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THE first edition of Carnegie Pocket Companion appeared in 
1872 and WIUI i8llued by Carnegie, KlowaD & Company, Pro

prietors of the Union I roD Mills, Pittsburgh, Pa. 

This book and its l ucceasive editions have served to ndvanee the 
interceu of atandardiution in structural practice and record the 
stages of development in the manufacture of structural 8teel and its 

fabrication into bridges, buildings, cart! and shipe. 

In this, the twenty-third edition, the dimensions and wcighu of 
beama aDd channel., conform to the action taken by the A8&0ciation 
of American Steel ManwactUTeIll effective September I t 1920, by 
",·bieb fillets Ilnd roundings are included in the computation of weights. 
The properties of Icctions of intermediate and maximtun thicknee&ell 

have been recomputed and the safe load tables have been exactly 
adjusted to the new properties. 

Attention is called to changes In seetion numbers of standard 
beam. snd particularly in Aeetion numbers of angles. Purchuers 

are requested to .how the new section numbers on sll ordcn. 

The sections sbown in profiles and tables are tboac which are 
moat suitable for use in bridge, building, car and ship cOl18tnlction. 
A complete list of all the sectiol18 rolled by Camegie Steel Com· 
pany, togethcr with tables of weighte and other data in regard to 
these producte, is given in Carnegie Shape Book. 

The specifieatiol18 of the American Society for Testing Materials, 
published in previous editions of the Carnegie Pocket Companion, 

have been omitted in the present edition; these and otber etandard 
specificat ions pertaining to et-eel entering into the COnlltruclion of 
bridges, buildingll, ships, loeomotivCI:I and cars, al80 specifications 

fo r wheels, axlCI:I and s imilar forgingll, are published in a IICparate 
pampblet entitled "Standard Specificationa" i8llued by Carnegie 
Steel Company and llent to users of steel upon applicat ion. 



CARNEO IE ST EE L CO MPA N Y 

ORDERING MATERIAL 

GENERAL I NSTRUcnONS 

Structural lteel for bridge9, buildingll, carl and Ihip8, Iteel 
ycinioreement bnrs 9nd rivet steel are rolled to permi&eiblc varintio~ 

I ,~iven in thc epccifieal iolUl of t he American Society for Testing 
MnttJrial9 and of tho A89ociat ion of American Steel Manufacturers. 
In ca9C9 of de9ign which require clOl(l fitting, allowance 9hould be 
madc fo r rolling vllriatio~ 90 as to inauro ample c1earancCtl betWOOD 
abutting or interfitting 9urface9. 

All dimen9iona riven on profiles are theoretical. The uact 
-dimensions of slructural &eetions depend on conditions of rolls . 

Whercver the profile applies to more than one weight of IIOction, 
the dimelUliolUl are for the normal profile, which is tho aeotion of 
minimum thicknC81:1 unlef!8 otherwillO indicated in bold type. Sections 
having but one weight specified are rolled to that weight only. 

Weight. of raill are given per lineal yard of !IOOtiOD but, unle. 
QtherwillO indicatod, all other weighta arc per lineal foot. Structural 
Sections ahould be ordered to weight per foot, length in foot and 
inehes. Ordelll fo r 1)latcs abould sllCeify all dimensions in inchee. 
Ordelll for Rounda, SquarCfl and other bar mill product. should 
.. pccify width and thickneaa in inchea lind length in feet and inchea. 
Raila, Ties and other track accesaorics ahould be ordered by IIOct[OO 
.number and not by linear weight. 

Sedion number ahonld be apeeified on ordera fo r all sectiona. 

The .As8ociation of American Swel Manufacturelll hu recom
mended certain angle !IOOtiolUl as standard fo r bridge, CIIT, ship lind 
general building construction, and q uicker deliveries can be obtained 
by ordering theac Itandard sizca. Angles not s tandard are marked 
"special" on the profile pagcs. 

, 



I NCREASE OF SECT I ONAL AREAS 

The above tlgUn!II lbo1l' the method of InCf'llaltna the _IODl,1 areu aDd 
1I'eIahte ot structural Ihapel, ero. hatclled portiolll repreeent the minimum 
lectlOIl.l and the blaDk portlolll the added areu. 

In the case ot Channell, IUId I-BeamIJ the enllraement or the IOOUOn a..:Idl 
an lIQuai Imount to the thlcknOlOl 01 tbe web and the width ot the Oanglll. 
In the cue of AnsIOI and Z-, the effect 01 Iprudlna: tbe rolls 18 llla:btly 
to lo~ the lell8'th of tbe I<'CII. In t.be cue 0 1 Ship Dulldlnj: Bulb Anll ... 
II I rule, each Inereue or dQ(:r"NlO$ in 1I'eb thlckoOIOI eanilll with It Ib<n>' 
one-balfthlt i.DCI'('IIIJ(I or doer_In flanlO thlclme.. 

Inasmuch II tbe roll ~ are modified In the 1I'eIl" of the rolls. the 
actusl dimensions .... " oot 1.h.aYI conform to the theoretical, "CII In the 
(lUll of the minimum 1I'etaM .octIOOl!. DIIItIn_ foOd detailel'!l 01 structural 
>rork lhould arrange lor amplfl e1earanOlll • 

• 



CARNBO II! STI!BL COM PA NY 

STANDARD DIMENSIONS 
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AIIAIG&II 81',,_u s.c..o... 

., 
D"" 1-,-0.(13.1020-R_,. 

Slope 01 F1anc-2"-3.4!I2 'Jo 

DtmeMIon. for Structural neam. al"6 thQoJle adopted b:v the .u.ocla!.lOll of 
A.rncrIean Steel Manulaetww. .nd apply to all Structural B~, eJ:cep~ 
Amerlca.n Standard Sectlo ... B I, B 2 and B 3, 1'180 Sectloll.'l B IS and B 19. 

The dlmenslo ... of tho Supplementary Beams , B 61 to B 68, Inclusive. 
canno~ be read1Iy reduced to rormulu. Slope or Dance Is I : 11-.5 0 11' 40". 

Olmerwon. for Struotural Channels al"6 tbole adoptod b:v the .A..oduloo 
of American StoIll MaoufactW"'l'tS and apply to all Stru.otUTai Channels~ 
uOCI)t SectIODll C 20, 0 60 I.lId 0 170. 

OlmcnslOIlII tor Sblp Bulldlnll Cb .. nllcls &r() thQoJle adoptod b:v tbe 
A-=>CIatlon o r American Stocl Manulact\ll"o:n: and oonlonn to tho 1003 
8WldardloUhe Brlthh En.ln~ Standardl .o..odation; they apply to 
all Shlp BuIldID, Channels. 
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CARNEOI!! STEil!. COMPANY 

STRUCTURAL BEAM8--Contiouw 
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BEAMS 

STRUCTURAL BEAMS-Continued 
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STRUCTURAL BEAMS-Continued 
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BE,\MS 

STRUCTURAL BEAM:S- C<mtinucd 
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CARNIlOIE STEEL CO MPANY 

STRUCTURAL BEAMS-Continued 
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STRUCTURAL BEAI\IS-Continued } o . .j(IO" 
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CARNEGIE STEEL CO MPANY 

STRUCTURAL BEM.I&--Continued 
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BEAMS 

STRUCTURAL BEAM8--Continued 
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CAR-NEOIE STEE L COM PANY 

STRUCTURAL BEAMS--coneluded 
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CAR.NI.!O I I.! STI.!EL COMPANY 

SHIP BUI LDI NG BULB ANGLES r--".na· , ~~ , 
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BULB ANOLES 
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SHIP BUILDING BULB Al'JGLES-Continued 
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CARNEO I E STEEL COMPANY 

.550:._ S~IP BUILDING BULB ANGLES-Continued 
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MOO .... 23.~ 

BA 211 .... .~ 31100 , 
0.'" ~ 21.7 

SA 212 0.450 .... 19.8 
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0.400 '%. 18 .1 
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(BSBA I%) 8.Il00 8 '''''' '" 0.400 '%0 ,,~ 

0.575 "%. " .. SA 217 '.Il00 8 '000 , 
0 .525 'i", 21.4 

~ 01 Briliob SUDdoni s.c;;.:.. ""' iDdIoalod ia bold "",. 



BULB A/''iOLI!S 

SHIP BUILDING BULB Ai'lfGLES-Continued ~.. ...... 
American Standard Sections -, 

.' • 
fr-~ f(, BA 218 ~~I) __ i 
i '--1 • : , ~---------------- +------------ .. 
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0 .476 .~. ". 
0 . 4~5 r .. 17.1 

'.600 '% 3.000 3 0 .376 % 15.6 . 
ou......a. 01 Britiob SlaMord SeetioaoI.,.lDdiet.tod b!1IIIkI1Y\>I. 
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CARNEalE STEEL COMPANY 

SHIP BUILDING BULB ANGLES-Continued n."'· 
American Standard Sections --,. , , , 
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BA= O.~OO '%, 15.0 
(ISBA f ) "'00 

,. 
'.000 

,. 
0."" '., 13.6 

Dimca:ooiom 01 BriUoh St&Ddud 8oc1loat ... iDdi..t.ed ill bold tyllt. 
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BULB ANQLES 

SHIP BUILDING BULB ANGLES-Continued f-·.mw 
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American Standard Sections , , , 
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(ISBA ( ) 0.= '., 12.2 

fRollod by Peo<:oyd I ..... Worb (IIOA). 
Di",.""" .. of Bri!iab S\.oI><Wd &.:ti<a ~ iDdieate:l ill bold \)'" . 



C ARNeal1l STEEL C OMPA N Y 

SHIP BUI LDI NG BULB Al'W LES-Coociuded .. ' American Standard Seetioll8 .... -
r --, 
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0.450 .... 13.9 

0.4.00 .'" I 12.6 
BA 245 '-'00 

,. '.000 , 0.J50 '\U 1l .S 
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~ Bn,*, Standard SecUon. an iooi .. 1ed ;D bold "",. 



OULB ANOL£S 

CAR BUILDI NG BULB ANGLES 
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CARNEG I E STEEL COMPANY 

STRUCTURAL CHANNELS 
American Standard Sections .. ~ ro.M4." 
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'. ...~ '" .. ..------ -----15.4.21~-----· -------_.------- ~ " , 
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teoo i.o. Ship BuiJdiDs CIwmeI (DOl ... AmIricoa 6~ud.) te 20 ... c.. BuiIdiq 0Lumel 
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C H ANNIlLS 

STRUCTURAL CHANNELS--Continued 
American Standard Sections -, 

fl" •• - -1 
1 ,I 
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CARNIlO U! STIlI!L COMPANY 

STRUCTURAL CliANNElS--Conti.nued 
American Standard SeetiOW! 
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15.0 2.4M ''''' 0.285 o • " 
13.4 2.430 .. , ,,'" 
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18.75 2 .1127 "'" 0 .487 

o • S " ... 2.436 .., 0.395 
13.75 2.343 , .... 0.303 
11.5 ''''''' ,.'" 0.= 

10.75 """" ..... 0.629 
17.25 2 .4<H 2'&101 0.524 o , 7 14.75 2.2., , .... 0.419 
12.25 2 .104 ' .. 0.314 
'.S '.000 '''' 0.210 

" 

.. , .... 
~. .... 
•• .'" .... . ... 
,I. 
~ 

lTal 

•• •• .... 
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CHANNELS 

STRUCTURAL CHANNELS-Concluded 
American Standard Scetioll8 

r~~-:---~.:~----1 
-, 1'O.3XI. -, .. • " • 1 0,311 O.lOO~ I , , 

, ~.t81. 

).. --------~~---- ----...; 
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--.T 
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~ I ~,"' ___ 2.100~ __ "'I ~ I I. .' 0.28 0.180' ,o.tu-

~----_ •• ____ -J 

-ru C 10 "1ro:,~' :r- 0.10' • -l 
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' 0.2'7' Kllroi 

'.in" I.-- ,.---J 

""". W"!fht ~~idlb, Web Thi.k_. 
s.."" ,~ .. 
'''''' "''''''''. ~ ..... , ... '00"" Docim. F....,tiollll Docl-' FraotiollOl 

15.5 2.279 2~ •• 0.559 •• 
0 , , 13.0 2.157 ''', 0.437 ". 10.5 2.034 ,,,. 0.314 •• 8.' 1.920 l&%., 0.200 .... 

H.S ''''' ' ... 0.472 .,.. 
0 8 , '.0 L'" l ~%. 0.325 .... 

6.' \.700 '" 0.100 •• 
7.25 1.720 ' .... 0.320 •• 0 • , 6.25 1.647 , .... 0 .247 " , .. 1.580 l'~ O.ISO •• 

ow '.0 \.596 "",. 0."" .'" 
(ON No. e?Z) 

, 6.0 1.498 '" 0.258 V. .. , 1.410 " ... 0.170 .... 



CAR.NEO I E STEEL COMPANY 

SHIP BUILDI NG CIlAJ.'JNELS 

"' 

American Standa.rd Sections .. i"6..5IW.· 
r . f . t::, 1 : .. 0.426 

.; - . 

~'" .-,.---.. --.-----.----~-~.:.:-~-.-----------.--.~ .. ~, 
:0.625" ' 0.625" : i.+.-=======::======:::j'i..· ~-----"'--"----"'''- '----'--12!'-'------------.. 

-~ rOM!" 1- t.. 0.42$" , .. -~ 
i 
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1., .. -_ ... . ___ • • --'''-'''---IJ~-'' ~------··----,,--- · ..... ___ ...l 

.... i"O.lilS" r r.-. o.w· 
i 

C 26 (lSCZO 

. --. 
! 

N ~ ~ ~ .---.---.. Ull!-.. --- -- - ------.. ~ I 
'lM 'Ri" ."47&· ! f 

i I _~~==::======:-=======::::~ . ,.+ .:",' 
~ .......... ..... --- - --- --- 10~ ---'-------------- -----..: 

...... -. Woip t ~~th. WebTb~ 

?:: . ....... , ... , ... 
"""" ....., ........ ...... ......... ... , "'00 :~ 0 .72.5 ... 

0" ., 40.6 4.100 0.625 " (lIS( 2111) J6.5 4.000 • 0.515 , ~. 
3Ui 3.'" ..... 0.476 ' , 
<ILl 3 .700 i~ 0.700 :;1: 0171 ., 37.0 3.'" 0.<100 

""'" J~ •• J.SOO ", 0.500 4t. ., .• 3"1110 ."" O.<lt.O 

37.0 ' .200 .~ 0 .675 

~ 0'" 10 33.6 4.100 • • 0 .675 
(lIS( !I) JO.l ..... :.'" 0.475 ,s. S . ..., 0 .425 

~ ..,.j ~ of tb. BritWr. 8ta&1dud s.etbo ... iadieatod La bold "". 
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CHANNELS 

SHIP BUILDI NG CH.A.:.'lNELS-Continued 
American Standard Scctiollll 

.~ ~O 622" 
t ·· ". O.«lO· ~ ···:t 
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........, 
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,.., ,."" 
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m--... aad __ '" lilt Bri\WI. Staado.rd SeeIIooo ... iodieated ill. bold ,,". 
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CARNEOIE STE.EL COMPANY 

SHIP BUILDING CllANNELS--Continued 

American Standard Section~ 

~ --------------- --- -- - ----j-.-~- ----------- -- -----""': 

-., :0;471" r .. 0.316· -1 
! C 86 (IlSC 13) ;. ; $ 
I .. ---------- -- .~-----.---. --.- ... l 

I _~-~'~' ""'=::·====~'~·="'=·===;:::,':jo-1m .. Lf-
~ .- ---------".-".--- --s!·: ---- ---- -------.-~ 
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Di .... ""'''''' aDd JlI'OJI""'- ollhe Brillob SIMId&rd Seoiioao .... iDdj .. 1<d ,a bold 1y-pI. 
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CHANNELS 

SHIP BUlLDING CilANNELS-Continued 
American Standard Section!! 
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~ .. &lid proPOrtif» 01 tho Brit.iab Statd.ord SecUOIII ..... iodier.ttd i~ bold ""' 
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CAR-NEa l E STEeL COMPANY 

SHIP BUiLDING CHANNELS-Concluded 
American Standard Sectiona 
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CH ANNELS 

MISCELLANEOUS CAR BUILDING CHANNELS 
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\'.i· .,.,;, 

L ..... . . . 
;,..- - . . -.,..-.. -.--.1 

O.IS· ~·~O.S13 · 

f ·t ., c 191 
~ ~ •.. I.f:I62.· ... • 

• 
0.19· U8~ . 

~390 · . . 3' .. --

s...t.ioo Depth of W~I ""1.: Width, W.bTh~k_ , ..... """"'" . ~ 00' ••• I""he. , ... , .... n..;.. """"'" n..;.. Fhetional 

'C "" • 13.8 ' .000 '" '.000 ~ 

'C 'OO , ,., 1.984 "'" 0.2W " '0 '" 3 '-' 1.875 " 0.250 " ,., 1.805 I''''' 0.180 •• 
' Puruiellod ocd,r by opeciol ~L 



CARN EGIE STEEL COMPANY 

EQUAL ANGLES 
I' " --, , 

f 
I . J ~l!' y,' , r~------6!---- -~ 
1 r 
1 ~y, ' ,,' , r-- ------&!..----, , , , r , rW .. ~ y,' • Al .1 , , - A 2 

I • • A3 
1 i l 

s.etion IDol .. 8;", Thitk-. Wei.a:l>~ Ptr FOOl, , ... , ... POIIod. 

I '" 50.' ' .. ". , 61.0 

~. .8.1 
.6.0 .. , • , ~ . .z.o 
38.9 

t' 35.8 
32.7 
29.6 

" 26.4 , 37.4 '., 36.3 

" 33.1 
~. 3 1.0 

28.7 . 2 6 • 6 ;!I' 26.6 
2 • . 2 ., 21.9 • 19.6 ., 17.2 • 1 • . 9 

" 30.6 , '., 28.9 , 
" 27.2 : :. 26 .• 

23.6 

•• 6 • 6 : ~ . 2\.8 
"'.0 , .. 18.1 

, " 16.2 
, ", 1<1 .3 , ~ 12.3 

"8peeloJ, _ ~e 4. 



"NOLES 

EQUAL ANGLES-Continued 

,.. ___ ...••••. 4~._ ••.•..• .., , .. ........ 3~ ': ....... ~ r---'--- "---, ! . 
C'" f ' r -
i : 'Ii" ," j 

., , -- ,! .; ~~. Yo" -. 
! ,i • 

-- ' A4 l'i AS I A7 . 
! 

! L 
L 

L. 

Soet.ioa rllli .. 8;', I 'I'hiek_, Weicht per Foot, , ... , ... , ..... 
• ''Yi. 19.9 .. 18.11 

"- 11.1 
% 16.1 .. • •• ., 14.3 .. 12.8 

•• 11.3 
% ., ., .., 

•• M 

• ''!'i. 17.1 

" 16.0 
.' 'n. 14.8 

" 13.6 .. 3}i I 3}i 
., 12." 

" 11. 1 

•• .., .. ,., 
O. ,., '. .., 

'% 11./1 

'0. 10.4 

" • •• ., , • , ., ,., 

I 
.. ,., 

I 
., .. , 
• ••• 

-sp.,ial. ___ 4. 



Section Index 

A 9 

All 

A12 

A 13 

A15 

A16 

*SpecIal, ... page 4. 

CARNEGIE STEEL COMPANY 

EQUAL ANGLES-Concluded 

>rFl~";{, .. 
~ 

"t. A15 

S~e, Thickness, 
Inches Inches 

• 'h %. 
'Yo 

2~ X 2~ %. 
~~ 
%. 

• 'AI 
• %. 

'Yo 
2 2 %. 

X 1J. 
%. 

• 'AI 
* %. 
• 'Yo 

1~ X 1~ • %. .1J. 
* %. 
• 'AI 

• 'Yo %. 
l~x 1~ 1J. 

%-
'AI 

* %-
13i" X 13i" • 1J. 

• %-
• 'AI 

• 1J. 1 X 1 • %. 
• 'AI 

38 

' ... r::: ... 
1 *~ 

~ i ;{, .. 
~ ':?. 
: A12 
t ... 

Weight per Foot, 
Pounds 

7.7 
6.8 
5.9 
5.0 
4.1 
3.07 
2.08 

5.3 
4.7 
3.92 
3.19 
2.44 
1.65 

4.6 
3.99 
3.39 
2.77 
2.12 
1.44 

3.35 
2.86 
2.34 
1.80 
1.23 

2.33 
1.92 
1.48 
1.01 

1.49 
1.16 
0.80 



ANGLES 

UNEQUAL ANGLES 

---------------. 6':.·---------. .., r----·· 8~':. -.. --.: :.----.--.. 8Yo': .. ___ ..." 
r·! I: , .. .... J .,'.' L , J , ./ 
! ... ; 'h" r %i' i . ..J 'AI" The : ... 1 'AI" 1 %" 
! : I , , 
: : I , , , , 

! 1 1, ' , 
I I ~ I 

'l A18 ,1 A53 ';" 
: 
, , , 
, , 
, , 
, 
L.L.o 

Section Index 

A18 

A53 

A19 

*Speci.l, see page 4, 

Size, 
Inches 

8 X 6 

8 x3~ 

7 X 3~ 

, , , 
, , , , 
: 

i 
LL.o 

39 

Thickness, 
Inches 

*1 
* '1)1. 
* % 
* 1%. 
* %. 
* un. 
* % 
* %. 
* 'AI 
* %. 
*1 
* 11)1. 
* % * 1%. 
* %. 
* 1'h. 
* % 
* 9;". 

* 'h 
* %. 
*1 
* 1%. 
*. % 
* 1%. 
* %. 
* 1'h. 
* % 
* "A. 
* 'h 
* 7j,. 
* % 

, 
, , 
, , , 
, 

LL..-

A19 

Weight per Foot, 
Pounds 

44.2 
41.7 
39.1 
36.5 
33,8 
31.2 
28.5 
25.7 
23.0 
20.2 

35.7 
33.7 
31.7 
29.6 
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 
13.0 



r 
C A RNEOI!! STEEL COMPANV 

UNEQUAL ANGLES-Continued 
. 

r---- ·-----l 1"'"""---3 X.!..--1 r---" ----j . , ,- r T 
I "" .,,- "X- X: I Jy'; Yo-

I I 
I I I 
I I I I I I 

.I I • • A22 • A2Q • A 21 I • I 

I I 

1 I 
I , , I 
I L I 
L 

. 
Seet.ioD IDdt>: Sloe, Thic:k_. Weicht ptf Foot, 

,~ .. ,- p","", 

., 30.6 
• 1~. 28.9 

1~. 27.2 
25.4 

% 23.6 
." • , • '.- 21.8 .. 20.0 

"- 18.1 

" 16.2 .- H..3 .. 12.3 . , " .. · ,~. 27.3 

.~-
25.7 " .• 22.4 

." • , '" .~- ".0 
18.9 

'I.' 17. 1 
15.3 

"- 13.6 .. 11.7 
• ... 0.' 
• " 24 .2 

• 'v.. 22.7 · .. 21. 1 

• 'iii. HUi 
." 5 , • · .. 17.8 

• •• 16.2 
• " 14.5 • .- 12.8 
• .. 11.0 

• Ss>ecilll • ., poop ' . 



ANOLES 

UNEQUA l, ANGLES--Continued 

p----. s~·--..., 
r-' r-- s"--1 ,-t°X:Ht r r-

-l .--'1'-'------1 P"- ,. 
I I .... ''''- r-' 

.I I f-J v." ,.-. I . A 23 • 
I • A24 '" , 
I . .' 
I I 

1 
A25 . A2<l , , 

L L 

Soc:\loA I ....... .... - . WeiPt 1* F ..... -- , ..... P~'" 

,~ 22.7 
.,~. 2\.3 

19.8 

'lI' 18.3 

." , • 3H 16.8 
~. 111.2 
~ 13.6 

W 12.0 
10.4 ., 8. ' 

.. , ~. 19.9 , . 18.5 

'U' 17. 1 
15.7 .,. , • 3 •• 14.3 

" 12.8 •• 11.3 
~ '.8 ., .., 

:'n- 18.5 
17.3 :'u- 16.0 
14.7 

." 'H. 3 , .. 13.3 
,~ 1\.9 '., 10.6 
'~ •. , ,., '-' 

·'n- 18.5 

" 17.3 ·'M_ 16.0 . ,. • .3H ' ~ 14.7 ,., 13.3 
,~ 11.9 

:w.' 10.6 
S. , 

'., '-' 

• Special, - N" ,. 



r. 
CARNIlO I I! STEEL COMPANY 

UNEQUAL ANGLES-Continued 

r --- 3 ~- ... -.. -2M~ .... , 

I 
,-

._ 'Ii " . ... • : ...... , i -J HI ' 1( ' 
~ __ 2XN __ -: 

• , , ,. 

~.:~ " " .- ~ 
~ " A29 . AZl , , 
; 

~ i .- A32 .1 ''',' \i " 

I " A28 , L , .- L i A33 , .- •.. 
...... , .... .... ...- W~i'ooI., 

I- IDOh .. 

:';1' 17.1 
16.0 

"li' 14.8 
13.6 

." • .. •• 12.<1 

" 11.1 

•• '.S .. S .• . ~ ,., 
'-' 

:';1' 15.8 
14.7 .'YI. 13.6 

.,f. 12 . .5 

." 'K' 3 II ." 

" 10.2 •• ••• .. '-' •• ... •• • •• 
• 'YI. 12.5 ... IU , .. 10.4 

A29 8li" 2Ji " ••• ., .., .. ,., 
~. '.1 ••• 

' .. • •• '" S .• 
." • .oK . , , .. .. ••• •• ... 

" ••• 
'" ,., 
' .. ..S . '" • • , ' .. • •• '., ••• '~ ... "'8oetW. ___ 4. 



ANOLES 

UNEQUAL AN GLES-Concluded 

F: 
,.... 1 ~~ ., 

LF' ,-

.f~ ::~ I ." 

~ AM 

" 
~ A';tlO 
! 

L L . 

rf" r~ 'r· 'F . ~. ,; ~ '::i: 'oil" 
" • • • N - L A 624 i A37 : A64S i A39 ... r .. 0 

Seotion 11Ide:. .... Tb~, w .... t p..-poot, , .... , .... '00'" 
" , .• 
• 'II. ,., 

% ,., 
A " 2 J.i l[ 2 •• ., , '''' •• 2.75 '. " .. 

'., 3.92 
A .. 2 J.i l[ I J.i " 3 . 19 

' .. , .. 
" " ' .. " A 270 2~ l[ IJ.i " ... 
, .. "'. '. 2.98 
' .. 2.28 

" , .W 
, .. 3.39 

A " , ... '. 2.77 '., 2.12 

" .... 
A'" 

, ... " 2.615 
' .. "00 . ~~ 2.34 

A " 1M l[ 1M , .. "SO '. 1.23 

'., 2.59 
A 624 I J.i l[ 1;( " 2. 13 

' ., "" '"Speeial. I!III """" ( . 



CAR-NEOIE STEEL COMPANY 

EQUAL TEES 

It ==--+~-=--6~"'::;:-=---=-=-=-=--±,} 
: '~5 '~.-«I' .., 

r -----4!...-···-\ 1 
., . 

, 
~i 
• 

-
L 

~._ 1 

T8 

L.i-.. '. '" i "L ~-
,! -L T7 

i , , , , , 
." 'f' T"40 
, , 

i , , 
: , , 
t __ . _. 

""," 

r'---- S~':·I.~ 

~N .-f 

, -l T 8 

L. 

r----- "~;--i.~ 

: _j¥r" l' 

.' • 

L 
T2 

~ 
,._ ..• S::..····· .... 
; ,! .J 

" ,~." --:-----.r" ""J 
i"" .' • 
L T6 

r· .. ····--S~.-.. ....., 
, 'C}! 

: "'r"';' 
. i • 

-. 8iM,IDeb. ~.IDCIl. W091 
per FOOl, ,~. "'.' , ... -. S_ ,-

T .. 0)' '" 0.40 to 0.55 0 .... 5 19.8 
T • • • \-i I.o~ • l, to ". 13.5 
T , • • ~ to 'A • n to 'A • 10.5 
T , i~ i~ ~ .. ~ .. 1t.7 
T • ~ to 'A, % to 'A. " T , , , ~ .. ¥r to ". " T , , , '110 to ¥r 'A. to " " T S 3 3 % 1.0 Vi. % to Vi , ,.S 
T , 3 3 ".to % ". to % 

,., .. 



TEES 

EQUAL TEES--COnc1uded 

.rf~R':· 
TIT 10 

L .... _ ... 
.J.,..::.. 

1"" •••• 1%': . .., 
.: '.I~ 

,r~ 
LU T

16 

..... 1 , .... 
T" 
Tn 
TI' 
TOO 
T .. 
TI' 
TI, 
TI' 
TI' 
T" 
T3Q 
T>. 
Tn 

.... ~ 

"'1~ 

~
: 'I,,," 

f -r '* Ya ~ 
'L ... T20 

-ii; 

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

,~ ,~ 

,~ ,~ 

,~ ,~ , , , , ... ... 
. ~ .~ 

.~ .~ 

.~ .n 

'" .~ 

• • 
• • 

,....l':: ~ 
: 'Ii, ... ~ .. ,'" '.!. ". 

L ... T22 
~i-

Th"- II>CbeI W1!t 
"- "'"' -~, , ..... 

1\11 to *. % to %. • •• 
~. to % ~. to 'III '-' 
~. to % 0/;. to % ••• % to 0/;. % to 0/;. ., 
~. to ,. 'tI. to ,. .. , 
% to ~. 14 to '!i . M' 
\4 to 0/;. 14 to ~. 3." 
\4 to "'. y.to"" 2.47 
~. to ti. ~. to ~a. .. .. 
14 to "'. ~t to "'. 

, . ., 
~. to ti, o/i. to ')a. 1.59 
o/i. to '!iI. ~. to \iI. ..,. 
~ to %. ~ ~ ... 0,89 

" 



CARNEGIE STEEL COMPANY 

UNEQUAL TEES 

f T 50 
i 
L 

r··-------- 4*:..----------; 
o : ..J 

- '~ --, 
o 

~ 
'" T 52 
! 
L._. 

l~~l 

-·-----4~~---- -"'; 

~-,~--~~~--~!. ~ 
~---'--l~ 

r---------- 4.~ ~--- --- --1 
: :: 1."pO 

l'· _,!l1:' 

Section 
Index 

rr 50 
tT 51 
T 52 
T54 
T 53 

I 
~ 
I L ___ . 

j ~ 
% 

T54 

Size, Inches 

Flange Stem 

5 3 
5 2~ 

4~ 3~ 

4~ 3 
4~ 3 

: '%" 
:::: 

T T 53 

Thickness, Inches Weight 

Flange Stem 
per Foot, 
Pounds 

% to %. '%2 to % 11.5 
% to %. %. to "'AI. 10.9 
%. to "It. ",1. to % 15.7 
% to %. % to %. 9.8 
~. to % ~. to % 8.4 

t T 50 can he ro11ad WIth Bange 'h" to "It.", and stem 3'A1"; weight 13.6Ibs. per foot. 
T 51 can he ro11ad with Bange 'h" to "It." 0 and stem 2%"; weight 13.0 lhe. per foot. 

46 



TEES 

UNEQUAL TEES-Continued 

., 

.~ 

T T56 
l ____ _ 

J%~ 

~-- ---.- - - -- - - 4 '~- -- - ------""i 

r-.----<'""'--i: - -,~ 
;:\: 

Sect ion 
Index 

T 56 
T 55 
T 57 
T58 
T 59 
TOO 

?r------t 
, , , , , 
! 

~J, T 57 

I 
"'-----

-o!v.t-

, 
, 

~~ 

T 
i 
"----

j 1hl:: 

T59 

Size, I ncbe. 

Flange Stem 

4~ 2~ 

4~ 2~ 
4 5 
4 5 
4 4~ 
4 4~ 

r - --- --------4 Y2~:------- -- - --: .. 
I :: I ' ;0 

, 
., 

~ __ ---L={ 

'* L ___ _ 

, 

~ ! 
10 , , · · · 
! L __ _ 

, , , 
, 

.. ! 
~ 

L 

J%l:.: 

j%~ 

Thickness, Inches 

Flange Stem 

o/s to 7h .• o/s to %. 
%. to o/s %. to o/s 
'12 to o/Ia % to %. 
o/s to %. o/s to %6 
% to %. '12 to %. 
% to "II. % to "Ii. 

47 

T55 

T68 

T60) 

Weight 
per Foot , 
Pounds 

9 .2 
7.8 

15.3, 
11.~ 

14.4 
11.2 



r 

Sec:llon 1"'-
T'I 
T .. 
TO> 
TS3 
TO< 
TOO 
TOO 
TO' 

CARNEOIE STEEL COMPANY 

UNEQUAL TEES-Continued 

,-------;1::..--..... -. ..., 
, , ' .!I . 

".J~" ~ 
r.F-~~ 1 

j T61 

t.. .. 
...; ;,..,,~ 

, -------.. ~----.., '"';" 
, ! ... ;.tP,.,,' '., 

f T62 
t _ .. 

T , 
1... __ 

~ ;· .. X· 

Sioe.locbeo 

FlI"," S~ 

• 3 

• 3 

• ,~ 

• ,~ 

• , 
• , 
3~ • 
3~ • 

,_ •. _-----..j,':_ .... _--- .. 

q::::;;:;~::::t' -~'" .-,·t."" , : , ;: 
:i 

• I T44 , 
L ... 

..; L~:' 

" 
T63 

t ...... 
-' CM." .. --_ .. _-----" ~-..... -..... 
~:~ 

LJJ T65 
....; :...4i'." 

;-········3)1;"··· .... ···., , 

... > .. -, -f 
. ." 

! 
T67 

, 
L ... _ 

...! '-~" 

~.Iacbeo W?!I 
~ ~. 

Flu,. ... POll"". 
% to 'hI '" to 'h. S., 
on, to % on, to % '.S 
,. to ~\ . % to 'A. s, 
'!'u to % on, to % ,., 
% to Vi. % to 'hI '.S 
o/i. to % o/i. to " S., 
Vi to 'Yi. ¥i to 'Yi. 12.6 

" to 'AI " to >,,, S.S .. 



TEES 

UNEQUAL TEES-Continued 

r----S"::---i '\ r -------3~----1 i--------3~~-----: l 
-, . . ~ 

'--+ ' ,i __ of! 4-- ~. . • • : -j.J.; .J"" --I ! .J"" i -," 
\i, >i ~.}. 

T69 - T7. T7l i i 1 L ,_ .. - J..._ 
-w·::. ...:"t:: ~ 

r --··-3:':" __ · , "'--'--'-3';-·-.. - .. ·--·--·-·3::--·---.., 
: . 'J ! .!:.I :"+-d&Jt S ~-' Lh W,J! : · -~f..:,," "1 : "';;."-.. "" -.., i L ~%" 

,! l i , , T72 1 T73 1 T74 

I i i 
L .. _- L 

.~ ,,-- ~~ 

r·-·---- 3 ~---·-1 ,.·-.. ··--3:~-·---· .. ~--·-·---3~----~ _,I ;, .~ !"'~ 4-."'~* Lf-. ~ .• ; ·'Wt .. ,," -, '--f- ~&.T' i ~. ;,." 
,~ 

T75 
~~ 

T76 
,~ 

T77 - • T I ! , L. L .. 1.--
"Ii~ ":v.~ .J,.:;: 

SeoUoIL Si ... I ... b .. Thick_l..:b .. WeJ!' 
,~" 

~ .... 
"'~. ... - ..... s._ 

""''''' 
TOO 3. a • ~ .. • ~ .. 10.8 

'" 'i' 3 • to 'h. • ~ .. S.S 
Tn 3. 3 .. ~ • • ,.s 

'" 3 • • ~ .. • ~ .. 11.7 
T n 3 • 'h. to • ". ~ • IO.!i 

T " 3 • " ~". " to 'h. '.3 
"s 3 3. • to ". • ~ .. to.8 
" S 3 3. 'h. to • 'h. to lio ,-, 
T n 3 3. • ~". • to 'h. 8.' 



C ARNEOJ E S TEEl. C OMPANY 

UNEQUA L T EES- Concluded 

r:-·····o .. _ ... , ,--······,=;····-1 . 
, :..,j .,.,,; .¥ "T r~' -,I. ., 

, ,1 "fl' • • 
T T78 " T79 , , 
L .. '-

J%, * • 

r·''''···.., ,... ••• -2 '1.0': " ' -, 

~ 
. , , 

" ~ 

'" 
., 

." , .' , '::l I '''1" 
L .. T 86 .. ,i 

i T82 : T 83 -)i;; 
i 

l.. L.. 
J% ~~ 

, 2=-.. "') 

'f.~ 
r···11o?-, ' -1~, .-

' . , '!< -.J. ..~ 
~; : -r," £F' ." 

~ T14 519 7' T 605 C.*- T 50' 
L ..;~, 
~J. l.... 

--,r. 

Section SUe, Indio. Tb"'-.I .... WeiPt , ... "_. S.m "- S~ 
per •• ""'-, .... , 

ns , ,~ % to ;io % w • • ,., 
no , 

'" '101., to % '101. 0 to % " T" '" 3 % to~, " w •• '" T'" ,~ , ~,to % 'Ii, to % S. , 
T" ,~ '" ~o to %. ~f to 'Ii, 2.87 

T" , ,~ % to '\0\. % to 'll.. '''' T 519 '" 
, ~o to % •• w " 2.45 

T605 '" '" Mo to 'll. Mo to 'll. 1.25 
'T oro '" " No.9 Mo 10 No .7 0.88 

• F\I"'*'ed owy by . peeiaI anao,;emen\. 



zeES 

ZEES 

r- , .. 
J , i ~i' 

i 
~i' ,_:~: '. , ~.' ,;':!:. ! i , 

...... -I1~~ ..... j ~ : . ........ 2%-.-.. .: , .. -.~.-...... , i 
! : : : 

" ,i ,i • 

j 
Z , 'f Z 2 • Z J 

I 
'Vo" i '" ~" : 

'f 
, , i ,. 

" ! 'f , , 
L ... ~ ... -a~~·-·-·-·.: L .. -.----a~'~-.- ... --.J L .... ---. 3li .. ·--····-j 

,_ .. r-- •.. . 

i ! "" " "''1i' '~ i ~f )t i 
] .-.--- 2~;·::· ·j : ....... Z%,:----J " i 

! .. .... : '~ ... __ .... 
~ 1 ,i , I • Z6 r Z , • z' 
i-

: 

j. 'Yu , ." i - .,; 
" 

f 'f 
, 

I f ! 
, 

" • j ~-----'--11% ------- L--.-.. 3K~.-----j . . 
L ______ 8~':-----J 

"' ... Sioe.'....,. - I W<!pl 
I~. ,,,. ".,. FOOl. -. Wd> "- , ..... 

'" :t! IS· ,~. 
,.., 

z, ... 32.0 

'" • • W .• 

1~. :t!. !R· ,~. .s.I 
"' 25.4 '. • •• "-' 

'" :t!. ~~. • 21.1 ZI ... •• 18.4 

'" • '" • 15.7 ,. 
~~. !u· ,~. .s.' 

Z6 ~~. 26.0 , ' .. 23.7 '. m. gu· • 22.6 
Z' gu· •• 20.: • • 17.9 

l~· . ~ ~~. " . 16.4 
Z< • • • 14,0 , 

'" •• 11.6 



CAR, NBGII, STEEL COMPANY 

ZEES-Concluded 

) , 
\Ii' " 

. 
~I" ~ : . '4U" ',; i i . 

,i <--2}i;--l _._."._ .. J , 
-----2~.....: ,: ~ : 

i Z' , Z8 L Z' , 

'" 
.... " ~ ! fu' ," , " , , , 

i.-__ · __ 8~,· ____ J ·.L ," . .... -----lIar-----J , i....-'---8fu:""---4 

, 
r-- roo, r 

'-'II. ~!" ! I"",'!. i ! :"'~ ,I --·-·2%.;..·. " ---2~- " 
'f T J.I."Z 12 7 ~" ZI1 T i-"" Z lO , -'f . " ! 

L...- 2'}ii----..: ~ _____ 21111~ ._.~ i.. __ . --'2'}{' __ .J 

,..,. Biw,lndI .. ""'- W?!I , ... I "... W~ ".,b .. per oot, 
. ".. . , ..... 
. , ,., '. ,., 

" 23.0 , , 
~~. ' .. '. ' .. ,.., , ' .. " 18.9 ,.. 

:~. 
,., •• I 18.0 , , 

'" ~~. • 15.9 
3\0\.. , ., 

I 
13.8 

,.. .. ,. . " 12.5 
Z , '" '., '" •• 10.3 

3\0\.. , 3\0\.. , 
" 

Z 12 .. '., .. ., 14.3 
2'\0\., , 2'\0\., • 12.6 

'n 

I 
.. ,., 

'" •• n-' 
2'\0\., , 2'\0\. . " 

,., 
ZIO '" I .. , I '" I '/.' 

,., 
2'\0\.. , 2''-\. , ,., 

" 



STEEL S H EET PILI NG 

UN ITED STATES STEEL SHEET PlI"ING 

....... t- .... , 
.-. J. - -, \ 

~ 'Vl \ ' 
~. ; l \ 

--------.--.---------~ 
~ , ,I I'-~' 

MIIl6 

'fT U,:.~ ,/ /~---
, : ~" .... -1_/ 
" " ' ,, 1" I "I~ .. · •• ••••• - --- --.to/.·----------- ----.:. 17ZI~ 

1..---.--·----.. ----111<'-.----.----------; 

MIO< 

--.-, ----------- ----- :-:-- I·-.~· 

'«:, : L\ /' ... ~~
~ "t- .. /' 

: ~""_ J , ... : " : . : -. : : ~ l~·-· --- -.-. · . ·-· .• uAa·-· - · -- · --·--·--·- I'%ii~ 

l._ .--------------------.1114.".--------------------- ...! 

.......... 
Ml~ 
Ml04 
Ml03 

M 103 ,- .... , 
' -J! -f "\ ~ ,." , .J.:h ll• 

;.t- ~ 11i. I /~ 
: 1-'.-i' 

: y,(..:. ••• ---.-----71" ..... --.. ---..:..'"'·~ , , 
L-···--.. --·.K~·----·---·-·~ 

Width, WebThle~ Weicht lIfO' Foot. , ..... , ..... ....... 
"" " 

42.:; 

"" " 38 
'j( j( .. 

" 



CARNEOI E STEE L CO M P AN Y 

CHECKERED PLATES 

Section a.t Rib 

Thiol<_ WIdth aDd f.erJ&\h, TneJw.J W~t 
SIlO tiou '-. '""" ,""u ... ,. 0. .. ,8 

0", " "" ,..., ""'. ~=, h",b .. ." "" .,. ." ." ." --- - --
M66 % '" <8, '"' , .. '" 31.6 

'''' % <8, "" 300 300 "" 26.6 
M64 ~ '" '" '" 3" 300 300 21.4 

"'" •• '" 
,., 

'" 3<, 300 300 18.9 
1>152 " '" '" 300 3" 300 300 16.3 
M 51 .. , '" 

,., 300 '" 300 300 13.8 

"" • '" 
,,, 300 3" 300 '" 11.2 

M 40 .. , '" 
,., 300 3" 300 '" '" 

c::::heckerod pb.teo .. II'Stor lenctbo u.... ........ ill abaTe table ""'1 be .,bmill«l fo< .".mI 
".,...~ 

" 



F L AT ROLLED STEEL 

RECTANGULAR UNIVERSAL PLATES--Caroon Stool 

UNIVERSAL MILL PLA~. O!a-FOURTB INCH A."D OVER, EXTREME SIZm 

Tbick- weight, Widc.bo! &11(\ ~ht in lnebel 

M~ u..r. 
8-46145-41 0-36:35-31 

I . I , .... So. , 1so-2 26-20 19-17il6-1 14-12 n 10-6\4 

- I020I I~~ 1020 % 10.20 J "I >OW :; "" .- 12.75 1020, 1020 11401 ~~ ~~~ 1320 lOBO 1080 lOBO 000 

• 16.30 1200 1200 1320 13S0 13 1380 
;; IOM, I08O 

000 .., .- 17.85 1320, 1320 1380
1 I~ 1380 13BO 1 IOSO 1080 000 8<0 

• "'., 13BO 1380 1380 I 1380 1380 10 1080' lOBO >0'" .., .- 22.9S 1380' i~~ 1380 1380 1380' 1380 I~~ lOBO 1080 >OW .., 
" 2S.50 I!~ 1~~ 1380 I~ 1380 13BO ',:: ,~ , o<o >0'" .., 
% "'.00 I!~ 1357 1363 137 l, t~ 13BO 10 I 1080 000 8<0 
~ 35.70 II 1163 1169 117 II 1203 !~ I lOBO 000 .., , <0.80 101 1; 1023 103 103 1052 ~~~ 1080, 1080 000 8<0 ,. 4S.90 903 • 910 91 ~~ 936 

,.':~:= 
8< 8<0 '. SI.00 SI 81 818 82 53 S4.2 .. .., ,. 56.10 738 740 744 74 ~~ 766 97 10 1080 .. .. 0 ,. 

61.20 67 67~ 682 687 ~~ 702 80 10.5 lOBO "0 ... 
'" M.'" ~ 626 629 ; 64 648 823 97 lOBO "0 "0 
,% 71.40 681 684 594 601 ~~ 1038 '''' '''' 
'" 76 . .'lO 541 543 545 54 554 561 714 84,7 OOS "" '''' , 81.60 .'lO7 5O\i 511 SI, 51 526 66 7 907 600 " 0 

PWo.I II """tor dim ... """ IhaD oho"a in .t.cn-e table ....,. be III bmltled r Of ope:iaI coaaideratiOll. 

I ~ 



CA~NEO I E STEEL COMPANY 

RECTANGULAR AND CIRCULAR PLATES-Carbon 8t.ool 
8HLUt£D PUTm. THJtEF...t1 IXT£~"TH INCB A1W OVEll, EXTREME SIZES 

""". "' ... l, 
W".w. .... ~ia t ...... 

0;.. .. 

I:' ~~ ,'" '" '''' ". '08 ", .. .. .. " ""'" 
•• , ... " . '''' .. , ,. 
• 10.20 '" "" ... "'" ". 375 '00 ' 10 

•• 12.76 ... ". ". "'" "" ". ... ... ,'" • 16.30 "" ... ". " . "" ... ... ". ,.. "" ''''' ~. 17.86 ... ". "'" 
,.. 370 ... . "" ... " . "" ''''' • 20.40 "" ". ,., 
"" ... ". '80 ". "" "" '''' •• 22.05 ,.. ". "" '" . ., 470 ,.. 

"" 670 000 ''''' • ".00 200 "'" ". "'" ". ,.. ". ". 000 62Q ''''' ' .. ".'" ,.. 
"'" ". .,. ". ,.. . ., M' 000 .,. ''''' • ".00 200 "'" "" '00 ". ". . ., M, 000 ". ''''' ' .. 33. 16 200 "'" ... '" ". . .. ". "" 000 . ., ,,. 

• 36.70 200 "'" 63. '" ... .SO '" "" 000 ". ''''' , 40.80 "" "'" "'" , .. ... '00 ... "" >SO 000 ''''' '. 46.00 "" "'" "'" ". <I, ... <s. ... "" 'SO ". '. 61.00 ... ". "'" ". >SO .00 ., . '00 "" ". ''''' '. OUZQ ". ,"" 200 ... "" '''' ". ". . .. . .. ''''' '. 71.40 .,. .,. ,'" ". "" ". '00 "" '80 <I, ''''' , 8 1.00 , .. '80 ' 00 ". ". ,,, 
"" 

,., 63. ,.. 
''''' 2~~ 91.SO , .. '00 ". '00 ". ". '". ... "" '''' '30 

I~ -- --1-'--- -_. 
24 ·~ Wl!idIl, -, , .... rc " 00 00 .. 00 OS ., 30 30 , ..... ... , 

•• 7.65 '" .'" '" '80 .80 .80 ... .80 .80 .80 00 

• 10.20 ."" '" ". "" "" "" "" "" "" ". ". •• 12.75 .so ,.. ... "" '" '" "" "" "" ... ,., 
• 15.30 000 000 '''' '''' .'" '''' 000 380 ,.. 000 ". ~. 17.86 000 "" "" ... ... ... 000 >SO 000 000 '30 

• 20.40 '" "" "" ... ... ... 000 ... "" 000 '30 

•• ".M " . M' M' M. ... ... 000 ... 630 000 '". • ",00 .,. ... M' M' ... ... 600 ... 000 000 '30 
' .. "',., '''' ... ... ... ... ... 000 ... 000 "" I,. 
• 30,00 ". ... ... ... ... ... 000 ... ,.. 

"" ,30 ... 33.16 , .. ... ... M' ... ... 000 ... ". "" '30 

• 35.70 ". ... M' M' ... ... 000 ... "" "" ' 30 , 40.80 000 <130 <130 ... M. M. ... ... .., "" ' 30 '. 45.00 ... '''' ,., ... ... ... ... ... "" 
,.. I,. '. 6 1 00 "" 000 000 000 ,.. 000 "'" ... '''' ". " . '. 6 1.20 "" 000 000 000 ,.. 000 M' M' .,. ."" ". .. 71.40 .W '00 "" "" "" "" ". ... ."" 380 "" , 8 1.00 '00 ... '80 ,.. ... ... ... ... '00 "" ' 30 '. 9 1.SO '00 .,. .,. '00 .w .w ". .w ,,. 
"'" ,30 

Plalll W' nt. ..... laDder eaa ..... t.. rdlecl oa UIIi_1 Milk 
rtl' _lor Ioas1.b ond UIIi--.! Mill 8ia., _ Uai--.! MiD PIa", Table. 
PIa","'" ..-111' dimoalioao tbu ........ iII.boTe t.abk l1li3' t.. .. limine:! ftl'opeeia! COIIIidcraUooo. 

" 



fL AT ROLLED STEEL 

RECTANGU LAR PLATES-Nickel Steel 
SlIEARED PLATES, ONE-FOURTIlINClI AND OVER, EXTREME SIZES 

"",. I\'idtho ODd I_lobo in , ... boo - 00 .. " 73 ,,,,,b .. '" 00 ... 00 

M~~ 
., 
MW~ 

~ '" .. , '00 280 2SO 2SO '"' 2SO 260 260 
0- '00 '00 ''0 "" 310 310 340 '" 340 310 3 10 
% "" '" '00 ." '" "" '00 600 600 480 .ro 4SO 430 4SO .- '" "" '00 <00 <3, .. '" "" "" 520 520 500 '00 400 4S 4SO 
~ ''0 33" '80 'W '00 <S, ' W "" ,520 520 roo '00 .00 <80 "" 0- "" "" '80 .'" <0" <S, 'W '''' 520 520 300 .00 .00 .M 'M 
% '" 300 '" 300 ." 'M '''' 

,,,, 620 520 "'" "" '00 'M .'" '.- 200 300 '33 '00 ." '00 '00 "" 300 300 300 300 <8" 'M .,,, 
• "" '00 '" 300 ." .'" '00 300 300 300 300 300 .M .M .'" 
' 0- "")300 '" '00 «, .. , .00 'M 300 "'" "'" 300 .'" '00 .. , 
% '00 '00 '" 300 ." .. , .00 .'" .'" .'" .00 .M '80 .'" .. , , '" 200 '''' ''0 '00 <3, .. , '00 .'" .'" .'" .'" .. , "" .'" 
'" ,'" ''0 ,." '"' '" .00 ." "" .. , ." ,<0 ,<0 .. , .,., .", 

'" ,<0 '00 '00 '" ". ,,. '00 "" '00 400 .. 00 .,. '" '00 '00 
,~ ,3Q "" 200 200 ,,, 330 3.50 1370 300 300 '00 '00 "" "" '00 '. . ,'" "" ". ''0 300 310 ) 330 350 1370 300 300 '00 '" ,<0 '''' , ,,, ". 33. "" 300 295 3 10 330 3SO 370 370 '" '''' '''' 300 

RECTANGULAR PLATES- Nickel Steel 
UNIVEftB.~L MI LL PLATE'!, ONE..FQURTII INCII AND OVER. EXTRE~IE SIZES 

""" 
Widlobo ODd I.qihII in Ird>eo - 110-61io '''''' .... , .... , .. ,.'" "." 3Q.26 25-20 11).17 1()'l.5 14-12 " 

" 
OOQ 06Q OOQ '" '" O- M' ,<0 "'" GOO 'W ". '''' ". ". 600 "'" • '''' 720 'SO 8<, 900 '" ,,'" ,,'" ,,'" 00<l '" .- '" '" '00 ,,'" ,,'" ,,'" ,,'" ,,'" ,,'" 00<l 8<, 

~ "" '00 ,,'" 1140 "00 "00 .0'" ,,'" ''''' ,,'" '" .- 000 900 ''''' 1140 "00 "00 .0'" ''''' ''''' ",. ,<0 
% 900 900 ''''' ,,'" 1140 1140 WOO WOO ",. .0'" '<0 • .. , '<0 900 ,,'" ,,'" "'30 WOO WOO ''''' 900 ,<0 
~ '''' 780 g<o 000 900 000 ' 900 WOO '900 900 '" , ,,. 73' 7'" '" ,<0 900 ' 900 "00 "00 900 .. , 
'" '" 007 00' 773 ,.. '00 "00 '900 ' 900 ,<0 ,<0 
'" m 600 ." ." '" 73' ' 900 "00 '900 8<, .. , '. '" .. , '" '" 600 '" "" WOO "00 8<, .. , ,. .SO 300 'W M' M' .00 '00 WOO 9SO '<0 '<0 '. . .. .,' 'W "', '" 

,,. ,,. 
'" 'W 8<, ,<0 

I'; ." ." ... .. '" .W , .. 703 008 980 73' 73. '. ,.. . 00 ... "" ... <SO no ,<7 008 "" 73' , 300 371i '00 'OS .., <3, ''0 70< 008 600 730 
Alh; ... ." R.oo~,.~?or Niebl Steel Plateo JiYCll ill . t-.lableo uad .. W' tbiek obould be 

. 1)IICiiecI ,,>peoODly. It.* W' lIoiU.and 0'0' ..... berolled to either pee or '"eich' per IQ.U&nI ,-
" 



CAR.NEGIE STEEL. COMPANY 

SQUARE EDGE FLATS 

f-W~l l .. Thlckn ..... 

~"IO 1" wide, x !-i" ~ }i" 6)1" {() 6~" wide. x ,"," {() 2)1" 
Over 1" to 2" wide, x ~ .. ' to I ,"," 6)1" to 6li" wide. x ,"," to 2H " 
Over 2" to 4).(" ..-Ide. x ","' to 2).(" 6,",," ..-Ide. x ,"," to 2,"," 
OV(lr 4).(" to 4 H" wide, x ).( " to 2" 6H" to 7).(" ..-Ide, x).(" to 2" 

'" to 6)4" ..-:Ide. x).(" to 3" 7H" wide, x J.( " to I "''' 
6~" wide. x).(" to 2>i" 7)1" to 7'i" wldo. x ;(" to I ,"," 
6)1" to b ,"," ,,·Ide. x K" to 2"," 7 H" to 8" ..-Ide, x).(" to lJi" 
6,",," t.o 6" wide, x ).(" to 2,"," 

81zc8 not listed wOl be eom1dered. 

NUT STEEL FLATS 

All sizes o f Nut Stool FIst-a within the range of Squace Edgo FIata can be 
furnly,hed. Somo of tho lIillall(ll' sizes can be fUrnished In colis. 

BAND EDGE F'LATS 

('- _ ....... wklth····· .. l...! 
I .. ~ Tblekn_ 

'IS" wide. x No. 18 to No. " n.w.o. 
%." wide. x No. 10 to No. " n.w.o. 
W' wldo, x No. 22 to No." n.w.o. 
~." to I". wide. x No. 23 to No.4 D. W.O. 

lli." to 2", wide, x No. 21 to No.4 D.W.G. 
2li." to a". wide, x No. 20 to No.1 D.W.G. 
3li." to a Y.,", wide, x No. 19 to No.1 D.W.O. 
3 ,*," to 4", wide, x No. 18 to No. I B.W.O. 
4li." to 4Y.," wide, x No. 17 to No. I n.W.O. 
4 "1\ . " to r;,.,,', wide, '" No. 16 to No. I B.W.O. 
5~" to ~", wide, '" No. 15 to No, 0 D.W.O, 
6\~."to 9", wide, x No. 14 to No. 0 B.W.O, 
91,1,;" to 12", wide, x No. 12 to No. 0 B.W,O, 

121-10" to 15", wide, x No. 10 to No. 0 D.W .G, 
Ib1,l,;" to 16", wide , '" No. 8 to No. 0 D.W.O. 

Si zes not listed will be considered. 

SKELP 
All sizes within the ra.nre of Sheared Platell!l, Unlv6l'!lal Mill Platell!l, and 

Band Edge F IIWI can be furn1llbed. 

" 



-
W£IOHTS Of FLAT ROLLEO STEEL 

WEIGHTS OF :lo'LAT ROLLED STEEL 
POUNDS PER UNKAL FOOT 



CAR,NEQIE STEEL COMPANY 

WEIGHTS OF FLAT ROLLED STEEL-CoDti.oUed 

POUN"DS PER UNItAL FOOT 



.. 
" .. 
" " M 

" .. 
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M 
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" " " " ~ a 

" .. .. 
" " .. .. 
" ~ .. 
" .. .. 
" .. .. 

' 00 

welOHTS Of! FLAT R.OLLED STeEL 

WEIGHTS OF FLAT ROLLED STEElr-Concluded 
POUNDS PEIl UNEAL FOOT 

" 



CARNEOIE STEEL COM PANY 

AREAS OF RECTANGULAR SECTIONS 
SQUARH IliCHES 



AR. SAS 01' R.SCTANO l.ES 

AREAS OF RECTANGULAR SECTIONB-ContiDued 
8QV.UU; INCHES 



.. 
'" .. 
" " M 

" M ., 
" .. 
'" .. 
" " • 
" M 

" " .. 
" " " " " " " " " , ., 
" " " ., 
" ., 
" ., ., ., .. 
" " " " .. 
" .. .. 

'00 

CA~NEOIE STEEL COMPANY 

AREAS OF RECTANGUI .. AR SECTION8-Concluded 
SQUARE INCIlES 

" 



MERC H ANT BARS 

SQUARES 

D ]Sjze 
SIz.e ~"to 2", locluslve, advanctna: by 64t.1ui. 
SIze 2,",," to 8W', InclllJllve. advancing by 82dL 
Size 8'1\.," to t;W'. InclllJllve. advancing by Hlthl. 

SQ.u &reS can also be rolled to decimal dimensions. It 10 arranged. 
Squar'8l' Ji" and amallet can be turnitlhed In coils. 

ROUND CORNERED SQUARES 

OJ"~ 

ROUNDS 

0
" 

J Slze 

Sbe ~" to I ,,", Inclusive, advancing by 64t~. 
SIM 1'%." to 8~", Incluslve. advancing by 32<11. 
Siro 8~," to 7", Inclu.slve. advancing by 16ths. 

Rounds can also be rolled to decimal dimensions. It so arranged. 
Itountt. U" and smaller can be t \1l'DWled In collll. 

HALF ROUNDS 

o 
~.-...... 
Size 

Size %" to U". InclllJllve, advanclol by 64t.1ui. 
SIze 1~." to 1~". Inclusive, advancing by 16tM. 
Size 2". 2~". 3". 

HEXAGONS 

Size ~" to 1'~.". Incluslve, adv&ncinl by 32<11. 
Size Hi" to ~.". Inclusive. adv&nelns' by 1 6l~. 

" 



( 

eARN IW Il! STEEL CO I\"'A~ " 

SQUARE AND ROUND BARS 

WEIGHTS AND AREAS 

w.~u.. ........ - w.q;",. u.. I ""-.8q...., .... ~ ~ , ..... 
t!"bit 

~,~ , ..... -- 01 0 I 0 0 0 , 0 I 0 0 
- f--
0 , ".00 24.03 .. "" , "'" •• .013 .010 .000' .000' •• 31.89 25.0.5 9.379 '.00 • ."" .M' .0100 .0123 ~. ''-'0 "'.OS 9.700 7.670 
~. .'''' .000 ."'" .0276 M.M 27.13 10.160 ,."'" 
V. .213 .167 .062.'> .0491 V. 35.91 28.21 10.663 .. "'" 
~. "'" .w, .0977 .0 767 

II: 
37.31 n."" 10.973 8.618 

" .478 .31(1 . 1406 .1105 38.73 30.42 11.391 8.946 
~. ."" .611 .1914 .1!J03 40.18 31.55 11.816 9.281 

It. "'" .""" .""" .'''' ~. 
41.65 32.7 1 12.200 11.62 1 

1.076 .'" .3 1M ."" '!S.U 33.89 12.001 "."" 
" l .a2!! 1.()43 .3006 .- 44.68 ".00 1:1.1-41 10.32 1 

""- 1.007 1.262 .4727 .3712 '., 46.23 36.31 13.698 10.680 .. 1.913 L"" .6025 .441 8 .. 47.81 3 7.55 14.003 11 .045 

;r' 2.Z45 1.163 .""" .6 186 !r" 49.42 38.8 1 14.5M '1.416 
2.003 2.M4 .76:;(1 .0013 5 1.05 40.10 15.0 10 11.793 

' .. ,."" 2.847 .8789 .6003 '., 52.71 4 1.40 16.004 12.177 

• 3.400 2.070 0.0000 .78M • MAO 42 .73 l6.roo 12.666 

•• 3.838 a.ou 1. 1289 ."'" ~: 
56.11 44 .01 16.004 12.002 

It. 4 .303 3.380 1.2656 .9'i)40 57.85 4 5.44 17.01 6 13.3G4 
4 .71l5 3.700 1.410:/ 1.1076 69.62 46.83 17.635 13.77:/ 

~ 6.313 4 .17:/ 1.0025 1.2272 .. 61.41 48.23 18.063 14.186 

~: 
6.857 '.eoo 1.7227 1.3ll3O U· 6.1.23 49.66 18.598 \4.607 
6.42/J S.~9 1.81lO6 1.4849 65.08 51.11 \9. 14 1 15.033 ,."'" 6.618 ,."" 1.6230 1\. 66.95 62.58 19.691 ISAOO 

~ ,."" 6.008 '-'300 1.7671 ~ ".M M.07 20.250 1.5.004 
~. 8.301 6.6 19 2.44 14 \.9 176 ~. 70.78 56.59 2O.8UI 16.3-49 

" 8.978 7.~ 1 :/.6406 2.0739 " 72.73 67.12 21.391 16.800 
' .. •. "" '.00< 2..8477 2.2366 , .. 74.71 68.67 2\.973 17.267 

~ 10.413 8.178 3.0625 '.<033 .. 76.71 00." 22.563 17.721 

;r' 11.170 8.773 3.28.52 ,."'" l~. 78.74 .. '" 23. 160 18.100 
11.\)53 .= 3.51116 2.7612 '. "".00 03." 23.766 18.665 

' .. 12.763 10.024 3.7539 2.9483 ' .. 82.89 65.10 24.379 19.147 

2 13.600 10.OS I '.0000 3. 1416 , M.OO 00.76 25.000 19.635 

•• 14.463 11.359 4.2639 3.3-4 10 •• 87.14 68.44 25.629 20.129 

It. 15.3S3 1:J.058 4.51116 3.5466 lI. ..... 70. 14 26.200 20.629 
16.270 12.778 4.7852 3.7&83 91.49 """ 26.910 21.135 

" 17.213 13.519 /i.06Z5 3.9761 1\ 93.7 1 73.60 "'."" 21.&18 

~: 
18.18:/ 14.:180 5.3-477 ""00 ". M.O< 75.36 28.223 2"2.100 
19.178 15.062 ,.- 4.4301 11. "'.n 77.15 28.89 1 22.691 
20.201 " ... /i.1N 14 .. "'" 100.53 78.95 n.'" 23.2"21 

~. 
2 1.250 HI.600 6.2SOO 4.9087 

~. 
102.8.5 SO.78 30.$0 23.758 

22.326 17.534 6.5664 5.1.572 1().5.20 82.62 30.941 " ... , 
23.428 18.400 6.8006 504 119 107.58 84.49 3\.64\ WOO 

' .. 24.0557 19.287 7.2"227 5.6727 ' .. 100.98 " ... 32.348 25.406 

~ 25.713 20.195 7.116211 5.9396 " 11 2.41 "." "'.000 25.967 

it' 26.89S 2 1. 123 7.1l102 6.2 126 "ie \ 14.87 00" 33.785 26.~S 
28. 103 22.072 S.2656 6.4!J1S 117.35 92.17 34.516 27.100 

•• 29.338 23.~2 8.6289 6.777 1 ' .. 119.86 94. 14 35.254 "'.""" 
" 3O.Me 2·1.033 '.0000 '.0086 6 122.40 96.13 36.000 28.274 .. 



WEIQHTS OP BA~ 

SQUARE AND ROUND BARS 

WEIOUTS AND AREAS 

......... t,Lht. .... "'-... ".,~ "" ... ..... .,;,pt,Lht. 
..,~ ~~ ...... 

, .... 
0 0 0 0 0 0 0 0 

, In.40 63.617 

•• 124 .96 .... .,. 
li. 127.M 66.397 

130.17 ,0.>" 
~. 

132.81 ... ,., 67.201 
1M.48 811.723 M.1I 2 

~. 
13tUS 87 ..s91 ".= 140.1lO SO._ " .... 

• 143." 00.'" ""'" •• 146.43 91.4-41 71.818 

~ .. 149.2:3 92.64 1 72.760 
162·06 93.EWo8 73.708 

• 164.91 74.002 

i!" 167.79 7~.1I22 
100.70 76.1)89 

' .. 10.'1.64 77./IG 1 , 78.MO 

n: 
79.62~ 
80.1116 
81.6 13 

• 178.71 82.6111 

:I' 
18 1.8 1 83.625 
184.93 84 . .54 1 

•• H18.07 SO..., 

~. 
10 1.25 ...... 
11H.41i 87.624 

• 107.6S , ...... 
' .. ""' .. 89.710 

• 20-&.21 00.763 

••• 207.52 91.82 1 
~ 210.85 " ... ' .. 214.21 93.9.57 , 217.60 121.000 M.033 

•• 221.01 122.379 96.116 

li. 22-1 .45 123.766 97.20S 
:.r.l •• 92 125.\60 08.301 

~. 
231.41 " 430.31 337.07 126.563 ... .., 
234.93 •• 4U. II 34 1.73 127.973 100.610 

11. 1238.48 ~. 
439.03 345.62 IN.3Dl 101 .623 

212.05 444.78 340.33 13().SI6 102.743-

~. 
1 2411.M 192.93 It. 440.M 3113.16 103.MIt 
: 24D.28 , 19.5.78 4M.M 3&7.00 106.001 
2..';2.93 108.66 • 460.4$1 .... ., 106.139 

'"' 2&6.61 "', ... 'M.. 404.43 304.76 "" "" • 200.31 2O-&.4G 76.563 60.132 • 460.41 368.68 138.0ft3 108.434 

~r' 
,.. ... ,..,." 77.000 rO.OO4 l 'r' 474.42 372.61 I 13D.1l311 100.6111 

"".80 210.33 78.766 61.863 i 47D.45 376.:;(1 141.0111 110.7M 
' .. 271.1111 213.31 70.87D 62.737 ' 'Ii,4&1.ln 38O.M 142.50-1 111-1123 

• 27.5.fO 216.30 81.(100 63.617 12 489.00 38-1.53 144.000 l13.<Xl8 

" 



CARNEOIEl STEE L COMPANY 

CONCRETE REINFORCEMENT BARS 

COLD TWISTED SQUARE BARS 

Yr~-" 
.- ,-~ 

&c tio .. Sise, W~!.l::oot, 8.",ioD 0 •. WoiIi:ht poor Foot., , .... , ... hid .. l""h{lS Poond. 

% 0.7656 '603 , '.0000 13.600 ' .. 0._ 2.245 

1~~ 3.5156 11.953 • 0.5625 1.913 '. 3.0625 10.413 '"' 0.4727 1.607 '. 2.6406 8.978 % 0.3906 1.328 

'I' 2.2500 '.MO •• 0.3164 1.076 ,. 
1.8900 6.428 % 0.2500 0.850 

H~ 1.5625 5.313 ". 0.1914 0.651 

'" 1.2056 •. = % 0.1406 0.478 , LOOOO 3.400 

I •• 0.0977 0.332 

' .. 0.8789 ,."" • 0.0625 0.213 

Cold lwioIed b&rt will eoaform!o M ... uf .. tllm'l· StaDd&rd Speelfi .. t.i""" ""'- o!benrioo opeei6eo1. 

CUP DARS 

&~8; 
90 .... .... W~tper SeetioD Su.. . Weich tperFoot. , .... , ... Foot, Pound. , ..... l ... h{lS ,~ ... 

o"f 1533 % 2.00 
OM 1528 '" '" oM 1534 • Ull 
oM 1.530 '. ", OM 1535 " L33 
OM 1631 '" • .30 OM 1636 % 0." 
OM 1632 , 3.40 .)[ 1~7 .. 0.4S 

·~ooo.IybyO(lOlltioJllT ........... \.. 

as 



R.A ILS AND ACCESSOR I ES 

.. 
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CARNEQ I I! STeE L COMPANY 

A. 8. C. E. RAILS AND LIGHT RAILS 

r -'·--c--···'1 
i l.~-------·T'-'t 

~ i')1.: '. ,·I --· ~a· ~i 
~ .··---,-----1 : J ~ , , 

. 111t...o. : t 

--:1 t r .. , .. . . 
h : ; 

,......--' -~f"1 ! 
... •. J 

~_. ____ •• •. b _________ ....i 

..... l't'?,bI • • • , • , • • ; i • , 
'''''' ~...= ,- ,- ,- , .. ,- ,- ... ... ,- ,- , .. , .. 
""H. "" '" '" '" 

,.,.. .,.. .,.. ~. """ ~. ., !I • •• .... 00 '" '" '" 1'';'' ..... ... ~. "~N •• " • • •• "". " "'. "'. "'. ' .... '" IT ... ~. 21~4. ~. Ii • • •• 0'" ., • • '" '" .. " .... ... ~. \ . •• •• 71140 " "'+1. ",~. ,.,., ' '140 ' .... .. .. ' 'l~, 2'~ .. •• Ii •• •• " .. " ,~ '" 2'~' "", " ... ' .. "" '''- •• I'. ." •• M" .. ,,*& "'h • Z" u ' •. ,. ... " ,.,.. ~. ~. ,\i , •• 
00 .. 00 

,. ,. '. n~1 ""- ., . . ,. l"o/t .. •• \~ : 'A. II. 
M" " <II. '". ,. "'" "'" '%. ' •. l'~ .. •• ~1. ' ',i._ M. .... ., ' . ' . '" '" 'M. 'M. ~. l ·~" •• Ii 1M • •• .... .. 311,1., 3"h. 2 ' .. II~. II. r, .. ,.'" •• l\. 'no •• .... .. 3Yi 31-!o '" 'I'. I"" , ,. "" 1'",. .. •• I, :'h, •• .... .. 3'1\.. 13"". " .... l~.~ .,.. " ... •• I, i 'AI • • .... ,. 'M '" 1'''''' 11 I~. 'm .'" ", .. •• " li, •• .... .. ,. 

'" '" ..,. 1 '~ I~ ',," l*'i_ " l~ ; Vo • •• ... ., 
'" '" 

,,,.. .... 1'''- 'il " "'" " •• • •• 
''''' " 'Ii '" "'" .'" ' .... " ''0. Hi .. •• 'HI : •• " .. " ... ... ' .. " ' •. '", V- a, ... ... ... • • " .. " 

, , , •• I",", ".. •• a,,," ... "1 •• , ... " '. I,.. ' .. "" ' .. ' ... •• . ... "1 •• •• ... • ... ... • •• ' ... ' .. •• •• • •• ,., •• •• 



RAILS AND s PLI ce BARS 

SPLICE BARB 

A. 8. C. E . R AI LS AN D LIO H T lUl LS 

8 10CH0 10 8~ 8 6OfO 10 8 301(1 , .... ''''' 51&40 10 eltO 

1-.... ., ~ I u· . ~V~ "f" ~ }, ·"""1. i . ..... r 

1+ ·' ·-· +t'r~,' f-~~ 'm; 'U . . ' I .. I .. I t - ~.' • ! 1 ,~. j L.-;, ...... : '~" 
, I' ....; • ,iit...!. ,,~., ~ f f" • f 

j r-t:r ~ . : .. .. :: .. ! r',';" : " ! ~ "r~ '~· ~I.'f , ···· •.. l.,_~;.. ,L . , , I · .. ~,... a - . . . :I I TI • - 4-1 'j --- 1 i ,-L

t 
.... _ .... _ .. _-,. __ ........... ,.. U"' ............. _ .... ,.; 

wl"'~ • b , d , , , b i J k , ...... ~~ t-,..., - ". ,. ,. ,. ,. ,. ,. ". ,. ,. ,. ,. 
r-r-"...., ". ~'~-M T~ 1_.,. 

" '"" b2'" 3~ " S ...., 13.6 1* 'tt. ''HI '"",. I'H. " l1'1'iu F;"'~ 2''H. " S .... 12.4 I ....... ' \4& ~2 ·"'.I~ " 10 ".~ ... " s ..., ". ",t;2
1
::: ~ "" I~ 'i. " % 'ti. % ~. 

S , ... 10.7 '%.' li. I'~ U. "Ii" ~ 1~ .. 22~ Ii. 
S , ... 10.0 '~!;; .'4. ' •• - .. "~ Ii. . ... r.;; .... ~" Ii. 
S "'. .. , 'Ii I .~ I~U ' .... II"" lit ~ Ii • '~"!I' ''" ''''' ~. %. ''Iu 
S "'>0 ••• % ~ Itt. *. "'. "" .~ .. 2'!i • " s "'. ,. , ~ l l'''' '\4t. .,.. % l\-it *, "'111," %I%I~~' .. 
S "'H. ••• ~I It \-it '%2 '~II 'II I ~il '%. " 'lit ,.. ~ • .. 
S 4MO ,. 

1
1
.,1. 1

; .... " .... I ''II. .~ % • ..,.. 1"J.i • .. 
S .... 6.0 '~' " .... ,.,h "",I,,.. "'ira ~% .. nit Ii. 
s " .. •• , .. .... ... •• ",," ,\-it • .... ""'l~ Ii. S 3<». 3.07 lUI ~~ ' I • . '" Ii. ~.I·"il .... l,it ~ l'~t ". 
S "., , . ., ,. " .'" .'" ... '\ii. 'II. "'" S ,.., 1.S7 1''101 '\ii " ... 
s ,.., 1.70 

'~-~ IT" ... I I s .... , .. 1%2 'i Ii. •• S IZotO , .. I". :;~ .. •• s , ... 0." 'Ii :%: .. " s ... 0.75 '% li. '" '" , 
8pI'" Bart 8 IIXHO 10 86OfO. ;..,~. an ' 01 11.8. C. F.. Rallo. 
8piio,o Bart 8 4MO 10 S 840, iDCIuoiT<, .... 10014bt Rallo. 

" 

l 



CARNElOIEl STElElL COMPANY 

AMERICAN RAILWAY ASSOCIATION RAI18 

~:-"-'~;'::;:"'I~X'1-------'l--1 -'" ' , 
• 10/ --: J:---------1 1 

, '! R:.o:!I,_.__ I ! 
.... , • t 

, 1, 
1-ij, :: 

~-.~j[; 
f-----"''--'-l--- _J . ' 'o-__________ b· ________ J 

SERIES A . , 
&e\ioII W_~ +0'=-1-;:"_+-:" _+-;:'_+-;:'-\-;:'-\-;,'-\-;:"_ ' J I"""" pori'atd 

Pw"" " "'otC',~'+C"~'+C',~,+CI",_+C',',_+"':',_+C':','+"""~'"+'e'c' I-"'=-' I---r 
",,"0 

""" """ ''''" """ 

' 0000 
0030 

""" '7000 

"""" 

"" 90 
80 

'" 00 

'00 
00 
80 

'" 00 

, 
'" '" .. ." 

'" "., 

'" ". '" 

I";. 3% 
l '%~ 3%. 
n~. 2~. 
1' \10. 2\10 
I'%.~ 

1..... ,,;. , ~, 

"\10. ~ .,., " 
''';. '%, 

.. -----e ___ "1 

; J.----T -, 

rf- .1! ',1 J.. j i 
l...... af?:·-~:-·-i i 

' I 'J" " '11-, " -------.. ~ ~ 

-.-) " 

i. i 1 .---- -'~----li·-~~LJ , , 
.. --.- .-.---b--------.-" 

SEIU ES n 

5<\40 t'>%. 2''''-
5''li< ",,.., ~. 
"'Ij\. "'hI Z'h. 
-to%. "%< 2% 

I'''' ~ 
' .... '" !'IjU 2'%, 
1'''' 2''li<. 
I ~ 2",- , .. ~. 3'",.. 2\10 

2''1-1, % % 
22%. % % 

~I "' % 
2'%. % % 
2'%. % % 

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

..... .... . 
% . .... . 
..... II,. 

I 

I 

j 



s.,.,lioB ,,,. 
, 
'~ , ., """ , ;0,. 

s """ 

RAILS AND SPLlCI! 8ARS 

SPLICE BARS-Concluded 

AMERICAN RAJLWAY ASSOCI ATION RAILS 

W~I 8':.. 001. 
afiDllh<d 
---, ..... 
---

W.O 
16.6 
13.4 

,j~h 
i i- t'··~L,.. ·d 
: 1_ .. .;.- -- - l<'a.4. .. , 
~ i - ... - b 
: ':'I ' ' \ , 
: ~. o· .!; ----i ..•. - ---, 

.l. ... , 

L~:::::~_:~ ___ :_ ,j 

• b • 
-

" 
,. ". 

• , .... " ~'" 
%~ I''''. '¥I, 
"%.1 ~~;; )' 

11.6 ~! :.", ... 
10.6 1·\-l.. '%,0 

SERIES B 

SERIES A 

S 0030 to S G030 

,r.;7:~ • b • , • , • .' b ; ; b 
SeetiOD ,,,. ...... 

p- ". ". ,. ,. ". ,. , .. '". , .. ,. ". ,. 
, 
". 



CA R NEO I E ST E EL COM PA N Y 

RAILS AND SPLICE BARS 

Dnu;I'sIOl'S FOR STANDARD D lIII.LINQ AND PUI'CHINO IN l 1'cm ;s 

10040 81004 2"'Yiu 
9040 S 904 2'%'3 
s:;~0 S 854.02')t. 

2' % •• 
2.". •• 

' .. 
,~,. 

' .. 
" d 

8040 ~ ~ 2%6 
7540 & 7040 2'%0$ 
7040 S ~7040 2%. 
6540 s 6 I '~. 
0040 8 604 1"'i\.. 
5540 S 554 1'0%. 
5040 8 504 l~. 

". ' .. 
l'I}'u. .... 
1,1 
1''''%. 
I·~'u • 

% ·i 
~ " '¥t. 'M. j 

4540 S 454 
4040 S 404 
3MO S 35-\ 
3().10 S 3(),j 

2540 S 2&4 
2040 S 204 
1640 S 164 
1440 S 144 
1240 S 124 
1040 S 104 
840S 84 

• .; 

" ,,",0 

""" "'''' " '" • "0 

S: '~OO 2% S 2"\"-
8 SO 2 .... 
S 7020 2%. 
S 6020 2')\. •• 

I"". 
% .. 
•• 

2'M. 1% 
2l%. I 'i\.. 
2'%. I ~ 
2%. 1%. 
1'"% ... I" 

10030 
""'0 
""0 
>030 
0030 

:.~ i 

Raill, 
Lb. per Yd. 

