186 1I1~!.1 98-423.0 

'" 
,,..,, " ·173881"1> 18MU 7.0f>07 2.M023 2.81600 1115.3 98079.8 

'" 126736 "5118016 18.&080 7.()!j73 2.MI";; 2.8089\l 1118." 99.)38.2 

'" I21H9 "5400203 HI.80014 ',OOW 2.M.."07 2.80112 112!.;; """. 
'" 128t(W "5882712 18.1)200 7.1006 "'" .. 2.79330 1 12-1.7 '00000 
359 """ "62(18279 18.9473 7.1072 2.M509 2.78M2 1121.8 10.1223 

"" ''''''' . """"" 18.0737 7. 11 38 ,,""'" 2.77778 1131.0 1011"88 

'" 130321 47()'15881 111.0000 7. 1204 2.M751 2.77006 1134.1 102354 

'" 131().1I 47~371r'..s 111.0263 : 7. 1200 2.M371 2.762043 11 37.3 102922 

'" 1317GD 47832 147 111.0526 7. 1336 2.MOOI 2.75-182 1140.4 1034Dl .... 132-100 ""228M I 10.0788 : 7 .1400 2.56110 2.74725 11U.5 HH002 

"" 133225 48627 126 10.10:.0 . 7. 1400 2.56220 2.73073 11,10.7 10-1635 ,., 133050 ·10027800 111.1311 7. 163 1 2.5O:H1'I 2.7322-1 I14D.8 10,,200 

'" 1341)8(1 4(143086:1 IIl. If,7:l . 7.1600 2.5(1.107 2.72480 1 153.6 1M78.5 

"" 13:;42-1 40830032 10.1833 17. 100 1 2.6&35 2.7 1730 1156. 1 ,."" 
'60 130 101 ; 00243 101) \1).20(1-1 7.1726 2.56703 2.7 1003 1160.2 1000.& 1 

'" '''''''' 60053000 10.23;';4 7.171H 2.56820 2.70270. 1162.4 107621 
on 137641 16 1004811 \1).261·1 7.1865 2.5600. 2.69542 11115.5 108100 

'" 13S38·1 I .51478848 10.2873 7.1020. 2.67054- 2.68817 1168.7 ",." 
'" 130 126 5 1805117 10.3132' 7.1984 2.67171 2.68097 1171.8 100272 
". 13!l870 523 1362-1 10.3391 7.~8 2.67287 2.67380 1175.0 ''''''' '" 140025 62734375 19.304D 7.2112 2.1>7400 2.66667 1178. 1 119-1-17 

'" 111376 ~ 157376 19.3007 7.2177 2.h7519 2.6.591>7 1181.2 11 1036 
m 1-12 120 ~.582ro:L 10.416(; 7.22 16 2.67634 2.65252 1184-" 1 11028 

'" 1,,2&;-1 540 10 152 19.4-122 ,,- 2.57";,&9 2.64MO 1187.h IIZZ'~ I 

'" 1"3041 54-13003D 19.4679 ",'" 2.57lSG4 2.63852 1190.7 112816 

380 1-1.-1"00 5-4872000 10.4936 7.2~32 2.57978 2.63158 1193.8 11 34 11 

"" Hal61 """"" 10 . .5192 7.249,5 ""000 2.62-167 1100.9 IHOO9 

"" 1-1[>92·1 f>57"ZOOS 10.I>U8 7.21>58 2.58200 2.01780 1200.1 114008 
383 llGOSD 6618 1881 ltH;79-1 7.262: ' 2.f>8320 2.610!l7 1200.2 115200 

"" I-IHtiO 1>002319-1 10.MllD 7.2685 ! 2.6&133 2.00117 1206.-1 116812 ,.. H8225 57000025 10.621" 7.2iofS 2.f>8M0 2.Ml740 1200.5 116418 
3S6 1 1'1900 575 12456 19.&169 7.2811 2.586.59 2.59067 1212.7 ' 117021 

'" 1-19769 ''000000 10.8723 7.2874 2.5877 1 2.58398 1215.8 117628 

'" 1f>().j..j-4 58411072 19.6077 7.2936 "...., 2.h7732 1218.9 118237 

"" 161321 """"" 19.7231 ",." 2.ti8995 2.67009 1222.1 118847 

'00 152 100 h0310000 10.748'1 7.3001 2.69100 2.56410. 1226.2 119460 

'" 15288 1 , 59776471 19.7737 7.312-1. 2.69218 2.M754 1228.4 120072 ,,, 1530001 0023l)2t1S 10.7000 7.3186 2.69320 2.1>.5 102 1231.5 

::~J '03 1544-19 60098'167 19.82-12 7.32-18 2.50.&39 2.M-I.1i3 1234.8 ,,.. 15.5236 61102984 10.84!).1 7.3310 2.69S00 2.53S07 1237.8 121922 
395 1(;(1(l25 8 162!l87h 10.8746 7.3372 2.50000 2.53 165 1240.9 122&12 ,,. 156810 62091l130 10.8097 7.3-134 2.69770 2.6252[> 12-14.1 123 163 ,,, 157609162570773 19.92-19 7.Moo 2.h9&70 2.51889 12-17.2 123786 
'08 1/iS4().1 630 .... 702 19 .9-100 7.3M8 2.1>0088 2.51256 1250.4 124410 

'" 16920 1 63a:!1 1{K) ID.0700 7.3619 2.000Il7 2.50027 12(;3.5 125030 

'" 



r 
CARNeO I E STEEL COMPANY 

FI.INCTIOS8 or ~UMaER.S 400 TO 449 

'lI::;' ",,. ,.., :So..-~ 

No. .. - ""~ ... , '-'thm ~...-l CftwL ----'-----'-----j 
.00 '00000 61000000 :/0.0000 7.3681 ',,,,,", '.00000 1256.6 ,,,... ... '0080' j}1481201 20.0250 7.3742 2.60314 :U9371 1259.8 12(12113 .. " 161004 MOO-'SOI! 20.0..00 ''''"" 2.00l23 2.~SnKI 1262.11 126923 . ., ""'" ~~7 2().O7"9 ',,,", 2.00S.;1I 2.4$139 1266.1 "'''' ... 163216 6..'1939264 !.'O.0D98 7.30'!5 }f"00638 2,47525 1269.2 12SHIO ." 1610:15 00-13012.5 20.1216 7.3986 .OO7~6 2.40014 1272.3 ,,,.,. 
'00 1G>&8J{l 66!)2;J4 10 2O.11G-I 7.40.17 2.00853 2.4630.'> 1275.5 121H62 ." 16,';6019 6"IIlL~3 2O.17~2 7.4108 2.6O!J.:;9 2.45700 1278.6 130100 
'08 10&1(1.' (71)17;112 20. 1(100 7.4 100, 2.61006 2.45098 1281.8 130741 .. " 1{I7281 1)8.111029 20.2'237 7A:.:J 2.01172 2.4«00 12&1.0 131382 ... 168100 051)21000 20.2-\8.5 1.4_ 2.61278 2.43002 1288.1 131lO26 ... 168021 G!H2M31 21.1.2731 
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<121 1823:lg 77864483 20.0040 7.~ 2.630013 2.34192 1341..5 '43261 
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"" 31t1OOQ 178453M7 23.7276 8.2;;73 2.700;;1 1,77fl20 1768.7 248947 

"" 3>_ 1700100 I II 23.74&7 8.2621 2,75128 1.773OS 177\.9 2 19832 = 31D'M'25 180:m212:1 23.7607 8.2fl70 2.75205 1.7fl9!H 1775.0 200719 
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2::;aG3(l137 23.1505 
2501S40 1M 2.5. 17M 
2560-17875 2.5. 1002 
2372t.!l456 25.2190 
2S&17"853 2.5.2389 
250004072 25.2<;87 
260917119 23.27&1. 

262 144000 25.2982 
21l:i374i21 25.3 180 
2lWllOO'..!ij.8 25.3377 
265841101 25.3574 
2G7080084 25.3772 
26833612S 21>.3900 
2G9586136 25.4 1&5 
270840023 25.4362 
27200770'1 25.4558 
2733V9449 21>.4755 

XUIolU~KS. 600 TO 649 :l G=I Co"" II.oprilh .. M 
, -, 

8."3013 2.77815 
8.4300 2.11M7 
8 .40/037 2 .71900 
8.+1&6 2_78032 
8 . ./0530 2 .7/.1 10./0 
8."571 2.7IU7!} 
8.4!}23 2.782 \ 7 
8.4670 2.7s.:1I0 
8.47 16 2.18:100 
8.4763 2.784fl2 

8.4800 2 .78533 
8.4s.::.6 2.71UlO4 
8.49(YJ , 2.7M675 
8.40.&8 , 2.78H9 
8.40!).& · 2.7SS17 
8.rotO 2 .78888 
8.50.S6 2.780$8 
8.5132 2.70029 
8.M78 2.70000 
8.(;22-1 2.79Hlll 

8.5270 2.79239 
8.53 16 2.70300 
8.5362 2.79379 
8.5408 2 .10H9 
8 .5453 2.70(;IS 
8.5400 2 .79588 
8.MH 2.7001>7 
'.MOO 2.70721 
8.56.35 2.79700 
8.5681 2.79865 

8.6726 2.70934 
8.t.112 2.8OOOJ 
8.58 17 2.80072 
8.6'02 2.80140 
8.5007 , . ."." 
8 .5DS2 2.80271 
8.5007 2.803-t6 
8.00./03 2.8041-1 , ..... 2.80482 
8.6132 2.80550 

8.6177 2.80018 
8.622'1 '.80086 
8.6267 2.807[,./0 
8.6312 2.8082 1 
8.6351 2.808S9 
8.&101 2 .80956 
8.&1--16 2 .810'..!3 
8.&100 2.81000 
8.6.535 2.81148 
8.6S79 2.SIZ'24 

I~ ;~' 
a..i~1 (.~ .. "'n. 1 
1.666G1 
1.66389 
1.66113 
1.65837 .. ""'" 1.6S2S9 
1.<K>OI1 
1.6-1745 
1.64474 
1.&1204 

1.63934 
1.63600 

''''''''' 1.63 132 
1.62866 
1.62002 
1.62338 
1.62075 
1.61812 
1.61(;.(; 1 

1.61290 
1.6103 1 
1.60772 
1.6()I; 14 
1.6(l25(J 
'00000 
1.50144 
1.59-100 
1.59236 
1.58983 

1.58130 
1.58479 
1.$8228 
1.37078 
1.57729 
1.57480 
1.57233 ,,"'" 
1.66740 
1.56495 

1.56250 
,,>0006 
1.55763 
1.55521 
I.M280 
\.5Ii039 
1.54799 
1.54.500 
1.54321 
1.54083 

188,';.0 
1&S8. 1 
180 1 ~ 
18!l4 \ 
11:197.(; 
1000.7 
1003.S 
1006.0 
1910. 1 
1913.2 

1016. 1 
1019.5 
Ilt2'l_7 
19:4.5.1.1 
ID2S9 
1032. 1 
1935.2 
1038 I 
19 \1.5 
H)4 I.6 

1047.8 
IUW.9 
W,'H . I 
10.;7.2 
1000.4 
1003.5 
1006.6 
lOOO.M 
1072.9 
1976. 1 

1070.2 
1982.3 
IDSI'i.5 
10S8.0 
1001.8 
1004.9 
lOOS. 1 
2001.2 ,..,.., 
2007.5 

20 10.6 
2013.8 
20HUl 
2020.0 
2023_2 
:lO'J6.3 
2021).5 
2032.6 
20:15.8 
203IJ.O 

2~2743 

28:1(1.87 
28463 1 
28M 78 
2k flt.26 
2MH75 
21'8420 
2"11379 
200:133 
29 12811 , 

2022--1 7 
293200 
2941 66 
295128 
296002 
297(1(;7 
29802-1 
208002 
2(19062 
;100034 

301007 
;102&>2 

"""" 30-1836 
3Q,'i.8 15 
300700 
307779 

308'" 300748 
;UQ736 

· 

· · · 

3 11725 
3 127 15 
3 13707 
31./0700 
",0000 
316692 
317690 
318600 
310092 
320005 

321699 
322705 
323713 
3Z-1722 
325733 
326745 
327759 
328115 
329792 
3;10810 · 



, 
MATHEMATI CA L TAIJLES 

---- ------
r 

FO';CTIO!o18 01' :\'U)lHt:K8, 650 TO 699 - ,,- "' .... , .. Xo..""D~ 

So. ,,- """ .... , .... , _ .. • "-·1 ... - ,-
MO 422500 274625000 2:;. 41),5 1 8.0024. 2 .8129\ \.5384(1 2M2.0 33 183 1 

"''' 42380 1 21llo8944 ;'} ! 25.6 147 s.oOOS 2.1:113:>':1 1.63610 2(1.15.2 332863 

"" 42.5l().l 277167808 25.6343 8.67 1:1 2.8'425 1.53374 20<18.3 333876 

"'" 42(1-100 2784<15077 25.6539 8.0767 2.8 1<101 1.53139 2051.6 33·1001 

"" 42771(1 2797262&1 25.5734 8.680 1 2.8 1M>8 1 . .52006 20:;4.6 33111127 

"" 4!!00211 281011375 25.593Q 8.6!W5 2.8Hl24 1.:.2672 2M1.7 aaOIl5.S 

"'" 430336 2S2.3O().t16 25.6125 8.6800 2.8 1600 1.52439 2000.9 331085 

"" 431(1.10 283593393 26.6320 •. """ 2.S176 7 1.52Z07 """., 380016 ... 432004 2&1800312 25.65 . 1t 8.0018 2.81823 1.51976 2007.2 3 1()(),11l 
.." 4.34281 286101179 25.6710 8.7022 2.81859 1.51145 2070.3 " .. "" ... .""'" 287400000 25.690.'> 8.7006 2.8 10.:>4 1.51515 2073.5 342110 

"" 430021 ~781 2a.7009 8.7110 , .S=O 1.6JZS6 2076.6 3 131111 ,., <1 38244 29(1117528 2,';. 7294 8 .71M 2 .8201>6 J.S10.51 2019.1 3 1HOO 

""" 430069 291042H 2 5.7488 8.7108 2.8211H .. ""'" 2082.9 M5237 .... 4-10800 292754944 25.76S2 8.72H 2 .1:12211 .. """" :.'086.0 346219 

"" 412225 2'J-1070025 2 5 .7876 8 .72S5 :UI22l!2 1.60376 2089.2 3 17323 

"" 41351;6 290408200 25.8070 S.73:!\) 2.823_17 l.f>OlW 2002.3 3 18.;168 

"" . ,1-11IS9 2007400003 25.8263 8.7373 2.112·113 1.4(W2:; 2095.4 3-19·116 

"" 4 16224 298077632 25.&157 8.7416 2.82·178 1.49701 2098.6 35/).1(\4 

00' ~ 17561 21XM l SJOO 2i>.86W 8.74.60 2.82M3 \.49477 2101.7 351Sl4 

'" .118000 300763000 25.884<1 8.1603 2.82007 1.49254 2HH.9 35Z56.S 

'" 4502·11 302 111711 25.0007 8.7M7 2.8~1l72 1.40031 2108.0 3.;3018 
on 4iU6S4 303'I64H8 25.0230 8.7500 2 .82131 1.48810 2 11Uf 334673 
on 45Z9'19 304821217 25.0422 8.7634 2.82082 1.48588 2 114.3 3Mi730 

'" ·..,.":?76 aoo 182024. 25.0015 8.1677 282800 1.4R368 2117." 356788 

'" 4M625 301546875 ..,.- 8 .112 1 2.82930 1.4$H8 2 120.6 3.51&11 

'" "00916 3089 15770 ".0000 8.7764. 2.~ 1.4792'9 2123.7 """" 6H "'5tI32'9 310288733 26.01\)'l 8.7!j()7 2.83059 1.47710 2126.9 """" '" ....... 3 11001i7$2 ,. . .,.. 8.7800 2.83123 1.47493 2130.0 "''''' '" "(lIOn 3 13<»6839 26.0.576 8.7693 2.83187 1.47275 2133.1 362101 

680 "GUOO 31<143ZOOO 26.0768 8.7037 2.83251 1.41059 2 136.3 ... ," 
'" ·U;3761 315821241 26.0000 a.7DSO 2.833 15 1.46843 2139..& 3&1237 

'" 4{\1i124 3172 14568 26, \ LSt 8.80'13 2.83:)78 1.40026 2142.0 ''''''''' "'" 411&1,\;11 318611987 26.134:1 ..,- :U!:IH 2 1.40413 21-15.7 300380 

'" 4678M 3200 13&1).1 26. 1534 8.8100 2.83500 ).46199 2148.8 36741i3 

'" 469225 32 1419125 26,\725 8.8152 2.83509 1.451:1& 2152.0 3(\&28 

"'" 470.>00 32282S856 26.1916 8.tUD4 :I.sanaz 1.45773 21M.1 3(lOOOS 
,SO 4711)(111 324z.t2100 26.2107 8.112.17 2.113006 1.45500 2158.3 ,,""" 
""" 47a:H4 320060672 26.221'18 8.8280 2.83759 1.4~9 216\.4 371764 
,SO "14721 327082769 26.2488 8.8323 2.8382'J 1..&5138 21&1.6 312846 

600 476100 3=00000 26.2679 •. "'" ,. """'" 1.<141)28 2167.7 313928 

'" 4770181 329939371 26.Z&OO 8.8408 2.113048 1.<14718 21 70.8 376013 
002 .,- 331:.173888 26.30,',9 8 .845\ 2.8401 1 1.",,,!j()9 21701 .0 ,,-
"" .""" 332$ 12557 26,3U~ 8 .8493 2 .84003 1..14300 2177. 1 37il87 .... 481(136 3312M38-i 26.Ma9 8.8$10 2.84 136 ).44002 2180.3 378276 , .. 0183025 331>702375 2fl.362l) 8.8578 2.84 198 )'438S5 2183..1 370067 

'" 4i .... 10 3371~6 26.3818 8 .8621 2 .St26 1 ),43678 2186.5 380459 
'07 .""" 338608873 26..1008 8 .8003 2 .M3Z3 1..13472 2189.7 ail l563 

'"'" 487204 3010008392 26..1107 8.8700 2.843bO 1.432G6 2192.8 3826-19 .,. .""" a.&1632000 2t1AJ86 8.87018 , ...... 1.43002 2100.0 383746 



CARNIlOIIl STEEL COM P ANY 

}'uSCTIOS8 OF NO.\lUl:ftI!" 700 TO 749 -
I~= 

-c. .. ,.., N~ 
No. .. - "'~ Roo< Loprid>m Reoi;""" """"'- ,-
"" .00000 " """""" 2(U676 8.8790 2.84510 1.42&7 2191)'! ""., .0, 40UOI 3 14172101 26.4764 ,.""" 2.84to72 1.42663 2202.<1 "''"' '''' 402.'>01 3~6W*'08 26.4053 8 .8875 11.S4634 1.42400 2W.>.' 381'(1-17 
'00 4fl.1200 3~742S927 I 26.61" I 8.8~17 2.84600 1.42248 2208.1> 38811\1 

'''' "0!.616 3 1'10 13004 26.6<130 8.89S0 2.84767 1.42(H1> 2211.7 3S92!.6 

"" "9702li 3~02(12" 26.6518 8.9001 2.S4iHO 1.4 184-1 2214.8 '''''''' '''' .... ,. 351805S11l 26.[0707 8.00-13 2 .84880 1.416-13 2218.0 30U7 1 

'"' "', .. M33032-1<1 26.6801> ,."'" 2.8-19-012 1.41113 2221.1 3!y~5S0 
.0, "",.. aIW'ID-IDI2 26.00sa 8.9127 ''''''''' 1.412-13 222-1.2 <193692 

"" 5O'~681 _008" 26.62'71 8.0169 '.8o<m 1.41GM 2227..& ,,"800 

'" """" 357011000 26.64f08 8.021l 2.81H26 1.40841> "'" 301>910 

'" ~21 35fl.125431 26.00010 8.0253 2.85 187 1.400-\7 2233.7 307001> 
71~ """" 300lH1L28 26.6833 8.9'..!M 2.85US 1.4().U9 2236.8 308 11>3 
713 6083(1) 362-1117007 26.7021 8 .9337 ,.""" 1.4021>2 22-10.0 800272 

'" """. 3ro1)9.13U 26.7208 8.0378 2.85370 1.40056 22-13.1 .. 00393 
715 61 1225 365526875 26.73D5 8.94.20 2.8.543 1 1.3!)8(l() 2246.2 4015 16 n. 5 12650 3117001000 26.7682 8.04.62 2.85-19 1 1.3006.5 22-10." 4026.10 

'" M4()!j!l 31>.'1001813 20.77(1) 8.0503 2.85M2 1.3D-170 2252.5 4037(\5 

'" 51M2 .. 370140232 20.70!>5 8.9546 2.856 12 1.39270 2~5.7 4().1'I92 

'" 5 1600 1 37 1004059 26.81"2 8.0587 2.8.Ml73 1.30082 2268.8 400020 

n. 6 18400 373248000 26.8328 8.0028 2.85733 1.38S80 2261.0 407150 
72 1 510841 37480&361 26.8.'i 14 8 .0070 2.85794 1.38600 2205.1 4OS2t'/.2 
no 52 1284 3763670.18 211.8701 8.1)71 I 2.8t>S.'i4 L""" """ 40!l~16 
723 .522729 37703:1007 26.8887 8 .9762 2.%014 1.38313 2271.4 """" n, 62-1171l 379503424 26.0072 8.9794 2.SliD7. 1.38122 2274.6 411~7 n, 62Ml21> 381078126 211.9258 8.9S31> 2.86034 1.37931 2277.7 <112826 n. 5270711 3&2M7171l 26.0-14<1 8 .9876 ,- 1.37741 2280.8 <113966 
727 52Sfo29 ""'''''' 26.0029 8.9918 2.861f03 1.37652 2283.9 4151(18 ", 6200S~ 3&828362 26.08 16 ,."'" 2.86213 1.37363 2287.1 4111248 n. fo3lHI 387"2().I89 27.0000 D.OOOO 2.86273 1.37174 =0.' ~17393 

". "''''' 380017000 27.01M 9,1)(W I 2.86332 '''''''' "" .. 4 181>39 
m fo3~361 390017801 27.0370 9.0082 2.86392 1.36799 ""'., """" '" """ 392223168 27.06M 9.0123 2 .8645 1 1.36612 2200.6 """ ". fo37289 393832837 27.07"0 0.011>-4 2.1>6.510 1.36-126 2302.8 421986 

'" "'". 31»44600-1 27.092" D."'" 2.86570 1.36240 2306.9 <123138 

'" &10226 397(1(1.1>376 27.1109 0 .0246 2.861129 .. "'"" 2300. 1 42~293 ,,. 054 1600 3986882.";0 27. 1293 1).0287 , ..... 1.36870 2312.2 <l2MH 

'" &13 169 <lOOOI6M3 27.1477 9.00.28 2.867017 L"'" 231.5.4 ,,-
'" M-I6H 401947272 27. 1002 0.00.09 , ...... 1.3!.OO1 2318.,s 427762 ". 6-16 121 <1006831 10 27.1846 9.()'UO ,.- 1.35318 2321.6 """" , ... .,,"'" <I().'J224ooo 27.2029 0.1>'50 2 .86D23 1.3.5136 2324.8 """" '" '"''' ' ",.,.,," 27.2213 0.1>'9 1 2.811082 1.34953 2327.9 4312-17 

'" ""'" <1086 18488 27.2397 9.%32 2.87().IO 1.34771 2331.1 432412 

'" .,,"'. 4 10 172407 27.2MO 9.0572 2 .87009 1.34590 2334.2 <l3357S , .. "'". <11 1830784 27.2764 9.0013 2.87167 1.34409 2337.3 434746 

'" ""'" 4 134!l362,s 27.2047 0.<lM4 2.872111 1.34228 2340.5 435916 ". ""''' 41 1> 100936 27.3130 9.000-1 2.87274 1.34().1S 2313.6 <137087 

'" ,,- 416832723 27.3313 0 .073,s 2.87332 1.33869 2346.8 438251) 

'" 65950-1 418608992 27.3406 0 .0775 2.87300 1.33690 2349.D 439433 

'" MU)() t 42018(741) 27.3670 9.0816 2.8"'''8 l.33,sJl 2363. 1 «0009 

'" 



~ ________ MATHEMATICAl. TABl.ES 

FUNCTIOS8 0.' . NtlllU.:K8, 750 TO 799 . 
So. .. ~ "' .. ~ 
'''' ,.,"'" "21S7MlOO 21.3f\0I 

"' .... ,..., N~. ... ~I.b.aol~ Cirewa. ! AJa 

==j-
0.081:06 2.87t.OO t.aaaa3 ' 2356.2 441186 

'" ... "''' "2300>1761 27.4().j-.l O.(l(jOO 2.8 7664 1.33156 2360.3 .-.1200$ 

'" """" 4262M1OO8 27"'2'.16 {I.0037 2 .87622 1.32979 "'"'., 414146 ". .,""'" 426%1171 27.<1-.10$ {I.OIIn 2.&:7680 1.32802 - ., 445328 
'M """" "2!IOO1(lIH 21.4Mll 0.1017 2. l:Iii37 1.32626 23(lS.8 o&4G.5 11 ,,. .61(1()23 "3Oa6I!!I73 27.4173 0.1067 2.t.<i79:; 1.32460 2371.0 4-17&01 , .. .571636 43:lO81210 27.4UM 0. 10118 2.818-52 1.32215 2376.0 .. "'" 
'" .57a1H9 43319SQ03 27.6136 9.1138 2.87910 1.3ZI00 Z37~.2 45007:./ 

'" 67 ~(i&I 4353 1061:.1 27.63IS 0.1I7S 2 .87007 I.:U92& 238 1.3 451262 
759 [,70081 0&3124&110 27.MOO 9.1218 2 . ...,.. 1.31752 2384.5 4f>2.153 

'''' 611000 .438976000 21.5681 9.IUS 2.88081 1.3 1519 2387.& "'''"' '" 610121 4'1(171 l OtH 27.6862 9.1Z98 2.88138 1.31400 2300.8 4M8·11 
"2 .800<0 "12-100128 27.(10.13 9.1338 2.88100 1.31234 239a.9 .,,,'" 
"" 682100 4HL(I.I(j-17 27.0226 9.1378 2.88252 1.31002 2397.0 451234 
7M '"""00 0&-16(1.1374. 27.(10106 9.1118 ,.".,.,. 1.30800 2400.2 4580·1 

'''' I;&:l:lli .117007126 27.G.$80 01458 2.88366 1.30719 2-100.3 450035 

"" 6stl7t>6 4'11).153000 27.0767 9.1498 2.8&123 1.30548 2 100.5 .,.", 
"" 6882/i0 4li1217003 27.0\).18 9.1a.17 2.8&180 1.30378 2100.6 462Q.U 

"" 68982-1 0&521)8.18.12 27.7128 0.1577 2.88536 1.30208 2412.1 463247 
'00 61H30 1 4G-17W009 27.7308 0.1617 2.88593 1.30030 2-116.9 4644604 

770 602000 ."""""'" 27.1489 O.IG.57 2.88649 1.20870 2419.0 46.'0G0.3 

'" 6!lH41 4G8314011 27.7009 O.WOO 2.88705 1.29702 2422.2 466873 
772 60:;08-1 .""'""'" 27.7840 0.1136 2.88762 1.29534 2425.3 . ...,., 
773 607520 40ISMI'!}!7 27.80'.19 RI776 2.88818 1.29366 2428.5 "69298 
71.4 699076 46308-1&:Uo 27.8200 {I.181S 2.8887" 1.291{)9 243 1.6 410513 
no "ro,,, 4OMS4376 27.s:~ 0 . 18M 2.88930 1.29032 2434.7 471730 
776 002 170 407288.'>76 27.tI.">08 9 . 18(1.1 2.88986 .. "'" 2437.9 4729-18 
m 003"" 1100007"33 27.8741 9.1933 2 .80042 1.28100 2441.0 .74168 

'" ""'''' 470010952 27.8021 0 . 1973 2.80098 1.28536 2444.2 415389 

'" """H 472729139 21.IHOO 9.2012 2.81UM 1.28310 2447.3 476612 

'SO 608<00 "74652000 v._ 9 .2052 2."'" .. = 2400.4 477836 

'" 00200. 476370641 21.946" {I.2001 2.8920.5 1.28(1.11 24503.& 470002-

'" 611624 478'.111108 21.96043 9 .2130 2.89321 1.27877 2456.1 .,.,.. 
"" 613089 48O().1S681 27.9821 0 .21 70 2.89376 1.27710& 2459.0 481S19 ". 614656 48180030-1 28.0000 {I 2209 2.89432 1.2751>1 2463.0 482700 

'" ""'" "83731}625 28.0179 9 .22-18 2 .89-181 1.27389 2466.2 ..,"" ,SO 611700 485.'187656 28.00.:;7 {I.2287 2 .8M42 1.21226 2469.3 486216 
781 610069 4S14~3403 28.G535 0.232& 2.8%07 1.27065 2472.4 48MS1 
78' 6200-14 "8000387:.1 28.0713 9 .2363 2 .89653 1.26004 2475.& 487688 
780 622.521 491160069 28.0801 \I.24M 2.89708 1.26143 2-118.7 488921 

,,. 
''''00 '00000000 28.1069 9.2""3 2.89763 1.265S2 2481.9 400161 

'" 6251181 4!J.1013671 28. 1241 9.2482 2.89818 1.26422 248-5.0 4014011 
702 027260& 4007030!;8 28.1426 9.252 1 2.89873 1.26263 2488.1 492G.52 
103 """' 4080772to1 28.1003 9.2MO 2.89927 U!6103 2491.3 493897 ,.. 630436 """" ... 28. 1180 9.2590 2 .89982 1.25045 2404.0& 40510 

'" 6320'.15 602459871i 2S. I%7 9.2638 2.00031 1.25786 2497.6 4!}63!l 1 
'00 6:i3()1(; li(l.136S33() 28.2135 {I.2(117 2.000!)1 1.25628 2500.7 40760& 1 

'" 636200 6002()1573 23.23 12 9.2716 2.00146 1.26471 2503.8 408802 
'08 6:J6S04 0081O!l592 28.2.IS!) 0.27M 2.00200 1.25313 2507.0 600 145 

0.21\)3 2.002M 1.25156 2;;10.1 601390 

'" 



800 ,"0000 
801 0-&100 
802 6-&32(H, 
800 64t'lOO 
8().1 64641 
~ 64800 
800 {l.1\)«1:1 
807 6.512 1 
808 O:;:W; 
809 CM4S 

, 
, , , , , , 

810 656100 
811 (1.;772 
812 1)..';93 1 
813 Il6OOO! 
8 \<I 6(j2JOO 
SU'i 6&122 
8]6 6G58t:06 
817 0074!1 
818 00912 
819 670711 

, , , 
, 
, , , 

826 612400 
821 6740-1 
822 G700s 
823 67732 
821 61807 
825 68002 
826 (18227 
827 G839Z9 

, 
• • , , , 

". """" S29 6872-1 • 
... 688000 
831 600M 
832 002:rU. 
833 693889 
83-1 0055S0 
83& 697225 
836 OOS800 
837 7()().)69 
838 7022.14 
839 70392 

, 

, 
8-10 70.s000 
64 1 70728 
au 708004 
843 710049 
8014 712336 
&45 714025 
846 71.~716 
&47 717400 
818 710 1(H 
8-19 72080 

, 

• 

CARNEOIil STEEL COMPANY 

FONCTIOl<S Of' KUMOt:KS, 800 TO 849 , 
So_ """ ''''' "'~ "~ - ~th.ao s ......... 