00 and ovcr 
S5 t-() 75 
72 to 70 
67 to 50 
"'5 to 40 
35 to 30 
25 t-() 12 
10 to 8 

1101. 
;. 

SO> 

•• .'" • • 
* .. .. 
" 

1101. ill 
Splice Bar 

I\t, I l % 
I I I ~~ 

iio I 11-10 
Yio I 11-10 

'%. I 1'r\I 
'M. I ." "'.X % 
'\i.. x % 

• ,. ,. ,. ,. '. , , , 

b • 

: ~6 ~U: 5 6 SM, 
5 5'1i • , ,. 
, ' . , ' . 
, '. 

'. '. ,. '. ". 
'" ,. ,. '. •• 

• 

• 
''Ii. 34 
'~'i. 34 ''Ii. 34 
,~\. 24 .. '" ". ". .. " 

I 



A_ R_ E. A. RA I LS 

AMERICAN RAILWAY ENGINEERING ASSOCIATION RAILS 
,--_. s~~--· · ·· .., 

~-~--- -- -------',.,---';c.--,!' 
! . ~ ~. ~w ~ ! 
!; -,~:' 
! t----------------
: ' I • 
, : It , , , , 

·1 ! ........ N f---------· -----
" , , , , , 
, ' ~ . 

,.' 

:: : ~ : ~-~------------:: .~' - .. 
:'J! : ... , ,. 
, .. , -II 

t- ,,-.t.f-'-------,.,-------! t. _______ _____ M. '- •••••• _____ --...: 

:-- -----3!-- ---·, 
..-f-----··--·'7· -.,-t-'" ii!" 1: ,.w ~ : , '. , , _ , w . , 

, "1" • -, 

! t----------- " -' ... ' , : ~. , 

L1~ ---. .I~:~---- "f'w "14025 
! ;. : 
, , ' : ' : . 

, l .~ ___ ___ ____ :;w .c~ .. _ 

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

10 ___ • _______ -(;',.L ______ • ____ -' 

r----··2''A:---, 
·-t·--------·- , 
i~' ..1'! 1 %" .. ' I 
, .. ' 011 " , , . ~I' ! ' .. Ii. -
1 r-----------,·'.'··"''l--7o

,'., 
, ' 

.~ .L .. w..... t 
~l',.-.----.. - ·r 
: i": , , , , 
: : J ' 
j I! -r-----------\4'"_J. __ " , ... ' . 
J J!. 'I 

." r''''-------'--------{ I. ___ . ______ -(iw ________ •• .J 

A_of M_. 8oe~oa Mt.Jdul", Neutral Axil 
w ..... ..... of I_til. .- Hod n- Il"" ...... 1~ , .... 

A - '-"- liL- • -,-
Lb. '.' ,.' '.' ,.' ". ,. ----

-1602:> 150 .• 5 14.'i5 121.1 3>.' 28.2 3 .... ..... 
-1.025 138.52 13.M ... , " .. 23.1 "., 3 .... 
t13O:!5 120.64 12.71 77." 25.6 20.8 3~. 3· ... 

- NOI ro&cI b, C. S. Co., I. S. Co., or T. C. I .• R. R. Co. 
tRollai bJ c. S. Co. aod I. S. Co. 

". 
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CA RNE GI E STEE L CO MPANY 

AMERICAN RAILWAY ENGINEERING ASSOCIATION RA ILS 

t·. _-2""4--- "'I 

r:r------~-GG-"i !) ! , ! .• 

: It' ~I'''''J I ... • ~ I 

: t----------- ! - ... 
: : W' : . , , , 
~'#r--l'.:~--- . tll025 
"'<;> : .' , , . , , ' 
: : ~ %. j 
i F-:;;0- j'''----
.:: ~ j ~"'"".'-___ +----1_~ 

.. - - ----- --- -l>'.!o!. - - ----_....: 

,-" M_' Weichl s. ..... ol l !lUti& """'. r.:. , .... , I 

". h.1 I.· 

012025 120.87 11 .85 67.6 
t l 1025 110.36 10.82 .57.0 
t I(lQ25 101.49 9." 40.0 

... --- -2 11,.,;..- -- , 

T----~·f1! r! II 

! f-------~~ ~ •• . ' ~ , , , ' 
~ h-·-.!!:~····~ tlOO25 
: '1" , , ' , 
: :"-11 
, ,~ 'J( 

i.t~ .. ;j""--
~.~ i _ ~ 

.. _. _____ __ .(i%~ _________ .... 

Seetio .. Modul"" Nw,,", , .. ,. Bod ,- H .... 

'" '" 
, , 

I ... • ,.' b. ,. 
23.1 18.9 , .... "J<. 
,(U 16.7 ,.'" ''''' 17.8 16.1 '% '% 

*No~ ro1!td I". C. 8. Co., I. 8. 0:."& or T. C. I. ok R. R. Co. 
tRolled 1".1. B. Co. and T. C. I. R. R. Co. 

'" 



RA IL ACCESSOR IES 

RAIL CLIPS 

~--,---, ... - ,---------------, ., 
! 
~ 

Rael {lip I Sile, 
So. Incbeo 

'" '" u, 
'''' "S 

'#--., 
I • " , 

-.. ~. ,1 
.... ~. " i iNo. 108 

[='=1 .. =.';:1-. j 
, ! : -~'i 

*"'l:.[:_~~ .L i 'f 
11 "'r rr , " .. .., .. I .. !4 

.... % ..... 'I!.::.;..~.-. 
L_. __ 2\o~~ ____ .J 

Woi.ht 
per Foot, , .... 

:No. 104. , 

0." 
0.25 
0." 
1.10 
0.70 

100 W 00 lb. A, S, C. E. Rlilla. 
/j.(] to 20 lb. A. S. C. E. Ralls. 

100 to 00 lb. It. B. nlllls. 
100 w 60 lb. A.S.C.E. Angi6 Dan 

OIrd6r RIIlIII. 

Oipo .... be lumiobed willi "%." diameter hoI-. 
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CARNEO I E STEEL. COM " A N Y 

CROSS TIE SECTIONS 

r- ---- -- . ___ oF' ___ --------, .:f 

-.:;:c 
l!rl::;t--:::;----:;:;:<---+c:·----:::-----:::!-' 

,,---- 1-
I "± 'Il~ I _.::;------I -.--~;;r----, , 

"'
" 

-, 

__ .~M29 

i 
"-

· oj, 
• , M 28A 

! ~. i 
~ ~ ~. ====~-~~--~==~~ . . .. . ----------------- &'--------------- -

r--------4~ -------:"1. 
-- -, 1 · 

:..... - --- - -------_. ------u{-------------.. ------..... % 
- M 25 ~ 

'-' .----.a\i"------. 
~ . . 

! ' . , , 
• 
i 

'~ , 

I : • 
~.----.----------_tl------ --------' 
..... 'If"od''''ol~ 

"'- ! '.f 

~ -------?----.-~ '!:t . , .... -. 
--, ; 

i 
• ,I 

I~ .M24. 

F. ="'':'::-~. =:h!:f 
L __ ____ __ + __________ .J 

obna-, wT,' , ... ~ TOp.Ir.:~ Bottom, 1"""-
, ... 7.,..'::-

M28A '" 
, ,. •• ". M29 'H , 8 %"' .... 2 •. 0 

M 21 'H ' H 8 • , ... 
M" .~ • 8 • '<1 .5 
MU 3 3 , .... ,., 



CROSS T IES 

CROSS TIE SECTIONS-Conduded 

it .,,---, 
I. ________ .~}{- - ______ ~ , 

1>1 27 ~, ..... . -. it x; 1":' 
,----------- ,._--------p 

'. 
~ ,--, ' ~ ~;..J 

1>1 20 " ~ ------1 ~ ____ n ' i< 
1.. _______ s· ____ -1 

" ,-
: (/"}).' • ~! 

1>1 18 l~ . ---.%--~~~ 
~ ______ .· ____ ·5~· --------·::~· 

'" ~-- - 1::"<,--
M26 q ~ 

":~t _ 
----4 ay,..------

-"' ~+i; :<-;t,~ ~ 
M19 '] Ii@ ' ill ~.: "~ . ~'.·~I 

~ .. _.It 4" ____ -

'""~ Depib, Width. WtbTbiok_. \\'eicj:tJ><t' Foot.. ,,.,,, l ""b .. ,~ .. ".:h .. 00 .. 

M27 2~~ 
, 

" '.0 

"'" 
, 6 •• 66 

1\1 18 ,. , .. '.0 
1.1 26 ' .. "''\01., ~ '''' 1\1 HI ' .. ., ... ,." 

FuU infonMtiom .. 10 \lad 1I\eeI .... !.i .. ilL &inLi ill • oepant.lO PI!lLphln 011 Steel ero. Tia.. 



CARNEa l E STEEL COMPANY 

PIPE-BLACK AND GALVANIZED 

H ... ·,OH .... Ttl". COlo<P .. HY aT .. HO ... O 

8TANDARD PIPE 

"""'- Wti&hl P"" Foot. e.._ 
"""" Thick· 'w"" """'" ... -, ~ """,,,,",I ...... , ,. ""'" ....... later"'! bob .. ".. c.:;.. "'. Wti&hl . 

""" , ... , .... ,.,... 

" .. '" .269 .008 .... ... , " .'" " .<nO 

~ 
,,.. .3" ,OSS .. '" .<125 " .M3 , ,0<3 
.676 .. '" ,0" .567 .303 " .>W' '" ..,0 

" .>W> ,." ., .. . .,. ,'" " 1.024. '" .116 

" 1.050 ,834 .113 1.130 1. 134 " 1.281 '" ., .. , 1.316 1.0019 .'" 1.678 LO>W "" 1.576 '" .343 

!~ L6S0 '.380 .140 2.272 2.281 "" 1.950 '" 
,,,, 

L OOO 1.610 .141> 2.717 2.731 "" 2.218 '" .743 , 2.376 2.067 ,'" 3.61>2 3.678 "" 2.760 '" L30S 

"i 2.876 2.469 ,'03 6.793 5.819 , 3.276 '" 1.720 , 3.'" 306S .216 7.b75 7.616 , 3.948 "i 2.<198 

3" ',000 3.M8 .226 9. 109 9.202 , 4.bOI 3" 4.241 

• ..,00 <1.026 .237 10.700 10.889 , 6.091 3" 4.741 

"i ' .000 "' .. .2<17 12.[,38 12.642 , 6.b91 '" 6.241 , "'''' 1>.0017 .'" 14.61 7 14.8 10 , .. ,.. ." 8.091 

• 6.625 ... 63 ,'" 18.074 19.185 , 7.31>8 ." 0,'" , 7.625 7 .023 .30' 23.M<I 23.769 , '.33S ." 10.932 , 8.626 8.071 .277 2<1.1,96 25.000 , 9.358 ." 13.OM , 8 .625 7.98 1 .322 ZS.M>4 38.800 , 0.31>8 ." 13.OM 

° 9.625 8.041 ,,., 33.907 31.188 , 10.31>8 '" 17.236 

" 10.700 10.192 .279 31.201 32.000 , 11.721 ." 29.877 

" 10.760 10.IS6 .S07 31.240 35.000 , 11.721 ." :m.877 

" 10.750 10.020 .363 40.483 41.132 , lL721 ." 29,S77 

" 11.750 11.000 .37b <l5.M7 46,24,7 , 12.721 ." 32.600 

" 12.760 12.090 .330 13.773 45.000 , 13.0~ ." 43.098 

" 12,750 12.000 .375 49.M2 50.706 , 13.91>8 ." 43.098 

" 14,000 lS.250 .S75 M,MS M.824 , 15.208 ." 47.1S2 

" 15.000 14.260 .375 ~.673 00.376 , 16.446 ." 59.<193 

" 16.000 16.260 .S76 62.579 6<,.. , 17.446 ." 03.'" 

The ptrmiIIible nriat>:ln in .. ti&h~ it ~ per 0tI>1. .~ ...:l [, per _I.. belo .... 
FurniIhod with lhre.dI...:l O)OUpliDp...:l in • ...:l0tt0 l~ ~ oI.b.wiole ordnd. 
~ of thra.de iI M" diameW per foot ler:cth lor -.Jl";-' 
Tho .oiP' per loot of pipa wilb lluud. and ..... plill&l iI hued on • lqth of 20 fod. 

iDcludi.nc tba ..... pWrc. 00\ obippinc l~ of ....all .a.. .. ill....u, onnp 1_ tht.II2(l loeI. 
An .. til &lid dilllOlIIiooI ani I>OIIli<>Al ()Q .... made in mere tha.m 0<18 •• ;"111, ".' 

dooir.:l mild bot llpeC:iIed. 

" 



PIPE 

PIPE-BLACK AND GALVANIZED-Concluded 
H .. TlOH .. t. TO." CO"P"H~ U· ... HO ... !) 

EXTRA STRONG PIPE DOUDLE EXTRA STRONG PU'E 

Weicht, Weicbt -. ~ -- ~ , ... Thick· Foot, , ... """,. 
foot, 

Si .. , -. ,- Si .. , -. , ..... ". , ... ". , ... ,,-, In_1 "., 
~ 1 .. _1 "., .... "'" 

~ 
.'M .21.5 .00' .314 ~ .S" .2.52 .". 1.714 
.M' .30' .119 . .535 '-"'" ...... ."'" 2.440 
.67(, .423 . 126 .738 , 1.31.5 .,,,. .", . 3.6(,9 .... .,,' . 147 1.087 ' K '-600 .896 .S" (,.214 

n '-000 .742 .'" 1.473 ,~ '-000 1.100 .• 00 6.408 , 1.316 .'" .179 2. 171 , 2.37(, '-006 . ." 9.029 

l~ '-600 1.278 .191 2.996 ,~ 2.876 1.771 . .,. 13.69.5 
'-000 '-000 .'00 3.631 3 3.000 '.300 .600 18.583 , 2.37(, 1.939 .218 6.022 3~ '.000 2.728 .,,' n.soo 

'n Z.87(, 2.828 .Z76 7.661 • '.000 3.152 .674, 27 . .54 1 
3 3_ '.000 .300 10.2(,2 ·n '.000 3_ .710 SZ.b30 

". '.000 3.364 .318 12.6% , , . .., .. .., .,,, 38 . .5052 

• .. - 3.826 .337 14.983 , 6.62.5 4.897 .'''' 53.160 
.n '.000 4.200 3M 11.611 , 7.625 6.87.5 .87.5 63.079 , "M 4.813 .ani 20.778 , 8.625 6.876 .875 12.424 , 6.625 .5.761 .432 28 . .573 , 7.62(, 6.62.5 .- "''''' ~ .nit plain -t. aDd in raDdom 
8 8.625 7.62.5 . -43.388 ~ u..s- oC.bon" ""'..-..:I . 
S 9.62.5 8.62(, 

. - 48.728 onn;.ible nNl~ ill "oich I, I.... ",lr • 

W 10.7.50 9.7.50 .- M.735 ItI"oq PIpe, ~ I)tf otcl •• bo·u o.od 5 I)tf ..... 1. 

" 11.7.50 10.7.50 
. -60.076 ...... 

" 12.7.50 11.7.50 .- 6(,.41.5 for double ,..In> """" pipe, 10 per .",1. 

" 14.000 13.000 
. -72.091 aboye ond lOper_I.,*,,-" . 

" 15.000 14.000 . '00 77.431 All "oichll o.od dillWllioalo ... DOmioal • 

" 16.000 1.5.000 .- 82.771 

LAROE O. D. PIPE 



r 
CAR NIlO I Il S T EEL COMPANY 

SCREW TH READS 

"''''"I''~'' BIIIO"" CO .. PAN Y BY~"O~IIO 

BoIII'EI, RollS, En: BARS, TURNBUCKLES, S LEEVE NuTS, AND CLEVISES 

. . ____ L __ . ____ , .. ~=:::~::.-~.:-: 

iii irT-~----1 
ft I i , _ . J.. ! 

: ~L.J;o-- III)- ", .., 
·--·--f---~'·-----·---.. ' :. ! . . 

""""'" '"" N="" _I """~ '"" Number _, 
T~I N" T_" N. """" Total. Net. TN' N. """" 6. 0. J)it., d, Dia., 0, r.:. 6. 0. Dia., d, Dia.,~, r.:. I,. ". Sq. ID. Sq.ID. ,- 1_. Sq.ln. Sq.ID. 

~ . '" .... .027 ,. ,~ 2.175 .. ,.. 3.716 • H .m .tlO ."'" " 'H 2.300 S.412 4. I M • 
~ .• 00 .'''' .126 " ,~ 2.425 5.940 4.619 • H ."" .307 .'" U 'U '.O>l 6.492 t>.lOS ,~ 

~ .'''' .<&42 .,." '" , 2.629 7.069 5.428 3~ ~ .731 ... , .419 , 
3~ 2.879 8.296 6.509 3~ , .... .7" .'" , 
3~ 3.100 9.621 7.549 '" ,~ . 939 .... .'" 7 3K 3.317 11.045 8,641 3 

'" .. -1.227 .'00 7 

' H I. U8 1.485 I.OM , • 3.567 12.566 9.993 3 
, ~ .. "" 1.767 1.294 , .~ 3.798 14. 186 11.330 'U 
'H 1.389 2.07<& 1.515 ,~ .~ 4.028 15.904 12.74 1 ,~ 

'" 1.400 2.405 1.744 , .~ 4.265 17.721 1<&.221 ,~ 

'U 1.615 2 .761 2.049 , , 4.480 19.635 Hi.766 ' U , 1.711 3.142 2.300 .~ OJ, 4.730 21.648 17.IiH ,~ 

'" 1.836 3.547 2.649 .~ ,~ 4.953 23.758 HI.268 'H 
i~ 1.961 3.976 3.02 1 .~ '" 5,203 25.967 21.262 'H 

2.086 4.430 3.419 • , 5.<t23 28.274 23.095 ,~ 

BOLT HEADS AND NUTS 
A:WERI" .... BRIOO. "O .. .. AN Y BT .. NO"BI> 

.. _t···· ~ 

~T--B=B ~fF~ ~ ~_. ___ .t~~~ ,' , i 
:"&'..J ~·h..J ~-If'; l,· h..J 

no..ctI Nul Fioiobod Nul Roo&!> Head I Finie:htd llad 

! , ! • f I h r J h 

1.5d+H"' j d 1.5d+'h_' d .," 1.5d+W] 0 .5 1 I l .5d+'h.io.5 r--'h.~ 

F", Sore.. n.r-Ia, Boll H~.ond Nuto, the AmerieaA B~ Compuy b.aa odopWd lb. 
}'nonldu. IDOtitut. SWldanl. <OD""O<ll)' Gown .. UDi\ed 81&t. SWIdanI. 



BOLTS 

BOLT HEADS AND NUTS, DU'IENsloN6 IN INCJD;8 

... URIC .... BBIDO" CO .. r .... 1' B1' .... O .. R O 

~ 
'J j! 

a ~ ~ * 
~ 

~ 

i,' '. , il" % '., • •• • 
~ .* lns •• •• • • .. , ~ 1'Ii , • 1'1-\ , I),. 111-\ , I ,~, 

• l ~, 

i~ 
, 
' .. 
lli. ,. 

'U 2"1\:0 , , 
'" !~ ~a ~a :tts 

.'lri. 
3 3 '" '. l~ III ~~o , '" 

BOLT THREADS, LENOTB IN INCHES 

.. M •• ,O ... B8"'0" cO • .,· .... 1' . 1' .... O .. BD 

1:f:' 
Diameter.IDChao 

" " " " ~ " 'U ." 
• ~ ." " " ." ." ~ , U " ." ." ." 
'U~ '" " " • ." ." ." ." 

' '' ~ 3 " " • ." ." ." ." 'U 
3U ~ • U " ." ." ." ." ." '" '" 'Uoo 8 • ." ." ." , 

'" '" '" 8}i to 12 • ." ." , 
'" '" 

, 3 ., ~30 • • , , , , , , 
Bolt. DOt liIttd ~ ~ iObo<It 3 Ii ..... the diameter: io DO 

u.r.dod ~ 10 IIoe IM&d lha.D. ;( i ... b. -~ olaodard bolla 

" 



CARNEG IE STEEL CO MPANY 

BOLTS WITH SQUARE HEADS AND NUTS 
....... ,C .. ,.. ."'00., co .. PANT ATANO .. 1I0 

WEIGUT IN POUNDS PEII 100 DOLTS 

'-" DWn. 1et ol Dolt, Incl>c!t u ... 
• od. 
"",b .. Y. •• • ,\0 V. • " ':. • ----------------• • , U " " " '" . " • , U " " " " n, , , 

" " 
,. .. " •• , , 

" " " 
., .. , , , .. " " " " ... ... 

'" 
, , 

" " " .. n ... 'M> 

'" • .. " " " 
., ,. .em .M 

'" • .. " " " .. " no .s> , , U " 
,. 

" .. 80 m .s; 

'" 
, 

" " " " " " '" '" " 
, 

" 80 " " " " ". ." . " • .. " " .. .. 98 . ., '" , W " " " 
., n w. ." 80. 

'" W " " ,. .. " U. ". '" • U " " " " " m '" '" ." " " " .. '" m u, 
7 " .. M 88 ". '85 ". 
'" " 

., 
" " ." '" '" , 

" " 00 " .. , '" '" , 
" 

., 
'" .. , ... '" '" W " n u. "7 >SO '" " .. " '" '" '" '''' .. " ... '" '" ... 

r .. bob L. ,., , .. .. , , . '.7 12.5 17.0 22.3 Additional 

SQUARE NUTS AND DOLT HEADS 

.... "" IC .... 111110(111' CO ....... T aT .... 0 .. 1I0 

W£iOliTS IN POUXDS Fon OXE HEAD Al(O ONE NUT 

DiaaIeIet 0/ Doll, 
n~ .v. ., , ,. , 

.~ ... 
Squa.re He&(! and Nu~ .. . 2.05 3 .51 5.48 , ... 15.6 26.2 

\Velght of Shank per InCh .8471 .800' .6815 .'900 1.391 ,.,." 



BOLTS 

BOLTS WITH HEXAGON HEADS AND NUTS 

.... ,,"'c ..... "'DO" co ......... IT""D""D 

WEIGHT I N POUNDS PER 100 BOLTS 

"""" Oi.omet<r of Boll, I ....... '-. Diamet.er of Boll . I""b .. 
U~. U~. 

H .... H .... 
J""b .. " " % ~ , 

l !lCh .. " " % " 
, 

, " " " • " " '" '" '" ,~ 
,. .. M ". <H> 00 '" "" 

,,. 
'" " " " • 63 "'. '" '" OS, 
'% " '" <H> ". '" "" '" ". '" , " <. 63 " '" 

,. 68 "" '" '" ,., 
,~ " " '" " '" "'" n '" '''' '" '" '" " " " '" '" 

., 
" '" '" '" ". 

'% " " " "" ,os ,,,. " '" '" '" '" 3 30 " " "'. '" " 80 '" '" '" '" ,~ " " " '" "'" ",. " '" '" '" '63 ,,. 33 " " 
.,. 

'" " " '" "" '" '" '% 
,.. 

" " '" '" "" '" n' , .. '" '" , " '" '" '" '" " " '" '" '" '00 
,~ " 60 00 130 ". ",. " ,os '" , .. '" '" 38 " " ,,. 

'" " " '" '" '" ... 
." " 

,. 
" 

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

" 66 '00 '" '" " "" '" '" ". '" ,~ " '" '" '" "" "" '" "" 
,.., ". '" ,,. 

" n "" '" "'" " '" '" ". '" '" ,~ " " "" '" '" ",. '" '" '" '" 
.,. , .. " '" ". ". " '" m '" 

,,. 
'" .~ .. " '" '" '" ",. '" '" '''' on '" .,. " " '" '" '30 " '" '" '" os, "" '% " " '" '" '" ",. '" '" '" '80 '" , 

" .. '" '" 
,.., 

'" 
,,.. ". '" '" 63. 

,~ " '" ". '" '" ,,. 
" 88 '" '" '" ' % " 00 ,,.. '00 36. 

Por JIlCh , .. .. , 12.6 17.0 22.3 
Per IDCh , .• .., 12.6 17.0 22 .3 

Addj~ Addi~ 

BE.XAGON NUTS AND BOLT BEADS 

.... ""'0 .. " ""'DO" cO ..... "T IT""O""D 

WEIGHTS IN POUNDS FOR ONE HEAD A!iD ONE NUT 

Oi.omet<r of Bolt, 

'" '" .. , 
'" 

, 
'''''. 

IIe>:agon Uead and Nut .. 1.73 2.95 4.61 6.79 13.0 22.0 

WeiGht of Sbank 1)61" Inc .3477 .600' .6815 .• 000 1.391 '.003 



CARNEOIE STEEL COMPANV 

UPSET SCREW ENDS FOR SQUARE BARS 

P1I.ch and Shaj)tlot Thread A. B. Co. Stalldanl 

m .,,,,, 
Addiu"oW 

,-
D ...... 

1Iid. 01 "- W.' ........ '-" ..... .. 
"'- ,!l;. I:.. O. ,:... ,. ..... ,,"- "-'. , .... ' .... """" • ... ...... .... + Iocx., o. ", ..... ..... , ... ,- Sq.ladoto .... 

% ---. . ~ 0.5113 LIB , ~ • • 0.939 0.603 23.2 . ~ 0.766 , .... ,~ • ". I."'" 0 .800 1(1.2 

, 1.000 3,.0 I)' • • 1."" 1.'" 20 .• 
,~ 1.266 .... 'H • ". 1.380 1..r;1~ HI.7 

'" 1. ... 6.31 ,~ ." ." 1.615 2.040 31.1 

')( 1.801 11 .• 3 , ." • 1.711 '.300 21.7 

'" 
2.2,w ,." '" • • 1.061 3.021 "'., 

')( 2.641 8.G8 ')( • ." 2.086 3 .• 111 20.5 

,~ ,."'" 10.41 '" ." .~ 2.175 3 .716 21.3 
,~ 3.616 II.G5 '" ." • 2.425 4.6111 31.. 

, 
'.000 13.&0 ,~ , • >.0 .. 5.IOS 27.7 

". • . 516 15.36 , , ." 2.629 5 .• 28 20.2 

'" .. "'" 17.21 'j( ." ." 2870 , .... 28.11 

". 5.641 10.18 '" 
, ." 3.100 7.6-'11 " .• 

'" 6.2,w 21.25 ,~ , , 3.317 8.641 38.3 

". 6.891 23.43 ')( 
, ." 3.317 8.641 26.4 

'" 7.'" 25.71 • '" ." 3.567 .. "" 32.1 
,~ 8 .266 28.10 .~ • ,~ 3.708 11.330 37.1 

, '.000 "' .... ." • • 3.708 11.330 25.0 

')( 0.766 ".w ." ." , U". 12.7.1 "' .. 
'" 10.563 35.01 ." ." '" .. ,., 1 • . 221 3 •. 6 

U~......tod ..... _;a(. .. 



UPSBT SC REW EN DS 

UPSET SCREW ENDS FOR ROUND BARS 

","'.alO.oJ' ••• 00. 00.111.","1: IT"'''D'''.D 

' Q L .})]1ID1]1n 
: : ... ---_ ...... _ .... • ..... _ ......... 

PIlCh Ind Sh.pe of Tbrad A. D. Co. S~dud 

BAR .reET 

AddilioDal """ ...... 
""- '-, Wllilbl 

"'""" '-" ...... .. ,'-
J..!l;.. ,!l.;. 1::., b, 0, 

,. ,~. '''~ I ... , , ... , ... U., ""-' of '_of u.. + 10%. " no .... , .... , J ".~ .. , ... Sq. l"",,"" ? --------. ~ 0 .•• 2 1.110 , • • 0"" 0.5/;1 "7 . ,. 0.001 , .... '" • , "OM 0.890 48.0 

• 0.786 2.67 '" • • l.I5S .. OM 3 •. 2 ." 0.H4 3.38 ." • • .. = 1.294 30.2 
' J< 1.227 4.17 ." • • 1.389 1..5111 "", ." .. '" "'" ." • • '.490 1.744 17.5 

." 1.767 6.61 , ." ." 1.711 2.300 M.' ". 2.07. 7.'" ." ." • 1.836 2.6-'19 27.7 .,. 2.405 S.IS 'J< , • 1.961 3.021 25.6 .,. 2.761 9 .39 '" • • ',,,",, 3.419 23.8 , 3.142 10.68 '" ." • 2.176 3.716 18.3 ." 3.547 12.0& ." ." '" 
.,,.., 4.1S6 17.2 

'J< 3.976 13.52 ". • ." ''''' 5.IOS .. .. 
'" •. 430 U.O& , • ." 2.629 5.428 · 22.5 

'" 
., .... 16.69 ." ." '" 2.879 ..... 32.6 ." 5.412 18.40 'J< ." ." 2.870 ..... 20.' 

'" 6.940 20.10 . " 7 ." 3.100 7.549 27.1 .,. 6.4112 22.07 ." 7 • 3.317 S.MI ,"" , 7."" 24.03 ." 7 , 3.317 8.&10 1 22.2 

'" 7.610 26.08 • 7" • 3.667 ..,,, 30.3 ." 8.296 28.21 • 7" • 3.:.67 0.9113 20.11 

'" 8.946 30.42 'K • ." 3.798 11.330 26.6 

." 9.621 32.71 ." • , 3.798 11.330 17.8 ." 10.321 35.00 ." ." ." -4.028 12.7.1 23.4 

'" 11.045 31.M ." ." • -4.255 1 •. 221 2S.8 
'it 11.793 .0.10 ." ." ." 4.255 I-I.ZZI 20.6 

UI*III.....-1ttcl • III opeoial. 

" 

-



CARNEOIE STeEL COMPANY 

EYE BARS 

ORDINARY EYE BAR ADJUSTABLE EYE BAR 
, 

< ftj ' ; ; .. 
_m ~ ! 

,.. I--.::±'" o. ". 

, , 
,~ 

, , 
• • 
, , 
6 

, • 
• , 

" • 
" 
" 
" 



LOOP RODS 

LOOP RODS 

....... " ... , ... Da. co"."'1I' ....... 0 ..... 
X ",-

. _.~ ~R."T>"" 
1:~;;- -- ,~ - -:~: Left A\Pnj th t ' 
, " ' ~----~-.- -.---
i a l--ZMo P---Yln. Le tb .:7" ~ ' 5:·":For Turnbu(kle 
------.... --------- - --. -- !'«.l _____ ._ . .. ~ .8': .. For Sl .... ve Nut 

PItch and Shape ot Thread A, IJ. Co. Standard 

ADD ITIONAL LESGTH "A" 1$ FEET MID ISCliES .'OR OXE Loop 
A-I.Up+&.8Ir 

"'-. • Oi_ror SicM ''r'' 01 Rod ID I ... IoM 

"' , " " 
, "I "I '" "I " I " '" , 

I" "J.ij0010 .. " 0-11 J.ij 

I ~ '" 1O~'Oolt ~ I· 0 1- , 
I" ~" ~1lJ.ij \- O~ 1- I 1- , I · ZJ.ij 
,~ \- 0 I· O~I I - lJ.y- 2 

.., 1- 3J.ij 1- .4 J.ij I-,'\ 1- 6 

) • .4 J.ijII. 6J.ij1t- 6 , \ - , 1- Hi 1- 2~ 1 . 3 1- • 1- , 1- 7~1- 8h 

t- 3 I· 3~ ll- .4J.ij 1- .5 
I I I 

,~ .., 1- 6J.ij1- 6HI- 7 \- , !· 8H I·9)i 

'" \ - , \- , 1- .4HI. 6)i 1. 6 \-' ). 7J.ij 1- 8 \- . I- 9 H 1.10 11 

'U \-. .., 1- 5H;1- 6)i I_ 7 ,-, I· 8).ii1- 9~ 1-10 1-1l I-lI h 

I_ 6).ii)1- 7}i11- 8 
I , 1'-0 1" 0), 

, .., \- . 1- • I· "HI-IO~I-11 
I I 1-IOJI'I1HI~ 0 '3~ \- . \- , 1- 7HI- 8J.ij1-" 1·10 - \ \ ~ 

3J.ij 1- 7}U' 8 I· 8J.ij \- "H'I-IO 1-11 1-IIH~ OH~ 1 ~ 2 ." "3" r 8J.ij(1_ " 
1_10 r "' " ."'j"" '" • t- " H \-10 I-ll 

\-11 " .. o,,~ \ 2 I'- ,)< .. 3 ~' I'- . ~ ". I-II - " OJ.il l }i 2 - S 12- S)ib..4J.i 5 6 ." 0 2-\ 2- IJ.i2- 2 J.i 2- S 4 ~ .4 J.i2- 5J.i Ii ,- , 
,.~ , 2-, 2H2- 3~~ 4 II iz- IIHIz- 6J.i2- 7 , 
, - 2H2- 3 - 3 J.i12- .4 J.i

I
2- II ;z. 6 Iz- 6}+ 7H~ 8 1'- ' 

' .. ,-. 2-.5 2- 6H 2- 6 1 7 ~ 7J.i2- 8H " '" '" 3 2- 6 6).ii~ 7J.ij?- 8 -, 

Tt' 
"K 6 2- 7 7 J.i~ 8H~" '" 

6 - , .. , 2- 8).ii "J.i 10 1>-" ;z.llH OH 1 

'O~ ... "Hb. lOH~lI ';3- 0 OH I H 2 

'" ~'" 
IO~tllH3- 0 3-) US 2 ~3- 3 

'OK " o OJ.ij~ l t 2 fl- 2H 3~~ 4 , 0 1 l H 2J.i3- 3 3 J.i 4J.i 5 
Pi ........ ted ..... opoei.J, Muimu",lIIippiq IqtlI 01'1"-'5 1m, 

" 



CARNEOIE STEEL COMPANY 

CLEVI SES 

...... 11..,,' '. 'I)(I~ CQ .. .. WI' .T .... .... !) 

OhDIl,..wno In I nche. 

Gri~ 01 pI.'e + }(" but ",_.ot e..-l di--., f 

~ H...:! Sml -,..--.,-.'1-
ll'~.-~~,~~·~v."·u~ •. ~~4h 
D Z d • t r~' 101.. • ~ 1 • e u I" e f • • =='" • • , , , 
• , 

I )-i 6 
1 , . 6 
2 tl 7 
2~ 8 , , 

C LEVIS NUVDJ:R8 FOR VARIOUS RoM AND P INS ..,.. Plnl 

• , 
• , , 

..... -U .... , 1\4 ' I',j, ' .. --=..; ~" i 2',j, 
,.. • .~ 

U , , I , , ..... 
, ... .. U '" ''+ , • • 
" " '" • • • • , ", . '" • t+ • • 
'" 

, 
'" • • • , , 

'K '" '" • • t+ c+ l , , 
'" . " , . 'U • • , 

..... '" '" 
, , • • , 

'" '" 
, • , , f4-' • • 

'" ...... ,,, • , , 
' f+ 

, • 
'K ". 'K • • • , • , 
'" '" 

,,, 6 , , 1-+ • , , 'K ,,, , 6 6 • • , ,,, . " , . , ,,, , , • • K-
, 

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

;~ :. ,,, , , , , , , , , , 
C\rroriIIoI atom...ad 10 riPl '" ~ ...,. be...t .... forb I\n.idtl, .... .... 

IC! le11 01 lit. 1m. ~ "n farb • to .. aoI; '" _a pia. 

88 

• , 
" ,. 
'" 

.~ 

, , , , , , , ... 



TURNBUCKLES AND SLEEVE NUTS 

TURNBUCKLES AND SLEEVE NUTS 

Allamo." amlloa OO ...... IfT IITAIfDA.D IO"lfV."CT1:l1lS1lfI liT""""'" 

DlmeD.lonl In Incbee 

TURNBUCKLES SLEEVE NUTS 
r' __ ·· ".· . .,._d~ 

r<'! ~"T;fYi i~ J'" @ . .. ... 
. n!~n~. c(J=-', .•.• ~ '~ 
• .• A"·- ...... _. . ~ r-·· j • . I I . 

j ' . i · t : '--•• _.- J • •••. _-.! :.. b- .... .....,..J - --1··_··...: 

~": po8" for ", ... buck!. ID&Ited ". 
Pik~ oad """'" 01 tJo.n.d. A. B. Co. SIuoiud. 

..... Bwmtd~ 11 1>=r 1kar.danI~ 11 ., . 
& 

• • , • , • • • • , • • • , 

" ::i ,~ •• •• ~ '" 
, .. ,. . .. " .. ' .. • .. % ,~ .. " .. . .. • • '" ". '. •• % .. t: .. '. ' . '" •• .. .. 

% •• '" ' .. ,~ 

" 
, 

" ••• ... •• .. • , . , " . ~ , . .. ' . ... • , 
• . ~ • ... •• •• '"' • • . ~ , ... .. ... • , . ~ . '. '" n~. .. •• .. • , . .% '" , .. . . .. •• • •• ". '" ... ~ . ~ '" • •• ' .. ,~ , ... '" •• • ... , .. ..~ . ' . " ... ,. , ' .. , 8 ' .. '" ... .. • ." ~. .. " 1 __ , .. ' % '" 8 ." , 8 ' .. '" .,. " • ... "'. "". .. •• ,. .. ... ,. 8" '" ... .'. • • 8 ... F,::.. 11% ~ ,. ." .. ... ,. S~ ' 2% ... • • •• • ... .... •• '. " .. " ." '" • . .. '" ,~ " .. , .. " '. • •• .. , 

'" • 3~'3% '" " .. 
,~ •• "" " I~ ; ... " .. ' .. '" ,. .... ' .. ., .. '. .. ... '. ... '" '. '" ." .. .... '" •• " ". 31J\.. 13~ .. '. "" ... " ' .. 8 .. 3~to ." '" .. " .. .. .. " •• ~. ... " '" 

, >0 .. ." ,,. 
" .. 

" . •• 14% • '. • .. 83 , .. ,. .'" •• . '. , .. '"' " .. • • .... •• I~'. • '" .. .. a" .. ... '" ,,, 
" " , 

" " .. .... .. ... •• • a~ .. •• '" 
,. .. " ' . • "" • ••• ... .. ,. ... 11'tio a .5'''. 3"- ' .. " ,,, , . . '" • ' lio 

,. 08 ,,, • " ... '" ". li • • •• '" ". ~i. .. , .. " a. •• .'" .. (ll". 3~ ' .. ., 
• .. .. ' .. '" . 08 • ... .. '" '"f • " 

""" ; 21~ .. . .. ;: .. . .. •• •• "" '" 7" -4"- • •• " ",,\40 2:2\40 
~ 

... . .. '" ... • .. OJ. 71~ 4% ••• " ·4% " Fa~ " "% r= ·11 \40 I:u .. ~ .. .. 
" 



CARNEOUI STEEL COMPANY 

RECESSED PIN NUTS 

" .. ", .. ,a"" BR'DO", CO .. PA'" BT""D,,RD 

Dimensions in lncbe'l ,.. 

~:I @l , , 
To obtai .. piP. *<lei N' for _b bu. : N nt. tbnI&dtd 6 thr.do """ ineb.. 
To oblain dittanoo bel .. """ obould ..... ..td amount ,,~e" 1.11 labl$ to &nil-

,. Nut 

O>.metot of Pi". """ '" ~I Diamettt • .~ ,j , • 1',,_ 
w ~ h No . • , Grip , n m 0 • •• 

,. 
'S ,~ , 

!l ," 2")1. , li! !~ !l 
... U PN21 

,~ . , , 

II 
31)1. ". .., l'N 22 

3. '3~. 3 ,~ 

~ :~ ' .. , a ,., 2.5 PN23 
03 . 4 3 :4t ~~ '. 3.7 PN 24 

"4)4". Hi .• 4~ 3~ 

l~ 
'K ., ,., I'N 25 

5. 05 , 

~ 
,. 

'" '. ,., PN 26 

5J.i. :~tf: ':J.i 
, ~ , 

l~ 
,,. ., ,.S P" 27 , ". , ,. ••• PN 28 

'"6~. 7 g~ 
, s. " ,~ ., 1I.8 I'N 20 

"7M '7~ , 
!~ " js ~* 

14.3 J'N30 
'7~. 8. "8 , 

~~ l°lt 18.6 I'N 31 
,s~. • , "", '" ["1)1 .. 23.8 P N 32 
"9. 10 , l!~ " 5',-,.31.1 I'N 33 
Pi .......... ted • on.peci&f. 

CO'ITER PINS 
.... "'., ,, .. ,. 11.11.'001: CO" P A'" 8"'''''''''''''' 

" J: All Dlmell.'lwna In Inahos ," 1}-----"It------: : 

WJ , .•.. , ~-l 
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CAR.NEO I S STeeL COMPANY 

AMERICAN BRIDGE COMPANY 

SPECIFICATIONS 

, .. 
STEEL STRUCTURES 

DE810N, D&TA.lL8 Oil' CoNSTRUCTION AND WORIUIAN81l1l' 

ADOPTU H1I2 

DESIGN 

1. LooIde. The steel (rame of allatructures Bhall be designed 
so IL6 to sBfely support the dead and live loads. The dead load shall 
contlillt of the weight of all permAnent CODlltruction and fixtures, 
Buch WI wall3, floore, roofH, interior partitiOIlJi, and fixed or l)Crmanent 
appliances. The live load shall CODfJist of movable loads on f!OOr1l, 
loads due to machinery or other o.ppliancCli, and the exterior loads 
due to 8110W on the roof and to wind. 

2. For structures carrying traveling machinery, Bueh as cranes, 
conveyOIll, etc., 25 per <lent shall be added to the atreues resulting 
from aueh live load, to provide for the effect of hupnet and 
vibrations. 

3. The wind pressure shall be Jl88umed acting horizontally in 
noy dircction aa follows:-

Firet: For finiahed structurce-A pressure of 20 pounda per 
square foot on the aidCII add cnds of buildings and on the vertical 
projection of roof surfacCII, or 

Seoond: In proceeB of coll8truetioD-A preeBure of 30 pounds 
per square foot on vertical Burfacea and the vertical projection of 
inclined Burfacca of all ellpolloo metal or other frame work. .. 



CONSTR UCT ION S P ECIFI CATI O NS 

•• Ualt 8 t..-. All parts of structuretl shall be proportioned ., that the sum of th' d,ad .. d live loads, togcther with tho 
impact, if any, shall not cause the strcssetl to exceed the following 
unit stresacs in pounds per square inch: 

Tension, net section, rolled steel.. ........ ..... . . ••••.. 16000 

Direct compression, rolled steel and steel castings ..... · .10000 

Bending, on extreme fibers of rolled shapes, 
built sections, girders, and steel castings .... ........ · . 16000 

Bending on extreme fibers of pins .. .... .. ........... · .24000 

Shear on shop rivet3 and pins .. ........... ........ . ... 12000 

Shear on bolt8 and field r ivets .. ............... .. . ..... 10000 

Shear- avcrage--on webs of plate girders and 
rolled beams, gross section ... ... ..... .............. . "'000 

Bca.ring pressure on shop rivets and pins .. .. ... . .. ..... 24000 

Bearing on bolts and field rivets .......... .... ...... · .20000 

Pressure per linear inch on expansion rollers shall not exceed 
600 times the diameter of rollers in inches. 

Axial com pression of grOlllil sections of columns, for 
ratio of lIT up to 120. .. ............ .. . ... .. IOOOO-iooll r 
with a maximum of ... .. ........ .. ..... ... . ..•• • 13000 

where l=effective length of member in inches, 
r=corresponding radius of gyration of section in inches. 

For ratios of ll r up to 120, and for greater ratios up to 200, use 
the maximum stresses given in the following table. For intermedi-
ate rat ios, proportional amounts M' ""d. 

Unit StruI: 1l1000-100 Il r Unit Sv-: 13O(l()-W Il r 

Ratio.l/ r MH. Su-.1b./ oq. ;0. Ratio. l i T Mll<. Su-.lb./oq. ill. 

oo ,- t OO '"'00 ,. t _ HO 0000 

'" nooo tOO MOO 
00 t OOOO tOO 0000 

tOO 0000 "0 "'" n ' 8000 '" <000 
120 '000 '" 3500 

5. For bracing and combined stresses due to wind and other 
loading, the permissible working stresses may be increased 25 per 
cent-provided the section thus fou nd is not leSll than that required 
by the dead and live loads alone. 

" 



CARNEOIE STEEL COMPANY 

PROPORTION OF PARTS 

6. General. The effective or unsupported length of main 
compression members shall not exceed 120 times and for secondary 
members 200 times the least radius of gyration. 

7. In proportioning columns, provision must be made for 
eccentric loading. 

8. In proportioning tension members, net section must be used. 
Rivet holes deducted must be taken Ys inch larger than the nominal 
size of rivets. 

9. Members subject to the action of both axial and bending 
stresses shall be proportioned so that the greatest fiber stress will 
not exceed the allowed limits in that member. 

10. Members subject to alternate stresses of tension and 
compression shall be proportioned for the stress giving the largest 
section, but their connections shall be proportioned for the sum of 
the stresses. 

11. Girder.. Rolled beams and channels, and built-up members 
used as beams and girders shall be proportioned by the moment 
of inertia of their gross sections. 

12. Plate girder webs shall have a thickness not less than lhso 
of the unsupported distance between flange angles. The webs 
shall have stiffeners, generally in pairs, over bearings, at points of 
eoncentrated loading, and at other points where the thickness of 
the web is less than lko of the unsupported distance between 
:flange angles, generally not farther apart than the depth of the web 
plate, with a maximum limit of 6 feet. 

13. The lateral unsupported length of beams and girders shall 
not exceed forty times the width of the compression flange. When 
the unsupported length (l) exceeds ten times the width (b) of the 
compression flange, the stress per square inch in the compression 
flange shall not exceed 19000-3qO li b. 

DETAILS OF STEEL CONSTRUCTION 

14. General. Adjustable members in any part of structures shall 
preferably be avoided. 

15. Sections shall preferably be made symmetrical. 

16. No connection, except lattice bars, shall have less than two rivets. 
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CONSTRUCTION SPECIFICATIONS 

17. Trusses shall preferably be riveted structures. Heavy 
trusses of long span, where the riveted field connections would 
become unwieldy, or for other good reasons, may be designed as 
pin-connected structures. 

18. Abutting joint in compression members faced for bearing 
shall be spliced sufficiently to hold the connecting members accu
rately in place. All othei' joints in riveted work, whether in tension 
or compression, shall be fully spliced. . 

19. Lateral, longitudinal and transverse bracing in all structures 
shall preferably be composed of rigid members, and shall be designed 
to be sufficient to withstand wind and other lateral forces when 
building is in process of erection as well as after completion. 

20. Girders. When two or more rolled beams are used to form a 
girder, they shall be connected by bolts and separators at intervals 
of not more than 5 feet. All beams having a depth of 12 inches and 
more shall have at least two bolts to each separator. 

21. The :Bange plates of all girders shall be limited in width, so 
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 shall be in pairs and shall have a close bearing 
against the :Bange angles. Those over the end bearing or forming 
the connection between girder and column shall be on fillers. 
Intermediate stiffeners may be on fillers or crimped over the :Bange 
angles. 

23. Web plates of girders must be spliced at all points by a 
plate on each side of the web, capable of transmitting the full stress 
through splice rivets. 

24. Riveting. The minimum distance between centers of rivet 
holes shall be three diameters of the rivet; but the distance shall 
preferably be not less than 3 inches for :Va-inch rivets, 2Yz inches 
for %: -inch rivets, 2 inches for %-inch rivets, and 1 %: inches for 
Yz-inch rivets. The maximum pitch in the line of stress of com
pression members composed of plates and shapes will not exceed 
sixteen times the thinnest outside plate with a maximum of 12 inches, 
or twenty times the thinnest enclosed plate with a maximum of 15 
inches. Rivets used to stitch two or more plates or shapes together, 
not in line of stress, will be spaced not to exceed twenty-four times 
the thinnest plate or shape. 

25. For angles in built sections with two gage lines, with rivets 
staggered, the maximum pitch in the line of stress in each gage line 
shall not exceed twenty-four times the thinnest plate, with a 
maximum of 18 inches. 
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CARNEG IS STEBI. COMPANY 

26. The minimum distancc from the center of any rivet hole 
to a sheared edge ahall be l~ inches for >i-inch rivets, l~ inchce 
fo r ~-inch riveh, 1 ~ inches for %-inch riveta, and 1 ineh for 
U-ioch rivcta; and to a rolled edge, IU, Iys, I, and % incheH, 
rcepectivcly. 

27. Thc ma:timum distance from any edge shall be eight times 
the thickne8S of the plate. 

28. The pitch of rivcta at theendsof builtcompr{'fl8ioD members 
shall oot e:tceed four diameterfl of the rh'eta for a length equal to 
one and one-half t imes the ma:timum width of the member. 

29. 14ttlriq. The open I!.idce of eomprC88ion memberfl shall be 
provided with lattice bSI"3, having tic platce at each end and at 
intermediate pointa where the lattice il interrupted. The tie 
pl:\tel shall be as near the endll as practienble. 1 n mnin Inembers 
carrying calculated strcsse&, the end tie plates shall have a length 
not IC88 than the distance between the lines of rivetH connecting 
t hem to thc Hanges, and intermediate ones not JC88 than half 
this distallce. Their thickness shaH not be less than %0 of thc 
eamc distance. 

30. The latticing of compreMion members shall be proportioned 
to reaist a shearing strese equal to 2 per cent of the dircct stress. 
The minimum thicknC88 of lattice bars shall be for single bttice, 
%.0, and for doublc lattice, %0 of the distance between the end 
rivets. Their minimum width shall be as rollows: 

For I5-inch channels, or 
built IICetions with Hi and 4-ineh angles, 2~ inches <~-inch rivel3). 

For 12-10-and 9-inch channels, or 
built sections with 3-ineh (lngles ....... 2J( inches <~-ineh rivetH). 

For 8-and 7-inch channels, or 
built IICctiolill with 2~inch angles ..... 2 inchee <",-inch rivels). 

For ~and 5-inch channels, or 
built IICctions with 2-inch angles ....... 1 ~ inches <U-incb rivets). 

31. The inclination or lattice baf8 with the axis of the member 
shall gcnerally be not less than 45 degrees. When the dilllanee 
between the rivet lines in the flanges is more than 15 inches, if a 
single rivet bar is U8ed, the lattice shall be double. 

32. The pitch of lattice connections, along the flange, divided 
by the least radius of gyration of the member between connections, 
shall be le88 than the corresponding ratio of the member as a whole. 
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CONSTRUCT I ON S PECIFICATiON 

33. PI... Pin holca ahall be reinforced by plntea where neceeeary. 
At least one plate ahall be as wide as t he projecting flan~1l will 
allow; where angles are ueed, this plate Ilhall be on the same aide as 
the anglet!. The platet! shall contain sufficient riveta to distribute 
their portion of the pin preeaure to the full Cf'08l section of the 
member. 

34 Pins ahall be long enough to inaure a full bearing of all parta 
connected upon the turned-down body of the pin. Membe!'IJ 
packed on piOlJ ahall be held againat lateral movement. 

WORKMANSHIP 

35. Geaenl. The workmanahip shall be equal to the beet 
practice in modern structural works. Shearing shall be done 
accurately, and all portioOlJ of thc work exposed to view ahall be 
neatly finiehed. 

36. Pu ... III".. The diameter of the puneh ahall not be more 
than lAG inch, nor that of the die more t han ~ inch, Inrger than 
the diameter of the rivet. Punching ahall be done accurately, but 
an oooaeional alight inaccuracy in the matching of holes may be 
ool'l'ected with reamer. Drifting to enlarge unfair bolet! will not 
be allowed. 

37. RIYdl".. The aize of rivcta ahall be as called for on the 
plana. Rivets ahall be driven by preeaure toola wherever poesible. 
Pneumatic hammers shall be used in preference to hand driving. 
Riveta ehalliook neat and finiahed, with heads of approved shape, 
fu ll and of equnl ahe. They ahall be centercd on t he Ilhlmk and 
ahall grip the IlBBCmblcd picces fi rmly. 

38. .A.M .. btl.... Riveted membe!'IJ shall have all part. well 
pinned up and firmly drawn together with bolts before riveting 
is commenced. Contact surfaces shall be painted. Abutting 
jointa shall be cut or dreased true and straight and fitted closely 
togcther. In comprC8llion jointe depending on contact bearing, the 
Ilurfacca shall be truly faced, BO aa to havc evcn bearing after they 
are rivctcd up complete and when perfcctly aligned . The several 
pieees forming one built member shail be atraight and shall fit 
closely together, and finished membe!'IJ ahall be free from twista, 
benda.or open joints. 
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CAR.NEO I E STEEL COMPANY 

39. Eye Ba.... Eye ban shall be straight and true to size, and 
shall be free from twista, folds in the neck or head, or a.ny other 
defcct. Heads shall be made by upsetting, rolling or forging. 
Welding will not bc allowed. Before boring, cad} eye bar shall be 
perfectly annealed and carefully straigbtened. Pin holes shall be 
in the centcr line of ban and in the center of heads. Bars of the 
same length shall be bored 90 accurately that, when placed 
together, pins %2 inch smaller in diameter than the pin holes can 
be pa.8Sed through the holes a.t both ends of the ban at the same 
time. 

40. PI.... Pins and rollel'll shall be turned accurately to gages, 
and shall be straigM, smooth and entirely free from Haws. Pin holes 
shall be bored true to gages, smooth and straight, at right angles 
to the axis of the member and parallel to each other, unless other
wise called for. Wherever possible, the boring shall be done after 
the member is riveted up. The distance from center to center of 
pi n holes shall be correct within"%:! inch, and the diameter of the 
hole not more than l,io inch larger than tha.t of the pin for pins 
up to 5 inches diameter, and "h2 inch for larger pins. 

41. lied Platea. Expansion bed plates shall be planed true and 
smooth. The cut of the planing tool shall correspond with the 
direction of expansion. 

42. Alllleall.... Steel, except in minor deta.ils, which has been 
partially heated, shall be properly annealed. Welds in steel will 
not be allowed. All steel castings shall be annealed. 

43. P.I .. ti.... Steel work, before leaving the shop, shall be 
thoroughly cleaned aud given one good coating of such paint as 
may be called for, well worked into all jointa and open spaces. 

44. In riveted work, the surfaces coming in contact shall be 
painted berore being riveted together. 

45. Machine-finished bearing surfaces coming in contact with 
similar surfaces should be coated with white lead and t.allow befofe 
shipment. 

46. l ... peeUoll. The manufacturer shall rurnish all facilities for 
inspecting and testing the weight, quality of material and work
manship. He shall furnish a suitable testing machine for testing 
the specimens, as well as prepare the pieces for the machine free of 
charge. 

47. He shall give the inspector for the purchaser free access 
to all parts of the works where the material under inspection is 
manufactured. 
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ELEM BNTS OP S BC T I ONS 

ELEMENTS OF SECTIONS 

In the computation of the values of atrueturalshape8 for the varioue 
eonditions under which they are lIubjected. to BtrCllS, eertain mathe
matieal expre8lliolll! are Ul!ed. In the tables of Elemen18 of Seetione, 
which follow, thCIIC values or properties are given in inch-units. 

Neal .... 1 A,d.. T he line, in the crOM section of a. beam or eolunm 
in a state of flexure, on which there is ueither tenllion nor compression; 
the neutral axis pail8e8 through the center of gravity of the IICCtion 
when unit strC88e8 do not exceed the elastic limit 01 the material. 
In the usual poaition of structural seetions there are two neutral 
axC8, perpendicular to each other, thei r normal dietance from 
extreme fiber of the IICCtion being dCllignnted by x aDd y. 

Mn ..... 1 01 In~rC"'-I. The sum of the products obtained by mnltiply
ing each of the elementary areas of which the scction is composed, 
by the square of ita normal distance from a Mutral axia of t he IICCtion 
or from any axie of momenta aseumed for purpoaee of calculation. 

~on HOOpla..--S. The moment of inertia divided by the normal 
distance from the axis to which it fcferll to extreme fiber of the 
section. For the two moments of inertia, corresponding to the two 
principal axes of a section, there are al80 two IICCtion moduli. 

The section modulus is UIMld to determine the stre88 in the extreme 
fi ber of a section, subjeet.cd to bending stre8lles, by dividing t he 
bending moment by the section modnlus referred to neutral axie 
nonnal to line of force, both valuea being exprest!Cd in like tmiu. of 
metL8ure; the section modulus of a. IICction, is obtained by dividing 
t he bending stress by the allowable fiber streBe, both values also in 
like units of measure; the proper sect ion is then obtained from thi, 
IICCtion modulus by rcference to the tablC8 of Elements or Seetione. 

Kadlu 01 Gyrati on-r. The nonnal distance from a neutral axis to 
the ccnter of gyration, the point where the entire area is conaidered 
to be concentrated aDd ha\'e the same moment of inertia as the 
actual area. The radiUII of gyration of a sectlOD referred to a neutral 
axie, or any axis of momenta, is equal to the square root of (moment 
of inertia, referred to that axis, divided hy t be area). 

Tbe radiUII of gyration of a acction is UIMld to a.scertain the safe 
load this !!Cction will sustain when uecd in compresaion, 88 a strut 
or column. The unbraeed length of the section divided by the least 
radiua of gyration is denominated the Ratio of Slendeme98. 

",.eI_ .. NId .... tbo_ol .Inoclcltal _1;0..., OD ~ 110 to 128 un __ 
eGlllpOIted fn)lll. tboorttie.l.tnicht-im. eli ........ in -.w..."';110 formulu pftll 0. __ 

106 NId 107, NId 110 ___ ~ .... b.eA tal ... olSIIeta.Dd f'CPILDdillp.. 
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,\,,1. of _O_b tJuoootalo coala' A - bel- bt d, 

~' 
d . : • - -,--

~ br : I,., btl'-h dl' 
IT It Id -. , bd'-b, d,1 x . : 8,_, -: : 6d 
t . . . . .t 'i bd~,. 

b - . ...: "-. - - 12t (I,) 

",. 



r 
CARNEGIE STEEL COMPANY 

TRIANGLE 
A - bd 

AxJI of .. o ... enUl .hrourh -,--
cot,,"" of "....ity 

" ",4 '8--' • - ,-: : · ' 1,_._ bd' , , '" q - -- -I i 8,_._ "". x, : ""24 
I _ .. .J d . .,-. "" 7i8 - Q,Z3b702d 

". ---
11 ____ ...: 

TRI ANGLE 

"" Asi. of .. oment.o on baM A --,-'L11 • - d · . "". 
• 4 ,,-.- .,-
! : s,_' '''' w. 

i: - -~ 
--r:r 

d : i '1-' - 76 - Q.408248d .. -----b---- ... 
TR,\PF.ZQID 

A - o;I(b + b, l .. ,. of moment. th...,u.h 
, 

centu of Irf'I'vlty • - d {b l + 2b) d (b + 2b,) 
,. .bL'''; ;!{h + bll .. - :I (6 + b, ) 

'LIJ 1,_.= d" (h' i ' b~ ± b12) · . 3il h + tl 
I-I - I ~ 8.-.= <;It (~ + '" bb" + b ltl " . 12(0, + 2 b ) 

L , : 

d .)2 (bi + 4bb, + b, ' ) 
:...---- b-----...! .,-, 6 (6 + b,) 

TRAPI<:?,OIO 
A - d(b + ~) 

A111 of moment. on bue , 

'D--' • - d 

1,., = da ~ + 3bll 

· . " 
• d S,_,_ d t(b t Sb,) · . " i . ..il d '\jb+ab. 

i ! "-' "" -./6 b + 6, '----·--b-----
REGULAR POLYGON 

Ad. of momenu. tI .... "l'h 
center " - Number Of SIdell 

.-. A - Ji n ... cot . = ).i nIU odn 2 . _ DR,. u.n. , • • 

q~i 
• - R = Tii£nT X, "" U' - 2 tan . 

, - . 
~(6rl=J..s "" A \12 RI' + atl . / 1,.,= .e. '\ M ". .. 

-.........' . ,R--
-'('2." 1 S,.,_ A(6R ...... ! 

S~-
A{12R,1 + a.tl 

24R "81\, 
•• lOt . ''-J 

rH'"" ~ 6 R--..o ,,12 k,t + ". " \ ~ - ,~-

ad \(RCR~ '" :u is -, o , 



ELEMENTS OF SECTIONS 

CIROLE A -~ _ 0.78;5.398 dl 

Ad. of .. omeft&' • - : Uo ...... "h ftIOter 

f)! 1.-.-
.,. 

_ 0.040087 d' .,--
h - - .. .. ~ S._._ · ,. _ 0.098175 dl . , -,,-

L_____ _ _____ .i .. -.- -"-• -
DOI,LOW OmeLI> A - -r (d"-d ') 

4 • - 0.7M39S (d"--d.') 

Ad. of .o_to 
thro .. ,,1l _tn • - g. 

"i@,J -r {d '-d,'/ 1,_._ .. _ 0.040087 (d'-d, ' ) 

S._. _ -r (d'-dl' ) _ 0.098175 (d'1'" 
.i . : 32d 
f. __ .. __ J 

1"1 • • -
, l dl + iI. i , 

HALF CIIWLE A - · ,. _ 0.392699 d ' -,-
A",I. 0 ' momentot" ..... ,,, 

«ote< 01 VI.-tty • - dp.....-4) 
O. _ 0.287703<1. J:, ~.:H2207d 

If~;'4 1 •• , -
d'{9 -r2--M) 

1152 -r - 0.006860 d' 

lL.. • 9,_._ d'{9~~ _ 0.Q23836 d ' 

... ---.d •... J IU'..! (3 -r ) 

.,.,- d ~l\) ..-.....o4L _ 0. 132168 d ,,. 
IIOLLOW A - -r(dl-d,") _ 0.3D2600 (dl-d,') 

UALIfCmCLE • 
Alii. of .o.enteth.--•• • - 2 (dl-dl!l 3 .. dij{dl-d.!)-4 (dL.d t") 

«lOIn of ...... Ity 3 -r (d"-d,") lI. - - -r (d.::Qll) 

l~d(~f~S;] 
1,-•• 1)", (d '-.:h') (d~--64 (d&....d ,.)" 

1152 ". ( ""-d,') 

-;- Itll > J:, , ._-- --, -- S,_._ S,_,_ --x,- L/J:. > x 
! L __ dl '_~ i , ' _,_ Iii ... W:::a t,) (dl-<.t. I )-1\4 (d"--d." )" 1. __ 0$. __ • .....1 .,-.- IZ-r V (d"-d.")1 

ELLIPSE 
AlII. of mo .. "n'" A - -r1dt _ 0.78531)8 dd. 
til ..... '" un"'. 

rEI' 
, 

, • - T , 
-r~4 d. " --- 14 1._._ _ 0.040087 d l d, 

'!t : : 9 ••• - "g; d, _ 0.098175 dl d. 
" " t. _..,.._ __..: ___ .1 

~ , ' 1"1-•• , ' .... ··d r · .... 

H)' 



r 
CARNEa l 1! STEEL COMPANY 

~~:;i 
t ::'s;::ttlr---- .-, 

\
' i, I •• 
, - ..-' i ; 
1 .........-'\ I: , "--,~,, I • 

i\ ! I 
'F·,A. ; , 
~ b_J 

bd'- ~(cO~) 

ZDb.+c~.+¥ ( b<_ tO) 

12 

OHANNEL 
A _ 

. -
, -

ZE.: 
A -
• -, -

dt + .. (w+ n) 

bin + .£f+~ (b + 2t) 
A 

bd ..... ~ (C'-e' ) 
12 

t(d+2a) , ..-
,0>-< -,---

TlUI 2. _ (!I t.-ti l ( bl- ht) 
It-.- I .... 

bdL.IfI_U )" 1._. . 12 

'06 

d(h+ . } .... 2."c-&.~ 

" h," COII'_I'_lslnr .. 
~,. 



E LEMENTS Of' SECTI ONS 

. , 
;-J' . .1 

.······ ... --··r·! 

.:: _ Ii: ' 1 * ~l . ~ : 
t .. ' t ; 

:: 0---"'8 ~·T· : :..f: .....•..... ~ 
:..· ··., · ·.·b.d ··_·· ,; , 

EQUAL ANGLE 

A - t (b+c) 

x - "'+~ 

"'"""'" y - • 
• - ,,-
I,., - t(lr-Il.+ b ....... !s -tl" 

3 
10_. - It_, 

l l · . - ,~+ .. H3cI.{b-U+ 2l1"+··+W(h-{11 
12 

14 ... -

<ltI+C"t+Sctb"+ t' 
12 

~EQUAL ANGLE 

• , 
, , , 

, 

---- --- j_._j 

1,_, = 

1._. _ 
1 ._ .... 

I . ... _ 

TEE 

A ~ 

• ~ 

, ~ 

1,_, -
'" -

'" 

t(b+ c) 

t(b+2cH c" 
2{6+<:) 

H2&+ d1t .. 
2{. + ) 

!/!2y-t)d!d- h )+1!2:H){bH-2rll 
2(1,_, _h ... ) 

t !d-sj. +bs ..... (s -t j· 
3 

t! lr-yj'+dya..c (l"-tj· , 
h _;eoso_lt_,slll"'" 

COil :F" 
I ,_,COiI'_I •• ,slll'(l 

COil 2<1 

~ul .... J.ll .. +.(m~ I) 

61ft' H.I.,..."l ("'+6¥+ 3tdl-tl ..... 1 (3d-e) 

if 
.. (3uHI+4bmL2a( ....... )· . , _'x n -A %-"" 

obI+< ....... a)t' + ... • 
12 

+ 1!m-a)I20.I +f2a+ :HlI] 
M 

+ elHt)I(t-II}'H{H2II)!l 
JU 



CA R. NEO I E STEE L CO,\\PANV 

COMPOUND S~;CTroNS 

17J(i 1.-2d __ tloa 

1'_lofW.875"d.37S"Reo~=l1~7~ 
Ad'oI'-O.875"xl.375" " =4 ~ 1.203x3.7~ 
, "00 _'" "'" -" (I.875d.7~ ._."' ....... .0, I. __ I n 

M_t of loerIia, aet ...uo.. 
~-

10' 

6S6.il-I I""h .. ' 
M9..s91""b..' 

'" ~7.67 

(1.78 

480.83 IDol, .. ' 
68.&9 loch .. • 



ELEMENTS Of' SECTIONS 

COMPOUND SECTIO~S--Concluded 

~ EuMJu 2. R..qull'lll!.be _q 01 ;".,.u tAd ttdii or r---u ... ·I1;~.-~ 1)"Tac.-"'I ... I-I tAd 2-201. """""" _a ~ 

l·~;-i~ft:;i-, -,-~ :i, 2 ~ 12"dO ~ 1* foot, 
\; 2 F\aap l'!olel If".,,", 

~ _.11 proporIloo 10 bt "-i OD tbo ~ -=Iioa, .. dod ... lioo, 
bo'DC made lor bol-. 

j'V==-r--". "i? DnermlDe lilt d--. d, of ..... ter l~ 01 pnil,. lor 
tho nriout ~ lrom ,1>1 ..,1n.1 .... I-I tAd 2-2, ia 
.........u- .,tII ,101 11'-&i"". \hoD I .... 

AXIS I_I 

AXIS 2-2 

I, .• • 2-12"(loa.-'oJGlbi. _ 2 I 1e1.2 m.o> ....... 
I,., • 2-14".,,"" Plat. " 

U IO.ISO . ... ,j 
Adt 01 2-lf"I!''' . -2. 10.& I G.J7t.' ...... 
)1_'011-. ............ IIiO.83 I ..... • .. . V IltU'l w ,-Rodiuo of O,.,..tioA, - ~ ... 
I". 01 2-12"<;bn_30lbI. _ 1 , U - 10.40 

,_. 
Ad' 01 2-1Z"o..."..30lbo._ ~, 8.<11 .4.11' 305,70 

I .... of 2-14".,," Plat. , 0.75. Us 
If = 343.00 

MomeDI 01 I-u..~ eoe~ MII.I0 iDC&l· 
R.:Iiuo 01. Olnlioa. .. - 4.13 ,-

E~ 3. Req\llf"fd. u.. ..-Iii 01. ~ .bout ... 1-1 
ud 2-201 ."""'-""" ~ MloIlan:-

01-4",4". ,"," A,.!oo 1"li<ed "" 'Ii," b.ra. 
~ to 101 "-i 011 u.. ~ _'"'" 01. _1M, ... dod"_ 
I"-~ -Ie lot n..-.& 1ooIot.".. uy "' ___ lot b U;". .... 

IleIeraU100 1M ,,---. d, 01. _1CIr !iDeo 01. pam,. 01. ..... 
In)III_InI ... I_IUId:l-2ia-.w... .. tIo. u..~ 
Ii ...... c.beo fot 

AXIS I_I I ,., 01 Wd"1~" A.oc'- - 4.4,' 111.(1) 1"",,-. 
afi.72 Ad' of U"lt"l " " _ f I 3.Gl 15.08t 

""",ul DOrIia ....... Iioa 3811.3:1 or • 

"" 



":\'" ..... 
lola -
BOO " 
." ,. 

8 , 
" 

8" " 8" " 
8 , 

'" 
• 3 '" 

." " 
• " 

" , 
I " 

.7 1 " 
BOO " 

CARNEOIE STEEL COMPANY 

ELE~fENTS OF STRUCTURAL BEAMS 

• 
1-· · 1 

A.rit 1·1 

SO., 
28.9 
37.' 
51.0 
49.8 
47.0 ... 

6.70 '" '.0> 33.' 
' .93 ". 7m 21.2 

7.33 30.0 

&.61 3 ... .. " 28.8 
6.78 37.' 
'.87 "'.0 

5.63 17.0 
5.74 16.0 
5.88 15.0 .. " 14.6 

6.10 M.' 19.0 

". 

...... 

I 2 1.1 
"'.7 
"'.S "' .. 
13,4 
13.0 
12,8 
12.& 
12,2 

13.6 

10.6 

'''' 14.4 .. '" 14,0 

' ''' 13.7 
1.38 ". .. " 13.1 

1. 17 ••• 1.19 .. , " , a .• 
"<0 ". 1.42 14.0 .. ., 13.6 
.." ,U 

"00 7.a 
l.tl 7.' 
1.13 7. 
l.UI 7.' .... a.o 
1.18 ,.a 
1.10 ' .3 .. w a .• 
1.21 a.7 
.. 03 ••• .. 00 '.7 
"01 ••• 1.08 .. 
.. " ••• 
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• , .M 
BOO 
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ELEMENTS OF SECTIONS 

ELEMENTS OF STRUarURAL BEAM8--Concluded 

• 
1-- - 1 

" 
" 
" 
00 

00 

, 

, 
, 

"' .• , ". ". 17.2.5 • .,," ,7a ,,. 
, 

• 

3 

,n 

.. 



r 
CARNEOIE STEEL COMPANY 

ELEMENTS OF II DEllIS 

.~ 
"". Weigh ArH. Width I Th"'k- AJ.io 1·1 Alio 2-2 

Beet;"" 
., r.;, of of _ , ... .... ilotlior> na.,. of Web. , , , , , , 
" 

,"'- I"Z ". , .. I .. " ". ( D,_ ", , .. I In._ 

'" 11.00 8.1z,s 0000 120.8 3.3 1 aO.2 36.9 L83 .. , 
H. • 34.3 10.00 8.000 O.37S 115.5 3.40 28.9 35 .• 1.87 ••• 32.6 9.liO 7.938 o.:ua 112.8 3.45 28.2 34.2 LOO ••• 

26.7 7.76 6.125 0.438 41.4 2.47 15.8 16.7 1.42 " H ' • 14 • • 7,O[ 6.000 0 .313 -U.l 1.54 1$.0 14.7 1.45 ••• " .. .83 S.!l3S O.ZOO 44.0 2.58 14.7 14.2 1.46 ••• 
H ' , 18 .9 S.H 5.01>8 0.3U 23.8 2.08 ••• M 1.10 .., 
H. • U.S J.99 4.000 O.lll 10 .1 I ./i.( ... ... 0 .9$ , .. 

·1-

ELEMENTS OF U. S. STEE L SHEET PILI NG SECTIONS 

,~@ M l~, M 104 ~~ iW==M=,~!o.~ =O+~ 
~. _. .. . - - - - - - - _____ b _______________ ~ ~ . - - _. - - - --b' __ __ ____ J 

Di __ ... 
W~I ,~ A.u. 1·1 

s..,1.iom r.:. .. , ... b , d • .. "" , , • 
h. ". ,. ". , ... I .. " I ... • ,. , .. 

----- - - - - --
;\1 lOS 13),( 31~. ,~ " 42.5 12.51 •. w 083 4.35 

MIM 13Jl' 3'.". '" " " 11.30 '.5O 0.87 4.32 

MI03 9 ~~ .. , '" " " 4.7 1 l.45 i O.S6 1.13 

112 
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o , 

o , 

o • 

o , 

c • 

c , 

o • 

o • 

0>0 

ELeMENTS OF seCT I ONS 

ELEMENTS OF STRUCTURAL CBANNEIi3 
AmeriCAIl Standard Sections 

•• 

" 

• 

, 
, 

• 
, 

u.. fili.I 
M.O ItUI 
50.0 IHI4 
4:1.0 13.17 

4k~ • • 

I 
Wldt~ nkl<-

" -" naa.-I Web 

'L 

Atio 1_1 

40.0 1t.70 IHM lg :~i!i!: Iii: iH I 3:1.0 10.23 
33.9 9.00 

40.0 11.73 
3:1.0 10.26 
30.0 8.79 
2,'1.0 7.32 
20.7 6.03 

M .O 10.27 
30.0 8.80 
2:1.0 7.33 
20.0 ,'1.86 
1,'1.:1 4 .47 

2.'1.0 
".0 
1.'1.0 
1:.1 .4 

7.33 
'.SO .." , ... 

21.2.'i 
18 .7.~ 
16.2.'1 
137.'1 ... 

6.23 2.619 0.579 41.62.77 11.9 
.'1.49 2~27 0 .487 43.1 2.82 10.9 
4 .76 2.436 0.30.'1 39.82.89 9.9 
4 .02 2..343 0.300 as.82.9\1 9.0 
3.36 2.2GO.0.Z20 32.33.10 8.1 

1I).7.~ 
11.2.'1 
1-1.7.'1 
12.2.'i .. , .,. 
13.0 ."' .., 
11..'1 
0.0 ,., 

.'1.19 2..501J 0.629 33.1 2.39 11.4 
6.~ 2.404 0.t.Z4 30.1 2.44 8.6 
4..32 2.299 0419 27. 1 2.51 7.1 
3..'111 2.194 OlU4 24.12 . .'IQ 6.9 
2.8.'1 2.000 0.210 21.1 2.72 6.0 

19~ 2.(11 
11.3 2. 13 
Ili.! 2.2'2 
13.0 (-34 
10.4 1.76 

S.S 1.83 
7.4 1.gr; 

4 ..'1 1.41 
4.1 1 • .'10 
3.S I..'IG 

•• ••• "" ., 

,. , .. 
L' 

3.0 0.64 1.4 0.61 
2.4 '0.61> 1,2 0.,'111 
1.9 0.67 1.0 0 .1111 
1.8 0.670.97 0.6 1 

2.2 0.60 l.l OMI 
2.0 0.60 1.0 0~7 
I .S 0.61,1;1.94 0 .&6 
1..'1 0.620.86 0..'16 
1.3 0.63 0 .79 0~8 

"'1.56 {U16 0..'18 1.6 .&6 0 .86 0.65 
1.4 ..'170.79 0.33 
1.2 liS 0.71 .6..'1 
0.98. MI 0.63 .M 

1.3 'O.M 0.73 
... ~..'I30.M 0.87 .53 0.lI7 
0.70 M fliO 
0.820.490 . .'1<1 
0.64 0.49 0.4.5 
0.48 r50~ 0", 

... ... ... 
M 
'.0 ... 2.1 1.08 

1.8 1.12 
1.6 1.11 

0.440.46 .3.5 .46 
0.38 Q.4l1 ~.32 .46 
0.32 r.45 .2'9 .46 

1.4 0.31 ;Q.42 .27 .46 
).2 0.250.41 .24 .44 
1.1 0.20 10.41 0.21 ,H 

." 



, 000 

0 " 
(lISt 16) 

0 17 1 
(BSC 15) 

0 ," 
(IISC 11) 

0>7 
(1St 10) 

oS< 
(DC'S) 

0 .. 
(DC 13) 

0" ",,,. 

CARNEOIE STEE L COMPANY 

ELEMENTS OF SU IP BUI LDI NG CHANNELS 
American Standard SeetioDII 

n :', n .. .![S'II =f.=: :=tJ~ 

... 

, 



ELE M ENTS Of' SECTIONS 

ELEMENTS OF SHIP BUILDlNG CHANNELS 
AmericfUl Standard Sectioll8 

~--L 
11 

fJn. -, 

AIio 1·1 '"' " Seol.ion 
,~. , , S S 

-'-1-
" 

U. In.~ ". ", ID.- I In, ID.- In.' ". In.-

25.0 '''' .7000. 4(U) 2.62 14.3 S.' 1.07 '" CO< , 22.7 '.00 .!lOOp. 47.1 2.67 13.5 7.5 1.07 ,,' 
(BS( 10) 10.3 5.90 .500,0.~O H.l ~.14 1~.6 .., 1.01 ,,' 

Ill.l '" .4:l;" ~2.8 2.78 12.2 0.3 1.07 '" 
0" ".0 5.82 .1 .47540.2 '.ro 11.5 .., 0.00 ", , 11.6 5.1l .000,0.37$ 37.3 ].10 10.1 .., 0.90 ,,' 
(BSC ') 16.4 4.11 .ll5Cf.3 35.0 2.74 10.2 ' .0 0.00 L' 

22.0 6.42 .700p.57533.0 2.27 11.0 '.6 LOO '" 0 .. 6 ... , S.82 .0000.37$ 31.2 2,32 10.4 0.9 LOO '.S 
(BSC8) 18 .0 s.n .5000.47 19.4 1.l8 .. , S. , 1.08 ',S 

10.1l .. " .4ti!f.32 28.5 2 .41 '" 5 .7 L" ", 
C '" 

, 15.3 4.48 '!iOCf.34 25.3 U. S.' ,., LOS ", 
0" , 16.l 4.15 .000:,0.37 S 15.8 l.ll '.S .,' 0.9 1 L. 

''''" 15.1 4.37 .9aSQ.313 24.7 2.38 S.' '.0 0.91 LS 
1 

C" , 13.3 '.00 :Wl:~;3 Ill.7 2.25 ••• ,., 0.14 L' 
(BSC5) 11.0 3.n 18.' 1.30 .., >.0 0.75 U 

o;"",1IIiou and prop<rtioo 01 lb. Briliob Staadard SeotiOllll ..... iadioated in bold typo . 

ELEMENTS OF CAR BUILDING CHANNElS 

to 20 13 

to 170 12 

0"" • 
a 190 3 

a I ll! 3 

13.8 ,., 
" '" 

'" 

16.7 1.07 1 
15.3 1.08 
13.0 \.09 
13.0 1.10 
12.5 1.l0 
11.6 1.11 

17.8 
17.3 
16.6 
11}.0 
14.5 
12.9 

, 
" 

LOO 
1.07 
1.09 
1.11 

0.88 
'.90 
O.\)! 

1.12 
1.1 3 
1.15 
1.17 

LOS 

0.\15 
0.1l7 

0 .11 
0.7~ 



CAA;N £O I I! STEI!L COM PA NY 

ELEMENTS OF SHIP BUILDI NG BULB ANGLES 

American Standard Sectiol1ll 

! ~ __ "----11 
,c .. ! B 

b 

"". WI. "- MilI·1 Mil 2-2 ...... S ... - 1:" " " S- o I ... W~ ""-f&t-I: s , 1 , S , 
I 

I~" I. U. I.- ID.' ID. Ift._ I. 10." I •. ID._ I •. 

BA lil5 10 X3,""O.72~ 85.2 IO.MI22.0 3.43 122.3 .. " , . 0.78 a.3 0.76 I ~.6711 aJ.2 l).7711~.l) 8.44 21.2 4.52 'S 0 .77 , .. 0.74 

BA 1116 10 x3}i; .6U31.! l).14110AI3.48 120·3 .. " " 0.78 '0 0.72 
r.li7529.1 8.M 104.33.49 19.2 4.56 •• 0.77 '9 0.70 

BA 197 10 X3l.U5 26.9 7.90 98.~ l.U I S.l 4. 61 ... 0.18 I.' 0 .69 
(ISBA IS), .-l7t> 24.9 1.3292.1 3.11.5 11.2 .... ••• 0.7S ., 0.68 

BA 2(lS9H x3 .(100 28.8 8.47 93.03.32 17.9 '.30 ... 0.79 ., 0.13 
tMO 26.9 7.91 87.83.33 16.11 4.29 '.9 0." L8 0.71 

BA 2069 J.ii X3h o.100 14.7 7.28 U.4 l.l7 U.0

1

4.U ... 0. 79 LO 0.6' 
(I;SI.~ 17} ~.450 ZZ.8 41.72 77.1 3.39 15.1 4.36 .., 0.79 I., 0." 

BA 2()1 9 x3~ .67630.4 S." 86.33.11 17.2 4.00 '.S 0.81 '-' 0.76 
0.625 28.6 8.41 SI.S 3.12 16.4 3 .9S '-' 0.30 '.0 0.74 

8A'0' 9 X3»0.676 26.6 7.82 77.6 3.16 15.6 j 4.03 :>.1 0.81 'S 0.73 
0.42:> 2-& .8 ,." 73.1 3.17 14..8 4.03 .. , 0." LI 0.71 

BA 200 9 X3,",.·475 ll.7 '.6S 6S.4 J.l' !J.t 4 . 1' 0 1.81 LO 0 .70 

(ISlA " 0.42:> 2().9 6 .14 63.83.22 13.1 4.10 3.9 0." L. 0.68 

DA 2()&8HX3~0.676~.3 1.43 M .62.97 13.& 3.74 ... 0.&2 .S 0 .14 
( 0.62S 23..6 6.92 61.7 2.98 13.0 '.13 .. , 0.83 I.' 0.12 

DA 2098H 1:3~.475 ~ 1. 6 '.H 57.' J.U Il.J J .8' 0 O.U LO 0. 71 
(&'iIA 141 .425 111.8 ... , 63.83.04 11.11 , ... '.9 0.83 J.< 0.00 

IlA 211 8H x 3 kMO 23.4 '.89 60.1 2.9$ 13.1 , ... U 0.67 1.3 0." 
.600 2 1.7 6 .39 68.4 2.97 12.3 3.8. '.S '.06 I., 0.61 

B A 212 .4119.S 5.S4 u.,(.ot 11.6 J .96 , .. 0 .67 U 0.60 
(BSB.-I. 1J)8HX 3 .4 18.1 6.34 48.98.03 10.8 300 '.3 0.06 0.99 ... S 

0 0 

~ ODd proper1itt 01 tIIo Britldl et-Iord Seetioao au iDdk:llted i.o. bold type. 

II' 



elllMENTS OF seCT IONS 

ELEMENTS OF SH II> BUILDING BULB ANGLES 
American Standard SectiolUl 

~.~~. .I- .. I A' 
b 

,;;; "'" We .u;. 1·1 .1. .. :-2 
So"" ... - r.:. " " "-
Illd .. ,.'" "" 

, , , , , , S , . , ..... I~ .... III." III.· ". , .. ". lD._ 

" 
,,' ". 

DA 214 "'" :::: 
.... ... M.' 2.81 11 .9 3 .49 ' .8 0." .., 0 .76 8 21.G G.34 .... 2.82 11.2 3.48 ••• 0." " 0.73 

BA 216 8 "" 
.450 19.6 a.78 H.I 1.85 10.6 1.H .. , O.s. ,. 0.7 1 

{&SBAU .'00 18.0 ,.,. 43.8 2 .88 '.8 U. '-' 0." " 0.70 

BA 217 , , .~7~ .... 6 .78 62.4 2.78 12.0 , ... " 0.69 " 0." , 
.62:> 2 1.4 G.31 49.2 2 .70 11 .3 ' .M '0 0 .08 .., 0." 

BA 21 , , , .4 7t> HIO 6.78 46.1 2 .S2 10.G 3 .70 , .. 0.09 ... 0 .62 
{ISlA 11 0.4lS 18.' 5 .10 41.' 1.14 10.' J.70 '-' o.n .. , 0.60 

SA 2207 j.i ..,3).i '" 22.8 G.7 ' 4G.2 .... 10.8 , ... .. , ' .M ' 8 0.77 

. '" 2 U I .. ,. t3 .4 , ... 10.2 .... .. , 0." , .. O.U • 

DA 22 1 A 7:; I\M IUO ... , 2 .G7 ••• S.,. .., , ... U 0 .13 ........ ,(" "l'" " .8 
1.14 J7.S 1." ••• J.lt U '.IS ... 0.7] 

. :>U 20 .3 6 .9 8 41.0 2 .G2 , .• ...,. 2.0 0." .., 0." 
BA 223 j.i .., 3 .476 18.8' , .os 3 8.4 , ... .. . '" '-& 0." ... 0 .tl2 

BA 2241li 30.41517' 5. ' 1 U., 1.67 8.8 l.41 '-' .. " .., 0.6' 
(1S8~ , I b.376 16 G 4 .61 "., , ... .., 3.42 2 .2 0." 0 .92 0 .60 

DA 226 7 31625 200 
6.00 l aij ...5 2.45 8.8 , ... .. 0 .S7 ... 0 .71 

x 476 1S G .... " ., 2 .41 .., , ... .. , 0." U 0 .76 

SA m 3j.i °·415 , • •• 4.94 ~o., 1.50 .., l.OO S .• 0.81 . ... 0.74 
{ISaA 8 • x O.a7:;: 16.3 ' .80 ".8 2 .62 ••• , ... 3.' 0.S7 .. , 0 .12 

, , , ~:: .... 6.4' 32.6 2 .4.5 .. 3." ,., 0.71 .., 0." BA m , 
.4 IG.9 4 .98 SO., 2 .ttl ' .8 3.08 , .. 0 .70 1.2 0." 

BA 230 ~ :~o ' U 
4 .50 18. ' 1.50 '" l.14 '-' 0.7 ' ... 0." 

(ISBA 7)) 7 x 3 O. 13.0 • m , ... lL62 ,., 3.14 ,., 0.70 '0 ' .60 

Di......oo. &lid propft"tieo II Ibt Sri ..... ~ud s.tioI>o are iooica«<l i .. bold \ypt. 

." 



CARNEO IE STEEL COM PANY 

ELEMENTS OF SHlI' BUILDING BULB ANGLES 

American Standard Sections 

I 
~.~~. J- .. I A' 

b 

-w, ..... .bill-I ....... ..... ... - r.. • • ... , ... w'" "'" I , 8 • I , 8 , 
.~ .. ,. u.. '.' '.' ••• h. ' ••• I ... ~ ,. '.' , .. 

UA 233 
G\-i..:3M O~:: 11.0 ~.~] ]l.' l.U ... l.7l U 0.89 U G.7S 

(BSBU) 13 .6 '.01 22.1 n. ••• 2.71 ... 0.89 .., 0 .73 

." 16 .0 4.40 23.' n. ••• 2.87 n 0.73 0.97 0.11< 
UA 236 G\i ..: S .ns 13.6 '.00 ] 1.7 1.JJ ••• 1.87 , .. 0.71 0 .88 0.61 
(ISBA ~) ).'" 12.0 "'0 ., .. w ., '-S. , .. 0.72 0." 0.61 

:~ 
16 .4 4 .82 21.4 2. 11 '.0 2 .44 ' .0 0.01 ... 0." ..... 6 d\ioo.~ 14.8 .... 19.9 2.14 .6 2.49 ••• 0.92 .. 0.78 

. " s 13.", .1.95 IS.", 1.16 .., 1.", ' .., '.91 .., 0.76 ... " 6 J08¥. ) .... 12.8 3.76 17.6 2.17 ' .0 2.",8 ... 0 .01 ... 0.76 

BA 2011 . " '" 16.8 ... 21.7 '.00 .. , ,." ... 0 .76 .., 0.60 

." 15.6 U. .,., 2.10 ••• ,.., , .. 0.74 ... 0 .67 

.~~ 14.1 4.14 18.8 :l.13 ••• '.60 ,., 0 .76 0.00 .... 
BA 2012 11 .8 .1 .76 1. 15 .. , , ... ,., 0.74 '.117 '.6", 
(IS&\.4) ••• ;;;; 17.", . " ... lUI 2.16 ••• U. ... 0.74 '.83 '.63 

F<" ~ : 111 .1 .. '-' ... .. " ••• n • ... 0 .76 ... 0 .71 
BA ,.. 13 .9 ~ . 10 ". . ., ••• no u 0.76 ... 0.60 

~ .~ 12.6 3.68 14.2 .. 00 ••• , .. U 0.76 0.00 0 .67 
B~.~ l.U I l.O l .tI •• • 1.lS ... 0.7' '.8 1 0.61 (ISIU) ~. 3 

~" . .3 10.7 8.16 .,. .. 00 '.0 , ... ... 0.75 0 .77 0 ." 

6..:2¥. 
.37 10.4 8.06 .., 1.78 '-' ,.'" .., 0.62 ... 0.66 

nA " .J] '.J 1.74 ••• I." •• • 1.1' :! 0.6 1 e.51 ' .54 (ISSAt) 
. 8.8 ,.'" U .. OJ '.0 2.10 o. 0 .61 0 .40 0.63 

-Lloyd lee_ rolled Itt Ptooo,-d J..,.. WOfb (P_d GOA). 
DimeDIioaI ..... ~ aI UIe Brilitll S\&Ddatd Sectlcm .... iadicattd ill bold b'Pt-

'" 



EL e M eNTS O F SeCTI ONS 

ELEMENTS Q}' SHIP BUILDING BULB ANGLES 

MiscellaneoU8 Sections 

"~-'-f ,.c - - I ..q 
h 

"". W, Area l .uiol-I AliI 2-2 ... - 1:, 
., 

&.Uom " So. 
I""eo w"" ~,:. 

, , • , , , , 
-

l!lOb .. , •. lobo. , .. In,1 , •. In,4 , .. In. 1 , .. 
BA 143 5 XZ}S,o.Zf( .. 2.44 8.6 'S<) , .. 2.4 i 0 .9i 0.6\ 0.47 0." 

ELEMENTS OF CAR BUILDING BULB ANGLES 

~ ~ .. _. __ . _ 2 ,. 
, 

I, 

""'. WI ... Axio i·1 A.io 2-2 
Si~ - 1:, " ... ~ " s..-

''''- """ "" 1 , , • , , S , 
iI.ob .. ,. Lo.. I~,' ID.' , .. '.' I. ID.' ,. '.' , •. 

BA '" I> x4}i .43 ,., 0.60 "'. Ull , .. ''''' ,. 1.1 8 ,.. ' ''' 
BA '" 5 X3J.i~.375 i3.2 3.82 13.5 1.88 ••• 2.22 " 0.92 U 0.86 

BA ,n . " ~~"'" , .. 4.21 ., I. •• 3.' '" , .• 086 I.5 0." 

BA "3 4 x3}i .371> 11.9 3.48 , .• ,W 3.' 1.77 3. 1 0.94 " 0." 

." 



CARl\EQ I E STEEL COIII PA NY 

ELEMENTS OF EQUAL A.:.'\GLES 

~ ~ L---_-=r-! 
" '. 

j W. t .... .u;. I_I &Dd.u;.:l-2 AtloS-3 ...... 0- r.. • , ... ...'" 1 , S • r ",lb. 

- - -, ... , . ....... 111.1 b.' ,. ID.I ,. ,. 
-

,~ M.' 18.73 08.0 2.42 17.5 2.41 'M ' .. M .O 111.87 "'., >.<, 16.7 2.39 I." , (;1.0 111.00 SO., 2.44 111.8 2.37 I.'" 
~. 48.1 14.12 OJ.' 2.44 14.9 2.34 'M 

411.0 13.23 79.6 2 .411 14.0 2.32 I.'" 
A' ." ;r' 42 .0 12.34 74.7 2.46 13.1 ,.'" 1.67 

38.9 11.44 69.7 2.47 12.2 2 .28 1.117 

i/" 3.~.8 iO.fJ3 64.6 2.48 11.2 2.25 1.68 
:12.7 0.61 110.4 2.40 10.3 ,.'" 1.88 •• "., 8.68 "'., '.00 ,., 2.2 1 \.118 

" ,. .. 7.711 48.6 2.61 ••• 2.19 \.118 , 37.4 11.00 "., 1.80 .. , 1.86 1.16 

~~. 35.3 10.37 "., 1.80 .. , ,OJ 1.16 
33.1 9.73 3t.9 1.81 ,.. I." 1.17 ;r. 31.0 '''' "'., 1.82 ,., 1.80 1.17 
28.7 SA< 28.2 I.'" " 1.78 1.17 ., 

'" '~ . U., 7 .78 ,U I.'" .., t.711 1.17 • ,.., 7.11 "., ,OJ .. , 1.73 1.17 

•• 21.0 6 .43 "., 1.88 ,., 1.71 1.18 

" 19.6 6 .76 19.9 ' SO ... 1.68 1.18 

~~ 17.2 ..." 17.7 I." .. , 'SO 1.19 
14 .9 .... 16.4 1.88 ,. I." 1.19 , "'., ' .00 19.6 1.48 '.0 1.61 ,." ' .. 28.0 OM 18.7 1.48 ,. ,.81> ,." 

" "., 7.98 17.8 ).49 .., .., ,." 
;?I' M.' 7 .• 7 16.8 ,.., .. , ' M 0.07 , >3.' , ... 15 .7 1.00 .. .., 

0.07 
A> .. , it· 21.8 , ... 1-1.7 '" 

.., 1.00 0.97 ,.., ' .SO 13.6 ,.8, " 1.48 ,." 
18.1 " , 12.4 ,.., U I." 0.08 

u· 18.2 4.7(; "' ,.8< " I.'" 0 .08 
,U 4.18 10.0 'M ,.. 1.41 0.98 
,U 3.IH .., '.86 ,.. 

"" ,." 
;1" 19.9 '.OJ 0' 1.18 .. I." 0.77 

18. 6.44 ,., 1.19 '.0 I." 0.77 

it· 17.1 s.ro " 1.19 " ,M 0.77 
1(;.7 4.61 ,., I." ,.. 1.>3 0.77 .. ... 1-1.3 4.18 ,., 1.21 " 1.21 0.78 

~: 
12.8 3.711 8.0 I." M 1.18 0.78 
II .S 3.31 M 1.>3 1.0 1.16 0.78 , .. 'SO •• 1.>3 .. 1.14 ,.,. .., , ... 3.7 I." .. 1.12 0.79 
M 1.94 ,., ,M I., 1.00 0.79 

'" 



ELEMBNTS OJ' SECTION 

ELEMENTS 01<' EQUAL ANGLES-Concluded 

~ ~ L __ -.=r-: 
, '. 

I IWZ' .... AJ.io 1-1 ODd Asio 2-2 A"W 

'""" 
.. " ..... , .... , , S • r miL 

~ 

I 
, ... ,. 

POOl""" I ,.' ,.' , .. ,.' ... , . 
'~. 17. 1 .'" .., ... n ,., 1.17 0.e7 <, le.O .... M .. '" ,., I.IS 0.67 

'U' 14.8 U. .., .... '.0 1.12 0.67 
13.6 3.98 •• .... .. . 1.10 0.68 

• , 3\i" 3\-2 'I.' 12.4 3 .62 '.0 1.0S , .. 1.08 0.68 
1 \.1 ,,. , .• "00 .. .. 00 0.68 

\\" ••• 2 .87 ,., 1.07 " .... 0.68 
'-' 2.48 , .• 1.07 " 1.01 0.69 

II' 0.> '.00 '.3 1.08 0.98 0." 0.69 ••• 1.69 >.0 " 00 0.79 0.97 0.69 
% 11.15 3.36 " '.88 " 0.98 0 .S7 •• 10.4 '.00 ,.. 0.89 .., 0.% 0 .S8 
~ ••• 2.76 " 0.00 ... 0.03 0.68 

A , , • , \'1\' 8.' 2.43 , .. 0.91 0." 0.91 O.sa 
7,2 2.11 ... 0 .91 0.'" 0.80 0.158 

~. ••• 1.78 1.15 0 .02 0.71 0.'" .'" " ••• .. ~ .. , 0.93 0.S8 0." • .30 
~ 

,., '.>b .., 0.74 0.73 0.81 0.47 ", '.8 '.00 ... 0.7a 0 .83 0.78 0.48 

" ••• 1.78 0.98 0.76 0.:'7 0.76 0.48 
A • 2 \', ,, 2W •• M 1.47 0." 0.76 0.48 0.74 0.49 

" .. , 1.19 0.70 0.77 0 ... 0.72 0.49 

'I.' 
,.., 

' .00 ' .33 0.78 OM 0." 0.49 
>.0. 0.61 8>. 0.79 0'" 0,67 .~'" ". ,., .... '~M 0'" 0." 0.66 8>, 

" 
.., .... 0.48 0.30 0"" 0." ." 

AU , • , •• 392 1.15 0 .42 0.00 0.00 0.6\ 0 ... 

" 3.19 0 ." 0'" 0.61 023 0.30 0.39 •• U. 0.71 0 .28 0.62 0.\9 0.57 0 .. 40 
~ .. '" 0.48 0 .19 0.'" 0.13 0.., 0." 
'I. .. , .,. OM 0 .. ' 0.00 ." 0 .. 

" a.oo 1.17 0.' 0.51 .. " 0.S7 0'"' 
.<2 ::J •• 

,.. .. 00 0 ." .. , •. " . -" • •• " 2.77 0 .8 1 0." 0 ." 0.19 .... .M •• 2.12 0 .62 0 .18 ,M 0 .14 ., . .'" " 1.44 0.42 O.\J • .33 0.10 0.48 .,., 
" '''' 0 .98 0.19 .~~ 0.19 O.SI 0." 

II' ,..0 0." 0 .16 0 .44 0.16 0.49 .~'" ." , .. 0~6S 0.14 0.4S 0.13 0.47 0 .'" 

111-1." 1\ .. ' 

•• .... .. " 0 .11 0.46 0.10 •. « 0.'" 
II .. " ... 0.88 0.46 .. " 0,42 . .. 
•• ,.'" 0.68 0.00 . ... 0.11 0.42 0.24 

A<3 .. 1.00l 086 0.88 0.37 0.00 0.40 0.24 

.. ,I •• 1.48 0.43 0.00 0.38 0.07 ••• 0.24 

" 1.01 .. " 0." 0.38 1.00 " 3 0.2S .. 1.49 0 .44 0.8< .. '" 0.'" ••• 0.19 
A <6 •• 1.16 .M 0 .00 '.30 0." 0.32 0.19 

II 0.80 O~" 0.02 . ., '.00 0.30 0.19 

'" 



CARNEO I E STIlE L COMPANY 

ELE~IENTS OF UNEQUAL ANGLES 

~L ~ - -------r' __ I 
.1 -3 

-1 ADo 1·1 .w.M ,,;, 

U .. fa ... 

1.73 , .• 
1.73 'A 1.74 , .• 
1 .75 U 
1.76 •• A • • 1.77 ••• 1.77 ••• 1.7S '.3 
1.79 .. , 
>.8 • .. , 

'.0 , .• 
V 
3.6 
3' • ,., 
'.0 
0.' L' ... 
'.0 0.74 
2 .S 0.74 , .• 0.74 ,., 0 .7. 
3.3 0.7. 

A ,., 0.74 
' .0 0.75 ... 0.71> ... 0.75 o.. 0.7& 
L8 0.76 

9 .~30.S 0.83 0.00 3.' 1.17 0.83 
S . 29.3 0."" 1.10 3.' 1.14 0.83 
7.9S 27.7 0.86 t.l1 3.' 1.12 0."" 
7 .• 7 "'., 0." l.ll 3.' 1.10 0."" .. " " .. 0.88 1.12 3.0 ,., 0."" 

• "'I" 
• •• 22.8 LSO 1.13 , .. LOS 0."" .. "" 21.1 0.00 1.13 ,., 0.03 0."" 

5.3 1 111 .3 0.00 1.14 '.3 1.01 0." 
4.71i 17.4 1.111 I.I1i 2. 1 0.00 0.S7 
4 .18 ]6.1i \.92 1.16 ... 0 .00 0 .87 
a.61 ". ..., 1.17 , .. 0." 0 .88 

", 



BUlMBNTS OP SBCT IONS 

ELEMENTS OF UNEQUAL ANGLES-Continued 

AW I·I .... ,., AI • 

j! ... ~ 

, . 
.. SO '8 ,., .. '" ,.. .. , 
1.87 '.0 ••• 1.88 ••• .., 
"W 6. ' '.8 

A .. " " ... 
"90 6.' 6. ' 
1.111 .. , " 1.92 .. , '.3 
1.93 3.' 3.8 
1.114 3.3 3.3 
1.91\ ,., '.0 

"., 16 .• ,., ,., 1.21 

I 
22.7 15.11 .. , 8.' US 
21.1 14.6 ••• 8.' 1.16 
19.11 13.6 .. , '" 1.14 

A 225% • 17.8 12.6 .., ,., 1.12 
16.2 11.6 ... ... 1.10 

'" 10.5 U '.0 1.07 
128 '.3 .., '.3 .... 
11 .0 ... '.3 .., <.03 

'6.67 ... .. , ... , ••• 6.' 
5.81 '.3 , .. 
"" '.0 6.' 

A 235 % .. " 3.' ... 
4.47 33 ••• '.00 3.0 '.0 ..,. '" 3. 
3." " 

.., , .. , .. ,., 
19.11 6." " 3.' 
18.6 5.44 .., 3.6 
17.1 6.0. 3.' 3.3 
15.7 4.61 3.6 '" A24r%3 
14.3 4.18 3.' '.8 
12.8 8.76 '" , .. 
11 .3 8.31 , .. " '.8 , ... ,., '.0 .., 2.40 .. 0 .. 8 

'" 



r 
CARNElO I I! STee L COMPA N Y 

ELEMENTS OF UNEQUAL ANGLES-Continued 

~L ~ . ----- -.r> 
. __ I 

" ., 

~ 
AUol_1 ADo 2·2 , .. 

J{ .. .., 
l- rmln . ..... .. • • 

'U' 18.6 ... 3 
17.3 0.0, 

,~. 16.0 4.68 
1f.7 '.3Q 

Ii. 25f\-P" <I •• . " 3 .'" 

" 11.9 ..... •• 10.6 3.09 
~ ••• 2.67 

•• ,., ,.,. 
'U' 18.6 6.43 " 17.3 0.0. ... 

I '~' 
16.0 4.68 2.0 
14 .7 4.30 ... 

A 14 x3Y,, ~. 13.3 3.00 , .. 
11.9 '-'" L' •• 10.6 ,.ao .., 

~ ••• 2.67 U •• ,., ,.,. L' 

'\1' 17.1 ' .00 1.21 , .. 
>0. .... L" ,., 

,~. 14.8 . .. L" ,., 
13.6 3.VS L33 , .. 

/l.274x8 •• 12.4 , 11 .62 LU '.1 -H .I ,.,. .. " L. 

v.. ,. , ... L,. L' .. 2 .48 .>6 .. •• ,. '.ao .." L' • , .. L" L" I. 

I~. 16.8 '" M LO< 
14.7 ... .., 

"" ' .. 13.6 '.00 ... L'" 

" 12.11 3.67 ••• LOO 
A 283'1:1 8 •• 11.4 , .. , .. L<n 

" 10.2 19'J ... L<n 
'h " , .. IDS 

" , .• "" ,., LOO •• " L" '3 1.10 • , .. L06 L' l.ll 

'"' 12.6 '.M ••• LOO 

" 11.6 3,. ••• 1.07 
~. 10.4 '.00 , .• 1.08 

A 29r~2 " ••• 2.U; .., LOO 

•• .. , 2.43 , .• Lao 

" 
,., 2.11 , .• 1.10 

'/.. ••• L78 .., 1.11 ••• W ... 1.12 ... 



IlLIlMIlNTS 0' SIlCT I ONS 

ELEMENTS m' UNEQUAL ANOLES-Concluded 

. " ~ I 

• I 
• --- ----..-2 

-, 
w i_I .w. 2-2 Alii 

•• '-' 
S , , s , .<,,111. 

------
I • . ' I. I. ' I. I. - I. I.· I. I • . 

-f---

" 0 .01 I., ,., 
I.. I 0.77 o~' 

'-' 0.111 1.0 ,.00 LS 0 .75 0.62 
A " 0 .02 0 .1)3 0 .98 " 0 .73 0 .112 

I.' 0 .03 1° .81 0." 1.0 0 .71 0 .(;2 
I.. 0 ,04 0 .60 0." 0.00 0 68 0 .53 
I.' 0 ,011 0 .056 0.01 0.7<1 0 ." 0." 

1.0 0 .92 1.0 1.08 0 .67 
I.' 0 .03 0.89 1.00 0.61 

A u; 0 .D4 0.78 I. .. 0.64 
I., 0.\15 000 I.'" 0.47 
U 0 .95 0.5<1 0 .00 0 .39 

U 0.75 0.70 0.88 0.64 
1.0 0 .711 0.112 0." 0.58 
0.01 0 .77 0-" 0." 0.b1 

A 0.79 0 .78 0 .47 0.81 0." 
0." 0 .78 0 .. 0.79 0.37 .. , 0.79 0.'" 0.711 0." 
0-" 0 .80 0.'" 0 .7<1 0-'" 

0.7 1 0 .79 0.44 0.00 0 .19 
A 0"' 0 .79 f 0.311 0.88 0 .111 

0.<111 0 .80 0 .28 0." 0 .13 

075 0.68 OM 0." 0.'" 
0118 0 .119 0.48 0." 0." 

A 0.111 0 .G11 0.42 0.81 0.21 
0-" 0 .70 o.ao 0.70 0.19 
0 ." 0 .71 0 ... 0 .77 ,0.111 
0'" 0.72 0.23 0.75 0.12 

0 ,61 0 ... 0.71 0.21 
0 ,112 0." 0 ." 0.18 

A J 

0112 0." 0 .06 0 .15 
0 .63 0.18 0 ." 0 .12 
0 ." 0.13 0 .112 0.00 

A , 0-'" 0 .63 0 ." 0.71 0.00 
0." 0 ." 0,18 0'" 0.'" 

0.'" 0 ." 0 .18 0.60 000 
A 0. 16 0 ... 0.1<& .. , 0.Q7 

0.11 0.00 0.00 0.00 0.", 

0.111 0.411 0.111 0.112 0.10 
0.13 0.411 0 .13 0 ." 008 
0,10 , 0.<10 0.10 0.48 om 

'" 



CARNEOIE STEEL COMPANY 

ELE~IE~TS OF EQUA_L TEES 

I 
p :::::::; . r-' ,-L__ 1-----< 

i 

.. 
W~ ~ 

Azlo 1-1 ...... 
~ 

Minm,,,,,, I ..... Stem T~ f:~ s.o. I , S • , , s .... n;;;r... -,. ,. ,. ,. La.. I.~ I ..... "'- 1 ... - I lL. l la,. J"";"" 
~ 

6.80;z:, ..5 TOO .~ .~ ... .... U~.8 2.01 , .. 1 .78 10.1 .., ... 
T , • • ~ ~ ,,. 3 .97 ,., .. ,. , .. 1.1 8 '" . ... ... 
T , • • % % 10.11 a." '" 1.21 ... 1.13 U .... U 

T • 3~ 3~ • ~ 11.7 3 ." .. , .... .. .... L' 0.74 U 

T • a~ 3~ % ~ .. , 2.8S 3 .• .. '" U 1.0 1 ... •. 73 O.SI 

T • 3 3 % ~ ••• 2.91 ,~ 0.88 U .... L' .... '.80 
T , a 3 1\. 11. S .• 2.1i9 ,., 0.89 0.98 0.91 ... '.63 0.70 

T S • 3 % % ,.S "" , .S '.00 .... .... '.00 '.63 '.00 
T , • 3 •• •• •. , .... '-' '.00 O.H .... 0.76 0.62 • .30 

TOO ,~ '. % % •• 0.8' ... 0 .701 ... 0.78 M' • .33 0.42 

Tn '" '. •• •• M , .. O.IU O.H '.60 0.74 0 ••• ... ..33 

T" '. '. •• • • ••• 1.43 o.~ 0.87 0.41 0.68 .-" O .• S ..,. 
T" '. '. • • .. , 1.19 ••• :: 0.66 0.32 . .. •. ", 0 .• 6 0.32 

To< , , •• •• U 1.2(\ • •• 40.W 0.31 0.61 .. " 0.43 .." 
T" , , • • ,.30 ,.Q6 0.370.59 0.28 ... 0 .18 0.42 0.18 

TO. ' % ' % • • , ... 0.91 O.23,O.lil 0.19 .-'< 0 .12 0 .37 0. 14 

Tn , ~ ,~ • • 2.47 0.73 ·t" 0.14 0.41 0.08 0.32 0.10 

T" '. , ~ •• •• .... 0.111 0.11 0.43 0.11 0.44 .... 0.32 0.08 

TOO '. '. • • ' .03 .-" 0.0 0.81 0.10 .... .... 0.28 .'" 
T30 '" '" lI. •• ... 0 .• , 

0'30.37 0.Q7 us • • 03 •. " .03 

T" , , •• •• '''' • .37 O. 0 .20 0.06 .>2 ' .02 ' .32 . ... 
T" , , • • 0.89 0.2(\ O. 0.80 0.03 0.29 0.Q1 0.21 0.02 

". 



ELE M ENTS OF SECT I ONS 

ELEMENTS OF UNEQUAL TEES 

! r"'--.. ,~ • .L._I'_'_' 
! 

.. .... Am 1·1 I Am 1-1 

Wi ....... 
"'tiPt • ..... 

"- .... ""'- r.. .... 
' 1';~1 • 

, • ..... "" • 
- ... - I- . 

-1~ ••• ••• ••• u.. I •. ' la.' Ia 10..' 10.. ID •• ., .,' . . I 
T '" 

, • % ' %. ... 3.37 'A 0.84 1.1 0.76 ••• 1.10 L' 
T " 

, 'H % ~h 10.9 3.18 .. 0.68 0.78 0.63 U 1.14 0., 
T " ' H 'H •• ' .. 16.7 '.00 , .. l.0:; 2.1 1.11 ., 0.00 0.' 
T " ' H • % % , .. 2.88 , .. 0.84 0.01 0.7. 30 1.02 .. 
T " ' H • •• •• ••• 2.~6 L' 0.8.5 0 .78 0.71 ,., 1.01 ... 
T " 4\i 'H % % ,., 2.68 0., 0.67 0.63 0." '.0 0.'" L' 
T " •• 'H •• •• '.8 ,.", 0.0 0.68 0.54 0.67 ,., 0.'" ... 
T " • , .. .. .,. .... ) 10.8 1.55 3.1 1.56 2.8 0.79 L. 
T " • , % % 11.9 3 .• 1) '" I.MI 2 .• 1.51 ,. 0.78 ... 
T '" • 'H .. .. 1".4 U. ,., 1.37 2.5 1.37 2.8 0.81 L. 
T 00 • 'H .. .. 11 .2 .. ", .. 1.39 2.0 1.31 2.1 .. ., ... 
T .. • • .. .. ,., 2.88 '.0 0.86 0.90 0.78 2.1 0.89 1.1 
T .. • • •• •• '.8 ,.", 0., 0 .87 0.77 0.75 1.8 0.88 O.SS 
T " • '. .. .. U 2.U 0.' 0.89 0.62 0.62 2.1 0.92 1.0 
T OS • '" •• •• '-' 2. 12 •• 0.89 0.53 0.80 1.8 0.91 0.88 
T .. • , % % '.8 ,.", 0.80 0"::'2 0.~0 0.48 2.1 0.00 I.l 
T .. • , •• •• .., 1.9& 0.h3 0.62 O.:u 0.43 1.8 0.96 O.SS 
T .. 3'i • .. .. 12.8 3.70 ,., 1.21 2.0 1.24 1.9 0.72 1.1 
T " •• • % .. '.8 , ... ... 1.23 I"::' 1.19 I.. 0.70 0.81 
T " •• • .. .. 10.8 3.17 , .. 0.87 1.1 0.88 1.9 0.77 1.1 
T " 3\:i • .. .. 8.' 2.48 0., 0.88 0.89 0.83 I .• '0.75 0.81 
T " SI, • •• .. ,. ... , 0.8 0.91 0.85 0.85 1.2 .0.74 0.68 
T " • • .. .. 11.7 3 .•• ,., 1.23 1.9 1.32 1.2 0.59 0.81 
T " • • ., •• 10.6 '.00 

.., 1.23 1.7 1.29 1.1 0.59 0.70 
T " • • .. .. ,., 2.68 ••• 1.24 1.6 1.27 0.90 0.68 0.80 
T " , •• .. .. 10.8 3.17 M 1.06 1.& 1.12 1.2 0.82 0.80 
T " • •• •• •• ,., 2.83 .., 1.06 1.3 1.10 1.0 0.60 0.1::9 
T n • •• .. .. U 2.U 3.8 1.07 0., 1.07 0.93 0.6 1 0.82 
T " • '. .. .. , .. Il.(rl ... 0.72 0.60 o.it 0.89 0.88 0.59 
T " • '. •• •• • •• l.n 0.94 0.73 0"::'2 0.68 o.n; 0.65 0.60 
T " 'H • .. .. ... 2.07 0.' 0.9 1 0.8-4 0.96 0.38 0.51 0 .• 2 
T 63 '. • •• •• ••• 1.77 0., 0.02 0.720.92 0." 0." 0.35 
T 86 'H 'K •• •• ..., 

0." 0.080.31 0.00 0.32 0.38 .. , 0." 
T " 

, ' H 1\ 1\ '.00 0.91 0. 16

1

0.42 0.15 0.42 0.18 0 .• & 0.18 
' I' 5 10 HS , •• •• 2 .• 6 0.72 0.21 0.6 1 0.190.63 0.00 0." 0 .08 

T "'" •• ' K .. .. 1.26 0.37 0.06 0.37 0.05 0.33 0." 0.32 0.03 

T "" ' K H N, • .. 0 .88 0.26 0.01 0. 16 0.01 0.16 0., 0.31 O.()'I 

." 
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CAIl NIlO Ii! ST EE L COMPAN Y 

ELE.'lENTS OF ZEES 

., 
I' 

1/ .-- --. 
/ ., , 

... .. , """ Atill_l A..io ~2 A~. 

" .. ..... 1- "'" r." s-..... .... - "" • , s • , S ,m~ 

... •• I. .... I.' I.- •• ...' I.- •• .. ' I •. 

:~- IR· ,l!, .... 10.1 .. , ' .n 16." lIU! 1 .37 ••• .. " Z , 32.0 9.40 " .1 ' .n 16.2 11.3 '-'6 M 0.82 • % .... S .63 .2.1 2.2 1 14.0 15.4 .. " .. , 0.81 

gtt. f;t. '"' 28.1 8.25 43.2 .. " 14.1 16.3 1.<1, M '.8< Z , % " .. 7.46 88.9 :.1.28 12.8 14.4 l.30 ••• O.S:,? • a. ., 22.8 6.68 ,U 2.28 11.5 12.6 1.37 ,., 0.81 

:~. !U • :n.l 6.19 .... ,." 11.2 12.9 1.44 '.8 '.8< Z • 8 • •• lS.4 5.39 ".8 '.M '.8 JI.O .. <3 '-' .. " • " 15.7 . _" ", ' .M 8.' 
._ . 1.41 '-' .. " 

~. ~. ,~. " .. 8.33 "., LSO 11.2 14.4 U. ' .8 0.76 
Z 6 .... '.M ,,-, L" 10.3 12.8 Lao ... 0.74 , ' .. ,,-, .... "., L" U 11 .• 1.28 '-' 0.73 

g~. !~. " " .• •. " ,U 1.(12 , .• 12.1 LM 3.0 0.76 
Z • 'I.' ro .• 5.94 2 1.8 1.91 8.' 10.5 La3 3.' 0.7/; , '. 17.9 .. " 19.2 1.1)1 ,., , .. 1.31 , .. 0.74 

g~. !u· •• 16.-4 4.81 19.1 L" , .• , .• '-'8 ,. 0.77 
Z • " 14.0 tll' 16.2 L .. 6.' n ." ,. 0.76 , •• 11.6 a. lS.4 us ., ••• .... , .. 0.75 

!~. JG· % " .. 6 .75 HI .O 1.49 " 11.2 Lao ••• 0.68 
Z , ' .. ro_, 6 .14 13 .6 1.48 '-' 10.0 '-" ' .6 0.67 • , . 

" 18.9 II.M
I

12.1 lAS 6.1 8.' La. '-' ' _66 
:~. !~. •• 18.0 6.27 12.7 LM .-, .. '-'3 3.' 0.118 

Z 8 ,\', 11) ,9 '.66 11.2 L" .. ,. 1.31 ,., 0.67 • , . 13.8 '.M .. , .. " .., .., .... ... '.06 
:~. lao % 12.5 '.M '.0 1.62 .., .8 1.36 '.3 0.60 

Z , 'it 10.3 3.00 , .. 1.62 ,., ,., 1.31 L8 0.68 • , . ,-, 2Al O. ... , .. ... 1.33 L. 0 .67 

ZIa ' .. '" ~. 10 4.18 ." 1.12 ••• ,., 1.11 '" ,M , 'l'1Ii, % 12.6 .80 ••• 1.12 3.1 ••• 1.16 , .. .-" 
Z H 1'" '" 'i.' 11..5 ' .M ••• 1.17 , .• '.8 1.10 ... .. " 

''''' _.8 '.36 ,.- 1.111 ,. "-' 1.1 7 ... .M 
Z," 3 •• ~Yi. '/.. 8.' , .• ••• 1.2 1 ,. ••• 1.21 ... . ... • •. , 1.97 ,.- 1.21 L, , .. 1.10 ... .-" 
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ELe.Me.NTS OF seCTI ONS 

ELEMENTS OF CROSS TIES 

-'---- -- ---I 
-_. 

, 

~ wo. ..... W"ocItb 01 "'" AUlI-1 AUI 2-2 

I:. • "- -..... .... I- • I 8 I 8 I"" - .... T. . .. , • , 
I •. ,'"- I.' I . I. I •. I.· I •. I.' I •. I.' I . I.' 

/'.1 28 8-"> 
,.. 8.76 '.0 10» . <38 .... 2."7 to» '-', "' . U8 .., 

~I 29 '-'0 "'_0 7.01 '.0 8.0 . 376 ,8-< 2.26 11.3 '-"I 16.8 .... ••• 
M 21 ... 0 >0.0 6.71 .., 8.0 .- so .• 3.3. .., 2.33 14.9 1.62 3.' 
M 26 .. '-' 14.6 " . 10 '.0 8.0 .'-'0 13.0 1.78 ... U8 8.' 1.22 '.0 
M 24 ' .00 '.8 '-'0 '.0 '.0 . "" .. , 1.2" , .. 1.27 , .. .... .., 

" 

~_i 
" 

""" ..... Widtb 01 A';' I_I Mil :'2 
• 1 . , • ...... .. ..... s.. I:. Boo- - I 8 I , , I ... ... .... T. .. . , • 
I •. L,"- la.1 I. I • . I • . I.' I. I.' t.. I • . ' I • . I ., 

M 27 2.26 '.0 2.62 '-' ' .0 .,.. .. ,. 0.70 0.79 1.62 16.8 ,." ' .8 
M 20 '.00 8.0 1.72 .., 8.0 .188 0.71 0.8< 0 .61 1.41 8.' ,." '.8 
M 18 .... '.0 1.21 , .. '.0 .188 0.31 0." 0.31 ..00 i.8 1.73 I ' 

I' I -~' 

""" "' 
Ano .-... Mil I_I .w.J-2 

• • • ""'-...... 800- r.. a- s.. - I S I , S I .... .... "~ . ... , • 
I . L,"- I.' I. I. I.· I . I., I . ". I . I.' M,. ' .. i.'" 0 .97 "'';'. .126 .059 0 .2.5 .H 0." 2 ..... ..,. 0 ." 

M 19 '., 2.61 0.74 • . 141 ."'. 0 .18 .05 0.43 1.16 1.26 0." 



CARNEO I E STEEL CO M PANY 

ELEME:NTS OF RAILS AND SPLICE BAItS 



, 
ELEMENTS OF SIlCTIONS 

RADl1 010' GYRATION FOR TWO EQUA L ANGLES 

T 1F ,-- i L 

J -- ..... 1 RldiiIJl ~ II Two ADcI-. , ...... 
Nd<_ • 

SUo Woich l. Too .uio S-1 
b ell';' - P ..... 

~ 
Ax. I_ I 

" W lp&11 ~' 1,"" In,h. per ~'OOI ,- 0.- Ji" '''''' ,. "'"" 
". 1\6.9 33 .<16 2.42 3.42 3.11 1 '.M '-'0 3." .. , ' '1;. 42.0 "-,, 2.46 3.37 3.46 ,",0 3.611 3." 
'I 26 .4 15.60 , ... .-'" 3 .41 3.45 .... 3.59 , 37.4 22.00 .. SO 2.59 , .... 2.72 2 .77 ,." 

" 8 '~' 26.6 III.MI "83 '.M '.M 2.67 2 .71 2.81 
14.9 8.72 .. 88 2.49 , .. 2.62 ' .00 2.76 , 30.8 18.00 1.48 2.1I~ U, ,.'" 2-3, 2 .47 . " ' .. 21.8 12.80 I.t>I 2.13 '.n 2.26 2 3 1 ' .<0 •• 12.S 7_" .. M '.00 2.17 2.21 2.26 '.M ... ' .. 19.9 lUIS 1.18 1.75 .. " 1.89 " 0< , ... 

I, M 3.88 1.211 .. "" 1.76 1.79 " 8< l.lla 

3Hs3Ji ' .. 17. 1 10.08 .. '" .. " .. " 1.70 1.711 "SO 

" .. , U, "00 1.46 .. " I.all .. GO 1.73 

.. 3 ~ 11.5 6.72 0.88 1.32 1.4. 1.46 I.M 1.6 1 , ••• '.88 0.93 1.25 , .. .... V'3 .. '" 
,-~ " 7.7 ' .00 0 .74 .. 00 1.19 .. a. 1." 1.39 

¥, ... ,." 0.77 ..M 1.14 l. l \l .. a. 1.34 .. , .~. ••• 3. 12 0.59 0.88 0.88 .. ro .. 08 1.10 

• 3.19 .. 88 0 .61 0_" 0." 0.90 1.0.& ----1.:.!!... 
Tbill table and ~b8 two lo.llowing ani emplo)oed In computing the l&Ie 

rest.w.nce to compressive &tnu 01 two IU1glOll, bao::k to back, ..-l as .. stru~ 
or .. tile eomp.-lon chord of a roof 1ru. , etc .• &II folio .... : 

Obt"ln from ~he oomI:.,.--loli formul" In WJe the "lIo .. ed stl"C8l ~r lKIuare 
Incll ~dln(l to t ratio of a1endern_ of tile ~n, an mulllpl,. 
tbat "alue y the am&. Tile resuJ.t .... 11 be tile allow"bleoomp..-lve&tn.. 

EIamfle I. section gi1'8l. Required tile &ate lo..d In eotn~ .. per 
fonnlll" "" UIOOO - IOO lit" 00 " Iltn!.~ oom.-l of two angl~ ... " s "'''" ~", 
back: to back:. with an UnwpoMed le':fh of II fee .... 

Arca of S«:tlon , A""a. *Iu,,"", In llll; Lea.at R&dIUII. r = 1 .2~. 
It .. tln of SlendemOllll. I/l" _ lis 12 + 1.211_ 86 .... 
AlIo .. ed Unit Stn., f = 19000-100 ,,86."' '' 10300 J)Ouodll per IIQ.U&rtI Inch. 
Sale Load. At _ 3 .sa s 10360_ 40200 poundll. 
Esa.mp1e 2. Stre. slven. Itequired .. IoeCtlon for .. member 10 oomprellldon 

12' 3" IOU(!. mado of t ... o I.DJj:leI III'lparaWd by J.i Inch 1~I .. tIlI. to rI'JI:bt. .. 
total . t rea ot 35000 pound.; "'tlo of s1omlom_ nOt to (lJ: 120. 

A$JU.me 2 .. otllll.II"" 3" s 'II:.",lonll legs, b&cli: t.o back:. 
Are .. of Sect.lon.A _ "'.80 Kluare lncbEol; u..t lt ao;l lUII, r= 1.26 Inches. 
R"tio of. SlendernOllll, I/l" _ 12.211 s 12 + 1.21\=0 11 6.7. 
Allowed Un!' 8t~ f "" 19000- 100 s 116.",.7330 potIIlds per KlU&re loch. 
Salo Su-... At _ "'.80 s 7330_ 35ZOO pnuodll. 
I n tho ftrst CflolO the lean MldIWlI. tha~ .. bout axl. I- I ; In!.ho.acond cue 

about .. 0. 2-2 ; In .. 11 _ tho leut tadllll determine. the ratio of. s1endem_ 
II.IId there .... tll tbe alla.ed aro oomPNMlve~. In all _ alIo tile two 
I.DJj:IIlI are to be.oeured ~her by stay rlveta 110 ~ .. to IlUure that the 
IoeCtIon ac:ca .... unit. T e .... tio of odend __ 0 .... ,. =Ie anll" bet .. een 
rlv" .. must aI .... 1'8 be leaa tba.a tbat of tile I tnn or coml) on chord. 

'" 



CARNIlGle STEEL COMPANY 

RADII OF GYRATION FOR TWO UNEQUAL ANGLES 

1.0 .. ~ Vertical 

9F 
Z' \oI,~ ,," 

T -,- : '1 

• " .......... .... • R.dii '" 0,....."., '" Two Mil .. ,...-

,~ ""'- "'''t. .... AnI !.2 ,::::. ...... t.:e AnI I-I 
co!:..n ~" 1pu1 ~" 1'" ~;;;; \-i" 1,.. " 1,... 

, 44.2 ".00 2.49 2.39 2.48 2.[,2 2.[,7 , ... ... • 33.' 10.88 '.M '.M 2.44 2.48 2.62 2.61 
~. W., 11.88 2.57 2.31 2 .39 '-<, 2.48 "'" , 35.7 21.00 2.[,1 "" "'" 1.40 1 .4.5 "" 8 ,,~ • ,,. 16.12 '.M "W , .W 1.34 1.39 1.49 •• 16.5 0.68 2.W 1.15 "" 1.28 ,,, 1.41 , 32.3 10.00 2. 10 1.31 1.40 1.4[, "'0 "., , .. ~ ;j" ".0 13.60 ,." 1.2[, 1.34 1.39 1.44 "" 13.0 , . ., '.n "'0 1.28 " 33 1.37 1.46 

• ,0.0 18.00 "85 "00 1.60 1.74 1.79 1.89 ... ;j" 21.8 12.80 "80 " M "" 1.68 1.73 1.82 
12.3 7.22 "" , .00 1.68 1.62 1.1$7 1.76 , 28.9 17.00 "" .. , 1.41 1.51 "" " .. e .. ~ ' .. w.e 12.12 " .. .. , 1.41 "" 1.49 .... •• ••• 6.74 "96 "" .., ." 1.42 "50 ... U ,.., 14.22 .., "., 1.76 "., "" 1.9.5 
11.0 .... , ... , ... "., 1.70 1.7.5 "85 ... ~ % "" 13.34 , .&3 1.42 ... 'M 1.61 1.71 

•• •. , 6. 12 l.IH .. . 1.41 "" ,.00 , ... ... ;ro- 19.9 11.68 '''' 1.18 "" W .., ,., 
u ' .OJ 1.61 , ... Ll7 .", ",. ,.., .. ,," ;ro' ' M 10.88 U. 1.21 U , "38 l.41 ,., ,., '.00 " .. 1.13 ,,,, ,.» "30 .... ... ~ ;r.' 1S.5 10.8ft 1.19 , .00 , ... " .. "" ",. ,., • .00 ,." 1.42 "" " M " .. " .. ... ;1" 11. 1 10.0(1 1.21 "33 "33 "80 "" , ... 
• •• ,.- 1.28 1.111 .'" W ... , "83 ..... ;1" 1.5.8 .. ,. "08 , .30 "80 "" ",. " .. ••• 3.12 1.11 "'" .... .,. US 1.48 

.-~ ;1" ". '.30 .... un l.13 LIS .." .... ••• >.S. 1.1 2 0." "08 " 00 1.13 " 33 

3l12~ n' ••• ... 0.91 " 08 1.1[, "'. "33 . .., ••• , ... 0 .9.5 "00 "00 1.13 1.18 1.28 

,<3 U ,., '.00 0 .92 •. ., 0.89 .... , "" 1.10 ••• U. 0." 0 .74 .... 0.88 •. " "03 

' ... ' ~ .8 ' .00 0 .7[, 0." 0." 0.99 "08 I.UI 
3.62 2. 12 0.78 0." 0." 0." 0.98 " .. 

", 



ELEMENTS OF SECT I ONS 

RADII OF GYRATION FOR TWO UNEQUAL ANGLES 

Short ~ Vertl .. 1 

T 
2j _ ~. to t.." 

~ ,! 

-' .... ,- I Radii 01 Oyrati"" of Two AncI-. IJ>C"-

Thi<k_ Weq:bl. " ... ""' Arlo 2-2 - ",. ... r.=. Arlo I_I 
'K'- ,- per . '00( n.!~ .. ,., .. ~ . '" .. "" --

• " .2 ".00 1.73 3." 3.73 3 .78 3." 3.92 h. .. ". 10.88 1.76 ... 0 3 ." 3.73 3 .78 .." •• "'.2 11.86 LOO 3.M .... 3." 3.73 3 .82 , .. '-' 21.00 0." .... ".1" 4.10 .. " U • · "'~ .. 27.6 16.12 0.88 3." "" 4.13 4.18 4 .28 

•• 'M 0.68 0.92 3.'" '.02 4.07 4.12 4.22 , 32.3 19.00 0.89 3.48 3 .68 363 3.68 3.78 
"3~ ;r' " .0 13.M 0.92 3 .42 3.62 3.57 3 .62 3.72 

13.0 7.00 0." 3.36 3 .46 ..,0 3." ,." , , ... 18.00 .. '" ,." ,.'" ,,, 3." 3 .1" ... ;r' 21.8 12.80 1.13 2 .79 ,o. ,.'" 2.98 3.08 ". 7.22 1.17 2.74 ,." ,." 2.92 3.02 

• 28.9 17.00 0 ." ,." .. '" 3D7 3.12 3.22 · "'~ ;r.- 20.' 12.12 0.'" ,." ,." 3m 3." 3 .16 ••• 6.74 "00 2.81 '.00 ,." 3.00 3 .00 ... ~ "., 14 .22 1.14 ,.n 2.38 2.43 2 .48 2.68 
11.0 6 .46 .. '" ' .20 '.20 , .. , .. 2.48 

, "'~ " 22.7 13.34 0." '.6 2.46 , ... '" , . ., 
•• ' .7 1>.12 .. 00 2.26 ,." , .. 2.44 U. 

'" , .. 10.9 11.68 0." 2.42 2 .62 2 .67 2.62 2 .72 

•• •. , .., 0." ,." 2.42 2.47 ,., 2.61 

" .. , , .. 18.6 10.86 0.8 1 2.16 " .. , .. , ... 2.45 •• 7.7 .... 0." , ... 2.16 '.20 ,." "' . · "'~ ' .. ... 10.86 1.01 1.81 1.01 .." 2.01 2 .11 

•• 7.7 .... 1.07 1.73 1.81 .... 1.91 '.00 

• • 3 
, .. 17.1 10.06 0." 1.88 1.08 '.00 2.08 2.18 • ... 3 .38 0.69 1.78 1.87 1.92 .. .. ,.'" 

"'" 
,~. 15.8 0." 0 " 1.6 1 1.71 1.76 LS I 1.9 1 • , .• 3.12 0.91 1 .62 1.61 .. " 1.70 .... 

" .. ,~ ,~. 12.6 7 .. 0.69 .... 1.75 ..., .... .. .. 
• ••• U. 0.74 1.68 1.67 1.71 1.76 .... 

3 Ill", U· .. .. " 0.72 • • 7 .... ••• .. " .. .. .. ,." 0.7!> ... .. .. .... UO . ... 
" , l! 7.7 .... 0", 1.42 . .. 1.67 1.62 1.72 ... , .... 0.' us 1.47 U, W 1.67 

"." • ••• '.00 0 ... 1.15 .. " . .. .. .. .... 
• 3.62 2.12 0 ... l .ll "20 .. " . .. .... 

'" 
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CARNEO I I! STEEL COMPANY 

MOME...,\TS OF INERTIA OF RECI'ANGLES 

I N WmT1I8 FROll % TO ~ I NClI A"'"D 1 bco 

Neutnl A11. Th ...... ~ Ctnler Normal 10 o..pth 

Thill and tho following table may be usod In oomplJtill8 the 
Momen Ul of In('l"\la o f Plate Olrde .... CollJmlUl and other oom
pound sectJOIJ.II In which I>la~ • ..., u80d: BOO pagel l OS luul 100. 

Width.llICb .. 

.= .'" 2.260 
6 .333 

10.".7 
1/1,000 
28.683 
"Z,(I(I7 
00.760 

8.1,333 
110.1)17 
IH.ooo 
11<3.083 
228.007 

'" 



I':LI':MI':NTS OF SECT I ONS 

MOMENTS OF INERTIA OF RECTANGLES 
Is WIDTlI$ OF 1 bCll 

Toobtl~ln the Moment of I nerUa of any roc'-anglo. multiply 
tho tabular value for lt8deptb by It.!! width In Incheos. Fordoopcr 
rcctanglC8 of tabular tblckn088. multiply the tabullLr values fot 
haU their depth by S; Or for ono-thl.nl their depth by 27. etc. 
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CARNEO I E STEIlL COMPANY 

HOLLOW ROUND SECTIONS 

ARt:,4.S AND n,4.DU 01' GYRATION 

.. _ ....... - , 
H _. , 

._-• ..1 

Area .-(0:-<1.1) _0.78M (D'-<l.I) sq. in . 

Radiueor gyration_ y'~ in. 
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E L E M ENTS OF SECTIONS 

HOLWW SQUARE SECTIONS 

Area. - D~-d~ sq. in. 

Radius of gyration- ~D21t d2 
in. 



CAR-NEO IE STE EL COMPANY 

STRESSES IN BEAMS 

In the application of the principle, of Ilructural mechanici to 
determine what aectiona should be used safely to auslain luper
imposed load, under specified conditiona of loading, itis neeell8ary 
to AIIcertain, first, the effects produced on the Itrueture by the loads 
under th08e conditions; second, to decide what unit strength the 
material, tile use of which is contemplaled, hns to resist the stresses 
produced within the structure by the loading; and, third, /.{) select 
a section wh08e 1IOOtioo modulus is equivalent /.{) the ratio found to 
exist between the stl'Cfl./lC8 tending to cause deformation within 
the structure and the unit strength of tho material to resist them. 

Reacllou. In the aim pie calle of a beam supported at both ends, 
each Hupport reacta with an upward prC88ure called the reaction 
of the support. The aum of these two reactions is equal to the total 
load on the beam. 

Sbn. . The loads and the reactions of the supports are vcrtical 
forces tending to shear or cut the beam acl'068 and the stre81Je8 
they produce within the beam are, therefore, called shearing 
stresses. The shear at each support is equal to the reaction of 
the Hupport; the shear at any point bctween the supports is equal 
to the reaction of a lupport le8I! the total load bet ..... een that 
aupport and the point; or, if the reaction acting upward is 
considercd ns p08ilive and the loada, acting downwards, ns 
negative, the shear at any point ia the algebraic sum of thc 
vertical forcce acting on the beam between that point and either 
support. 

If such a simple beam supported at both ends carrice a load 
uniformly distributed over its entire length, the reaetion and thc 
Ihear at each support is equal /.{) one-half tbe total load on the 
beam, but the shear decreAIIC8 uniformly to zero at the center of 
the span; if the load is concenlrated at the center of the Hpan, the 
reaction and the shear at each support are also equal to one-half 
the t-etal load, but the sbeu is uniform throughout the entire 
length of the beam. 

Belldill. l>lomtIJl. Tbe loads on the beam and the reactions of the 
lupporta conatitute external forcce which produce bending strcaa in 
the beam. Tbe summation of tbe momcnta of the external forces 
about sny point is cailed the bending moment and vlU'ice from 
point to poi nt. I t attains a maximum value at a point where the 
shear is either zero or changce from positive to negative or vice 
versa. If the loada are concentrated at several points, the maxi
mum bending moment always OCCUI1l at the point of application of 

'" 
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one of the loads 110 located that the sum of all the loads on tbe beam 
betwccn one BUpport up to and including that load is equal to or 
greater than the reaction of the support. 

Vtrlleal Ooftt<Uoa. Bending stre8S within a beam produces flexur e, 
and the deflection, or the amount of it.a departure ffom a 8traight 
line, is the melUlUfe of the deformation wbich the beam haa under
gone in its resistance to bending stre88. So long IL8 the stress is 
withhl the safe limits allowed for the material, the deflection is 
negligible 110 far as concerns the beam itself; it may, however, be 
of sufficient magnitUde to caU8e the disruption of other materials 
in contact with or supported by the beam but of 1CS8 strength, such 
as plaster. In such cases the limit of n.llowable deflection may 
determine or at least influence the choice of a section. 

Lakral DefIed-lOG. The stfCSlles within a beam under transverse 
loading are compreseive on one Bide of the neutral axis and tensil(' 
on the other. The tensile stre88C8 tend to hold the beam in a 
IItraiglit line between the supports, while the compreseive strCIISeiI 
tend to de8ect it in a lateral direction, jua! M the bending atre88ee 
M a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewi8e deflection, thi8 consideration may 
influence the choice of 8ections. 

Method of eo ........ tioa. A complete investigation of the 8trength of 
beam8 under tran8VertlC loading must take into account all the 
clements, the bending moment, the verticn.1 deflection, the lateral 
deflection and the 6hearing strCIIS; though under the uaual loading 
conditions the first alone determines the size and weight of 8ection. 

In the calculation of bending strcsscs, the loads are usually 
cxprcssed in pounds, the apan length and tho distance between the 
loads in feet; the rCl!ulting bending moments arc in terms of foo~ 
pounds, which neceMitatee conversion to inch pounds before the 
8ection can be selected from the tablee. The section modulu8 of 
the required section is obtained by dividing the maximulll bending 
moment in inch pounda by the allowed fiber stfCSll in pounds per 
squnre inch. In such calculations it is 888umed that the neutral 
axis of the aeclion is normal to the line of action of the load. When 
this is not the ClUle, correction must be made for the eccentricity 
of tho loading. 

In the pagcs which immediately follow are given general formulae 
for the bending moments and vertical dcflectiolll! of beams under 
the u8ual conditions of loading, and also diagrams illustrative or 
th08e conditiona. T he general method for the computation of tli(' 
maximum bending moment of a beam supported at ita ends and 
loaded at various points is M foJlows:-

." 
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Fir8t. Find the reaction at the left (right) support hy multi~ 
plying each load by ita distance from the right (left) support and 
dividing the sum of these products by the length of the span. 

Second. StQ.l'ting from the left (llight) end of the beam, lldd the 
Buccessive loads until a point is reached where the Bum of the loads 
equals or exceeds the reaction of the left (right) support; the point 
of maximum bending moment is located at this point. 

Third. Multiply the reaction at the left (right) !Support by its 
distance from the point of maximum bending moment and Bubtract 
the sum of the products of all loads to the left (right) of this point 
by the corresponding distance from tbis point; the difference 
between these moments is then the maximum bending moment. 

E~8.UlI)le: Uequtred the size 01 a. 

@tool beam to;> oruPpOrt the follo'll'lng 

Q,ul(l8C(lnt lO&ds over a. clear span 01 16 

leet botWOOD 8upporl8, lot 8. madmum 

tiber s tna Dot to esoeed 16000 poundJi 

per square lneb. 
WI _16000 pounds, 4 feet from lel~ lUPPOI't. 

W t = 18OOO 9 " 

"'.=- 2000 
W._ 60 

over entlro span. 

Lel t Reou:tlon. 

per loot, uniform up to ... leet from rlght oruppor(.. 

&s!IUmoo welghtof ~m unllonnl)' dlstrlbuted 

1l1000 11~ + (86 '" ]&) 8 + 18000 1 7 + (2000 I~) I 2-213" "_ 14 ...... 
Right R!,llI.Ctlon. lilOOO 1 4 + (60 ~ 1&)8 + ::00 1 ~ + ('2000 1 4) 1 14 _ 2160511Js. 

8umolreact1o.-umotl~Wl + W. + W. + W.. -4200011Js. 

Polote 01 ma.rlmum moment t OO X 4) + 16000 - 16240 < 2135::; 

(00 x 9) + 16000 + 18000 - 34540 > 213 55 

therefore the polot 01 m&I!.mum beDding moment Is at point of load W •• 

Maximum beDding moment. 213M1 11-](IOOOd~(60I ~)14.5 = 109765 n. Iblo. 

or. ZIlIO.\ ",7~ (200l 14)J 5-(6017)13.5 _ 109765 ft. lbe. 

Required section modulWl",,~ :o.~=82.'" 
AJI the $OCl.iOn modulllll 01 the U Illch 65 pound or the IS ]neb 54.7 pound 

beam Is gl"Oll.w than this. either of tbese fIOCtlons may be used. It It 18 doclded 

that the IS loeb 48.2 pound InIpplem(\Dtary beam Is strong (\Dough lor the 

PUrp080, the actual tiber stress on that soctlon would bo 13~i~3° = I00S2 
pounds POl' lIQuare Incb. It tbo sllowed flber stl'flSS were 12M)() ])Ounda per 

SQuare !neb. the required IJeCtlon moduluo would bo 1091~ 12 ,.. ~ '" 

105.38 &Ild the POl'Ullssibie IllInlmum IOCttO!l8 ,.ould be 20 IDeb 65.4 pouDd, 21 

• Inch 60.4 pound beama. ete. 

'" 
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NOTATION USED I N FORMULAS 

A _ Area of SC<ltion, in square inches. 
n _ Distance from center line of gravity toextreme fiber,in inchee. 
1 _ Moment of inertia about center line of gravity, in inches". 
M.-8lalic moment, in inchess. 
S -seetinn modulus= I / n, in inches!. 
r _ Radius of gyration - .ff1A, in inchee. 
f _ Bending slre6l! in extreme fiher, in pounds per square inch. 
rb _ Resistance of web, in pounds per square inch. 
E _ Modulus of elasticity, in pounda per square inch. 
L _ Length of 8C(ltion, in fect. 
I _ Length of section, in inches. 
d _ Depth of section, in inehea. 
b _ Width of section, in inchea. 
t _ Thickness of sect.ion, in inches. 
W, WI, Wr=Superimposed loads supported by beam, in pounds. 
w -=Superimposed load, in pounds per unit length or area. 
W max _ Maximum safe load at point given, in pounds. 
R, RI _ Reactions at poinU! of support, in pounds. 
V _ Vertical shear, in pounds. 
M, M I, loh_ Bending moments at points given, in inch poundll. 
M max _ Maximum bending moment, in inch pounds. 
lo lt _ Maximumresistingmomenl, in inch poundS=fI/n - r S. 
D, DI _ Deflections at poinU! given, in inches. 
D max _l\ laximu m deflection at point given, in inches . 

.. , 
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COMPARISON OF VARIOUS LOADI NG CON DITIONS 

The formulaa aod diagrams on pagCIJ 143 to 146 give the various 
stresses in sections used as beams, resul t ing from usual cooditioD.H 
of loading. 

Taking as a unit of comparison II. uniformly distributed safe load 
on beams of equal length and section, supported at the extreme 
ends, the following table gives the relative maximum safe loads 
or bending moments and deflections. 

As II. check on the accuracy of a computation, the safe load 
obtained from the formula for any condition of loading m.y b, 
multiplied by the reciprocal given in the table corresponding to 
such loading condition; the result should be the maximum allowable 
uniform load lUI taken from beam safe load tables. 

M .. im\lDl Sale M..nmom 

Coodiu01II 01 r.o.dillll: c.. ""' De&cuon 
No. 

Rel&uv8 R8ci_1 Relauv~ 

n " Alo' S UPPORT II D AT ~;"' D ' 

Load unUormly distributed over span • X • • • 
Load concentrated at center ot span V ~ , .80 

TwO oqualloads symmetrlcall)' conC<lntrateo: VU 1/ 4a 4&/ 1 
LQ&d Increasing uniformly l.(>on6 end X .9743 1.0Z64 .976 

Lo&d Increasing unltormly I.(> oent<lr XU ~ •• .06 

Lo&d decreasing uniformly I.(> ccnt<lr X' % % LOS 

S", ... FIX II D .. T 0, ... , END. C .U'TtLXV" R 

Lo&d uniformly d istributed over 8p&n U • , Z.40 

Load concentrated at end • • • 3.Z0 

Load InCN)&Slng uniformly I.(> fixed end m .. ' .. U/Z 

n "A" CO NTINUO U' aVIIR Twa SUPPOaT 
EQ V'DleTAIiIT P"OW END' 

Load unltomily dl.trlbuted over span XV> 

L II dl>ltanco a > O.Z071 • 1'/480' 4a'/I· 

,. II dl>ltanco a. < 0.2071 • • '4 • 
l-4a -,-

3. It dlstanco a =O.Z071 I 5.8285 .1716 

T wo oqu8olloads concentrated at enWl XV lj4& 4a/ 1 

." 



FLEXUR.E FOR.MULAS 

BEAMS UNDER VARIOUS LOADING CONDlTlQNS 
BENDING MOloU;!YTS ~D DEFLE(;TIONS 

•• CANTILEVt:R BEAM-CO .. "'nl .... 1ood 1.,.,,1 .t f .... ~nd 

&1lJ1IIilll' R, (mu. shear) -W 

_.~msL 
1.1. dllltanco I -WI , , , . 

;. ••.••••• -I········""l 
Mmu , at U, -w, 

D!~" Wmu . -~ .... . : 
··· I ··· '" WI" 

W Dmu. "" aET 

... CANTILEVER BEAM-Unlformlr dl lttibuted I .... d 

~' 
R, (mllI. shear) . w 

M. dllltance I 'WI" _ .. 1fflU

. - ---:u-
~-····.· .' I .---.. -i M mllI. U R, '" - ,-

d·bq-I·, WmAI. '" - , 
" '; : ' Dmu. w,. 

_··· I ···· .. - 8F,T 

III. CANTILEVER BEAM- Load inc .... ln. ulllformlJ' to fiIed end 

~' 
U, (mu. shear) - W 

, max. 
M. distance I W I " 

- TIT" . . .. Wi 

J3§ 
Mmu. a~ III --,-
Wmu. 3tS 

D~-i"-"':- - R, -., 
DmAI. 

W\I 
~""' Ir·· ' - 151::1 

"'. BEAM SUPPORTED AT ENDS--Con",nt ... ted. I .... d liNt one ud 

~~Imu. R (mu. shear If b> . ) \Vb - ,-
n ,(mu. I bear If a>b)_ ~ . " 

~-.-.... -.~ --+---.. ~ M. dlllt."ce I 
W", ----.-r--·····.··· .. + .. b .~ W.h 

:'·yt{."2b) . : : Mmu.,MPQlntotio8d= ...,-

~~'~"rri'-H':A, Wmu. ." 
R , • w~ " 

- ." 
i : Wab (.+2b) Vsa(a+2b) . ..,..~ 

W . Dmu. - :.!7EI I 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bt:NDING MOMENTS AND DEPU;;CTIONS 

V. BEAM SUPPORTEO AT ENDS-Coa ..... tnted load a t ..,ate. 

~.~ ~.R(mu. ,hear) _ Il, 

, ,'~ M, dlRtanee" 
:.-.• _ ... 11 .. ··~ __ ~ 
, '1' _ i ,~ .. -2 --, M mu" .t point ot load 

R'~ '_"_--+--o'-AnR Wmu. 
~.« .... w; 1 1 ' 

1l<4 Dmu. 

w - -,
W, - --, 
W. --.-
'" --. 
WO· 

... 'SEC 

VL BEAM SUPPORTED AT ENDS-Two uuua""et.leal eoneentnted lolld. 

R (mu, shear It a<b) W 
""2f(I .... +b) 

R, ""-1t(I+&-b) 

M, dlotanee a 

M, mu., dlRtanee b (b>a) ... R,b=~(l+a-b) 

:MI. dillt.anee " 
W ... R"-,.-(,, .... ) 

Wmu. (b>a) 
2ltS 

- b(l+&-b) 

VIII . BEAM SUPPORTED AT ENDS-Three eQD"'Dtnted load. 

r ···· -..... , ! R 

~ 
............. ~ 

~ ~. ~I ' . . ... ~ 
: : : , i 
~··i-"r l· .. ·t··--·i 
, .. ·,·· .. ,.··- . .... b •• ~ 
;.···;.r-.:. .. ··''br -·J Riff·, 

W W, Wa 

R, 
MatW 

Mmu. It W 
MatW, 

Mmu.lt W, +W 
Mmu.1t W, + W. 

MatW. 
Mmu.It W. 

.« 

Wb+ W,b,+W.br 
I 

Wa+\V •• ,+W~. 
I 

= Ra. 
"" or>R 
_ Ra'-W(.' .... ) 

= Ror> R 
co R,o.>R, 
= Rao-W (&o-&)'W'C_,) 
_ R,or > R, 



FLEXURE FORMU LAS 

BEAMS UNDER VAluQUS WADlNG CONDITIONS 

BENDINO MOIolEYTS AND DEn.£CTION8 

II. BEAM SUP PO RTED AT EN D9-UlI.lfon. iTdlolriba led t ... d 

tI1M M~~' :I~:~b:>-n, :tu-t> 
~ ___ .. _ .. 1'-----.-- 101 mU. U ce!:lt.er - -W-
,l. . __ ~~::. !:2;. Wmu. ... !f! 
R~RI IIW1" 

• x __ . D Dmu. - a8fEI 

D~. 
.0130414 WI" 

... tl 

DEAM SUPPORTEI) AT t:SDS- Loo.d d.,.roul ... u"lfo,,. t,. lo ..... ter 

,((111@hd" 
~I '" 
:.-------1'-------.. 

l~:~ 
R~RI --

M. dlslUlOO X , 
M lllU .• disl&noo:r 

Wmu. 

Dmu. 

W - -,-
X Zx' 

- WX{H'T+ ""3")T) 

W, - ,.,-
IZfS - ---, 
3Wlo -= 

XII. m:AM SUf>PORn:D AT ENDS- Load Id ...... I ... u .. lfo, ,,,I,. to ... ~ler 
W - -,-~I·-····--~lrnax. R{mu. lbClLl"J_ n, 

,&llJJJlJltt,"-W.u..!-,1l1l.~.J lot. dlst.&nOll X 

~ ----.-+-- - -----J M mu .• dist.&noo { 
i ~---! --1 

.R~R D • 

Wmu . 

Dmu. 

,., 
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BEAMS UNDER VAlUOUS WADING CONDITIONS 
B EN DINO M O» ENTS AN D D~JrL&CTIONs-Concludcd 

XIII . BEAM surPOIITl:m AT ENDS- VII I form load .,.nl .. lI, dlatrlbuted 

U(mu . • hea.rlh<c)_ W(Zftb ) 

~: ' . ,mo< n, 
o· M. dtn. x_o~< •. 

--.",tt-; :. M, dlst.x> a, 

_ n x 
R W (x .... ) • .., x- 26 

,"-'~-~I " .... ~ 
~ ... -:'··· b _'>C!_'''' 

R~RI 
~~x--' 

M,. dis!.. :l>{a + b), R 
W (Z,,-2a-b) 

- " 2 >, ..... + Ilh W(2c+ bUhHb(2c+ bl l .' mas .. u",o.a -W-,,, 81. 

Wmu. 8l ' fli 
.. (:.>.c + 6)['Iil+b(2c+ 6JI 

XIV. BEAM SUI'I'OKTED AT ENDS- UDllo .. ' I .... d .,.rtlally d IKOntilluo." 

R (wu .• hea.r If W> W, ) W (ZI .... )+W,c 
- I!I 

Wd 21 .... e>+Wa 
- 21 
_ R.I '1i:" 

W (h - a ) 
M, dilliancox > a, - Us 2 

2WII·W.'+ W,.. R 
Mm!U:.dls t .x 2 \\1 _~ 

Wmu. 
'" WI.> W,c ~ .. 

n .. 
- ..",.. 

Mma:or .. from R to R , 

W ma:r . 

D . d ls' l.noo a 

XVI. BEAM COI'o"TINUOUS OVER TWO SUPPORTS-U" I!o • • I, d l. trlbu\.td load 
w WI. W I 

--.... -·~r~ R - n , - T,"L .... -,- or T (V - a) 

~rrrf,"-",o...JC""TI~. --I ., ' '",.,_. _ W(1"--1X+ 0I) " I + 1(1 .... ) : M, n." vo 21 0 , ' ~2 '"T"""" 

i J,' ,m_+" M,atRand n . _ "~r -.... if .. > I{!/~-~ 
-~ --;-::---- ' l -.-.--~---i 
, . l ' ! ' . 
~ . , R, , , .. -.~- ...... 

M ... t center _ WQi' .. 1 

"" -.,.-W, mu. 

w, ma.x. 

'" 
'" - -,=r. 
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SAFE WADS FOR SECTIONS USED AS BEAMS 

EXPLANATION O~' TA BLES 

The tables of safe loada for structural and supplementary beame, 
n ·be:UllS, crOM tie eectionB and channels, uacd 113 beams undcr 
conditions of transverlJe loading, give the wliformly distributed 
safe loade in thol.l8llnds of pounds for spans customary in bridgc 
and building conlltruction b8ol!ed upon an extreme fiber Itress of 
16,000 poundll per Iquare inch. The tablCII of 88.fe loads for angles, 
tecs and zees givo t ho values at t he sarno fiber strellll on spalUl of one 
foot from which tho lafe load for any span length may be obtained 
by direct division and Illso the values for thoee spans at which the 
allowed safe load will produce a dcflection of ~'OQ of the span l('ngth. 
The loads in all ca&ea include thc weight. of the section, which should 
be deducted in order to arrive at the net load which thc section will 
eupport. 

In addition to thCl(l ususl tablCII of earc loads, there follow, on 
the Bame basis, tables of the allowable uniform load in poundl per 
foot on bellms and channels for various span lengths, which mlly be 
used in proportioning the floo r eyswme of buildings. The choice 
between various weights and depths of sections for any givcn span 
or any uniform load per running foot may be madc on ilUlpection. 

It is fUlSumcd in all C&8C8 that tho loads are applied nonnal to 
the tOOs 1-1 as shown in the tablel of elements of ecetion8, and that 
the beam deflects vertically in the plane of bending only. If the 
conditions of loading involve thc introduction of forces outside thill 
plane of loading, the allowable safe loads must he determined from 
the general theory of fi(l;(ure in accordance with the mode of appli
cation of the load and its character. Thie appliee particularly to 
Ullsymmetrical IICctions, sueh :us see bara and angles, which should 
be used only under thoee conditions of loading where the lICetion 
can deflect vertically only, being rigidly eecured against lateral 
deflection or twisting throughout the entire span. In all such 
caees of eccentric loading, the actual sale loada would be considerably 
10IVer than the tabulated safe loads which have been based UpOIl 
t he most favorable conditiolls of loading. 

Vertical Ddledlon of n..... In the case of beama inwnded to carry 
pll13wred eeilings, experience indicates t hat the vertical deflcction 
to avoid cracking the pl8!lter should be limited to not more than 
\Mo of the span length. This span limit for steel heama ie ftl>proxi· 
mawly in feet twice the depth in inches and ie indicated in the 
tablca by the lower ~igzag line. Beame intended for such purposes 

. <1 
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ehould not be ueed for greater epalUl wliee.a the allowable tabular 
eafe loads eJ[cceds t.hc actual load to be supported. As the dead 
load of the floor is supported by the belLIIll! before the plaster ie 
applied, only the defleetion due to the live load really needs to be 
cOlUlidered. 

The coefficiente given below may be used to obtain the deflection, 
in inches, of sections subjectcd to transvereestresees due to uniformly 
distributed loads Bt various flber strC88(l8 and are baaed upon the 
following formulas, using the notation given on page 141, 

DeflectJon. D=- WI" h WJ=c srl D_ .<!rl ~ = IUI.,2 X!. 7if.'!rET. w on n or 'I'!\':F'Eii -r- n 
d 3OfI,1 1 C()(>mclcn~ 

!'or ~ymmclrlcall1OOtlon.s. D_~. D----y-Xa=- dCI.tb Iri t1,,;:hOl 

COEFFICIENTS OF DEFLECTlO:': UNIFOllMLY DISTIIIDun;o LoADS 

'1.::' 
Fibre S~. PouDdope •. SQU'" lDoh i 

~ 
~breStrttl. PouDdo perSQIW'O I""h 

16000 14000 12500 """" I ,.""" I '''00 ---, 0.017 0.014 0.013 " 11.189 9.700 

I 
8.74.l , 0.0 .. 0.058 0.052 " 12.066 10.558 0.427 

3 0 .14fl 0.130 0.116 " 12.fl77 11.354 10.138 , 0,'" 0.232 0.'" '" 13.9W 12.180 10.875 , 0.414 0"" 0.323 .. 14.897 13.034 11 .638 

• M" 0.521 0.466 " 15.006 13.918 I 12.427 , 0.811 0.710 063< " 16 .04tl 14.830 13.241 
8 "0"" 0.927 0.828 " 18.025 11).772 14.082 

• 1.341 1.173 1.04.7 3< ]9.134 16.742 14.fl48 

" 1.6SS 1.448 1.293 " 20.276 17.741 11).1141 

" "'''' 1.71)2 "'" 36 21.41)1 18.770 16.71>9 

" 2.383 2.086 1.862 " 22.659 ]9.827 17.703 

" 2.797 2.448 2.185 38 ZUOI 20.913 18.672 

" 3.244 2.839 2 .1>34 39 21).175 22.028 19.668 

" 3.724 3.21)9 '.009 " 26.483 23.172 20.600 

" 4.237 3.708 3.310 .. 27.823 24.346 21.737 

" 4.783 4.186 3.737 " 29.197 2.5.M8 22.810 

" 6.363 4.692 4.100 " ".00< 26.779 23 .009 

" 5.975 5.228 4.668 " 32.044 28.039 " . ..,. 
'" 6.621 .5.793 6.172 " 33.517 20.328 I 26.185 

" ,.,.. 6.387 6.703 " 35.023 30.646 27.362 

" 8.011 

I 
7.010 6.259 " 36.562 31.992 

I 
28.665 

" 8.756 7.661 6.84.1 " 38.135 1,,·368 20.793 

" '''' 8.342 7 .448 " 39.741 34.773 31.04.7 

" 10.345 "'" 8.082 I W 41.879 36.207 32.328 

To fmd the deflection in inches of a IlCCtioD 8ymmetrical about 
the neutral axi8, 8uch as bearn8, channels, zccs, etc., divide th, 
coefficient in the table corresponding to given span and fiber stress 
by the depth of the eection in inchcs. 