I 
11 12000000 282M3 9.2832 ' , orooo 1.25000 
1)13922401 28.3019 9.2/:170 2 .00303 1.2484. 
&16840001 28.3100 .""" 2.00H1 \.24688 
!i'778W:!1 2!1.337J 9.2WS 2 .00472 1.2-1533 
61971!14o-l 28.3~9 Il.:m-;o 2.00526 \.24378 
&21000125 28.372.'> 9.3O'l,j 2.1lO.'>W 1.Z4224 
52..1000016 28.3001 9.3003 2.1)(16.34 I.:HOO9 
52~7013 2.'J.4077 9.:UO.! 2.00GS1 1.23916 
11275HI12 2~A2,'j3 9.aJ.lO 2.007·11 1.23762 
629-17S129 :ta.""'2\! 9.3110 2.901{l;; 1.23G09 

631-111000 28.4110.5 9.3217 2.!J08..\!t 1.23-157 
&3:.1' 111:11 2S.-178 1 9.32;;11 2.9O'xY.l 1.2330S 
~7328 2SA0:.6 O.32\l-f 2.00956 1.23 153 
1'>.17367707 28.11132 0.33..12 2.1)1009 1.2:100 1 
6;!i)3!i,'IlU 28.6307 0.3370 2.IHOOZ U2.S00 
64la' I3:1711 2.'1.&4)0;2 0.3-IOS 2.9 1116 1.22600 
611:1:lSoI!.16 28.(1%7 B.SH7 2.\)1 Uj!l 1.22:;49 
M.:>33S.5 13 28.6832 0.3486 2.01222 l.:n;!!H) 
M7343·132 28.0007 Q.3523 2.9127;'; 1.222-19 
&40353259 28.61S2 O.3/illl 2.01328 1.22100 

" ,,....,, 28.G356 0.3500 2.91381 1.2 1951 
113.138700 1 28.M31 0.30:17 2.{1I43-' 1.2 1800 
MM I2248 28.6705 0.3676 2.01487 1.2 1%5 
6117441767 U.""" 0.3713 2.91540 1.2 1501 
tl<>iW762z.t. 28.7054 9.371>1 2.91593 1.21359 
61) 15 111(11).5 28.7228 9.3789 2.91(145 1.1>. 12 12 
6631>50076 28.74002 9 .3827 2.91698 1.2100;; .. "'''''',. 28.7576 "'''' 2.9175 1 1.20010 
66766:J.M2 2~.77VO 9 .3002 2.91803 1.29773 
M!l722789 28.7924 9.3~0 2.01SM 1.20027 

6 7178 7000 28.8007 9.3018 2.IHOO8 .,..., 
57385619 1 28.8271 9..&016 2.9 1900 1.20337 
57593036S 28.8'lll 9.405:1 2.02012 1.20192 
678000:;37 28.86 17 9.4091 2.02OM 1.20018 
5800031(U 28.870 1 01129 2.92117 1.10004 
.'182 182875 28800.& 9.4100 2.92 169 1.19700 
5IW.277tX.6 28.91:17 9.40204 292221 1. 10017 
686376263 28.9310 9.~211 2.02273 1.19-174 
58S484H7:l 28.9-4082 9.~279 2.9232.t 1.19332 
600589710 28.00s.s 9.43 16 2.92376 1.19100 

5\)210-1000 28.9828 9.~3.'14 2.92~28 1.10018 
5fl.1823321 

'" 0000 
9.~391 2.D2~80 1. 189M 

5069-176S8 29.0172 9.412'9 2.92531 1.18765 
600077107 29.0046 9,4 1(16 2,00583 1.18624 
60 1211[,84 2(1.0517 9.4003 2.00@1 \.18483 
600351125 29.0089 9.0154 1 2.02GS6 1.18343 
6004%7:16 29.086 1 0.4578 2.92737 1. 18293 
0076450123 20. 1003 IM6l1i 2.9'!788 1.18004 

""""""'" 29. 1204 9,4652 2.92840 1.17925 
61196(10.10 21).1376 9.4600 2.02891 1.17786 

"'. 

S"''"''~I ... 

"'- ' ,-
2513.3 '''''''' 2.'>16..& 5009 12 
2510.6 110$ 11 1 
2522.7 '''''"' 2525.8 "',. .. 
2529.0- """'" 2532.1 610223 
2S3[;.3 6110100 
2538.4 61271>8 
2M 1.:; 5H028 

2:>44.7 .511\.300 
2;;47.8 (;16.513 
25;;1.0 .'117848 
2554.1 (11)124 
2,><>7.:1 620402 
2.500.-1 521CoS\ 
2563.f> 622002 
256!1.7 6242-15 
2560,~ 62lil\2D 
2573.0 11268 14 

2576.1 628102 
2579.2 6211391 
2582.4 .,""', 
2;')85.5 43 1013 
2588.7 .533267 
2.:;91.8 .5;140Ml2 
2595.0 ,,..,, 
2598.1 637 157 
260 1.2 638456 
""'.< 639758 

2607.5 &11001 
2610.7 M2365 
2613.8 M367 1 
2616.9 M40979 
2620.1 S46288 
2623.2 M7699 
2626.40 5408012 
2629.1> ".". 
2632.7 MIM I 
,."., """ ""' .. M<J 177 
2642.1 """ 2(145.2 1>568 19 
2&18.4 liS!,,"'2 
2(1.51.5 659467 
2654.6 "", .. 
2657.8 662 122 
2600.0 ""'" -., ,,";S' 
2667.2 666116 



MATt'EMATI CAL T AB LES 

"-------'-"- SCTIOS8 or Nm.IDEltS, 850 TO 899 

so. lSq...,. .1 __ "'_~_+-"lI:::_-_1 ~ I ~.'+ ... ---,I~,---+a.-~S=.=-+~_. ='-="_ 
81;0 722300 6141UOOO 2O. I M~ 9.4727 2.92942 1.17647 2670.4 567<150 
851 72-1:''01 6162D5OII1 29. 1710 9A'&' 2.92993 1. 17600 2673.S 66S7Ml 
852 72.'iOO4 (1184.0208 29.\800 9.4801 2.00Q-I1 1. 1737' 2676.6 670124 
M3 7276()9 11200.'00-I77 29.2002 0.4838 2.930% 1.17233 2619..8 571-&63 
8M 12D316 G22836S64 29.2233 9.4~7."i 2.001"6 1. 17000 26829 .'\72S03 
8M 73 102:; 62.-.o'l63111 2'!l 24~ 94{11" 2 OOUl7 I 16%9 "GS6 I 57-11-16 - -
"" 732736 · 6272ZZOl0 2O.U>76 D."!).!.\) 2.00247 1.16822 2689.2 .576400 ." 73U19 (21).122193 202746 9A986 2 .00298 I. 100S6 1 2002.3 ""'"' '" 730164 6316287 12 29.21'110 9.6023 2.00319 1.16MO 26%.6 518182 ." 1371>8 . 633839779 20.3087 !I.WOO 2.03300 1.16-IB 2G!l8.6 ""'" 
"'" 130000 "'OOM>OOO 29.3258 9.00Il7 2.03450 1.16279 270UI """'" .. , 74132 1 638277:18 1 20.3-428 9.6134 2.93500 1.1(11,'" 270-1.9 582232 .," 743044 640003928 Z1l.MIl8 II.Mil 2.03»1 I.IOOO'J 2708.1 "'"'''' "" 744169 6-12735641 20.3769 9.6207 2.00601 , \;')8.5 2.11.2 6849-10 ... 74(1400 6-14072M I 20.3039 9.1>24 1 2.93651 1.11>741 2714.3 Mi{lZ":'7 ." 74~223 &172 1462.5 29.4 100 9.1>281 2.1);)70'l l .lliOO7 2717 . .5 Mi7tlM 

"" 741J1)56 (141).16 1800 29.4270 0.6317 2.0371>2 1.15473 2720.6 1180014 ." 7(;1(189 6517 14363 20.4410 9.5:11>4 2.03SO'1 1.163·10 2723.8 590071> 

'" 75:142-1 M30720:12 29.4 6 18 0.5:10 1 2.1)J.%2 L.l1>2O' 2726.0 501738 ." 75516 1 61>6234000 20.4788 11.6427 2.00002 1.1507& 2730.0 &00102 

"" 756000 "'"""''''''' 29.411.58 1I.5·1{l<\ 2.113952 1.l4!l43 2733.2 59-11(18 

'" 7&1>/H I 000776311 20.1i127 II.(J;O I 2.04002 1. 1481 1 2736.3 ''''''' .n 7!lOaM 003054848 29 . .5200 0.M37 2.9-1052 1.146.9 2730.5 5972()o,j 
873 762120 0053:\8617 29.1)0100 0.5.574 2.W IOI 1.14M8 2742.6 1>%'575 ,H 7(13876 667627624 20.6631> 0.56 10 2.04 15 1 1. 14416 . 2745.8 5\l'JlH7 ." 761>625 000021875 "'.""'" 0.56~7 29-1201 1.14286 2.48.9 (;01320 ." 761376 672221376 29.6\l73 0.001>3 2.W2t.O 1.141M 2.1>2.0 ' 002696 
877 76ll 12D 67-1526 133 29.6 142 9.1>710 2.04300 1. 14025 27M.2 I 60-1073 

." 77Q88.1 676836152 20.6..111 9.571>6 2.04349 1. I38ll;"; 271>8. 3 60.'>451 

"" 172M I 67ll l 1i1439 20.6·0\10 0.5'll2 2.W399 1.13.00 2761.5 """'" ... 77-1400 681472000 20.00-18 ,.""" 2.04448 , '"'''' 27&1.6 608212 .,. 7i6 161 683707t141 29.6816 '''''' 2.1J..1498 1. 13507 2767 .• "''''' "'"' 771024 686128008 29.6085 9 .1>00 1 2 .9-11>-17 ' 1.I33iD 2770.0 , '''''''' "" .70089 6S1W6.5387 29.7 1.53 9.5937 2.1J..If>00 1.132.'>0 271"4.0 · 612300 ... 7t<14t">6 0008()7 1().1 2\).7321 0.5ll7:\ 2.1J..I&l5 . 1. 13122 2777.2 I 613754 

'" 7.s3223 69311>4125 21).7489 9.6010 204001 1. 12994 2780.3 615143 ... " .. ". """"'''' 2\).7658 {I 6046 2 .1J..1743 1.12867 1 2'.s3.5 """ ." 7b6769 607&64100 2!l.7823 ll.1.\O.S2 21J..17!l'l 1.12""0 2786.6 61792. ... , ..... 700227072 2!l.7003 {I1l118 21J..1&11 1. 12613 2 789.7 619321 .. , 700321 702595369 2!l.8161 8.611>-1 2.1).1890 1.12486 2792.0 6!!O717 

.00 792 100 70-1000000 2!l.S32!l 9.6100 2.1J..1930 \.I23GO 2100.0 6..""2114 ... 793881 70734107 1 29.(j..&OO ''''''' 2.049S8 ' 1.12233 2799.2 {·23513 
802 """" 700732288 29.&6&1 0.6262 2.fN030 · 1.12108 280'1.3 {l24913 
893 70706069 il2 12 1057 29.1jS3 1 ll.6~'!l8 2.9S0S.5 1.11%.2 28Q5.4 626316 .. , 7992:16 71 41U 6984 29.8998 ll.6331 2.MIJ.I 1.11s:.7 2808.6 627118 ." 80 1 02~ 7169 1737.5 29.0100 9G3'0 2.115182 1. 11732 28 11.7 (l2!lI:l4 
.00 8028 16 7111323 136 29.1)333 1).6400 2 .ll';231 1. 11607 2814.9 6:«)530 ." ""'''''' 721734273 20.ll.j.()() 9.6442 2 .95279 1.11483 28 18.0 63 1038 . ., """., 7:2.1 1.50793 29.0066 {I.(l.177 2.9::>328 1. 11 359 2821.2 633348 

'" 8O!i201 72M7261)!) 2U.9S33 9.M13 2.9 5376 1. 11235 2824.3 634760 



CAItNl!QIE STEE L COIIII'ANY 

}<'u~(,"'10~8 01' NUMBERS, 900 TO 9~9 

I , .. N"o....ow:...t.r 
:0;0. ,.... 

""" 
,,- eo", L.,prilhm I ~ .... "- ........ a-.... : ArM --- -r - 1--F·--

000 I 810000 ,,- 30.0000 DaM9 2.9S424- 1.11111 2827.~ 636173 
001 81 11:101 731432701 3(l0 167 D~ 2.OM72 1.10088 -.. 637587 
OO'.l I 813004 7331>7C18OS 3CH1333 DOO2O 2.96621 1.10866 2S33_7 ,,-003 ' 8IMOQ 73631~3:17 3(),0.500 D,elMO 2.~ 1.10742 2836.0 6-10421 
(I(H : 817216 738763264 300000 1'1009".1 2.05617 1.10619 28-10.0 6411140 
005 ; 810025 HI2176:!::; 30.0832 tICl727 2056% 1.10497 2843_1 6432f11 

"'" " .... 713677~16 ,..- 1'1_676-'1 2.05713 1.10375 2846.3 644683 

''''' 822640 7 .. 6 142643 3O. 1HH 1'16100 2.W761 1.102.5-1 2849." 646107 
008 8244/W 741!613312 30.1330 1'1683 .. ,.""" 1.10132 2852.6 641f>33 
000 826281 751(181).121) 30.1400 9.6870 , . ...,. 1.10011 2~.7 ,""',. 
'" 828100 7~71ooo 30.1002 D.6005 2.05!KH 1.06800 2%8.8 ""'" '" 82992 1 100%8031 30.1828 1'161).11 2.959Sl 1.09769 2662.0 6.51818 

"" s..117"~ 71iSM4M28 30. 100:1 I'I.O,)iCJ 2,0591l1l 1.0\l641'1 2866.1 ""'",0 
0 13 "'''''' 761G-1IWD7 30,2150 1'1.7012 200047 1.09529 28(;8.3 6.54684 

'" S:1~00 7()31161\l4 1 30232\ 1'1.7 .... 17 '-600M 1-09409 2871-~ 656118 

'" 837226 766OC1Ob'76 30.2400 D.7OS2 2.00142 1.09200 2874.6 651Ml1 

"" "'''''' 768675200 30.26M 9.7118 2.00100 1.09110 2877.7 658003 

"" IU0889 77 1095213 30,2SW 9.1153 2.00237 1.000.'H 2880.8 6GO-133 

'" 8012724 773620032 30.2085 9.71SS 2.00284 1.08032 2884_0 061874 

'" 84-ISOI 7711105lMO 30.31110 0.122~ 2.00332 l.OSS ... 2881. 1 003317 

920 "'"'' """"'" 30.3315 1'1.7259 2.00379 1.08600 2800.3 064761 

'" 84824 1 78 1229961 3O.3<I!>O 0.121).1 2.00426 I.OSS78 28D3.4 666207 

'" ,6008< 7837774,18 30.3645 0.7320 2.00473 1.08460 2800.5 007M4. 

'" 
,,,,,. 78633l1-167 ,..- 0.736'1 2.OOIiW 1.08342 2899.1 009103 

"" 8113770 788&l002~ 3O.31'1H 0.7400 2.00567 1.08225 2002.8 ""'" '" &15625 7914113125 3O.413S 07435 2.900U 1.08108 _.0 "".00 ". &17476 794022'776 30.430'.1 0.7470 2.90061 1.07001 2909.1 673460 
1m &10329 79MD10S3 30.4467 07505 2,00708 1.07875 2912.3 674915 

'" 86 11 84 700 178752 30.463 1 07MO 200755 1.077050 2D15.4 676372 

"" """''' 80176.5089 30.479.5 0.7676 ''''''' 1.07643 2918.,'; 677831 

930 ' 864000 8().6357000 3O.4W9 9 .7610 2.00848 I.07M!7 21)21.7 679Z!l 1 
11.1 1 ' 866761 806954<101 30.612'".1 9,7645 2_0089.') 1.07<1 11 21)24.8 "0'" 

'''' ""' .. ""'" "'" 30.5287 9.1'680 2,00942 1.072'96 2D28,0 6822 16 ." 87().11j!) 1112100231 30.5-460 9771.') 2.00988 1.01181 2'931.1 """" .,. 872356 !:iB7K01i04 3O.M14 0 .7760 2.970311 1.07(106 293-1.2 685147 

'" b'7422.') IUH00:I7.') 30 . .')778 0,77&1 2.97081 1.009S2 2'937.4 ".,'" .,. ""000 1'120021">856 30.50-11 D_7S19 2_97128 LOOII3S 21).10 . .') """" '''' 877009 822(1S6(11i3 30.010:, 0.7854 2.97174 1.00724 2943.7 "'.'" "" 879!W I , 82';2'93672 30.(1268 9.7880 2.97220 1.00610 21).16,8 .,n.., 
00. 881721 i 827036010 30.6431 9.7024 2.07267 1.(16.100 2'9SO.0 "''''' 
.. 0 . """'" 830584000 I 30.6594 9.7959 2.97313 .. ""'" 21),5.3.1 603978 .. , 880'" 1i33237621 30.6757 9 .7993 2.97359 1.06270 21).',6.2 695455 .. , 887364 K.11i/j00!;8S 30.6920 9.802>1 2.014(1.') 1.06 157 2959_4 ."'''' .. , 889249 8:I8Ml1801 30.7083 9.8063 2 .97~51 1 .00().I,'; 2002.5 DOMIS .., 

891136 841232384 30.72--1G 9.8007 2.97497 l.Q.Soa2 2!Hl.5.7 (100807 
9-15 893ltl5 843008(126 aO.7406 9.8132 2.D7543 1.Q.S820 ,..,., 701380 .'" 894916 SHI.t;ilQ:;36 30.7671 0.S167 2.07589 1.Q.S798 2D7l.9 702865 
917 ''''''''' 8402711123 30.773·1 9.S2<l1 2 .971>3,'; 1.05-607 2D75.1 7().1352 ." 8087().1 S.~J97 1 392 30.7800 9.82311 2.07OS1 I.OMS!> 2D78.2 '",,",0 

'" 00000' ~~67Q3.IO ,..- 0.S270 2.07727 \.05374 :roBl. .. 707330 



MAT IHl M ATI CA L TAB LES 

FuNCTIONS 0.· NU1>UU;IUI, 950 TO 999 
I I 

"'- c.o. 
,.., So. _ Oiutetn 

N. So- c. .. Lopri1.bm I , 
"- """ -- a-. ,-

30..8221 ' O_fI3O.5 
I-- I ,ro 002500 ~7a76000 2.07772 1.0.;263 ""., 708822 

'" OOHOI """"'" , 3O~~ 0.ft;}.10 2.07818 I.OSl52 2987.7 , 710015 

'" """'" 862801-408 30.85-45 . 0.8374 2_07864 1.05042 2990.8 71 1809 ,oa 008,.. 865523 171' 30.8701 ' O_MO!I 2_07009 1.(W!l32 2993.9 ",300 
OM 010116 """"""" 3O.1)bOO 0.M43 2.07OM I.(wS22 2997.1 . 714soa 
OM 01202;'> k70!)8;l.1;75 ao.OO:U . 0.&477 ,",'000 1.(W7t2 3000.2 i 716300 
9.;6 . 013936 873722816 30.111112 , 0.8511 2.flb(H1I 1.(W600 3000.4 717804 
M7 1111M49 876467403 30.00M O_!j.,546 2.08091 1.(w493 3006.5 . 7 19306 

'" 017764 8711217912 ao.MIO ,."" 2.98137 1.(w3S4 """.6 720810 

'" 1110081 &81974079 30.0077 0.&6t4 2.98182 1.04275 13012.8 , 722310 

000 "'000 884730000 30.Ma1,) 1,).8648 2.98227 1.04167 3015.0 723823 

"" 023521 887600681 31.0000 0.1>683 2.98272 1.(WQ58 3019.! 7;1.">332 

"" O'lMH 800277128 a1.016! 0.87 17 2.083IS 1.000<'>0 3022.2 726842 

'" 1,)27369 803%6317 31.03t2 9.871;1 2.98363 1.03842 ' 302;'>.\ 7283M 
00 ' (21)200 895641:1·1-1 31.0-1$3 11.8785 2.08408 1.0073-1 30"2S.5 7t!lM7 

"" 03122,") 89863212;'> 31.0041 9.8810 2.084<>3 1.00627 3001.6 nl352 

'" 933156 90 1428600 31.Q8()5 ,."" 2.08498 1.03520 3004.8 732800 ,j" 9:~9 00423100:1 31.0000 0."" 2.OSM3 1.03·113 3037.0 73-1117 

"'" !l37024 00700O'l32 31.1I27 0.8022 2.085S8 1.03300 3041. I 735937 
000 938001 ooos.s3200 31.1~ U.8056 2.98632 1.03100 30"".2 737456 

070 0.0000 0 12673000 31. 1448 0.8\lOO 2.!IS677 1.03003 3047.3 73SOS1 ,n 912S4! OIM08()I! 31.11100 1.I.9O'l-l 2.98122 1.0"2987 3000.5 ' H0W6 
072 0-11784 01 '13,100-111 31.1769 0.9058 2.08707 1.0288 1 3053.a 712002 ,n 010729 9211(\7317 al.lo:!o I.I.{IO\I:.! 2.0&811 1.0277ii 3056.8 ' 713!>59 
971 1.118676 924011).124 :n .2OIlO O.O 121l 2.088W 1.02669 3059.U · ;-~5088 
075 950025 1,)t6850075 31.2250 0.9100 2 .08900 1.02564 3003.1 HOOIO 

'" 952571l 920114176 31.2·,\10 0.1.11\)4 2.98945 1.02459 3000.2 71815 1 
on 9501529 932574833 31.2570 0.9227 2.IlEOb9 .. .".. 3OOU.3 """ ". "".,,, 0.1544 13-52 31.2730 0 .0261 2.90031 1.02249 3672.5 nl221 ." ""'"' , 038313739 31.2S00 0.929.5 12.90078 1.02145 3075.6 752758 

.80 ",,"00 tHll92000 31.36.s0 9 .9329 2 .09123 1.020-t1 3078.8 754290 

'" 002361 !l1~076HII 31.3200 U.031l3 2.{lIH(l7 1.61007 3081.0 7M837 
9S2 00-&32-1 9~690011l8 31.3369 0.0090 ' 2.90211 1.01833 . 308S.0 . 7a7378 

"" 000"" 910S1lZO!l7 31.3526 ; 0.0-I3Q 2 .992M 1.01729 3088.2 , 758922 
.S< 008256 9..>2763001 JI.36i1lj 9.0-1&1 , 00300 1.01626 3001.3 700UI6 

'" 970225 0.>0071625 31.3847 9 .9497 ~ 2.90344 1.01523 300'-' 762613 

"" 07219(1 9.>&&256 31.4006 9 .9:;a1 ,.""'" 1.01420 3097.6 763561 

'" 074169 OOlli,Q.&.'jOO 31.4100 U 0.>6:i . 2 .99432 1.01317 3100.8 ' 1&>111 ... 071llH 004-<130272 31.4325 \1.0508 2.90-116 1.01215 3103.9 760062 

'" 018121 00736I00U 31.4\84 9 .0032 2.9%20 1.01112 3107.0 768-214 

000 '."'00 """""'" 31.4643 0._ ,.""" 1.01010 3116.2 76970U 

"" '"'''' 9732~2271 314S02 0.0000 2.DOOO7 .. ""'" 3113.3 771325 

"" ... "'" U76101481l 31.4000 0 .0733 2.9005! .. 00800 3116.5 772882 
003 ...... , 07914(l6!;7 31.5 111) U.9700 2.096% 1.00705 3119.6 774-1<11 

"" """" {l.S2L07784 31.5278 0.0800 2.00739 .. ""'" 3122.1 716002 

"" 00002. \'I&674>j7.~ 3L.M3a ' 9 .1lS33 2.00782 1.(1(1.503 3125.9 7771iM ... 0112010 9880-17036 31.&505 I 0.1l800 2.1:Kl826 1.00000"l 3129.0 779126 

'" 094000 001020073 31.ti753 ,- 2.l){I870 1.00301 3132.2 780093 
''is 00000 ' O{H6!IOO2 :lI 1I0ll 9.0033 2.00013 1.00200 3 135.3 782200 
000 'll8OO' 997002000 31.0070 0.0967 2.000,'.7 l.00iCO 3135.5 783828 



C AIl I'II HQIE ST EE L CO!tl I'A N Y 

""TOIIAL 'I'uIOOSOJolt:T HIC FUSCT IOS8 

i I S [SES j 
0' >0' ,.' OO' <0' 00' 00' ------

0 000000 0,00291 0005SZ 0.00873 O.OIHH 0.014!>o& 0.0 1745 " , 001145 O,O'.!OOO 0,O'lJ21 0,02{\18 0.00008 0.03\99 0.03490 "" , 003490 0031111 001071 00-&362 0.0-&653 0,0-&9-13 0.0.;234 " , 0052:\-1 00.\521 OMSII 0.06105 0.00395 0.()66h!, 0.06976 ". , 0.00976 0.07200 0.07500 0.07SotO 0.08136 0.08426 0.08110 " , 008'1'10 00000:. 0.""" 0.00585 0.098'1'4 0. 101640 O. I M53 .. 
0 O.IM5J 0. 10742 0.11031 0. 1 \3~,() 0.11000 0.118f18 0. 12 187 '" , 0. 12 1111 0.12-176 0.127([..1 O.JJO.;.a 0.1334\ 0.13629 0. 13917 82 , O, I:ml7 0.1420.. .. O,IHll3 0.1478 1 0.15069 0. 153:.6 0. 15643 " 0 0.16643 0.16031 0.111218 0.\M05 0.16792 0 . 17078 0. 17366 '" >0 0. 17:16.5 0.17M I 0. 17007 0.182"2--1 O.lsr.oo 0. 1819.5 0.\008 1 " U O.[OOiH O.HI366 0,IOW.2 0.\1)1).17 0.20222 0.20.107 0.2Q70 1 " " 0:.10711 1 0.2107(1 0.2 1300 0.2[6-14 0210'l8 0.22212 0.22--111.5 " " 0,22--195 0.22711' 0.2J002 0.23:1--15 0.2:16~'7 0.23910 0.2-1 192 " " 0.2,1\02 0.2117\ 0.2 1750 0,2[,008 0.25320 0.25001 0.2a&l:.l " 
" 0.2~2 0.26163 0.2G .... 3 0.2G724 0.270Q-1 0.27284 0.275.([..1 " >0 0,27r.G 1 0.218n 0.28 12:1 0,21:\<102 0 .28/>:lQ 0 .28959 0.29237 " " 0,21)237 0,29~,15 0 .211703 0,;10071 0.:10:1 18 0.:10625 0.3QI)(I2 " " 0.:I(I{I()2 0,:1117/1. 0.:\1 45·1 0.:111:10 U.32006 0.322!'12 0 .32557 " " 0.32M7 0 .321132 0.33 100 0.33381 0.33fi,'JS 0.331129 0 .3--1202 " W 0.34202 0.:11415 0.:1--1 741'1 0.:10021 0 .35293 0.35506 0.358..17 " " 0.3M137 0 .:10108 0.:16:179 0.:100.50 0.3692 1 0.3719 1 0.3746\ " 22 0 .37461 0.:171:10 0.37000 0 .38268 0.385:J7 0.~5 0.30073 " " 0 .3007:1 0.39:11 1 0.39608 0 .J9875 0,.10 142 0.40-\08 0,.10074 00 