". 
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To fi nd the deflection in inehes of a section not symmetrical 
about the neutral axis, such as angles, tees, etc., divide the coeffi. 
cicnt corresponding to given span and fiher stress by twice the 
distance of extreme fiber from neutral axis obtained from table of 
elements of sections, pages 110 to 130, inclusive. 

To find the deflection in inches or a section {or any other fiber 
streB8 than th9se given, multiply this fiber strese by any of the 
coefficients in the table for the given span and divide by the fiber 
stre&! corresponding to the coefficient used. 
I..~l o.OecUOD of Bea..... The tabular safe loads are based on the 

aIl8umption that the comprC6llion flanges of the various sections are 
secured against lateral deflection by the use of tie rods or by other 
means at proper intervals. According to the CODstruction Specifi. 
cations, page 90, the lateral unhraced length of beams and 
girders should not exceed forty times the width of the compreB8ion 
flangC9. Full tabular loads may be used up to a span length equal 
to ten times the flange width, but when the unbraeedlength exceeds 
ten times the width, the tabular safe loads sh.ould be reduced in 
accordance with the ratioa given in the following table in lorder 
to insure that the stre98es in the eompreeeion flangea should not 
exeeed the nllowed unit stresees, derived from formula: 19000-300 
l Ib, 118 follows:-

Vnbr""! SPlll Pe~1 of Vnbraotd Sp.... PerteDI of nbroced Sp&rI Peffi,nl rI. 
I. 'Mb.. Tlbul • • I.....t I. , ... be. Tabul ... 1Aad I. incb.. Tabul .. 1.00<1 

IS dll.111". b 1lO.G3~ 
20 x" 81.25')"0 

2S I FLo", • • b 
301 .. 

71.87% 
62.60% 

35 % F1al\&e. b 
40~ .. 

5."1.13% 
43.7&% 

In addition to this lateral deflection which is induced within 
the beam by the action of pure bending stre&!ea, lateral deflection 
may be induced by the thrust of floor arches or other loading acting 
on an axis perpcndicular to the liue of principal bending streae. 
The thrust of these arches should either be neutralized by tie rods, 
or the safe carrying capacity of the bcam should be eOloputed in 
accordance with the general formulaa of flexure to provide for the 
combined slres8CII due to the action of both vertical and Jlorizontal 
forcea; that ie to say, the Bafe loads Bhould be figured around both 
the axes 1·1 and 2·2, and the unit .etrC8S computed so as not to 
exceed 16,000 pounds per square inch. 

£f[ed of I ... paet on Stl"MAH. The formulas upon which the tables of fl8.fe 
loads are baaed !l88ume all loads to be quiescent or atatic. The effect 
of moving loads may be taken care of either by reducing the allowable 
unit stre88e8, or elae by incren.sing the theoretiCAl loada. See 
Construction Specifications, page 94, pnmgraph 2. 

'" 



CARNEOlE STEEL COMPANY 

When a load is suddenly applied, the resultant sll'Cll8C9 are twice as 
great t.han those due an equal quiescent load. 

When an ingtll.ntancously applied load produces impact or percus
sion, the resultant stresses arc dynamic and are melUlUred by the laws 
governing the energy of bodies in motion. The following formulas 
give the fiber stress and de!1ection due to a load falling on center of 
a beam rigidly supported o.t both ends when the weight of beam 
is negligible as compared with thM of falling load, and when no ac
count is taken of the local distortion due to impact or percussion at 
point of application of load; but when the weight of the beam is a 
rea l factor, theoretical formulaa do not agree even approximately 
with observed resulls and are far ICIiII than those indicated by theo
retical formulaa; this is notably true in proof drop-testH ofaxles;-Let 

W = Wcight of falling load, in pounds. 

h = Height of fall, in inches. 

=Exlreme fiber stress due to static effect of load, W, in pounds 
per square inch. 

fd - Extreme fiber stI'CSll due to impact of load, W, in pounds 
per square inch. 

D .... Deflection due to static effect of load, W, in inches. 

Dd = Deflection due to impact of load, W, in inehCII. 

Shurinlf $1.....-. The safe load tablea for beams and channels arc 
computed solely with reference to safe unit strcsses due to flelture, 
and the safe loads uniformly distributed on the spans given will not 
produce average shearing stresses in the web grcatcr than the 
10,000 pounds per square inch allowcd by the Construction Spccifi
cations. When, however, beams are loaded with heavy loads 
concentrated ncar the supports, or when bcams of short span are 
loaded with uniformly distributed loads to their full carrying 
capneity as regards flex ure, the bending moments may be small in 
comparison with the reactions at the supports, and the beams may 
fail along the neutral plane as a result of longitudinal shcaring 
stresses, or may buckle as 0. result of the combined longitudinal 
and vertical web streascs. On such spans the safe shearing or 
buckling strength of the web may limit the carrying capacity of 
the beam rather than the resistance of the fiangea to bending 
stresses. 

,w 



BEA M S APE L O A DS 

Lo n.-itudina l Sha r. At any point in any IJ()(:tion of a beam, the 
horizontal and vertiesl compoMnts of the web etress are equal to each 
other and proportional t.o the vertical shcar; their intensities nrc 
dependent upon the distance of the point from the neutral axis. In 
order to detennine the intensity of the vert ical shearing stress at 
a given point in a vertical section of the beam, therefore, it is 
sufficicnt to find the equal intensit.y of the horizontal s hearing 
strcas at the same point in the horizontal plane. 

The longitudinal unit shear is zero at the upper ILnd lower flanges 
of the beam and a maximum at the neutral plane. It is greatest 
at the eupports and zero where there is no vertical shear. 

The intensity of the longitudinsi shear at any point in sny section 
is the product of tho vertical shear, V, fOf that section and the 
statical moment, !\is of the seetion included between the horizontal 
plane of shear through that point and the C)[lreme fibers on the same 
side of the neutral plane divided by the product of t he moment of 
inertia of the beam around the proper axis and the thickness at the 
plane of shear; or 

Longitudinal shear per equare inch= ~ r.
t
1e. 

.00" 

Examplc--Roqulred th6 maximum longitudinal 
shca.r IlC1' square Inch In a 24" 71).9 lb. beam loadod 
with two symmetrical loads or 100.000 pounds 
each. dl$n)gardlng the weight or the beam. 

l\Isor ~'lange noctanglc==7x.6Oxll .7 = 49. 14 
Maor Flange TrIanSIe.=3.$x.542JII.219= 19.;6 
Mso! Wob = 11.40x.50x6.70 = 32.49 
Total Static Momen~ 1,01.:59 

Moment or Inertia ot Beam 1=2087.2" 

Longitudinal Sbear=l 00000x) OI .3!l 
,- '-.... 2087.2>:.50 
- - =9715 pounds per square inch. 

Under usual conditions of loading, t he longitudinal shear need not 
be t aken into consideration. 

Bu( kli .... Va lue. of BH.m w(..... The vertical shearing stresses or the 
vertical compressive components of the web stress may under Borne 
conditions C)[ceed t he safe resistance of t he beam to buckling, and 
there remains the possibility that II. web or web plate which is amply 
secure a9 against the safe allowed shear of 10,000 pounds per square 
inch will not be of sufficient strength when considered as a column. 
In such eases provision must be made for security against buckling 
ei ther in the way of stiffeners or by increasing t be th ickness of the 
web or web plate. 

'" 



CARNEOIE STEEL COMPANY 

A series of experiments have been carried out on beams of various 
depths and web thicknesses to arrive at a baeis for a simplcr method 
of computation to usc in the investigation of the safe buckling 
resistance of beams with UDBUPPOrtOO. webs, and from these experi
mente the following formulas have been deduced; 

.. ' ... ' 
r.;~ ,;,1 

Sara end reaction R_ fb:l t (a 

~ Safe interior load 
ffimF~~d 

W=2 fb:l t (al +4-) 
'~'! In formulas R is the end reaction, W the concentrated load, 

t the web thickness, d the depth of the beam, a l half the distance 
over which the concentrated load is applied and a the whole 
distance over which the end reaction is applied, while [b is the safe 
resistance of the web to buckling in pounds per square inch by the 
formula 19000--100 d/ 2r (d/2=z1 in column formula) _ 19000-173 d/ t. 

The first formula is gcnera.! and applies to &Dy condition of 
loading. The second formula oovcrs the caee of a single load 
concentrated at the center of a span; it can be extended to cover a 
system of concentrated loads provided the sum of the distances 0.1 is 
not less than a. 

The tahles give [or beams and channels with unsuppor ted webs: 

1. Allowed web resistance fb, in pounds per square inch com
puted from this compression fo rmula. 

2. The distance a, or the distance over which the end reaction 
muet be distributed when the shearing stress, V, in the web is the 
maximum allowable of 10,000 pounds per square inch. 

3. The allowable end reaction (R) when a is taken at 3}1i" 
which is the usual length of beam actually resUng on the 4" angles 
ordinarily used in building construction for beam seata. 

4. The allow&ble shear V, on the gross area of beam or channel 
webs at 10,000 pounds per square inch. 

In addition to these data which have to do with the maximum 
loads on beams and channels ae computed from the web resistance, 
these tables also give the maximum bending momenta in foot 
pounds, obtained by the multiplication of the section modulus of 
each section by the allowed fiber stress of 16,000 pounds and the 
division of the product by 12 in order to reduce to a foot pound 
basis. These maximum bending moments may be used on inspec
tion instead of the table of properties to ascertain the proper ei.:l:e 
solction to be used in any particular instance . . " 



BBAM SAFe LOADS 

EXAlIPLES OJ' TBE USE OJ' BEAll SAFE LoAD TABLES 

t. Direct Bendl.... Roqu.ired the proper slm of a bea,o laterally h.-.eed to 
support a superlmpoeed Or oet load 01 30,000 pound, unl10rmly distributed 
over a clear Ip&Il of 20 feet. 

From the table of safe 10..ct.oJ on page IfiO. It Ui found tha~ a Uilneh42.9pouod 
beam will support a gl'OSll load of 31,400 pounds. The weight of a beam 20 
teet long II SfiS poundll. The net safe lOAd Is. therefore. 31.400- 858",,30.542 
pOunds. A 15 Inch 42.9 pound beam wW, therefore. carTY the net load speeHled. 

2. Shut. Roqulred the ffiulmum lOAd whleh & 20 loch 8.5 pound beam 
can suppOrt without eJ<eooolng the safe web roststsnoo of the section. 

From t&ble on page 1.58. tho marlmum load for this section gin'" In small 
figures above the upper ~Igzag line is found to be 261 ,200 pouods. 

3. V~rl ic.l DeBKtlon. Hequlred the proper BIro and the defiectlon of .. 
channel supporting. net load of lO.OOO pounds concentrated In tho middle of 
a 14·foot spao. assuming that the channell. br~ against lateral dellcctlon. 

The specined Load 18 equlval(!IIt on the given span to a uniformly distributed 
lOAd of 2 " 10,000=20,000 pounds. 

In tahle 00 page H}7, It is found that a 12 Inch 30 pound channel wtll 
upport a gross load ot 20 . .500 pOunds Or a net lOAd of 20.600-14" 30=20.080 
pounds. The net ufe load oonc:eotratoo at the middle ot the !pan will be 
oDe-hall this. Or 10.040 pouoda. 

The detlectlon produced by a uniformly distributed load ot 20,.500 pounds 
Is found trom the ooc1Ilclent given In the .... me table and pBge 148 to 

be W .. O.270". The do!leetion for the ,pecltloo load ooncentr&ted In the 

middle ot the span, page 142, Is &pprorlm&tely ~ ... 0.216'" 

(. Venlul o..lIeello... Required the detlection ot & riveted glrdo~ 37 
lochlll deep for a span ot 3.5 foot and a tiber 1tre8S of 1<1.000 pouod •. 

Required denoctlon, table on page 148. o:EJt1 .. 0,470". 

5. Venl~sl Defteetlon, Required the deflectioo of &0 angle 6 x 4 x 11'" 
&bout so nis parallel to the !lIort les tor & SptlD ot 14 feet and & fiber strosll 
Df 16.000 poun(\s. 

Required deilectloo. p.tIIflll 148 &nd 140. Ui 2" fi4i.oo) =0.401 ". 

• Vertical DelleeUon. Required the deflection ot a 10 Inch beam tor & 

spao ot 18 teet with a fiber IJtNlIIII 01 11,000 pounds. 

Required delleeUon, pagI'lI!I 148 &nd 149, = lA:~ ~ .5l063 -0.369". 

7. l.Atero.l o..lIeetlo". Roqulred the reduced sate load on a 12 Inch 31.8 
pound oo.m lor a lIPan ot 16 teet without any i&terallupport or bracing. 

T&bular load. pa.ge 160 .... 24.000 pounds. 

RMlo l .ength of I Pan _16 x 12_38 4 
FI&nge wldih --;r--' 

Reduced safe load, page 149. 24.000 x 0.468_ 11,232 pound •• 

'" 
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CHANl\'"£ts 

MAXllolOIol BENDING MOIol1:NT8 "'ND WEB REeI8TANCta 
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BEAM SAFE LOADS 

BEAMS 

ALLQWAln..: UNlP"OfUol LoAD IN THOUSANDS OF POUNDS 

lI.1uhnum Bending S~. 16.000 PoUlld. pEr 8«uan'l Incb 
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CARNEGIE STEEL COMPANY 

BEAl'IIS 

ALWWADLE UNIF01Ul LoAD I N TUOOSANDS OF POUNOS 

Ma:dmum Ilcndlng Stre6ll, 16.1)00 Pound8 ))(Ir SQlIar<! JDeh 
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BEAM SAFE LOADS 

BEAMS 

Au.oWAliLE UNlFORlot LoAD I N TUOU8AND!I OJ' P OUNOS 

Ma.dmum Dendlnl B~. 16.000 Pounde per SQU&I'e Inch 
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CAItNEOIB STBEL COMPAN Y 

BEM1S 

Au,oWAULE UmroUM LoAD I N TUOUSANDS OF POUNDS 

Mwmum B«ldlng Slrellll, 16.000 Pounds lief' SqUft.Nl Inch 
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BEA M SAFE L OADS 

BEAMS 

Au.oWADLE Uz.."lFORl( LoAD I N TnOUSANDS 01" POUNDS 

Maximum Bending Stress. 16.000 Poundl per Square Inch 
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SEA M SAFE L OADS 

MISCELLANEOUS BEAMS 

Au..oWABLE UNlFOIUl LoAD I~ TIJOUSANDS OF POUNDS 

M&rlmUID Bendlng Stnl8I, 16,000 pound.!l J)6l" 8<1.~ Incb 

II BEAMS 

37.1 1b. 3U Ib. 32.& Ib. 26.7 11>. 24.1 Ib. T.l.8Ib. lU Ib. 13.8 Ib. 

3 

:~~ 
6 53.7 5104 
7 46.0 44.0 
8 40.3 38 . .5 
\I 35.8 34.2 

10 32.2 30.8 

".3 
26.8 
U.S 
23.0 
21.5 

28.0 
25 .1 
23.7 
22.0 "'., 

h':l'h 
I atO 

33.4 
30. ' 
27.3 
25.1 
23.1 
21.5 .,., 

~ 
~ ~I :~r~ , !~.~ I-.:.M- I ~~:! 14.3 

33.7 ~ 20.3 ll .4 ,.., 
24.1 
21. 1 
18.7 
16.8 

15.3 

'!I~:" 

'" 

"'., 
22.11 
20.1 
17.8 
16.0 

26.1 
22.3 
19,6 
17.4 
15.6 

16.9 9,5 
14.5 8.1 
12,7 7. 1 
11.3 .... . .. . 
10.1 l .7 

14.6 14.2 '- '.f·· 
13.4 13.0 U 

" ' 1 ... _ .. _.".0 .... 

"" 11.1 

u 

" " " " >6 

" " 
A~;l- .. \~} ... ),~:,... 

s,.., 
" , .. 
3 , , 
• , 
• , 
" 
U 

" " .. 
" 

n .' nl '''I 

CROSS T IE SEOTIONS 

." ." • • ~:~ no 
~~:~ ~:I ~:~ "., 11.7 

'" "'., 17.3 '.S 
22.9 17.3 14.8 S.' 
20.0 16. 1 13.0 '.3 
17.8 13.4 11.6 .. , 
16.0 12.1 10.4 

_ .... , .... -
14.6 11.0 ... •• 13.4 10.1 " 12.3 _ ..... , . .-.-.. . "" ''-0'" .. 

······'n .. _· • •• •• 10.1 

>6, 

'" 
::7 
'.3 

" .., 
·······.·:11·-

•• ... 

0.1.5 
0." 
0.41 

0.00 
0.8 1 
LOO 
1.34 
L" 
'.00 , ... 
'.SO 
3.24 
3.72 .. " 
4,78 
6.36 

0 .1.5 
0." 
0.41 

0.60 
0.81 
LOO 
L" 
L" 

'00 
2.38 
'.so 
3." 
3.72 



'''' • ,~ 

CAItNEO IE STEEL COMPANY 

CHANNELS 

ALLoWABLe UNU'ORM LoAD IN TUOOSANDS 01' P OUNDS 

Mulmum 8codillil 9t.rea, 16,000 Pouods per SQUU'8 InCh 

!! ,~? ,~ ~ ':. :J '; i~ I ,~ $ ~~ 
3 ~;'iF."4100.4~ 660 1111 1.0 171.:l1,5\!. 116.1 In. ' lit 0.1,5 
4 ~52·M42. 13201:l3I ,1133 11 1.1 12841110Sii"i'i'3I0621O:l \/740.27 

5 122 0114 106 ~ 98 00 88 102 7 I)li ~ 80 1 8.5 0 82. 77.0 0.41 
6 101. 9.5 88 82 I 75. 74 I 86 7D 74 70.8 68. M 0 0.60 
7 ~181 . H 70 M7M. n~684~6606~ 6U Qal 
8 711 71466 61 56 M 64 liD M 631614487 1.06 
Q 67 M. 6Q. 1 64.7504 40.4 671 63 40 47.2 4,5.743.3 1.34 

10 61 67 I 63 4Q 45. 44 61. 47 44. 42.6 41.1 39.0 1.66 

II M 61 018344841 .oW4 46.743 40. 386 37436.4 2.00 
12 .500 47. 44.341.1 37.7 370 42. 39. 37.1364343326 2.38 
13 47 . 44 . 40'~ 87.9 M. 34.2 311.6 36.0 34. 32.7 31. 30.0 2.80 
I. 43. .0. 38. 3,5.2 32. 31.8 36.7 34.2 3 1. 3O~ 20.427.8 3.24 
16 40.7 38.1 36. 32.8 30. 20. 84.2 31.9 211.7 28.3 27.426.0 3.72 

16 38.1 36. 33.2 32.;; 28. 27. 32.1 30. 27. 26.6 2.'\.724.4 •. 24 
17 3.5.9 33. 31.3 22'~ 26. 26.1 30. 28.2 26.2 25.0 24. 22.0 4.78 
18 33.9 31. 20. 2~.~ 25. 24.7 28. 26. :U.7 23.6 22. 21.7 6.36 
I II 32.1 30.1 28. 2~.~ 23. 2:1 .4 27. 2.5.2 23. 22.4 21. 20.5 5.08 
20 30.5 28. 26.6 24. 22. 22. 2.5.7 24. 22. 21.2 20. 10.6 G.G2 

" " '" " " 
" " " " .. 

211.1 27. 
27.7 26. 
211.5 24. 
2,5.4 23. 
:U.4 22. 

23.6 22. 
22.6 21.2 
21.8 20.4 
21. 10.7 
20. 10 . 

2,5 .3 23.6 21. 
24.21 22.4 20. 
23.1 21.4 19. 
22.2 20. 18. 
21.3 111.7 18.1 

20.5 
10.7 ". 18.3 ". 

18. 17.4 
18.2 16. 
17. 16. 
17. 15. 
16. 1.5. 1 

'L "'., 
111.3 
>8. ". 
17.1 
>8. ". ". 14.8 

". "'.3 n. 
21.4 
20.6 

22. 21. 
lll.8 20. 
20.8 111.4 
20. 18. 
10.2 17. 

"'., 
111.3 
18.5 
17.7 
17.0 

19. 18.4 
... ..i "' n.t' ".I 11.1 

17.1 16.3 
'i~""'il~T 
1U 15.1 

10. 18.G 7.30 
18. 17.7 8.01 
17. IG.II 8.76 
17. 1 16.2 0.63 
16. 16.6 10.35 

U. 16.011.19 
-II" ·"'Ii.'· 12.07 
16.1 lUi 12.98 

13.112 
14.90 

HUll 
16,IM 

t-I. abo" ""'* ~lall_ will prOd .... ,..w ... am aIIoonbI. ..... ill .... I-. below 10_ *,-1aJ ~.ill prod __ " d~ 
For muimum _1oIodt, _ s-t:- 1M. 

",. 



BEA M SA f E LOA DS 

CHANNELS 

ALLOWABf.E UN I FORM LoAD IN THOUSANDS OF P OUNDS 

MlIJ(lmum Bending St ....... 16.000 Pounds per Sq uare Inch 

Oopth ...... Weichl of Se:"",," !l. a 

'r." ~-------,O,", .. cc-C------~-------o" C,-.7.--------I~~~ -. . . . - . . . . ~ ~ 
lilt. lbo. It.. _",_ It:.. It:.. It:.. It.. I~ It.. _ 

l..I!!.L 
, I! :!·:hN·~'~·'rI-~"~rl-i·~·rl 3 11M L~. :?,O ~ 
4 87.3 79.5 71.7 63.8 I;;':'; 
6 6\).{I 63.6 67.3 51.0 45.5 , , , 
• " 

H 

" " " " 
" " " " 00 

58.2 
49.9 
43.7 
38.8 
3t.9 

31.7 
20.1 
2(1.9 
25.0 
23.3 

"'.0 
4:1.4 
39.7 
35.3 
31.8 

"'.S 
2(1.5 
2 •. 6 
22.7 
21.2 

19.9 
18.7 
17.7 
16.7 
15.9 

47.8 
40.0 
35.8 
31.8 
28.7 

26.1 
23.9 
22.{I 
'M 
19.1 

17.9 
16.0 
15.0 
iii. I 
14.3 

42.5 
36.4 
31.9 "'., 
2:1.5 

23.2 
21.3 
10.6 
18.2 
17.0 

15.0 
15.0 
14.2 
13.4 
12.8 

38.0 
32.5 "'., 
25.3 
22.8 

20.7 
19.0 
17.5 
1(1.3 
15.2 

14.2 
13.4 
12.7 
12.0 
11.4 

1&I.n liM 

81:9 73:2 
61.. M.1l 
49.2 43.11 

41.0 
36,1 
30.7 
27.3 
M.' 
22.3 
'M 
18.9 
17.6 
16.4 

15 •• 
14.5 
13.7 
12.9 
12.3 

36.6 
31.4 
27.6 
"A 
22.0 

20.0 
18.3 
16.11 
16.7 
14.6 

13.7 
12.9 
12.2 
1 1.6 
1l.0 

" " " ,. 
16.6 16.1 13.6 
15.9 14.4 13.0 

···!!:;·Htl J1U 
12.1 10.8 ···iu .. ··iol 
11.6 10.4 11.1 10.0 
11.1 9.9 

" 
" I'" r 1'-' 11.0 

··!j?J .. -U· .. 

M.' 
4804 "'., 
32,3 
27.6 
24.2 
21.6 
IliA 

17.6 
16.1 
14.0 
13.8 
12.11 

12.1 
11.4 
10.7 
10.2 .. , 

•• 
4 1.8! ;~:7 
33.6 28.:1 

27.9 
23.9 
20.9 
18.6 
16.7 

1.5.2 
13.9 
12.9 
12.6 
11.2 

10.11 
'.S 
S., 
'.8 'A 

23.8 
20 .• 
11.8 
16.9 
14,3 

13,0 
11.9 
11 ,0 
10,2 ,., 
S.S , .. 
'.S ,., ... 

'''j:,,"' ..... .ii ....... j .. 

1.1 ,.. ..1 

Load. .boye U"",", hoNontallin .... ill produce lIIIIim"", allowable Ih ... ;IL .. ebo. 
Loado beIo .. 1o ..... borUont..llin .. will produce ~Y$ de400tlont. 
For ma1imum _ e 101Mb. _ PAlO 1M. 

'" 

0.07 
0 .16 
0.27 
0.·41 

'.00 
0.81 
" 00 .. ,. 
" 00 

'.00 ,." '.W 
3." 
3.72 

•. 24 
4.78 , ... ,." 
6.62 

'.30 
8.01 
8.76 
'.M 10.36 

11.19 



CA~NEQ I E STEEL COM PANY 

CHANNELS 

ALLOWABLE UNlrom,[ Lo,,"D IN THOUSANDS OF POUNDS 

Ma.:limum Bending StrefiOl, 16,000 Pound8 pOI" S(tuare !nch 

, H!i'il lrr , 
• 6 

6 , 
• • W 

" " " " " 

". 



BEAM SA l'S LOADS 
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CARNEOIE STEEL COMPANY 
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BEAM SAFE LOADS 

EQUAL ANGLES 

ALLoWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 

Neutral Axi. Parallel to Either Leg 

Maximum Bending Stress, 16,000 Pounds per Square Inch 

1 Foot Maximum Span 1 Foot Maximum Span 
Thick- Span 360xDeBection Thick- Span 360 x DeBect ion 

Size, Size, 
Inches ness, Inches ness, 

Inche. S.fe Safe Length, Inche. Safe S. fe I Length, 
Load Load Feet Load Load Feet 

- -----I---------- ,- ------
1% 186.99 8.31 22.5 '%0 24.00 2.55 9.4 
l'h.o 177.81 7.87 22.6 % 22.51 2.37 9.5 
1 168.53 7.43 22.7 ''h.. 20.91 2.18 9.6 

1<¥to 159.15 6.98 22.8 o/s 19.31 2.00 9.7 

% 149.55 6.53 22.9 3~x3~ %0 17.60 1.81 9.7 
¥. 15.89 1.62 9.8 8 X 8 ' '¥t. 139.84 6.08 23.0 %.0 14.08 1.42 9.9 

o/i 130.03 5.63 23.1 % 12.27 1.23 10.0 
''h.. 120.00 5.18 23.2 '¥to 10.45 1.04 10.1 
% 109.87 4.73 23.2 'A 8.43 0.83 10.2 
%. 99.63 4.28 23.3 o/s 13.87 1.69 8.2 
'h 89.28 3.82 23.4 %0 12.69 1.53 8.3 

'h 11.41 1.37 8.3 
1 91.41 5.48 16.7 3 X 3 'h. 10.13 1.21 8.4 
1'¥t O 86.51 5 .16 16.8 % 8.85 1.04 8.5 
% 81.39 4.84 16.8 '¥to 7.57 0.88 8.6 
' '¥to 76.27 4.51 16.9 'A 6.19 0.71 8.7 
% 71.04 4.18 17.0 ¥2 7.79 1.15 6.8 

6 X 0 ' %0 65.81 3.85 17.1 'h. 6.93 1.01 6.9 
% 60.37 3.51 17.2 % 6.08 0.87 7.0 
"110 54.83 3.17 17.3 2~x2~ %0 5.12 0.72 7.1 
'h 49.17 2.83 17.4 'A 4.16 0.58 7 .2 
'ho 43.41 2.48 17.5 %0 3.20 0.44 7 .3 
o/s 37.65 2.14 17.6 JA. 2 .13 0.29 7.4 

'ho 4.27 0.79 5.4 
1 61.87 4.55 13.6 o/s 3.73 0.68 5.5 
' '¥t o 5 .50 4.28 13.7 2 X 2 '¥to 3.20 0.57 5.6 
7 55.15 4.00 13.8 'A 2.67 0.46 5.7 
1'¥to 51.73 3.73 13.9 %. 2.03 0.35 5.8 

o/i 48.32 3.45 14.0 JA. 1.39 0.24 5.8 

5 x 5 ' 'h.o 44.80 3.18 14.1 'h. 3.20 0.68 4 .7 
% 41.17 2.90 14.2 o/s 2.77 0.60 4.7 

"110 37.44 2.62 14.3 1%"x1%" '¥t. 2.45 0.51 4.8 
'A 2.03 0.41 4.9 Yo 33.60 2.34 14.4 %0 1.49 0.30 5.0 

~\. o 29.76 2.06 14.5 JA. 1.07 0.21 5.1 
o/s 25.81 1.78 14.5 

o/s 2.03 0.51 4.0 

1%0 32.11 2 .95 10.9 '¥to 1.73 0.42 4.1 
1~x1~ 'A 1.43 0.34 4.2 

o/i 29.97 2.73 11.0 %. 1.11 0. 26 4.3 
1'h.o 27.84 2.51 11.1 ;8 0.77 0.18 4.4 
o/s 25.60 2.29 11.2 '¥to 1.19 0.36 3.3 

4 X 4 %6 23.36 2.07 11.3 
l~xl~ 'A 0.97 0.29 3.4 

Yo 21.01 1.85 11.4 %0 0.76 0.22 3.5 
'ho 18.67 1.63 11.4 JA. 0.52 0.14 3.6 
o/s 16.21 1.41 11.5 'A 0.60 0.22 2.6 
'l1. 13.76 1.19 11.6 1 X 1 %. 0.47 0.17 2.7 
'A 11.20 0.96 11.7 JA. 0.33 0.12 2.8 

171 



CAR-NEO I B STBEL COMPANY 

UNEQUAL ANGLES 

ALLOWAIlI..!: UNlro!Uol LoAD IN TuOUIlAN1>6 OJ' POUNDS 

Neatnl A1lI Parallel to S~orier lAc 

Mwmum Dendlll8 SU-, 16,000 Poundl per SqU&N! Inch 

"* MuiDwn Sf- "* M .... ;...." s,... 
""". ... ... - Tbid<- ... ........... ... ... , .... -. , .... -. , .... ... ... '-" ,.- ,.. ... '-'> . 

J.ooI J.ooI ,~ """ """ ,., 
, 161.17 7.49 21.6 , 83.52 5.57 16.0 , .. 1112.21 , ... 21.6 ' .. 7 9.1)1 '.z. U .l 
~ 143.04 6.59 21.7 ~ 74.45 '.00 15.2 , .. 133.87 6. 14 21.8 , .. 69.87 4.57 15.3 

• • • 124.0&8 6.6. 21.11 • 115.07 •. n 15.4 • '" 114.88 5.22 22.0 ' .. 60.27 3.80 
.3~ 15.6 • 106.28 0/0.76 :l2.l • 1>S.36 3." 15.6 •• 96.0/07 ' .W 22.2 •• ro." 3.21 15.7 

11 .... , 3." 22.3 11 0/05.23 3." U~.8 

•• 76.41 3.37 22.0/0 •• 0/00.00 2.52 15.9 , 10/06.03 '.M 19.0/0 11 3 4.67 2.17 16.0 

' .. 138.03 '.08 19.5 •• 29.23 1.83 16.0 

11 129.92 ..... 19.6 
' .. 121.60 6. 17 19.7 11 53.23 '.00 13.3 

• 113.17 5.72 10.8 , .. ".00 3.73 13.4 • . 3 • ' .. 11).1.58 6.23 19.9 • 0/06.61 3.46 13.11 
11 96.79 0/0.78 20.0 ' .. 43.20 3. 10 13.11 

•• 80.03 0/0 .32 20.1 • • • 30.79 2.02 13.6 
11 77.97 3.86 20.2 •• 36.16 3." 13.7 

•• ".SO 3.39 ".3 11 32.53 3.36 13.S , 112.86 6.112 17.3 •• ".SO 2.07 13.0 

' .. 100.67 6 .13 17.0/0 • 20/0.96 1.78 14 .0 

~ )(IIU8 6.75 17.5 •• 52.05 . ... 12.0 , .. .... " '.M 17.6 ' .. 0/08.8.5 3.76 13.0 • 87.68 4.97 17.6 • 0/05.M 3.40 13. 1 , . ". ' .. 81.07 .., . 17.7 ' .. 0/02.35 3.21 13.2 • 74.35 0/0 .18 17.8 • ".ro "'3 13.3 •• 67.62 3.77 17.0 .3~ •• 35.41 "' . 13 •• 11 ..... 3 .37 'M 11 3 1.89 2.36 13.5 •• M." , ... 18.1 •• 28.16 2.07 13.6 • 46.19 '.M IS.2 • 2'.43 1.70 13.7 , .... , , ... 111.0/0 •• ,. ... 1.111 13.7 , .. SO." ,,, 1:'.11 
11 76.27 4 .89 15.6 % 47.47 3.77 12.6 
' .. 71.47 4.5:' 15.7 • «.37 3.411 12.7 • M.67 4.n 15.S ' .. 0/0 1.17 3." 12.8 , • • ' .. 61.65 3.88 15.11 • 37.87 ,." 12.9 • " .M 3." 16.0 • 3 •• 34.4:' 3." 13.0 

•• 61.62 3.20 16.1 11 3".1).1 2.37 13.1 
11 4(1.19 2.85 16.2 •• 27.:'2 , ... 13.2 

•• .,,, 2.5l 16.3 11 23.89 I.SO 13.3 
11 35.41 2.16 16.4 O. 20.16 1.51 13.0/0 

", 



--
OEAM SAFI! LOADS 

UNEQUAL ANGLES 

ALLoWABI.E USU'OiUI LoAO IN TnoUSA..'I'DS OJ' POUNDEI 

Nntnll ",.,1, h .. l1~ 10 Sloorter ~ 

MutlllllID Dcadlna Sen.. 16,000 Poun~ pc.- Square Incb 

,,~ .- .... ,,~ Mnimo:oo llpoa 

"",. ... "'.- n<> . ... 1601 DeI!eo\iclo .... SiM. , ... -. , ..... -. , .... .... .... '-"- ,-- .... "'. ""'" . '-' '-' F~ '-' '-' ..... , 
---

••• 38.81 3.36 11.6 ~. 12.27 0.'" '.0 
% 36.05 8. 11 11.6 ~ ll.09 1.37 , .. 
'"' 33.49 2.87 11.7 , .2; •• •. " 1.22 ,., .. '"' . ., 2.62 11.8 .. '.M 0.00 ,., 

. ).ix 3 'I; 28.16 ' .M 11 .8 'I; 1.36 0.89 B-3 
25.28 2 .13 lUI 5.97 0.71 '-' •• 22.40 1.87 12.0 .. 19 .62 1.61 12.1 ~ 10.67 1.39 '-' ••• 16.43 1.35 12.2 •• 0.49 1.22 ,., , • , .. 8.32 1.05 , .• 

' .. 31.1.'\ ,." 10.6 •• , .... 0." '.0 .. 29.83 2.74 10.7 " 5.76 0.71 '-' ' .. 27.3\ 2.52 10.8 

R· 
21;.07 2.30 IO.D ~ 7.47 1.15 ,., 

of, s3).i 22.93 2.08 11.0 •• 6.72 1.02 " 20.60 1.86 11.1 .. 6.87 0." ,., 
'/.. 18.M o.M 11.2 ~. , 'I: 6.01 0.74 " 16.00 1.41 11 .3 '''' 0 .59 , .• 
•• 13 • .f.I 1.18 11.4 'I; , .09 0.44 '.0 

2.13 0 .30 ,., 
' .. 30.61 2 .07 10.3 .. :.!S.IIO 2.75 10.4 'I: '" 0.73 ,., 
'"' ZtU6 2.11a 10.5 ji lll " '.M 0.69 " .. 24.&3 2 .31 10.1) •• ,." 0.41> '-' 

" 
, •• 22.40 '.00 \0.7 

" 20.111 l.1I7 10.8 

" 5.76 ... n '-' , ;' 17.02 ' .SO 10.0 
~ 15.57 1.42 11 .0 

j( :<I}i 
•• 5.12 0.00 '-' 

•• 13. 12 1.10 11 .0 .. ..4S 0.71 .. 
% 10.67 0.'" 11. 1 •• '.SO 0." ... 

" '-'0 0." '-' 
' .. 23.·n 2.57 ,., •• 2.<15 0.40 0.0 

" 21.87 U. ,., 
% ,." '-' ' .. 20.37 2 .19 .., 0.70 

~ 18.77 '.00 ,., •• '.00 0." ,., 
~. 17.17 1.81 ,., 2 1I1)i " '.M 0 .47 ... 

'H' , ~ 16 .47 1.82 ... ~. 1.92 0 .35 '-' 
'i: 13.76 1.43 , .. " I." 0.24 , .. 

12.~ 1.24 '.7 
~. 10.24 0.00 " , oil< " 2.44 0 .47 '-' 8.32 O.M , .. •• L 8!) 0.36 ,. 
'lI' \9.73 2.19 ' .0 % 0." 0 .41 , .. 

18.24 '.00 ,., 
1""IU •• 1.46 0.31 '-' •• 16.64 1.82 , .. 

~ 1.00 0.21 '-' 
3)i lI2j1 " 15.04 0." ,., 

•• 13.44 I. •• .., 
% 11 .73 I." •. , 'I: 1.71 0.44 '" •• ,." 0.00 .., lj.ill:lj( 1.39 0 .35 '.0 

" '.00 0." .. , •• I.'" 0.26 ,., 
, 



CAR-NEOIl! STEEL COMPANY 

UNEQUAL ANGLES 

ALLOWABLE UI'lI roRM LoAD IN THOUSANDS 0)1' POUNDB 

Na.b1U As .. Puall,.. to .l.oolnt' Los 

Mwmulli Deodtng 8~, 10,000 Poun(b J)eI" Squll'EIlndl 

''''' Maaimul 8fq "* M&ailIrumJ?a """. ... ........... 1\ick. "- ........... ... -. 1- Sise, 
I_ I_ -. I"'*" au. Sd. ~. - Sd, Sd, ~, Lood '-' '-' '-' 

I ... " ,U<l 17.::> , 30.93 '.00 10.0 
' .. S9.02 1>.1 I 17.6 ' .. ,." '.00 10. 1 
~ &I.6Q .. ,. 17.7 " ,., ..... 2.71 10.2 ' .. 79.36 <l .oI5 17.8 ' .. ".n 2.52 10.3 ... • 73.02 <l.13 17.0 • 24.21 ,." 10 .... 
' .. 68.37 '.M 18.0 ' .. 22.1H 2.14 10.::> 

" 02.72 3 .... 8 18.0 6 ilt3~ .. ..... .... 10.0 •• ".00 3.16 18.1 •• 18.88 1.76 10.7 

" ::>1.00 2.81 18.2 " 10.00 1.67 10.8 
Ii. 46.12 2.47 18.3 Il, 15.04 1.38 10.0 , 32.21 3.10 16.4 .. 13.12 1.10 11.0 

' .. 30.40 '.90 10.6 
., 11.09 "00 II. I ,. 

28.00 2.7 1 10.6 

" 35.31 3. 15 11.2 ' .. 26.88 2.62 10.7 • 2,5.07 •. " 10.8 ' .. 33.17 2.03 11.3 
8 ilt3~ ' .. 23. 16 2. 13 10.Q .. 30.93 2.71 11.4 

" 21.33 .. ,. 11.0 ' .. 28.0Q , ... 11.5 

•• 19.41 1.74 II.I 
, .. " 26.45 2.ZS 11.6 .. 17.4Q 1..57 11.2 •• :M.ll 2.10 11.7 

•• 16.57 .... 11.3 " 21.70 .. .. 11.8 ... 19.31 1.02 ] 1.9 , SU7 3.10 10.2 " 16.7::> 1.40 12.0 
' .. 29.87 , ... 10.3 
~ 28.10 2.71 10.4 " ...... 2.71 , .. 
,~. ,. ... 2.52 10.5 ' .. " ... ... , 100 .. ..... '.33 10.6 .. ",. '.M 10. 1 

7 ilt8~ '"' n ..... 2.14 10.7 '"' 21.97 2. 1::> 10.2 .. 21.01 .. " 10.8 5 ilt3~ " 
,..,., .. " 10.3 

•• 19.20 1.76 10." •• 18.45 1.78 10.4 .. 17.28 1.1Ii7 11.0 .. 16.M I." >0' ... 15.36 .. " 11.1 •• 14.83 1.41 10.5 .. 13.44 1.19 11.2 .. 12.QI .. " 10.6 , "'0.43 3." 11.4 •• 10.88 LI .. 10.7 

' .. ... ,. 3." 11.6 , .. 18.56 2.16 8. ~ 86. 16 3.12 11.6 
' .. 83." , ... 11.7 .. 17.39 '.00 .., .. 81.68 2.69 11.8 ' .. 10.11 ...... 8.8 

••• '"' ,. ... 2.47 11.9 .. 14 .83 1.67 ••• 
" 27.09 2.26 12.0 ,n •• 13.M 1.61 , .• 
•• 24.604 '.M 12.0 " 12.27 .. '" ,., 
" 22. 19 .... 12. 1 ., 10.88 1.18 ,., ... 19.73 1.62 12.2 " 9,49 .. 03 '.3 
" 17.07 1.39 12.3 •• 8.00 '.M , .. 



BEAM SAFE LOADS 

UNEQUAL ANGLES 

ALLoWA81.E US1YOIUl LoAO IN ThOOSANOS OF POm.'D8 

Nealnol AIl. ~n.llel to 1.0_ 14 

MlIorlmum Boodlng Str81S. 16.000 Pound. p(lr Square Ineh 

-
I Foot Mu.imum SJwI 1 .'OO~ Mu.imum Bpo.a 

Tbicli:_ ,~. 360xOelleltioa "",. ,- :w.l~DeII .. t.ioD 
Sise. Silt. . "". -. ..... '-. .- .... .... ...... ..... ... ... . ~, .... .... ..~ .... .... 

' .. IS.24 2.15 '-' •• 8,75 1.25 '-' 
" 17.07 .... • •• ~ 7.89 l.12 '.0 II,. 15.89 .... .., 

3 x2~ 
'1. , ... 0." , .. .. 14.61 L67 ••• .. 6.19 0." ,., 

4 ~X 3 •• 13.33 L51 ••• •• 5.23 0.72 '.3 
I. 12.05 .. " • •• y. 4.27 0.08 ... ',. 10.77 LUI '.0 •• 9.39 .. 03 , .. 

~ 5.01 0." ,., "i. '.00 0.87 " •• 4.48 0.77 '-' 3 • , .. 3." 0.67 ,., 
' .. 24.53 , ... ,., •• 3.41 0 . .57 .., ., 22.93 2.37 ,., Y. 2.77 0.46 ••• ' .. 2 l.33 2.18 , .. .. 10.63 l.98 ,., 

" 4.91 0.89 '-' 4 x3J,i •• 17.92 \.79 10.0 •• 4.37 0.78 , .. 
" 16.21 "00 10.1 .. 38< 0.67 ,., 
'" 14.40 1.41 10.2 2~x 2 •• 3.31 0.57 '-' " ]2.59 1.22 10.3 I. 2.67 0.46 , .. •• 10.67 .. 03 10.4 •• 2. 13 0." .. , 
' .. 17.92 2.1 .5 '.3 " 1.44 0,24 • •• 
" 16.75 .... ••• •• l.81 0.41 ••• ' .. 15,57 .... .., 

2HxI~ .. ]4.40 1.67 '-' I. 1.49 '.33 ., .. , •• 13.12 l.SI .., •• 1.17 0.25 ••• 
" 1l.84 .. " •• '" 10.56 1. 19 ••• " 2,77 0.67 ••• ., 9.28 .. ., ••• ~'i. 2.45 0." ., 
•• 7.89 0.87 '.0 2~. '" " 2.13 , ... '.3 

" 6.40 0.70 , .. •• l.81 0.41 ••• Y. 1.49 0.33 ., 
' .. 17.60 2.17 ••• •• Ll7 0.2::0 • •• ., 16,43 2 .0 ] •. , 
"1. 15.36 l.S5 '.3 .. 2.13 .M '.2 •• 14.19 1.1)9 • •• " . '11 \.8\ 0.42 .. 

3~x 3 •• ]2.9] U.2 .., , l.49 0.34 •• 
" 1l.73 1.36 ••• •• L I 7 0.26 .. '1. 10.45 l.20 .., 

" , ... 0.17 ... .. 9.07 1.0-1 .., 
•• M' 0.S7 ••• 11 xiI,( I V. "03 ,.,. " " 6.19 0.70 ••• •• '.SO 0,21 '-' 

'"' 10.56 1.51 '.0 .\ 1.01 0.38 " .. 9.81 1.39 , .. 
t~XI)(' •• '.00 ." , .. •• O.SO 0.22 3.' 

.JHxll}i " ''' I 1.13 ,., ~ 0." 0.15 ••• •• 7.25 ,." 7 .:1 

I .. 6.29 0." ... •• 1.21 0.35 3.' •• '.33 0.71 ,., tHxI)( Y. 0 ." 0.28 3.' 
h 4.37 , ... , .. •• 0.78 0.2"1 3.' 



CA R NEQ I E ST EEL CO MPANY 

TEES 

A u.oWADLI!: UIIo'lm1Ul LoAll IN TUOUSANDS OF POUNDS 

N" tr&1 Ad. PanI"'1 to F1 .... 

Mulmum BeodlDa: StrmI. 16.000 Pounds per Square Inch 

EQUAL TEES 

I •• ~ Muiarwn Spu Ebo I FOM M ............ 1!t>u 
I!t>u JIIOaDolleeliooo Weich' Spooa 3OOao.a..liooo 

Saf. &I, I ...... I ...a.. . _ &Ie &I. Lt.tcth. ~
~.-.~~j--~,-

l.-I Lood j FeH Lood Lood •• "' 

-;;u+=+.o±;;;;' 6H 6H t 9.8 112.80

1

2.77 ' ID.l 2U 2}( '11.9 4.37 O.OD 6.3 
4 " 13.:1 21.:1.5 1.90 11.4 2}( 2}( 4.1 3.41 0.[,3 6.4 
4 " 10.:1 16.8.5 1.46 11.6 2 2 4 .3 3.31 0.119 11,0 
3H sH 11.7 16.32 1.6:1 D.O 2 2 3.M! 2.77 0,40 6.7 
3'" 3'" 0.2 12.69 1.27 10.0 I ~ 1.'( 3.09 2.03 0.42 4.9 
3 3 9.9 11.73 1.41 8.3 I H I H 2.47 1.63 0.37 4.1 
3 3 8.9 10.46 1.24 8.4 131 1}oS 1.94 I.IIi 0.27 4 .3 
3 3 7.8 9.17 1.07 8.6 1 ;( 1M 2 .02 ).01 0,30 3.4 
3 3 6 .7 7.89 0,02 8.6 1 .1( 1.1( !.Ii9 0.78 O.n 3,6 
2 31 2}oS 6.4 0,29 0,00 7.0 I I 1.25 0 .(9 0.18 2.7 
231 231 6.6 /i,33 0.76 7.1 I I 0.89 0.$ 0.12 2.9 

• • • • • • • • • • 
'H 
'H 

, 
'" 3H 

• , 
,H 
'H • • 'H 
. H 
3 
3 
'H 
'H • • • • 

UNEQUA L TEE8 

11..5 1I.33 1 1.ZIi 9.0 3H 1 3 10.8 12.05 1.41 8.6 
10.9 1 800 1.11 7.5 331 3 8.5 1 9.49 1.09 8.7 
15.7 22.72' 2.36 9.6 331 3 7 .6 9.07 1.05 11.7 
lU 9.71 1.07 9.1 3 " 11.7 20.69 1.92 10,8 
8.4 8.32 0.00 9.2 3 4 10.:1 18.$ 1.68

1

'" 
92 6.72 0.87 7 .7 3 4 9.2 16.11 1.47 11.0 
7.8 6.7G 0.74 7.8 3 3H 10.8 15.89 1.00 D.6 

15.3 33.39 2.41 13.9 3 3H 9.7 14.1" 1 1.47 9.7 
tl.O 25.92 1.84 14.1 3 3H 8.5 12.37 1.2(1 9.8 
14.4 27.09

1

2. 16 12,6 3 231 7.1 6.40 0.89 7.2 
11 ,2 21.12 1.(14 12.8 3 2Ji 6.1 5.55 0.76 7.3 
9.2 9.60 1.0~ 8.9 2M 3 1.1 8.00 1.00 I .., 
7.8 8.21 0.1)1 0.1 2M 3 6.1 7.68 0.9:! 8.4 
8.5 G.61 0.87 ;;tl 2M I K 2.87 0.03 0.26 S.7 
7 .2 5.611 0,74 7.7 2 1 }oS 3.09 l.!iS 0.36 4 .4 
7 .8 4 ,27 0.70 G.I 1 31 2 2,4$ 2,03 0.38 5.5 
0.7 3.63 O.bO 6.2 1}oS I K 1.25 0.67 0. 15 3.7 

12.6 21. 12 1.00 11.1 1 1 K ~ O.SS 0.14 0.08 1.9 
9.8 16.[,3 1.46 11.3 

". 



IHl AM SAFe LOADS 

ZEES 

Au.oWAOLl: UNI fORM LoAD IN TllOmu..NDS or POUNDS 

Neutral All .. htalll>! to naq. 

Ma.xlmum UOIldinB Sue., 16.000 Pounda p(lr 8(Juare Inch 

S. 
,,~ M.w.. .... ,sp... 

I 
Wif!t 

... M) . I>oIIodioA 

tl! '= "''- ~ I. I ... .... .... '-" "'" "'" ,~ . ~ ... ' . 3-1.6 174.93 14.18 12.3 .. , ,., ,., 32.0 162.35 13.30 12.2 

• '. % "A 149.76 12.40 12.1 

.~ '. '., 28. 1 100.-10 12. 19 12.3 .. , "', • 2~.4 136.7~ 11.20 12.2 

• ,. ., n, 123.20 10.20 12.1 ,. ," " 21.1 110.68 9.70 12.3 '., '., ., IS.4 104.$5 8.1\9 12.2 

• ,~ • 11:i.7 00.00 7.45 12. 1 

". '. ,., 28.4 119.47 11.68 10.3 ,., "', • 20.0 110.29 10.82 10.2 

• ,. '., "., 101.01 10.03 10.1 . ~ ' . • 22.6 102.08 9 .89 10.3 '., "', ., »., 91.{1.5 9.02 10.2 

• '. " 17.9 81.92 8.14 10.1 

'" '" 
., 10.4 79.36 ,.W 10.3 .. , ,., • 14 .0 6 8.16 6.69 10.2 

• ,. ., 11 .6 66.00 '.66 10.1 

•• .., 
" "' .. 77.44 9.32 .., .. , ,~ '., » .• 70.93 S.67 .., 

• ,., • 18.9 " .M &01 8.1 .. ,., ., l S.0 6.'\.92 '.00 .., .. , '" " 1lI.9 1\8.(17 7.17 .. 
• ,., ., 13.8 6 1.~2 .... 8. 1 

.~ "', • 12.6 49.81 '.00 .. .. , ," ., 10.3 41.71 6. 10 .., 
• ,., • .., 33.49 4 .16 " '., '" 

., 14 .3 36.~9 6.6, .., , 2'"_ " 12.6 32.tH ,.ro u 

'., '" 
., 11 .6 31.79 5.15 •. , , 2'"_ • '.8 27.41 ..... '.1 ,., '. . , 8.' U.30 4.12 ,., 

• 2'1Ii, • •. , 20.48 3.39 '. 1 

j 



CAR-NEa l E ST eeL COMPAN Y 

STANDARD GAGES AND DIMENSIONS FOR BEAMS 

D jo · . , . · , . : . 
: . . ., ... 
:AI. •••• + ..... 

Nominal dhnenaollll &nI:-nange ... IdLb r.r>d "0" In ~htU. ~b lhlcl<nc-
In IIIxteenUUl. Oace- tor connoctlon angle. &nI detenulDOCl y l1i web lblckne.. 

Standanl PItS IlI&¥ be vatlcoJ It oondlUOIll!l require. 

":l'" \\ .... , W~ ~~ .... C'" -- M~ 

r... ~I nitt. Ri~ia ... - - , • , , • • --,. u.. 
" 

,. ,. •• •• ,. "- •• , . -
" ., .• • ~ " 

, ~ "" 2\~ •• ~ 

12(10 , 
.~. ;t 

, 
l ~ "'. "I II .. 115.0 , , ,." " ". ~ 110.0 11l '"' •• , :ij "'" " •• 105,9 ~ •• , "', I'll .. 

100.0 '. '. ,. • '. '"" . ~ • • 9.~.() m '"' •• • 
1! 

,.., 
!~ 

'i. 
'" ." .. •• • .., ~ ~ 

M.O •• 'I-: • '"'' " 1\1.0 , ~ • ,." . ,. •• .. 14,2 • ~ " • \\ '" , •• " " 00.' ,. •• •• • •• "" ... \\. " 100.0 l~ .~. ''It • • 1 6'~ .- II ". '. • , 1 6\~ ", " 20 00.' ,~ " •• • • ". '" .,. II 
8 ... , 

~ •• • , 
"" " ~ 81.4 , •• • , 16~i I·, 

n,o !ill .. •• • " " '" ;t OJ 70.0 ::i •• •• • " " '. II " .. II " • " " <II •• .... '" ' .. :- • • "" I·, " " 
.... ~~ '4. • • • "" " .,. 

~ SO .• " •• • , .." ", .. 
15.6 , •• " • , 

"" ", .. 
10.0 '" '"' •• AAi " J.5'4 ,,. ". 

" 
'-' .. ." .. ... '" " J.5\4 •• .. II ." :" ... " ' .. .. ". , ... .. M.' \\. • '" " " .. , .. •• 

" 482 '" .. •• '" " 14~ ". " .. 
15.0 6~~ ~ •• 'I' ' . 11" ,,. ~:. 

" 
10,0 8~ .. '. ~ 

Il~, :~ ••• .. M.' , .. •• ,. 11·, •• 00' • •• •• '. ,,\\ ,,. ,. 
'''" '" .. ti' . ~ i " . : ~ ~ " 
.... m •• '. ". .. 411.0 U: ,. 

"" '. •• 42.9 .. •• •• 1 2~ '" .. 
" 3 7.3 '" •• •• ." \\ . '''' ,,. .. .. 

'" 



ST H, UCTU R, Al. D ET A I l.S 

STANDARD GAGES AND DIl\iENSIONS FOR BEAMS 

~ - JLJ l 
, -!: ' ~ J., 
~0l-__ t-~~ 

Nominal dlmOOllona are:-ft&ngo 1ridth ~d " 0" in :tthths. wcb thlclcness 
in .tJ;tecnths. Gagel for oonnecrJon auglCOl are dctermined ,. J1i ,..eb thlcknea. 

Standard ~ IDa¥ be varied It oondlt!oll8 reQuire. 

W<ie'I\ 

~r" ~~ 
, 

"1' "- Grip ""'- M .... 

r.:. ~~. Riwt i. .... - , , , • , "-
I ~ u. I... I ... ,. ,. ,. ,. 

~ h-
I 
, .. 

M.' 11t ' .. ~ ,~ ~ '" >% " " "'., ' .. U: ,~ 

~ '. !5 'i. 
" 4,s.0 !11 •• , OI, ,. 

40.8 ". " 
, ~ '. •• 

" 
35.0 •• ~i. •• , • • ,. '. •• • 31.8 • • •• , •• '" '. " " 21.9 , •• • , . , ' . '. •• • 
40.0 '" • • '" • , > II. 

>0 3,s.0 • \I ~~. '" ~ 
, > \I • "'., •• tl. ll! 
, > 'a' " .. •• •• \I " 
, > 

>0 22.4 .~ • '. '" \I '. >11 •• " "' .• •• • ~ m ~ , , ''i. , "'., :~ •• • , , 
~ • "., \I •• m n , , 

21.8 •• •• \I , , •• "., •• •• ~ III • ,. 
~ •• S "'., :tt 1;- •• •• •• • "'., n •• ~a •• •• " 18.4 • \I •• .. •• 

S 11.,s , • \I '" • • , •• • "'., !:! ... • ~ ~ 
,. 

0 •• , 17.5 n ~. '" 
, \', " 1,s.3 '"' '" :1; •• 

11.25 III •• \I , 
~ •• " •• • 14.15 ~ •• , <II!~ " " 

,. 
12.ti '" \I , 

'" • •• 
14.75 ~ ~ • ',. ~ 

,. • •• • 12.25 \I •• " ' . • " " 10.0 3 •• \I .. , '. • •• 
10.,s fl! \I •• lit •• ~ i " • ,. •• •• n, •• • ~ S .• III • ~ '. •• ,. • • ,., •• '" •• ", •• , .. ,~ n 'I.' '. •• ' . ~ • , ••• lli '" •• .. •• • .. , •• •• ,~ •• ' . \I 

<;, 



CARNEOIE STEEL COMPANY 

STANDARD GAGES AND DIMENSIONS FOR CHANNELS 

oLY, iO $ : : 
ts>~ t -ii.!, .. 

Nominal dimewioM ue"-I!ange width and "0" In ejghtw. ... eb thlckn_ 
In alI:teootw.. GajleI tor coo.noetlon aDlj:leI ue determined by .. eb thlelm_. 

Standard PieI ma, be varied It oonditlOD8 require. 
GII4feI torehanneill ""'tod channel columna: ue liven on page. 224 to z:u .... "' .. lit ~ 

W .. ~~ .... 0.;, """'" M~ 

• r.. """, . RiYd ;". 
"'-' - - • , , • • "-,. ..... ,. ,. ,. IL ,. ,. lL , . ,. ... , '~ '0. w.' ll! ' .. 12~ 

II 
% 

00.' , 
'R' , .. 12~ '0. 

" 
..,., 

l~ ~ . , i "" ' .. " 40.0 , 12~ O. "., ,,,. 
~" •• , 

"" II " .• ,. O. , IZ~ II 
00.' 

il 
'0. .. , O. '0\\ '" i! 46.0 ' .. ~. ~ O. "" '" " 

40.0 'I: o. IO~~ '" ... 
" 37.0 ~ ~~ O. "" l~ 'I: 36.0 w.' O. "" 31.8 • O. '" O. "" 

,. •• 
400 '~ I 

.. , 
l! " 

, ' .. "., a~ t" 
, 

" 
, ' .. 

" 30.0 '" lU II " 
, O. " 26.0 , O. ~ " 
, •• "'.7 , • .. " 
, .. "., '. '0. •• '. II 

,. 
i l! "" 

, 
'W 

O. '. II '" " 2li.O :;t " .. II III •• • "'., O. '. •• ,~. 

16.3 ". \\ II '" •• '\\ O. , ... 
rn .. ~ . '" " '. ~ 

' .. 
• "'., •• '" " 7. II • U.O ~. ~ l~ ". 7\\ ,. 

13.4 ,. ". '. O. 
2 1.2li 111 ~. o. OIl ". ,. 

" ' .. 
18.76 \\ '. 'h :l! ~ 

o. , UI.2li itt O. ,. ". II \\ 
13.76 O. tt '" ~ 

,. .. 
11.6 • ,,. 

'" " O. 
10.76 '" .. •• '. 11. '" • '"' 17.2.5 :1l • \\ ,. ". '" .. •• 7 14.75 ". •• m •• '" .. ~ 

,. 
12.2.5 'II O. •• ~ '" .. .. , ,. •• • ,. ." .. O • 
16.6 'II •• \\ 

!H II ." • ~ , 13.0 '" II. • ." " 
,. 

10.6 , 
~: 'I: •• t tt .., 

'" O. ." 
11.6 , 

" II 

!H 
o. '" II •• , .. , :a ~: 'I.' •• '" n • '.7 •• ,. 

7.2.~ ... ~. O. , O • w. II 
,. 

• 6.26 III • , •• ,. 
~. • ••• •• •• , O. ,. 

6.' m n •• l! II .. II • • • .. , II ~ .. ~. • .., O • •• '" 
'"' 



STRoUCTURAL DETAILS 

BEAM CONNECTIONS 

• · ~-• .:\--
· .' 
·1I-• .- ~ -• · -• • · -• · -

=" 
11H'", 4':It j.j,'" 1'4j.j,· 

Wola-ht a It.. 

21· 

1111 
21H'", ,'", j.j,'", l~j.j,· 

WeIa'ht IS It.. 

21H'" ,'" ~',,, O:&\O!O' 
Wola-bt 11 It.. 

7; 6: 5' 
1'6K; 2.\o!o·21(· 

* --1:3 
21:8'" '"" iii'", ¢S' 

Willaht 1 It.. 

'" 

24" 

21:"" 4'''' j.j,'", I~j.j,· 
We/aht It It.. 

20: 18,' 15' 
••• 

ij
r.,;, un 

. ~-. . ~-- ~ . ---"""--. . 
~--

21:"'" , '" "t" 4t11W' 
Willabt 2IJ It.. 

10; 9: 8' 

"~1 T') ~:::-: 
ZIU'", ,'", ",'" !t6j.j,' 

W./aht La It.. 

4~ s· 
~ 21;'1(' 

-*---&:1 
2 us'", "',, 'III'" o-l!' 

Welaht 5 It.. 



CARNEG I E STEE L COMPANY 

BEAM CONNECTlON8-Couc1uded 

LIMITI NG VALUES OF Beill CoNNECTIONS 

V.I ..... , ..... w., 
c..a....,Uon 

'. ,. 
" 00.0 8"'" ""00 18.9 " .,"" 23.6 " 
" 

79.9 """ """" 17.11 ,. 42400 21.9 " 74.2 &1260 """" 1604 .. 42400 2004 " " 00.' 48150 "'00 14.2 ,. 
""'" 17.8 ,. 

" M.' 4_ "''''0 17.6 ,. "300 n.> ,. 
l8 '" 41400 "300 13.3 .. '8300 16.7 ,. 

48.2 34200 '5300 12.8 •• ,- 111 .4 ,. 
" 

42.9 a6000 ,,3(lO 8.0 .. =00 11.1 ,. 
". ""SO 35300 '" ,. =00 10.2 •• 

" 
31.8 

,,_ 
'MOO 8. ' •• 2 1200 '.0 .-

".0 19170 'MOO 9.2 'ill 21200 .. , ,. 
" 

25.4 '''00 17700 '" ,. 14100 .., ,. 
n.' ,,"" 17700 ... ,. 14100 8.' ,. 

• 21.8 26100 17700 ,., 
" 14100 '" ,. 

8 
18.4. '4300 17700 '" " 14100 ... .. 
17.5 '''''' 17700 4.4 ,. 14100 ... ,. , ". ))900 "'" •. , ,. noo '.8 ,. 

• 12.5 '0000 0000 4.4 " n oo ... ,. , 10.0 .000 "'" , .. " noo 3.' ,. 
• '" 8000 0000 ),0 •• noo ,., ,. , ,., "00 "'" 

)., 
" noo ).. 

" 
A LLOW .. " L., UNIT 8TH.,." Uf POUNDS ."" 8Qll ... " I NCH 

Rim. . ..• ••.• .• Shop I Ri •• t.-eDeIoeed •.••••• Shop 30000 

Slngl RinuaodTUtDMI BoIIL • .FifIId 10000 BOIUi 
Ri.~IIide ....... SbGJ) 24000 

'" ...."Bol. ""," 
Rivet. ODd Turned 801111, Fidd 20000 
no...p Bolt. ............ FifW 16000 

t=" 'cb IIUoJ.:o., in boarilll. to denIop lEW. aIlonbie f'NOtio .. , .ben,*"" r ...... op!lO'itt. 
eo""""c.ioooo ..... ~ lilr '-riD!! &lid 011_ ( .... II>O<IIOnlOOlllidmJd). 
The abov$ nJ_ ~ with Ia:Io made "" ~ uDder Ofdinary CODditiOlll of woe. 
Wbon .. eb il .... ~ bet'lfeenoolilltlCtioo ..... !.,. (enoL<*d bearia&l, nl_ .... peater bonuIe 

of the i..,.....;l eIlieieDoy due to friclio1l &lid &rip.. 
Special_ioDIlbaIl be...:l ....... ....,. of tile limit.iDl; ooudit.ioal Ii __ hem. .... ""oooded-

........ ODd .-.etioll from 100IIded bM.III ..... peaUf U>NI .alue of..,."...,u.,..; lib ........ Ip&II with 
boaID fWlJ'IOO11ded: ilr _1_ ~ of .. eb .. hoa DII.l.imum aIlowabit ~ .... "'""". 

'" 

\ 



STR.UCTURAL DIlTAILS 

BEAM SEPARATORS 



CARNEO l e STeeL COMPA NY 

Tffi RODS AND ANCHORS 

.... " .. ,(1 .. ,. .... 'DO .. CO .. P .. N1' 'T .. NO .. .. O 
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STRUCTURAL DETAILS 

BEARING PLATES 

The size and thicknelll of It.eeI. bearing plates depend nn tho end 
reaction, length of bearing, and unit Ilre88ure. The following table 
givClBizes for hearne of ulIuahpnnll, the allowableufe loadain tholIllanda 
of poundll and the Bpan of beaDl8 giving equivalent end reaetioDIJ. 

STANDARD BEARING PloATEB 

PlatCli of 8~ial li~CII may be taken from the table of projection 
coefficients given below, calculated from the following fonnula. Let 

~~ 
A _ length 01 bearing plat.e, in Inebel. 
n __ kith ot bearing plat.e. In !ncbel. 
t _ tblclrneu ot bearllll' plate. :In locbel. 

b odIr.na:e wldtb ot bc&.m. 10 Incbel. 
R -rKCtlon 00 bearing plate. In pOUods. 
111' _ R+-A.1::B. &Ilnwable IIIllt pro.ureOn muoo!,),. 

~ wABIB-b) fA tI 'Uti 
M _ 8 - 8 - ts - T; BCD-b)_ a;;-' orwben r _ I6000, 

B {D-b) "'" 64~ tl' , the lI&me ... thefO<"mulator rolled 11.001 slab!. p&ile2!>3. 

RULE:-Take from table on following page the proper eize bearing plate 
for tile reACtion and unit pretl8ure. Multiply the width of the plate by the 
width minus the width of tho beam Hange and IIelectfrom the table below 
the t.hicknC8l!l oorreeponding to the value for the given unit ]lretl8ure. 

PROJECTION CoEFFI CI ENTS 
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CAR-NEa l l! STEEL C:OII\l'ANV 

DEARING PLATES 

SAn: nE8'STANCII 11'1 TIIOUS'!'N06 OF POUND8 -- rr-r. ia P<IaIId& .... 8Q1lanI1,,~b ... 
"-

.. , , 
I:t.'~;~' " "" '''' "0 '" "'" "" "" "'" "" --I ------I- I-
• • • '-' ... 2.' 2.' 2.' '.2 ••• ••• a .• ••• • • • ... 2.' 3.' 3.' '.2 ••• • •• '.2 ... , .• 
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• • • ,., 3.' M ••• '.3 ,., ••• 10.8 12.6 Ho.4 • • • 3.' ••• ••• ,., ••• , .. 12.0 14." 18.8 19.2 
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" " " ... , 81.6 77.0 02.4 107.8' 123.2 IM.O 184.8215.6246.'1. 

" 
,. 

" <3.' 67.0 72.0 " .. 100.8 115.2 1 .... 0 172.8 201.6 336.' 
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STRUCTURAL J)ETAILS 

DETAlIi) FOR PUNCllING A~D RIVETING 

OONVENTIONAL aWNS FOR IUVETlNG 
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CARN EOIIl STIlIlI.. COMPANY 

RIVET SPACING 
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STRUCTURAL DETA I LS 

REDUCTION 010' AREA lo"OR RlVET BOLES 
Area In Square Itlcb_Dlamet.er of Bolo by Thlelm(!lll of M et&! 

Thidt_ 1 ~ of Balo In ,""boo 
of Nolal. , , ... v. ~ •• • . ~. ~ ••• " . ... , ' .. ,~ 
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CARNIlOII'! STEEL COMPANY 

STRESSES I N RIVETS AND PI NS 

Riyeu.. In transmitting stre6SC8 between riveted piecce, it is 
customary to disregard friction and to proportion rivets to the cntire 
stress to be transmitted. They must be of sufficient size and number 
to resist ehear and to afford such bearing area 8.8 not to cause distor
tion of tht! mctal at tJle rivet holce. In the case of beaIIIB whieh frame 
opposite and of single web girders, this latter condition often necessi
tates a greawr thiekness of web than required by the shearing stresses. 
In a. plate girder with %8" web, ~" rivets connecting the web with 
the H9.I\ge angles would have n bearing value at 2<1,000 pounds unit 
Btreas of 5,630 pounds per rivet, while their value in double shear at 
12,000 pounds unit strCllS is IO,(i()Q pounds per rivet; and it might be 
nect'S88.J"Y to increase the web thickness to ~"or more in order that 
the pressure of the rivets upon the metal be not excessive. 

Ph... Pine: must be calculated for shearing, bending and bearing 
streSSCB, but one of the latter two win in mOilt ea.see determine the 
size. When groupe: of bars are connected to the same pin, as in the 
lower c1lOrd of truss bridges, the size of the bars must be so chosen 
and the bars so placed that at no point on the pin will there be any 
excessive bending stress. When the size of pin lll~s been determined 
from the bending stress, the thicknese: of the bars or web of the post 
should be inveatigated to provide sufficient bearing area, the bars 
being thickened or pin platee: added if necessary. 

The following is the formula for flexure applied to pins: 
M= f fr dS + 32 or =f A d + 8, in whieh M =moment of forces 
for any section through pin, f=fiber stresa per square ineh in 
bending, A=the area of section, d = diameter, 1f' =3.14159. The 
forcea are lL8IJumed to act in a plane paeaing through the axis of the 
pin. 

E :U.F~" i.-A pin. _ fl¥ure, h..., to carr)· D. load of 
M,OOO pounds; ~uired tbo slzo at 24.000 pounds Hber 
IJtNiOiS, A8IIumlng the dbi(.anoo bet"'een polnus of support 

~ to be to Inches. 
_ E BendlIl3 moment-64,OOOxti+4=80.000 Inch poun<Js, 

I
;; -;;D:use a 3~ Inch pin, allowed moment. 80,900 Ineb pounds , -t- :' ;- . EX .... FU 2 - Required tbo tblclm_ of metal In the 

- ~ toll chord of a bridge to give omtDctent bearing area to a 

~
- - 3~-lnch pin. having to transmit a stress of 121.400 pounds 

T T
aG an allowed bearing pressure of 24.000 pounds per SQuare 
In"'. 

• I" The bevlng valuo of a 3~-lnch pin for 1 InCh tbLcknellll 
•• of met.a.lls Sl.OOO pounds: therefOr(!. tbe thlcknosa of meta l .2"'·v. /............. requ\rOO.=c121,400 +S1.000=1)i Inch. or each web of the 

chord must be "" Inch thiCk, Including pin pLaWII. 

'00 



S TRESSeS I N R I VETS AND P I NS 

RIVETS 
SBJ!lAlUNG AND BJ!lARlNO VALUIt8 

Valu('.fI In Pounds .• 11 DIOlOlllllollll In Inche. 

%-INOII IUVETS-Aree. .1104 

J 
' .,.1. ""0 """" 0000 

~ ~ ~ "0 
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"'" ,oao "'0 , .. " 
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CAR. NEO I E STEEL I,;OM PANY 

RIVETS 
S HEARING AN D BEARING VAL UES 

V .. IU(lII In Pounds, D im_10M In I nch"" 

~~-INCH RIVETS-Area. .44 18 SqUaN) I nch 



r STREsses ON R I VETS AND PI NS 

PINS 

DURING V ALUU IN POUNDS ON METAL ONE INCH Tmclt 

BariDg Val~D1amoc.er of PIn '" Dearing SIna per Square l.ncb 

....... .- ''''''' "'''''' ..... """" '"000 -' ..... 
, 

. '" , .... '''''''' """" """" HI 1.227 "000 ""'" "'''' """'" 1.787 "'''''' ""'" """" """'" '" 2.406 '''''''' ,.,.. 
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'" ..... """" ..,00 """" """" 60000 , 7.009 """'" """" 00000 """" '>000 
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CA RNEO l e ST ee L COMPANY 

PINS 

BENDINO MOIolEl<o"TII IN INCH POUJlo'"1)8 
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RIVETED OIRDE RS 

BEAM AND PLATE AND ANGLE CIRDERS 

Where single rolled beams are illBufficient to carry the loaM, the 
required capacity may be obtained by various methods. 

Two beams, connected with bolta and caat iron I5Cparator'll, or, 
for greater rigidity, v.ith riveted plate and angle separator'll, can be 
used. The total strength of these is twice that of the single beam 
provided that thc loads are applied equally on the two sections, 
ot.herwise their strength mUBt be computed IlCparately. 

Single beam girder'll with plates riveted on top and bottom are 
often more economical than two beams connected with separator'll. 

Box girdcrs formed of two beams with platC8 riveted acf'06ll the 
beam flanges are frequently uscd for supporting interior walls in 
buildings, but they are not as economical as single beaDlll with flange 
plates or all plate girders. Box girders should not be used in exposed 
plaCel!, 113 thcir interior surfacel do not admit of repainting. 

The most. economical section is the lingle web plate girder; if 
not of sufficicnt strengtb, two single web plate girders may be UBCd, 
with tic plates extending acT08li the angle8, or box girder'll may be 
made of four flange angles, two web plates and top and bottom flange 
plate8. If t.be loads are not equally distributed, the two half-girder'll 
mue.t be figured all &cpilmte unill. 

In the dcaign of beam or plate girdeMl the web must be of sufficient 
thickness to resist buckling stress and attention is called to the 
Construction Specifications and to the remarks made on page 151 
lUI to shearing strellSCs in general. 

At the ends of plate girders a sufficient number of riveta must. be 
provided in each flange to properly trsnafer to both flanges the 
dresscs due to total end shear, over a diatance equal to the effective 
depth of girder, which is the distance between centers of rivets in 
upper and lower flange for anglcs with onc line of rivctt!, and between 
centers of rivct linca for angles with two lincs of rivets. 1n the 
following tables maximum allowable reactions havc been b8.8Cd upon 
the maximum shearing or bearing values of U-inch flange rivets. 

The tables which follow give: first, a selected number of riveted 
beam girdeMl of approximately twice the carrying capacity of cor
rCllponding single beams; sccond, a selected number of rivoted plate 
girders of various dcpths and carrying capaCities C\l8tomary in build· 
iug work; third, elemcnte. of riveted plate girders of various depths. 

In accordance with the Colllltruction Specifications, thcse girdcr 
tables are baaed upon the section modulus of the gross area of the 
section, with bending strey allowed at 16,000 pounds per square inch. 
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CARNEO I E STEE L COMPAN Y 

RIVETED BEAi\! GrRDERS 

ALLOWABI,E UNIFOU).! Low " THOUSANDS 0 .. POUNDII 

~ ... -~~ r1 "·-lo::..·~ ,.·-10::-· , 

~I t!- ~I oj, r -l_ 
T • ~ . .. L 

"'" , 
ill I-Beolm 27"s90 lbe. 1-Beun21". ' 9.91be. I -Beolm:W'~;g9! I-Ileo.m2O".81 .~~ • ,_. 

2-PlOIel 12".~" 2-Plateo 12".!{" 1-Plo"," 1(1"."," 2-1~ ."" IO".~" ! 
,~ ,-- ,-- ,-- ~ iD Saf. ~f.0 in Saf • iD Saf. .... ,- .,- """" - Lo.d. f<w ... , Vi. [DOh ... , '{:" I DOb ... , ¥i o h •• h ... , ¥,o IMh 

'-" ,-- ..... .. - """ ,.- ..... ;;':'"' 1Jri1~ .. :: ~*ac: ;:~= Ql.~:: 

~ -tift mN -mt '" 10.4 :.!O~. ,., I .2 ,., If>' .\J ,., 6.62 

" 22!J.O fUl 19S.0 ,-' 160.2 " 14f>.6 '.0 '.W 
" 218.6 , .. 184.2 S.' 152.9 " IS9.0 ,., 8.01 

" 209.1 0.0 176.2 SO 146.3 " IS2.9 5.5 8.76 ,. 200.4 S.' 168.9 ,., 140.2 ,., 127.4 ,., .. " 
" Ifl2.4 8.a 162.1 'A ISH. ,., 122.S 0.0 10.35 
26 185.0 S.O 155.0 '-' 129.4 5.9 117.6 '.S 11.10 

" 178. 1 ,., 150.1 'S 124.6 ,., 113.2 4.7 12.07 

" 171.7 , .. 144.8 " 120.2 ,.. 109.2 .., 12.98 

" IM.8 7.1 139.8 'A 116_0 ,., 105.4 ., 13.M 
W 100.3 M 135.1 ,., 112.2 ,., 101.9 .. , 14.00 

" 1M. I ,., 130.7 ,., IOS.5 .. , 98.6 ... Hi.OI 

" 15O.a 6.5 126.7 5.8 106.2 '.S 05.6 ,., 16.95 

'" 145.7 ,., 122.8 ,., 102.0 .. , 92.7 ,.S 18.00 

" 141.4 ,., 119.2 ,.. 99.0 ., 89.9 ,., 19.IS 

" 137.4 '-' 115.8 ,., 00.' 4.S 87.4 ,., 
"''' " 133.6 '-' 112.6 ,., 93.5 ., "'.0 3.5 21.45 

" 130.0 5.6 IO'J.5 M 00.' ... 82.6 a.4 22.66 

"" 126.6 '-' 100.7 .. , 88.5 '.0 S"-' ,., 23.00 

" 123.S 5.S 103.9 .., 86.S ,., 78.4 ,., 2f>.18 

" 120.2 ,., 101.3 .. , 84.1 '.S 76.4 ,., 26,48 

" 117.S ,., 98.9 ., 82.1 3.' 74.6 3.' 27.82 

" 114.5 .. , 96.5 ••• SQ' 3' 72.8 '.0 29.20 

" 111.8 'S 94.3 .., 78.3 ,., 71.1 '-' 30.60 

" 109.3 .., 92.1 U 7{1.5 :'1.5 69.5 ,., S2.04 

" 100.9 .. , 00. ' ... H.8 :1.4 --•• -$7 ...... ·--ir· 33.52 

" 104.5 .., "., '.0 73.2 '.3 0 .' .., 35.02 ., 102.3 ... 86.2 a.!) 71.6 3.2 • •• " 36.56 

" 100.0 .., 84.4 3.S 70.1 ,., 38. 14 ., 98.1 .., 82.7 '.S OS., 3.' a9.74 

" "'., .., SU ,., 67.3 a.o 4 1.38 .... fUf inch.., f!.33 i""z...- 3U3 i"." ... $S.7f ,,,,,hoi" 
~-, . ~. inrh ... .... .. ""' 315.5 incJte.l 2M.7 i""b .. -..,.. MU lbe. per II. 141.1 lbe. per I~ 122.4 lbo. per f~ 132,4 lbo. per f~ 

r-to a_i", tb".. f,.- above I>orUontal li_ -.rill J)lO(!uee rna.;n""" a110nble Ihe.r 
in wet. oM .tidenen obouId provided in atOOt<l.,..,...-i1l> c.:....tn.cu<>n S,r.::ifi.otionL 

Wciahll liven few &irdet. c10 ~ intJod. d ....... rim h..u .. Olber .c.aiI .. 

'''' 



RIVE TED OIRD ER S 

RIVETED BEAM GIRDERS-Concluded 

ALLOWAI.Il.t: UN I FORM LoAD I N T HOUSANDS or POUNDS 

1 
._9~ __ • 

1 
~--8~ 

r . 

1 '~J~J .J .. .. r _ J ~ l -, j 
• ~ ",. 

• • • ' .. 1 !·Beom2O"xM.411 .. 'I-BeomI8".54.71 1-ne.mI5".I\O.8Ib1. I·BeomI5".42.91 • 
Z-P1_lO"'~" Z-I~.u. 9"1,"," 2·1'I.U. 9"x~" 2-PLou. 8"IJ.i" i ,~ ,~ 1.",,_ ,~ 

in s.s. i. Sat. i. WI ~~&l1 J.-;Ie lor , .... , .... ,. ..tofor ... , ~.11Icl. ... , ~. IDOb SO, ~:d:! Sol, ~. I""b 

""" ,.- """ ,-- .... """ ,.-
~J diL':. ~" d'if=- ~J d~~':. 