" 0.40014 0.40\l311 0.4120-1 0. 41"69 0.41734 0,.11998 0 ,.12"202 " 
" 0,.12262 0.42.~2.; 0,427SS 0.4305 1 0,433 13 0,43575 0 .43837 .. 
" 0,4:1S:17 O."~O'J:I 0.44359 0,.1 --1 620 0,44S80 0.15140 0 .15399 " " 0"~1l'J 0.41'>6.".8 0.1,..,917 0.46 175 0,4([..1:13 0.1G600 0. 469H ., 
" 0.400·17 0.472()--1 0,.11400 0.47716 0.'11"97\ 0,.18226 0.18481 .. ,. 0.4Sot8 1 0.487a5 0.48DS9 0.40"--'2 0.490&95 0.49748 ' .00000 00 

" QOOOOO 0.002 .. 2 0.6().'j()3 0.507!>o& 0.51(10.& 0.S12!>o& 0.51504 " " O.f>lro-l 0.111153 O.S:!OO'l o.SZ2[,() 0.52·198 0.52115 0 .52992 " " Ob29lJ2 0,~l3S 0.&'1~M 0.53730 0.53975 0.54220 0.!>o& 464 " '" 0,501164 0.114108 0./>4951 0.M>19--1 0.5:.436 0.1;5678 0.559 19 '" .. 0.:.59 10 O.II4HOO 0.66-401 0.00&11 0.568.S0 0.57119 0.:;73[,.8 ,. 
'" 0.[o735!1 0.57690 0.[;783..1 0.5S070 0.58307 0.5&>13 0.58719 M 

" 0.~779 0.50014 O.MI24'1 0.59-1 .... 2 0.59716 0.5~9 0.OOH;2 03 

" 0.00182 O.oo-r I I 0.006--11; 0.00!I7(1 0.61107 0 .6 1337 0.6 1500 " " 0.61500 0.6 17D:. 0.6:.!O"..4 0.6Z261 0.ll2-li9 0.62700 0.62932 " " 0.62002 0.63158 0.63383 0.1l3608 0.63832 0 .640S6 0.64279 ,. 
<0 0.6-tZJ'9 0.([..1501 0.64723 0.64D-15 O.6SIOO 0.6.5386 0.00006 " " 0.6,".000 0.6682::' 0.600-11 0.00262 0.6MSO 0 .66007 0.00913 .. 
42 0.669[:1 0.67129 0.67:11 1 0.67M,o 0.07773 0 .67987 0.6e200 " " O.MZOO 0.61'1412 0.6ilCo2 1 0.01<"0.% 0,00010 0.692.56 0.69400 <0 

" 06!)-100 0.60075 O.61l883 0.7001l[ 0.70298 0.70..:.0..::. 0.70711 " ~ ---I--
• 00' 00' .,. :10' W' '" 0' 

j • • CQSI N t;S 

"" 



MATIH! MATICAL TABLES 

I, NATUKAL '!'1\lOONO)lt;TIUC FUNCTIONS 

COSINES • • 
! O· ... ,.. "'. <0' W 00' • 

---~--I--

0 0.00989 0.""" " , 0.900-19 0.99939 88 , 0.99S'8 0.9986:1 " , 0 .99 .. 6 0.99756 '" • 0.900014 1 0.90019 " , 0.99-182 0 .99-152 '" 0 0.00200 0.0025.5 '" , 0.!)9()(;' 0.99027 " 8 0.98814 0.\)8769 " , 0.98:>31 0.98481 80 

" 0.\)8163 " " 0.97815 " 12 0.97437 " " 0.97030 " .. 0.00503 " 
" 0 .00126 ,. 
" 0 .90030 7:1 

" 0 .051(M! " " 0 .9-1552 " " 0.93009 " 
" 0.93358 " " O.O:.!7IS " 22 0 .92050 " " 0.9135.5 00 

" 0.00631 " 
" 0.89870 .. 
" 0.89101 "" " 0.S82"9!. " " 0.87462 " " 0.""" 00 

" 0.8.>717 " " 0.S41ioO.i '" " 0.83::1067 " " 0.8.."9().I '" ,. . 0.81915 " 
" 0.81072

1 

0.80002 ,. 
" 0.80038 0.798&1 '" " 0.78980 0.7SSOI " '" 0.17897 0.7i715 " " 0.76791 0.7G004 W ., 0.7:.85\ 0.7500\ 0.7M7I ., .. 0.74703 0.74500 0.74314 ., ., 0.73:.:11 0.733.13 0.7313<> ., ., 0.723J7 0.72 136 0.71004 ., .. 0.7 11 2\ 0.70016 0.70711 ., 

• 00' W' ,10' ao' ,.. ". o· 

1 S SIN.:!! 

381 



CA'tNIW l ll STEEL COMPANY 

NATURAL. TIiIOOSOlli:TIUC 1,'usCTloss 

I 
TA1'iG.::-'"TS ~ 

; 
0' w' ,"' w' ,"' ,"' 00' L 

0 0.0081'3 0.011(1.1 0.01455 0.01746 " , O.O'.!6ID 0.021HO 0.00201 o.o.un "" , 0.(H;«l6 0.(H6[,S 0.(1.19019 0.0:;2-41 " , 0.00116 O.OfHOS 0.00700 0.00993 ... , 0.011>10 0.08163 0.08456 0.087~9 .. , 0.006.."'9 0.009"-3 0.10216 0.10:;10 " • 0.113901 0.11!i8S 0.119b3 0.12271> '" , 0.131M 0.13461 0.13.,';8 0.14o.:;..J 82 , 0.149-1~ 0.1524:1 O.laMO 0.15838 " , 0. 16734 0,17033 0.17333 0.17633 '" 
" 0. 18334 0.18835 0.19136 0.19438 '" " 0.200~5 O.206-4S 0.200:>2 0.212.;6 " " 0.22169 0.22H5 0.221'101 0.230S' " " 0.24008 0.24316 0.21G2-1 0.2-1933 " H 0.25SG2 0.26172 O.Z6ISJ 0.261'0 .. " 
" 0.27732 0.281).16 0.28360 0.2867:' ,. 
'" 0.20021 0.2oo;!!> 0.30200 0.3o.'i73 n 

" 0.315:10 O.:I1!j.OO 0.32171 0.32492 " .. 0.3;10100 0 .337t>;J 0.34108 0.3413-1 " " 0.$112 0.35740 0.3tiOOS 0.36397 " 
'" 0.37388 0.37720 0.3S053 0."""" " " 0.3(1.191 0.39727 0.4()()65 0.4(1.103 " 22 0.41121 0.41763 0.4210:; 0.42447 " '" 0.431~1 0.4:It!-2S 0.44175 0.44523 00 

" 0.45573 0.45!¥.!4 0.46277 0.46631 " 
" 0.4761)8 0.4SQ5.5 0.4&41-1 0.4S773 " '" 0.4!/8.5t1 0.5O:l22 0.:;Q,'j./I7 O.OO'J,;J '" " 0.520.'>7 0.52427 0.52798 0.53171 " " O.MI.'96 0.MG'4 0.55001 0.5.5431 " " 0.00.:;77 0.50062 0.57348 0.51J'35 00 

W 0.57735 0.58124 0.58.1'>13 0.58005 O.S!Y.l91' 0.5009 1 0.6008<> " " 0.'""'" 0.00-11>:1 0.00S81 0.OI2M) O.OlllSl 0.62083 0.624101' " " 0.6:H,>7 0.62Mr..! O.63~HJI) 0.0:1707 0.&1117 0.&1528 0.(1.1911 " " 0.G-1911 0.6.'1;«,\5 0.0;.77) O.6Il1~9 O.OOOOS 0.67028 0.67451 " " 0.01'4:'1 0.671075 0.08301 0.6!!72!1 0.691S' 0.6~ 0.1'0021 " 
" 0.70021 0.70-111.5 0.7OS{1I 0.7132'9 0.72211 0.726$>1 M 

" 0.72(1.5.1 0.73100 0.73t>47 0.73900 0.7490:) 0,753M '" " 0.75."J,"":; 0.7M112 0:W272 0.76733 0.77001 0 .• 812'9 52 

" 0.7HI~'9 0.71\,j(lrg 0.7001'0 0.795H 0.80-108 0.8007$ " " O.t!OO1'S 0.81401 0.811).16 0.82·-1:11 0.83415 0,83910 '" 
'" 0.113910 0.84 107 0.&4000 0.85408 0.85912 0.86419 0.869Z9 " .. 0.tI61r~9 0.1074 III 0.1;79,":; 0.&1-173 0.88992 0.89"1,, 0.1JOO.I0 " 42 0.00010 0.{I().,';()9 0,01099 0 .9163-1 0.92170 0.92700 0.9.12:'2 ., 
'" 0.03252 0.9:17117 O,94:H.~ O.!Hkoo 0.9:.4;;1 0.00008 0.9(;<;69 " " 0.00009 0 .07133 0,97700 0.OS2'0 0.~3 0.994.20 LOOOOO " 
· 00' ... '" :w ,"' ,"' 0' j i , 
• 
~ eOTAN"GENTS 

'" 



MA Til BMA TI C.:A:::' :...:T,A: "::' C' C''-_________ , 

NATUIIAL '!' IUGOl«OlU:TIIIC Fu~cTlo~S 

o· 

o 00 3·13.77371 
I .;7.Z8900 49.103);." 
2 2lO.636Z-5 20.·10:1 1110 
3 100ri 114 I S.07~!»> 
4 14.30067 13.7Z6H , 
o , , 
o .. 
" " 1:1 

" 
" .. 
" " .. 
'" " " " " 
" ,. 
" ,. ,. 
"" " " '" ,. 
" "" " '" 30 .. .. ., 
<3 .. 

ILUoo.., 
0 .... 1436 
S.II1M. 
7.115.17 
6.313i~ 

1I.671ZIt' 
5.14~1I1'> 
4.7016;\ 
4.3:.11'''' 
4.01078 

3.732(),) 
:I. ~lS'''1 
:1.2708"; 
3.0776!11 Z.1JO.121 

2.7410108 
2.()(),)()Il 
ZA1600 
2.:lM&~ 
2.2U)0·1 

2. 14451 
2.05000 
1.002111 
1.8!;O73 
l.so.tO.'l 

1.13200 
1.6M2'! 
1.l10003 
1.i\.39S1 
1.48256 

1.42815 
1.3763:) 
1.3270-1 
1.271)1).1 
1.23400 

1.101761 
1.I003i 
t.110ll1 
1.07237 
1.035.'\.3 

11.0&.)13 
0.2~ 
7.M:IO'J 
6.00!I:l:! 
ll.iOi(l;l 

6.67638
1 

6.(1(1"'>10\1 
4.6.'I~2;. 
4 .27-1il 
3.001(1.') 

3118000
1 

:1.419.">1 
:1.23711 
3.tJ.1 71!) 
2.1i77oo 

2.12281 1 
2.68261 
2 .15<161 
2.:L1119:J 

2.228571 
2. 12832 
2.0352G 
I.OI~ 
UI(l700 
1.70174

1 1.720-17 
1.tlM:17 .. ...., 
1.sao iO 
1.47336 

I.U o.'I~ 
1.36800 
1.:11001 
1.272;10 
t.227~ 

1. 18-&7'1 
1.1":«1.'1 
I.lIHIt 
1.06613 
1.Q!!\}52 

COTANGENTS 
----, 

20' 30' 40' 00' 

10.71101 
0.00''»>':1 
7.7703S 
6.1i2fl!H 
6.0&1<11 

11.4&11) 
4.\l~!)'10 
4.117:J63 
4.2 1!YJ:J 
301:1&1 . .I 
3.&170.:; 
3.41 2:10 
:1.2().IOO 
:1.01783 
2.l!OO'l:l 

2.098531 
2.6(l().10 
2.43122' 
2.:IIS20 
2.21 132 

2. 11 2331 
2.02(l.30 
1.93470 
I .SMG2 
1.77D55 

1.70001 
1.&12:.6 
1.1I7MI 
1.521).13 
1."6-111 

1.011001 
1.3500.. ... 
1.31110 
1.26-171 
1.22031

1 1.17777 
1.13694 
1.09770 
I .O:;~ 
1.(I23M. 

6.3O!l28 
4.84300 
44~9-I2 
4 .1 1256 

5.30M2 
4.91611l 
4 .61071 
4 . IMaO 
:I.SOO71 '.''''''1 
3.00:;88 :J.6M6~ 
3.3760 I :1.340'J3: 
:1.17160, :J.13972 
2.0Sllt)O 2.0000I 
2.8230 1 2.79802 

2.1l7402!2.M lm 
2.63S05 2.tiJ. I 
2. 4142 1 2.:IOH 
2.20084 2.28107 
2.1\).130 2.17749 

2.00IlM 
2.tJ05.IlO 
1.9200 ... 
1.81171 
1.76740 

1.60766 
1.(131&.5 
1.1w.)(l(l 
1.51084 
1.45501 

1.4010.'> 
1.3.:;142 
1.36:1:.13 
1.Z-5717 
1.2 1310 

1.170f!!} 
1.1 3O'l9 
1.09 131 
1.00378, 
1.01111 1 

1.I (13')S 

1.1 236~ • .. ... 
1.0n· 
1.0 11 1 ---

00' 

-.-
J 
" '" " SO ... 
'" " " " " ,. 
" " ,. 
" 
" " " " '" 
" " " '" " .. 
'" " " 00 

" OS 

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

I _:.i_ OO_.~_~w~~~ __ .O_' ___ "" __ . ~=w=.==='=O.===O=·===I=J '" TAN(:~;~"fS ! 