~ii. 
d*:': 

lin ~ ~ ~ " w. ,., , ., ••• ,., ,., 3.72 

" 15(;.8 '.0 122.7 M 100.3 '" 76.9 .. , '.U 

" 147.6 ,., 115.6 ,., 100.1 M 72.3 4.5 • . 78 

" 139 .• '" 109.1 5.7 '"' 
.., OS, .., '.30 

" 132,1 ,., 103.3 ,. 89.5 .., 64.7 '.0 ,." 
20 125.5 , .. 98.2 ,., '''' .., 61.5 ,., 6.62 

" 119,5 •. , 93.5 ••• 81.0 '.0 ;S •• , . ,.,. 
" 114.0 .. , 89.2 .., 77.3 39 M.' 3.' 8.01 

" IO'J.I ••• 'M .. , 74.0 .., M.' '" 8.76 

" 1~.5 '.3 8 1.8 .., 70.9 .., 51.2 '" 9." 

" 100.4 ,., 78.5 ... OS., , .• 49.2 ,., 10.35 ,. 00.5 .., 75.5 ••• M" ,., 47.3 '.9 11.19 

" 92.9 .., 72.7 3.' ".0 " 45,6 '.8 12.0 7 ,. 89.6 ••• 70.1 3.7 00.' , .• 43.9 ,., 12.98 ,. M.' ... 67,7 M "., '9 42.4 , .. 13.92 ,. 83.' .., 'M '" 50.' ,., 41.0 ,., 14.00 

" W .• .. , 63.3 3.3 M.' ,., 39.7 '" 15.9 1 

" 78,4 '.0 61.4 3.' 83.' ,., " .. , .. 16.96 

" 76.0 '.9 59.f> ... f>1.6 , .. '-""I'I.i'" "'-1.1 . ... 18.03 

" 73.8 ,., 57.7 , .. -"'5(1 •• '- ... 

" 
.. ••• u 19. 13 

"' 71.7 ,., .... , , .. b' ••• ••• o. 20." 

" 69.7 ,., M.' '.9 .,. u •• U 21.46 

" 67.8 , .. 83.' ••• 22.66 

'" .0.0 , .. 51.7 '" 23,90 

" 64.3 .. , 80.' , .. 25.18 .. 62.7 3.' --~1.1" 
... 
" 
_ . 

26.48 

" 61.2 3.' ne .. 27.82 

" 59.7 '.0 b.' .. ".W 
" .... M ".00 .. - ". .... 1.'-" 32,04 ., • • " 33.52 

,- 31.68~ fl.lg i""bW 28.113 inehe.t 20.49 incbotJ 
~., "" , ..... ISU i""t.c.- ,~, i ... ~ IlU i""h'" ... ' 107.Q 11:& per h . ~9 It::.. per It. ", IbI. per It. m.1 It.. peril, 

1-<:>a<Il ,......dine \_ ~_ . """' horUonw Ii .... will prod_ mWlIlIlra all .... obIt ot.M 
ill..w. oM rtill'wero "'ould ~"" ill ..:cord . ..... with CotIottueIiOll S=U-

Wei&htoli_lor PnI ... do lICIt iIIcIudulill'caeno, riviIII headlor other . 

'" 



CAR.NeO I B STeeL COMPANY 

RIVETED PLATE GIRDERS 

SAn LoADS IN TuOU!lANO!l OF POUND8 UNI7QIWLY DIsTRfBUTED 

11~ 
r.U~ 'C.'" _u'=- c....; I r.12~ r tf· ... r,~ 

! 

~ 
1 1 ! i~ 

• • • • 
~ I~ It 1 j I~ I~ 14 L.; ~t; 

'r:" • 
~H ~H 'I 'I , 'I 'I 'I • F* 

~!~ ~.- " ,w- .11- .11- j « ~< ... .. < .. < 

:11 :11 :11 :11 d ~n m in 
il:ro:~ iI:!o:~ ••• ~ 

:ii~ ~! ""'~ ""'''' ""' ~ :ii~ ""'~ ~'l. ~ .. ~ ... ,; ~. fi .. .; il ... .; - .. _'t. .'!. _h -'l _l~ .!.l~ ":I;; I--
-iIHr m. 

" -".,.- 10.36 ,. 260.1 ,., = .• ILlII 

" 240." 
140:2 

221.6 12.07 
28 232.8 -tMr 213.6 12."8 

" 224.3 135 .• ,..., 13.92 .. 216.8 130." 130.4 199.4 14.00 .. ..... 126.7 126.2 192.9 Ui."1 

" 
.,.., 122.7 122.2 186.9 16."6 

'" 197.1 119.0 118.6 181.2 18.03 .. 191.8 11ft.5 116.1 176.0 ~:13 
" 185.8 112.2 111.8 170.9 .28 .. 180.G ,w.,- 109.1 IOS.7 16(\.1 1.4[, 

" 176.8 100.1 105.7 IGI.6 , ... 
" 171.1 144.3 103.8 102." 167.4 ::90 .. 16(\.8 loW.6 100.7 '00' 1~.3 .l8 .. 162.6 --""'-- 137.1 ... , ,a 1.9.6 . .. .. 158.G 147.0 133.7 " .• Oft .• 145." ~ ,." ., 164.8 143.6 130.6 ... , 93.' 142.4 .'" 
" UI.3 

h:tt 
140.2 127.6 "1.3 01.0 139.1 129.6 .00 .. 147.8 137.0 II4.G 89.2 88.' 18[,.0 IH.6 , ... ., 1«.6 1301.0 121.8 87.2 .... 132.0 123.7 ~:~' .. 1.1.. 131.0 110.2 

.,.. 
'2.0 130.0 121.0 .02 

" 188 •• 140.9 '>8., 116.7 "' .. 83.' 127.3 118.6 8" .. 136.6 137.9 12ft.6 114.2 ". ." 124.6 116.0 38.1. .. 132.7 1~.1 123.0 111.9 .0.> , .. 12"2.1 113.G 30.7. 

'" 130.1 132 .• 120.6 109.7 78.5 78.2 119.6 111.3 L" 
" 127.6 .". 118.2 107.6 >7., 7G.7 117.3 109.2 

H!:01l 

" 121i.1 127.8 1111.9 10.5.4 76.6 7ft.2 II1i.O 107.1 ." 
" 122.7 124.9 113.7 103.6 7 •• 1 73.8 112.6 105.0 46 .• 9 

" 120 •• 122.6 II 1.6 101.6 72.7 72 .• 110.8 103.1 ~}6 
" 118.2 120.4 lOG.G 88.' 71.4 71.1 IOS.7 101.2 ." .... .... aut 41.15 M.U u .• N.'" ." .,'" fL- I 8,., MO.' m. ." 614.0 ..... ..., ." 621 .• I •. • 

W. , ... m.8 lIiU 110.7 ,,,, 11&1 , .... 160.0 ..... 
LoodI ~ !oQri_tallJD. ~ to aMI..-u- "-" oa mWmlllll &llowabl._ 

1_ ~ ri_ Wob 1li1f_lIbo.IId ~ec1 i.o.....,.,j ..... wilb u-tnoctioa SpecifiealloQl . 
• " cjYIIIlot ci!den do !lOt !lid 1Ii!"-. riTM beIdt ot oIher debilt. ... 
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R. I VET ED G IRDE R. S 

ruVE'fED PLATE GIRDERS--Contin\led 

SAn: LoADS IN ThOUSANDS or POUNDS UNIPORloILT D I8TRll1trn:O 

I ~~ .; U'· . :no; ,,,,., {t," I ~ f+'" rr 
t [[ITt L~L ·tlJ 

~'~ l 
Foet. ') II • , IJ II ') -11 ! 

~1~ ~ij ~1 !l !ii ~R ~U ~f1 ~~ 
lJ!O:~ ~~... :~ ~r:;: lI:r:;:1i: ~:o:r:;: ;:t~r:;: ~r;;;:;; '" ~ ~'" ~'" :iii :d :iii", :iii", :iIi~ ~ 
~., h" ~. "" ~.' ~,. i!'. 110

• __ .;l •• ;l _. -=!... _.. _l. ~ ••• _ 
" " " " " '" " " " " '" ,. 
" 38 

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

.wr 
129.7 
126.[, 
123.4 
120,[' 
111.7 
116.0 
112.4 
110.0 
107.7 
105.4 
103.3 
101.2 . .., 
" . 'M . .., 
"'.0 

-n'¥n-
128.3 
1240.7 
121.3 
118.1 
111i.1 
112.2 
109.11 
1011.0 
104." 
102.0 ... , 
97.8 
.M "., IU.6 
89.8 
.8.0 
.6.3 . .., ""., 
81.6 

1 • .<1 ~ 
""I"2'T':r ~ 

116.7 102.2 
11 2.:j 98.4 
IOS.8 t)4.0 
1()4.6 111.6 
101.1 88.6 moO 
97.8 8:1.7 132.0 
94.8 83.0 128.7 
01.9 SO.II 124.8 
89.2 78.1 -1!I!L. 121.1 
86.7 71i.0 132.6 117.7 
84.2 73.8 
82.0 71.8 
79.8 69.0 
77.8 08.1 
76.8 66.0/0 
7<4.0 64.8 
72.2 63.3 
70.:1 61.8 
68.0 60.'" 
87.4 69.0 
M.O 67.8 
M.lI M.II 
63.2 M.4 
61.9 M.2 
60.7 63.1 
69.:> li2.1 
68.3 61.1 
117.2 60.1 
66.2 49.2 
M.I 48.3 

,w 

128.6 
12.5 •• 
122.1 
119.0 
lUI.O 
118.2 
HO.6 
107.6 
10li.6 
103.1 
100.0 ...., "., ... , 
92.8 
91.0 
89.2 
87.6 
SO., .... 

II •.• 
111.3 
108 .• 
10li.6 
103.0 
100.5 

"" .... .,.. ... 
89.5 
87.6 .... .... 
82 .• ... 
7t1.2 
77.7 
76.3 
74.9 

'". -n7:r 10.35 
1-.0 122.2 1I.ltI 

l!f.I:"!r 11 7.7 12.07 
130.1 113.5 12.98 
12t..6 109.6 13.92 
12104 10li.6 \4.90 
117.5 102.5 1.5.91 
113.8 96.3 16.9.5 
110.. 00.3 18.03 
107.1 93.6 10.18 
10·1.1 00.8 20.23 
101.2 88.3 21.4.5 
98.S 85.0 22.66 
OS.6 83.6 23.90 
93.. 81.5 25. 18 
91.1 70 . .5 26 .• 8 
88.9 77.5 27.82 
86.7 7S.7 29.20 
84.7 73.9 30.60 
82.8 72.2 32.Q.4 
SO.9 70.6 33.t.2 
79.2 69.1 35.02 
77.t. 67.6 36.66 
75.9 66.2 38.1. 
7 •. 3 M.9 39.7. 
72.9 63.6 .1.38 
71.. 62.8 3.M 
70.0 61.1 «.76 
68.7 60.0 .6 .• 9 
67.4 68.9 ~~.~(I 
66.2 ;H.8 oMI.07 



C;"RN~O I E STEEL COMPANY 

RIVETED PLATE GIRDERS-CoDcluded 

SAn: Lo.-\D8 IN TUOU!U .... D8 or POUNDS UNIFOR.lU.T DISTRIBUTED 

..,., J • • ,~ • 
~l J ~t 
~!:: 

rl 
II" 3 

'" " " " " ',. 
26 111.1 

" 107.0 

" 103.2 

" ".6 
ao ... .. 78.0 . .., 
" 75 . ."; "'. " 73.2 87.6 .. 71.1 "' .. 
M 69.0 ".6 

'" 76.7 67.1 tt2.2 80. 

" 7 •. 6 6'-' 109.1 78.1 .. 72.7 63.6 100.3 76.0 

'" 70.8 62.0 103.5 H. I .. 60.' 00.' 100.9 72.2 .. 67.4 OS., 70.5 ., 65.7 57.6 "'.6 ., M.' "'., 67.2 .. 62.8 M.' "., .. 61.4 63.' M.' 



RIVETED OIRDERS 

RIVETED PLATE GIRDEHS 

~ To obtain. elnler .ldtable to IlaI'T'J" an,. ~fted 
J -vo, lO&dlng, detfl"lIlloe th" marlmum end l'9IM:Uon 10 pound. 
, P . and ~he maximum bendlog momen~ In inch·VOunm.. , 

Select from the ta.ble III glnler having the dOlllred , 
, ' depth. a thlclm_ of .... eb all detollrmlnoo by t he maximum 

'" . : ! - -'. cnd f'OII,Ctlon and a IJUltable .ectlon modullUl .. det«-
. : mined bydl,·ldlna the h(mdlna momeDt by the perm1a-'We . , .u·_ pet square loch • 

'! For Ilmltlq condit ions _ uplaaatol7 IIOIM aDd 

~ 
Connructlen Spcdtlcatlonl. , \4. Wclghu gIven do net Inetude IUJreoOl'1l . rll'e t hoadlo, 

L or elher d6ta11l. 

Wllipl per F""'. W ...... 
SeoIioD SiN in I,.,,,,," ""' ... "'" ModuiUl. , ...... 

Web I'Iaa. ;, 
Axill·l. ..... "- "- ... -. ........ , .... "'. ,~" "'" "- Po" 

., - ...... 
136.6 ~x 3 x,", 59.6 .... 
168.6 4x 3 x }i 69.9 .... 
1911'.7 (;x3loix}i 7!l.9 .... 
2311.1 24 I ~. 6x3J.ix,", . .., .... 
335.0 h3J,ixJ.i 12 x J,i 79.9 fO.8 .... 
312.9 6x3)ijx}i 12x,", 79.9 IH.O .... 
"08.6 6x3l-ix,", l::l x '"' 62.1 61.0 .... 
I"Z.6 4 x 3 xU .... 66.8 
111.5.6 IIx3J.i x ,", 72.2 00.8 
17".6 "x 3 xloi 76.0 00.8 

,.'" 4x 3 x,", 85.0 'M ,. ... 1I.l3)ijx)ij 85.0 

I 
.. .. 

24Z.0 ::4 x U 5x3)ijx,", 97.8 .... 
270.9 5x:H1ixU IZX,", 72.2 ,.., .... ,... , IIx3loix,", 12xJ.i 72.2 "0.8 60.' 
343.6 5x3)ijx)oji 12 x)ij .... 40.8 60.8 
378.6 6x8loiixloii 12x,", .... 51.0 6O~ 
414.1 6x8J,ix,", 12 x '"' 07.8 61.0 OO~ 

161.6 "'x 3 x ,", 61.11 615.3 
176.8 6 x3).ix ,", 69.2 66.3 
186.6 4x 3 xl-i 72.0 M.' 
201.2 6x f x,", 76.8 M.' 
219.6 6x3)ijxJ.i 82.0 ".3 
26Z.0 IIx ... x J.i .... .... 
"'.1 6x3loix U ".8 ".3 
21:11 .3 Z6x~. 6x3loixU IZx,", , ... ,. .• ,.., 
301.0 .. .... 107.6 66.3 
3Z9.11 6 x3loix ,", 12 x ).i 69.2 "'0.8 66.3 
334.8 6x 4 x,", J./,xU 711.8 35.1 M.' 
370.7 IIx3J.ixloi 12 x H 82.0 "0.8 .... 
379.4 IIx ... x ,", J./,xH 76.8 "'7.11 ... 
408.6 6x8J.ixloi 12 .. '" 82.0 61.0 .... 

,,, 



CAR,NEQIE STEEL COMPANY 

RIVETED PLATE GIRDERS---COnlinued 

bu. l ..... W ... ~Foot, N'-' ...... ....... ... 
.~ ... ~cioD. 

WebPIaM • Ani-I. w .. := "- ... ll::: --,- • "'. "'- = ....... 
428.4 e.lt 4 .)i 14.1t }i " .. 47.e ... 
4017.9 6.1t3}i.lt'" 12. '" ... IH.O .... 
472.7 2e. "'_ e. 4 .It}i 14 .It '" " .. " .• .... 
610.6 e.lt • .It'" 14.1t '" 107.6 69.6 .0.> "' .. 6.1t 4 .It,", I4.1t K 107.6 71 .• "'. 
168.6 • .It 3 .It ,", 67.2 67.6 
183.8 1Jt8)i.lt,", 74.8 e7.6 
193.6 • .It 8 ,.J.i 77.e e7.6 "". , 6s: 4 .It'" 82 .• 67.6 
226.6 4,. 8 .It'" 87.6 67.5 
226.6 1I:13J.i,.J.i 87.6 67..5 "'., 6.1t 4 ,.J.i 98.0 67.11 
267.6 ,h3}iX,", 100 •• 67 . .5 ,.8.0 Iix3}ix", 12,. '" 74.8 30.' 67 . .5 
807.' 6.1t 4 ,. ", 11 3.2 67.0 ""., 6.1t8}i,.", 12 x Ji 74.8 .0.8 67 . .5 
MI.O .. ... 6x • ,.", H x,", 8U "., 67 . .5 
SM.' 6,. 4 sU 127.6 67 . .5 
877 .• OdJixJ.i 12,. )i 87.6 so .• 67.0 .... , e.lt 4 ,.", 14,. }i " .. 47.6 67 • .5 
. 16.2 6x8}i"Ji 12s H 87.6 61.0 67.5 "'., 6,. 4 .ltJi H .ltJi 08.0 47.6 67.5 .,u h3Jix'" 12 ,. '" 100.4 SI.O 67.S 
479.3 6.1t 4.1tJ.i 1 • .It '"' 98.0 "., 67.5 "'., .. .... 14 " H 113.2 " .. 67.5 ..... •• .... 14.1t~ 113.2 71.4 67.5 
e13.9 •• "U 14 x '" 127.6 71.4 67.5 ..... • .It 3 s}i so., ". ..... ..It 3 S", "'., " . "' .. 8:13J.i.ltJ.i "'., , .. ..... e ••• }i 103.8 "' . 27 • . 5 5:13Ji.", IM.II , .. 
81 •. 8 6.1t 4 .", 118.7 , .. 
861.8 6.1t 4 .J( 133. 1 , .. 
.... 0 ...... 6 .3Ji.}i 12 ,. )S "'., SO • , .. 
. 21.8 6:13J.i,.Ji 12,. " "'., 51.0 ". 4011.7 6.1t • ,.}i 14. Ji 103.5 .7.6 , .. 
. 61. 1 6.1t8}i.'" 12 • '" IM.9 51.0 78.8 
. 85.9 6x • .It}i 14 . '" 103.6 69.6 , .. 
"'., h 4 ,. ", 14. '" 118.7 59.5 78.8 
576.5 e.lt •• ", 14,. J( 118.7 71 .• 78.8 ..... ex .. ,.J( 14,. J( 133.1 71." "' . 



RIVETED OIRDERS 

RIVETED PLATE GIRDER$---Continucd 

8i.;D 10."", W~FOQI., Muimum .... , .... ........ ... '" 
" ADo I-I. Web 

\\".b Plat. --"- ",. ... "- o. 
"""" "~ - "'* "- "'a -..... 
1&5.6 ~x3}ixH 70.3 ,.., 
211.0 Ox 4 xH 77.0 , ... 
230.3 6x3}ix}i 83. 1 "' .• 
204.1 Ox" xli 03.11 "' .• 
273.2 IIx3}ixH D{i.9 , ... 
.0 ... 6x3}ixH 12 x H 70.3 80.' "' .. 
3111.3 6x 4 xH 108.7 "' .. ..... IIx3}ixH 12 x}i 70.3 40.8 "' .• 
349.8 2i x ti. (\x 4 xH .4 x H 77.11 .U "'.3 
387.3 lix3}ix}i 12 x J.i .... .,. ,.., 
396.2 Gx 4 xH 14 x J.i 77.9 47.6 "' .• 42(1.7 ~x3J.ixJ.i 12 x H 83. ' 6 1.0 , ... 
4"7.4 Ox 4 xJ.i 14 x J.i 93.~ 47.6 M.' 
407.7 ~x3J.ixH 12 x H 06.0 6 1.0 M.' 
493.4 6x 4 xJ.i 14x H 03.6 51:1.11 "' .• 
642.4 Ox 4 xH 14 x H ]08.7 59.6 M.' 
.... 0 6x 4 xH 14 x K 108.7 71.4 "' .• 
]03.1 5x3J.ixJi 76.0 67.5 
218.6 6x 4 xH 83.' ,,~ 

237.8 6x3J.ixJ.i 88.8 ,,~ 

271.6 6x 4 xJ.i " .. 67.5 ""., 6x3}ixH IOLG 67.5 
811.7 ~x3}ixH 12x H 76.0 "' .. 67.6 
82"2.7 6x 4 xH 114.4 07.6 
8.51.4 ~x3}ixH 12 x J.i 76.0 40.8 67.6 
M7.1 

". ~ 
6x 4 xH 14x H 83.' M.' 67.5 

371.4 6x 4 xK 128.8 67.6 
394.6 .5 x3JixJi 12 x J.i 88.8 <0.8 07.6 
403.4 Ox 4 x,", .4 x '"' 83.' 47.0 67.6 
U7.n Ox 4 x~ 143.2 07.6 
<1.33.8 6x3}ixJi 12 x H 88.8 61.0 67.5 
4M.6 6x 4 xli 14xJ.i 96.' 47.6 67.(1 
474.8 6x3}ixH 12 x H 101.6 61.0 67.6 
000.' 6x 4 xJ.i HxH 'U 69.6 67.6 
&-tIM Ox. xH 14x,", 114 .• 69.11 67.6 
Ii~.l 6x" xH 14x,," 114 .• 71.4 67.6 
641.2 6x. xK 14 x "" 128.8 71.4 (\7.6 

2406.2 lix3J.ix}i .... ". 
2711.0 'l7 x ~. 6x • .IJ.i 10.5.0 ,.8 
2SB.< 5x3j.i.l", 107." '8.8 
330.2 6.1 4 .I'" 120.2 78.8 

." 



CARNEO I E STEEL COMPANY 

RIVETED PLATE GIRDERS-Continued 

SUa ia _bel W~!:d.root, WPi .. "", ..... ... 
.~- -"" Web Plat. 

., 
AU I.I, 

W~ :':;r.: \l::: ... \l::: 
", ...... 

I ..... .,.. :':;r.: " r~ ... 

878 .8 6x 4 x~ IM.6 78.8 
401 .7 6x3~x~ 12 x}i <H.' "'.8 78.8 
4U.3 6x 4 x }i 1"9.0 OS. 
4"0.9 5:r;3~ x )i 12x~ .... 51.0 78.8 
461 .8 Z1 x *. 6x 4 x,", 14 x )i IOS.O 47.6 OS. 
482.0 5x3~ x~ 12x H 107.4 51.0 OS. "',., 6x 4 x }i 14x H IOS.O w .• OS. "" .. 6x 4 x H 14 x '" 120.2 a".5 78.8 ""' .. 6x • x H 14 x J( 120.2 71.4 78.8 
048.2 6x 4 x~ 14 x" 134.6 71 .• OS. 

1!M.5 51:3~ 1:" 71.4 86.' 
221.0 61: 4 x H 79.0 86.' 
241.1 51:3~x ~ ".2 86.' 
276 .3 61: 4 I: ~ 'M "" "'.8 51:3j.i I: H 97.0 ".3 
817.8 51:3}ijx H 12 x '" 71.4 30.' . M 
329.7 6x 41: H 109.8 ... , 
359.0 5x3}ijI: H 12 I: )i 71.4 40.8 "'3 
3 .... 281:~. 6 1: 4 I:~ 141: H "' .. M.' .... 
404.0 a I:3)ixJ.i 12 x J.i 8 ... "'. .. .• 
413.1 Ox 4 x ,", 14 x J.i 79.0 47.0 .... 
444.8 5x3J.i xJ.i 12x ~ ".2 51.0 .... 
461:1.5 h 4 1:J.i ,-10 x).i .... 47.6 ,.., 
487.0 5xSj.i I: '" 12 I: '" 97.0 51.0 . .., 
614.2 61: 4 xJ.i 141: ~ .... "' .. . .., 
8M.' 01: 4 1: '" 14x~ 100.8 5".5 . .., 
612.7 Ox 4 I:H 14 1:" 109.8 71.4 .... 
, .... 5xSJ.iI:H 77.S 67.6 
229.0 61: 4 I:H ".9 67.6 
241U 5I:SJ.iI:J.i 00.1 67.5 "' .• 61: 4 1:J.i 100.6 67.5 
"'.8 h3j.ix~ 102.9 ". 325.0 5x3Jix~ 12 I: '" 17.3 30.8 ". 337.7 "." 01: 4 1:,", 116 .7 ". .... , 5x3J.iI: H 12 I: Ji 77.8 ".8 " . 872.8 61: 4 xH 14 x '"' " .9 M.' ". ..... 61: 4 x~ 130.1 " . 411.7 6J:3JiI:}i 12 x}i 00.1 "'.8 .,. 
420.8 61: 4 xH J41:)ij " .• 47.6 67.5 
437.0 01: " x}i 144.5 67.5 
U2.5 6x3)ijx}i 12 x '" 00.1 51.0 ". 

~-----------------------



R I VETED OIRDER.S 

RIVETED PLATE GIRDERS-Continued 

$oe in Lmcbeo w~rOOl, 
Muia""" ...... "" "- ...... 

I'r'tb Plato .. 
AQ].]. W" = Ii:::: ... "- ""'-"" 
I ..... "'~ ~ "'* " , .... 
474.3 6x 4 :1)1 ]4x H ]00 . .5 47.6 67.6 
40.5.3 5x3)1x H ]2 :l U 102.0 51.0 67.5 
521.9 28:1 U 6x 4 xH ]4X U ]00.5 59.5 67.5 
573.1 . .- ." ]4 xU 11 6.7 59.5 67.6 
620.4 6x 4 :I ,", ]4:1 U 115.7 71.4 67.5 
668.' e. • . " 14x U 130.1 71.4 67.5 

257.1 5:13HxH " .. 78.8 "' .. 6x 4 :lJ.i 106.6 78.8 
301.8 lix3}i:lH 108.9 78.8 
345.8 6x 4 x H 121.7 ,.. 
300.5 6x 4 xU 136.1 'U 
419.6 5x3HxH 12:1 )i 06.' 40.8 78.8 
4411.1 28 x~. 6x 4 xJi; 160.5 78.8 
460.2 5x3HxH 12 x H 00.1 51.0 78.8 
482.0 6x 4 :1)1 14 X H 100.5 47.6 78.8 
000.' 5x3HxH 12:0: U los.n 51.0 78.8 
629.6 6x 4 xJ.i I4:o: U 106.5 69.5 78.8 ..... 6x 4 x ,", 14x H 121.7 60.5 78.8 
628.0 ." ." 14:0:" 121.7 71.4 78.8 
67G.2 ••• . " 14:0: U 13G.l 71.4 78.8 .. " 5x3)i:o:H 79.9 74.3 ""., 6x 4 :o:H 87.6 7<1 •• 3 
272.1 6x3)1xH 92.7 74.3 
310.3 6x 4 xH 103. 1 74.3 
320 . .5 I>x3Hx,", 105.6 74.3 
353.8 5x3j.ix,", 12:0: H 79.9 30.' 74.3 
300.2 {;x3)1x" 117.5 74.3 
368.1 6x 4 x ,", 118.3 74.3 
397.8 5 x3J.ixU 12x H 70.0 40.8 74.3 
4()i .7 6x 4 xU 14:0: ,", 87.5 "'., 74.3 
423.1 ",." 6x 4 xU 132.7 74.3 
<ltG.6 6x3HxH 12:0: H .'-' 40.8 74.3 
"oW.1 6x 4 :I'" 14 x H 87.6 47.6 74.S 
475.8 6x 4 x}i 147.1 74.a 
400.3 {;x3Hx H 12x H OZ.7 51.0 74.3 
514.0 6x 4 x)1 14 I)i 103. 1 47.6 7<1 .. 3 
"'., 5x3)1xH 12xH 105.1> 51.0 74.3 

",.. 6x 4 x)1 14xU 103.1 59.5 74.3 
OW., ••• ." 14xU 118.3 59.5 74 .3 
671.3 e.. ." 14 I " 118.3 71.4 74.3 
723.8 e.. ." 14 x" 132.7 71.4 71.3 



CARNEOIS STSilL COMPANY 

RIVETED l'LATE GlRDERS-Continued 

s-.. i:at ....... w .. ' pol" FOOl, ........ ..... ,..,.,. .,.. ... - _ .... 
Web Pia", 

.. 
.bill-I, --W .. ,- :.'.:':!: ... :.'.:':!: " , ..... ,..~ "" .. ' ..... 'w'" ,~'" 

281.~ 6x3 }ix}i 99.0 , ... 
319.6 ex 4 x}i 109.4 , ... 
321H 6x3 J.ix ,", 111 .8 " .• 
376.& 6x3 J.i x H 123.8 " .. .,,. ex .. x ,", 124 .6 .... 
.,,~ ex 4 x U 139.0 " .. .... 6x3 !-ix}i 12 x H " .0 <0.8 " .. 
"86.0 3Ox n . ex" x U Uia.4 ,,.. 
"99.2 6x3 H x H 12 x '" "'. 61.0 , ... 
623.0 6x 4 x H 14 x J.i 109.4 47.6 " .• 
/H6.6 6x3 H x '" 121: H 111.3 .51.0 ,,.. 
67~.0 ex " x }i 14x H IOU." " .. ,,.. 
629.6 ex 4 x H 14 x H 124.6 69.6 , ... 
680.1 61: 4 I: H 14 x U 124.6 71.4 86.6 
732.6 61:" I: U- 14 x U 139.0 71.4 86.6 

"".6 6x3~xloi 106.4 ".0 
a28.8 6x .. x loi 116.8 " .0 
338.9 6x3J.i _J.i 118.2 ".0 
384.7 6J:3 HxU- 130.2 "'.0 

" ... el:" x H 131.0 " .0 
"41.5 ex .. xU- 146." ... ..... 6J:3 Hx H 12 x * 106." <0.' " .0 
4114 .2 " .. ~ ex" I: U 1[,0.8 " .0 
.... 0 6J:3 J.i xJ.i 12x H 106.4 61.0 ".0 
63 1.9 ex " xJ.i I~ x J.i 116.S "7.e ".0 
50,. 6x3 J.ix H 12x H IIS.2 51.0 " .0 
682.8 6x" I:H 14 I: '"' 116.S 59.5 99.0 
63S.3 el: 4 x,", 14 I: H 131.0 MI.5 99.0 
68S.9 6x ~ x ,", 14 X " 131.0 71.4 00.0 
741.3 6x .. xU- I" x H 146.4 71.4 00.0 

21H.7 6x3J.ixH "., SI .O 
"'., ex " x,", 91.8 SI.0 
""., 6x3J.ixloi ... ... ,.. .. ex e x,", 101.7 121.6 

""'. ex" xH 1011.9 SI.O 
381.5 ... ~ 6x3J.ixH , .. ~ S1.0 
"'.6 el: 6 1: J.i t20.5 121 .5 
396.9 6x3 J.ix H 12 x H "., "' .. 31.0 
"12.6 6x3}ix H 121.3 81 .0 
"1".7 6x .. d i 122. 1 SI .O .... 6J:3J.iI:H 1lI1:J.i "., <0.' SI .0 ..... dJ; .. I:H !<IoxH 91.3 "., 81.0 



RI VETED O I RD ERS 

RIVETED PLATE GIRDERS-Continued 

f\iMiIor...- W~Fool, ....... ...... ... ........ ....... 
Wob l'II" 

I, 
Alii 1.1, Wob r::: "- ... ~ 

...... , ..... ,.. 
"'~ r::: • -. 

4 M.1I 6x 6 x~ 138.11 121.05 
476.1 6x 4 x ~' 136.5 81.0 
417.(1 6x 6 x~ 14 X H 101.7 "'., 121.05 
4911.8 5x3}ix}i 12x}i , ... 40.8 81.0 
510.0 6x 4 x H 14x}i 111.3 47.6 81.0 
625.4 (Ix 6 x U 156.9 121.3 
534.1 (Ix 6 x,", 14 x }i 101.7 47.6 121.05 
MS.O 6x3}ix}i 12 x H , ... 61.0 81.0 
574.7 6x 4 x}i 14x }i I06J I 47.6 81.0 
690.6 6x 6 x ,", 14x,", 101.7 69.6 121.05 
50:2.6 ." " 6x 6 x Ji 174.5 121.05 
5911.9 6x3}ixH 12 x H 109.3 51.0 81.0 
607.1 (Ix 6 x}i 14 x }i 120.5 47.6 121.05 ""., .. .. ~ I4xH 106.9 511.5 81.0 ""'. , •• .. ~ I4xH 120.5 59.5 121.05 
"".0 •• o ." 14xH 122. 1 59.6 81.0 
7 19.2 G. G.~ 14x" 120.5 71.4 121.05 
732.7 .. , ." 14 X H 138.9 511.5 12UI 
7.s.11 .. .. " I4x" 122.1 71.4 81.0 
788.3 •• .. " 14 x " 138.11 71.4 121.05 
80'-' ,. o .~ 14 X " 136.6 71.4 SI.O 
OM.' .. .. ~ 14 x J( 151U I 71.4 121.5 

318.11 5x3)ix)i 103.5 , ... 
361.6 (Ix 4 x)i 113.11 ... , 
372.7 5x3)ixH lUI.3 ... , 
394.8 6x 6 x)i 1:n.5 141.8 
423.7 6x3}ixU 128.3 .... 
425.8 6x 4 xH 1211. 1 94.6 
467.0 6x (I x~ 146.11 141.8 
487.2 6x 4 xU 143.6 ... , 
5 10.7 a3 x lit 5 x 3}ixJ.i 12 x}i 103.5 40.8 .... 
536.(1 (Ix 6 xU HI3.11 141.8 
"'.8 5][3)ixJ.i 12xH 103.5 5 1.0 , ... 
"' .. 6x 4 x)i 14 ][ J.i 113.11 47.6 ... , 
'OU 6x (I xU ISI.5 141.8 
(lIO.G 6x3J.ix,", 12xH 11(1.8 51.0 ... , 
(117.9 (1][ 6 xJ.i 14 x J.i 127.5 47.(1 141.8 
&61.7 ,. .. ~ 14x H 113.9 69.5 .... 
(173.11 ,. .. " 14 X H 127.6 59.5 141.8 
"'.8 .. .. " 14 x '"' 1211.1 69.6 " .• 

'" 



CARNEOIB ST EE L COMPANY 

RIVETED PLATE GI RDERS-Continued 

8iooiJo ' ....... W.t_Foot, 
M ...... - ....... 

"'" "~ .... ...... . ., ".. 
" AOJ.!. ." \':;C "- ... "- ""-" 
" , ..... 

""" 1'Io~ \':;C 1'Io~ 

""""" 
729.9 .. , . H l"sM 127.5 71 .4 141.8 
7-&3.$ , .. ' H 14s H 145.9 69.5 141.8 
7$0.11 33s ~. 0.. . H I"s!i 129.1 71.4 M.' "" .• 0.. . H 14 s "4" 145.9 7 1.4 141.8 
818.3 ... ." 14s M 143.5 71.4 M.' , .... ,. . . " l"sM 1113.9 71." I·U .8 

•• 0.0 5s3j.i sj.i lIO.5 108.0 
372.6 Os" s j.i 12().0 108.0 
383.' 6 s3j.is)i 123.3 108.0 
400.0 Os 0 sj.i 13Ui 162.0 
434.9 5s3j.isM 135.3 108.0 
437.0 Os " s )i 130. 1 108.0 
0178.2 Os 6 s )i 

I 
152.0 1(12.0 

40S.4 Os " s" 150.5 108.0 
521.5 5s3j.is j.i 12 s j.i 110.5 .0.8 108.0 
547.8 6s 6 s" 170.9 162.0 
560.11 6x3j.ix.li 12 x )i 110.5 111.0 108.0 
500.4 33 s }i 6x 4 s .li 14", j.i 120.9 47.0 108.0 
615.0 6",6 sU 188.5 162.0 
6ZI.. .h3}is)i 12 x)i 123.3 51.0 108.0 ."-, (Is 6 s.li 14 s .Ii 134.5 .7.11 162.0 "'., ... . H 14s H 120.9 .... I OS.0 ..... ••• . H 14 s H l:U.5 50.11 162.0 
7101.5 ... ' H 14 x H 136.1 69.5 IOS.0 
7010.11 .. , ' H 14",M l :U.5 71.. 111Z.0 
7M.3 ••• . H 14 x H 152.9 50.5 162.0 
770.3 ... . H 1<Ix" 136.1 71.4 Ule.O , . .., ... . H 14", " 1:.2.0 71.4 162.0 "" .• (1",4 xU HxM 150.5 71.4 "" 87(1.3 IIx 6 xM 14xM 170.9 71.. 162.0 

318.0 (Ix. x H 95.1 87.8 
344 .• IIx3)ix)i 100.3 87.8 .... (I", (I xH 106.11 135.0 
391..( 6X • a)i 110.7 87.8 ""., 1I",3)ia )i 113.1 ,,. 
. 30.3 36sJ..j" 6", (I a)i 124.3 135.0 
.60.0 IIx3)iaJ( 125.1 8 7.8 
462 .• 6x 4 xli 125.9 87.8 
003.' ... . H 14 x)i 95.1 33.' 8 7.8 
1II0.S .. , .H 142.7 135.0 .... , , .. ." 140.3 87.8 
631.13 ,.0 'H 14sH IOS.5 33.' 135.0 

'" 



R I VETED O I R;D ER;S 

RIVETED PLATE GIRDERS-Continued 

..... BiM "' r..- \\''T~root, ldu,-... 
Mod ...... ~tioot. 

lI'ob l'\aw .. 
Ad 1.1, Wob ::;:: - ... - ,.",...... 
, ~ .... 

"'~ "'~ .,.~ - • 
'q'" ,~ ... 

U4.3 :i%3JixJ.i 12 % Ji 100.3 ". 8 7.8 
:i~. l 6 % 4 %H U% j.i 0:\. 1 47.6 8 7.8 
603.2 6% G %H H %J.i 100.5 47.6 135.0 
61M.3 G% ~ %}i 154.7 .,. 
606.8 :is3Ji% Ji 12 % ~ 100.3 51.0 ,,. ..... 6 % 4 %Ji 14%j.i 110.7 47.6 .,. ..... 6 % 6 %J.i 14 % ,~ 10.5.(. 5\1.5 135.0 
6&1.2 ". ,. 5 %3).i %J.i 12 % H 113. 1 51.0 .,. 
674.4 6% 6 %).i 14 % 'i 124.3 47.6 135.0 
698.0 , .. .,. 14 % H 110.7 59.5 87.8 
735.5 ." . ~ 14J: H 124.3 6\1.5 13.5.0 
700.6 ... .,. 14J: J.i 125.0 59.:i 87.8 
700.8 '" 

.,. 14 %U 124.3 71.4 13.5.0 
813. 1 .. , . H 14J: J.i 142.7 59.5 135.0 
827.6 ... . H 14J: U 1:l5.9 71.4 87.8 
873.8 ." . H 14 J: " '42.7 71.4 135.0 
892.8 ... ." 14J:U 140.3 71.4 87.8 

3-67.7 5J:3).i& ).i IOS.O 102.4 
4(1.1 .7 6J: 4 &Ji 118.4 102,4 
417.0 :iJ:3).i% J.i 120.8 102 .... 
443.6 GJ: 6 J: ).i 132 .0 157.5 
473.3 :i J: 3).i J: U 132 .8 102.4 
475.7 6% 4 J: H 133.6 IOZ.4 
623.8 6 J: 6 x H 150.4 157.:i 
5403.6 6% 4 %" 148.0 102.4 
507.2 ;5x3).i% Ji 12 X Ji IOS.O 40.8 102,4 
008.' 36 J: loi. 6% 4 %}i 162 .4 102,4 
619.7 5%3).i% ).i 121<J.i 108.0 .51.0 102.01, 
649.5 6% 4 x ).i 14 % j.i 118 .4 47.6 102.4 
077.1 5%3j.iI<H 12 I< J.i 120.8 51.0 102.4 
G87.3 6x 6 %).i U I<Ji 132 .0 47.6 1;;7.5 
710.8 ... .~ 14 % H lt8.4 59.5 102.4 
748.4 .. , . ~ 141< J.i 13 2.0 50.5 1lI7 .5 
770.6 ... .,. 14J: J.i 133.6 60.5 102 .... , .... ••• . ~ 14 x " 13 2.0 7 .... 167.5 

"6.8 ... • H l"'l< ).i 150.4 " ., 157.5 
8<0.' ... . H I", J: " 133.6 71.4 102.4 

"M , .. ' H 14% " 150.4 71 .... 157.5 .... ••• ." 14 J: " 148.0 71." 102.4 



CARNEO I Il STeEL COMPANY 

RIVETED PLATE GIRDERS- Continued 

500,. 1 ....... w.opt pol' FO<Ii. ..-...... , .... , ... 
Moctul •• 

_ .... 
We PI.", .. 

AU.-!, .... "- "- ... "- n..."" , ...... ".~ "". 
ft __ 

::: ""- • ,~ ... 
418.0 Gz4z Hi 126.0 117.0 
45(19 G z G z Hi " .. '" .. 
489.0 Gz4z H 141.2 117.0 
637.1 GzGz H Ift8.0 1800 

'"'' G z 4z ,," 15MI 117.0 
G14 .6 G z G z " 17G.0 180 0 
G21.9 IIz4z U 170.0 117.0 
1162.6 II z4:1. Hi 14:1. J.i 126.0 '" 117.0 
689.2 II Z 11:1. H 193.6 180.0 
700.3 GxGz Hi 14z J.i 139.6 '" 180.0 
723.7 Gz4z J.i 14 x H 126.0 w ., 117 .0 
7GI.3 36:1. Hi GzGz Hi 14z H 1396 w ., 180.0 
'192.3 G z 4 z H 14 x H 141.2 W.5 117.0 
822.3 Gz6z Hi 14 :1. " 139.6 71.4 180.0 
838.8 Gz6z H 14 z H 158.0 w ., 180.0 "'., Gz4 z H 14 Z " 141.2 71.4 117.0 
800.4 GzGz H 14 z " 158.0 71.4 1800 
91 8.3 G z 4 z " 14 z " 155.6 71.4 11 7.0 
973.7 GzGz W- 14 z " 176.0 71.4 180.0 

1039.' G z4:1. " 14z 1 155.6 "., 11 7 .0 
1()9.l .1 GzGz K ... 176.0 " ., 1800 
1101.1 GZ4Z H ... 170.0 " ., 117.0 
1164.9 GzGz U ... 193.6 "., I SO.O 

4447 liz 4 z Hi 141.3 14(\.3 
483.5 Gzllz Hi 154.9 " ... 515.7 II z 4. '"' 156.ft 146.3 
"".7 II z6z '"' 173.3 ",.. 
683.6 II Z4Z " 170.9 1411.3 
&" .2 o zO z "" 191.3 = .0 
&68.5 II z4:1. U 185.3 14tI.3 
1188.4 ... " 6Z4 z )i 14z )i 141 .3 47.11 146.3 
71 ft.8 IIzGz h 208.9 =.0 
7262 G:I. G z Hi 14 Z Hi 1054.9 47.11 
749.4 II z 4 :1. Hi 14z H 141.3 .. , 1411.3 
787.0 liz G z Hi 14. H 1054.9 w., = .0 
818.1 IIz4z H 14Z H 156.5 w.' 146.3 
847.9 11:1.6. J.i 14z "" 154.9 71.4 = .0 ..... 6:1.lIz H 14 . H 173.3 "" mo 
878.8 II z 4z H 14z ,," 156.5 71.4 146.3 
924.9 6zGz H 14z K 173.3 71.4 " ... 

'" 



~I V ETEO O IRO ERS 

RIVETE D PLATE GIRDER8-Continued 

S~;D III."",,, Weil:ht per FOOl. M .. ;",uIII 
s..:tiOD Poumd. , .. 

Modulu •• Roadi"" 
Web Plate •• A>:io I-I. W"" ",~ Fl'",e , .. ",~ 

_ ... 
....... ",w ' .... ",~ ",~ ",w d ,,,,. ,..." 

943.9 6,.4,. ~ 14,. ~ 170.9 71.4 146.3 
"'.8 6,.6,. '" 14,. "" 19\.3 71.4 225.0 

lo.t5.9 6,.6,. ~ 14,. I 173.3 95.2 225.0 
1064.7 36.~ 6,. 4,. "" ... • 170.9 95.2 146.3 
1119.3 6,.6,. ~ ... • 19\.3 ".2 =.0 
1126.3 6,.4,. ~ ... • 185.3 95.2 146.3 
llOO. 1 6,.6,. ~ ... • 208.9 95.2 =.0 

8002 u,.4,. ~ 102.8 10\.3 
,(27.5 6,.6,. ~ lI3.2 157.5 
477.2 6,. 4:.: Ji I1S.4 10\.3 
627.2 6,. 6,. Ji 132.0 167.5 
661.,( 6,.4,. ~ 133.6 101.3 .... , 6,.4,. ~ 14" ~ 102.8 "., 101.3 
623.5 6,.6,. ~ 160.4 167.5 
63S.3 6,.4,. H 16,. H 102.S 40.S 101.3 
642.1 6,.4,.,,-: 148.0 101.3 
643.2 6,.6,. H 14" H 113.2 "., 157.5 
675.1 6,.6" S 16,. Ji 113.2 40.S 157.5 
67S.6 6,.4,. '" 14 ,. J.i 100.S 47.6 10\.3 
715.2 6,. 6,. Ji 14,. Ji 113.2 47.6 167.'" 
716.6 6,.6,. "" 16S.4 Ib7 .6 
719.6 6,.4,. ~ 162.4 10\.3 
757.7 6 ,.6,. ~ 16,. J.i 113.2 ". 157.5 
763.7 

42,. '" 
6,. 4,. Ji 14,. J.i 1 1S.4 47.6 101.3 

7S7.2 6,.6,. S 14,. ", 113,2 "., 157.5 ... , 6,. 4,. Ji 16 ,. J.i IIS.4 M.' 101.3 .... 6,. 6,. }I 186.0 157.5 
8 12.7 6,. 6,. Ji 14 ,. Ji 132.0 47.6 157.5 

"' .. 6:.: 4,. Ji 14,. ", II S.4 511.1, 101.3 
"'.2 6,. 6,. ).oS 16,. Ji 132.0 ". 157.5 
"'.2 6,. 6,. Ji 14,. '" 132.0 ". 157.!> 
917.3 6,.4,. S 1·1 ,. '" 133.6 09.' 10\.3 
937.3 6,. 6,. ).oS 16,. '" 132.0 6S.0 157.'" 
9,';!,.7 6,. 6,. Ji 14:': ,," 132.0 71.4 1"'7.5 
970.4 6,.4,.", 16,. '" 133.6 6S.0 1013 
977.6 6,.6,. '" 14,. '" 150 .... "'9.b 11'>7.6 
988.7 6,.4:.: ", 14,. "" 133.6 71.4 101.3 

103O.S 6,.6,. ", 16 x '" 150.4 68.0 1!>7.'" 
I 04S.6 6,.6,. ", 14" " 150.4 7\,4 157.5 
1066.6 6 x 4,. "" 14,. " 148.0 71.4 101.3 
1112.4 6,.6,. S 16,. " HiO.4 81.6 157.5 



CAR NBQ I B STEBL CO MPAN Y 

RIVETED PLATE GIRDERS-Continued 

SiMial ..... WtiJIIt 1* }'oM, 
Mu ....... ...... , .... 

"'" . ~- ..... 
Wob 1'Ia .. .. 

..... 1·1, W"' '- "- ... '- -• ........ """ - ""* := ""* , ..... 
1130,4 6x 4 x U 1(1 x U I"S.O SI.6 101.3 
1138.5 6x 6 x U 14" " 1118,4 71." 1[07.5 

1194.1 6x6x,", IGxU ISO." "., 157..5 
l2O'J .3 ... " Gx Gx U IGx U 1M." SI.G 167.[0 

1283.6 Gx6xU IG" U ,os.. "., 1[07..5 

1286.4 G x 4 X U 16 x U 162 .... "., 101.3 

1369.9 G" 0 x U 16 x U 186.0 95.2 167.6 

495.3 6 x 4 X ~ 127.3 US.l ..... G" 6 x ~ , .... "3~ 
679.5 6x"x,", 1"2.6 us. 1 
641.6 Gx G x " ,m , .. ~ 
660.' 6x" x U IM.9 118.1 
734.7 6x G x U 117.3 '83~ 
737.0 6x 4 x U 171.3 liS. 1 
781.5 6x 4 x ~ 14 x H 12'7.3 47.6 l1S.1 ..... 6x 4" ~ 16x~ 127.3 M.' liS .• 
824.6 6x 6x U 19-1.9 '83~ 
.. 0.< Gx6x~ 14 x H 1<100.9 407 .G 183.8 

"'., G x 4 X ~ 1 ... x" 127.3 W., I1S.1 
m .• 6x6xH 16" H 1<100.9 ,U 183.8 

00" Ox 6x ~ !<lox ,", 14().9 69 . .5 183.S 
OO~.9 "2 x ~i.o OX4X" 14 x " 142.6 59.5 lIS.1 

OM.' Ox6x}i 10 x " !<IoO.9 68.' "3~ 
973.2 6x6xH ."" " 1<100.9 71. ... , .. ~ 
968.' Ox4x,", 16 x " 1<102.6 'M 118.1 
.... 3 Ox6x " 14 x" 'W. 69.5 '833 

1006.2 Ox"x" !<lox " 1"2.6 71." I1S.1 
I(14S." 6x6x" 16 x" IW.3 'M 183.S 
1066.2 6x6x" 14 x " 150.3 71.4 183.8 
1084.1 6",4x" 14 x" 166.9 7 1A lIS. 1 
JI29.9 6xOx" 16 x" 1[09.3 81.6 , .. ~ 
11"7.9 6x"x" 16 x" 156.9 81.6 118.1 
1156.0 6xoxJ( ,",xU m. 71.4 ,,,. 
1211.G 6x 6 x H 16x U 1[09.3 "., , .. ~ 
1219.8 6x6x" 16 x" 117.3 81.(1 183.S 
1300.9 6x6x" 16xU In.3 96.2 183.8 
1387.3 6x 0 x U 16 x U 1901.9 96.2 183.8 

613.6 6 x ... x J.i 136.2 1M.0 

""., 6 x 6 x J.i 1"9.8 210.0 

3'ft.' 42 x H 6x4x,", 161.4 185.0 

" .. IIx6x" IM.2 210.0 
G78." 6x"xJ( lM.S '''". 



RIVETED (] IRD ERS 

RIVETED PLATE GIRDERS--COntinued 

S ... i" I ........ wtif,t per Fool, Muilloum .... w ... 
Eo! 

.~- -....... .. 
Axio I_I, ... := "- ... ....... "'"""" , .... !w.O, ...... .... * ....... .... * • ' .... ....... 

752.8 6 x 6x ~ 186.2 2 10.0 
7611.8 (II 4 I U 180.2 IU.O ""., o I 4 I "'" 14 x "'" 136.2 47.6 l as .O 
841.7 (I I 4 I "'" III I "'" 136.2 .... l as.O 

"'., (I I 6I U ""., 210.0 , .... (I I 6 I "", 14 I "'" 149 .8 47.6 210.0 
870.8 6 x 4 x "'" 14 x Ji 136.2 59.5 1as.0 
bOO.6 6x6x Ji 16 I Ji 149.8 .... 210.0 
919 .• (lI6IJi 14 I Ji 149.8 59.1i 210.0 

"' .. (I I 4 I H 14I U 15 1.. 1i9.11 las.O 
972.0 (I I 6 I "", 16I H 1.9.8 " .0 210.0 

900.' (I I 6x H 14x ~ 149.8 71.4 210.0 
1()(),5.7 Ox 4 I H 16 I U 15 \.4 ".0 l as.O 
1012.9 . 2 x H !1I6I H 14I U 168.2 69.6 210.0 
1023.7 6I 4 I H 14 x ~ 151.. 7104 las.O 
1006.0 6x 6x H 16x U 168.2 88.0 210.0 
1083.7 6 x 6x U J4x ~ 168.2 71.4 210.0 
1101.7 6x4x H 14x H IM.8 71.. l as.O 
1t.7.5 (lI6I U 16 I J( 168.2 81.6 210.0 
liMA 6I4 x H 16 x J( IM.8 8 1.6 135.0 
1173.6 6 x 6 x H 14x H 186.2 71.4 210.0 
122!l.0 6x 6 I U 16 x U 168.2 OS., 210.0 
1237 .• 6I 6 I H 16x H 186.2 81.6 210.0 
1318.4 6I6IJ( 16 I U 186.2 OS., 210.0 
1321.2 6x"x U 16x U 180.2 9.5.2 l as.O 
1404.1 6x ll x U 16x U ""., OS., 210.0 

4(\(1.9 6 x" x U 116.4 12\.6 
612.7 6x(lx U 120.8 180.0 
667 .• 6x4IH 126.0 121.6 
(128.9 6I6IH 139.6 180.0 ..... 6I 4 I H 141.2 121.6 
71404 6 x 4 x '"' 14X H JIOA U., 121.11 
741.3 6x6x H 1$8.0 180.0 

"O~ 6 I4I H 1(11: H 110 .• .. ~ 121.5 
,,'-' .. 8 x H 6I4I " IM.6 121.5 
759.1i 6IIIx H 14X H 120.8 ... , 180.0 
,.,.9 6 x 6 x '"' 16 x '"' 120.8 .. ~ 180.0 
797.0 6 x .. x '"' 14 x Ji 110.4 "7.6 121.5 
80101.9 6x6x H 14 I: }i 120.8 "7.6 180.0 .... , 6I4 X U 170.0 12U. 

"'" 6I(lX" 176.0 180.0 , ... 6x6x H 16x H 120.8 .... lSO.O 

'9M 6X4XH 14 I: H 126.0 "7.6 121.5 

'" 



CARNEO IE STEEL COMPANY 

RIVETED PLATE ClI1.DERS-Continued 

SiM III , ........ Wil'~Foot, Muinlu.m 
!leo""" "" MadIllUl. 

_ ... 
Wob Plaae 

,. 
ADo I-I. ."" r::c l1: ... "- ",.,..,. ...... "- "- ""~ • - P ..... 

024.3 6 x 6 x H 14xH 120.8 59.5 180.0 
~4.0 Ox" x ~ 10 X J.i 126.0 M.' 121.~ 

DM.2 Ox 6::r H 103.6 180.0 
935.8 6",6::rj.i 14 ::r J.i 130.6 "1.0 180.0 
911.1 6x"xj.i l"xH 126.0 69.11 121.6 

100&.3 OxO::rJ.i 16", J.i 130.6 " .. 180.0 
1037.6 6 '" II '" J.i I"x ,", 139.0 59.5 180.0 
1012.7 O::r"'" H 14::r H 1"1.2 "., 121.11 
U ... , 0::r1l::rJ.i 10::r H 139.0 ... 0 ''''0 
1119.5 OX6::rH 14::r " 139.6 71." 180.0 
1133.3 OX4X H 10s H 141.2 ,.., 121.~ 

11"7.1 "8SH oso::r,", 14s H I~.O 59.~ 180.0 
115<1." O","s H I4S" 141.2 71." 121.6 
1207.8 Os Os H lO"'H 158.0 ,.., ISO.O 
1228." Os 0 s '"' 14",,, IM.O 71." 180.0 
12"5.2 O::r"::r " 1<I::r" IM.O 71." 121..5 
1301.2 O::rO::rH 10::r " \So8.0 81.6 180.0 
1317.9 

O::r '" '" " 10::r " IM.O 81.11 121.6 
la:w.O O::r O::r" I" s" 1711.0 71." 180.0 
13~.7 O::rO::rH 10sH 158.0 ,., 180.0 
1"06.1 Os 6 '" " 10::r " 176.0 81.0 180.0 
1<&98.1 0","::rJ.( 10::r H 110.0 "., 121.~ 
1<&99.7 Os 0 s " 10::r H 170.0 95.2 lSO.0 
1601.3 O::rOx}i 10::r H 193.0 95.2 lSO.0 

691.2 O::r" x J.i 136.2 1"1.8 
".., O::r 6", H 1"9.8 210.0 .... , 6x"",,,, 15 1.4 1<11.8 
16.5.0 IIxO:r", " .. , 210.0 
782.3 1I::r" x " 16.5.8 141.8 

"' .. O::r" X J.( ''''' 1"1.8 
"'., O::rOx" 186.2 210.0 
918.8 O::r" '" J.i 14::rJ.i 136.2 41.6 UI.8 
961.3 

"8 x~. Ox" '" H 16::r J.i 136.2 M.' IU.8 
079.0 OsOxJ.( "" .• 210.0 
079.0 6::r 6 X J.i 14::r J.i 1"9.8 "7.0 210.0 

1000.8 O::r '" '" J.i I" X H 136.2 119.6 141.8 
1027.0 6 s:6 '" H 10 X J.i 140.8 M.' 210.0 
1060.8 6 s: 6 X H 1"::rH 140.8 69.5 210.0 

"". Os4::r'" 14::r H 161." 119 • .5 141.8 
1121." 1I::r 0 X J.i 10::r H 1"9.8 68.0 210.0 
11<12.6 0::r0::rJ.i 14s" 149.8 71.4 210.0 
llliG.6 Os"x H 10::r H 151." 68.0 141.8 

'" 



RIV ETED QIRDERS 

RIVETED PLATE OIRDERS-Continued 

b"'l ....... 
WfliJb~ pot FOOl. N"'-..... """" "" Modal ... 

,_ 
Web PI ... • ",,",1_1. .'" "- n .... ... n_ ......... , ..... " n.* ' .... PIa, .. n .... n.~ ....... ' ... 

1170.3 6:16:1 '" 14:1 '" 168.2 8 ... 2 10.0 
1177.4 6:14:1 '" 14:1 )( 151.4 71.4 141.S 
1230.9 6:16:1 '" 16:1 H 163.2 6S.0 210.0 
1251..5 6:16:1 '" 14:1)( 16S.2 71.4 210.0 
126S.2 6:1 4 :1 J( 14:1 )( I M.S 7 1.4 lolLS 
1324.3 6:16x H 16 X )( 168.2 81.6 2 10.0 
1341.0 " 8 X ~. 6x4:1 " 16:1 " IM.S S I.6 141.8 
1357.0 6x6x ,," 14 X " 186.2 7 1.'1 210.0 
1417.7 6:1 6:1 '" 16:1 U 16S.2 95.2 2 10.0 
1429.S 6x6.>: " 16 X )( 186.2 81.6 2 10.0 
1521.0 6:14:1 U 1(1:1 U 180.2 .'" 141.8 
1522.7 6:16:1 J( 16x U 186.2 .'" 210.0 
1624.2 6x6:1 U 16:1 H "".8 "., 210.0 

615.0 6.>: ":I J.i 143.4 162.0 
6.6.4 6:16x J.i 160.0 "".0 
712.4 6:1 4:1 H 16 1.6 162.0 
788.S 6.>:6.>: H 178.4 "".0 
800. 6:1":1 " 176.0 162.0 
.... 8 6:14:1 H 190.4 162.0 ",. 6x6:1" lOG." .... 0 
942.1 6:14:1J.i 14:1 J.i 146.4 41.6 162.0 ..... 6.>:4.>: J.i 16 X J.i 146.4 .... 162.0 

1002.3 6 X 6.>: J.i 1 .. :I J.i 100.0 "7.6 240.0 
1002.7 6:1 6:1 Ji 214.0 ..... 0 
1000 .O 6.>:" I J.i I4 .>: H 143." 119.11 162.0 
1050.S 6:16:1 J.i 16 :I J.i 160.0 .... 241).0 
.. 8,. 6.>:6.>: J.i I4.>: H 160.0 ... "".0 
1110.0 6x 4:1 H 14x ,", 161.6 "'. 1112.0 
1144 .5 .. S :I J.i 6:16:1J.i 16 :I '"' 

160.0 6S.0 .....0 
11605.6 6x61J.i 101 .>:)( 160.0 71.4 2"0.0 
1179.6 6.>:" X '" 16:1 H 161.6 68.0 162.0 
11113.4 6:16 X H 14:1 H 17S.4 119.11 240.0 
1200.05 6x 4 X H 14 X " 161.6 71.'1 162.0 
1254.1 6:16:1 H 16:1 H 17S.4 68.0 .... 0 
1Z1".1I 6:16 X H I" :I J( 178.4 71.4 2-10.0 
1291.2 614:1 )( 14 X Ji 176.0 71.4 162.0 
1347.3 6:16:1 H 16:1 ,~ 17S.4 81.6 240.0 
1360/0.0 6 X4X " 16:1 ,. 176.0 SI.6 162.0 
\380.0 6:16:1 " 1" X '" 

196.4 71.4 240.0 
1440.6 6 :16:1 H 16:1 H 17S.4 95.2 , ... 
14112.6 6x6x " 16:1 'i 11)6.4 S1.6 240.0 
1[043.9 6:1 4:1 Ji 16:1 Ji 100.4 95.2 162.0 
11145.6 6:16x " 16:1 Ji 196.4 .'" "".0 
160/07.1 6:16:1 U 16:1 H 2 14.0 "., .... 0 

'" 
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CARNEQIE STEEL COMPANY 

RIVETED P LATE GIRDERS-Concluded 

Sioo ;Q I.oebet Weichl pw FOOl, ...... ..... ...... 
"" Mod .... ~Lioa 

I't'~ P!.w • AmI-I, .~ "- "- .., "- """'"" , ..... ...... ,- ,..~ :'::l: ,..~ • ..... 
IIM.7 .. "~ "' .. 67.5 
2-15.7 

z.& x~. 
(I" I) x 103.0 67.6 

,.0 6x6:< 12:1.3 61.6 
340.7 0:16" 140.3 67.6 

WO., ",. ~ 00.' 8 1.0 
26UI 24" H (I x (I X 109.0 81.0 "" .. 6x6" 127.4 8 1.0 
346.0 (1][ (I x 14.5.4 81.0 

216.8 .. '.~ 87.2 78.8 
272.0 26x~. 6:16" 106.0 78.8 
326.7 6x6,. 124.4 "3 378.2 6 :16% 142.4 78.8 

223.1i .. '.~ " .• .... ,,.3 
26 x '" 

6:1 6:1 111.6 ". "' .. 6",6. 130.0 " .• "-'., (1:1:6:1 ..... .... 
230.4 .. '.~ 083 110.3 ,..., 

26" li. (I x (I x 117.1 110.3 
MO.S 6x6:o; 135.5 110.3 
892. 1 6:0:6:11 163.6 110.3 

"' .• .. "~ 88.3 78.8 ,.. .. 
27 x". 6 I Ii x 101.1 78.8 

843. 1 6xll:l 125.5 , .. 
897.3 6.6" 143.6 78.8 

3M.' ",. ~ .... .... m., 
27 x '" 

6:1:6,. 112.8 .... 
SMl.6 6x6x \3l.2 .... 
404.7 6>:6][ '4.0.2 "A 
242.7 .... ~ ... 110.3 .. " Z7 " li. 6 :16.0: 118.6 110.3 "" .. 6s6" 137.0 110.3 
412.2 0:16:.: 1115.0 JIO.3 

271.2 

"" ~ 
97.0 108.0 

338.3 
30" '" 

6:<6x 11 6.1 108.0 
402.6 6:.:6x 13.';,\ 108.0 
464.4 6:<6:< 163.1 lOS.0 

33Q.' .... ~ H)4.2 126.0 
347.& 30:< li. 6:< 6:< 123.0 126.0 
411.8 6:<6x 141.4 126.0 
"73.(1 6:< 6:< ~ 1&9." 12(1.0 

2811.6 .... ~ 110.6 1«.0 
388.' 3O'H 6l16l1 1211." 1«.0 
.. 21.0 6l16x 147.8 1 .... . 0 
.s2.8 6l16l1 16&.8 144.0 

, .. 



COLUMN SAFE LOADS 

STRESSES IN COLUMNS AND STRUTS 

Compl'C8sion members in structures arc called poel.8, etruts or 
columfl8. No exact theoretical fo rmula hu been fOlmd which will 
give the strength of 8uch members undcr various conditions of 
loading. The formull!.8 in current U8(l arc bl!.8cd on the lIJl.Sumption 
that the members under strcsa may fail by direct compreS8ion, hy 
compression and bending combined, or by bending a lone. The 
empirical fonnull!.8 based on thelle 38IIumptions practically agree 
with resull.8 obtained by experimcnt on full size members. T hese 
experiments show that atcel eolumns of ordinary sizcs and length8 
fail at nearly a constant strC18 which corrcsponds to the yield 
l}Oint of thnt matennl, and t hat the load which will eausc a column 
to fail dcefCaecs in the ratio of its length to its leut latcral 
dimension. 

Ibdh .. ofG,. .... UO ... All t he strength of a column depends on its 
abili ty to resiat flexural etreSll, the moment of inertia of its CTOSII 

section is an important factor in the determinntion of its carrying 
opacity. For the purpose of computntion, however, it is much 
more tonvenient to ll8C the radius of gyrntion which dcpende on 
the moment of inertia. 

IbUo of Sleoodem-. The ratio of slenderne611 is ratio ot the unsup
ported length of a compreaaion member to its radiU9 of gyration, 
gcnemlly the leut radius, except ing when the un8upported length 
of a column is r igidly braced in such a manner as to prevent 
deflection of the column in the direction which corretJpOnds to the 
lenat radius of gyration. Columns, excepting thoac of squnre or 
ci rcular section, hnve two principal radii of gyration. It is, there· 
fore, neCCS8D.ry to determine the radii of gyrntion of 8uch columna 
and to U8(l the proper ratio of s.lenderne88 in any particular case. 

T he unit atre88C8 for difTerent ratios of 8lenderness, given in the 
CoD8truction Specificatioll8 nod on page 220, a rc consi8tent with 
prellent practice in column construction, and their use does oot 
involve the refinements of the more complicated formulu, which 
refincmcnts are often vitiated by uncertaintietl in the applicatioo 
of loads or other practical featurC8. 

The Construction SpecificatiOIlB limit t he maximum ratio of 
8lenderness to 120 for mnin member8 Imder steady stresses. For 
8eCondary members Imder temporary etrcsa, such fL8 thoee used in 
wind bracing, higher ratiOll may be used, but in no case ehould the 
ratio exceed :nJ. 



CARNEGIE STEEL COMPANY 

Fo ... ud Sb4lOf8edloa. Important as it may be to have the metal 
in the column ecetion di9tributed as far lUI pouible from the neutral 
axis, that ie, with lUI large a radius of gyration as possible, considera
tions of case in fabrication and 8im plicity in connections are of 
greater weight. The economical column section is not that which 
afford!! the least weight of metal in the shaft, but that which, with 
a reallOnable radius of gyration, provides the least 'Weight of member, 
shaft and details with the minimum amount of riveting. Modern 
practice, therefore, eliminates earlier forms of conatrnction which 
reprcscnted the minimum amount of metal for the maximum 
radius of gyration, such, for example, as the column composed of 
three I-beams or one I-bcam and two channels placcd either with 
the flangcs in or the flanges out. The Z-bar column hu also fallen 
into disuse, likewise a number of patented sections and other 8CCtione 
shown in earlier editions of this publication. 

The moat practical column i8 one the aurfaces of which are 
readily accelSllible for painting and, therefore, it ia desirable to use 
open angle and plate columns rather than closed channel and 
plate columns. 

The column ecctiona should be of Bueh size 8.8 to permit ready 
framing of beame and girders thereto and so placed in the construc
tion u to permit the simples.t details. Experience indicates that 
eight inches. ie the emallest de6irable dimension in ordinary building 
work. For struts and light loads, Imaller angle columns are etill 
in use, while the H-beamll are eJ:ceUent for euch pUrpo&el. I-beamll 
and Bingle angles may be used with economy where the conditionl 
of lengthl and loading permit. 

Esplanatlon of Tablee. The tablee 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 dceirable for usc in ordinary 
building and bridge construction. In addition to the we loads, 
they give momenta of inertia and radii of gyration about both 
axes of symmetry, areAl! of 8CCtionll, and weights in pound. per foot 
without allowance for rivet hcads or other details. 

These tablce have been computed for the least radius of gyration 
in accordance with the formula given in the conatruction speci6ca
tioll8. The values may be adjusted to other formulas or to different 
values of the ratio of sIendernC88 by use of the comparative tables on 
pages 220 and 221. These tablCII are also euitable for use in figuring 
columns 80 braoed. against flexure, that their safe .trength may be 
computed for the greater radius of gyration. 

". 



COLUMN SAFE L OADS 

eo_bl'" &o.IdlllC alld C..~lo .. S~ It il l.Muroed in tho tablel 
that the loads are direct and equally diatribuled over the crOla 
acclion of tbe colmon or balanced on OPllOllite lJides thereof. In 
t he caee of beams carried Oil bracket!! or othcr fo rros of eccentric 
loading, bending stre88e1 are produced which should.be taken into 
conlideration and the column ecctione eo proportioned that the 
combined fiber sl.reue8 do not exceed the allowable axial com pre/!
sive stresses. There i8 no direct simple 8OIulioll of thia problem; 
the following trial method i8 8uited to the tablea:-

1<, 
W _ Direet load, in pounds. 
Wt_ Eccentric load, in pounds. 
1.1 _ BeDding moment due to eccentric load, in inch 

pounda - W,x 
I - Moment of inertia of column in direct ion of 

bending. 
n _ Extreme fiber distanoe in direction of bending. 
A -Area of column section, in square inches. 
f _Allowable axial unit comprC88iOD, in pounds 

per square inch; then f should be equal to or grcater 

than W AWl.. + ~ the fiber streeaee duo to compression and 

bending respectively. 
RULE:-Assume a eection in excCIIII of tbat required. for the 

direct comprCMion W + WI and compute the combined fiber Itress. 
If it works out too large or too small, try again. 

Ex .... pLJ::-ReQ.ulred. to Elect a plate a.nd anc1e oolumD 20 too~ Ion& to 
'UII~ln a baianood load 01 210,000 pOundJI and an eooeDtriC load of <100,000 
OOundJIllpplled 15 IDehe. from the column ooDt<)r on a:lill 1-1. 

~ume allllCtlon made up of U"~" web plate. foW' angles 6"x<lo"xlie" a.nd 
two flanse plat.es U"x~", Pll8e240. 

A _32. <Io7, 1,_, _ 1351, ,.... - 3.09, ratio of s1endem __ 2Ox12 +3.09_n. 

Allowable flbel' .""- 111,000--100 Itr _ 11.300 poundJI per ~uare Inch. 
A-,al fl"- - .~_210,000+<Io{).000+ <100.000" 15x7.e25 ... 7 700+3 800_ 
~. """ 32.U lUI ., 

11,000 poundo per ~uare Inch. 

,,, 



CAItNEOIE STEEL COMPANY 

COMPARISON OF COMPRESSION FORMULAS 

ALLOwAnL£ UNIT STlI.E88£8 IN POUl<"l)8 PElt SQUARE I NCH 

.... ........ A. R. E. N •• york, amr- ~~. ...... 
Brio;Ip Uf. "-xiation IPI1 1&17 --

I -- IlKm-rol-
, , --""L llKm-70-] - ~u... llKm-ro-t llKm-7'0-'7 H~ , "" .. , , 

---0 --- -,- , ..... ' 0000 , ..... """ 
, ..... , ''''''' '''''''' ''''''' .. 000 16213 .. 000 
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COLUMN SAH! LOAI>S 

COMPARISON 010' COMPRESSION FORMULAS 

ALLowABLE UNIT STRE88E8 IN POUNDS PER SQOARl': INCH 

"'"'"- ~ 
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" ..... ""' . 11425 ""'" '''''' 11181 

'" ..... ..... , "'" ."'" .3000 W'" 

" 
. .,., .. 000 10.'>88 .. "" 128~ loalJ 

'" . ..., W ... 10176 "000 1 ~40 10313 

" .. ,.. 
'''" 9111 '0000 12255 100110 

00 "000 "'''' 9375 .= 11970 "no. 
" .0000 "" "'" ''''' 116S:; "" .'" . = " .. om = 11400 "" ." "'" "'. a,,' """ 11115 9511 .. , 0000 "" 1910 "'" W'"" "00 .. s 8000 .800 7677 ''''' .,," 9142 ... "'" "'''' 12~8 '"00 ""''' "" .,. "00 "'" 6953 6750 "" 8117 

, W '000 - "'" "'" 0000 "'" '"' """ """ "'60 ''''' "'" "" .. " BOO<> ."" 6118 BOO<> " .. "'" .. , """ .... "., "" "'" ''''' ". .... <roo "'" 8000 "'" 7892 

'" ."'" .. " """ "'" "" ". .000 ''''' 5179 798() "., 
'" ""'" 4972 769~ 7118 

"" ",. 4176 7410 '''' '" """ "'" "" 
,,,. . '" 3110 4412 ''''' ." . 

'" '"''' 4243 "'" .00 

I 
2870 ."" ,~, 

'" " .. "'"' "' .. ... ",. "" "" 
~t.U(J)Jl1M UATIOS OP + 

Compr-"orl F_",- , M .... 
Com~F_"'-

M .... ~ M ... bm "~ ... "= .. 
Bootoa Bida. a .. , I ~lt., '1 .~ .~ PlttlbuJch fllda. l.w. 191 ". '" CI ... elaad B\df:. l .... 1m. " . .. C\J>ci"",,\i 81",. a ... 191 . .. .ro 
BoJw--fll4aw.llI08 . '" .. . Ranki ...... ............ .. .. 

'" 



t • 
, , 
• 
• , 
• • " 

H 

" " " " 
" " " .. ., 
" 2Z 

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

CARNEO I E STEEL COMPANY 

BEAM COLUMNS 

SA.i'1'l LoA.D IN TnOUSU.'DS OF POUNDS 

Allowable Fiber St.". per aquare Inch, 13,000 po~ 
rOr lengthlo Or 00 radii or undo., reduced tor lengthlo ovO(' 00 
rad1l: _ ConsU'uctlon Sped!lcatlonll, 

Weights do not includo details, 

81.4 8M 75.8 M.7 110.8 42.9 .0.8 3\.8 

... 
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BeA M CO L Uo\\NS 

BEAM COJ.lJMNS 

SU'E LoADS I N T HOUSANOS 01' P O'ON'DS 

Allowablo ,,'UXl<' St.!'fa pet' IIqUMO Incb. 13.000 poundt 
for IClIlI~h. of 00 MIdi.! or under. l'Oduc:OO tor lengtllll OVo!' 60 
1'1Idlt; _ COIlftruCllon Sp('ICll\cII.tlorw. 

Weta:hc.. do no~ lndudo detalk. 

46.8 45.4 
"3.6 n.4 
"0.4 31).4 
37.2 36.4 
33.9 33.4 
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CARN E G IE STEEL C OMPAN Y 

IO-INCH CIlAl~NEL COLUMNS 

8.\JI'J:!l Lo~oe IN ThOUSANDS OJ' P OUNDS 

Allo .... ble Flbct' StnlM per Iqu&re Incb, 13,000 
pouoda lor lengtw. 01 60 radII or under, reduoed ro r 
lengths o\'er 00 radII: _ Construction Spcc:lfIc&tlool. 

WclghUl do not Include rivet head. or other 
d otalla. 

~10 in. Cb........ z..12 i ... PM .. 
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R.IVETED COL UMNS 

lO-INCH CHANNEL COLUMNS--Gontinued 

SAFE LoADS I N THOUSANDS OF POUNDS 

Allowable Flboc Str(l8ll por IqUIll'(\ Ineb. 13.000 
pounds lor lengths 01 60 radII Or under. reduC«! lor 
l6Il&ths Over 60 radII; see Con.st.nIctfon Sl)<,'CltlC&tlons. 

Wclgbt.IJ do not Includ6 rivet beads or other 
detall8. 

'" 



r CAR,NEO I I.! STE eL COM PANY 

M 
to-INCH CIIANNEL COLUMNS-Continued 

,- 8J.Fll LoADS IN TIlOU8.\XDS OP }'ourms , - , .i 8 \.j,j ---
'oJ -' l Allowable Flber SU'OSfI,.J- sqUU9 inch, 13 .000 

T l:und.oJ for 10000tn, of 60 Ii or undor, reduced COl' , , engtllll over 60 radII; _ COnstruction SpedtleatLonB. .- Welghta d. not Include rl,~ ""," ., other 

'----14~.! --.-;j dot&lls. 

~ 2-10 in. Channtl" 2-14 in. Plat.of 

i li 1~ l' 0 1 ]' 11 J~ 1 OJ '1 ' 1 , l· !~ ' . , ~ ~;' , e" J~ • 
~ .' ii i ~; .D'!! I ~ I ~~ ~ 

" , •• . ~ •• ... 
~ .-' -~ .- - & ." 0- 0- 0 -

" m "" '" "" 570 '" 00' ,3> "" on 600 '" " m "" '" "" '" '" "" C" '''' on 000 '" '" m "" '" '" '" 09' "" '" "" on '" '" " m "" '" "" '" '" "" '" "" on '00 '" " m "" '" '" '" '" "" '" '" on ,00 '" 
" m '" ill! It ill 

600 '" " m '" '00 '" " m '" '''' no 

" m '" 600 '" ,. m '" '''' '''' 
" on ", m , .. 00. '" '''' 

,,. 
'" ". '" '" " • 00 .... '" '" "" '" '" 6>. '" '" '" '" " '" on .. , '" '" "" '" ,00 '" "" '" "'" ,. .. , '" ." '''' '" '" "" 'SO '" 623 ,., OM 

" ... ." '" ." '" OJ, '" '" '" "" '" '" 
" .,. ... '" '" 003 523 03' 03' '" ,ro '" '" " '" '" '" m '00 '" ,OO 539 '" 578 '''' '" " "., '" ... '" on ." "" ". '" "" ". '" " .92 ." '" .. , .% '" ." alO '''' '" 'M '" 3<) 3SO '" m .,. '" 470 m '" '" 532 ,., 000 

" an '" .. , ." '" 457 .M .., ... '" ,OJ 'oo 
" 300 '" "., . '" 426 4013 451 90 • .. , '" on '" 33 '90 '" '" '" ... 430 437 90' 470 '86 "" '" .. 339 , .. 3> • '" .. , m '" '" '" m '" 

.., 
" ". 39' 30' '" 388 " .. ." 90, ... "" '" '" 

i I~ im~E I ~ I ~ I 'H ,11 ~! i:" , • 
I ~ ~ I.. 149.3 1!JS.2 11511.3 . 177.1 183.1 Isg.O 

1 lin$ , I ""'~ I •• """. 
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R I V ETE D C O LUMNS 

12.INCll CHANNEL COLUMN8-Continucd 

SAFE LoADS IN ThOUSANDS OF POUNDS 

Allowable Fiber St<1l8l per BQUllI'\I !neh. 13.000 
pound. for lengths of 00 radll or under. reduced for 
lengths over 00 radU; _ Conatructlon SPOClflCII~lons. 

Welght.s do no~ Include rivet hO&da Or other 
dotails. 

'" 

'" "" 277 293 
269 2~ 
26t 217 
253 268 

'86 
' 86 
'86 
'86 
<SO 

<SO ". ". ". 
'" 
'" 'M 
'" , .. 

,u '" '" m 
SO, "" 'SO '''' '" '86 

'" ". 3M ." ,,. 



CARNIlO II! STeil !. CO MPAN Y 

12-INCli CHA.~NEL COLUMNS--Continued 

r roy 

~ } '.1. i.· -- 1_ Allo .. able FI~ Suess per 1KJWU'1l Inch, 13.000 
-r poundt tor 1engUJe: of 60 radll or under, reduced tor 

I klna:lhl over 60 nu;lli; - CO ... tructlon SpeelfteallO .... 
_ WelgbU do not mdude ri,'et beads or other 

&n LoAus I N TuOU8.\~"l)S 0' P OUNUS 

! .it : det&lll; • 
.. --1F- --_ 

,,. 



R. I VETED COLUMNS 

--- -P~----l 12-INCll CHANNEL COLUMNS--Conlinued 

r-
--'"f-- ~ 

SAFE LoADS IN TnOllBANDS or POUNDS . '" ,i 
I • r Alkrofablo Fibor S~ equare ineh. 13.000 , 

/:uDds tor k:oglhl or 60 or under. r6duood tor ',. ~ over 60 radil; _ ColllllrucUon Spec:lllcaUona. L 
. i'----='; W_u do DOt lneIude rivet. bc&dI or o~bet 
10----16'- d ..... 

~ :1-12 ilo. a....-t.. :t-IS ilo. PI.IOI -, 
j J~ 

• 
1~ l~ J~ l~ l~ J~ Ji 1~ l~ , 

•• -i •• _ . .- .-, • • .~ .~ .~ •• .~ • • # -< .- -$ -< .! -< 
~ 0- 0 - .-0 - 0- .- 0- .-
" ." "" . " ." ". , .. , .. '" '" 83. 

" ". ." ." '" '" '" '" '" 813 '30 
" ". .. , '" '" '" '" 761 '" '" 83' .. ." .. , ." GO' '" ,., 

'" '" '" 83. 

" '" .. , '" '" ". ". '" '" '" 83. 

" ." .. , '" '" '" '" '" '" '" 83' 

" '" '" '" '" '" '" '" '" '" '30 
" '" '" ." '" '" '" '" '" '" '30 

" ." .. , '" '" '" '" '" '" '" 83' 
20 '" ... on '" " . '" '" '" .>3 83. 

" '" .. , '" '" '" '" , .. '" '" 83. 

" '" .. , on '" ". '" , .. '" ... 83' 

" '" .. , '" '" '" H. ,., '" 8UI ." ,. '" .. , '" '" 72:1 '" '" ;u ;;: t:;~ " , .. 
" ". ", .. , '" 

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

" 'M ." M' '" '" "" '" '" '" '" " '" '" '" '" 'GO ,93 ,., 
'" , .. '" 39 663 '" 008 '32 "" on "" '" '" ". 30 '" '" 66. '" .. , 663 ." 696 '" ". 

" 63. , .. '" 006 '" ... ... OM '" '" 32 '" '" biO ", ... '" ... ... "" '" '" '" 630 '" '" ... .30 .39 660 en "" " ... '" ... '" OM "" " . '" '" ." .. '" '" 63' • 63 '" '" 600 '" ... '" .... ,. .,,, .. " "" n.M M.M "" "" .. .. M." "" 1'_1. !D.· .. " U" me "" '". "" 
,,,. 2118 "" .... 

r, ., . .... 6.78 ... ... .... • •• '" .. , . ... '.M ... 
IH.!L "" "" 

, ... 
"" "" "" "" m, "" 1478 , ~ .... .... .... ... ... u, . ... 6.N .-~ 4.78 

WoiPt, .... ~ 
,~ 

,,,. , .... I7U i8U '''' 'M> u" ... "" 21U 

fW. bel ftI __ t.o.. w..,. u... .... 'ar r.ac. oIl/t !lOt llYn' eo. ""- bel ......... .,. I ..... 
'ar rau.. DOI. ....... 12(11/t. 

'39 



CARNEO I E STEEL CO M PA N Y 

...... :'-.... I2-INCU CliANNEL COLUMNS-Continued 

r S",nLoADS I N Tuou8.A~-US or POUNDS 

;\ l AIIo .... blo Fiber StneJ....&r: lIquar"O 1Dch. 13.000 , 
I =-- for len&~r. of 00 01" und«. roc.luoed for 

L 
18 on:r 00 radii; _ ConstruCtion Spedtlcatlons. 

L'- l'-'~ 
Wftcht. do DOC. lDdude riv~ headll or otber -""'". 

lon ia. a....-Ia. loL6 ia. PlalM 

J~ 
oJ 

j~ 1~ a., 
e;; .. ,.; 

-< -. 0- 00 • 
" "" ." '" '" "" '" "" "" L073 "" " 8M ." '" '" "" '" L021 "" 1073 ,-
" .," ." '" '" '" '" L02L 1047 10 73 "" " ." ." '" 043 "" "" "" "" 1073 "" " 50' ." '" '" "" '" "" "" 1073 "" 
" ." ." '" '" "" '" "'" ,W, 10 73 ,-
" 50' ." '" '" '" "" "'" ,W, 1073 ''''' " 50' ." '" '" '" '" "" L().17 1073 ''''' " '" ." '" .. , "" ." "'" 1().17 1073 ''''' 2Q "" ." ." .. , "" '" "" 10-17 1073 ''''' 
" " '" " " 
" 830 ." '" ... "" 'S' ." "'" "'" "SO ,., '" ... .0> ..., 

"'" '" ". '" ,,"" "'" 28 , .. ." ... ." . ,. " . "" ... ... "'" ,. '50 "" '" .. , ." ... '" ... '" "" '" '" '" ... ." ." '" '" .,. .. , ... 
" , .. ". ,,. ." ." '" 877 .. , '" .. , 
" 

,,. 
"" '" , .. 8 15 ." ." ." ,m '" " '" '" '" '" "" '" ." ." ... 000 

" "" '" '" ". m ". ." '" '" "" " "'. ... "" '" ". no '" ." '" ." 

280.8 287.6 

,-
'" 
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R.IVETEO COI.UMNS 

IS-INCH CHANNEL OOLUMN8--Continued 

SAn: LoADS I N TuOU8AND8 OF POtTNDB 

003 

'" '" ... 
OM 

8rJ. bd nh..boo-e oipac liM ... Iot..tioo 01. lit ""' ...... eo, .... beIowoipocliloo .,.1 ... 
•• tioo DOl. Q_ 1:10 lit. 

n, 
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CAR-NIlOU! STIlEL COMPANY 

15-INCH CHANNEL COLUMN5-Continued 

8.\J'E LoADS IN TUOUSAND8 OF P OUNDS 

Allowable Biber Strc. per !!Quare Inch. 13.000 
pound!! for IQIlJj:t"- of 60 radii or under. I'IIdUOf!(! for 
leo,gU", over 60 .-.dli; _ Construction SJ)elClftcatlolll. 

WSgh .. do DO' 1D<:lude rive, hM.d.I or other ....... 

,,, 

... ... ... ... ... 
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CO l. Un\ NS 

l~INCH CHANNEL COLUMNB--Continued 

SAFE LoADS I N TnOUSANDS OJ' POUNDS 

W.,lgllt8 do not Include rivet heads Of 
dotalls. 

, 

'" 
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C ARNEG I E ST EEL CO M PANY 

IS-INCH CHANNEL COLUMNS-Continued 

SAFE LoADS I N T H OUSANDS 01' POONDS 

AliowablQ Fiber Stress per sqU3ro Inch. 13,000 
pOunds for lengths or 60 r adii or under, rOOucOO for 
lengths over 60 tadil; IlOO Construction SpaciflcaUOM. 

Wclght.. do not includo rivc~ hcad~ Or other 
dcllillB. 

2·15 iD. Cbaonell, :-18 ;0. l'laleo 

Ii 

,,. 
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RIVETED COLUMNS 

15-I NCH CHANNEL COLlThINS--Col1cluded 

SAn; LoA D8 I N TnOU8AND8 or P OUND8 

Allowablo FlOOr S~ 1101' equarc Inch, 13,000 
pound, for lengtha of 00 radii o r undO'. redU(:ll)d fOr 
lOn&thl over 60 ra.d.U: _ Oon,truo:Uou Speclflcatlolll, 

Wclgbta do no~ loctlKle rivet bcad8 or otber 
d ..... 

'" 
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CARNEOI!!. STEEL COMPANY 

~Lt 
PLATE AND ANGLE COLUMNS . - , &'n: 1.0"1)8 IN TUOUSAND8 or POUNDS ;$."'1: +~+~. J. AlIo .... ble ll'iber S~ ~ squaro tnc::h, 13.000 

i< iI r=nds for 10000hll or 60 or under. reduced tor 
~~~! ' . eaathll 0''« 00 rad1l; _ Corurtructi()D SpecU'lcatlolUl . 

.!- WeI,hla do no~ Inelude rhoet. heads or other 

•• . ....... 
i w. PIat.. I % WobPlakS.n Web PIal. 8 I~. , WebI'l&1e81~~ 

• ~ ~ ~ ~ • ~ • { ~ • ~ ~ • ~ • f { • " 1 
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,,. 
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R I VETeD COLUMNS 

])LATE AND ANGLE COLUMNS-Continued 

S.\FE LoAoe I N T UOU8AN08 OF POUNoe 

Allowable FIber S~ .",.. -:Juan! IndI, 13.000 
J)()UD(lI ror \ena:UfI of 00 radII or uDder. reduc:ed for 
1~1uI OV('I' 60 radII; see COlfltn,lctloa SpedJ'lcaUoWl. 

Welghu do not incl ude rivet hcadt or o ther 
dct&Ul . 

'" 
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CARNEOIE STEE L COMPANY 

PLATE AND A..'l'GLE COLW,fN8--Continucd 

SAFE LoAOS 11' TIIOUSANDS OF POUN DS 

Allowablo I<'1ber 8t .... per 8qUaN! In<:h, 13,000 
pounds for l<)IIgthll or 00 radU o~ under. reduced for 
iengtiUl OVec' GO ra.dll; soo COll8tructlon SpOciOcatlon •• 

We18hu do not Include rivet h~$ or other 
dotaJ. ... 



RIVETED COLUMNS 

PLATE AND ANGLE COLUMN8-Continucd 
. ~ . , 

SAF& LOADS IN TUOUIiAN06 OF POUNDS .' . j 
AUowab\e Fiber 8u- 1': &Quare Ineh, 13,000 ., 

t:! =11< tor leng~"- of 60 radl or under, redUOlld tor 

l 
lui over 60 radii; _ CoOliLruet.lon SpeclllcatJODL 

Wdeb" do DO' IDdudo rive ' beacb or other 
doW .. 

! :", ~ • ;:, ~ ~ ~ ~ :", , . ;:, .~ .~ . ::t . ::t .-
j •• •• • • •• •• .. . . •• •• •• . : •• . : . . •• •• .. .. • • • • - - • • • • • • • • • • 
~! J! il II H J! H JJ IJ iJ 'J IJ H i !~ 
~ 

<~ <- <~ <. " .. <-
•• •• •• • • •• •• • • •• • • ' . • • •• 
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" " '08 ." 
" '" "" " '" ." 
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'" '" '" '" 
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CARNEOIE STEE L COM PA NY 

PLATE AND ANGLE COLU.MNS-Continued 

SAFE LoADS IN Tnouaums OF P OUNDS 

Allowable F iber 8tl'0111 per lKJuare Inch. 13,000 
pounds tOl' lengths or 60 radii or under. reduced lor 
lengU\3 OVCl' 60 radII; _ Coll.8tructlon SpOOlllcatlonli. 

Welgbts do !lot Include rivet heads or other 
details . 
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R I V ETED COl.U M NS 

l )LA TE Al.,\"D ANGLE COLUMNS-Continued 
r 

";:t! SAn: i.oAl)8 I N T UOI18A1'D!! 01' POOND!! 

'1 Allowable Fiber 1l1l'(lM acllCI" ,.quare In<::h, 13,000 

~ I I:un~ ter Icngthl ot 00 r 11 o r un<ier, ro<iuced tor 
OI1IItll. O\'CC' GO radU; _ Co'lSlru<::t1on Spec1t1catIOI .. , 

Wolihts ,_. do not lnclude rivet. hoa<ia: 01' othllC' 

! 
Web Plale It & ~ 

., • 
#~ ~ # ~~ # ~ ~. ~ • • •• .~ . # • .... .~ .- ' - . 

.!' .. • •• .' •• .. .. . . .. ., • • ., . , ., ., ., ., ., .. ., .. ., . . 
S • • • • • • • • • • • • 
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PLATE AND ANGLE COLUMNS-Continued 

SAFE LoAD8 IN ThOUSANDS Of l 'OUND8 

Allo"Bblo Fiber St"*, pet' IIqU&r8 Inch. 13.000 
pounds for lengths of 00 rlldll Or under. reduced for 
lcngths over 00 rndll; eoo Construction Speclficatloo •. 

Weight. do no~ Include rivet head. or otber 
detallll. 

"'~ '" ,,~ ~ ~ ~~ ~" :~ .- .- .- .- .- .- .-'. ,. o. o. o. o. o. 

. = .= •• •• •• •• •• •• • • 0 0 0 0 • 0 0 0 0 

1! .! .! .! H J! '! J! .! •• •• Ii! •• •• ~~ •• " ,. ,. ,. ,. ,. ,-,- ,- ,- ,- ,- ,- ,- ,-

313.8 321.4 3g8.0 
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R I VETED COl.UMNS 

PLATE Aa.'jD ANGLE COLUMN8-Concludod 

~~ .-". •• " ') •• .< 

SAn: LoADS IN TnOUSANDB OF P OUN06 

AlIowe.ble Fllx'r Stn. DCr -.ue.ro In<:h. 13.000 
oound. far l<:ngt"- of 00 radII a~ under. reduoed far 
fen&t"- oyer 00 radII; _ OoDltructlon Specltk:Uloua. 

Welt!;hts do no~ lD<:lude rlve~ hcadJI or other 
"..u.. 

~~ ~~ :* ~'" ~ ~~ .- .- .- . " ." ". ". ". ". " . ". . - •• •• • • •• ·0 "- - - • - • 

il J! '! '! '! '! •• • • li! li! .i! .< .< 

IIi&aaI liM"", for rWoo""", _ 120 V,. 
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TYPICAL COLU~fN DETAILS 
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CARNEO I E STEEL COMPANY 

TYPICAL COLUMN DETAILS 

Simplicity ill details is essential to 
economical construction. To climinate 
bending or scoondnry stresses, it is 
desirable in making designs and details 
that loads be transmitted from beams, 
girders and trusses to columns directly 
and with the millimum number of 
connecting piccee, rivets, or bolts, and 
thut the rivcts or bolts be stressed in 
shear or bearing only . 

The column connectioIUI shown on 
this page and the two pages which pre
cede, represent the best modcrn practice 
and confonn to these fundamental 
conditions and cover the range of 
cases mct with in ordinary mill and 
office building coll8truction. 

Where columns rest on stecl slaha 
or castings, the loads are transmitted 
directly into the footing, and shoe 
angles may be provided for proper 
anchorage. Where they rest on 
masonry, gusset plates may be re
quired to distribute the load. 

Column.s "hould be milled to accu, 
rate bearing at joints, with spliceplates 
sufficient to hold the sections in line 
and to rctlist bcndingstrCStles. Horiwn
tal bearing plates must be used between 
column se<!tions of different forms or 
general dimensioIUl. Rivet spacing in 
column "hafts and at beam connectioll8 
should be uniform to permit the use of 
multiple punches; spacing should be 
in multiples of ontXJuarter inch. 

Erection requirements should not 
be overlooked; beams should fmme 

~ Bearlngon l iMOn..,. with ample clearances, particularly to 
~ column webs, and rivets should be 

countersunk or f1atwned where neccs
MILL BUILDING COLUllN sary to swing beams into poaition. 
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CAST I RON COLUMNS 

CAST mON COLUMNS 

ALLOW.ulLE UNIT STKE88E8 IN P01JND8 PER SQUA~ INcu 

By NEW Y ORI[ B UU.DlNG LAW, 1917 

9000-40 l!r It.. pel' IqU&/"ll Incb 

'" LbLI*$q. LD. '" u..perSq.hl. '" u.. per Sq. ,. 
• 0000 '" "'00 " 6900 .. .... " "'" " """ " .... " "'. '" """ " ",. " '''''' " .... 
" .. so .. ''''' " 6SOO 

" .... .. '"00 .. ., .. 
" "00 ,. 

"'" " " .. .. "'" " "'" '" .... 
" "'" 38 "SO .. ... . 
" 

.,.. 
" 7440 '" 0000 

" 82<. •• "00 " .... ,. . "'" " "., " "',. 
" "., " "'" 63 "'SO 

" 8120 .. '380 " " .. 
" .... .. "" . " .. 00 
" .... " '''''' 66 03"" 

" 8000 .. "., " 63,. 

" "., " "'" " "SO 

" ",. .. '080 " 6240 

" ,- .. '''' ,. '''''' " " .. 00 "'00 
The ... te 1O&d for .. (:ajj~ Iron column of &iven dimen.lollll 18 deU)rmlue(i 

from ~he above table by obtalnlna: then.Uoof l!r and multlpl )'1ng the corT'IlIIpoDd. 
Iq unJ~ It"'"' by tllo .ectlonal area of O()lumo. 

Example:-Requ.l.red the . Ie la.d of II cast iron mlWIUI, 15 Iaehet ,.quue, 
H in(:h In thlekn_ . -.nd 16 foo~ lonl . 

From table o f Iloilo'" Squ&ce SoctlQ"., pt.gC 137, the ndlU8 01 gyration 
1'5.78 InchOll and tho IIIlCtJonaL aro.. 18 4.{l.44 square In<:bOll ; lienee tho ratio of 
I/r _ 16:1 12 -+- 5.78 _ 33.2. OOI'l'eIJpondlng to .. "'''-017672 pound" per tqna"" 
loeb. giving" total _ Ie load of "9.44" 7672 = 379300 pound>!. 

T he minimum IIbe 01 .. CU~ Iron oolumn o f ,. oertIl1n lcoath to .rei,. 
IUPpor1; ,. given load Is determined .. folio ... : 

DivIde tho length In Inem. by 70; the quotlellt Is the minimum 1ll1o .... ble 
radius of lil:y ratloe J'(lQulr«\. Dlvklo tho total load by 0200 poundll: tbequotlent 
II the minimum IleCUonlll Irca.. 

EIamplo:- Reql1lred the minimum .ize of I round cast Iron column, 20 
foot long, to ml)Por~ a load of za.woo pol1lldll. 

The mlnlmwn n.dIUi of gyration Is 20I 12 +- 70_ 3.43 inches: the minimum 
a>"l'$ 1s 235000 -t- II200 _ 37.00 a:J.uarolneheor. From ~bloof Bolio .. Round sec
Ilona, pa.go 13(1, tbo IK'aI'OIit minimum size for tbls radlWl ot Iil:J'ration Ind thlll 
aroa Is (ouod to 00 acolumll II Inches III diameter and 1 J( Illches III thIclrness, 

'" 



CAA.NEO I E STEEl. COMPANY 

ROUND CAST IRON COLUMNS 

(Q) ALLOWABLE LoADS IN TuO(l.u.~D8 OJ' POUND8 

BJ' New York BuDdIng Lalli', 1917 

WfllChW do DO' illClude det.aIUi 

,,, 
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CAST I R.ON COLUMNS 

SQUARE CAST mON COLm.INS 

ALLow.un .. Lo..ue IN ThOUSANDS or POUNDS 

Dy Ne .. York DuUdlq La .. , J917 

Welgbt. do DOt Include detall8 
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CAllN BOU! S TEE L COMI'ANY 

GIULLAGE Jo'()UNDATIQNS 

Crtllap 0...... In the design of foundations for columllll, piel1ll 
and walls, provision must be made fo r the uniform distribution of 
the load over the footing. This is best done by the use of a grillage 
of steel beallls and concrete. This method of construction eli min
atCII deep excavations and large ma&lCII of mlL80nry and is, therefore, 
truly eeonomical. For heavy loads OD !!Oils of small bearing 
capacity, three ticrs of beams may be nc<:easary; while for lighter 
loads or be~ter soils two ticra, or e\'en onc, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient 
thicknCSII to dist ribute the load to the soil. Good practice requireIJ 
the spaces betwcen the beams in all the tiera t.o be filled with, and 
tbe beams enclosed in, concrete not lesa than four inches thick. 

The clcar distance between the f1a.nges of the beams in each tier 
should not be less than 2J1i inches, nor more than thrce times the 
fla nge width. The first requirement is necessary to Dermit the 
introduction and proper tamping of the concrete, the second, to 
inlure uniform dist ribution of the load. When separators are used 
to hold the beams in po6ition, they should be of gas pipe, as cast iron 
separators tend to break the continuity of t he concrete. Grillage 
beams should not be painted, as concrete doea not adhere well to 
painted surfaces but is itlClf an excellent prcscrvative of steel. 

To determine the area in square feet required for the foundation, 
divide the total load on the column, pier or wall by the a.llowablo 
pressure pcr 8quare foot on the soil. Thia giVeR t he area of the 
footing, the shapc of which is determined by local conditions. On 
tile assumption that the loads on the soil arc uniformly distributed , 
tho number, size and weight of the beams requi red arc dctermined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, M follows:-Let 

W- Total load on the foundation, in pounda. 
L-a L-a L L h f b . ( ... ::t=:..... .... _..Io-.T- - engt 0 cam, HI eet. 

: i::!!JU::ll i a _ Length of loaded portion, in feet. 

I I d - Depth of beam, in inches. 
t _ Thickncsa of beam web, in incheR. 

ei~~iLi!~.:i~~i.i~~'.~ n _ Number of beams in a tie r. 
fb_ Allowable unit web buckling resiatanee. 

The maximum bendiog moment OCCUl1ll at the cenler of the beam 
and is equal in foot pounds to W (L-a) ... 8; this lonnula is 
identical with the formula of maximum bending moment for 0. 

beam of length (L-a) under a uniformly distributed load, w. 
The propcr size of beam in any tier as regards flexu re at a fiber 

stfCti/l of 16,000 pounds per square inch may be found in the beam 

'" 



Q R I LLAQ£ I'OUN DATIONS 

safe load table for the length corresJxmding to (L-a), by dividing 
t he total load by the number of benms. 

Or may be found from the tsble of maximum bending moments, 
by dividing the lotal bending moment by the number of bcams; 

Or from the table of properties, by dividing by the numbu of 
beams in the tier the total aection modulus required, which 
. 1 aW(I,-I) 
IS equa to 32.000 

Note, however, that the load on the beam for any span must not 
exceed the maximum tabular safe load (or shear. 

The maximum vertical shear occurs at the edge of the column 

base or at adistaDoo in feet of ¥ from each end of the beam and 
• 1 W 1,-1. IS equa to '1..- Z ~ 

\" b h'-'·- . h 'v I.-I. ,.,e t iUAllCl!!l, t , to I'CSlst average 8 eat=T Z ,- Z nul~ 10.000 

Or, the average vertieal.shear----t-:< ¥:< DI~Z~' which must not 
exceed 10,000 pounw per square inch. 

The maximum buckling strcss occurs on a length in inchu of 

12 a + d/Z and is equal in total per lineal inch of web to 12 ~'! oJ ir. 
The required thicknC88 of web, t, to resist buckling

w 
.u{l2 I. + d/2Jdb. 

Or the average web ~istance per square inch to buckling

n KU21.,!dj2)Z~ which must not exceed the tabular valuca for 
the allowable buckling resistance on beam webs. 

Rolled StHI Slat:.. To distribute the loads from columns over 
girders, grillage beams, etc., solid slabs of rolled steel may be 
advantageously used in the plaee of Ctl.St iron or rivcted steel btl.Se8, 
etc. The size of the slab is usually fixed by the dimensions of the 
column and its thickneJ,!l i~ determined from the maximum bending 
moment, on the tL8!lumption of uniform loading, tI.S followa:-Let 

lor-p • _ _ J • 

l i __ J 
i ~ __ a __ ': : 

~----·A-----..l 

W- Totalload, in pounds. 
A _ Width of ~Iab, in inches. 
B - Length of slab, in inches . 
t _ ThickneJ,!l of slab, in inches. 
a uuide dimension of column, in inches. 
b _ Outside dimCllsion of column, in inches. 

The maximum bending moment will occur tit the center of the 

Ib d ' -" b d W (A_a) WeB-b) d II a an equallO, In lOC poun II, ~ or --, - - , an at a 

fiber strC88 of 16,000 pounds per square inch, the required thicknces 
of slab t _ , /a W ( A a) .", la w/B bl 

" "i 64.000 n or - " 64.000 A 

'" 



CARNEO I E STEEL COMPANY 

Steel. Slab M~x 86'x G}{' 

4,':Ut80 Ib. Boama 1O··6"1oow 

E .... y ~LII:: Roo.ulrod to destgn a grillage founda.tlon for a. oolumn loa.d 01 
1.0«1.000 pounm on 00011 .nth an .. lIowabl" bearlllJll ca.pa.clty 016.000 pounds 
PQf lIqua.re too~ Column oom~ ot I web plato. 14" X H"".4 Hlmgea.nglel, 
6" J: 4" J:~" a.nd 4 JIa.ngoplaWII. 14" X ~". outside dlmon810n~ 14" J: IS". 

Required a.rea of tOOtlnr-- I.GiO.OOO + 6.000=113.33 ... ua.re tOOt. 
Ulle a.rea 12'-0" x IS'-O"=<ISO lIqua.m teet . 
.usU1I10 3'-0" IIqUa.ro "" the dlmelUllolUl 01 tho rolled ltool Bh.b or columo 

ba.se a.nd a.Uow 0" tor 00IICI'6t.e on tile IIlde. .... d ends of bea.1N. then tho dlmcn· 
Ilollll of tholt«!1 grl1l1080.n1l be 10'-6" J: 13'..(1", CODCr(lto belllli _umed of 
Iul!ldcllt tWCkn08ll Iud ,tmngth to dlstrlbuto to tho edge.. 

RallOO St«!1 Sl.a.b 

Thlclm_ requ1red, t,_ 

U.., 5)i", 

'" 
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O R, II.I.AOE FOUNDATIONS 

llaaIll8---Sectloll Modulus Method. 

llotWm tlel"-L=13.5 foo~; -= 3.0 foot. 

Required wtal IleCtlon modulllll. S, 3" 1.040,000 x 10.5 1,023.711 111._ 
32,000 

UIIO 13-15" OO.S Ib, bealll3--T otal8llCtJon Illodulw<=I ,(l,$.6In.' 

1.040,000 105 1 
AvorageshelU 135 x~" 13"15",59 = 3,1\15IblJ.llet!lq.ln, 

A " _,.,,~~ 1,040.000 
vera.ge uu"""' ..... Sttc68=la" 4a.5" .511 =3,1201be. per!lq. In. 

Top tl_r..-IO.5 feet; &=3.0 fOOt. 

"""'131.25 In.' 

U ... 4-24" 00 lb. l)(lI.~TOt&l 8Cct lon modulw<=74.3.2 Ill.' 

A 
'" 

1.040,000 7.5 1 6 ~ 1 1 
vengO e ft.I 10.6 X -,-" 4 X 24 " .624 ,.,. ,~ be. per sq, n . 

Average buCkllngst~4 ~~~24 =8,680lblJ, pecsq. ln. 

Plate Gl rde"r (lrlllqe FOIIn.t.Uoa.e. In those CasC6 where columns carry 
very heavy loads, plate girderfl a rc used for the top tier of the 
griltage rather than beams. In the case of symmetrical foundations, 
the method of computation is the same as h8.'l already been illus
tratcd in the case of beams, The following examplc indicatC6 the 
procedure in the quite frequent case of unsymmetrical loading 
conditions ; 

Make up 01 1 Plato Qu.t .. 
4 Flaoge ~te. 8 I 4 I ~ 
Z flange Plat.. If I ~ 
1 \\'~b Plato 361 J.i 
2 Web Reinf. Plat.. ~ tbick, 

.... h eDd 00-.._ n a"", 
A~" 

2 W.b Ikinf. Plat.. ~ tbicli: • 
... h end on, FIance A"p., 

Stit! ...... Aog!ooSI3J.i. J.i 
TIoA~SI3.1i1J.i 

U 60,OOO pounda 

'" 



r CAR.N f!O I E S TEEL COMPANY 

E,. ..... L.:_Roqulred to d(ll:lgn .. grlll&&e toundaUon under &n e:lu;,rlor or 
wall column ClIlTyhlg 8.]~ of 840,000 pound., and .n Interior column .. ltb 
eo load of 1,260.000 poulldI, on lJOil with an .Uo".bJe bc..-tna: capacity of 
8.000 POund. pe r squal'$ foot. 

Required footing I.IWo of .... U col~ 840,000 =-105 8QU~ fee~. '.000 
U. 1./"0& 8'.()" " 14'-0" _ 112 lIQuate lcot. 

Required .rea of iDta'lor column tootlnr- 1,200.000 _ 157.5 lIQu&re teet. '.000 
UH arca 12'-0" " 14'·O"_ lll8lOQuaro loot.. 

W IU! t~ dlmensioWil and areas, the 10.<1 on the .ol1 .. 1ll be uniform u 
7,600 poundl pel' 8QU&I'e toot, and the tooUql the Arne 1I1dth, both 01 which 
an! desirable (!"Om the "t.ndPOint of uniform I16ttlemeot.. 

RoUed St/)f!1 SI." tor Column Foottna:.: Aatlume .. wid th of 30" and .. 
Jeu&th 01 32", then tbo reQuired thLclmClilll "'Ill be as 10110"':_ 

Wall column, • V3 X 8 40,OOO:lt (:12 
. - (14,006,.30 ]4) _ 4.86 In.: Ulle 5". 

Roqulred toull .ac1.lon modulus, S, '" 3 x I r2~.~ .. 9.67 _ I. U2.3 In,. 

UM 13-18" 64.7 lb. I)(!&Ju - Tot ... .ettion modulus _ 1,149.2 1n.1 

A.,.e...,o.beu=- I.~:goo ][ 0.:7 x 13][ I~ ][ ,(6 _4,620 1'-. pel' IOQ. in. 

f 
Avaraao bucldin3: .~_ l"Jl~2~'~6 _ •. 900 l,-.DOl' 1OQ.ln. 

For (l"ter1or oolumn uso 9-18" 54.7 lb. beams. 

NOTl:.-In order to facilitate manufacture and shipment, it ie 
desirable to use for the entire foundation 88 few sizea and weights 
of beams u poasible, and the rolled steel slaba should be of the 
same thickne88 or at leut of as few thicltnCBSCa 88 really convenient. 

2'" 
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S HEET P l l.INO CONSTRUCT ION 

STEEL SHEET P I LING 

The introducUon of steel sheet piling in lIubstitution for wood 
hili! made possible the extension of the cofferdam method of mak
ing excavations. I t.IJ use has led to grenter economics, greater 
lut. fcty in working alld to tho extension in site and depth of open 
exclLvations to limits which otherwise wero regarded as impo88iblc 
of attainment. 

Steel sheet piling in the COll8truction of cellular cofTerd:'l.ms, fir1lt 

used in the Black Rock Lock, Buffalo, allords a very BUCCCIS8fu l 

method for the elimination of the c){pensivc, slow aDd not always 
reliable, pneumatic caisson on work of large magnitude. It is also 
uaed in tho construction of curtain walls, fJ('a "'aiL, and loading slips, 
foundations for cylinder piers, !lewers, treDchee, etc. 

8too18hoot I)i ling by its positive interlock enables the su~urface 

cut-olT walls of diaphragm dams to be mado with a cer tainty not 
possiblc with woodcn sheet piling, and with an economy not possiblo 
with ordinary puddle core, concrete coro or maaonry core walle . 
A diaphragm made of lIuch imperishable materials fulfille all the 
requirements of the ordinary core wall, with the additional advan
tage of accom modating itself, by its ftexibility, to slight irregularitiCIJ 
of settlement in the dam. 

In addition to temporary cofferdams, stcelsheet piling baa found 
large use in the construction of permanent retaining ~'alls for 
buildings. Driven before excavation in eoils containing quick
sand or water-bearing stmla, its use prevents the undermining of 
adjacent building foundations by movement of the strata. It a1ao 
prevenla in many cases the delay, expense and danger of under
pinning adjncent bUildings. I t may be cmployed in this way alone 
or rcinCoreed by steel buckatays as shown in the illustration, which 
represents a method followed in the construction of retaining walls 
for a building, where sheeting with its attached buckstays wall 
driven its full depth and the blLSemeDt and lIub-basement floora 
placed aa the excavation went forward. The rigidity of thc buck
stays with the bracing supported by the floors eliminated lhs 
nccClllity and eJrpense of shoring. After excavation, concrete waa 
filled in between the buckstays, and the total expense did not 
exceed 60 per cent of itl! cost by the ordinary method. 

Tr". Carnegie Steel Company manufactures United States Steel 
Sheet Piling, in three Siz08 and weights. 
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CA~NE!O I E STEEL COMPANY 
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Section at B ,cl,,,,, 

I.U. 
>-

J .1 .1 
United Statca Steel Sheet Piling is n. Ai mple, plain, ro lled section 

ready for usc All it comes from the mill without furthcr fabricat ion. 
Each picoo is complete in itself and all pieces of the same width a re 
interchangeable. Its profile incorporates the advantagel of the 
ball and 80Cket joint, with lufficient clearance in the interlock for 
eMC in driving and sufficient space for the usc of a packing suhlltance 
bctween its adjacent edgcs to insure watcrtightness. United States 
Steel Sheet I'il ing is more easily driven and pulled than any other 
section hitherto placed on the mnrket. The reason for this is 
believed to be the absence of a leading groove combined with thc 
line oonb.ct obtained in the joints. 

The !!eOtionll have positive interlock! continUOUlI throughout 
the entire length in both lateral and horilontal dire<:tioI1ll, affording 
maximum strength against !'idewiee deflection, distortion or fJCpa· 
ration of the pieces due to pressures aod deformation in driving. 

Slnnwth of 8«tloll" When driven and under prC8l!ure, steel sheet 
piling must have strength similar to that possessed by a beam 
subjected to carth or water preasure, and the resistance of the piling 
to transverse bending can be calculated in accordance with laws of 
(lexure from the properties of the IICCtionB given in the following table. 
In the case of United States Steel Sheet Piling, the properties of the 
individual picces llre the same 1\8 the prOpertiCB of the Icction! 
interlocked in place. 
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S HEET PILI NO C ONSTR UCT ION 

E LEMENTS 07 SECTIONS, AXIS x-x 

o-riplioD Inteftocktd 0< SiD&I<' Sectioa ...... ""'-. - BiDde Seo:Iion , ~= '''''' Wi.d\h \\'eisbl. ,. 
u..~ ""'. ~~ 

, , S S' , 
LI:.i , .... Un. ' I. Sq. 10, 10.4 ". 10." In.- , •. F~ 

M 105 " ~ 42.5 12.51 " , ... ".M '.M 3.93 "~ 42.5 
l\I104 " " 11.30 '" 5'" 0.87 4.32 l.IH " " 1\1103 , ~ " 4.7l " 1.45 " ... 1.13 1.47 'U .. 
8. ia \he ave" Iuection ",odul ... pet borUontal foot 01 walllnterloektd iQ pIau. 

D uring driving, the sections are forced to act as columns, and 
the tables, therefore, show the radiuB of gyration of t he sect ions 
for computing their comprCl!9ive rcsistance under load or the blow 
of t he pile driving hammer. T he rndius of gyration of the section, 
however, need not bear any definite proportion to its length, if 
blocks of wood arc bolted to the leads of the pile driver in CILSC the 
piling shows a tendency to spring. All the piling actually enters 
the carth, it. is supported laterally and stiffened oy 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 
t he interlock to resist the tearing apart of the sections by di rect 
tension in a longitudinal direct ion is not often required, but if it is, 
as in the case of acellular cofferdam, United States Steel Sheet Piling 
is rccommended on account of ita great longitudinal strength. This 
interlock st rength in a longitudinal direction depcnds on the type 
of Bection, the opening of the jaw, the character of the Boil, etc., 
and can only be determined by tests. The average longitudinal 
8trength per lineal inch of medium steel sections is as follows: 

1314" UnIted Statoll Steel Shee~ PI ling •.... ..••.... .. ... 9.800 pounds. 
9\4" UnIted Statell Stool Sheet Piling . .•••....••.•....• 5.600 .• 

Steel sheet piling is usually made of medium open-hear th steel 
manufactured to standard specifications. 

Full information is given in a separate pamphlet entitled "Steel 
Sheet P iling," copies of which can be had on request. 
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CAA.NEOII! STEEL COMPANY 

FLOOH.8 AND FLOOR WADS 

KI,,'" of LM.... Two kinda of loada are carried by structurea. 
Live loadaconaist of the weight of machinery, merchandise, persons 
or other moving objects, or of cranes or other handling deviees 
and their loads, the support of which ia the purpose of the 
structure, including also wind strcssCIJ. Dead loads consist of the 
actual weight of the structure itself with the walls, floors, partitions, 
roofs, and all other permaaent construction and fixtures. The 
dead loadl Itre81 the Ilructurc at all times and it must, therefore, 
be proportioned to auetain them at all times without reduction. 
The live loade may be taken at their full valuea or reduced in 
accordance with the probabilities that the structure lUI a whole 
or its principal membel'8 will nol be subject at all times to the full 
theoretical live loading. 

Dead LMd.. The permanent load should be calculated from 
known weights per unit of the material compoeing floors, partitiona, 
walle, or other permanent construction. The weight a81!umed for 
the steel frame itself should be checked after the lectiona are 
determined Rnd then the aiwe readjuated if necessary. 

u .... l.-.ta. Live loada vary with the character of the etme
turea. In bUildings they consist of uniform loade per square foot 
of floor area, concentrated loads, aueh as heavy aales, which may 
be applied at any point of the floor, and uniform loads pel' lineal 
foot of beams or girders. Thc load which produces the maximum 
bending moment or reaction is to be uaed in proportioning scetioD/l. 
The floor eyatem between beams mUlt of course be of sufficient 
Itrength to trlUlBmit any concentrated load to the beam. 

In citiCIJ the minimum live loadl to be used on the varioua e11L1l6e1 
of buildinp are fixed by public ordinances, and are given on page 
265 for the principal citica of tbe United States in accordance with 
the most recent building laws, which arc intended to cover general 
conditione and do not include machinery or other concentrations. 
If such concentrations, like safes, armatUfC8, generators. or printing 
prC68C&, occur on floors, .peeia! provillion Bhould be made lor them 
in the floor framing. Flat roofs of buildings which may be loaded 
with people, should he treated the Bame fI,8 flool'8 and the same 
uniform live loads Uled as given in t he table for dwellings, hotels 
or 888Cmbly rooms. 



FLOO~ CONST~UCTION 

Reduced Live Loads. Floor beams in buildings should be computed 
to sustain floor by floor the full live and dead loads. It is not 
probable that all the floors will be fully loaded at all times, and, 
therefore, good practice permits a reduction of the theoretical live 
load in the computations of column sections. The N cw York and 
Pittsburgh building laws do not permit any reduction on columns 
supporting the roof and top floor. These building laws permit for 
buildings more than five stories in height on columns supporting 
each succeeding floor a reduction of 5 per cent of the total live floor 
load until 50 per cent is reached, which reduced load is to be used 
for the columns supporting the remaining floors. The Chicago 
building law requires columns to sustain the full live load on 
roofs, 85 per cent of the full live floor load on the top floor with a 
5 per cent reduction on each succeeding floor down to 50 per cent. 

When the character of the loading will permit, the live load on 
the main girders to which the primary supporting beams are framed, 
may be reduced. The amount of the reduction will depend on 
the probable distribution of the loads. 

Foundation Loads. Footings should be so designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, 
and the dead loads carried by the footings should include the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. The live load should be assumed to be the same as 
the live load in the lowest tier of columns or in the footings under 
walls. The area of the footing is determined by dividing the total 
load by the unit resistance of the soil. From the area thus 
calculated all the other footings of the building are proportioned 
according to the ratios of their respective dead loads only. In no 
case should the load per square foot under any portion of any footing 
due to the combined dead, live and wind loads, exceed the safe 
sustaining power of the soil upon which the footing rests. 

Fireproof Floor Systems. A modern office or mercantile building 
is essentially a steel framed structure which supports the dead load 
of the building and its contents, and is itself protected on all sides 
by refractory materials. The floors are made fireproof by the use 
of terra cotta tiles or arches or of a composite flooring made of 
concrete or reinforced concrete. While brick arches may still 
be used in special locations where great floor strength is needed, 
and concrete arches ' are sometimes thrown between the beams, 
modern practice is limited substantially to the hollow tile arch 
sprung between the beams and the reinforced concrete slab laid 
on their tops, the ceiling construction being modified to' suit. 
Each system has advantages of its own. 
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CAI(NEOIE STEEL COMPANY 

Tu .... Colta Au"... Hollow tile arches fill the total depth of the 
floor beams, and, t herefore, tend to stiffen and brace the building; 
their weight per square foot is light as compared with other forma 
of fireproof floor construction of equal strength . Hollow terra 
cotla floor arches are made either flat or segmental. T he segmental 
arch will develop much greater strength than the [lat arch of the 
same width and depth, and may be designed to carry a given load 
with tile of less depth than tint arches. They arc, therefore, 
more economical, though nol always acceptable from the stand
point of architectural appearance. In office buildings the ceilings 
under such arcbes arc usually suspended . A correctly designed 
and constructed flat ar(.'h will always develop the full strength of 
the steel beam which supportl! it. 

When arch blocks arc the same depth aa the beams, they arc 
usually laid to project l~ inchell below the bottom of the beams, 
and the space above the arch is filled in either with cinder concrete, 
in which can be laid pipes, conduits, and wooden nailing stripa 
supporting wood flooring, or with thin terra cotta blocks made fo r 
this purpose, or with a layer of plaatic composition of cement, 
which forms the wearing surface k:.r the floor. 

Thrult of Floor A",h... All forms of terra cotta arches produce sidc 
thrust Oil thc floor beams. In the flat arch the blocks have tapered 
faces and the central block CJr key wedges the others together; in 
the segmental arch the thrust is that due to all arch action. T hese 
thrusts it is found necessary to countecbalance by means of tie rods 
which conned the floor beams and relieve them from the tendency 
to defteet sidewise. In the central bays, owing to the action of 
adjacent arches, the tie rods are sometimes omitted, but it is 
necessary to investigate outer beams and channels around openings 
for additional t hrust streB8e8 so that the combined fiber stresses 
produced by vertical loading and horizontal thrusts may not be 
excessive. With flat arches ~ ineh tie rods spaced apart not over 
fifteen times the width of the beam flanges will usually be sufficient. 
The total thrust of arch, the net ILrea of t ie rods required, the maxi
mum distance between tie rods and the section of outer beams for 
any condition, may be found as follows: 

"" 
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FLOOk CONSTRUCTION 

r~, 

w .. unit load on Mch, in pounds per square foot. 
D .. distance of arch span, in fcet. 
I. .. length of floor beam supporting the arch, in feet . 

R .. effeetive rise of arch, in inches. 
p .. thrust of arch per lineal foot, in pounds. 
p .. total thrust of arch per panel, in pounds. 
A .. total net Mea of tie rods per panel, in square inches. 

a .. lIet area of one tie rod, in square inches. 
T .. spacing of tie rods, center to center, ion feet . 

.. allowable combined fiber stress, in pounds per sq. inch. 
8\_1 .. Section Modulus of beam, 9.xis 1-1, in inches3 • 

8:.2 .. Section Modulus of beam, axis 2-2, in inches3. 

MI _I _ Bcnding Moment for vertical loading, in inch pounds. 

~h_~ .. Bending Moment for a rch thrust, in inch pounds; then-

p 
3wD~ 

'" 
p .. pL 

A 
awD~L .f. 
2lTr f 

T ".fR .!L 
3wD~ p 

M\.\ .. lzL mwDL) .. awD J)l , • 
~I :.~ .. IzT(pT) pT' ., 
I 1\11_1 + 1\1:_: 

.. ~ 8M 

In formula given for ]1,12_2, the beam is considered continuous, 
Bupported 9.t intervals by the lie rods. In segmental arches the 
effective rise is equal to the vertical distance between highest point 
of concave surface and springing line or chord; the effective rise of 
II. Hat arch ma.y be ta.ken at 2.4 inches le8l:l than the arch depth. 

The allowable combined fiber stres9 in tie rods should not exceed 
16,000 pounds, and tie rods should be placed in line of thrust, usually 
3 inches above the bottom of the beam. 

The net sreas of usual sizes of tie rods are 8.8 foIlows:-

DiaIOder 01 ROO, I»eheI J ,. 
I 

~ I 
,. 

I~ Net &rea.. fl.. 1IQ.U&r<llnehes. 0.= 0.302 0.420 0.'" 
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CARNEOIE STEEL COMPANY 

E,. .... PLL-A lloor panel 18 foot by II foot, of 12 Incb nat ter'JTo QOI.~a bloo::IDJ. 
I, to aupport. a unIform U"" and dead 10&<1 of 160 pOUnw. p.er ~uare foot. 
Roqulrcd the to~al thrullt. total area of rodlI per panel, mulmum IPllClnll' 
of rod,. and tim proper .110 beam to c",M'Y o,, ~balf of tho panol 'II'[thout other 
Ilwrnl IUpport than tho tic rods. 

Entire panel load II 1~UJ:15O=-16,200 pOunw.. ~ng a oo..m. 12 Inch 
31.8 l)Oundt, and U'-Inch tIe rodlI. then-

Thnlat of areh poer Ilnea.l foot, , - 3.1[1OOJ:6" 
- SH pound&. 2Ti2=-2.4)" 

Total thru..t of areh. P - 84(.1[18 - 15.200 poullda. 

Total uee. 0' tie roelI. A - 1 ~,200 - O.9.5~ Inch,.. 16,000 

Maximum IPl'Clnll' of tlo roelI. T - 0.302.1[ 16,000 
- 5.76 foot. ... 

DondlngMoment, vertlcalloldlng, M,_t -
3.1[ 16/).1[6.1[[8" 

- 218,700 In. lbs. • 
BcndlngMotnCUt, horlsontal thnlat, M .... _ 84,"'5.75' - 27,OOOln.ltJ.. 

COmbined II.ber ,,",,-In tlo rods. , .218,700 I 27.900 .. IS f20 lboI /In.' 
36.0 3.8 ' . 

Jf tlo rodI are IP&COd 6'..()" centen. then .. 

Bending Moment. horizontal thnlat. ),1, .. - 84'\.1[6" - 30,400 1n. lboI. 

Combined Hber It~ In tlo rods , .218.700, 30.400. 14 OSOlbol II " 36.0 3.81 ' . n. 

MAXIMUM SPACING OF ~ INCH TIE ROOS, 

LoADS OJ' 100 POU~DS PER SQUARE FOOT 

.... Elr.d' .... RiolO 01 Atoll, R, ia I""",," 

if • • , • • " " " 
I " " " 3 14.3 

4 8.1 10.1 12.1 14 .1 
12.~ 6 6.2 ••• ,., '.0 10.S 11 .6 14.2 

6 3.6 ., ••• M '" •. , •• ,. 10.7 11.6 12.5 13.4 , 3.3 a.o .. , '.3 , .. ••• '" '" a.' ••• ••• • I 
... ... '.0 • •• ' .0 M M , .. M , .• 

• 3.' 3.' ' .0 ... ••• , .. .., '.0 
W 3.2 ••• 3.' ... ... ... 
For aDY other loading, multiply tabular valuCIJ by 100 and divide 

by total new load per square foot. 

The tables which follow give the weights per square foot for terra. 
ootta arches, both fl a.t and segmental, or various depths, t hei r area 
in square inchcs, and tho safe loads they will sustain on various 
apaDS. These tablet! ahould be used aa a general guide only, as 
condition!! may make it potlI!ible to dCllign more economical archei 
for a given load than indioated by the tablet!. Where a paneled 
oeiling is not objectionable, for ell:ample, a ahallow arch may be u8ed 
on raised skewbacks witb a considerable economy in material. 

'" 



FLOOR CONSTRUCTION 

FLOORS AND ROOFS 

MlNWUIol Llvr, LoADs, POUNDS PER SQUARE FOOT 

By BUilding Laws of VarioUll Cities 

!~ p " ·'0 1~ J~ ,~ f~ 
•• 

Ow:riptlc. ... BWlcli .. i~ 10 
t' - " ~' .-
" ~ • i: 

. '100'" fo. Roo .... ,. A~tmcnttllWd D ... clll" ••. " " ,. 00 

~ '" 00 •• ,uyluffil. H ospitals. ete . . '00 .. ,. 00 ,. •• D CtoutioD Building' , 0«: .. '00 ,. 80 60 
F actoriCOl: 

120d UlOo: L41ht manufa.etUl'8 ..••. ,- , 00<1 "'" '''''' "'" ' DOd 
Heavier ma.nutactlll'(l ,. " ... , "'" " ... D OI.eb:. Lodging H 0U8S <D ,. 

70 :&, ~ -. 60 ,. <Db 
Otnoe Bulldlnp. etc .. •• 60 00 ' 00 75 ~O " 

,. OOb 
Public Build.inp: lk 1100 M wllclpal Bulldlnp ... '00 '00 

Churches . ....... '00 '00 ,,. " '00 80 " IZII '00 
Ubrwleo. MUSOUffil . ... '00 '00 ". ,.. 
Thootcn ....... ....... '00 '00 ,,. '00 "" 80 " 

,,. ' 00 
Schools. CoUeges, etc. .. . . " " " ,. ,. 

" , . GO 
SI.<!~u.. light goods. . .. '" '00 ,,. '00 '" ' 00 '" '" '00 

heavier good •... .• ,,. ,,. ,.. '" '''' Wareh~. ............ ". ' 00 
,.. ,,. 

"" ' 00 
Floo ... 10' AMe.bIrHallJo,de. 
AudltorlUIIlB. bed _UI '00 ' 00 ,,., ' 00 '00 80 " 

,,. '00 
ID(lvable _tI '00 '00 , ro '00 '00 '" '" '" '00 

Armories, Dance H alla.Ctc, "" '00 ' 00 ,,. ". ,,. 
.11..,.11 __ ..-

O~.StabIOl!l .•....•.• '" :f: '00 l liOe ,IS 100 " OOITldOl'1l. llaUway ••.... '00 ' 00 

~'~h 
so, 

Stairwa,.". FiI'e EacaPM. '00 ' 00 ' 00 so, 
Sidewalk •. ............. 800 250 ZOO 200 "" Jtootl: 

Flat, Ilope UP to 20" rn) .. " WI ., .0 3.51 40 "'" " SteeP. slope over 20" (~) ., 
" WI 2.5J 301 20 "'" " Wind l""-ure. ...... ... .. ,. -., 10. 200 30 " ... 

• DwdIi:ap, CIn.Iud. eo. 
b Finl. Soon: St. J.ooI!I. I, &.loa. 1;S;~. 12.$; BalIlmore. IW; ew:;,..,.ti. 100. 
c PIIbtic Soon 01 UoopoWo, Ole", l\abtic BwldiJtp, OU.: &.loa. 100. 
d F1oorIoodl do Id .. Iud. 1M ~ u.. impw4. bod oIla .. hiaory . 
• ~~te: ~ 40; 15; Ousc-: publlol, upper BQOI1: ~. 100: 

BIOo : a..d&od. . 
I Corridor.. otairn1t.~ .. fOIl' "-mbl)' 1I.u.. ArmorifI. t\.e.: BotLon. 100. 
~ ~:Ioept ill Dw.m ... w,,"" loot bdo ~ ... 

8'*""'1*. tt.e.. fOIl' ApartmeDI Deus, 80; o-lliDp. eo. 
I 1.-11 P"'..:I!"Wi foot 0I1IClplI6daI roof_: ~ roof bdo ... fOIl' tM pojeel.td .... 
J 1.-10.... Wmd.~, 10 ____ lIPto~oIope.l!:1.~Iiope.,..-I-it:r.: 

II: o.d oM ""' bod: _ bod 2.$ pouadt. rod...,.., I pO<IOd bet_ ,..-•• - . 
I FOIl' buiIdiAcI_ 1M! feet hiP. 011' ~~I" OWl' 4 tilaMliUt .......... 1001 dila .... 

• W'1IOi _ fOIl' hiP bIIildifrp" =diMrino: t5 ___ .1 leallo "t:'l.s lji poaJII\I 
_fOll'ooclI....,.boIowoM~ _fOll' ..... ~.w...ur.to ~ 

II FOIl' builcIq:a 40 *'!lip. 10 ;;:t.1O 80 '-' 1$ pouda: onr 80 ott, 20 ~ o Wind _ .... ,","",II ....... :10 JlOII 
P FOIl' ~ onr 100 t.K!IiP. 011' wilen bciPl it onr S ~ u.. ........ milo 01 baa. 
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CAItNEIQIf! STEEL COMPANY 

FLAT TERRA COTTA ABCHES 
"U' ""<;l T V II , .. ,a· .T .. MII ..... 

SU'E LoAD8 IN POUNDS PER SQOAUE FOOT 
F-.cwr ot SafCty "'" 7 

I 
DopU. 01 ArdI 8Jo<b. , ..... .... • I , I • • I " " " • , ---"", A,. 01 Arcb Blotb. Sq ....... I""b .. 

h.- III. , .. W .. .. ~ .. .. 
3-0 'OS ... 735 '''' "',.. '''' 2210 
3·' ... .. , '" "" .. , 126Z 1877 
,~ "" ... :>31 "" '" "'" 16 1Z ... ,.. "" '" "" 6.0 008 1398 
'-0 '" '" '" '" W3 "" '''' .. , '''' ", '50 ." '" '" 1079 
.-0 , .. '" "'" '" '" '" '" ,., 'OS '" '" 30. ... '" "" .., ... '" ". .,. 

"" '" '" '·3 '" '" '" 330 .00 GO' o., ". '00 3<, '" '" ." ... .. , '" 
,,, 

'" 3711 ... 
8-Q '" 

,m ZH , .. '" .. , ... '''' 
,,, 

'" ... ... 131 "" '" '" u, .. , '" '"' '" '00 
'-0 '" 170 '" "" '-0 , .. '" '" ... '" '" 8-Q "" '" O-Q '" "" ... I '". ",. '" This table aDd the two following are employed in computing t he 

we loada of floor arches of hollow terra ootta blocks. The alea 
given is that of a crOM Bection at right angles to ,h, webs, Md, 
generally, end-construction blocks of various shapes but of the same 
depth and crOlllHootional area have equalltrength. 

The weight of the terr(\, cotta arch hM been deducted from the 
safe load given in the tables, so that only the deM load of the 
concrete fill, plastering, etc., must be deducted to obtain the net 
safe Ii ve load (or any arch and span; blocks of different ~'M ,.d 
for other bctors of so.fety nrc calcubtcd lUI follows: 

Eu ... u.-Requlrod the lorod per square foot tor a 6'-6" lpon and 8 Incb 
arch blOCks"lth throeeborlwntalMd four vertical "cbl. U Inch tblck.lletln end 
COWltrucllon. cro..I\CCUon tbn:lUih webs of block, l)ano.llcl \.c) webs of beIIml. 

Sectional area or tbe blocks 118""'~""'4+(I2"--4.J;U" )",J(",,,a-«.2;51Q. In. 
at 0.06 pound. ~r cu. In .. tbe "ell:b~ II H.25s12s0.06==32 pounds. 

Tbe net safe load or the 8 Inch block given In the table II 100 pouodo. 
Addlnfllbe "eI,bt of the block, 37s I2:10.00-26 poundi. tbe total ufe 10k(! I. 
222 pounds. Tbe nM .. fe lorod for blockll"ltb an are.. of 01<1.25 IQ. In. and a 
wet,. factor or 6 I, (44.26+37l1222s7/S)-32-340 poundo per IQ. ft. 
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CARNEO I E S T EE L COMPAN Y 

TERRA COTTA ARCHES 
FOR 

Floor Load of 150 J>ound3 per Square Foot 

G G 11 
7 G 12 
8 G 13 
1 7 12 
8 1 13 
9 1 H 
8 8 13 
98 ... 

10 8 1/1 
9 9 I .. 

10 9 I~ 
12 9 11 
10 10 I~ 
12 10 17 
12 12 17 
III 12 20 
III III 20 

"':" -, ,., 
OJ, 
'" OJ, • • • 
'" '" '" 'l' 'l' 'l' 8 
8 
'H 
'H 

" 

A_. W..,t,Ua.perSq.ft. 

1 ~~ n § ! 
G2230 .. 
72238 .. 
822405" 
82430 .. 
82438<1 
82 .. 454 
827304 
827384 
8 27 .. lI <I 
829304 
92988<1 
9 29 63 <I 
1) 31 30 4 
9 31 <Ill <I 

10311304 
10 311 63 4 
12 .. 2 30 4 

, " , " , .. 
, " , " , " , " , " , .. 
, " , .. 
, '00 , " , .. , .. 
6 107 , " 

For ht ... .,. OG ...- ...... wh,,",!he top "'!hean:b itlovtl with tIletop oftheSoor tam. 
cled .. 1 aboul 7 j)OIIJIdI pW iDdI of dill' ........ betwoem !he httP,"'!helloor-"'&IId !he an:Io. 

A""""". Weichl. Ua.perSq. )'1. 

.' ' : U~ J ! ~ 
G oi " 4~ 7 20 27 oi II 63 
1 oil II 12028411&4 
8 .. 1)( II~ 7 20 29 4 II 6lI 
9 4 IU 6 8 20 30 4 II 67 
8 (I "II 8262741170 
9 G I IIU 8 2(1 28 4 II 71 

10 G 1)( (I 9 2(1 29 4 II 73 
12 (I I ~ (lU 9 26 30 4 II 74 
10 8 " 1I)i 9 81 27 4 II 7(1 
n 81 (I 9312841177 
12 8 IJi GJi 10 31 29 4 II 79 
III 8 1)1 7 10 31 30 4 II 80 
12 10 U lI" 10 M 27 4 II 80 
t:l 10 I G~ II M 28 oi II 82 
III 10 1)( 7 11 M 29 4 II 83 
III 10 iQ 7~ 12:W 30 4 II 811 

TERRA OOTTA PARTITION, CEILING, ROOFING AND 
FURRING BLOCKS 

'H 
2 12.1<1 12 
:I 1~17 20 

, .. • , 
• 

HI·18 

'8-" "'-" 
" 



FLOOR. CONSTR.UCTION 

REINFORCED CONCRETE BEAMS AND FLOOR SLABS 

For a complete mathematical aDalysis of the stresscs occuring in 
reinforced concrete structures, reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Glrd~r ... nd Floor ne.m.. The arrangement of girders and floor 
beams follows the same principles 88 in slructuralsteel construction. 
On short spans floor cross beams may be omitted or used only at 
columns to secure lateral stilTnelll!. BeaIU8 arc usually deeigned a8 
tee beams, and thereby a part of the floor slab is utilized as a part 
of the beam. The width of the slab thus considered to act 88 part 
o( the beam should not exceed one-fourth of the span length, and 
the overhanging width on either side of the web should not be over 
six times the thickness of the slab. 

Floor Slabs. Reinforcement may be of small rods, wires or metal 
fabric, the latter especially on short spans. Cross -reinforcement of 
small rods or wires about two feet apart laid parallel to the beam 
supporting the slab should be used to prevent erllCks, shrinkage, 
etc. If the length of the slsb exceeds l~ times its width, the 
entire load should be carried by transverse reinforcement. For 
rectangular slabs, the length of which docs not exceed I ~ times the 
width and which are supported on four sides and reinforced in both 
directions, the proportion of the load is determined by the 
formula: R=1/ b-{l.5, where R is the ratio of the load, I the length 
and b the width of the s1ab. An effective bond should be provided 
at the junction of beam and slab, and if the principal reinforce
ment of the slab is parallel to the beam, transverse reinforcement 
should be used extending over the beam and well into the slab. 

Sa-dna- of RrinfordllC Ba... The lateral spacing of parallel bara 
should not be less than 3 diameters, nor should t he clear vert ical 
space between layerB of barB be leSB than 1 inch; distance from 
edge or side of beam or slab should not be lese than 2 diameterB. 

Sh~r or Wtb Rdnto_m~Dt. In the calculation of web reinforcement, 
concrete may be assumed to carry ~ of the total shear; the 
remaining % to be taken by additional reinforcement arranged in 
intervals equal to the depth of the beam. The usual method of 
reinforcing beams against failure by diagonal tension or shear is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or atirrup.!lshould not exceed 
~ of depth of beam if inclined, and ~ of depth if vertical. 

Pormul... The following formulas are those. given by the 
Committee of the American Society of Civil Engineers on Concrete 
and Reinforced Concrete (T....,..iiont. Vol LXXXI-No. 1398, D.oembet , 1017.) 

'" 
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CARNEOIE STEEL COMPANY 

Rt;INroaCEI) CoNCRETE BIIAN8-NoTATION 

Rena ..... t.r n.. .... !tdntort<:mCllt r .... Ten.IOII on..,. 
(. -=TCD8i1e unit etrc88 in 8teel, in pounda per sq. inch. 
fe =Compre88ive unitelrC88 ill concrete, in pound/! per sq. inch. 
E. -l\lodulua of elasticity of steel, in pounds pef IIq. inch. 
Ee =-ModuJ\l8 of elMticity of concrete, in pounds per Ilq. inch. 
n """Elasticity ratio, E.+Ec. 
1\1 _BendiDg moment or Momen~ of Reei.eiance, in inch pounds.. 
M.=Moment of resietance of Iteel, in inch pounds. 
Mc=Momcnt of resistance of concrete, in inch pound,. 
As =Aren. of atecl in tension, in equare inehCll. 
b =Width of beam, in inches. 
d =-Depth of beam to center of atecl in tell8ion, in inches. 
k -Hatio of depth of neutral axil to efTective depth, d. 

_Ratio of lever arm of fellilting couple to depth, d. 
I _Diatance, from top to resultant of comprC88ion, in inches. 
jd =Arm of reeilting couple, in inchel==d-z. 
p =-Ratio of areas, steel in te~ion to rectangle, bd,_ A+bd. 
kd -Distance fro m top of beam to neu tral axis, in inchee. 

T .. B .. ",o. Keilifornd rOt' Teal loll Oll i,r. 

b _Width of flange, in inches. 
b' =Width of slem, in inches. 
t _ThicknC88 of flange, in inches. 

x.n. ..... br s.. .... R.tIlllornd rOt' T ... Io .. I .. d C. __ lon. 

A' -Arca of sleel in comprellllion, in square inchctl. 
p' _ Ratio of nreas,steei incompre88ion to rect angle, bd.-A '+bd. 
f~ =- CompfCSIIive unit streee in steel, in pounds per sq. inch. 
C ==TotalcomprceaiveatrC88 in concrete, in pounds per sq.inch. 
C' =Total comprC88ivestree& in steel,in pounds per sq. inch. 
d' -Depth to center of steel in comllrcBllion, in inches. 
z =-Depth to reeultant of C+C', in inchee. 

sa..r . .. d Bond. 

V - Total shear, in pounds. 
V' = Total Shear producing stress in reinlorooment, in pound.8,-3-)V. 
v =Shcaring wlit stress, in pouncig per sq. inch. 
u =Bond stre811 per unit surface of oo. r, in pounds per ICJ. inch. 
10 =Sum of perimeters of tension bars, in inches. 
T =Total Itreu in lingle reinforcing member, in pounds. 
I -Horizontal spacing of reinforcing members, in inches. 

'" 



FLOOR CONSTRUCTION 

REINFORCED CONCRETE BEAMS-FORMULAS 
RKlaJIl'lIlu o.m., lloolnfor.:ed for Ta .. lon onl1. 

, ....... 1 kd =d( y:lpo+ (Pn}1 -po) 
'r-' .... n • - Ikd Jd==d(J-~k) , , )[ _ t,Ask! - ',pjbdl 

--
, 
d / * 

M "'" IfckJbdl , , M " , 
T' t. <= A,.ld - '""" .-.-.-

, i T --.1>--"- ",fofa'! I 2M 
C -=JK@i 

2pt. - --,,---
Dalaooed RelntorocmeDt: 

, 
St.ecl ratio, p = ,'. C' 1 bd'_ M= M 1;;" iiTc+ 1 r.PJ lI'C"iJ 

TN 0. ..... Relnlo .... for TeQlolI. 011.1.7. 
,...----- -b------- .... ...-t.- .... 2ndAs+ bt.-' 

?dt-1 kd = 2nA, + 2bt 
, , , N eut.nJ. ult 10 t1a~ - - - ~ 

(_ f......w.. f ... NttaDplar t-.) , , 
, T ' 

Neutral u" ln , tcm-_ •• -- I - - _J 

1 ,1 1.1{o-' t !:Jkd 2t1 jd= (d~) " ' Ii- " -.... • = 3 (:lkd t) 

M= t.AJd '. - ;f.Ja - feu(l-k) ------.--
M _ f ("btOcd-jtlJd 

" - Mkd 'iI< k(l bt(id:hjJd -= 
II«Iaq.la. o.m .. Relnfo......! for T~n.lon a"d CO .. ~lo". 

kd _ d [\IzD(p+P'~) +D'(p+p')a -n(p+P') ] EF "0. , d' 

• _.k*d+2P'Dd'(k-a:-) 
;id-{d-s) 

~+~'D{k 
d' 

1 Iid ' C rr c+ci"l .-) 
__ <_ .L.,; ¥ 

' . M - nfc(l-k) 

. _ _ .L :.jf.: .~.'!._l - PJijdi -----.-
d' ntc{kcr) 

- b --- .j'~ t'. - ----r-
~ e)r 

-bd' ["""+¥(k-jl')O--1m 
Sh_r a"d Bond. 

V V TV'. Roc:ta.nsular Beams V - 15T<f - -,.- u - Jd::ao 

- 4 TV'. V 
T .... ~ • - "]0 II - JdIo 

l r ..... ror ............. """" ap It &11(11.-~ •• &ad 4t . ..... we" ___ boel_ .. t .... 

1\". T _ ", 



CARNEOIE STEEL COMPANY 

The formulas are based upon the following U8umplions: 
1. The applied forcCl! arc perpendicular to the neulral )Ilane. 
2. Tile ddormation of any fiber ill proportional to its distance 

from tho neutral o.xill. 
3. The resisting moment of the beam i8 the Bum of the moment!! 

above t he neutral axis, due to the concrete area in comprCll8ion, 
and of thoac below the neutral axis, due to t he steel area in tension. 

4. The tensile atrength of the concrete ill negligible. 
Bendln. Mo.~nllo. If slabl and girders are reinforced over lupports 

to take Cl~re of negative bending moments, they act as continuous 
bealllil, and thc bending moment at the center of tho span will be 
reduced. It is considered good practice to use the following values: 

Floor slabs, M at center and at supporta-h wit. 
Beamll, M at center and at supports=-h wl2 lor interior 

spans, and n wl2 for end spaM. 
If beams are freely supported at endl, M-l wit. 
Col......... ColUlllnl may be reinfurced by means of longitudinal 

b&l'8, by bands or hoops, or by both. The general effect of the 
banding or hoop:ng ill to permit the usc of aomewhat higher woddng 
IItresscs; the values of A, and p given in the formula which follows, 
refer to longitudinal stcel reinforcement only: 

P -total load on columns, in pound,. 
A _ total area of column acction, in square inchCII. 
Ac-area of concrete, in square inches. 
A, _area of IItOO, in IIquare inchee. 
p -ratio ol llteel area to total 8Cetion, A. + A. 
lc - unit comprC88ive strC811 in concrete, in pounds per sq. inch: 

p 
P -lc(Ac+nAl)~eA[l+(n-I)pl. fo A(t+(n-l)pJ. 

Workl •• 8u- The following working streeael! are in eUlTCnt use 
for reinforcing bars of medium structural stcel and good Portland 
cement and gravel concrete of a I :2:4 mixture: 

fe-unit oompreeaive ,tress of concrete ...... . 650Ib.aq. in. 
lv- uni t shearing stress of concrete, 

straight horilontal reinforcement ... 
llpecial shear rcinforecmcnt . .. 

fu _unit bond stl'C8ll of concrcte, 6mooth 

" 40" " 
90 to 120 " " " 

rods and dcformed bare . . . . . . . . . . .. 80 to 100" " " 
f. _ unit tensile streea of steel ... 

rod reinforcement .......... . 
wire reinforcement ....... . 

flc _unit compressivo IItrC8.!l of ,teel. 
n - E.+ Ec- 15. 

16,000 f( 

16,(X)(I " 
20,000 " 
16,000 " 

" " 
" " 
" " 
" " 



Fl.OOR CONSTRUCT ION 

Subetitutingin the formullUl given for rectangular beaIIllj, reinforced 
for teusion only, the values for fc=650, f_16,(O) and 20,000, and 
n_ lli, the following corustants are obtained fo r equal momenta of 
resietance Mc=)fa. 

Not&tioa. 
,....., 

Not&tioa. 
,.-

1_ 18.000 1-'0.000 1.-018.000 ,- ... 
0 0.OO76{1 0""",, oj 0.00072 0.00474 
k 0.3786-1. 0.32773 '" 0."""'-' 0.29193 
J 0.87370 0.80076 t.pJ-'lrtnkJ 107.a:ffl 94.877 

li"0l" apprO:llma.te ca.lculat lollll, the arm ot the n.l3~l nl:l couple. Jd. may be 
~al<ell M 0.00. and ordlna. .. Uy accepted "ll'orldna; Itr_ ot 16.000 for lteol 
and 6SO tor concrete ...til DO~ be ex(lO)Cded If tbe iJteCl ratJo, P . doe. DQ~ 
e:<oood 0.008. 

EXpla ... tloD of h .... Reinforced Concrete Slabs: Tb, tables 
given on page 274 a.re bMed upon the preceding formulas for ree· 
tangular beams reinforced tor tell8ion only, and upon fiber strcsaee of 
650 pounds per square inch for concrete, 16,000 pounds for steel bar or 
rod reinforcement, 20,000 pounds for steel wire reinforcement, Md 
for nn elasticity ratio of n_15. 

The bending moments arc given in foot pounds per foot of width; 
below and to the left of the :r.igtag lines the valuca are determined 
by the maximum aJlowa.ble fiber stress on Itcel; above and to the 
r ight they are determined by the maximwn allowable stresses in 
concrete. 

The first co1wnn givel the total thickneBB of the slab, the sec-
ond, the distance from the center of the 8tool to the bottom of the 
slab, and the third the appro:timate weight of concrete slabs 0"' 
foot square. 

E x .... p .... -RequlnK!. tile rel nron:emcn~ tor a II"b oonllnu(lU!l U four Iide. 
.nd Ii Inche. thick to C&lTY" wperlmpoaed load. or 100 poundll per ~uue foo~ 
over .. dear lpan of 8 feet. 

AlJUmlnc the "ll'elcht 01 the concrete .... b In pound.I.~ twelve tlme. the 
thlckn_ of the slab In Inchoe:, then the "ll'elght of tM 11.1) per foot Ie: 12~ 
poundl .• nd the tot .. 1 weight, W, for a SPLll or 8 roo~ II (OIH100)x8-1680 
poundM. 

M _ WL+12=1680s8+12-I1:!o root-poundll. 
If medium IlrUctural .tool bt.rI or rod. are uaOO, tbe required IU"C&, by 

tbo upper tlble, p&gl'l 274, II. by loterpolatklll. 0.23.5 ~uue incb.oe:, and tbo 
.w.. mly be taken from page 66. 

If trl"ll8ie maab Ie:~, tbe lteel area required by lower t.ble, pt.@:o 27-&, 
comPUted fOl" • 5 1nth lI1 .. b,", by Inlerpolatlon, 0.188 ~uare lnelle., requirlq 
by t .. ble. pt.g,) 275, Irl .. q lo mceh I~ylo number 208. 

-", 



CARNEOIE STEEL COMPANY 

REINFORCED CONCRETE SLABS 

BENDING MOMENTS IN FOOT P OUNDS P ER FOOT 011' WIDTII 

Allowablo FIber Stress: Steel. 16,000 and ConerClte 650 Pounds per Sq, Inch 

A ..... of SUooI Roinf~1 in Square " .ob .. Ptr Fool of \\~Jdlb 

.40 .50 .eo .70 .80 .00 

Allowablo Flbet' Stress: Steel. 20,000 Ilnd Concrete, 650 Pounds per Sq. I nch 

Arto& 01 SUooI Reiof"""""'""t in Square J""beo Ptr Fool of Widlb 



FLOOR. CONSTRUCT I ON 

TR IANGLE MESH CONCRETE REINfo'ORCEMENT 

Trlanale Mesh Is a 'WO'feo ralric ot cold drawn __ I ... Ire. P<'<lvldl"l' .. 
conc.lnuowo retn'OI'COIDOlIl~, an e~ dllltrlblnloo of metal, and a per1'ec~ bond. 

Ma4e ... I,b both lingle and Itranded tenIIon mem'-a In leq:\b..o I,Ip WI 
300 'oot and In ... idu. I,Ip to Mlinehool. 

TR IANGLE MKSU---8TYLES. AREAS. AND WEIGHTS 

LonSJt1,ld11l&1 Ind Cro. WIre. (No. 14 A. 8. '" W . Co. GlIfIe), 8pa.axl .. InchOi. 

LotwiUldlDOl Win TriaaJIo lot .... 
T"'11: M .... , .... ""'- Net A_ Total A_ ~PP"" Yo'~~t . " Na ... btr • A.8. ' Yo' Co. FootWiclI1o footWidv. ,~. 1.., , ...... I\~ ... G .. Sq ....... Sq. J DtIoeo I 

00' 
, No. 12 . .,. .00' " ... , H .00' ... " ." , W ,0.13 .. , " "" 
, , .'" .06S " 008 , , .00' .008 " .o. , , .07« ... .. 

"" 
, • .08' .00' " '" 
, , .101 .107 '" '" 
, • ., .. .126 " ... , , .,., .1"'6 " '" 
, K" . 141 .'" OS 

'''' , • .'" .'''' ,. ,., , • .17-1 .'''' " ,.. • , . m ."" .. 
'" , • .230 .'" '03 

'" 
, • .261 .267 n, 

287 • 'K .281 .287 '" ... , , 3Q3 ."" '" "'. , 'K .220 ."" ,,. 
'" 

, • = "" .. , 
"" 

, 3K .38. .." ,., 
~ fit iloilo; 1&0. DI ..... 300 , .... 
W',,1I1o fit Rollo: ]e.:o.:t. 28. n. M. 40 .... 48. n ..... u ~ _ ...... Id)o. 
~ )of ..... funaollod ti~ ";110 ... wiUlout pI ....... ~ ....... ~ lI*'iW 
~ . til oIoippod "'" pinalood. 



CARNEOII! S TEEL COMPAN Y 

BUCKLE PLATES 

~ I V "J / "- II/ "- ~ / U D 0 1'" 
c....:::" L 
i7I 11"- /1 J"- /1 11"- /J J"-. 

Z;;:1""jl··~·:·-;:§Si;::;"':""·:·~-~;i!&~ 

Buckle Plates, as generally used on highway bridgee with paved 
Doors, ace subjected to a ooncentrated live load due to the weight of a 
wagon or truck wheel and to a uniform dead load due to the weight of 
the roadway paving. 

Buckle Plates should be placed with thc 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 following formula. Let: 

P - Total allowable concentrated load on buckle plate, in pounds. 
w-Uniform load, in pounds per squace foot. 
d - Ri8C of buckle, in inches. 
I - Length of buckle, in inches. 
b _ Width of buckle, in inches. 
t _ Thickness of buckle plate, in inches, 

P _ t (300 fdt - 0.525 wlb) pounds per buckle. 
6d+15t ' 

The following table gives, for a fiber stress of 9000 pound., the 
muimum concentrated live load in pound!! allowed on buckles (turned 
down), in addition to a uniform load fI.I!l!umed to be the avenge 
weight of paving, etc., of 120 pounds per square foot. 

Thick_of 
BIIcl<Le l'b.1t, 

R;'" d, ;11 11ICh. 

, ... , 
'" 

, ,~ 

" WOOO ,,,.Ml """" '"'''' ~. 30000 """" , .. "'" """" % .. """ .""'" 4;000 m"" •• """" """" .. """ "''''''' 
The total allowable uniformly distributed load which a buckle 

plate will safely IlUpport may be obtained from the formula: 
W _ 12 fd t pound!!, per buckle, 

When tile buckles are turned up, U8C one-third of above valuC8. 

'" 



FLOOR CONSTR UCTI ON 

BUCKLE PLATES 

.. » ••• 0 ...... .. 0. 00 .. ..... .. • T .. " .... . .. 

~ ~'A ~I~ U~ 
3 3-11 3- 6 3 
-& 3- 6 3- 11 a 
113-1) 3-93 
63-13-93 
13-93-13 
83-83-8 ' 2 
92-83-82 

10 3· 8 2- 8 2 
1 1 2-23-82 
12 3- 8 2_ 2 2 
13 3· 0 3· 0 2 
1-&2-92-93 
19 2_ 6 2- 9 2g 
202-92-62 
2 1 2-62-62 
223·63·63 
233-63-53 
2-13_63.93 
253.93·63 
263-23-13 
273-13-23 
283-03- 1 3 
293-13-08 
302-62' 02

a 31 2- 0 2- 6 2 
326-63·63 
333·66-63 
3-&-&-0 -&-0 3 

6-lm 3-9;, l W 8 

t:'~ tf" : ~ A ~: 
6-3 7-1I\~ Ito 9 .. 

~:lm tut iEIg II 
10-210-2 Iw 8 " 
6- 6 10- 2 IWII .§i 

10-2 6--11 I W8Cl~ii 
3-71,4 10- 2 ltol-& i!!_'::I' 

10-2 3_7* Ito 8 ....... !I 
6-10 6-10 ltol Cl !~ 

t:W~'~ ~:I~ 1 to 11 j ~ 
-&_ 71 3-10\4 : ~:? e :i-
3-10 a.lO~ 1 to 12 ~ il! 
6.11'-;.6-3 I to 9.Q =., 
6- 3 5·11'-;. 1 to 9 S ~_. 
6- 3 7· 1)\ 1 to II Y "I' 

::'iit'l' ~;I!lt~ : ~ ~ ~ ~ ~Q 4·1 6- 1" ItolO l ."l _-gu' 4-1 ( totO ~ 
4_1 4_7 I t<) 101 ~!J 
3·10 2- 61th 110 121 .. 
,- ;6§'~' 3-10\. 1 to III ;:; I< 13- II' 6- 4~. I to (; _ 
II· -&. 13· 1'\46 1 to II ~::: 
3-H, 3-1~ l l t0 7 

Thlok.- cl PLotN, ~-. 'no", %- or ~ . .. , 
PLot. cl ... t.er leqth til .... 1i_la !.oble III&)' be IIlJde br .p1ici"" .itll t.n, aIIII-, or ~, 
AD p1.t. are mad8...;tb buck* UI), u ..... otborw .. ordtted. WIleD buckl ....... tlll'1>!ld do .... 

.. drai. 1I0Io oboWd be po.u>I'htd. im the _lOr ol -.h '-".1. ,ad oIaOllId be oil_a 011. *"",Il. 
B-...l1oool dilI __ oIoooaId DOt be..-l .. iti...,.. the_t ol tbe plate. 
~""'are~ ' 01' "'''.~-or~'' ri"" 01' boilL HoIN ol d .. emol .... 

In _.ute aill i....-u.. "* cl u.. pWe. 
8p":"'cfor~I.,u. .. ol pIolI~beialDU!upleo oll-&ad ..... 1d DOl u...! 12"'. 

Odd_to bo.l...., ol ""'te&adiDt .. ""~ .. , Minimlllllll*i"" ......... }i· ,....wII ... 
Die .umber 11I...t be "O'IfD OD d .......... 
8blet. for B",*" PLot. oIaoWd iadicote aJIowobio Oftmlll ia l""tII aDd .. idlh. 
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CARNEO I E ST EEL COMPAN Y 

CHECKERED PLATES 

(f).O:O:( ):( ):( r( \V I( )~ I '):( ):( 

~~~~~~~~~~~~~~ , _ ______________________ a-__________________________ 

ELEMENTS 01' C H ECKERED PLATES 

meith, • Thiok-. WriCh\.-J:' SectlOll "' .. 1":1... 
Sq......,., oot. Mod,.!", rot , ... Minim.,..... Ma.imwD. O"'~''''''Widtll, , ... , .... Pound. 