CARNI!O I E STEEL COMPANY 

NATUHAL ' l'IUGONOME THIC FUNCTIO!'S 

11 S F.cA:<''TS 1 
0' ' 0' '0' '0' '0' OD' 00' ! i - ---------

° 1.00000 1.00000 1.00000 l ()()()()ol 1.00007 1.00011 1.00015 " • 1.00015 1.00IY11 1.000'17 1 ,0(1{13~ 100IH2 1.00051 1.00061 '" , 1.00061 1.00072 I,OO()I<:J 1 000II5 I .OOIOtl 1.00122 1.00137 " , 1_00137 100143 1.00169 I ,OO I ~7 1.00205 1.002:H 1.00".H4 ... 
• I .002-H 1 1.OO".!6.5 1.00"-87 0.00000 1.00033 1.00357 I.~ 85 , 1.()()3iI2 1.()().I08 1.()().I35 1 001(1..1 1.0019 1 1.00.52 1 1.00M 1 .. , 1.00..~1 1.00.'\.112 1_0061 1 1.006-17 1,006111 1.001 1[, 1.0015 1 ., , 1_00751 1,0011'11 ' .()()tI:!.; 1,00S6:1 1.0000'.1 1.()09.I2 1.(I()I)S:1 " • 1.000:C1 1_010'H 1.01007 1.01111 1,011.51> 1.01200 1.0 12--11 SO 
0 1.0 1247 1.0121).1 1.01342 1 1.013!)I 1.014'10 1.01491 1.01543 80 .. 1_01543 1.0 1695 1.0 1f}4G 1.01103 1.01758 1.01815 1.01872 " " 1.0 18.:1 I _O I ~IO 1.01011\1 I .OO().19 1.02110 1.02 171 1.022;14 " " 1_02:!:14 1.0'1208 1.02:\02 1.0'.!42S 1.02 194 1.02562 I.O'l630 " '" 1.00l(l.:iO 1.0'.!100 1.0'.!770 1.0'~~2 1.02914 1.02"987 1.03001 " .. 1.03001 1.001:17 1.032 13 1.03200 1.0000tlS 1.03447 1.035ts " 
" 1.03528 1.03009 1.030!)1 1.00774 1.03801.8 1.03944 1.04030 H .. 1 .04~10 1.0-1117 1.04200 1.().121I5 1.04as5 I.()'H17 1.().I[oGO " " 1.04(;(19 1.04003 1.041C;1 1.04!l.r.a 1.04950 1.05041 1.0.">146 i'l 

" 1.05140 l.o.~2 1U 1.053-17 I.OM4U 1.055M! 1.0.">651 1.0.">162 " " 1.057(12 1.0Ci8UU 1.05\170 , . """'" 1.00195 1.00306 1.000118 '" ,. 1.06418 1.005:11 1.()(l./}45 1.007(11 1.00878 1.()(lQQ.'; 1.07115 " " 1.01115 1.072a5 1.01356 1.01471) 1.071102 1.01721 1.07S!.3 "" 22 1.07Sb3 1.071»11 1.08100 I.OS231) 1.0S310 1.OS503 1.08636 " :'>'3 I_OS/l.:j6 1.011771 1.06001 I.()OO.II 1.011 183 1.00023 I.()O.I&I on 
2' 1.004&& 0.00000 I.O'J700 I.0D8US 1.1004 1 I.IOISI) 1.1033S M 

" 1. 100.'18 I.HW88 1. 10&10 1.10193 1.10!).I7 1.11103 1.11200 '" 2. 1.11200 1.11410 1.11579 1. 11740 1.11000 1.1 2067 1.1223:1 '" " 1. 12233 1. 12400 1.12568 1. 127:18 1.121)10 1.13083 1.13251 ' " 28 1.I32b 7 1.13433 1.1 :10 10 Ll :11111) 1. 139;"0 1.1 ... 152 1.I43:U " '" 1.14335 1. 14:12 1 1.11707 1.141)00 1.1 /io08:; 1.15211 1.1[,4;0 00 ,. 1.16470 I.Ir.oo.~ 1.15861 1.10059 1. 16259 1.1&100 1. 10063 " •• 1. 16003 1.11l8M 1.1707,j 1.172S.1 1.11493 1.17704 1.171)18 OS 
32 1. 170lS 1.I813.1 I 18350 I ISl,(l9 1.18700 1.19012 1.19236 " 33 I.ID'J36 1. I94o.:t 1.10091 1.1 \IIY.?O 1.20152 1.203S6 1.20622 06 
". .. """" 1.2Cl8SD 1.2 1009 1.21341 1.215M 1.21830 1.22011 " 
" 1.22077 1.22327 122570 1.22S.'\.1 1.230S9 1.23347 1.23607 " .. 1.23007 1.23-'169 1_2--1 13' 1,2 1100 1_2-1009 1.241).10 1.25214 '" :n \,252101 12MS9 1.2:;767 1200-17 1.26330 1.20015 1.26002 f>2 ". 1.2000'..1 121101 1.274101:1 1,27n8 1.2S0.5 1.28374 1.2l'616 " "' 1.28076 1.2119!>U 1.2I)2S7 1.2I)W' 0.""" 1.30223 1.3OMI '" .. 1.3OM 1 1.30861 1,3 1183 1.3 1500 1.3 1837 1.32168 1.32501 .. 
" 1.;12M11 1.:128;1..'1 1.33177 1.3a5W 1,33!;G4 U14212 \.:14563 .. 
42 1.341\63 1.34017 1.3M!74 1.35(13.1 1.35997 1.36363 1.36133 " " 1.36733 L:17 1(),'; 1,3748 1 1.37860 1.382--12 1.38628 1.30016 " .. 1.300J(1 1.:19~09 1,39S04 1..10203 1,40000 1.41012 1.41421 " 

1-

------, 60' 00' <0' W' W' OO' 0' 

1 • 
j COSOCANTS 

". 



MAT HE MAT I CA L T A BLES 

NATURAL T RlGO;o;Ollt:TIIIC FUNCTIONS 

j COSF..(;Ar.-rs , , 
0' .0' W' 30' ,"' W 00' .i 

0 89 , 
" , 
" , 
" • " , ., 

• " , 
" • " 0 8() 

.0 " U " " " " " " " 
" H 

" " " " " " '" " 
'" 09 

" OS 

" " " 00 

" M 

" OW 

" '" " " " " '" 00 

'" " " " " " '" " " M 

" " SO " " " " " " 00 .. .. 
" .. ., ., 
" " .. " , 

I 
, 
j $ECA"'-rs 

~\ 
'" 



r 
CA R NBO I B STEEL COMPANY 

nmMINCI 1AM WIRE GAUGE 

EQUIVALESTS IS I scm;s 

CoRRESPONDINO WEIOIIT8 •• FLAT ROLLED STEEL 

N':::C. T\"- ....... n.icu-.I ...... ....... - Sq.1:r_ r ___ ..... , .. 
&r-re r..,t 

~ 
., 20.<1 

0000 .". 18 • .5232 ..&687.5 IIUU 
000 .42,5 17.;14 .4375 17.8.5 

'00 ::i80 1';:004' H 
. ..." 16.b75 
.375 15.3 

• .340 13.1172 .:H37S 14.026 

0 .3125 12.75 , ."'" 12.24 .296875 12.1125 , .'" 11.6I:l72 

~ 
.28125 11.475 , .2.511 10.11672 .2«>625 10.8375 

:238 ·o:i io.i 
.25 10.2 

• .23437S 11.6025 

, .". 8.970 

~ 
.21815 8.025 

• .,., 8.2112" .203125 8.2876 , .'RO 7.aU .1875 ,.% , .,% 0.732 " .171875 7.0125 

• .148 O.03S4 • .15625 6.376 

'" .134 11.4672 

~ 
.14()625 11.7376 

" 
.,,. ".1<00 .125 ,., 

" .'00 4 .. U72 .109375 4.4625 

" .00' 3.876 i: .09375 3.825 .. .""" 3.3864 .078125 3.1876 

" .'''' 2.0376 :0025'" . 
" .0% 2.(\.5 1 ,', '.M 

" ."" 2.3664 :Q.i681.5· . U112';' 

" .... 1.0002 " " .0-12 1.7136 ,. .... 1.428 

" .00' .. "'" • .03125 1.27,5 

'" ."'" 1.1424 

" .." un ,.. .= 0.s976 

" ."" 0.816 ,. .018 0.7344 
.OH.6~· " .016 0.6.'>28 • 0.6375 

'" .01" O.~712 

" .013 0 ..... 

) '" .012 0,,,"1'100 

" .010 O.4~ 

" . .." 0.3672 

" .008 0.32M . ! • .0078125 0.31875 ,. 
. ''''' O.28Ml 

" .00' 0,2(1.10 

" ."'" 0.1632 ... .00390025 O.i5{l37{; 

U"'-olh_iMlJ)ecilIod, all Ord ... lDP~" .ill be •• eeuttd IoB~ Will 0 ...... 

, .. 
~ 





CARNeOle STeeL COMPAN Y 

STANDARD GAUGES 

CololPAIlATlV& T.ulL& 

l\i!:t- ill ........ .t ... lido 

,I: :II: I ~l ; I i 
ll~ k N<::' ~ji ~ 

!!11 
1'1 ! !l~ 11" .. .. ~. • J! J =! oS jlS 

• • 1 -
~ 

0-, 
" , 

.. 000 .600 

:600 
.46 1.5 

:400 
.• M 

.4306 .432 .... .3938 .... ..00 :6000" .425 .3112.5 .,.,. .372 
.380 .3310 .= .3<, .4452 
.340 .- .W; .m .3004 
.'00 .",,. .", ."" .3532 
.284 .2625 .265 .276 .3147 
.2110 .2437 .,.., .2.52 .'''''' .2a8 .2253 .22.5 .232 .''''' .2:W .2070 ."" .2 12 .2226 
.203 .1020 .' 00 . 102 . 11II:l 1 
.'80 .1770 .171> .176 . 1764 ., "" .1620 .' 00 .'00 . 1670 
.148 .J0483 . 145 ., .. . 1398 
.1:.14 .1300 .,w .128 .1250 
. 120 .12OS .1171> .116 . 1113 
• , COO> . ''''' .'''' ., .. . .... .,.. .00 16 ."'''' .om .-."'" ."""" .- .... .0 786 
.072 .0720 .on" .072 .... " .- .0025 .... , .OM .0025 
.M8 .OM" .0.525 .",. .-... " .00175 ... , ... , ... '" ... , . 1).&10 ... " ... " ...... .= .""" .= .038 .","' 
.032 .03175 ."" ."" .0049 
.028 ."",. ."." .= .()'1121> ...... .0258 ."" .om .0'.47S2 
.,m , ."". .0= .om .02476 
.020 .""" .020 .000 .0220-1 
.0 18 .0181 .01l:J .018 .01001 
.0 16 .0 173 .017 .0164 .017015 
.0 14 0162 .016 .0148 .015625 
.013 .0 100 .015 .0136 .0139 
.012 .014() .014 .0124 .0123 
.010 .0132 .013 .0116 .0110 
.000 .0 128 .012 .0I11S .0000 
.OOS .011S .Oll .0100 .000' 
.00' .01001 .010 .- .0077 

."" .""''' .- .008' ..... , 

.00' .- .""" .0070 ..... , . ...., . ...., ...... .0054 .- .000 .- .... , , .0075 .0075 .0052 
.0070 .M .... , 

ill 

"'" 

l 



• :0'_'Oil 
.O'JOO 

n .0.1 125 
.()3M 
.GU 7 

h .0468711 
.0.12 1 
.0:.73 

-, .0025 
.0077 
.0729 

" .078 125 
.osa:! 
. ."" 

h .00:17:; 
.()<')<JO 
. IGI2 .. . 100:175 
. 11 46 
. 1I !l8 

" . 125() 

.''''' .13M 

h .14002-'\ 
.141'>8 
.1510 .. .15625 
.16111 
.1007 

I! .171875 
.1771 
.18Z.t 

" 
.1875 
."m 
.IU7U 

I! .2031211 .-. 2 135 

I, .2 1875 
.2240 
.229'.1 

" .23437& 
.2:100 
.2H 8 

" .,"'" 

. ,.,I EASU R IlS AN D W Il I OHTS 

DECIMAl. OF AN IXCII AND OF A FOOT 

I. 
_\ 

~.' , 
il 
II ., 
II 
" , 
'" I !, 
", 
'" l ~ 
I ,'. 
1 4 

til 
l~ 
'" '" Ii' , 
~~ 
'" " ~~ 
~~ 
'f_ 

'" ' \' " ~~ 
'11 
3 

.2::":;2 

.2001 

n: 211.'il12:; ,'. 
h 

" 
-, 
II 

.. 
" 
~ 

II 

" 
" 
" 
I! 

I! 

II 

~ 

,'. "'" "". 
28 12::; " 

''''' "''' 
"""" ,.." 
3073 

312:; 
3177 
122ll .. 
128 125 3U 
:13:1:1 " 
3385 .1,'1 

3-13711 I' . ~ 
3400 .1,\ 
3M2 4 ~, 

360376 .Ih 
31H6 ,, ~ 

3608 '1,'. 

"'. 
~." "'" 300625 
:m:>8 
"010 

"0025 
.. 116 
fIG7 

"2187'; 
.. 271 
01323 

.. 375 
4~:n 
""70 

4l',.112'; 
"5&1 
"oa;; 
461175 
4740 
470'.1 

48 4376 

'"'" "'" 
0000 

.~,'. " . M 

'" Gi' 
" 
~~ I 31' 
o 

,-
Fndioao a~ I """-III .!<3- of 

'~. 'M ~'.l ''''.,~ ~j;o, 

----.----i .00:;2 6)\ .75112 
.5 104 6 .700-1 

if 1·5 15625 ~ " .765625 
• . 5208 .7708 ., ... •• .7760 

II .53125 .~ " .78125 
.a:J6.5 ~ .78~ 
.50117 .70 17 

II .64(187.5 6,', II .79687.!> 
.4521 .~ ."." 
.M73 '" .8073 . .5626 '" " .812'!> .. 
.5677 8~ .8 177 
.6729 .8229 

" .678125 
.5S:l3 

~II " .828 125 
.8::133 

."'" '., .-
I! .69375 '" " .S437(; 

.'''''' '1\ .,." ..... , , , .SO<' 

" .009375 '., " .85937.5 
.6 146 ' II ..... , 
.6 11lS 7,'. ."" 

" . . 6260 '" " 
.,,, 

. .,., 
i~ . ."., 

. "'" ...... 
II .&100025 i~ II .800625 

.6-1[,8 .S958 
.6610 '" .0010 

" .""" '" " .00033 
.6615 '" .IH I6 
.00"' , .9167 

" .67 187.5 !~ " .921876 
.6771 .9271 
. .", '., .0333 

II .6875 '" " .9376 
.n9'.!7 '" .M27 
.n979 ,,, .0479 

It 1.700125 f~ II .9.'i3125 
.7083 .9583 
.7 13:> M .-

" .7 1876 ,~ II .00875 
.72-10 'Ii .9UO 

.''''' " .979'.1 

11 .734376 f1A " .984375 
.7:100 .",,. ., ... ", . ..... , 

" .'''' 
, • 0.0000 

'" 

·U) $ •. 
1'~ 
~ 

!'ll 
:i; ,. 
,~ 

g~ 

m 
'" gIl 
0/, 

" " ... 
'''' "i; " " i; " 10,'. 

"" '8\\ " 
10» " ." 
"" 1011 .. 
ll)\ 
" h 

"" ll\'i 
11\% 
11,'.-

,,~ 

II Il 

"" "\\ " li lt 

" 



_____ C::.;AC. CNC'"OI e STeeL COM PAN Y 

SUBJECT I NDEX 

A_rlcan nrldp Co ... 6poclllcMIQ"~ tor 8wc1,tru<)tul'Cll. . •... 126-132 
It.. 8. ror T ... U,..Mat'ls . nand"rd $1)<lClnnU ... "....................... 25-3!O 

boiler and lito 00;1; alOcl ... ..... ..... 2:1-28 
boil...,r rl"ct. u<!('l. . . . . . . . . . . . . . . . 2Il-3 1 
nlckclslt.od...... .......... 20-2.1 
reinforcing hal'8, steel. ............... 32-36 
Ilructun.1 'toel tor brldgl'll.. 4-9 

" bulldlnp. 10-1" 
" 1111l1li..... ......•••.. U-I\t 

A,.<:bo.. ..••••••. onand wtl. _II amI Iller ."chon. .. . . . . ...... !!OIl 
~ks. . ... elemcnUl of IIOCtlon. ••.................. 139. '46-1.51 

"".\fIo" tlad< to u..:k 
.Aq1.e COh ......... . . 
Art ..... "Ioor Ar<:h .. 

formul ... tor elcm~I.lI.... .......... 130 
prolllflll. dimension. and wclghUl. .......... 62-69 
"",to loads, OXIII.'llu.ory noWlil.. 171.\ 
Ale load ul.1)IOll.. . ....................... 200-204 
atand.rd conllooUon,.. . . . . . . . . . . ..... . . 207 
structural detll1l8 for punchlllg 
tension "aluOl .........•.••. 