I""b'" 

"W Over 12 " % 31.6 1. 121> 

"" OVl)J' 12 66 % .U 0.781 
1>154 o,·c~ • " % 21.4 0.000 
M S3 O~, 6 " II. 18.\1 0 .383 
M 62 0= 6 " % 18 .3 0.281 
M 51 Oo~ 6 66 •• 13 .8 O.IM 
101 00 Oo~ 6 " % II . 2 0.125 
M 40 Oott • " •• n 0.070 

ALLoWABLE UNIFORM LoAD IN POUNDS PER SQUARE FOOT 

"'" Fim St"-, IlIOOO Poondo per Squo.rc ''''''' Fiber Su-, 12000 PouDCb perSqu .... IDeII 

" I -""-
.. .. • •• % •• • ... % % % II. % •• • • • 

• "'" "" ". ': "" , .. '" , 
'"" ": .'" ,~. ,~ '" '" ... :: I~ I(]OO ". ~ . '" ... , 
"" ... .M '" '" ... .. Mf 444 ,., 

'" " . .H " • ,~ '" '" 
.. , ... .~ .. " '" '" '" '" ... " .. .. 

• .. , '" '" •• ,~ .. .. .. .00 ,., '00 '" .. .. " .. 
• '" ... ... HI ~ .. " " '" ". .H .. " .. " , ., no . " .. .. .. " ... ." " .. .. " • ... '" .. .. " " ... " .. os .. 
• .os '"~ .. ~ " m " .. " " ,~ .. .. .. .. .. " H .. .. .. " " " .. .. " " 

Tile valuoa given In above table aro tho sale iQll(\lo II'lC square root or 
ptaWl .uppocted on two eld Cll!l onl~ a.nd IU"O based UPOD tllo resistance or 
roct3n~lar IleCtJon8. 12 InehO!! by t 0 net ,~. t. 

T e waI~t of thQ plaUl iI InCluded In the safe IQ3(\.s and must be 
deducted to 0 taln tbe nct superimposed safe load. 

Rafe loads tor othel' tibeT Strel!8eS than theee fven In table may be 
obtalnlXl from the vaJuO!! given by d\!'I)Ct proportlon 0 the tiber BtrflS868. 

". 



ROOF CONSTRUCTION 

ROOFS AND ROOF LOADS 
The deaign of roofs a.nd thc seleelion of suitablc roofing ma.teria.ls 

depcnd on thc character of thc building, whcther mOllumental, 
public, reaidencc, mill or shop; permanent or tcmporary; geo
graphical location as regards allowance for snow a.nd wind loads, 
and also availability of materials and familiarity of workmen 
with the constructiou; atmospheric conditions as concerns presence 
of industrial or other plants produdng deleterious gases; water
tightness or resistance of the roof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the strength of materials to resist displacement of 
the entire surface or disruption between points of support; type 
and pitch of roof, whuther self-supporting on widc spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a pcrmanont structure should be fireproof from 
within as well as without, made of refractory materials supported 
by cqually refractory framing. It should last without repair as 
long as the building stands without repair. I ts maintenancc cost 
should be low and ita materials purchased on the probable life and 
service of the structure. 

Snow Loooda. The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roo£. Where snow is likely to occur, the minimum load per 
horizontal square foot of roof should be taken at 25 pounds for all 
slopes up to 20 degreee; this load to be reduced one pound for each 
degree of increase in slope up to 45 degrees, above which no snow 
load need be considered. In severe climates theae loads should be 
increased in aceordance with actual conditions. Regard should 
also be taken to the possibility of partial snow load with local 
concentration. 

Wind Load.. Theae vary also with the geographical location and 
t he slope of the roof, and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per squarc foot 
on vertical surfaces of the m06t exposed swuclures, and 30 pounds 
on less exposed structurC8. On inclined surfaces only the normnl 
componenta of the wind pressure need be considered. The following 
normal pressurC8 are based on the formula given by Duchemin: 

P=P1 2s~n:, where Pl is the direct horizontal pressure 
l +slD " 

lL88U1Ued at 30 pounda per square foot on the vertical surface and 
P the normal pressure on a unit of surfaco, sloping at angle" with 
the horizontal. 



CARNEO I!! ST!!EL COM P ANY 

NO~~A" WINO P~~88URE, IN POUNDS ,,. SQUARE FOOT 

~- - -- s.,. ...... 
.~ 

_. 
,,0 Sq...:"rOOI, 

~ 
Sq":root, 

~, . " SqlW'$Foot, . " ." Sq\WeFOOI, , ..... l'ouDdi , ..... '00"" 
5 5,19 '" 18.37 " 25.00 '" 28.97 

10 10.11 " 21.51 " 27.29 " 29.41 
15 14.M '" 24.00 " 28.28 00 "'.00 
For other prcsgures than 30 pounds per square foot, the values 

given above change in proportion. For slopes over 600 the valuee 
u.ssumcd for horizontal pressure are applied. 

Co.-blned Roof '--<I .. In climates corresponding tn that nf 
Pittaburgh, and where th, roof loads are not fi.od by building 
laws, ordinary roofs up to 80 feet span should carry the following 
minimum loads per square foot of exposed surface, applied verti· 
cally, to provide for dead, wind and snow loads combined. 

Roof Load 
Roof Co-oerinl ~FooI. 

Gra.vel or ru boIU"ds. fta.t slope. 1 t() 6 or less .............. . " Composition on boards. steep slope. more tha.u 1 t() 6 .......... " Roo!lns on 3 InCh tlat ,n(l or cinder concrete ........ , ... .. on 
CorMlgated sheeting on boards or purllll.'!l. ............ " SIa.te {OU boo.rd8 or purllns ................ " ......... " on 3 Incb !lilt tile or cinder concrete ............. " Tile on steel purllIlll .... ....... .... ... .. . ........... . .... M 
Ola... ........ .............. ............. ........ . ..... .. 

For roofs in climates where no snow is likely to occur, reduce 
these loads by 10 pounds per square foot , but no roof or any part 
thereof should be designed for a total live and dead load 1CS8 than 
40 pounds per square foot. 

Roof Co ... 1...,. As stated above, suitable protection of a buildiug 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitch of the roof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used fo r Bat roofs; 
slate, tiles, and tin are used for slant roofs of publio buildings and 
rc~idenceB, shingles f" smaller dwelling housCl!, and corrugated 
sheeting for shop!! and warehouses. Slate, tile, tin, and shingles 

'" usually attachcd tn a layer ,f planking, called sheathing, 
which in turn ia aupported by rafters, often called jack raften, 
resting upon the roof pUrlins, or placed directly upon the purlins 
of the roof. 



ROOP CONSTRUCT I ON 

ApPROXINATIJ Wt:IOIlT o. ROOnNQ MATERIAL 

Weich' 
Roo6DI M.teNl 8q~oo'. POll"", 

COpper. No. 22 n. W.O ........ ............ ............ ...... ." Oon-upted galvanized 11'OQ. No. :zo B. W. 0 ............. '" OolTllPted galvanized Iron. No. 26 B. W. 0 ................... ," 'j( 
FeI~. 2 la)·e .... ......... .......... ........................... K 
li'el~ and uphalt or coaI-taI' .••... . ...... ........... ...... . .... . 2 
01_ Ji Inch thick .............. ..... ........................ ." Lalh and plaster oeHing ......... ....................... .. ..... G-8 ...... Ji Inch thick . ........... ..... .... ...................... 'K 
Shoalhllll. hemlock. I Incl> thick .... ........................ , 
Sheathing ... hll.<:l pine .• prnce. linch thick ................ ...... 2J(-2Ji 
SI>eathing. yel.lo" pIne. I Inch thkk . ..... ....... ............... " . 8hlrlllte.. 6:<18 Inch ..... 6 Inch .... to weather ................... .... , 
SkyI4l:M. giL$!! 'tI.. to" Ineb. including l..arne ... ............. .. , 4-10 
S.., rool. 4-pl)'. with CIIIl1Cnt and AIld .................... ...... • 8late. ~ Inch thkk, 3 Inch double lap .................. ..... .., 'K 
Blate. 'tI.. Inch thick. 3 lneh double lap ........ ........... .... .. , '" Temcplate. 10 .......... ................. .................... K 
Terneplate. LX ............. ............ ....... ........ .. .. ... K 
TUell (plain). lOJ.ix6J(l/i H Inchlll. ~J( Inches to .. eather .... ...... . " TU", (Spanish), 14 J.i:<IOJ.i Inebe., 7 J( IDebe. to weather .... ....... 'K 
Zinc, No. 20 n. W. 0 .... ............. .. , ............... .. ... 'K 

Roof Tr.-. 1rUlSle8 are used where wide roof openings are to be 
spanned; they form a structure of compression and tenaion membe", 
and produce vertical reactione under vertical loads; the totallond 
01 the roof, that is, tho weight of tho tru88, purlins, roof covering, 
ceiling, and often al80 the enow and wind load, is usually considered 
a uniformly distribl!.tcd load, equally divided between tho two 
supports and producing equal and vertical end reactions. 

Tbe purlins usually reet on the upper chord of the trUIIII, tranl-
milling to tho latter the load 01 the roof covering, th, wind and 
anow load, that of the jack rafters and their own, and are often 10 
arranged &I to carry the dead load directly to th. t,~ jointl " panel points tn avoid transvcrse strCII8CI. The diatance betwccn 
two consecutivo joints of the top chord is the panellcngtb, the dis-
tance between two adjacent trul:llJC~ the bay length. 

The transverse Itrcngth 01 tho sheathing " nl th, corrugated 
iron ",od I" tho '001 coveriDg generally determines tho apacee 
between the jack rarte.rs or the purliDI. These purlins or rafters 

." small eteel shapce, luch M beamll, channels aod anglea, " wooden beams, if the roof ia Dot of fireproof conHtruction. 

,,, 



r CARNEGIE S TEEL COM PA NY 

TRUSSES-FoIUI ULA J'()R STRESSES AND LENOTl.l8 
W 

'* ~-l W b : I~ $ ! e~w 2 A " : d b a AT . " a __ ~ Y... a _1, ___________ L-- ___ 

'w n _ L/U ... Zoot¢ 
-----IJ"-- ------;t 

SlMPI.E FINK TRUSS SIMI'LE FA.~ TRUSS 
.... wl S_ I ~. .... ,- '-" 
~ .;. .. .. ,.,... •• ,,1.._ • ~ 

'''''''~'-'' l--. 
~ "+: \~(\,.o'+l)'w 

~ 1._. ,. +~(.", •• ,).w .. 1.. __ --.. ,. "L_'. ~ +\o:r.:.N.·H1 'w .. 1.._. -- .. , W 
L{I __ '.) . ' -_"" • ,,1.._'. • " 

.. 1.._ ..... " 
... . W 1..(1_,._,.) 

~ ... ·""~:rtit''''1f "L~+ ... '.,,, •• • -.. ,. ,,1.._'. ". • ..1.. ..... 

w. tJvrn-J ~-~ • " E <,'l' ' : Ir D W 

w~ • t;I I ~ 
"l"A b ~/' I · . \'j, , B _A"f • e It , : L d Ii A -, '--
.~-- ------ ------lr ----- .-Li =2 001.." 

--- -- tr --------------lw 
COMI'()USD FINK TRUSS COMPOUND FAN TRUSS .... .... ..... I.wl 8_ I ..... .. .;. .. \ 'ii'+i , . .. 1.._ • - "~''''''.JJ)IW ,1.. .... ,. + \~(""H) ' W 

.. 1.. __ ,. +*'("''''.,j.w ,_. 
~ + .. ~No·.~)IW 

~ +~"".')'W ,_. ,,1.. __ 

m +\~("" +I) .w " ~(.",,·U)'w ,_. .. 1.. __ 

-.. •• ,,1.._'. ~ +~"'d)'W 
,1.. __ --- .. ,. "1.._'. ~ +~'''''+I) 'W ,_. 

~ -. •• 1..(1 __ '.1 - -'" ,. ..1.. ..... 

"' + \o;T:: ,. ,,1._ ...... " - .. ,. ,,1._'. 
U - .. ,. 1,.(1-,. ... ,.) 

• +\~ " .. 1._ ..... 01>.1>0,) .""-"'« "L\~+ ... '.""' • fc. .. + 11(&' •• ) ' 

-." -.. ,. ,,1._'. • • • -.. oW "L_'. +~ , iii .. L _ ...... 

" 
- .. ,. ,,1._'. ...' -.. • .. OIL ... '. 

• -~ , ,,1._'. 
" .. ,W .. L_' • 

CootHclentll tor Calculating Leng~h8 Qf T ...... Members 
Voluoo 01 D 3 I • .", ,~"" · . ~~, Vol_ol" W41'U"3O"WZ! 

~1 ~"l3'M"n"37' 12""21 0~' 6" !s<'2e' 6" 
.00 • 1.2018 1.1571 - 1.1180 1.()833 i.O'770 1.(\.5.41 -. 1.4444 1.3403 "'" 1.2500 1.1736 1.1800 1.1111 
lOCa tan .. 0.8012 O.61~ O.6U7 O.~90 0.4514 0.43(8 O.asu 

V~+IIO<' ... tan'" .'"" O.iTo'S 111698 0.6718 0.5781 .- Q.4~ 

'" 



~OO F CONST~ UC T I ON 

TRUSSES- COEI'I'ICI ENTS or STltES8£S 

~., 
tA b i * a. & c . J. 

,,~ ~ i c~ , J b A¥ ' . t . .. 

2~-----------lr---- n _ WII = 2oota. 
-- - - -·lr --- - --- - - -. rw 

.. ,.. Spt.n ... Heicbt _ 2 ttlt" II _ Spt.II '" U" II\ = 2 «>I" M_"" 
~~ 

Membtt 
24}7 ' ~ , 

"" • 2./5 , • , • M • • .. •. ro .~ .... '" .. ~ .M ,",4 .. 4051 .. ~ '00 •. w .... 0.73 ?OI 
Db 2.10 2047 .... UI ." .. ~ .. ~ Bb U • .. ~ ' .00 '.M ." , .. '.M .. .,. '0' .... ..00 , .. 3.;0 '" Co 30'0 ,.~ '.00 4.70 6.71 .~ "" '" '" 1.71 1.73 '00 .... .. " .... .. 3.76 '" .... '.00 '.00 •. U '" ., '" .... ,M , ... '" , ... , ... '" W W .... '.00 '.00 3.;~ .... • 0.75 .... '" U., '" 

,,. 
'" ab. be .... ,." ' 00 ,.~ 1.18 '" U. 

'" ,." 1.11 1.13 '.00 , ... . " ' .00 

w~ ___ .~ ~·~Y Dv.'\Y ! \~ , 
~. i $ 

, 'If W 

Ii : M. V ,'Iv' : ! ; \ft/d~b ./f • c If I . , ... 
.\v------------.1r----- n _ WB=Zoota. 

--- . -L------ - - - - -- --·lw 
n "'"' Spall ... Heicbt = 2 tt>l" D "" Spon ... lIe~t "'" 2 tt>l" 

Member 

~ 
M"",bu 

'14(1 k~i • 12, /5 • I • • "" • • • • • , 
,. '" .... '.00 ". 9.10 •. U ,:.~ .. .. " 10.9111.00I2.3()IIUO 1408111.39 
Db 5.70 U. .. " ". 8.72 . ... 10.; Bb .. ~ 9.9110.00II.UI3.18.ll.MIU3 
Co . 00 .... '.00 6,93 ". ... 10.t Co ." 9.9110.00 II.WI3.M It.W:IG.7' 
Of U, H 3 ." US , ... 8.31 

:!~ 
Of .. ~ 9. ~IO.9(J13.15, 13.701G.U .. . ~ .... .00 ' 00 .... 8.15 '" '.00 1.41 !l.G112.11212.M15.18 

'" .... ~.I' ... , '.00 '.00 '" " 7.1t 8. 8.501G.0612.Ma.II5IU3 .. , ... U3 I .i' '.00 ... '.00 •• ,. ." U U311.00133013.7511J$! 
W,O ". ',M '" ". ,." , ... , ... '" 6.75 '" ' ~ :: 'I" " ... '" , .. 1.73 1.13 1.79 .M , ... 1.1iO I~ '.00 ., • 1;; ' 100 
be. de 0.7$ ". '" '.00 1.20 ,,. UQ ab, be, rc, pc .... O. 1. !:iii 1.1 1.21 1M. .. , ... 1.71 1.1! '.00 2040 '" I~ d. '" U 2. ;:~ 2.7 2.. 2.85 

" .. " '" '.00 '.00 ' .00 3.75 • ..50 0:1,. of '" !~ t., ;:~ 2. 2 Ull • .. " 2.5 2. 3. 3. 3.7 4..50 
hl 3.7S t . ._ O. 6. 0.25< 7.50 

Tbl pilch of a tnIeI ill \hi ratio of tho rife Of boicbt to \lit lIP"" J(OftCth of "" -. Pliob ... U.L = ' /D. D_ L/H ",, '/pit<:b. 
To obtaiD tile ..... in ODJ' ....... ber of • , ina ~ mult.iplr tile ~'" eoo6t .... 1 br 

&be pauel '-l W. 
CoooprtllllioQ mom'*' .... ~ br + &ad ~ mem.ben! by -



CARNEOIE STEEL COMPANY 

TRUSSES-FORMULAS ro:t STRESSES AND LENOTll8 
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ROOF CONSTRUCTION 

TRUSSES-COEFFICI&NTS OJ' STRESSE8 

~~ , __ ~w W n , .. _ ' 

W A t> i * • , W 

t, ! d~W 
T. ~ 1 : e ~ a~T .... ._-
2~-- ---- - --- .. 1r.-----

n ... LJn =200~ " 
. - ----lr· - - ---- - -- _·r w 

.. - Spu. + Hei&h, ,,., 2 cot" n _ Spu. + Heiaht=2cot" 
lI=bto-

" 
Member 'M , ~n ". 

, ~, . • • , ~n .,. , 2tf5 • • 
At..Bb 2.70 .... 3.00 ". 3." '.N f.74 At., Db '" '.ro '.00 .. ~ ."" 8.13 7.01 .. ,.U '"' , ... '.00 , .. 3.75 ''''' '" 3.GI 3.07 ' .00 4.47 .. ,. 6.311 ." .. ''''' 1.71 m '00 3<' ... , '.00 t. m ,.,. ' .M '.00 '.00 8.25 ''''' ., ,ro .. 00 .. 00 .. 00 ' .00 '.00 '.00 .. '.00 3043 ue '.00 <.8, '.00 '.00 

'" ,." '" '"" 1.41 ". , ... '" .. ,.U W , .. '.00 , ... 3.75 ... , ., '.00 '.00 .. 00 ' .00 .. 00 .. 00 .. 00 
~ ''''' ''''' ... , '" u, .... u, 
'" ,." '"" U. 1.41 , ... .. .. .." 
d. ' M 1.73 ,n , .. , .~ .. ., 2.12 

~ r--~W 
~f;:1?\---1 ~ "i~~~ w 

B f, 1). 
d ' , 

, , d~ lfA .. ~ 0 If_J i ttl" c AT 
t-_. 
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6W fW n_LlIl ""2co~" 

II =-= Spa4 + Height _ :2 cot "- II - Spu. + Hoichl_2 cot. "-
M="" 'M Member 

ib!4 4 124IS l 6 ~ • "n ... , 24/S • • 3 ~n 

0.1 0 11.42 At..Bb U3 ... ,.00 ... , 11.01 Aa. Bb 8.1 1 8,n 11.00 10.~11.7012,1214.23 

'" HI .M '.00 e.7I '.M .... 11.40 '" 1.21 U 4 8.00 8~IO~IO.7712.Gl 

'" U , f.Ol '.00 U. ... , e.73 7.01 '" 8.31 $,M 7.00 7 U 1I.~11.07 ... .. " • .00 .... '.00 8.40 8.75 3O'" '" 6.41 US $,00 e.11 7 8. 0.'11 ,- .'" 6.14 '"" .00 , .,. ' ''' '.00 t. 6.757.71 7.19 ;:rlO.80II .25IUO ... US '''' ." .00 '.00 ." '" ... 
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CAR.NEOIIl STEEL COM P ANY 

CORRUOATED SrTEETS 

Corrugated sbeets are used for roofe aDd aidee of buildingl. They 
arc usually laid directly upon the roor purJinB and llCld in place by 
meane of clips of steel hoops which encirde the putli" and are 
pltwed about 12 inches apart. Special csre muet be taken tllat the 
projecting edges of the sheet8 at the cavce and gablc end@of the 
roof are well sccured, otherwise the wind will loosen the ehcc18. 

Corrugated 8heeta are made in the aizes given on oppoaitc pagc, 
the aize moat generally used hM nominally 2*inch corrugatiolls, 
actual width 2%inchcs, about~ ineh in depth. Thegages frequently 
used for roofing arc Nos. 20 and 22, U. S. Standard Gage. 

By one corrugation is mcant the double curve between corres
ponding points, and by depth of corrugation the greatest deviation 
of the curved 8urf&<:es from the straight line. 

Ono and one-half corrugations are allowed for lap in the width 
of the IIbeet 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 uBually allowed for BidingB. 

Corrugated BhcetB of 2, 2J.i nnd 3 corrugations are furniBhed in 
Btandard lengthB of 5, 6, 7, 8, 9 and 10 feet and with a Btamlard 
covering width of 24 incheB, when laid with a lap of either one 
or one and one-half corrugatioIlll. 

Dy experiment it hall been determined that corrugated IIheet 
IIteel, ~ inch deep and No. 20 gago IIpanning 6 fcet, began to 
give a permanent deflection with a load of 30 pounds per sq. foot, 
and that it collapsed with a load of 60 pounds per sq. foot. 
The distance between centcfII of purlinll Bbould, therefore, not 
exceed 6 feet and should preferably be iC!18 than this. 

Approximately the uniformly distributed safe load of corrugated 
aheelfJ may be obtained from the formulas given below, uBing the 
followiog notation8:-

\V_ Total aUowable uniform load, in poundll. 
b-:CUfvilinear "ddth of sheet, in inches (b=l.Oi5 x covering 

width). 
!=Unsupported length of sheel, in inch06. 
t.-Thickneas of IIhect, in inchea. 

d_Depth of corrugations, in inches. 
r- Allowable fibe r IItreB8, in pounde per sq. inch. 

Then: w_ 8fS 8f 4bdt 32rbdt ,=T x Ir - 15T' ,., r""" 12000, 
w _ 25,600 bdt 

I 

". 



ROOF CONSTRUCTION 

CORRUGATED SHEETS 

........ 'e .. " elfllllT .. No T'N PL AT,," eOMPABT 

DESCRIPTION OF SUEETS AHE M 01' S UEE Tf! 

w •• ,''''''. 

PAINTED I in Pound5 per Feet. 

GALVAN" IZ,W SUEETS-Weight5 in Pounds per 100 Square Feet. 

eo. Tbick ..... Uo.iud Sial'll StaodOJd Goce 
~., , .. " " " " " '" " " " " " 

,. 
" " " , <I,. '" '" '" '" '" 151 '" '" '" " '" .. " , ." 353 "" 232 '" H" 151 '" '" "' " " 

., 
" ., ~ '" ". '''' '''' '" '" 00' '" ... '" '" '" " '" " , ~ 623 ", .. '" "" '" '" HI' '" '" '" '" " " " " ~ ~ '" 232 " .. HI' '" '" '" '" " " .. " '''' on '" ... ". '00 '" '" '" '" '''' "' '" '" " " T he ... elght.8 per 100 aquare toot given In pl"QOOdlng tabllll! do not Include 

allo .... noaa tor end or 81do laps. 'l'he follo ... lng table glVd the Bpproxlma~ 
number of sQua...., foot 0' ahoctlng nocessary to cover an are. of 100 SQuare 
foct and Is ha.wo:l on shOOIa of standard "'Idth. 00 Inch ..... long. If longer or 
Ihort.crshootolarouscd. thenumberofsQuare tee~roqulrod wHi vary IlCCONilngly, 

SQ. FEET OF 2~ I N. STANOARO Sm;ETS TO CoVER AREA OF 100 SQ. FT. 

bd Lap, IllCb .. , Iilll~ . 
109 111 112 113 
116 111 liS 120 
123 124 126 121 

"" 

, 
'00 

'" "0 
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CARNEOIE ST EE L CQMI'ANV 

STRUCTURAL TIMBER 

The strength of structural timbers depends upon a. number of 
fa ctors; tile kind of wood, the age of t he t ree, the time of the year 
in which it Wall fcUed, the method of il8.wing, the character of the 
seMOning aDd therewith its moisture content, the proportion of 
heartwood to sapwood and the proportion of knots to clear wood. 

In ooIl8(l()ucnce of these variable fac tors, the working unitltrcssC8 
approved by the building 111.1\'8 of different cities vary widely, as 
well also as the unit ItrelSlleS given in the proceedings of the various 
engineerillg associations. They go back in Bomo CMOS to the 
studies made in 1895 by t he Assoeill.tion of Railway Superintendents 
of Bridges and Buildings. 

The most recent IItudie8 in thi" direction have been made by the 
American Ib,ilway Engineering Association, and the tables for 
wooden beams and columns which follow are based on the working 
unit stre8/1C8 for structural timbers adopted by that AMociation. 
Thc table of working unit stre88ell hM been reprinted, by permi88ion , 
from the l\-!anual, edition of 1011. 

These unit stre88ell vary with the class of construction. They are 
intended, lUI noted, tor railway bridges and trestles. For highway 
bridges a nd t restles and for buildings and similar structures, the 
unit stressell may be increased in accordance with the more quiesccnt 
character of the loading and freedom from deleterious weather 
conditions. The values are based on carefully selected timber 
purchased in accordance with the standard specifications of the 
Association and subject to careful inspection. 

The commercial timbers which are in common use in building 
construction wiil not meet these specifications, and, therefore, the 
unit stressell approved by good bui lding practice M evidenced in 
the building laws of various cities nrc rightly lower. The tnblcs 
M they stand a.re in accord with the average pra.ctice 88 represented 
by these building laws, and may, therefore, be u.sed 88 they stand 
for ordinary building work executed with the commercial gradCII of 
timber, such as can be purchased in the open market. 

The allowable loads may be adjusted to other species of wood 
than thoBe stated in the headings of t he tables and to other unit 
strClJ8CS by the direct proportion which 8uch unit strel!8eB bcar to 
thoee for which the tables are computed. In t he calle of columns 
the values may be adj usted to any working unit strese by direc~ 
proportion based on t he rela~ions o( l Id. 



TIMOER. SAPE L OADS 

WORKING UNIT STRESSES FOR STRUCTURAL TIMBER 

Tbe _orklll8 unl~ Itl"SloC» eh'en In the tlble uti Intended tor nU\f"oad 
bridge- and tIUUe-. For hl&h_ay brkl&e- and t!'Oltle-. tbe unl' ItlUlllO'S 
may be InCl"eMCd 25 per cent. For buUdlnp and ~mllar.tl"\lctu!'Ol, In which 
the timber 13 protoctcd . rom the 'II'OIItbcr and practically froe f l'OlJl Impact, 
tbe unit It~ may be Incrcuod 50 per een~. To oomputo the dcllectlon 
of a beam under lODe CODUnued loadlna Inltead of tbU wbeD the load ill 
tlrs~ applied, only 1;0 per cent, of tbe ~ndlna modulus of etuUdty 
slven In the table I. to be employed. 

,so 



CA~NEuIE STE:':LCCCCO:MCCPCA:N~Y ______________ --, 

WOODEN BEAMS 

The safe load tables of wooden beams which follow, based upon 
the working unit stressea adopted by the American Railway 
Engineering Association, give the uuiformly distributed safe loada 
for rectangular scctions one inch thick; the safc load for a bcam of 
any thicklle811 is found by multiplying the tabular value by the 
thickness of the besm in inchee. The safe loads include the weigM 
of the beaIll8 and are computed on the WllJumption that the beams 
are braced against lateral deflection. These tables al80 give mini
mum and maximum spans and coefficient, of deflection. 

The maximum safe loads as limited by the allowable shearing 
strC6SCS along horillontal axes of beams have been calculnted from 
the formula: Maximum safe load - ~ x area of section x safe 
unit streS!! for longitudinal shear. TheM! Iimit6, indicated al30 by 
horiwntsl linee in the tablcs, ehould not be exceeded to avoid 
failure of tbe beam in horizontal direction of tbe gr!Li.n of the wood. 

The theoretical deflection in the center of the span for uniformly 
distributed alld permanently applied loads is obtained from the 
coefficients of deflection by dividing the depth of the beam, in 
incbes, into the corresponding coefficient; the result obtained only 
approximates the actual deflection, lUI the modulus of elasticity 
variea with the moisture content of the wood. 

The deflection of beams intended to carry pla.stered ceilings Ibould 
not exceed %so of the span; the table gives the maximum spans for 
this limit, fo r uniformly distributed and permanently applied load,. 

For loads concentrated in the center of the lipan, use one-half the 
values fo r the tabular loads and four-fif~lu! of the coefficientll of 
deflection. }o'or special eases of loading, lICe pages 141 to 1<10. 

EUI<Pu i.-Required the thickn_ and the approdmate deneetlen of a 
bea.m of wWte oak. I" lnche8 doop •• upportlng a unlfonnly d1stt1hutOO and 
permanen~ dead and Ih'e load of 10.000 pounw. over a span 01 HI toot. 

The tabular value tDr a bealt1 one Inch thick and foc- a span of 10 toot bi 
1.261 pounda; tbe required th1cImeas bi therefore 10.000+-1.261-8 Incb ... and 
the de1lectlon bi 20.72+14_1.48 1nebN. 

Ex .... ru 2.-nectulred the ute load of a beam ot .. hlte pine. 8 Ill(:he. 
doop and 61ncbea thick. without exceedlnc the longitudinal .hearlna: .tn.. 

The table glv .. for a OOlTOllpondlng beam I luch tWck a .. te load of 747 
pounW!; the tot&! aateload 18 tileretoro 0 x 747_.482 pounW!. or the .. te load 
wblcb can 1>0 well' .upportetl over a Ipan nf 8.6 foot. 

Ex .... pu 3.-ncqulred the sate load. oonoontrated In the center or a .pan 
26 fOO1.long. and tbe deOeetlon of a beam nf Ioogleat pine. 18 Inch .. deep and 
12 lncbel thick. 

The table slv .. for a C()rT('JIq)Ond.ina: bealt1 I Incb tWck a unlfonnly dbitrl
buted sate load of 1.800 pOUnti8. or for a load In Ol'Dter of span 1.800+2=900 
pounds; for a beam 12 inCb .. w:Jde the Ale load II therefore 900:.: 12_ 10.800 
pounds. and the deneetion bi a pprozlmately" z 32.7S+18=o1."6Incbel. 



TIMBER SAFB LOADS 

RECTANGULAR WOODEN BEAMS- ONE INCH THICK 

, 
• • 8 

" " .. 
" .. 
" " " 

MAXIMUM SAPE LOADS AND LI)UTISO SPANS 

COEPFI CII!;N't'S OJ' DEFLECTION FOil PERMANEST LOADS 

MAXIMUM SPANS IN Flatt· FOR DEFLECTIONS-=%eo SPAN 

Sped" III Timber 
Deptb 01 Jlt.am ill IDeh" , • • • '" " " " " " " " 

Whit/) Oak L> ,., U ••• '.8 , .• ... .. , ". U. ". 13.9 
Longleaf Pine L' ,.S .., ••• ••• 8.3 9.611. 12.4 " . 15.1 16.5 
8hortlea.1 Pine. H emlock L, ... ••• ••• 7.5 9.010. U. 13.S " 16.4 17.9 
White Pin!), Douglas Fir ••• ,.S .. , ... , .. SA •• 11.2 U. ". 15.4 16.7 
Spruce ... , .• .A '.S ,., 8.7 10. u. ". ". ". 17.6 

, .. 



CAR.NEO I E ST EE L CO M PANY 

RECTANGULAR WOODEN DEAMS-oNE INCH THICK 
DOUGLAS FJR 

ALLOWABLE UNIPOR),( LOAO IN POUNDS 

)fwmum Beudlnl' S~. 1200 Pounilll per Squvolneh 

, , 
• , 
6 80 36(1 
7 76 3M 
8 67 267 . '" 10 213 

11 104 
12 118 

" ,. 
" 
" " .. 
" ,. 
" " " ,. 
" 
" " " ,. SO 

" " " ,. 
" 
" " " " .. 

I 

'" 



TI MBER, SAFI! LOADS 

RECTANGULAH WOODEN llEAMS-QNE INCH THICK 

, , 
• • , , 
8 • 
" 
U 

" " ,. 
" 
" " " " 20 

" " " ,. 
" 
" " " " 80 

" " " " 38 

36 

" " " " 

LONGLEAF PINE 

ALLOW,4.IH,1I: UMFOKM LOAD IN POUNDS 

Mulmum Ilendh.I'StroIe:. 1300 Poundl: pe' Squace Inch 

.. ,., .. "" " '" '" '" 
'w m 

"" '" '00 on 
an 

SZ/i 

r 
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CAA.NEO I I! STEEL COMPANY 

RECTANGULAR WOODEN DEA)1S-ONE INCH THICK 
8HOllTLEAP PIN£, WESTERN UtalLOCK AND WHITE OAK 

ALLOWASLl: UlSlFORloi LoAD IN POONDS 

Mulmum Bending Slre-. 1100 Pountt. per Square IDeh 

'''- Deptb '" II-. n. 1 __ 

" f~ 

, 
3 

• , , 
7 

• • 
" U 

" " " " " " " " " " " " " " " " " " 30 

" " " " " " 37 

'" " 
" 



T I M BElt SAFE LOADS 

RECTANGULAR WOODEN BEAMS-ONE INCH TlJICK 
WH ITE PlNE 

ALLOWABLE UNIPQRM LoAD IS' POUNO!l 

MlI.dmum Dending 81>"_. 000 Pouuo:t. per SqUI.I'e lueh 

'po I·---.---.----c_--.--,..-,-·--... _.-;-·-'~C_··--._--._--_.--_.--.. .. ~ • • • " " " " " 
, 
3 • , 
• " '" , " 22. • ,. 

"" • ". " '" 
" '" 3" 

" >33 300 
>3 on .. '" " 2<0 '" 
" '23 '00 

" 37:-

" '" " '" 20 320 

" " 23 .. 
" 
20 

" .. 
" 30 

" 32 

" " " 
30 

" " " " 
:NII 



CARNEQ I E STEEL COMPANY 

RECT ANGULAR WOODEN BEAMS-ONE I NCH THICK 

SPIIUCE 

ALLQWA IH. I: U:i I P'ORM LoAD IN P OUNDS 

M uhnum Bondln& SU--o 1000 Poundll per 8quue l ocb 

, , 
• • · " , .. 
8 .. , 
" 
11 1112 3(;./, 
12 14S 333 

" 308 14 2S6 
16 267 

" " " " ,. 
200 444 

'" 306 

" " " " " 
" " " " 30 

" " " .. 
" 
" " " " " 

r 

'" '" 

r 



T I MBER SAFE LOADS 

WOODEN CO LUMNS 

The safe load tables of wooden columns which follow, based 
upon the working uni~ stresses adopted by the American Railway 
Engineering Association, givc th, allowa ble direct compreSllive 
loads for squarc and round columns. 

Thc safe loads of reetangulilof columns may be found from tho 
safe loads of square columns by direet proportion of areas, using 
the safe load unit stress of t he square column wh08e side is equal 
to the least side of the rectangular section. 

The following table gives the safe load in pounds per square inch 
of sectional area for ratios of 

I ; of "", , ;0 ;oeh" 
d - ", ;0 

ranging between limits of 15 and 30. I menes 

UN IT " ' oaKI No STRESSES IS P OUNDS PER SQUARE INCH 

I.o~'" O'W' ... Fir. """' ... , 1';"0, While PiDe, ,., ","" N~ , \\':i~""6u: ow. 
~:e. 

,-, ""' .... .... .- liemloek 

1300(I-l'd(lO) 1200(I-IJdIlO) 1l00(1-l/dllO) IOO)(l-I{d1lOl 9OO(1--1/dllO) 800 (I-lJdGl)) 

" 975 000 825 "0 '" eoo 

" 00' "" '" ", "'" '" H 03' '00 '" '" '" on 

" 'W .. , n, "'" 630 "" " '" '" '" '83 61' '" ,. '" "'" no '" 000 '" " .. , '" no "" '" "0 

" '" 'W '" 633 50' '" " "" '" '" '" '" '" ,. "0 n' "'" 000 '" "'" " '" '00 '" '" 525 '" " '" """ '" '" '" '" " no "" "" 600 ... .. 0 

" 00' '" '" '" '80 '" " on '" '" '" ." '" " "" eoo 66O "'" <60 '00 

E x,,,,,,u: 1. Rooulrod ~be allo .... able load for a column of .. hlte oak 
10" x 8".14 foot long. 

'rbe II&le load given hi ~be table for a square white oak column 8" x 8". 

" foot long. I, 54.100 pOund&. Tbo load for tbe t.' • 8" IIOOtlon .. 
10 x 54.100 .. 8=67.600 pOunds. 

Ex"" P1.. 2.-RoQ,uired the allowable load for a spruoo Vile. 9" diameter 
,," 18 teet long. 

Tbe unl~ stress given In tbe above tablo for tbo correspOnding ratio of 
l!d. 18" 12 .. !l =.,24 Is 660 pounds. and tbo sectional a.roa tor flo 9" round I.lI 
63.62 squaro Inchea. Tho safe load. tberefore. II 63.62 x ~2.000 pOunds. 

'" 



r 
CAA, NBO I E ST EEL COMPA NY 

SQUARE WOO DEN COLU MNS 

SAFE LOADS IN THOUSANDS 01" P OUNDS 

American Rallway Englnoering As!oelatlon Formulu 

• , , 
" " r-.¥.r S 1[,.6 

6 14.6 
1 13.5 ~ 
8 12.6' 34.3 
{I 11.4 32.8 ~ 

10 10.4 3 1.2 62.4 
11 29.6 60.3 
12 21U 68.2 ~,~ .... , , •• 
14 25.0 114.1 .. ~ 
16 49.9 88.4 137.3....!.!!..:!... 
18 45.8 83.2 13\.0 189.3 ~ 

--_"'_L;;:;--j-__ !-"O'C·'-j-"'"'C·'-j-C' '''",·,,+C''C'C·''+"''"'C·',+C'C'Uec1-'-"''-1:--#.+ 
(> 1-1.4 
6 13." 
7 12.ft 
8 1\.5 
\) 11.1.6 

11.1 9.6 

" " " " " " 1---1!L 
I> I 13.2 
6 12.3 
7 11.4 
8. 10.6 
\) 9.7 

iO 8.8 

" " " " " " ~ .5 12.1.1 
6 11.2 
7 1QA 
8 9.6 
I) 8.8 

10 8.0 

" " " " " ,. 

---..!'ll... 
. 3 1.7 

31.1.2 L...!!.:!... 
28.8 I [,7.6 
27.4 Mi.7 
2S.0 63.8 
23.0 "'!UI 

---l!:L 
29.0 

46.1 
42.2 
38.4 

27.7 1---1!:L 
2/.1.4 1- 52.8 
21U 51.1.1 
23.8 49.3 
2l. t 46.8 

--"'-- 26.4 ' 

42.2 
38.7 
35.2 

26.2 ~ 
24 .0 4S.0 
22.8 46.'" 
2 1.6 44.8 
111.2 41.6 

38' 
35.2 
32.0 

~~ 
8 1.6 I 126.7 L...1.l!:L 
76.8 12LQ 1-'74.7 ~ 
12.0 1\1:;.2 168.0 231.1.4 

--"'-79.2 ~ 
74.8 lIif.jf I II!I.' 
71.1.4 111.1.91"160.2 ~ 
66.1.1 106.6 1501.0 211.2 

I...J!L 
I 72.0 ...!!!.L 

68.0 105.6!....!!lL. 
64.0 100.8 I 14S.6 ~ 
60.0 96.0 140.0 192.0 

'" 

." 



TIMDEJt SAFE l.OADS 

ROUND WOODEN COLUMN'S 

SArE LoADS I N TIIOUSA~I)S or POUNDS 

Amerlc&D Railwt.y Eoginecrua. A.ocIt.tlon Formul .... 

. 
'-". DiamNr, h, . .... 
F., , • • " " " " " " -

I--&i-
~4 

• 12.3 

• 11.4 
7 10.6 1-0%-" . 8 ' .8 21 .0 • o~ • ••• 0..7 -m-•• 1 .. .., " .. \0: ... -- .. 23.3 47 ." ,;=i " 22.1 4(1. 7 

I"'" •• .. 19.6 42.5 73.6 I~ S - .. SO .2 ... 107.1f 
~ .. 3(1 .9 M.' 102.9 14!J .7 
~ ,. 32.7 61.3 98.' 142.9 100.0 
~ 

~ 

h¥.-• • 11.3 

.§- • 10.6 .. ~ 7 '.8 h'l+.-8 •• • U.I) .. ~ • .., 23.7 I 4~:~ ~= I .. 7.' 22.0 
"'~':' .. 21.6 013.1 
;:llll~ " 20.01 012.2 1-lH; 8~_ .. 18.1 39.2 67.1) ~ .. 36.2 .... W .• I-8TI .. 33.2 00.' 06.0 137.2 ~ • ,. 

'I~ MI.5 .... 132.0 I!JI.O •• -, 
I-TI¥.-

" 
, 10." . - • ' .7 I-ffi-E:1Il1 7 '.0 
8 8.' 

h1T ro.~ • 7.' 2 1.8 i:'l;: 1 .. ••• "'.7 ,,;:~ .. 19.7 .... 
Tz]-0"8 " 18.7 88.7 o _ .. 18.0 " .. !-;;IT iii - .. "., 68.7 91.2 l inD .. , .... 66.3 87. 1 125.8 ~ ,. 27.0 61.8 8~U 121.0 166.9 _. -• ~ 