· radII of gyratIon ..•..••••..... 
· _ Column,. SUlCI 

and rl"etll!JJ.2 12-2 14 
.. 22()-222 

.. 141. 1M- t OO 

· eIplan.t<)ry no(Ol........... 286-288 
wrn.ootlll .• reload tablOi and ..-elgbUl. . 289-292 

.. drde.. dlamele ... I to 009. . ......... ... 360-370 
dl'CUlllrqmCnla ................. ..... .. ~7 
n"~lhod Of I~ng lICCtionair.rcaa 37 
net areu of llngiOl............ . . ...... 220-222 
pillne IIgUIW. . .••••••..... . MI 
roctal!JJulu Ik'Cllons. . . . . . . . . . . . . . . . . . . . . . .. 86-88 
reduction of an'& for rivet boies. ...... ..... 2J.l 
IIQUBr(lllnd round bars.... . . . . . •. . . . . . . ••..• 02. 113 
~lruc!Ur.l 1 ,ha\)CII. . . . . . .........•... .. 1-42-UD 
8url ..... "() of ~1Id.8...... . .368, 3!'i1) 

no.lld &J.,. )I"~ . • Jln of ,I"""... •. . . •. . . . •••. . . 84 
no..... ...•••• . . cold tw\8loo IIqUBl"Il b&rs. ft'_and ..-elgbLl..... D·I 

concrete relnfOl'CCIl"::nt bars. ahoElfiIlUld 'KeighlJl 94-102 
eye bvs, rd_ and dlmcrll<lona... .. .......... 11 8 
hanger barll. rd_ and weights •••••...•.••.•• 10 1, 102 
lanlce bani, dlmooDolia lew coIWllllll... ....... 130 
Il}{tthantba .... llAot .. :ulfiI ••••••••••••••• _ •• 84.M 
rounds and 1IQ,U&ra, .,clghUi and 1U't*II... . ..• . 92. 113 
Ipllco ba .... protlloa. dlrncnslona and ..-elghts .. 100. 107 
atandard It'llt ..... _ A. 8. T. M. Speclficallons 4-35 
tension valu('l!I, rounds and squal'Cll. .••••••.. 223 
uJ)!IO't tterow end8. I!b-C. and dlmenslOllll... . . .110. 117 

no.- for Coin ......... Bla.udanl dOlllgn, mill alld office buildll!JJJI ..... 277-27D 

300 



I NDEX 

P.a.oa s... .... 8 -8ea_ ....... _ H_ne.m~ 

0._ 1-0.-. ••...• beDding momenta, tablOl ..••.....•••••••.••. 183. 184 
common dlmelUdon..... 38 
detailB. oonnocUon anilIOil. • • • • • • • • • . . . 207 

bea.rlnll l)la\.Ol... ..... .... 210 
eeV--nuon.. . . . . . . . . . .. 208 

elomenta of 1!MlC1Ion~... . . . . . . . . . ...... 142. 143 
formul!lll for elements...... . . . 138 
1I.1Ilage, nOt(l8 and caleulllt\onH. . ...... 224- 228 
protllall. welghUi and dlmenlliolUl. 31)-.018 
safe load •• OX I)lana,lon of ,abl"". . .. 176-182 
safo lood tabkls......... . . . .......... 187-103 
.... eb I'IJIIUtanoo. tabl"". . ...... 183, 184 

Boa. 0.1....... . safe IoaU tablCII .• . . . 2.56 
Bo. .. Glrde ... ....... . expl&Oatory notOl.. 229 

"feload tablCII.... . .. 230.231 
0.. 8u-........ esplanatory no\.Ol. .. 167- 169. 176-182 

bendlngllt.--............. . .... 167.168 
bucl<llll8 61.--..... . ••••• ISO. 181 
defLectk!n, lateral.. . . . . 128. 168. 178 

\""CM.ICILI. •• • • . . . . ••••••. . .. 172-177 
6e:cul'O formul.., for varlolUlloadlng oondltlOllJ .• 176-176 
Impact 8tte1i8C11. . . .• . . .•.. . . •. . .......... 178. 170 
shearing 8t~,lon8Itudlll&1 and vertical. 168, 170, I SO 
temlilo and ooml)l ..... l\'o "1"ClI!8OII. •... 168 

lIH.h ... PlaIN ....... explaoat.of")' noW!!... . . . . 210 
safe nli'!lstanoo.. . . . . . . . . . . .• . 2 11 
8tandard for beJalIlll... 210 

lIeorlq Valu.,. ....... pins and rlvflUl. explanalory not<l8.... 2 16 
pins. tabIOl..... 218 
rlvei8. table... . .... 2 16, 217 

Beadh ... Mo_t. .•... explanatory DO\.OI. ••••••.•• 167 
beot.ma. lablOll.... . . 183, UW 
channels, labICII..... 186 
pins, t abICII..... ... 219 
variOUllIO&dlnll" oondltlow:. formulM ..... ..... 172-176 

ne-Iftft" Sioel. .. .. _ A. S. T. M. SpocItlcaUOIlIl................ 26-36 
Ho t'- •.•. . ........ . 8tandard dlmenalOM. .• .• . . .• . . . 11 2, 11 3 

screw thread •• 81&lldard dlmcnslOIlIl. . . .... 112, ) 13 
.... elghts, boltt! with he"agon h~'8d8 and nUIl;.. . 11 6 
"'elghta, bolUi ... lth aquaro heads and nutt!. 114 

Bol l II..-d •• nd Nut. ... standard dlmenslonl ... . ....... 112. 1 13 
.... elghta..... . . . . . . . . . . . . . .. 114. 116 

nuckle 1'1.1N ..••..•. e"planator)' not....... ........... aoo 
safo load table. 300 
sizes and dlmensloo.. . .•......... 301 

Buckllq of WCM .•••. uplanalory nOIOl............... . .•.. 180-182 
.... eb f8IIstance of beot.lIIII and channels, lablN .18&-186 

lI:ulldlq La ...... .. ... eJ:tract, bulldlnlll ....... of vtUioulI du.... ... ..• 2M 
Bulb Sedlo.... . ... bulb anglClJ, bulb beallla 

t.ngies, e lementa ......•••.• ...•.••••••••••• 
protlles. "'elghta &Ud dImerudOll& •••.•• 

beams, dementi .................... . 
proWCiI. "Wolgbtl and dlruoneiOIl$ l 

." 

'''' 6 1,62 

". 



CAR.NEOIE STEEL COMPANY 

PAGE 
Caat Iron Columna .... allowable unit stresses. . . . . . . . . . . . . . . . . . . . . 280 

bollow round and square. elements ........... 162. 163 
" " " "safeloads .......... 281.282 

Ceiling •...... deflection of plastered ceilings ............... 176. 177 
weight of plastered ceilings. . . . . . . . . . . . . . . . . . 292 

" "terra cotta ceilings. . . . . . . . .. . . . . . . 292 
Center of Gravity. • ... see Neutral Alds 
Channels. Shipbuilding. elements of sections .................... • ... 

formulas for elements ..................... . 
profiles. weights and dimensions ............ . 

Channels. Structural. .• bending moments. table ................... . 
common dimensions ....................... . 

145 
138 

57-61 
185 
38 

elements of sections. . . . . . . . . . . . . . . . . . . . . . . . 144 
formulas for elements...... . . . . . . . .. . . . . . . . . 138 
profiles. weights and dimensions. . . . . . . . . . . .. 53-61 
safe loads. explanation of tables .... . ......... 176-182 
safe load tables . . . . . . . . . . . . .. . ........... 195-199 
web resistance. table. . . . . . . . . . . . . . . . . . . . . . . 185 

Channel Columns ..... see Columns. Steel 
Checkered Plates ...... elements and safe loads. . . . . . . . . . . . . . . . . . . . . 304 

profiles, weights and dimensions. . . . . . . . . . . . . 81 
Circles .............. areas and Circumferences. dia. 1 to 999 ...... 360-379 

properties of the circle. . . . . . . . . . . . . . . . . . . . . . 350 
Circular Plates ....... extreme sizes. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82, 83 
Circular Segments ..... areas, tables of coefficients .................. 354-357 
Clevises ............. sizes and weights. . . . . . . . . . . . . . . . . . . . . . . . . . 120 
Coefficients .......... circular segments .............. . ........... 355-357 

defiection under uniform load. . . . • . . . . . . . . . . . 177 
expansion due to heat. . . . . . . . . . . . . . . . . . . . . . 337 

Columns, Cast Iron .... allowable unit stresses. . . . . . . . . . . . . . . . . . . . . . 280 
hollow round and square. elements ........... 162, 163 

.. safe loads .......... 281.282 
Columns. Steel ....... explanatory notes .......... . ............... 251-253 

calculation of elements ..................... 140. 141 
" stresses. . . . . . . . . . . . . . . . . . . . . . . 253 

compression formulas ...................... 254. 255 
eloments. angle and plate columns ........... 270-276 

channel and plate columns ......... 257-269 
mlscellaneous beam columns. . . . . . . . 256 

safe loads, angle and plate columns ........... 270-276 
channel and plate columns ........ 257-269 
mlscellaneous beam columns.. . .. .. 256 

typical details for mill and office buildings ..... 277-279 
Columns. Wood ....... allowable unit stresses. . . . . . . . . . . . . . . . . . . . . . 327 

square and round. safe loads ................ 328. 329 
Concrete. Masonry ..... strength, unit fiber stresses. . . . . . . . . . . . . . . . . . 336 

specific gravity and weight. . . . . . . . . . . . . . . . . . 331 
Concrete. Reinforced ... explanatory notes .......................... 293-297 

beams and slabs. formulas .................. 293-296 
bending moments of slabs.... . . . ... .... . . . .. 298 
columns, formulas. . . . . . . . . . . . . . . . . . . . . . . . . . 296 
reinforcements. deformed bars .... , .......... 94-102 

round and square bars.. . . . . .. 92. 93 
triangle mesh..... ... .••.•..• 299 

392 



INDEX 

Com pOund &<:lion • . ... ealculatlon ot elomont.s 
P ."": 

....... . . .. 140, 141 
Con .. ""lion A"II"I ....... ~tanda .. d tor beam". "" Co" v~ .. lon TabLe... .. mea.>lUl"UI and ",·eI",ht.s .. 
COrr .... ted l'lat... .. clemon1..'l Of soctlon8. 

. .............. 338-349 

'" profiles. welghUi and dlmen~IOI18 ......•.. . •. 
assembled IIQCt10ns. eleruenUi and IS4tO l oads •• " 303 

Corrupted Shed •..••. exvlan8\Ory nmes. .. . . .. . ... . . . .. ..... 312 
slZCti and wclghUi. 313 

Colin Pin. . . . slws and dimensions. 122 
Cro .. Ti~ &<:lIon. . .. el(. ....... nUl of soctlOrlll... .. ...... . . .. 1$5 

I)rofiles. welght.8 and dhnons!ollll. 103 
IIIlto load t abl<.\ll..................... ...... 194 

Cubeoo .nd Cube Hoot.· • numbers 1 to 91)9. . , .300-370 

DO!Clm. 1 T.ble· . C(lulvalenUl of an Inch and ot a foot.. 389 
DoII"",lolI. LA", ... I ... explauatOry notes. ..... ••.. . . 168-178 

fonnula................ ......•.• 128 
Denedion. V~rtlcal .... explan atory noW8. ............. .. ..... 176 

coeffielen1..'l. calculation and table. 177 
coeroelenUi for beau.s aud channels .. 187-100. U14-197 
Umlt for plastered cellln g.< . . 176 
formnlas for loading under various condltlon&. 172-175 

Dlmen.lon • ........•. comm ou to bea/llS alI(1 Channels .... ..... ... 38 

EIa.lldtr . . . ........ elastic Unlit of ""bstIUlCOll. . . . .334-335 
modnlus of olll8Uclty of substIUlCOll •. }70. 3lD. 334-336 

Elem~nt. of &<:l Ion •... explanatory notul.......................... 133 

F,qulv.lent ) I ... u_. 
EXjIO<nllon. Hcat. 
FJe 800 .. .... • 

. ' I"", 8 t.--. 

formulas ..... . . . . . .................•.• .. .. 134-141 
BtruCtu .... 1 slla])Ol.. . ••••••.• . .. 142-]00 
metric and U. S. standard .••. .338-341 
tabLe o f coofficLenl.8..... . ............ ... .... 337 

.. "'_. dimensions aud wel"'hl.ll .........•••••. " 8 

.. concrete. relnfon:old OOIl<:rcte. 336 
ma.9(mry.stOno....................... 336 
m<:tals. a lloys . . ................•.... 334. 331> 
mLoctlUanoo\lll suhstanCOll... 336 
strnctural sw<:l.. . .126. 127.335 
structural Umber.. . ............ 319 

Fireproof F]"".. . _ I']oor ConstructLOD. ............•.. . .283-200 
FLat Rolled Steel. .... ] ls~ ofslz.ell.................... 82-84 

tablllll of "·eLghts...... . . . . . . . 89-91 
y]n u .... of ~m.. CJ<plaoato,y notllll and formulas. . ...... 167- 175 
. ' ]"". COnatrut1.iOIl •... explanatory notes. .283-ZSS 

flrcl)roof lloor ~Y&«lm..... . . . . . . . . . . . .•. . ... 28.5. 28(1 
1I"e loe.d8. "arlo"" building la .... s. 2&1 
reinforced COncre18 beams and s lu bs. . 293-200 
~ cotta acches, lillIe load~ ....... .. ..... . Z89-Z01 

welghUl.. . . . . . . ... Z!l2 
th.'lllIt In a!'Chllll.... .......... .28(r-288 

F I"". Plate. . ......••• buckLe plat(ll!. . . . . . . . . . . . . • . . . .. 300-30 I 
chrek~rod piMIlII. ......... 304 
oorrugated l)lalCl'!. aS8Cmb]ed. ........... 303 
trough plat,-",. ,,-,,"bted. 302 

"3 



CARNP-O I P- STEEL COMPANY 

PAoa 
Fo . .. alu ....••••.... bending mom('nlJl. \'IOrlOUII loading conditions. 170-175 

dc(l"",loll. va.IQIIII loadll18 condItion •.•.•••. 170-175 
elemenlJl or 1!I(lct1owi..... ....... . ... 134-)4 I 
gwmetrle anti trigonometric .. ..... 3f,()....3b3. 35S. 359 
roof t~. 111.-- and h!l18th o f membens .. 308-311 
Itl"U!l6Ofl ln befOUl/!. bending ................. 168 170 

buckling .•.......••••.... . ISO. 181 
ImJ)aC' ...... ...... 179 
rme.rlllI .................. 17D. 1&0 

"~In ooI"nlll •• CII.!I~ Iron . . . . . .. ••.••.... 2&0 
strucw..-.! ncoel ••..••••... 2054. 2M 
structlln.1 limber........ at\) 

,t..-III boarlng 1,110'.-. and.tccl lIlal"ol .. 210. 224. 225 
FuBdI.o ... ........... IIU'I\~ I IODOll ......•.•...........•..... 360-379 

lrlgoDometric •....•..••••••••••... ... •..... 380-3S5 

c- .. l l>eclfIc gravity and .... e laM... . . . ... .• .••• . . . 330 
On... . . ... oompIOn.tlve .. bleof vIOrlollll f!:IOllge8....... 388 

DJrtulngham ... 11"0 gaug<)..... . . . . . . •.•. ••. ... 386 
t;nltod S"W/I ... nda.rd Pllgo. . .....•. . . . . . . 387 
vvI.tlon. l>crmlMlble In etcc11,lateB .•• 8. 13. 18. 23. 27 

Girdftoa •••••• ••••••• expla.nalory noWII.......................... 229 
ILngle and p late glrdera .... lel0ad3 ••..•••••... 232-200 
beam flnd p lat<:) glrocl"II. _IOJ 10.d8 ...•....... 230. 23t 
element.ll 01 compOund -..'1.10 ......... ...... ... 140. l oll 
If!iilagetoundflUOllII ................••.•.... 227. 228 

G .... I'" UII ........... _ NeuI,..1 Axis 
G .... I"'. 8~lIc •.•••• va.riQusaubllan«'A ...........•..••••••••••. 330. 33 L 
G.Il ..... ~·Olladatlo ..... exl)lanatory not ... lId calculation. . •.. ..... 22+-228 
O.lpa or Rl.eca. •.••••• leugth of Held rivets..... ......... 124 

H·s.. ................ boBm .... fo I(WU;I tabl"".... ......... .... ...... 194 
column salO ia.d labl...... .... . . . . .. . . .•• 256 
elemenUl of .actions........... ......... 1M 
pronles. dln>CI\lIIoOll and .. el8hu. . . . .•••••• olD 

Hal ' Rolllld ••••..• ••• list o f 81"""... . . . . . . . . . . . . . . . . . . . •••••. 85 
lin .............. .... list of sIZOll... . . . . . . . . . . . . . . . . . . . .•• . 85 
110110'" Secti","" ....•. rounda and MIlia"",. elemeuUl ...... 162. 163 

eM' Iron colum ....... io .... blo unit &11"OIIl!IOI..... 280 
.... fo 10.d8 ......... ....... 281. 282 

I·OM ... .... ......... _ ne..m.ll 
I mpact SI • ....,. .•..... cfroctou beams ••............ 
I nc_ .. of &!cUonl •.. method of rolUUII ..• . 
In~rtla .•......•••... _ MQmen~Qf inertia 

. .•• •••. 178.170 
87 

Latenl Deflertioa .•••. explanatory IIOIN ................... . ..... . 168-178 
Io.-mula..... ................... .... ....... 128 

[.alike na ............ dhncnslOllI tor oolumOll.. .• . . . . . . . . . . . . . . .•• 130 
LIquid •.•••••••••••• coctndenUl of eXI>an$lon. • •. ••••••••••••• 337 

sl>eclflc gra,·lty and welgM... . . . ...•.....••. 330 
Li •• I..d .. FIoo .... .. blinding la,,·. o f ,"Vious cilIOi. . . . •. • ....••.• 2S4 
Losulth.. . . . numbers I to 9!J!l ••••.•••••••••. ••••••••••• 360-a.o 
Lonlfillldh",1 SIlH • ... explanation and formula ..•••••.•••........ 17D, ISO 
Loop RoM. . ..• 1_ .. nd dhncIl4lOIll!. . .. •••.••••...••••• 110 

". 



-

I. 

I NDEX 

M ..... " l"l' ... d Sl" ...... 
p .-a. 

eooIHelonl8 of o:rpamlon. . . . . . . . . . . . 337 
spocltlcgravlty and wclgh~. . ........... ".. 331 
strength, unl~ tiber n~. 336 

... CO<)ffielent .. of o:rP[~rudon. . .. . . . . . . . •. . 337 
apocUlc gravIty and "·elght.......... . .330-333 
n .... nsth, unit tiber Btl'OSSOll..... ...... .334--336 

MeuuIU and WeiJ:hto •. oqul"al<)tlt.s of U. S. and meulc ............. 338-341 
Menaunotlo" . mathematical formul..... . .............. 350-31'i9 
Metal. and Allou ..... CQCfficlcnt8 of expansIon. . .. . . . . . . . . . . . 337 

llvocHlc gravity and weIght.. ..••..•. . 330 
strength, unit fiber st~. . . . . . . . . . . . . . 334 

Metr l~ Toobi<oA ...••••.. ""eights and mO .... "l1l8.. .............. . .388-349 
MilIllulldinp ... . .... wpleal details or columus... 277 
Mine .. l •............ 8pecltlc gn"'lty and ,,·elght. 331 
Moduluo of EI •• d d ly .• various substances.. . . ........ 170, 31D, 334-336 
Moment. of Inm ia ..•• del1"ltlon .••• ,,""""',.,. 133 

formulllll. . .......................... , , 134-139 
IItcuctural shapoll , tabIOl .... . ... .. 142-169 

... definJtlon ........•••.•.•. "" formulllll ..••• ",.""., ..................• 134-131) 
structural ahaPOll. tablOl ...............••.•• 144---151) 

......• dhllewdoll& and weightl. . .••... 112-116 

'" '" 
~ 1)ln nu,,". 81_ and dlmerulioWl. 
s loo\'e nUtI. slWIIlmd illmenJliolls. 

Offi ce Bulldl ....... "" typical oolumn delalill ............. . ••...... 278,279 
Optn lI_ rth 8tee!. .... 9ll<) A . S. T. M. Spocltlcallons... ~ 
Order! .... i\1.~ri.I • .... generallnstrucUons",.,.... 36 

" lUb/r. S teel Sheet . .... explanatory notOll .............. . . ,314-316 
clementi... ......... . ...... 157, 3 17 
l)roflles and IIOCtlons.,.. . ......••... SO, 317 

Pin'.... . .. ,' explanatory n o t(lo!..................... ..... 215 
beaclng "aluOll, tablOll. 218 
bend ing momenta, tabIOll.... 219 
ooltec pillS, s1_ and dlmenslOIlll. . ... ,',.. 122 
DUts for plllll, s1Z/Jl1 and dlmensloU8........... 122 

Pip&. . . . . . . . . • • • b lack and gB.! vanlzed. • . . . . . . . . . . . . . ...... no, III 
Plate Girdeno... . . .. _ G lnlecs 
PilIu., Floor Pistea. , . . buckle plates, oxplanatory notes and slZ<lll., •• 300. 301 

checkered plaws, elomenta and sate loads..... 304 
ProftlOll. wolghts, dimensions 81 

oorrugatOO plllles, elemcntaalld safe loads •. .. 157, 303 
p rofllOll. weights. dimensions 81 

trough plate8. elemen(.s and safo loads ... , •.•• 167, 302 
pron!<)S, welghls, dlmensloll$. ... 81 

Plat ..... Sh ... red .••••• , roctallgular and clreular, extreme 8Iws... . . . .. 82, sa 
P lstH. Un;.·" ..... Mil!.. rectangular, extreme stzOll. ,............ sa 
PlatH. Wall Platea .... 600 Bearing 1'latOll .......... , . , , , , , , , , , .... 210. 211 
ProS I .. of &'<l lon •.. " dimensions and .... elghts.,.. . •.. 39-81, 94-109 
l'un~bin/r .......... .. details for IIUnchlng and rl,'ctlng. . .... 212-214 

constrnctlon6peclflcatlollll. 131 
Pu.rlilUl .,. . ••• expl8llat.ory notes.. . .. , ..• ,., .. ,",.," 307 

'" 



\ 

\ 

CARNEGIE STEEL COMPANY 

PA.GE 
Radius of Gyration .... definition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 
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CAR,NIlOIIl STIlIlL CO MPA NY 

WORI\:S 

DOQUESNE STEEL WORK8 AND FURNACES .... South Duque6nc, P a. 

EDGA R "1I01l80N STEEL WORKS AND FURNACES ..... BCSI!ernt:'r, I'a. 

1l0MESTEAD STEEL WORKS.... . ..... Munhall. Pa . 

CARnnl :FURNACES ........ . . .. . . . . .. Hankin, I'n. 

EUITH FURNACE ............... , ......... Pittsburgh, N. S., Pa. 

IsADELLA FURNACES........................ . . Etna, Pa. 

LUCY FURNACES....... . ... ,....... . ... Pithburgh, Pa . 

NEl' ILL& FUR...'i"ACE.... . ...... , .......... Neville hland, Pa. 

CLARK MILLS.. . ..... Pittsburgh, Pa . 

McCUTCHEOI' MILLS. . . .. .. Pittsburgh, N. S., Pa. 

PAINTER MILLS .......... . . . , ....... Pittsburgh, S. 8., Pa. 

Lowt:n UNION MILLS ..... . . ... Pitl!lburgh, I'll. 

Url'En UNION ~ hLLS ............ . . ... Pittsburgh, Pa. 

H OWARD AXLE WonKS ........................ HOlllclltcad, Po.. 

SCUOEN STEEL W nEEL WOIIKS .............. Mc Kees Rock~, I' ll. 

DELLA litE STEEL W ORKS AI'D fo'URI'ACES ........ . .. BcUnirf', O. 

CLA IRTON STEEl. WORKS AI'D FURI'ACES .......... Clairton , Pa. 

COLUlIBua ST&EL \\' ORKS AND FURI'ACES ........ Colu mbus, O. 

MINOO ST&EL WORKS AND FURNACES ...... i\lingo Junction, O. 

NEW CA8TLE STEEL WORKS A~"fl F'URSACES .... New ClUltl(', I'a. 

OUIO STt;t:L WORKS AND FOItI'ACES ............ YOUIlg;ilO"'ll, O. 

S II AIION STEt;L \VORKS ANO FURNACE •............. Sharon, Pa. 

FAIIIIELL STEEL WORKS AND F URNACES . ............. F/lrrell, Pa. 

GnEt:NvILLE 1\lILLS. . ....... . ............ Grecnville, J'a. 

1\ION£88EN 1\'111.1.8... . .. .......... ... 1\IOIICl!8Cn, Pa. 

LOWE ll UNION MILLS ........•..•.. , .. , .... .. Youngstown, O. 

UPPER UNION 1\itLLS ........ • .. • .. • .... ... .. YOuDg3town, O. 

NILES FURNACE ............................. . . . Nil('fl, O. 

STEUUEI'VILLE FVRI'ACE ...................... Stcubenvilli·, O. 

ZAI'ESVILLE FURI'ACE .......................... Zancsville, O. 

PITTBDOItGli \V AREUOUSE ....................... Pittsburgh, I'a. 

BALTUIOKE W"IIEllOVSE ...... , ............... BaltiUlolC, ) Id. 

CLEVEI.AND WAREHOUSE .... ............ .Clevdallll, O . 

WAVEKLY WAREHOUSES .... ..... Waverly, N. J . 
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CARNEO I B STeEL COMPANY ----
PRODUCTS 

PIO IRON AND }'uRNACI'J PRODUCTS 

FERRo-l\bNQANES E AND SPIEQEL-ElSES 

OPEN H EARTH A:"D DESSEllE" STEEl., ALLOY STEEl..8 

INGOTS, BILLETS, BLOOlolS, SI,ADS, A:''O SHEET BABS 

AR}(OR ANI) VAULT PLATE 

PLATES FO" BIUDO£S, SUlPS, TANKS, BOILERS, AND CAiUJ 

HOLLED STRUCTURAL SHAPES 

BEAMS, CHANNEI.8, ANOLF.S, TEES, AND ZE&S 

STEEL MINE TUID.JRS AND STEEL SIlEET I)ILlNO 

BAR MILL PRODUCTS 

CONCRf;TI'J HEINI'OIICElUlNT BAliS, AGJUCULTURAL SHAPES 

l\hSCEl.LANr,OI.l8 AND SPECIAL SHAPES 

MERCIIA NT BARS 

l 

SQUAREII, ROUNDS, HALF ROUNDS, I-h;XAGONS, OVALS, HALF OVAI.8 

FLATS, SK};LP, BANDS, lIoo~, COTTOS TIES 

11001'8 FOR SLACK BARREL COOPERAGE 

TJRE AND VEUlCLD SPRIXC STEEL 

TRACII: MATERIAL 

RAILS AND SPLICE BARS, DUQUES:.'E RAIL JOIXTS 

TRACK ACCES80RU:;S 

STEEL CROSS TIES 

FOI\OINOS 

AXLF.8, WIJEELa, GEAR BLANKS 

CONNECTI NG HODS, CRANK SIIAFTS, AND ARCH BARS 

OIL DERlUCKR AND DRILLING RIGS 

,oo--------------------~ 
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CAH;NEGIE STE EL COM. " ANY 

OFFICES 

GEXERAJ, OF}'ICES: 
Pittsburgh, Carnegie Building. 

DlSTRICT OFFICES: 

Bir mingham, Brown-l\Iarx Building, 

Boston, 120 Franklin Street, 
Buffalo. l\Iarine National Bank Building, 
Chicago, 208 South La Salle Street, 
Cinci nnati. Union Trust Building, 
Cleveland, Rockefeller Building, 
Denver, l"irst National Bank Building, 
Detroit, }'ord Building, 

New Orleans, Maison Bianche, 
New York, Hudson Terminal, 30 Church Street, 
Philadelphia, Pcnnsyiv!U\ia Building, 
Pittsburgh, Carnegie Building, 
St. Louis, Third National Bank Building, 
St. Paul, Pion~r Building. 

EXPORT REPR ESENT ATIVES: 

UNITED STATES STEEL PROOUCTS CO., 

New York, Hudson Tcnninal, 30 Church Str~t. 

PACIFIC COAST BE PRESENTATIVES: 
UNITED S TATES STEEL P RODUCTS CO., PACIFiC (.'OAST J)I.;p 'l'. 

Los Angeles, Jackson Street. and Central A venue, 
Portland, &lIing Building, 
San Franeiuo, Rinllo Building, 
Seattle, 4th Ave. South and Connecticut ,\ vc. 
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