Ii~~ • 8 8 
7 .. , -foT '0 • 7.' 20.7 -.- • ••• 10.8 ~ ~I':T 

~<-- .. .., 18 .9 37.7 -.- .. 17.9 , ... 
~~~ " 17.0 36.2 ~ .. UU 32.7 M.' Is%-.. W., {,.3.o& 82.9 I ;~~\ .. 27.8 00.' 70.2 rm ,. 26.1 017.1 76.01 110.0 150.!J ••• ~ 

r.-Io ill email 811'"1 abo¥. bor.talli ........ lbe OWHuIUll alJcwabie ..,.I~ 



CAR NEOI ., S TEEl. C OMPAN Y 

SPECIFIC GRAV1TIES AL"l'D WEIG HTS 

......... 

AhllniaulII, .oot-I .... "J" ..... !. 2.65-2.15' 
.. bronw... ...... 1.1 

AD"--1 ..••••..... . t.&H.7::I A.......... ....... 6.n 
D .... ulk.. . . . . . . • . •. '7O-i.iS 
B,.., • .....-oIIed .......•. U-&'1 
BtoUI, 7.R 10 14'7. Sa.. .. u .. u Cbromi............... t.8O-t.1I2 
Cc:boJl... . . . ... . &.n.8.ai 
~ • ...woIlod .....•. U-O.O 

• Gte. pynw. . ...... 4.1-U 
OoId . ...w.ammored... . IU5"!R.l 
IrOIl, -. pic... ........ 1.2 

.. wrouc:bl . ...... ..... 7 .... 7.\1 
:: ~.' ... 7.& .. 7.\1 
",~ ....•.. 1.6 

.. r~ ......... U"7.3 

....... -.." .. ..... ... U 

.. .. .. iD t.ot. 
:: :. ". -- ... 1_ ...... . .. .. ~ ........ . 
.. oIoc .............. . 

lad ................... . 
" ... -........ . 

M"'lIIIIIulII •••••••• 
M""'4~ ............. . 

, Cft;r; pJ1'lllaoiIoo. .. . -............... . "'''',Ide .... ........ . 
Nickol ................. . 

.. llloaoI motaI •........ 
l'Ialisulll, ~ .. 

~~:: .. . 
:: bo.bbi\ ~~ .... . or-e._ten .... .. . 

1'ullP\ea .......... .. 
V..-Jill ............. . 
~-....IIod ....... . 

..... bIeade ...... . 

V.rio .. , Solido """"'--' Con: ....... . ...... 
F.1>oDJ' ••••••.•.•••••••.• 
F ................... . 
C~=-pIaloo. .. 

.. llial ... 
PbaopIl~ .. bile . 
P ..... lalo. chi"" .. 
Reei .... rto.i.a. Amber .. 
Rnbbor . _I<:hwo .. 
8ilic>o... •• • • ... 
8g1pbW". UICII')lIlo'"' •.••.• 
W.... .. 

1.&--&.0 
U .. U 

• ...,!~' \.28-.1! 
7.1-7.1 

1.74 
7.20-1.42 
I.7-U ..... ... 

Ui .. UO 
8.3-9.0 

2t.1-2U 
1004- lo.t 
1.$.1.5 

U 
e.4-7.0 

18.7_IU 
.~, 

.... u 
u-u 

, .... " ,>0 ..., 
O.n-o.$f. 
U0-2.71 
2.80-3.00 
'.16 .. 330 

U. 
1.30-1.50 ,m , ... 

1.41 
,.~ 

O.N-Il.t8 

'M .. , 
." ... .. 
'" '" . ~ 
'" ... •• '''' '" '" .~ .. 
'" '" 1111).180 

UI).I80 

'" ." on 
,~ ... 
,~ 

' M 

'" M. 
'" M' 
OM " .. ... ... . .. ... 
"M 

'" .. 
'" 
m 

" " .. 
'" 'M 
'" '" 'M .. .. , .. 
,~ .. 

......... 
n . ber, U. 8. SeuoMd 

Alb •• hjte-nd ..... 
Cedar •• b.ite-nd .. 
CUotauI. . ... .. 
~ ............ . 
F!!.=.~ ... :::. 
E1 .... hi ............ . 
If-'ock ........... .. 
II>ri<:>t1 .•...•••• . .. . 
Loe\ool ............ .. 

Mar.e.~::::: ::.:: : 
~, •. b..toUI ......... .. 

11ft ... ", ...•..•.•• 
: red, black..... . .. 

.. h.ilol ............ . 

Pi::~o:::: . :::::: : 
while .....•...•...• 
::~.~ .... 

rop/ ......... ..... .. :::. 
R.l1rtIOd. ColiIonoia ..•.•. 
Spruce. while, bIood< .•••.• 
WaI .. t, bIo.tt .•••...•...• 

.. ..bi ......... . 

MoioIllI1I Collte.:~;..... 
s--d limbo.- 15 ~ ••• ,..~ 
O_w.bo.-uplo5Q% ..• 

V.n ..... LIq .. 1ct. 
AIeoboI. 1~ ......... . 
AeGa, ""'""to. 4O'J'<~ .. .. ..... tno I I .. . 

.. .:IpII ...... 8j ... . 

Ll"·-ta .. ······ •.... 
Oi.lo,.~ .......... . 

.. miaera/, lubrict.aY .. . 
~ ........ . 
GII<IIiDt ........... .. 
......w.,4"C. mu. denail:1 .. 

:: lOO'C ........... . 
.............. .... .. _.1"'""' ...... 

" _ ... Itr ••• .••• •• 

G~Alr _ l 

Air. ere, 7110 _ ..... . 
~ ............ . 
c.rt.o. dios.ido .•.• . •. 
Cvboa_Id ..... 
o ... m .......... w.,..... .. 
" ... wrat ......... . 
llrd_ ......... . 
~~ ............. . 

O.n-<I.e.5 
O.32-O.a.s 

'" ,.~ 

'" ,." 
0.12 

o.U-o.a2 
0.74-eM ,n , ... 

'.M , ... ... .M 
O,j4 

'" .~ ... ." .. , 
US 
0.42 

0.40-0.44 .. , ... 
,n u, ... , ,.., 
,." 

O.9I-O.~ 
O.IlO-<l.Ql , .. , ....... ,., ,."" ..... ~ 
.'" I.Q"..-I .O) 

.. 
" H 

'" ,~ 

M 

" M .. 
eU28 .,," 

M • M 

TbI opecific , ... i,,"" of ooIido o.ad liquid. ", .. 10 ... t ... t 4OC .. c.t-o of _ to .... t a>c. 
o.ad 700 _ __ n.....,;p ......... bio 1001 .... d"';>'eII I ............. 1C*ific pntioo" 
e.oepl'lil.ertllaled lMt ...... "' .... ,or bulk. '-'*'- or '- ......... ... 

BOO 



I'HY S I CA L I'ROI'CRTI CS OF SU BS TANCES 

SPECIFIC GRAVITiES AND WEIGHTS 

AMoIot .... . 
~ ......... . 
8_1 ........... . 
llMnJu ........... . 
Boru ..•..•.... 
UWk •.•..... 
CbJ" . ..... I ... 
l>oIomite •.••.••..• 
)'~. 0I\b0eJa. •• 
O ...... .."eaIUll •••. 
O ..... te .••••.•••• 
O'-.Itap .. 
OfPlOllll. alabMta •... 
II~ •... 
Li_ .... 
Mac-:t. .....•.. 
Marble ....... , 
l 'boo!Ibl'" rock. ",,",lite. 
Porpbrl7 ....•..... 
""m>e-, lIIotwal.. . . • 
Quart~. ftml ...... . 
Sandolo .... blu!llt<>De .. 
St."" ........... . 
8oopdo<>e. We .. . 
Siont, Qua rried. Plied 
B_t.cruite.,,*"" ... . 
Li.....wa ........ blt. q .... u. 
~ ...... . 
Shalt ....... , .. 
0....-. hor:obltrld. 
Bltu .. lllolU SaHIa ...... 

-" .. 
CooJ. onlll_it. .. .. -

.. lipite ....... . 

.. peot,twl.d.,. 
.. ~.pilIt,. .. .. ...... 
M eoU .•.... 

Graphite .••• 
PardiM ..... " .•. 

~.''''''''' .. nliHd 
.. bau.-. .......... 

PilCh ............. .. 
Tar. bitu..u-....... . 

2.1-2.8 ... , 
2.7-:1.2 , ... 
1.7-1.8 
1.1-2.8 
1.1-2.1 ... 
2.fr.U 
204-2.7 
U-2.7 
U-U 
2.1-2..8 ,., 
U-2.7 ,., 
2.;':~ 

U 
u-u 

0.37-0.110 
U-2.8 
U-U 
2.1-2.8 
U-2.8 

1.1-1.6 
\.4-1.7 
1.2-1.6 
1.1-\.6 , . ......, 

0.28-0.44 
o.f;~7 

1.0-1.4 
I.t-U 

0.8"1-0.111 M. .,...., 
0.73--0.71 
0 ..... " 
1.07-I.U ,." 

,~ 

~, ,. 
'M 
,~ 

'" '" '" ,y 
,y 
,p 

'" 'M 
'" 'M 

'" on .., 
m ., 
'M 

'" H2 ... 

" " • " " = U 

" '" M 
U 

" .. 
" " " 

.ukla.- M ...... ., 

O.,...;to . .,..,.;\e ....... 
~-w. .... 
s.....-. bh8Ioao .. 
Mortar ftGbble M ..... , .. ~ 
a ..... tt. or-It. ~ u..--:. marble. . 
~.b1_ ... . 

Dr)' Rllbble M ....... O' 
Gl'lllile, .,..,.,ile, pe;. .. 
'-.
~bI..-,. 

&Idt H ....... O' _ .... 
Commoa britt: .... 
Soft brio:k." ...•.. 

Con.rtte M ..... n., 
ee.. ... t, 11OCH!. -.lid . 
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CAR-NEOIE STEEL COMPANY 

CONTENTS OF STORAGE WAREHOUSES 
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PHYSICAL PROPERTIES OF SUBSTANCES 

CONTENTS OF STORAGE WAREHOUSES 

....... 1I.w,1 ....... I1_-.kd 

M.1eriaI Q,t.kFoot -"". ~ Lift Lood.. 
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CARNEG I E STEllL COMPANY 

STRENGTH OF MATERIALS 

STlIESSES PEn SQUA nE INCH 
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PHVSICAL PRopeRTies Of' SUBSTANces 

STRENGTH OF MAT ERIAlS 
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CAR N EO IE STEEL COMPA N Y 

STRE~WTII Oli' MATERIALS 
STRESSES IN I )OUNllS PER SQUARE I NCH 
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PHYS ICAL PROPERTI ES OF SUBSTANCES 

EXPANSION OF BODIES BY HEAT 

T he linear coefficient of expansion of a body is the rate a.t which 
the unit of length changes, under constant pressure, with an increase 
of unit or one degree of temperature; the square surface coefficient 
of expansion is, approximately, two times, .nd th, cubical " volumetric coefficient three times the linear coefficient of expansion. 
A bar, if not fixed, undergoes a change ;n length=ltn, where I 
is the length of the bar in inches, t the number of degrees, n the 
corresponding linear coefficient; jf fixed at both ends, the interna.l 
stress per unit of area=lnE, pounds per square inch, where E is 
the modulus of elasticity, and the total temperature stress=AtnE, 
pounds, where A is the cross section of the bar in square inches. 

To find the increase of a b9. r due to an increase in temperature, 
from the table, multiply 'hn length of the b9.f by the increase in 
degrCC8 and by the coefficient for 100 degrees, and divide by 100. 

CO~FYICIENT8 OP EXPANSION 'OR 100 DEoRus=lOQn 

Li_ El,*,*on "' ....... Li .... t.pa...,. s._ 
c..,t.i&nd Fahrenhei "'" Fahr......,i\ 

Metal_ and Allor_ Slone _nd M .... nl"J' 

Aluminum,1rI'OOIgh1. ..,,, .. ,~ Ami., "".""'7 ... . - .-n ............ .. ,~ .001i)f Britk~ .. ... .- .,oo" 
.. wire .. .00193 .OOU)7 Cemeal. poft .. ..,. .""" Bl'ODM .. .00181 .00101 ~lo. ' .. ... .00143 .00C);9 

COJll)Ot ....•.... .00168 ..... , -~ ... .00120 ..... , 
GcrmuSilv ... ..,. .. .. , Granite .... ..... .""" . ..... , 
Gold .............. • 00150 . .... Li_ ... ...... . ...... 
I~D, ... 1, ~.-.y ... ..,oo ...... Mo:bLe •.•..• . ... .00100 .""'. 

.00120 ..... , PLu~ .•.......... .001611 . .... , """'11:1... 
Rubble Inuom)' •.•• .""" .""'" .. wire. .00124 ..... .. 

Lod .. ......... """ .00159 SaadIto"" ... ........ .00110 . .... , 
Nickd. ... .0012G .""" sa. ....... ...... .. ..,oo .= 
Plalioum, ............ , ...... ..... TI ... 1>fl, 
PIa1.Loum-lridi\lIO., '~%I ..... , ...... , 

"~ j """ .""" Silver .........•..•...• .. ,~ .00107 
~"~to6 ..... . .., . 

8~1, .... .00110 .... , .... .""" Iwd ...•..... .00132 .00073 '''' ..... ..." .. ...... ium .00120 .... , .. r. ..... m" .. 
8011 .•••••••. .... .00110 .... , M. ple ieular .... .ron 

TiD ...•.... ."" .00117 ~ to6ber ..... ..... . .... Zi ... , roUod ......... .000U .00173 .... .0019 
Mi_ l1J,_ ... Solid. Liquid Sukll.n~ Volumetric Expauioo 
0 ... .. ........ .""" ...,,, ''"'"'. ....... ... .,oo .0S8 
G ... phil •.... . ""'. ... . A.id, niltie ... . ... .110 .re, 
Gutta-perebo . .... ...... .rom •• ",Iphurie . ...... .001 ."" ..... ...... ..... .027~ .O!M7 M""",,), .. .018 .010 
PoreelaiQ .. .roJl' .- Oil tu oli,,", .<m "" 

EXPA:s'SIO:s' OF " rATER, MAXIMUM DENSITy=l li Volume U C· Volume I ~ \"olume IC· Volume I CO' Vol""," I C· VoIu"," 

o l.oool~ l l~ WM:K12~U 30 l,rom4 ~ 11.01187; I ,7~ I l.om8~ I.r' 1.1m82g 
, 1.000000 20 1.001132 (0 1.007&27 $0 1.(l16g,w 80 1.0'lII00a ' 00 1.043110 .. , 



teet=2lQ.~7 motel'll. 

=7422 m 

SURFACES AND AR~AS 

1 sq. mOtel", m"= lOO sq. declmetel'll, dm1 = 10000 sq. oontlmot.el'll, em". 
I sq. motor. m" = O.OI are, a=O.()OOl hootaro. hI.. 
I sq. mililmotor, mm1=0.01 em"=o.ool.s5 IIQ.. lneb = 1973Ji circular mils. 
I iLr(l. a = IIlQ,. docamoter. dkm =0.02471(11, acre. 

Sq.l-idefl Sq.I""beo Sq. Feel. Sq. Y ...... Sq. Rodt,I ,,~ . M~!II Sq. Kilo-

.' IQ. in. IQ. fl. 1Q.7<I. IQ. r. ! A 8ta(ut$ ~~ 
kru' 

1550.00 10.7639 1.19599 0.039M 0. h 471 0.0001 0.~381H 0.~1 
0. ~&l52 , 0.:6944 0. ~7716 0.~2551 0.~1594 0.~&l52 0.~249l 0. ~&l52 
0.00290 , .. , 0.11111 0.:3673 0.~2200 0.~9 0.~3587 0.~9Z90 
0.83613 ,,,a • , 0.03300 O.tzOO6 0.'8361 0·i3228 0.~8361 
25.2930 392001 30.25 , 0.00625 0.~2529 0.0976 0.:2529 
404/.1.87 6272640 .... "" 

, 0.4046 0.~1563 0.,,4047 

'0000 1549996 11959.9 395.366 2.47104 0.~3S61 0.01 
2589999 102400 M' , 2.50000 
WOOOO" 39536.6 247.104 0.3861 , 
1 IIQ,. rod. IIQ,. pole, or sq. pereh=~25 IIQ,. Unks= 'hto acre. 
I sq. chllin. Gun1.Cr·8= 1~ sq. rod8 ='ho acro. 
I acro = 4 IIQ,. roods =- too sq. ro<.iJI. 8quIlro of I 8cre =20!U·l03 fecI square. 

NoUl.tlOIl.ll~. t t etc .. ludlCII!e that the~, t. ~, otc., are to 00 replaced by 
2.3. 4. etc .. clpbors. 

EXAw .u ..... l sq. rod=0.~~7e.e_ O.00C00II7M sq. mUM. 



MEASU RES A ND WE I O HTS 

EQUlVA LENTS OF l\IEASURE 
VOLU)!I!: ASD CAPACITY 

I CU. meter . mO = 1000 cu. tioelme(.()r. dm" ... I()(XIOOO cu. centimeters. em". 
I lit«. 1_ 10 docHltcn. d l _ loo oentlU(.()u. c l _ 1000 mH lllloo ..... m l 

_ 1000 cu. centlmet.e .... em". or 00. 
I Uter.i _ O.1 decaliter. dkl _ O.OI hoct.oUtcr. hi _ I cu. doclmctcr. dml. 

Cub .. "'''' c. .. "' .. U. S. Quarto U. B. 001I0000 U. B. 
0.0- I~. '''' , ...... 

Liquid. "". Liqvi<l, "". .-d",", I ~~ ell. h .. ou. yd. 
I.CiI.. d. Cil.. l. pl. ... ... 

, 61.0234 0.03S31 0 .: 1308 1.01">668 0 ....... 0 .2(1.117 0.22702 0.02i:138 
0 .0 1639 , 0.:5787 0.&2143 0.01732 O.OU,88 0.: .. 329 0.~37ZO 0.:4MO 
28.3170 1728 , 0.037M 29.9221 25.71·60 7.48OM 6.4285 1 0.803.56 
764.559 .""'" " 

, 807.896 694.279 20 1.97-1 173.570 2\.0062 
0.94636 67.75 0.0.1342 0.~1238 , 0.&937 0.25 0.21484 0.02686 
1.10123 67.2006 0.03889 o.huo 1.16365 , 0.29091 0.26 0.0.1125 
3.78M3 ", 0.133<18 0 '1<1951 • 3.<137<17 , 0.&937 0.10742 
<I .<lOIIn "'.BOO 0.1M>!>6 O. 578 1 <1 .65460 • 1.16365 , 0. 125 
35.2393 2150.<12 1.2«46 0 .0..009 37.2368 " .. ""'" 8 , 
U. B. Dry Measure: I bush ... l _ t pocks=8gaU()f1Jl _H quarbl _ &4 pln!.ll. 
U. B. l.Jquld Measure: I gallon _ 4 quart.s=8 1)ln!.ll _ 32 11"1118 _ 128 fluid ()Un_ . 
U.B. A~th. Measure: I R. ouDOO.f J =8 ft. drams, '<5 - 0180 mllllmg. " lo 

_ .514 cu. cm". 
nl"i tl.oh ~a1 gallon drr Bnd liquid IDeuure _ 1.(l3Z02 U. B. dry gBI. 

- I. I U. 8. IhlUld f" 
nrltiIJh Impel"i al. gallon _ 77.410 cu. In. =U45.!I631 em". 

Welgh~ol water a~ mulmum donalty. <1 · 0 . 45" Lat . . and _level. 
l eu. h. _ 02. 4283 lbo!. av. _ 28.3110 kg. 1 eu.ln. _ O.Ua:H 01. av. =15.38721". 
I gal .. U. S. 1l1Uld - a.:W,UItJ..-3.;8M3 ksI:. 
I pl .• Ol"it.lsh mpenal _ 10.(l'm It... _ UtMlO31 kg. 

M A8Sl:8 ASD \VJ:I0UT8 

1 gram. g - 10 d oclgralnll, dJJ: - 100 centigrams, 1;' 1000 mllllgnt.ms ...... 
I ~m. a _ 0. 1 decagnm. dk& _ O.OI hoclOl'lrllm. _ 0.001 kilogram. k&. 
I oarloD1. kg _ I cu. doclmeter of water or i1wr. t OO. <15° Lat. and _level 

= 1.w32.SM311 arallls, U. S. and BrI tish Stand&rrl.. 

Kilo- 0... PouDdi T_ . -. Graino, 

"'" G_ • ... .. T~. AYOir •• T~. AT<>ir. , """- ~ 
~.ttio , 

~, 01. u. ", Ib. u . ..., .. lOOO k,. , 15432.<1 32.1507 3..5.27<10 2.07923 2 .20462 0.,1102 OJ9S42 0 .001 
0.&6480 , 0.120S3 0 ·12286 0.11736 0.~1<I29 0 .• 71<13 0.:6378 0.:60130 
0 .00 110 "0 , 1.097 1<1 0.= 0.()f!.857 0.;3429 0.~3061 0.;:1110 
0.02835 <137.5 0.91H6 , 0.07595 0.00250 0 .t :1I26 0.h790 0.;2835 
0 .37324 0<60 12 13. IM7 , 0.SZ286 0.:,1114 0.~3674 0.;3732 
0.453.'\0 ";::,, 14.5833 16 1.2 1528 , 0.00050 0.~4<164 0. 0,1530 
907.185 " 29 100.7 32QOO 2<130.56 "lOO , 0.89286 0.007 10 
1016.06 ""iOOiX 32666.7 35840 2722.22 2240 \.12 , 1.0 1605 

")00 I M32.~;;t 32150.7 .$27<1.0 2679.23 220U12 , 10231 0.9S42\ , 
I ounce .... olr. _ 18 dram., avolr. 1 ounce troy _2/) penDY'I'"Ili8ht. dwt. 
1 ounce~h . • J = 8 d ... lnII. S=!!4 IICrUplc.. 1) - 410 gralM. ~=SI.lO:U 'Ii 
I hund .... elgh~_ I120 long t.oll _ <I q l.lr.rtera - 8 , tODe _ lI21 . _ 50.1m4 1". 

NotaUoDll &. : . !, etc .• Indlcato that tbe:. ;. :. etc. , U'e to 00 replaced by 
2, S. 4. etc •. cl phonl. 

Ex ....... ~1 graln _ 0.:2083 _ 0.00208J oz.~. I graln - O.:&480=O.O(XXJ6I.80 kg. 



CA R.NEal E! ST EEL C OMPANY 

EQUIVALENTS OF MEASURE 
FORCES OR WEIGHTS PER UNITS OF LENGTH, LINEAR WEIGHTS 

I dyne pe~ eentlmeter =0.0010lU79 s/em =- 0.0001$3719 poundaJ/ln. 
I g~.m)}« cenUmetc,r = Q8(1.596& dynCII/cm _ O.l80IM Pound"l/ln. 
I poundal P<'l~lnch =- 6U3.11 dynCII/cm_ 6.M081 ,,/em ..,0.0.110032 pound/ln. 

OI"llDll 0... Mettic 
.per O,.i... Pounda Poum. Poulldo Ki\ovl<M Net T.,..., To.. To .. , 
c...u- pul""h. perl<><.b., per~'ool, pe,yotd, M_ 200011>0 .. 2ZWlbo., lOOOlq, 
.... .: ",."0. Ib.",,- Ib./lt. Ib./Ytl. lq/DI. per M,Ia per Milo ~ 

1 39. 1983 o.booo 0.00120 0.20169 0. 10 0.17140 0.15S30 ~ 
0.02551 0.tJ429 0.h714 0.t5143 0.:255 1 0.~4526 0.~404.1 0.hS51 
118.519 7000 1 12 36 17.8679 31.6800 28.2867 17.8679 
14.SS16 5S3.333 0.08333 1 3 1.48816 2.64000 2.3!>714 1.48816 
•. OOOM 194.444 0.02178 0.33333 I 0.49605 0.88000 0.7M71 0.4900.5 

10 391.083 0.05000 0.67197 2 .0I.'S!H 1 1.77400 1.5S393 1 
5.63608 220.960 0.031!>7 0.37870 1.13636 0.56370 1 0.89286 0.56370 
6.31342 241.475 0.0353f> 0 .42424 1.27278 0.63134 1.12 I 0 .631340 

10 391.083 O.OSGOO 0.67107 2.01591 1 1.71400 1.58393 1 

FORCES WEIGHTS PER USITS OF AREA, P RESSURE 

F ORCES OR \VI;IOIlTS PER UNITS OF VOLUMt;, DENSITY 
1 dyne per cu. oentImetc,r"",o.OCl101m gn.m/CIll" ",,0.0011&:;28 pound",\11/ina. 
1 gf1t.m j){lr cu. C(lntlmeter=Q8(I.596& dyn6llicma =- 1.162283 poundalB/ln l . 
1 poundal per cu. Inch _ 843.1183 dynes/eml=O.860378g /cma z:o.o.1JOO32 pound/In'. 

0,."", Pounda Poundo POUIIdf POUDd.o Pounda Pounda Ki~ 

~. c1f""h, eu:root, Cl>~oM, .Wet. D'=". oFon, =: ""Wiler, 
lem' 1b.{Lo.' Ih.jfV Ib./Ytl.' k&j.... U. 8. U.'i: u. II. k&/hl 

0.03613 62.4283 16&.56 1000 77.6803 0.711 16 8.34545 100 
21.6107 1 1728 40056 21679.72150.42268.803 231 2167.97 
0.Qi602 0.!-5187 1 27 16.0184 1.244460.155-560.13368 1.60184 
0.3-5933 0.~2143 0.037O-i 0 . .'>9327 0.O-i609 OJ5162 0.g49.'>1 0.00033 

0.001 0.~3613 0.06243 1.6&56 1 0.07169 0.~9711 0,~83"5 0.10 
0.01281 0. ~46W 0.80366 21.6962 12.8118 I 0.125 0.10742 1.28718 
0.10297 0.~3120 6.42MI 173.670 102.914 8 1 0.M937 10.2974 
0.11983 0.~4329 7.4SQ.52 201.974 119.826 0.30020 1. 16365 I 11.9826 

0 .01 0.h613 0.62428 16.8.5.'>7 10 0.71689 0 .09711 0.0834!> I 
NotatJons 3,~, t, etc., Indicate tha.t th(l~,~, 3, ct.c.. al"(l to be replaced by 

2, 3, 4, (ltc. cl»hen. Ex .... PI.»-I kg/m& _ 0.t,3813 "'" 1l.OOOO3613 Ib./lnl . 

". 



MEASU RES AND w EI O n TS 

EQUIVALENTS OF MEASURE 

'YORK. HEAT 
I d yne-eentimete!'=-l , , 

Foo> [ ,::~.: K~t 
, .... . .:,,:. ,- ii:h I,~"'" 10"._. B.T.U. I ~~· 1t.·Il:& .. . .. 

, 
" ~Il~ 

oi.;~~~ 

h;~ :lm :: 
, 

1
0.'''00 

P OWER. RATE or E~ERGY ANO H EAT 

;'" ".h 

~ .. ""~"" 
"'~~ -;£;,. I~ I~ w .... 

:".: n. Bil:;.U. ' ~ 

. .:, !'" 'J.. 

i!fml;i[;I~o:t::l~fi ,;;;; :iiili 
iii:: il: !~: ':'''00 , . . 

VELOCITI ES ANO ACCELERATiONS 
l idne= 1 cen~lmec.et per second=o.032S083 toot per IIOC()nd. 
1 r&dlan per IJoc(md_57.29$ degrocll pel' sec.=O.IMlIM revolution.. per ~ 
1 gravity _ Gro.MIM cenUmoten per sec. per sec.=U.1717 tee\ per Il00. per sec. 

M.., F~ 
Mil" Koo • 

K.,. M..., F., M;l .. ........ 
~ ~ .. - ~ ~ h:'O/lft ~ _ ... -. porJJh" per HOQr. H~. -1- -,", hour/:: 
"" ' ... U •• .. , . ,. ft., ... Mi»< •• , 3 .28083 2.23693 1.94.254 ,., 

0.30-'80 , . 0.68182 0.59209 1.09728 
0.44704 1.'\16667 , 0.868a9 1.60935 
0.51'\179 1.6S894. 1.15165 , 1.85325 
0.2.778 0,9113'\1 0.6213. 0.53959 , , 3.28083 2.236\13 3.' 

0.3().1SO , 0.68182 1.09728 
0.'\14704 1.'\10067 , 1.60935 
0.27778 0.9ll3'\1 0.62137 , 

NotatlOIl8 o'.~'.~' etc., I.ndicate tbat tbe ,~ . 0, 0, etc .• are to be rowl&eed b y 
2,3. 4. etc .• clpben!. EX .. "PL_l Calorie_O.l IlM"",O.OOIlG3kUowatt-boul'll. 



C .... RNEO U! STEEL COMP .... NY 

METRIC CONVERSION TABLES 
I :'cHE8 TO CENTI)lY.TEII8- i in.-2.54()()().5 em 

).:~~ , , • • • I • • • I • • , 
1 r.;~EI ~~~. I ~~I ~~ ~E I ~I ~E I ; , 

• • • 'm.,.' ., ;. 

i , · ., . ~ 

.~ . ~~~. ~~ 
l NCIl E S' TO CENTUIETERs'- 1 in. 2=6.451625 em' 

)}:~i ..... , , • • • • • • • • , ..... 12.Il0l ,U .. "'" n .... 38.i1G '-S.III aunl .. ... , &UII ;O.1iI68 77.4%0 .. n, .U .. 110.774 ,....,. IGU1& 1Ia.t2t 122.4111 

• 1!fI.03:l IlUS!o 141.1n6 148.387 '''''' le1.2111 187.742 I7U~ 180,M6 187.OW 

• II13.Mi "' .... 2080452 212.GOIo 21UM "'''' 23UMI 238.71G UII. I&2 UUI3 

• "'.ON )5.U17 27UeS 277.4%0 2&3.872 ,.,," 206.775 ...... 3011.878 116.130 

• 322.681 3211.03:l 33UM 341 .11341 MUSS .. ,," 361.291 367.743 S7U~ m.M' • 887.0'i8 .. ,," 400.001 .o6.'-S2 41U(l4 4lUMI .. '" 432.25'1 438.711 445,1&2 , ~UI • ...... 4&4.517 41(l.iMt 477.420 ... m 4g(}.324 496.775 .,un WM1S 

• 516.130 " . ..., 5211.033 I3USS 6011.1137 "U .. 5.S4.840 Ml1.2111 5(11.743 674.1" 

• iSO.1M6 .. , .... 6113.5$1 000.001 ...... e12.004 elo.w .. '" "' ... 638.711 

I NcliEsS TO CENTl loIETE II.8'- 1 in.'=16.38716 emS 

)--?'~ ..... • , • • • • • • • • . . , ,u. ".n 4$.11 ..... 81.~ ..." m .i1 131.10 167.Q , ,un 180.28 , .... 211.£11 ZlU2 "''' "'-" "' ... .... ., 111 M 

• U7.74 314.13 .. » 3ie.g(} ...... .... " .... 442.45 ...... m .D 
• 481.81 ".00 "' ... .... n Mi.1I anAS ...... .. " m .71 g,IO 

• MUg 671.87 ...... rot.M m ... ,3U2 7,\.3.81 770.:10 ...... ... " • 81U e 83S.75 &I.U ... " 8840.$1 801.2' 817.68 ". ... Q50.4e ..... 
• ...... 1l9U2 1018.00 1032.30 11l48.78 IOM.l7 1081.55 1097,~ 1114.033 1130,71 

• IH1.10 1163040 1179.808 11".28 l2Iua "" ... 1 2~_42 I2(lUI 1278.20 I2I1U' • 1310.97 1327.38 1343.78 13GO,13 137M2 139UI 14011.30 142.1.118 IU 2.07 1453.46 

• 1474.&1 1491.23 1607.62 Im.O I IMO~O 1~.78 1613.17 1580AS 1 1\O6.~ lG22,33 

I NCln :s4 TO CENTIMETEH!l4-1 in.'=4 1.6Z3<17 em4. 

);.:"'~ , , , • • • • , • • , 41.62 ... ~ I~U' leu. ... " 240.,4 "'" 33'." r.UI , 4!IU3 ~". 4".43 641 .11 "'.n au, ....... 707.80 740,22 "' ... • 832.41 874.1» OIUI .,,-" ..... ".0 ... 1082021 1I!3.83 n6,l;.4t "'" . • 1241;.70 1~.13 1331.115 13i"3.A1 1416.:10 IU U J 14!18.44 , ... ., 1581." '''' ... • 11164.04 ''''"'' li48.l0 1780.81 1831.43 Is n .ot 1014.68 ", .. " 11III1.t3 ...... 
• 2Il!l1.17 2122.80 211M .42 "" ... 2247.67 ".,." 2330.111 2372.M t41ue 24.105.78 

• 2497.41 ...... ~ ....... ,.,u • ........ 270U3 1747.15 !188.i7 2830.40 2872.02 , !fIU.54 ""'.n """ >DO"' 3080.14 11%1.76 3UI3.38 3206.01 "" .. 3288.28 

• 3329.88 a31l..50 MI3.12 34sua 340U7 :W1.9II1 &HU2 3&21.24 SW.8' j ',1l4.411 • 374e.n I 37n.7t .... " 1870.$8 3912.&1 3$64~ 399$.86 6037.48 40111.10 4120.n 



MEASU RES AND WE I GHTS 

METRIC CONVERSION TABLES 
,..."....,. __ ,C:::';S~TI.;W::'~T;"~1I8 TO IscllEs-1 em-o.3937 In. 
;z:~ ... • • • o , • • 

o 0.)1137 0.7876 1.1511 1.5,48 1.1G85 ,.,622 2.7,1.St una u..u 
1 U370 U307 ~.nu HISI 1.5118 $.~ ut92 8.lI02II 7.o8M 1.4803 
2 7..8160 usn 8.1111 4 .1IMI 0.4488 U~Z5 10.2362 10.am 1I.o23e 11.4171 
, 11.8110 lUO~7 1!..w84 12.1921 13.38$8 1I.17M lum It.MG8 14.lN06 U.3M3 
t lU4SO 16.1417 IO.$lM IU2II1 17.3228 17.71&5 18.1102 IU03II IUWiIl IUIIIS 
$ III~ 10.0787 _!.tn4 IO.aMI 21.1W8 21.&53$ 12.0""2 2UtOII 22~ 23.22S1 
8 13.8220 $4.01$7 '4.40114 U.8001 U.lIIiIII 2U«l5 U.1842 2&.2719 2'II.i7l11 :r..IW 
1 t7~ t7.t~:t7 !8MM 28.1401 29.1338 29.1275 lII.nl2 10.314' 3O.7lI8& 31.10%3 
8 11 . ..eeo 11.3897 IU8U n.om J1.0708 as.~ 13.&182 It'>> I' 1t.6t.5G 3.S.1m3 
II 3.S.U30 UA201 M.HOI aUlti U.o07B 87.4015 U.79.U :J8.188't :JS.582tI :as.87M 

C£STIMET£II8' TO INcllEs2-1 em2-=O. I5499009 in.t. 

","'4 • • • • • • • • 
• 0.1»0 0.3100 ... '" , . ..., 0.77$0 ,."'" ,."" U400 , ..... , u." UOMI , ..... 2m6O 2.1700 '''''' ,.."" .. "" 2.7Il00 Ut60 

• 3.1 000 .. "'" 3.m10 .,," •. noo 1.8700 '.0000 t.l~ 0>.00 UD60 

• .. "'" .- ..... U160 U700 U250 """ .. "'" 0>'" UW,SO 

• ..... "'" U100 .. "" 0- U1SO 7.1300 U." 7.4400 ,,'" • 7.7600 ,."" ...... U I50 ""00 .,," .. "'" .. "'" ..... 9.1450 
0 OJ .. U»O $.&100 UMO $.0200 10.0150 10.Z3OiJ 10.38IiO lO~OO 1O.~ , ..... lUIOMI lUIIOO 1I.3ISO 11.4700 11.6250111.7800 11.~ 12.(000 12.2450 

• 12.4000 '''''' 12.1100 """ 13.0200 J3.mo 13.3300 13.4MO 13.&0100 13.70SO 

• 13.1)600 1t.10M1 IUeoo 1UI60 14.6700 H .7z.so IU800 1$.0360 1 ~.lOOO Iuga 

TO I NCUEs'-1 em'-o.OOI0234 in.3. 



CARNIlOIIl STIlIl L COMPANY 

METRIC CONVERSION TABLES 
FEET TO rol ETERS- l r~.-o.304S006 m 

I NClI- POUNDS TO KI LOORA:\I- CENTUIE TE Rs-l in-lb.=1. 1.52127 kg-cw 

"~'O,o(. • , 3 • • , 8 • 
• 1.1 52 ..... U5e .... 5.781 8.$13 "'" 9.217 ''',. , 11.$21 12.613 13.828 14.97S IU3() 17.282 lUM ,,, .. ".no , .... , 

~"" 2U~ ~ ... , ZG.4W 27.~1 ~"" ~.'" 31.107 U.2$() 83.412 
3 u .... &H1$ ...... "."" 811.172 .,," 41.477 '2.~ .:\.78t ".m 
• ..... 47.237 .... " fUfl .. .... 61.845 62.~ 64.160 .,,'" ".3M • " ... M.7M 6&.911 81.0113 &2.215 "'" "li19 6M71 "'" 67.976 , MI.I28 "'"" 11.'32 " .... 73.138 '"'' 7MfO i7.11Il "'" 79.4117 , 8O .... 81.801 ".'" Sf.I05 ..,,' 860410 "'" 88.714 .. '" 91.018 

• 02.170 .,," 91..474 IIM27 08.179 97.\Il1 U3 '00= 101.387 ,~ .... 
• 103.8111 '''' ... 10U'~ 107.1(8 ,...,., 109.452 U(l.6Ot 1II.7M 112.1108 IlUlIIl 

'" 



, , , , 
• • • , 
• • 

MEASUR.ES AND WEIGHTS 

METRIC CONVERSION TABLES 
METEIlS TO FEE"l'"-"-1 m=3.2S0S333 ft. 

0.6720 1.3439 2.ol1>9 2.6879 3.3599 4.\)318 4.7038 M?58 SM77 
U1lI7 7.3911 8.~ 8.73M 9.4016 !().Q79$ ID.WS 11.4Z35 12.Q9M IZ.7674 

13.4aH 14.llIt 14.7833 IUM3 18.1273 16.7993 17.4712 18.1432 1808152 IUS?I 
2O.IMI 2O.8311 %I..sooo 22.1750 22.8410 23.5190 2U~ UM20 2.1.M49 26.20e8 
ZU788 27.M08 282m U.5!H7 29.5667 SO.2lS7 80.9106 31.&826 3Z.2M8 U.m6 
33.M85 34.r.06 34.!HUo 35.6144 :M.2SM 35.~ 37.1\303 38.3022 38.970 39.15461 
40.3182 4O.m2 41.Wl n.33U 43.0081 43.6781 44.3500 45.0220I(S'1IHO 46.3M\1 
47.OSi9 41.7OW 48.3818 49.0M8 49.12&8 t.a3!n"8 ,i\.0!KI7 61.U11 62.4137 6J.08S(I 
5-3.7578 601.(211$ &5. IOU &5.7735 SII.44M 57.lli5 57.78!H 68.4M4 $.1334 &11.8063 
110.4713 &1.14113 GI.8212 52.41132 83.16.52 53.8372 &10.&091 6.5.1811 6.5.8531 66nro 

l{o. PJ,;R SQ. CM. TO P OU:'-DS UR SQ. I :,-cR-i kg/em2=1.U2341bs./in.~ 

~ , , , , • , • , • • , 14.22 ~ .. (U7 M" 71.12 ".M W ... 113.7~ 128.01 , 142.23 1116.4& 110.118 1&1.90 199.13 213.35 227.67 .," """ 270.24 , 284.47 ... ~ S12.g1 327.l~ $41.3(1 ...... "''' "'., 3~.2& nU8 
3 i21U"O 440.113 4&5 .1 5 4&Q.37 .3U' mn 5IZ.~ "''' MO.4~ &5-4.71 

• "'~ 68:ue 697.38 ~IU1 .~.., "'-~ ..... ...... 682.72 00." 
• 711.17 72li.:J9 730.$2 , .... 7118.~ 782.20 7911.51 810.73 .... ~ 839.18 

• "'." 867.M ~'" .... ~ 910.30 024.52 538.74 OSU7 ge1.IQ ~1.t 1 , .... M ",,.,. 1024.08 1038.31 1052.63 IOM.78 IOSO.QIJ 1(lIlUO 11011.43 1123.M 

• 1137.87 1152.10 11116.32 I180M 1I1H.77 1208.l1li 12"'.3.21 1231.44 125I.M " ..... • 1280.11 "'''' "., ... 1322.78 1337.00 1351.22 136U5.1319.1J7 13113.39 14OU2 

KILOGRAM-CENTIMETERS TO I Ncn-POUNDS-l kg/em~.86706 in./lb. 

~ - '-·t-,c'=If-,-'=-t-,,,,' - • 
I) 0.8GSO 1.73M 2.1J03II 3.4718 U3~ 502078 8.0757 U437 7.8U8 

• • • 
I 8.07\1(1 Uf7& 10.41~ 1I.~ 12.1614 13.0I~ 13.8874 14.7M3 IU23a 18.4~ 1 2 
2 17.am 18.2"272 191m1 IUIIJI 20.8310 :U.1Im 22M?O Z3.4$4~ 2U02i1 25.17<M1 
S 2M3S8 H.wes 't1.1747 28.6427 2UIOII 30.3788 31.24M 32.1145 32.11825 al.8OOl 
4 34.7184 3:;.$64 BMM3 37.3223 38.1002 a~.0582 SD.nM 40.19-11 41.1\1121 42$00 
6 4l.3Q80 4(.2M!) 4H3a~ 48.0019 4M698 47.1378 48.1lOS8 (U737 SO.SU7 61.2096 
8 ~2.0778 52.f(SII 5-3.8135 601.11815 M.549-i :;(1.4174 67.2SM &8.1633 M.0213 6U8n 
.. 110.7572 81.SU2 GUDlI MoUn 601.2290 &.I.oe70 I15.VMO[M.8329 &7.7()(» 68.M88 
S &Q.4368 70..30<18 71.1727 n~07 nwse 13.17110 7UUG 75.5125 76.3805 71.U81 
9 78.1111( 78.118U 79.8523 60.7203 8U8S2 82.~ 83m2 sunt 85.OG01 85.\1280 

". 



r 
CARNBO I " STeEL CO M PANY 

METRIC CONVERSION TABLE 

INCHi:8 TO MILLUolETEKli 

311.37 Inche., U. 8. 8t.u1dw_ t met<'lr-IOO ot'otimcters-lOOO mUllmeten. 

0 11.11 , 31i.til , 61.1H , 87.31 • 112.71 , 138.11 , , 
8 • 
" 
" " " .. 
" 
" " " " " 
" " " ,. 
" 
" " " .. 
'" 
" " " '" " 
" " 38 

" .. .. ., ., .. .. .. ., .. .. 
GO 

'" 



MEASURES AND WEIOHTS 

METRIC CONVERSION TABLE 

INCHES TO i\ln.l.",U:TIUUS 

, 20.M 23.8 1 , 016.04 41).21 , 71.0101 701.61 , "'.'" 10IM I 

• 122.24 125.011 

• 141.64 1.so.81 

• 174.63 110.21 , 200.00 201.61 

• 225 . .:1 221.01 • 250.83 2.52.4 1 

" 276.23 211.81 

" 300.21 

" 328.6 1 

" 354.01 .. 3.9.'1 

" 404.81 

" 4.'lO.21 

" 0Iat..6 1 

" .81.0 1 

" 600.4 1 

'" 631.8 1 

" 667.21 

" 682.0 1 

" OOS.O I 

" 633.4 1 

" ""-" .. 684.21 

" 100.61 ,. 135.01 

" 160.'1 

'" 185.81 

" 8 11.21 

" 836.6 1 

" 862.0 1 ,. 887 .• ' 

" IlI2.81 

" 938.21 

" 003.61 .. 989.0 1 

" 101 •. 41 ., 10011.81 .. 10&.21 ., 1090.61 ., 1116.01 .. 1141.41 .. 1166.81 .. 1102.2 1 

" 1217.61 .. 1243.01 

" I Z61Ul .. 1293.81 

'" 
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CARNEO I E STEEL COMPANY 

METRIC CONVERSION TABLE 

POUNDS AVOIRDUPOIS TO KI LOGRAMS 

1 Pound'''(Hf>3I>O KIlograms 

'" 

, , 
..... 
8.62 

13.15 
l7.69 
22.23 
26.76 

31.30 
35.83 
40.37 
44.9l 
49.44 

53.OS 
MUil 
63.05 
67.59 
72.l2 
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MSASU'U!S AND WS I OHTS 

METRIC CONVERSION TABLE 

POUNDS AVOIRDUPOIS TO J{ILOGRAMS 

I Pound".,(l.45JS9 KilOgra m. 
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CAltNEO IB ST EEL CO MPAN Y 

PROPERTIES OF TilE CIRCLE 

CircumfCI'(!DOO of Circle of Dill.. 1 =y- 3.1-11692(1.5 
Circumf<:'rcnce of Circle _ 2 ... r 
Dill.. of Circle"'" Circumference II 0.31831 
Diam('lcr of Drele of equal periphery M aquare = side II 1.2732~ 

Side of Square of equal periphery lUI circle =diamctcr I 0.78&10 
Diameter of Circle circumscribed about lIquare=side "1.41421 

Side of SqU:II'C inscribed in Circle = diamelcr x 0.70711 
r--X-l 

Are, 

1S00 a 8. 
Angle, A - -;:r- ""'67.29378 r 

" bt+e' Radius, r - 8 b Diameter, d -

Chom, A' zY2b r b' -2 rain-
2 

Rise, 

Rise, 

c AO A 
r-7!i"\' 4ft cl -- tan --_2 rsin'-

2" • 
r+Y-Vr2-xl, y=b-r+\'rl-xl x=\,c,,:-'-(~,~+~y-_~b"')' 

b _ 

b -
... - 3.!otlMl2GS, [og - O.49714D\l 

.;. - 0.3183090, log"'" 1.5028501 

rl _ 9.86960-14, log _ 0.91)4291)7 

!, _ 0.1013212,. 101_1.0057003 

F - 1.712!539, log _ 0.248[;749 

~ _ O.W4IS00, IOg _I.7514251 

l~ - 0.0174533, 101-2,24.18774 

"" .- 57.29.577~, log_1.758 1226 

''0 



MENSU RATI ON TABLES 

AREA OF PLANE :nQURES 

TTI .... I., Baae I Y.i perpendicular height. 

v' ,(_a) (8 b) (_>, 
_J 2: sum of the three sidCII a, band c. 

Tnll ••• lum: Sum of area of tho two triangles. 

Trapnold, J.i sum of parallcl :sidCII x perpendicular height. 

1' ... n"locn'" Base :r perpendicular height. 

~"r I'ol'a<ln , M sum of sides " inside radius. 

Ci ... le: 11' r' _ 0.785<10 x dia.' - O.07~ x circumference' 

8edar of Ci ... I., 11' r' AO . 
~ ... O.OO87200 r'A·_arcx M radIUs. 

Sec-,..,t of CI ... le, " ('AO . A O
) "2 1iO'" - 8m 

Ci ... I. of ............ Ml ....... : diameter - Bide " 1.12838 

Squareo! .. "' ......... el ... I.: side - diameter" 0.88623 

Long diameter x short diameter I 0.18MO 

Base" * perpendicular height. 

1~""pl"'.lu.f_ 

A B , , - . , . . • • • • • • • • • • 
• , 
c 

• :D , . 
'- ------- ________ nd ______ __ _____ _ ..,1 

Divide any plane surface A, B, C, D, along a line a- b into an even 
number, n, of parancl and Hufficiently small strip8, d, whose ordinalce 
arc hI, h~, h" h4., ha ...... h_l, hD, hD+t , o..nd considering contours 
between three ordinates.ILH parabolic curves, then for &eetion ABCD, 

~ [hl+hD+l+4(htht.+h •... +hll)+2 (h,,+ba+b7 ... +bll-I )] 

or, approximately, Area _ Sum of ordinates I widtb, d. 



CAItNEOIE STEEL COMPANY 

TIUGONOMETRIC FORMULAS 

ro--------cotan A,-------"l 11-, , _.'.1.+_'.1. 
: ! ,,"",1 _oIo.l._A_ ... A_A_ ... AOIU 

~" A_:! ' _A ... A_';'-_'A I. -_A-- {/ ----, -" ' -' " , ~ : 
~ • • • , _.1. ... .I._,J,-_\.I. r'-

~ I~' 
, •• .' 
" ... , 
0 

T_ 
• _ A_.I. 

f 
•• •• 

/ ,,;~~ "'- • •• , •• ,,_.1. 

< .I. 1_- ;:;. •• •• ___ OJ. _. , 
j\../ - • .Id •• 
:...--'rad'''' _1 ______ , 

c-. • ... , . ' ... 
• (..I.±I) - • .1. _I±_.I. 0101 "'(..I.±I) - ,.1.;1;"''' I _.1. ... 1 

_(..I.±I) -_.I. _1; • .1..1 ... (..I.±I) -•• ""' ... II!' 
... BIOI"", 

• A+ .,,_,. W (.1.+ I) _W(A-I) ... .1.+ .... _ oIolAi'. ••• 
... " -01.11 _ J_l1IA+') 01. U(.I.-') , .. ,,- ... 11 - oI.!A-'k • • • 
_" + _ I .. % _.U IA+ II _ U(.\-I) ... ,,+ ... 11- • !!±A~ ••• 
_ • -_. - % 0100 W (..1.+ II) • U (1.--B) 011.-011. _ • ~! .Il_ 
• u 

_' • .1. _" • u - ,_ . 
, ........ ' A 

.u __ 'Il_oIo'A .u 
..... ,0._, - '.' 

.U"-~ ... U .... ~ ... W .... I~~ .. _WA_ I':'~A 

.'. , .u ." .!..±....!2!..l -" 
, __ u . ', '+-1" - • - , ---- - 1 __ A h_JA 

... ·,,-.·11-.(.1.+.).(1.-1) _, .1._.'11 __ (.1. + 1)_(.1.-') 

... At·'_"'UIA±I) _ ... _ B ~i!:::-"'w(.I.+') 

- , 
" '" .. - _.< .. -........... , .. , .... - - -- -• . - -- . -.... - -- • • • • • 

• ~ .. , .. ...... -. ,. " W.;i "'" 
..,. toO- • • •• 

_. .... 
• , .. ... - -1 .. --1 1'-.' "'" "'" " 

..,. ••• "" . ..... ,_. 
• "'" 

, 
'" ''''±o "". _. -. "". - '" 

, 
"'" 

..,. _. toO- • ..... ;-. 
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MENSUR.ATI ON TABLes 

TRIGONm,lETRJC SOLUTION OF TRIANGLES 

n> Lls-~ 
, , 

Given 1 ...... -1 Formulae 

UlGIIT-A.'1Gl.ED TRIA.:SOl.E8 

>. , A. B. b a1nA~, ~ n _ ~, b ... v \). >, 

,,~ M • \/ c.-&. 
ell - :r 

>.0 A, D, c lanA _ to 
0 tan B_., C- y,,"+ b" 

A~ Al'I:e. _¥-
I > A. > B. b, c D _ 00--.1.. b_ .oo~ A, C - alo A 

~ - , .... 2".1. 
A.' B •• , C 8 _ 110°_.1., a _ \) .flnA, 0 

c '" COii'"A - --b' tan A • 
A., D,a. b D _ 00°-.1., a _ c ain A. b _ cOJOIA 

A~ --c'''11 A cos A ct alo2A , ~ , 
OBLIQUE ANGLED TRiANOt.E8 

•• b, c A IintA - 0
1
1-<1.- tA - "'t;' ,taD tA= '\) (11:.. ... / 

B ... tB _ "( .... )~) _IB_ " . (;bl taDtB= r .. H 
a. . ae ' .. 

0 oiatC _ v~~kt-b) .... tC - V*,to.ntC r .. • > .. 
,,~ Anl& _ y'. ) C8-bJ (B-<:) 

a,A,n o. , • ... In n <:_ &.100 _ .&10 (/1.+8/ 
- -.rii"A ~ ain It. 

A~ Arer. _ labalnC _ 
.... 10 D.lnO 

i~ln X 
•• b, A B aln 11 _ b .In It. 

> 
, , _ •• lnO ... b&lnO _ V .. "+bL.2ab<.lOJlC 

ITii"'A ---.rnn-
Area --- Ara _ tabaloO 

II, b. C A 
• aln C 

t&DA _ I);C(lBC' 
> - • 

tan t (A- B I - -.IT OO~ t c 
, , - 11''''''' bt-2 .. b CQII C 

•• In 0 
-~ 

A~ Arer. _ I .b $In 0 

a.I _ b"+cl 2bc COl A. h"_" + ~2" c co. D et _ ... + bL-2abcwO 

'" 



CARNEGIE STEEL COIIIPA NY 

AREA OF CIRCULAR SECTIONS 

• 

~~" 
,~. 

• 

Clralla. Sedo .... 0 n p 

A~H OCps~h Of arc, m p n ~ radhll, r) 
_ area of drclc ~ ve, m p D, In degreeo 

'00 
-o.ooentIO IIqUN of radiao,r'.u"'leof .... , .pO,'D d ..... 

Clrclllar Sfa.~lIt. m pn. 1_ IhllD. haU drct... 

Aror.-area of I18CtoC". m 0 n P-&reA of klanale. moo 
-(ltIIJI.Io 01 ....... p ... ~radiuo .• )-(radiuo. r.- .... bllobood •• , 
Circular ~t ... CI. II •• reatft" lball u lf ~'rde. 

~ol circle-area of ~nt, mop 

Circular 1IeK1n,..,1, f.om Table I. _ :l25.. 

GI .. en: rIM, b, ~ choro, c. 
Area-product of rIM &nd cbord. b I C. mlllllplJed by ~b~ 

coetDclent IIY8Il opJ)OO!llte the quollent 01 :: 

Int<lrmedlat<l coe1Hclen(JJ for vallie. o( ~ not liven 

In tabl8l!l ue obtained by InterpOlaUoD. 
EJ:a.a>ple-Olven: "",,=1 .• 9 and chord_a.62. 

b 1..9 
'F""';r.w - 0 .• Z33. Ooemclent _ 0.7S42. 

Area=b I c I c:oelr.= I At) I 3.lI2 I 0.1MlI-J.9M3. 

Clrcal .... ~I, fro. Tabla U. ,... :I:lIIalld m. 

QI .. en: rise, b. aod dlamcter. d _ Zr. 
~UILr8 01 dlamctoc, dr, multiplied by the 

cootI1clent 11"811 opJ)OO!llte \.be qUOUCDt of :. 

lnUnnodIat.e coet'Ddeou lor valu8ll01 : Dotllverl 

In tables lU'e obtained by Int<lrpOIIlUon. 
Enmple-Olven : rl90- :m:. Ilnd dlametoc_Ma". 

b d - :m:. + 6%. _O .• 18l!Z8. 

Ooemclent by InterpOlation _0.37 1233. 
Area=dllcoefl'. _ 2.5.1U.6Z9 I 0.371233 _ 0.6321. 

Clrallu ZO .... t" .... 

~ 01 eirdI-(--.d. ...-.,1,11011 +--.01 ....... t, .qw,l. 

Circula r Lune, '" p n " 
Are~ment. m po-segment. min. 

'" 

j 



ME NSU R. ATl O N T A BLES 

ARE,\ S O l~ C IRCULA R SEGME NT S 

TABU: 1- 1-'0" IUTl08 0 1' Rls!: AND CHORD 

~--, J .... 
L.. ~C__ ••. J 

A~ X b X ooemcleat 

,0 """- , ,0 Co<I- b ,0 """- b ,0 eo.o- b _. 
" • • • " .... " 

_ . 
• -;- . 

. "", . 002' .. .6722 .1017 " .0895 .200' .,. . 7239 .3373 , . .,.., .00<' " .6724 . HMO " .6001 .2122 '" .7249 .M" , ."", .0000 .. .6727 .'003 " .00" .21048 .,. . 7260 .",. • .w" . """ .. .6729 . "''''' .. .61l12 .2174 ." .7270 .3469 , ." '" .0 109 " .6732 .1109 " .69 18 .,,.. .. 0 .7281 .3501 , .660' .0 13 1 " .673 1 .1131 "" .692·1 .2226 ,.. .7292 .35301 , ."'" .0163 " .6737 .IIM " .6930 .2262 142 .7303 .3MJ7 , .- .0176 " .67040 . 1177 '" .6936 .2279 ." .73 14 .3600 • ."' . .0 197 M .67043 . 1200 "" .6942 .''''' ... • 7 325 .3633 

'" .0070 .0218 .. .07016 .1224 " lO .6948 . 2332 '" .7330 ., ..... 
" .0070 .0240 66 .0740 . 124 7 "" .6954 .2358 , .. .7348 .3700 

" .6071 .0 262 " .(171'>2 .1270 '" .6001 .2385 .. , .7300 .3734 

" ,6672 .0 284 '" '&,M .1293 '"' .6967 .24 12 .. , .7372 .3768 .. :~n , ::t~ " . '" . 1316 "" .6974 .209 , .. .7384 ."" " 00 .6761 .1340 "" .6950 ."" ,ro .7300 .3837 

" .6674 ."'" .. .6764 . 1:w.3 ,.,. .6DS7 .2493 '" .,- .3871 

" .6674 .0372 " .67611 . l as7 "', .,,,. .Z,',ZO ." .7421 .,"" 
" .0075 .0:104 '" .677 1 .1410 "'" .7001 .2548 '" .7"3" .3942 

" .6676 .().116 " .677,', . 1434 '''' .,..., .2[,76 'M .7447 .3977 ,. .6677 . 0.137 .. .6779 . lt67 "0 .70Ui .2603 '" .7460 .4013 

" .6678 .(}.I50 !j .6782 .H I'I I '" • 7022 . "' . " . .7473 ..... 
" .66711 .(}.II>I .(17116 .100.' '" .7030 ."" ", .7486 .. "'" 
'" .- ..... 08 .6700 .1629 '" .7037 .2687 '''' .75000 1 .4 122 ,. 

. "" .~26 •• .11794 . I I\~ ". .7M5 . 2715 " . .7514 .416D 

" .""" .OM' " .67D7 .U77 '" .70.52 .2743 160 .7528 ."196 , . ."'" .0.570 " ." .. . 1001 '" .7000 .277'2 1 161 .7542 .4233 

" . - .OW' 72 . 61!0.~ . 162:; '" ., ... .2800 162 .7567 .4270 

'" .008' .00 1" 7a .6!>OO 1 . 1649 '" .7076 .28Z\l "" .7,',71 .4308 

'" .- ."'" 701 .6!l U .1073 '" ., ... 
. "" " . .'''' .4346 

'" ."00 . "'" 76, .0818 .IOD7 ... ."" ."'., .M .7601 .. '" 
" ."" . 008' 76 .6822 .1722 ." .7100 .2910 , .. .7616 ."4 24 

" .6003 .0"" " .6820 .1746 '" .7100 ."'., Wi .7632 .4463 

"" .- .072.5 " .083' .177 1 '" .7117 .2971'> '" .7648 .. '" ,. .- .0747 79

1
·6S35 .1795 ... .7126 ."''' '" .76&1 ,45010 2 

'" .0098 .0770 '" .- .1820 ". . 7134 . m • liO ., .... .. '" 
36 .6700 I .0792 81 .6f!.44 .1$<15 ". .71U ."'" '" .7696 .4622 

" .670'1 .0814 " ."''' .1869 '" .7162 ."'" '" .7712 -<003 
38 .67(H .~7 '" .- . 11\94 '" .7161 .3 124 '" .772D .4704 
30 .'100 .""" " ."'" .1919 ". .7170 .3 165 ,,. .7746 .474.5 .. .• 00 .0"" " .- ,HH-I .'" .7180 .318.5 '" .7763 .4787 .. .6710 .""" 86 .- .ID70 "" .7180 .32 16 ". .778 1 .4S28 

" .6712 .0027 " .6874 1 ·UI95 132 .7100 .3247 '" .7700 .487 1 ., .6714 ."" 88 .68711 .2020 ." .720\11 .3278 '" .78 17 .4914 .. .6717 .0072 " .6.SS4 .2046 134, .72 111 1 .3300 ". .7835 .4957 ., • 6719 .""" 00 .11800 .2071 136 .7229 .334 1 '''' .'8M .6000 



CA RNllOU! STEIlL COM PANY 

AREAS OF CIRCULAR SEGME;.'TS 
TABLE II , FOR HATlOl! 01' Rlsl:': A~D D lAloU:Tl':R 

~-~- -------J,. 
i 

~-------\c---.. ----

.181 

.182 .. " .184 .. '" .'" . 187 .. " .189 .... 

.226 

.227 

.228 
.09S367 .2Z!l 
.096135! .230 
.000004 .231 
.007675 .232 
.()98447 .233 
.099221 .234 
.099997 .235 
. 100774 
. 1015-53 
. 102334 
. 103116 
.103900 
.1()f6S6 
. IOM72 
.106261 
. 107MI 
. 107843 
.10Sl!036 
. 109431 
.110227 
. 111 025 
.111824 



AREAS OF CIRCULAR SEGMENTS 

TABLE II , FOR RATIOS or R ISI'.l AND DIAMETER-Concluded 

.'''' .357 

."",." 1 :~~ 
.'60 
.36 1 
.362 
.363 
.3601 
.31lb 

.'''' .367 

.368 

.360 

.370 

.371 

.372 

.373 

.37'" 

.375 

.376 

.377 

.37g 

.379 
_ago 

.", .", .... 

. -.,., 

.". .. " .ass 

.3k9 

.'''' .236421 .391 
.2:173011 .311Z 
.238.1111 .3!l3 
.2302(18 .304 
.2402111 .3!l.5 , , 

327 

--, 
• 

~ ' Coo5eIml 

.343778 
. . 34"'773 

.3"'5768 

.3"'6764 

.347760 

.348760 

.349752 

.3007411 

.3517<15 

.3.52742 

,471 .363716 
,472 .36-1714 
.473 .3M712 
.474 .366711 
.475 .367710 

.368708 

.369707 

.370700 

.37\ 70.5 

.37270-& 
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CAR-NEOIE STEEL COMPANY 

SUru'ACE AND Vm .mlE OF SOLIDS 
8=LAn::nAL on COSVEX SURFACE. V= VOLUME 

: . ','--':A . .,t S=P<ll"lm e tcr, P.pcrp. to s ld6!l x lat. length, l : PI U l!fo
) I· ... tlelop;pod 

~ _ __ _ /" .,j V=area of base, B I per)Xlnd leuiar hclS<ht. h: Dh 
, .. ; - V""&re8.ofseellon,A,poc]),tosldeulat.length.l: A l 

Cd
' "'--1f1;-; .,' ,.. • .,., .... , Rig'" or ObliQue, Repla. or 1r~1 • • 
• i ., S = perlmetcr. P,pcrp. toaldce I lat. length. I: PI 
: h .: ,-::. V= azoea.o( bWlO. B I perpendicula r hClfht. h: Dh 

_/ .... . _~_- '.j V=areaolllCCtlon, A,perp.tosldee l lat. ength,l: Al 

i, - - .: 0--T;S-- -- j 
, > , , , , 

,--: - _ L =_.j 

i5"\t ~ --.•. - . 
:..- - --b- ---'': .•• 

~-.'.~ 
~.Ji 

Cylinder, R iKbt or Oblique, t~...,ular or Elliptic, el<:. 
S = pcrlmewr 01 ha&<>. 1':l J)(l<"p. height. h: Ph 
S = J)tlrlmnwr. 1',. per]). to sides xlu. length. I: Pi' 
V"""IU'e& of balle. n 1 pe~ndJcul9.r height. h: B 1 
V==are&ofsootlon. A . perp. tosld08xlat.lcngth.l: Al 

Fn .. tuzn of artJ" Prl, m li e <:rUnde. 
V=tI.(ea of base. B ~ peep. dls!.l!.n<':(l, h. from base 

to <':(lnte\' of gravity of oppol!ite raw: B h 
For cyUndcr: ~ A (I, + 10) 

Pyramid or Cone, Rla ht a nd Reaula r 
S=pcrlmeter of base. P 1 J.i slant heigh t, I: '>io PI 
V= aroa ot base. B 1 "" perp. h eight. h: % Bh 

Pyramid or Cone. RiKbt or Oblique, Reaular or 1r~lar 

V=aroa of ba.sc. B 1 "" perp. height, h: "" Hb 
V"'4\. vOlume at prism Or cyUnder ot same base 

and perpendicular height 
V=% volume of hemlsph(ll'(l o f same ballO a nd 

perpendicular holght 

Fruotum of Pyramid or Cone. ru.-ht a nd Rewula r , 
1 .... Uel End. 

S _ (5um of pecimQI<)r ot b&8e. p . and top, p ) 1 "" slaDt 
height. I: ~ 1 (P +p) 

V_ (Rum of arOO8 of base. B. and top. b + aQ uare 
root of their' products). "" perP. height. h: 

"" h ( B + b + y""B"'b) 
}'nutum of any Pyramid or Cone. l 'a .. llel End. 

V_ (li um 01 are..s of b ILl!(!. B. and top. b + square 
root ot tbcir pl"OduCt8). "" perp. height. h : 

"" h (n + b + y"'[i'1)) 
Wedp, )'arolieloar" m Fa"" 

V-¥o (sum of thr ee edges . a b a • perpendicular 
height. b.perpeudk:u!arwldth. d): 

""dh(2a +b) 

Priamatoid 
V=44 J>6I'P. height, h (lIum of aro"",, of ballO. B . and top 

b. + 4 1 area. of section, M, parallel to bases 
and m idway between them): 

~ h(B + b + 4M) 
The Prlsmatold formula applJeII also 10 any of 

tbe forogoillf! 8OIId8 .... Itb PlIl'll.lle! b_. to p yramids, 
conell. spherical sceUOnli. and to many solids with 
Irregular surfaces . 

'" 



M ENSU RATION TABLES 

SURFACE AND VOLUME OF SOI..W3--Conciuded 
8=LATERAL 011 CONVEX SURFACE. V _ VOLUME 

G 
~-t 

, . 
!~: .. ---..,.----~ 
,.----,,---.., 
, 'b ('1. :. -e- ___ .. 

~ 
,-,-,~--,-. 

S _ 4r .... _ rd"_3.] 4] .I\Ir.!w> d" 
V..,. r ro _ ~ r d l _ 0 . .1\23.1\9818 d ' 

8pberleal Sedor 

8~r r ("b+c) 
V-'Ko r .... b 

Sph~rlta] ~m~nt 

S _ 2rr b _ '4r (. b" + ell 
V~ r b t (3 r- b) _ \~ ... I> (3 c" + 4 ))1) 

8 - 2 .. r b 
V~i. rb {3~ + Sel + ,,!)I) 

1'1-4.' n. 
V= 2 .. Rr" 

Orn]uR] .... 

U ..... l. ot Klllhl. ~]u C)rllnder 

IJ-Scgmo"~, b.a I> JJase=ll. ]f C lrel& 

8 -(2rm-o.ue,l>ab) ~ S=2.h 

" V-<% fI}Oo-o I arca, bab) r-o V~ .... h 

O-segmcnt, II a II n.....,.,.Clrclo 

8-(2r n + plue,cac) r!p S=r.h 

" V_I1. n'+ psarc".ca c) r + p V='h ..... h 

EIII_ld 

"~ ,,""h 
n ulo of C(lITfJSl)Ondlnl , 'OlucllOl o f " Cono, Par"bo-

10Id,Sph~,and CyUndororClCJu"lhol&h~: \-':~: "': 1 

00.11 .. ~nenl.d by Pt.rtl,,1 o. Complete R.eo<olaUon 

l _ loll$th of. curvo } rotatl08 "boutI.n axllJ 1- 1 
A_ rea of • plano on ono .ld""nll In plane o r ...,I.!! 
r -dllJtanco of center olll'"",-Ity 01 1100 or plano from 

ax'- 1-1 and 101" any an/l]o 01 r<lvolutJon, 1.- , 

2 ~~r lell/lthof.re dmcrlbod by center 01 In.vlty, 

8_lcl1/lth ot curve I lenlth 01 &l'Cabout lUll 

... 2 r3~a- For Cl)mplct.e ... ,'olutlon 8-2 ... 1 

V-arc. of pl"ne I lona1h 01 a.rc a bout ...,11 

A 
2 .... 0 

_ ~ For eomplct.e ro,'olutlon Y_ 2 r .. A 



CARNEOU: STEEL COMPANY 

FUKCTIOS8 0' NUlIlJER8, 1 TO 49 

sa..,~ "' .. H •• No.. _ Diam.ter 
lio. ,,- "' .. '"" Upri,,", , , 

JU.ciptOCaI CirtILlll. ,---, , , .. 0000 .. 0000 0.00000 1000.000 3.142 0.78M , • • 1.4142 1.2{;95) 0.30103 "'"000 6.283 3. 141 6 • , 
" 1.7321 1.4422 0.47712 333.333 0.423 7.0686 

• " " '0000 1.5814 0.00206 250.000 12.566 12.0664 , " '" 2.2361 1.7100 0.60891 200.000 13.108 10.6MO 

• " '" 2.4493 1.8111 O.77SIl> 166.667 IS.8.50 28.2143 
1 .. a43 2.6468 I.\H29 0.84510 142.851 21.991 38.4Sil> 

• .. '" 2.S284 2.0000 0.00309 12l>.000 2[,. 133 50.2(133 

• " no 3.0000 2.0801 0.95424 111.111 28.274 63.6113 

" '00 '000 3.1623 2.11144 '.00000 100.000 31.416 78.5398 

" '" "" 3.'Hoo 2.2240 1.04139 00.9001 34.MS 0$.()332 

" ... 1728 3.4641 2.2864 1.0'1918 sa.= 81.699 113.097 

" ". 2197 3.6036 2.3513 1.11394 76.9231 40.84 1 13t.~32 .. ,,. 2744 8.7417 2.4101 1.14613 71.4286 43.982 153.938 

" ", 337[, 3.8730 2.4662 1.17600 00.6667 47.124 116.7Il> 

" '" '000 '.0000 2.5108 1.20.112 62.0000 50.265 201.002 

" 'SO 4913 4.1231 2.5113 1.230-1l> 58.8235 53.40. 226.980 

" ." ... , 4.2426 2.r.207 1.2M27 M.=< fo6.M9 254.469 

" '" "". 4.3!089 2.6684 1.27875 62.6JH! ".600 2&3.529 

" '00 "'" 4.4721 2.7144 1.30103 80.0000 62.832 314.159 

" ... 9261 4.&826 2.7&89 1.32222 47.6100 63.973 346.361 

" . " , .... 4.6004 2.8020 134242 45.4545 69.I15 380.133 

" '" 12167 4.1958 2.8439 1 .36173 43.4783 72.257 415.476 

" 
,,. 13824 4.8900 2.8845 1.38021 41.00(17 75.308 452.389 

" '" 1f0623 8.0000 2.9240 1.39794 40.0000 78.1140 4VO.S74 

" 676 17576 8.0000 2.0025 1.41497 38.4615 8 1.&n ;aQ."" 

" n. ''''''' IUOO2 3.0000 1.43136 37.0370 84.823 l>72.M.S ,. 1M 21952 5.29U 3.0300 1.44716 35.7143 87.9& 616.752 

" ." "'80 6.3852 3.0723 1.46240 ....... 91.100 66O.l>20 
30 900 "000 5.4772 3.1072 1.47712 33.3333 64.248 700.858 

" 
,., 29791 6.5678 3.141" 1.49136 32.2581 97.389 754.768 

" '''' 32768 6.6569 3.1748 1.50516 :11.2500 100.531 80-1.248 

" "" 35037 6.7446 3.2075 1.1>1851 30.3030 103.673 855.299 

" 1166 .- 6.8310 3.2396 1.5314S 29 .... 1I8 100.814 907.920 

" 1225 428,5 6.9161 3.2711 1.M4.07 28.5714 100.956 962.113 
36 "" ."'" '.0000 3.30 19 1.[,[,630 27.7778 113.007 1017.88 

" 136\1 6OOa3 6.0828 3.3322 1.56820 27.0270 116.239 1075.21 

" " .. 54872 6.1644 3.36!!0 1 .... ,978 26 .3158 lt9.381 1134.1l 

" 1521 69319 6.24.50 3.3912 1 • .59100 25.&1.10 122.622 1194 • .59 

" "'00 "000 6.a24.6 3 .4200 1.60200 25.0000 125.00 1256.64 

" "'" "'" 6.4031 3.4482 1.61278 24.3002 128.81 1320.25 

" ,,,. ,. ... 6.4807 3.4700 1.62325 23.809.5 131.95 1385.44 

" ,,,. 70507 6.[,[,74 3.5034 1.63347 23.2558 135.09 1432.20 .. "' .. S5184 6.6332 3.5303 1.64345 22.7273 138.23 1520.63 

" "'" 91125 6.7082 3.5569 1.65321 22.2222 141.37 1500.43 

" 2116 97336 6.7823 3.5830 1.66276 21.7391 144.61 1001.00 

" ,,"" ,,=. 6.8557 .. "" 1.67210 21.2766 1"7.6:> 1734.64 .. "o. 110:;92 6.9282 3.6342 1.68124 "'.= 150.80 1809.f06 .. "" 117649 1.0000 3.6:>93 .. "'" 20.4.082 1[,3.94. 1886." 
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MAT HEMAT ICAL TABL ES 

FUNCTIONS 0' Nu~nn;Rs, 50 TO 99 I 
,·1,,- .. - c..o. ,roo N~ 

c..~ ..... ..... _ .. , , 
"'"- a-. "-

'" '000 >2_ 7.0711 3.6840 1.698117 20.0000 157.08 1963.00 

" '00' 1326.51 7.1414 3.7084 1.707f>7 19.607S 160.22 20-12.82 

" 27()'l ...... 7.2111 3.732& 1.71600 111.2308 163.36 2123.72 

" """ 148917 7.2801 3.7003 1.72428 IS.8619 1OO.SO 2206.IS ,. 21116 lliH64 7.34M 3.1798 1.132:39 IS..5IM 169.6.5 2290.22 

'" 30" 16(\315 7.4162 .,"'" 1.74036 IS. ISIS 112.79 2315..83-,. 3130 170010 0..833 3.S2.59 1.701819 17.8:;71 115.93 2163.01 

" 32~9 18:\193 7.1\.498 3.1W8& 1.7M37 11.5439 179.07 2.551.76-

'" 3361 19.'>112 1.61SS a.8700 1.763-13 17.2'14 182.21 "".00 

" .. " 20.5379 1.6811 3.8930 1.170!1.6 10.9-192 18.5.3;'; 2733.DT 

00 8000 2>_ 7.7460 3.11149 1.17815 16.0061 188.50 28::.'7.43 

" 3721 22011"11 7.8102 3.9366 1.78533 16.3934 1111.64 21122.47 

" .... 238328 7.8740 3.11.5711 1.192;)11 16.1200 19-1.78 30111.07 

'" "'" " ... , 7.9373 3.9791 1.1993" 15.8730 197.92 3117.2f> 
M .. ,'" 262144 '.0000 '.0000 1.80618 15.0200 201.00 3216.99 

" 4225 27402f> 8.0023 4.0207 1.81291 15.38-46 2().1.20 3318.31 

" 4356 287400 8.1240 4.().I12 1.819&4 15.1515 207.35 3·121.19 

" 44S11 30071);J 8.IS6-l U)61l\ 1.112001 a.OZ54 210.49 0025.(15 

'" 4621 3144.32 8.2462 UJ317 1.8:J251 14.70:;9 213.63 3631.6& 

" ·1761 328L1OO 8.>< .... .... 1016 1.8:JS85 14 .... 928 216.71 3739.28-

" .000 343000 8.3006 4.1213 1.34510 14.2&7 219.9 1 3848.45 

" ron 8&7911 8.42(11 4.1408 1.8.512(1 14.0845 223.05 39.'>9.19-

" " .. 373248 8.4M3 4.1002 1.8.5733 13.88-811 226.111 ... 071.60 

" [,329 380011 S.1\.440 4 .17gs 1.86332 13.6980 229.34 418&.39 

" "" 40:;224 8.6023 4.1983 1.86023 13.5135 232.48 4300.34 

" "" 421875 •. - 42172 1.87&06 13.3333 23;';.62 4117.86 

" &176 "'38916 S.1I78 4.2358 1.8&081 13.1579 238..76 4536 .... 0-
n ,,,. ·U65;l3 8.7700 4.2543 1.88649 12.98iO 2-11.00 4M6.(1.3. 

" "'" 4745.)2 8.8318 4.2721 1.80209 12.8205 2.l.5.Q.i 4118.J6. 

" "" 411300() 8.8S!I2 .. -I.S9763 12.~ 248.19 490LG7· 

ao MOO 612000 8.9443 4.3089 .. ..,., 12.SOOO 2.>1.33 """." 8> """ 431441 0.0000 .... 3267 1.9(16.49 12.3457 2M.H 5153.00 
82 "" '"'''' .. "'" 4.3445 1.91381 12.1951 2.>7.61 5281.02: 

" "'. &11787 II.II(H, 4.3621 1.91908 12.Q.iS2 200.75 1>410.61 

" ",,. 692704 1I.1M2 4.3706 1.00.&28 II.9()IS 263.89 M41.77 

" 7225 614125 9.2195 4.3968 1.920-12 11.7647 267.04 5674.50 
86 "" "'"" 0.2736 4.4140 1.~:;O 11.6279 270.IS ""'.80 

" "'" ""'" 9.3214 <1.4310 1.113952 11.49-13 V3.32 59-14.68 
88 77014 681472 11.3808 4.01486 I.W44S 11.3630 276 .... 6 6082.12-

" 1921 704.009 IU340 4.4647 1.9011139 11.2360 219.60 6221.14. 

00 8>00 "0000 04868 4.4814 1.9M24 11.1111 282.14 6361.73 

" 8281 7&3571 9.[,3901 4.4910 .. ..,... 10.0890 "'.88 6000." 

" .. " ,,"'" 0.fo017 ... &144 1.96379 10.8600 289.03 6647.61 

" ... , 804357 00U7 4.M07 1.008-4S 10.1&27 ::112.17 , 6792.91 .. 88'" """". 0.6VM 4.5<168 1.07313 10.6383 :WS.31 6939.78-

" """ ~5737& 9.7468 4.&>29 1.\)7772 10.6263 21)8.45 10!s1l.22. 

'" "" 884736 \).79bO •. 5711\) 1.9'1227 10.4167 301.(;9 7233.~ 

" 9<00 912673 \I.St89 4.6041 1.~77 10.3093 304.73 7389.81 
os "" 1).111112 9.8005 4.6iCH I.DOI23 10.2041 a07.88 7M2.oo 

"" .. ," .,,""" 9.\H.99 4.6261 1.99504 10.1010 31 1.02 . 7097.69 

331 



CARNEOIE STUl L. COMPANY , 

FUNCTIONS 0" NUilIJEM, 100 ro 14' 

~ c.", , .. S...-Oiaaoowr 
N. Bo- o. .. "- '-"" • , 

n...:".....t ""- ... --
"" '0000 '000000 10.0000 4 .6416 '.00000 10.0000 3 14. 1& 7M3.OS 

'" 10201 ,03Q3<l, IO.Moo 4.6.570 2.00432 9.00000 317.30 8011.85 

'''' 'M"" 1001208 10.0005 4.(.1723 ,"".800 9.80392 320.4<1 8171.28 
10:1 ,- 100'4727 10.1489 4.6816 2.01284 9.70874 323.58 8332.20 ... 10810 1124864 10.1980 4 .7027 2.01703 9.61538 326.73 84{11.87 

'''' 1102.'1 11117625 10.2470 4.7177 2.02119 0.5238 1 329.87 8659.0 1 

"" 11236 I HIlOl(l 10.2900 4.7326 2.O'JMI 0.43300 333.01 &SU.73 ,., 114.0 122rot3 10.3441 4 .747.5 ,.,.,.,. 0.34579 330. l lI 8002.02 ",. """ 1259712 10.3023 4.7622 2.03342 0.25926 339.29 9160.88 
.00 11881 """"" 10.4400 4.7709 2.00743 9.17<131 342.43 9331.32 

". 12100 1331000 10.4881 ".791" 2 .()U39 9.09091 "'.M 9603.32 ." 12321 1367631 10.53!>7 • • IWMO 2.0-1[032 9.00001 348.72 0670.89 

'" 12$4 .. " .. "" 10.6830 ........ 2.1)4922 8 .92&7 3.51.86 9&2.00 

'" 12709 H'I2897 IO.GaOI 4.8346 , . .".. 8.84956 MO.OO l(1028 .7 

'" """ .481544 10.6171 4.8488 2.06600 8.77 193 358. 14 10207.0 ." 1322[; 1t.20675 10.7238 ".8(129 2 .00070 S . ..,., 361.28 10386.0 

'" 134M! 1560896 10.7700 4.8770 2.00446 8.62000 3M.42 I OMS.8 

'" 13M!) 1601613 10.8 167 4 .8010 2.008 111 8.54701 367.57 10761.3 
" S 1392-1 IM3032 10.862K 4 .00·11) 2 .07 188 8.47458 370.7 1 10035.!l 
" S 141IU 16&5159 10.0087 '.0187 2.07655 8.40336 373.85 11122.0 

". .. "" ,,""'" 10.0&411 4.0024 2 .07018 S.= 376.99 11 309.7 

'" 14MI 1771561 11.0000 4 .tw61 2.082711 8.260446 380. 13 11400.0 

'" ..... 18 111848 II.(WM 4_~1n 2.08&38 8.19872 383.27 11 680.0 

'" 111 129 'S"'"'' 11.090.i ".9732 2.08001 8.13008 386."2 11881.3 ". 11\376 , ...... 11.1365 .- 2.09342 8.00452 380.66 12076.3 ,,. ."". 19$J125 11.1803 .0000 2 .00001 8 .00000 392.70 17271 .8 ". 11\876 """'. 11.22/10 11.0133 2 . 10037 7.93651 3O.'i.&4 12"60.0 

'" 1612U """'" 11.2694 .5.0265 2 . 10380 7.87402 398.08 12667.7 ,,. .",.. 20071$2 1l.3137 11 .0397 2 . 10721 7.8 1250 "02.12 12868.0 ... ..... 21 .. 0089 11.3578 6.6.\28 2. 110511 7.75194 "05.27 13000.8 

". '''''''' 2197000 IIAms .. ..,. 2.1130.& 7.69231 "OS ... 1 13273.2 

." 17161 22-180111 11.4455 .5.0788 2.11727 7.63359 411.M 13478.2 

. 32 1742-1 22_ 11.48UI lo.()916 2 . 12057 7.57576 414.69 136&1 .8 
133 17681) 2352637 11.6326 5. 11)15 2 . 12385 7.51880 -111.83 131192.1) 
.J< 17956 240010.1 11.57t08 6 . 11 72 2.12710 7.46200 420.97 14 102.6 

'" 182U. 2·100315 11.6100 11. 1200 2.13033 7.40741 424. 12 14313.9 
136 ,.",. 25150156 11.0019 6. 1426 2 .133M 7.852901 427.26 141\26.7 
137 18769 2571358 11.7(1-47 6. 11\51 2 . 13672 7.20027 430.40 14741.1 ,,. "', .. ,.,s." 11.7473 6 . 1676 2.13088 7.2-1638 433.501 14957. 1 
.as 19321 26M610 11.7898 6. 1801 2 . 14301 7.19424 436.68 15 174.7 ... '''''''' 2744000 11.8322 6 . 1l12li 2 . 14613 7. 14286 439.82 ''''''~ 
'" "'"' ""'-" ," 11.87013 ...... 2. 14922 7 .09220 .... 2.W JM14.6 ... "', .. 2S63288 11.91M 6 .:J171 2.1~ 7.0l22S 416.11 ''''''s 
'" .... OS ""."" 11.0583 .. "., 2.161\34 6 .00301 449.25 10000.6 .... "'" . ''''''' 12.0000 6 .2415 2 .15836 6.9444<1 452.39 16286.0 ... 21026 "" .... 12.0410 5.2536 2 .10137 0.89655 4505.63 H1513.0 
,OS 21310 3112130 12.0830 5.2658 21(W311 6 .801932 458.67 1674111 

'" " .... 3176.523 12. 1244 6.2776 2 .16732 6 .80272 461.8 1 169717 ... " .... 3241792 12.1655 6.2898 2.17026 6 .75676 464.96 17203.4 

". """ ""'." 12.2006 5.3016 2. 17319 6.71141 468.10 174:16.6 
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MAT H EMAT I CAL TABLES 

FuNcrlOXS OF NOlolBERS, 150 ro 199 

I 
c.bie 1 1000 s<>--~ 

So. So- c. .. -"- Rool ~1hDI Rea~ Clraam. A~ 
-- --- --------------
'w ''''''' 337000(1 12.2474 6.:H33.2. 17000 0.66667 471.2-i 17071.6 

'" 22801 34429SI 12.2882 S.32111 12. 17t;1)S 0.62262 474.38· 17007.1) 
162 23104 3S11SOS 12.32M 6.3368 2.18184 0.67800 477.52 1814S.8 
IS3 23400 361>1677 12.3600 5.341!6 2.18400 0.63(1)5 480.00 IS3SlI." , .. 23710 366226<1. 12",,097 6.3601 2.187.';2 0",,0051 "83.SI 18020.6 

'" 24026 3723875 12""400 5.3717 2.10033 6.46161 4$6.05 IS-I<69.2 

'" 24336 371l&t10 12.4900 6.3832 2. 10012 6."1026 "00.00 H1I13.4 

'" 24(41) 3k(ltlSOO 12.5300 6.39017 21!lWO 0.369013 493.23 19.150.3 

'" ,.'" 30443 12 12.5698 5.4001 2.I!lS06 0.32911 400.37 UIOO6.7 
159 25281 4010079 12.0006 6."175 2.20140 6.28931 I "00.61 IDSM.7 

, .. , .... '000000 12.6401 6."288 2.2()U2 6.2.5000 S02.M 2QU16.2 

'" """ 4173281 12.6886 6.«()1 ,""""' 0.21118 600.80 2()3lj.8.3 ", "" .. 4~1628 12.7270 .';."514 2.20952 6.17284 "" ... 20012.0 

''''' ,"'. 4a30747 12.7071 5.4020 2.2 1219 0.13497 612.08 20867.2 ",. "'''' 4-IIOOH 12.8002 6.4737 2.2148-1 0 .00766 615.22 21124.1 

'" 27226 4492125 12.8452 5.4848 2.21748 6.00061 618.36 21382.6 

'" "'" 4S74200 12.8841 6.41)51) 2.22011 602410 S21.5() 21642.4 

'" 27880 4o.:;74aa 12.9228 6.6060 2.22272 ,.""" 62-i.M 210()1.0 

"'" 28224 474U132 12.0015 6.6178 2.22531 6.95238 .';27.70 22107. 1 

'" """ 482G800 13.0000 15.6288 12.22781) 6.9 1716 630.93 22431.8 

HO 'SOOO 4913000 13.0084 6.5397 2.23045 5.88235 (;34.07 22008.0 

'" 
,,, .. 

"""''' 13.0767 6.65Q5 2.2aaoo 6.84705 637.21 22006.8 

'" ,,,,s. 
"""'''' 13.1140 5.5613 2.2lM3 6.8 1395 MO.3<> 23236.2 

'" "'''' 6117717 13.1529 5.6721 2.23805 6.78035 643.00 23506.2 
H' "",. """" 13. 1009 ,."'" 2.24OM 5.74713 646.04. 23778.7 

'" ..." 6359376 13.2288 6.6934 2.24~ 6.71"29 649.78 2-i0t>2.8 

'" """ 64SI776 13.2665 6.64U1 2.24Ml 6.68182 652.92 2~328.6 

'" 313~ 66<15233 13.3041 6.61'117 2.24707 6.M072 "'.00 2'006.7 

'" """ 6630752 13.30117 6.62:>2 2.200-12 6.61798 "".20 24884.6 

'" 32041 67$339 13.3791 6.6367 2.2.5:l8S 6.68669 662.36 as1M.9 

"0 32400 "'''''''' 13.416<1. 5.6<1.62 2.24627 6.M556 665 .• ~ 25446.9 

'" 32761 6929741 13.4536 6.M67 2.26768 6.5:M86 ""'."" 25730.-4. 
182 331U """"" 13.4907 fr.OO71 2.26007 6.49451 67 1.77 20016.6 

"3 33480 6128487 13.5277 5.67N· 2.262-15 6.46448 674.91 26302.2 

'" 3_ 6220[,().l 13.5647 6.6i>77 2.26482 5.U478 :178.06 26500.4 

"" a4225 633162f> 13.601;'> 6.6980 2.26717 6."0641 J;.S I.I !) 26880.3 

"0 a4500 ()434S6(l 13.(;.3.!j,2 5.70S3 2.2611111 6.37634 584.34. 27 111.6 ", '""" 663!y')03 13.6748 6.7186 2.271&1 6.34759 587.48 27464.0 ,"" "". 00«672 13.7113 6.72l17 2.27416 /i.aUHt. (91).62 21759.1 
'SO 35721 6761269 13.7477 5.7388 2.27646 6.21HOI 693.76 28OM.2 

'''' ""00 "'""" 13.7840 5.7489 2.27876 6.26316 SOO.90 28362.9 

'" "'" «KI67871 13.8203 6.71>90 2.Z8103 "''''''' ...... 256$2.1 
192 " ... 7077!S88 " ..... 6.7600 2.28330 "'- 603.19 28952.9 
"3 37249 71S9057 13.8924 6.7790 U.'" 6.18136 .,..,3 20265.3 , .. """ 7301384 13.9284 6.7890 ~U8780 6.1M64 1109.47 29M9.2 

'" .,'''' 7414876 13.9642 6.7889 ..,"'" 6.12821 612.61 29864.8 

'" """ """'" 14.0000 '.8088 2.29220 6.10204 6 15.75 3017 1 0 

'" ,- 7645373 14.0367 6.8 186 2.m47 6.0761'11 6 18.80 30-180.5 ,,. 
""" 7762392 14.0712 6.828$ ! 2.29667 6.000:;1 tl22.Q4. 30790.7 

'" '000> "'0'" 14.1007 t>.83S3 :.l.2~ 6.02513 ~.JS 31 102.6 



CARNEO l e STeeL COMPANY 

FtlNCTION8 0 .. NUJoIBER8, 200 m 24. 

\':' c. ... ''''' N ..... I>i&mt&tr 
N. ,,- c.o. ~! ..... , 0-1 ..... ...""'" "-

"'" '0000 """"'" 14.1421 ,.""" 2.30103 '.00000 828.32 3 \0115.9 ." 4().&01 8120001 101 . 177-1 5 .8[;78 2.30320 •. 07512 83!.48 31730.0 

"" .. -8242408 1-1 .2127 5.8675 ,.""" ."""" 834.60 32().&7.-I 
200 ..... ..... " 101 .2478 5.8771 '.307M -1.92611 837.7. 3236.5.5 ,.. -1 1616 ....... 1-1.2829 , ..... '.30003 -1.00196 "".88 32685.1 

"" . .", 86Uil25 1-1 .3 178 6.8964 2.31176 4.8780& .... 03 33000.-1 

"'" 42-136 874 1816 1-1.3527 5.0059 2.31387 4.8M37 6017.17 33329.2 

"" .,." 886{1743 14.3875 5 .0 1M 2.31597 .. """ 1»0.31 =., 
"" ..,'" 89081)12 14 .-I2Z2 5.92M 2.31806 4.80769 653.45 33070.6 
." .,.., 9129329 14.4008 , 5 .9345 2.32016 •. 7M69 6.00.69 34307.0 

'" 44100 926]000 14.4914 5.1H39 2.32222 4.76100 659.73 34636. 1 

'" «521 939393 1 14.5258 ,."'" 2.32428 4.73934 662.88 34966.7 

'" ..... 9528128 H.56OlI 6.9627 2.3263-t 4.71698 .... '" 3.5298.9 

'" 45369 """"" 101.5945 5.9721 2.32838 4.&.>-1.84 009.16 31\632.7 ". 46706 ........ 14.6287 6.9814 2.33041 4.67200 672.30 3S96S. 1 

'" 46225 9938.376 14.6629 6.0007 2.33244 4.6.5116 675.44 36305.0 

'" ...... 10077600 14.6009 '.0000 2.33446 4.62963 678.58 36643.6 

'" 47089 10218313 14 .7300 6.0002 2.33646 4.60829 68 1.73 86983.6 

'" 47624 10360232 14.7648 6-0185 2.33846 4.58716 68-1.87 37326.3 

'" 47961 100034GO 14.7086 6.0277 2.34044 4.G0021 6S8.01 37008.5 

220 ." .. ,. ""'- JoI.8324 0.0368 1 2.34242 4 .M545 691.J.!i 380]3.3 ", <8,,, 1070386] 14.8001 6.().&50 2.34439 4.52480 6'34.20 1 38359.0 m .. ,., 10941048 '''.8997 ... " . 2.34636 4.5(H50 6'll7.43 38707.6 ,,, 19729 11080.s67 101.9332 6.0641 2.34830 4.48430 700.58 3000">7. 1 

'" 50178 11239424 14.9600 6.0732 2.35025 4.4M29 703.72 39408. 1 

'" &002S 113VOO25 16.0000 6.0822 2.352 18 4.44444 700.86 307",.8 ,,. 51076 11 11-13176 15.0033 6.0012 2.35-111 4.oCW78 71 0 .00 40115.0 
227 "'" 11697083 15 .0005 6.1002 2.3560.1 4.40529 713.14 40470.8 

'" ''',. 11862352 16.0997 6.1001 2.357113 ..,.,.. 716.2:8 40828.1 

'" 62441 12008989 16.1327 6 . 1180 2.369S1 4.36681 71 0.42 41187.1 

"'" 52000 12167000 15.1668 6 . 1269 2.36173 4.34783 7:22.67 "111-17.6 

"" "', .. 1232G3IH 15.1987 6 . 13.58 2.36361 4.32900 7:25.71 41909.6 

"" "'" 12487168 16.2316 6.1446 2.36M9 ".31034 728.86 42273.3 .,. ""' . 12640337 15.2643 6.1534 2.36736 4.29186 731.99 42638.5 
". '''M 12:81290.& 15.2971 6 .1622 '.30022 ".27350 736.18 4300.5.3 

'" .,," 12'977875 16.3297 8.1710 2.37107 4.25532 738.27 43373.6 
". "" .. 13 144256 15.3623 6.1797 2.37291 4.23129 741.42 .3743.5 

"" 66169 13312063 15.39-18 6 .188.5 2 .37476 •. 21941 744.56 44116.0 

'" ..... 13461272 16.427:1 6.1972 2.37658 4.20168 747.70 «".98.1 
239 57121 13661019 15. 01696 6.20" 2'.37b-10 4.18410 7;50.84 4"SG2.7 ... """ """'''' 15.4919 6.2145 2.38021 4.10067 753.08 46238.9 .. , """ 13997621 16.6242' 6.2231 2.38202 4.1-1938 7.67.12' 45616.7 ,., 

"'" 1-41172438 15.5563 6.2317 2.38382 4.13ZZ3 760.27 46000.1 .. , ""''' 143481107 .. "" 6.2403 2.38561 ".11.523 763.41 46377.0 ". ""'" 14626784 16.6206 6.2488 2 .38739 4.09836 76S.M -16769.5 .. , 600" 1-41700125 15 .6.525 6.2673 2.38917 -1.08163 7139.69 47143.5 
,<0 ""''' l o1S86D36 16.68« 6.2658 2.30094. 4.00504 772.83 47629.2 

'" .. 003 16069ZZ3 16.7162 6.2 7-1 3 2.39270 4 .0-1858 776.97 -179 16.4 

'" ..... 16262992 16.7480 6.2828 2.39445 4.03226 770.12 "8306.1 ... 62001 16438249 15.7797 6.2912 2.39620 4.01806 782.20 48606.5 

'" 

• 



MATH EMATICAL TAOLES 

FuNCTIO'" 0" NUMBERS, 250 TO 299 

'l:::' ""'" 
,.., No. _ Dia-.. 

X. .. - "'" "-
_ .... , , ......, <>- ... 

'''' "'''''' ".,- 15.8114 ...... 2.397901 '.00000 785 . .0 49087.4 

'" .... , 168132.5 1 1l1.8430 •. ,.". 2.39967 S ...... 788.64 49480.9 

'" ""'" , ........ 16.87~ 6 .31&4 2.40140 3.9682[; 791.68 49876.9 
SO" ...... 16194277 16.9000 6 .3247 2 .40312 3.9[,2[,7 7901.82 60272.6 

'" 606[;16 163S7(I(W 111.9374 6 .3330 2 .40483 3.93701 797.96 50670.7 

'" ."''' IMIII3711 1/1.9687 6.3413 2 .40G114 3.921[,7 801.11 111010.11 SO. """" 16777216 16.0000 6.3<196 2.40624 3.906211 SO-I.211 11147\.9 

'" .... , 16974693 16.0312 6.31170 2.401193 3.8\HOII 807.39 1>1874.8 SO, ..... 171731112 16.0&24 6.366 1 2.41162 3.87697 810.63 62279.2 ". 67081 17873970 16.()93.5 6.3743 2.41330 3.86100 813.67 62686.3 

". '''00 17676000 16. 1246 6.882/1 2.4 1497 3.846111 816.81 63092.0 

'" 68121 17779.SS 1 16.16M 6.3007 2.41004 3.83142 819.96 ",.,. , 
'" ..... 17984728 16.1864 6.3988 2.41830 3.81679 823.10 63912.9 

"" 69169 18HU«7 16.2173 6 .. /0070 2.41996 •. ..". 826.24 64326.2 ,.. 60000 18399744 16.2481 6.4161 2.42160 3.78788 829.38 64739. 1 

'" 7022[; 18600626 16.2788 6.-41232 2.423211 3.773M 832.62 56164.6 , .. 70756 18821006 10.30911 6.-41312 2.42488 3.769010 .., ... 115:171.6 

'" 712S9 10034103 16.3401 6.4393 2.42661 3.7-4632 838.81 5:1990.2 

'''' 71824 10248832 16.3707 0.-41473 2.42813 8.73134 841.96 66410.-41 

'" 72361 104.66109 16.4012 6.-41M2 2.42976 3.71747 &1[;.09 66832.2 

". ',"00 , """'''''' 16.'317 0.-41633 2.43130 3.70370 848.23 572M.5 

'" 734-11 190025 11 J(U621 6.-41713 2.43297 3.60004 851.37 57680.-41 

'" 73984 20123M8 16.-41924 0.4792 2.-413457 3.87M7 854.6 1 [;8106.9 

'" 7-41[,2!l 203-416417 10.5227 0.-41872 2.43616 3.66300 657.M """ .• 
'" 76076 201170824 16.61129 6.4Wil 2.43776 3.64964 "' ... [;8004.6 

'" 7562[; 207!l6876 16.&8.31 0.5030 2.-13933 3.63630 SO"'" [;9395.7 ". 76176 21024676 16.6132 6.11108 2.-41-41001 8.02319 861.08 [,9828.6 

'" 76729 212&3933 16.6433 6.6181 2.44248 3.6101 1 870.22 00262.8 ". 77284 21484952 16.6733 0.52605 2.44-410,( 3.59712 873.311 60698.1 

'" 71lUi 21717639 16.7038 1I.63f.3 .... "'. 3.5&123 8711.110 111136.2 

"'" """ 21952000 16.7332 11.6421 2.-414710 3.671-413 870.M 011\76.2 

"" 789111 221881»1 16.7631 6 .64119 2.-41-4181 1 3.M>872 882.19 620 16.8 

'" 7962-1 2242~168 16.10211 6.oSli77 2.411025 3.11-16 10 88.5.93 62-&58.0 

"" ..... 226&18 7 16.8226 .... " 2.-415179 3 .633[,1 889.01 62901.8 ... ..... """"" III.M23 6 .5131 2 .-41M32 3.62113 892.21 633f1.l 

'" 812211 23149125 111.8819 ...... 2.411-184 3.60877 895.35 6319-1.0 

'" 81796 ''''''''''' 16.IUIIS ...... 2.45637 3.49650 898.50 642-12.4 ,., ."" ,,., .... 111.6411 6.11062 2 .-4111188 3.48432 901.64 64692.6 

'" ,,... 238878 72 16.0166 6.6030 2.411939 3.47222 00-1.78 ~I"".I ... 83621 2-41137669 11.0000 6.61111 2.-416000 3.40021 907.92 ....... , 
SOO .. ,"" ,."'- 17.0294 6.6191 2.-416240 3 ...... 911.00 ..." .• 
'" .,," 24642171 17.0687 6.6267 2.41!1389 3.436013 914.20 ...... , 
"" ", .. 24801088 11.0880 6.6343 2.46S38 3.42-166 917.36 66966.2 

'" ..... 2SIM1117 17.1172 6.M19 2.40087 3.41297 920.49 6NU.6 

"" 
.... ,. 2t04 12184 11.146' 0.64!).1. 2.468$ 3.40136 923.63 61886.1 

'" 810211 256723711 17.1766 0.6660 2.46982 3 .38083 926.17 683<19.3 ,o. 87616 2Ml34336 17.2047 0.0044 2.4712!l 3.37838 920.91 68813.4 SO, "'09 2(1198073 11.2337 6.6119 2.-417276 3.36700 933.05 69210.2 , ... ..... 2M63I192 17.2621 6.0794 2.41-4122 3.35570 936.19 697-416.6 SO, SO,,, 26730890 11.29 16 6.6869 2.-417l1li1 3.3+448 939.34 702 16 .• 

"" 



-~ 

CARNEO I (i. ST eEL COM PA N Y 

FuSCTIOl'"S 01' NUM8ERS, 300 TO 349 
, , 

N ... _DiuDeIlt ,,- "' ... ".., 
N, ,,- """' .... ... Z-.u ... , - ewwm, ,--
",. 00000 ''000000 17.32% 6.(I~::J 2.47112 •. = {l42.48 70081\.8 
"H 'OO'H 27270901 17.340-1 6.7018 2.47&7 3.32226 046.62 7 11 /17.9 

"" 9 120-1 27543608 17.378 1 6.1092 2.48001 8.3ll26 j)~8.70 71631.5 

"'" 0<""" 27818 127 17.4000 6.7 100 2 . .s144 3 .30033 Dbl.OO 72 100.0 

'''' \12,\ 16 3"""'"'' 17.4358 6.7240 2.48287 3.28947 055.04 72683.4 

"" 9302G 28372625 17.4642 6 .7313 2.48430 3.27869 9$.19 73001.7 

"'" '3"" 286&2(116 17.4929 6.7387 2.48672 3.26797 001.33 7U4J.1I 

"" 1H2411 28934«3 17.6214 6.7"60 2AS7'" 3.25733 9(1.&.47 H023.0 

"'" ..... 292 18112 I7.MW 6.7533 . ...... 3.24675 007.61 74[>()(1.0 
'00 9M81 2(1503629 17.[;784 6.7000 3 ...... 3.""" 970.75 701000.6 

.<0 ""00 2979 1000 17.6068 6.7679 2.49136 3.22:>81 973.89 75017(1.8 

'" 96721 "'0''''''' 11.63[;2 6.7762 2.49276 a.21M3 977.0. 7W6Ui 

'" 973 .... 30311328 17.6636 6.7824 2.40UG a.20M3 080.18 76463.8 ." 0)'" """""" 17.6918 6 .7897 2.49654 3.19489 083.32 70044.7 ". "",. 3O!)59144 17.7200 6.7009 2.40093 3.18471 ...... 77437.1 

'" ,.,,, 3 12M875 17.7482 6.8(1.11 :::.49831 3.17400 989.00 77001.1 ... """ 31554496 17.7764 6 .S113 2.40960 3.16456 99'2.7. 7&126.7 
317 IOOt fC9 31S5I;013 17.8(1.16 6.S1M 2.1\0100 3.1M57 995.88 7S023.9 ". 10 1124 82151432 17.8326 6.8.256 2.60243 3. 14465 ""'.00 7IH22.6 
310 10 1701 32461150 17.8000 6.8328 2.60370 3. 13-180 1002.2 70022.0 

330 1 02~OO 32168000 17.8885 6.8390 2.60.515 3.12500 1006.3 8042-4.8 
321 "'''' .. 33076161 I7 .010ll 6.&170 2.~1 3. 11526 1(IOS.5 """'., 832 ,00.,. 333S<>3<8 11.D-«. 6.8MI 2.1\0786 3. t OMO 1011.6 S I433.2 
333 104320 33698267 17.0722 6.8(\12 2.S0020 3.00598 1014.1 81000.8 ... 104076 "".,,,. IS.oooo ........ 2.51OM 3.086.f2 1017.9 82448.0 ,,, 

""'" 34,,28125 18.0278 6.87~ 2.51188 3.01692 1021.0 82%7.7 
"0 106276 34645076 18.0S5S 6.882. 2.51322 3.00749 1024.2 83469.0 

'" , ..... 3496S1b3 IS.0831 6 .88IH 2.514.s5 3.068 10 1027.3 8398I.S 
33. 107634 3S2875S2 18. 1108 6.8004 2.51~7 3.0tS78 1000.4 &1496.3 
3" ",.,., 33611280 18.1384 "'00' 2.51120 3.009$1 1033.6 SSOlZ.3 

33Q ""- 36031000 18.16/1V 6.0104 2.51~1 '.()303() 1006.7 8M20.V .. , """" 80264601 IS.1034 6.0114 2.61983 3.02115 1000.0 S<iC)(0.0 
'33 11022. 365IH3G8 IS.2209 6.924. 2.62114 3.01205 1Q.l3.0 ...... , 
333 1 10889 36926037 18.2483 6.0313 2.62244 3.00300 1046.2 87002.0 
334 ]1]6[.6 37250104 IS.2751 6.0382 2.62375 2.99401 1040.3 876]5.0 
336 112226 31594375 1&.3000 6 .M51 2.62ro1 2.98507 1M2.4 88141.3 

'" 112lIOO 37033056 18.3303 6.0521 2.62634 2.07610 1066.0 ...... 3 

"" 113569 38212763 IS.3576 (UMSO 2.62763 2.00736 1 0~.7 80100.0 
'38 1142-44 3861"'72 18.3848 6.96.">8 2.~92 2.91i8S8 1061.0 81H27.0 ... 114921 38958210 18.4 120 6.0721 2.63020 2.94.985 1066.0 902~.7 

.. 0 """" 39300>00 IS.4301 6.07905 2.MI<l8 2.94. 118 1068. 1 00792.0 .. , 116281 30051821 IS .. 002 ...... 2.M275 2.932S.5 1071.3 01326.9 .. , I 160M 40001688 18.4932 0.1KI32 3.""" 3.""" 1074 .• OI863.S ,., 117640 """""" IS.II203 '.0000 2.[,3529 2.0 1M5 1077.6 02401.3 ... 118336 40107584 18.M72 ,.- 3.""" 2.90698 1080.7 021}.I0.9 .. , 110025 <>063635 18.5742 7.0130 2.53782 .. "'" 1083.8 98482.0 ... 110716 .1421736 18.6011 ' .0303 2.Sl00s 2..80017 1087.0 94.0" .... 7 .. , 120400 4178 1023 IS.6279 7.027 1 2.M033 2.88184 1000. 1 IHOOiI.O ... 121104 4 21" 192 18.6548 ,.= 2.~1~ 2.87356 1093.3 1M114.0 

'" 121801 4 26081\40 I S.68 I~ 7.Qf.OO :l.6-I2S3 3 . ...., 1096.4 gSOO2.3 

". 



M ATtt.,MATI CAL T A BLES 

FuNCTIONS or NUIdBY.~SJ 350 TO 399 

~ "' .. ,.., No.=DiaIt>der 
No. ,.~ "',. ""'" I"".nlll.l" , 

Rt<:ipoocal Cir<urn. ,~ 

- -----

'''' 122500 42875000 18.7083 7.0173 2.54407 2.&714 1009.6 00211.3 

'" 123201 43243055 1 18.7350 7.0;;·10 2.54531 2.84900 1102.7 00761.8 
3,,2 12300.1 436 14208 18.7617 7.00m 2.54654 2.84001 lI05.S 97314.0 
353 124609 43986977 18.7883 7.0074 2.54777 2 .832S6 1109.0 07867.7 
3M 12[.0316 4436 1S64 IS.8J.19 7.0740 2.54900 2.82486 Il12.l 98423.0 

'" 120025 44738875 18.8414 7.0807 2.M023 2.S1600 1115.3 \)8i)79.8 

'" 126736 45 118016 IS.8080 7.0873 2.5.5145 2.SOSW 1118.4 99538.2 

'" 127H9 ".""'" 18.8944 7.0940 2.055267 2.80112 1121.5 ''''''''' '" 12S I64 45882712 IS.9200 7.1006 2.M3SS 2.79330 1124.7 '''''''''' 359 """ 46268279 18.9473 7.1072 2.55509 2.78.552 1127.8 10.1223 

'''' ,,- .- IS.9737 7.1138 ,.".,., 2.77778 Il31.0 101788 

'" 130321 47045881 19.0000 7.12Q4 2.55751 2.77008 1134.1 "',,,.. 
'" 131044 47437928 19.0263 7.1269 2.55871 2.76243 1137.3 102922 

'" 13]769 47832147 19.0526 7.1335 2.M991 2.75482 11-10.4 10349 1 

". 132496 48228544 19.0788 7. 1400 2.50110 2.74725 IIU.5 104002 

'" 133225 48627125 19.1OW 7.1400 2.50229 2.73973 1146.7 104635 

'''' 133956 40027800 \9.1311 7.1531 2.56348 2.73224 1149.8 10.5209 

'" 134689 49430863 19.1b72 7.]600 2.56467 2.72480 1153.0 105785 

"" ]3M24 49836032 19.1833 7.1001 ''''''' 2.71739 1U;'6.\ 100362 

'" 136161 50243409 10.209-1 7.1726 2.5-6703 2.71003 1159.2 11)694 1 

'" ,","00 """,""" 19.m4 7.1791 2.56820 2.70270 1162.4 167521 
on 137Ml 51004811 19.2614 7.1855 2.56937 2.69542 1 165.5 108103 
on ""'" 51478848 HI.2873 7.1920 2.57054 2.688 17 1168.7 "' .. " '" 139]29 5]895117 19.3 132 7. 1\184 2.57171 2.68097 1171.8 109272 
374 139876 52313624 19.3391 7.2048 2.57287 2.67380 1175.0 '''''''' '" 140025 62734375 19.3M9 7.2112 2.57403 2.00667 1178.1 110447 

'" 141376 53157376 19.3907 7.2177 2.57519 2.6.5957 1181.2 11 1036 
m 142121) 63582633 19.4 165 7.2240 2.571l34 2.652,,2 1184.4 11]628 

'" 142884 54010152 19.4422 7.2304 2.57749 2.64550 1187.5 112221 ". 143641 54439000 19.4679 7.2368 2.57864 2.63&2 1190.7 112816 

"" 144400 54872000 J9.4936 7.2432 2.67978 2.03158 1193.8 113411 

'" \45161 """" , 19.5192 7.24% '.OSOO:J 2.62467 1100.0 114009 

'" 145924 6-5742008 19.5448 7.25$ 2.58206 2.61780 1200.1 114608 

"" 146689 56181887 10.57Q.l 7.2622 2.58320 2.61097 1203.2 115200 

'" 1474.5(1 6(;623](1-1 J!).59"9 7.2635 2.58433 2.60417 1200.4 1158]2 

'" 148225 57006625 19.6214 7.2748 2.58546 2.59740 1209.5 1164 16 

"" 148006 57512456 19.6460 7.2811 2.58050 2.59007 1212.7 117021 

"" 149769 ''000000 19.6723 7.2874 2.58771 2.58398 1215.8 117628 

'" 150544 58411072 19.6977 7.21)3(1 ,.= 2.57732 1218.9 1 18237 as, 151321 OSS63"" 10.7231 7.2!l!l!l 2.58995 2.57000 1222.1 11 8847 

'00 152100 59319000 19.7484 7.3001 2.50100 2.66410 1225.2 119459 

'" 152881 59776471 19.7737 7.3124 2.50218 2 . .55754 1228.4 120072 

'" 153664 60236288 19.7900 7.3186 2.593Z9 2.55102 1231.6 12:0687 

'" 154440 00698457 19.8242 7.3248 2.59439 2.M463 1234.6 121304 ". 155236 61162984 19.84M 7.3310 2.59550 2.53807 1237.8 121922 

'" "602' 61629875 19.8746 7.3372 2.50000 2.53165 1240.9 122542 
'00 156816 62009136 10.8007 7.3434 2.59770 2.52525 1244.1 123163 

'" 157600 62570773 19.9240 7.3400 2.59879 2.51889 1247.2 123786 

'" ",,,,. (i.3Q44792 10.9499 7.3558 2.50088 2.51206 1250.4 124410 

'" 159201 03521100 19.0750 7.3619 2.60097 2.50027 1253.5 125036 

'" 



CAR,NEalE STEEL COMPANY 

FUSCTIOSS 01' NUMBERS 400 TO 449 

'Ji::;' "'"' "'00 So.=OW!IOt .. 
N •. ",u. 0.. .... _ ... , 

I!"';r-"""" a-. ,~ 

-
.00 '"0000 '''000000 20.0000 7.3681 2.60200 2.50000 1256.6 '"'''' '" 160801 64481201 20.02M! 7.37-12 2 .60314 2.49377 1259.8 12(21)3 

"" 161604 "''''" .. 20.Moo ,.- 2.60423 2.18756 1262.9 126923 

"" 162-109 65450827 20.0749 7.3864 2.60531 2.48139 1266.1 127556 
<G' 163216 659392M 20,0008 7.3925 ,.""'" 2.47625 1Z60.2 128 100 

"" 164025 66430125 ZO.1246 7.3ll86 Z.60746 2.46914 1272.3 128825 

"" 1MS36 669Z341G 20.14!).i 7.40-11 Z.~3 2.46305 1275.6 I Z9462 

'" 16.5649 67419143 20.1142 7.4108 2,600{.9 2.45700 1278.n 130100 
.08 '''''' .. (71))7312 20.1\l9O 7.4169 2.61006 2.45098 IZS1.8 130741 
'00 1672S1 6841792') 20.2Z37 7.4229 2.6un Z.44400 IZ84.9 131382 ... 168100 689ZIOOO 20.248.5 7.4200 2.61278 2.43002 1288.1 13202-" 
m HlSD21 69426531 20.Z731 7.4350 2,6138-1 2.43309 1291.2 132670 

'" 100744 699345ZS 20.2978 7.4410 2.61400 2.42718 121).1.3 133317 
413 1705-69 70-1449(17 ZO.322-l 7.4470 2.61595 Z.42131 1297.5 133965 ... 171300 70957\)44 20.3470 7.4530 2.6 1700 2,41546 1300.6 134614 

'" 172225 71473375 20.3715 7.4500 2.61805 2.40004 1303.8 135265 
." 173056 71'.)91200 ZO.3OOI 7.4650 2.61009 2 .-10385 1306.9 135')18 
.." 173889 72S1 1713 20.4206 7.4710 2.62014 2.39808 1310.0 136572 
H8 17472.~ 73034632 20.44M! 7.4770 2.62118 2.39234 1313.2 137228 

'" 175661 73560059 20.4695 7.4329 2.62221 ,.""'" 1316.3 137886 ... 176400 "M8000 20.4939 7 .4889 2.6232!> 2.38095 1319.5 .o-
m 177241 74618461 20.5183 7.4\)48 2,62428 2.37530 1322.6 139205 
on """" 75151418 20.5426 7.roD7 2.62531 2.36007 1326.8 139867 
m 178929 75686967 20.5670 7.5067 2.62634 2.364.07 1328,9 14053 1 .,. 179776 762"25024 20.5913 7.5126 2,62737 2,35349 1332.0 14(100 
." '''''''' 76765625 20,61M 7.5 1~ 2.62839 2.35294 1335.2 141863 ." 181476 77308776 20.631M 7.52'-1 2,629-11 2.34742 1338,3 14253 1 

'" 132329 773.54483 20.6640 7.5302 2.63Q.l3 2.34192 1341.5 143201 

'" 183184 78402752 20.6882 7.5361 2.63IU 2.33(>45 1344.6 143872 

'" 1&1041 78953:;80 20.7123 7.5420 2,63246 2.33100 1347.7 14-1M5 

.w '''000 70M!7000 20.73M 7.,5.4078 2.63347 2.32558 1360.9 145220 

'" 185761 80062091 20.760::; 7.6637 2.63448 2.32019 1364.0 146800 
-132 180024 8062 1568 20.7846 7.5505 2.63,5.408 2.31-18 1 1357.2 146574 .'" 18748D 81182737 20.8087 7.5654 2.tl3M9 2 .30947 1360.3 1472M 

'" 188356 81746504 20.8327 7./i712 2.63749 2.30415 1363.5 147934 

"" 189225 82312875 20.8567 7.5770 2.63849 2.21)88.5 1366.6 14861 7 
436 ' 00000 """'''' 20.8806 7.5828 2.63949 2.29358 1369.7 149301 
." 100969 83453453 20.0045 7.5886 2.64048 2.28833 1372.9 140987 
<3, HII844 84027672 20.9284 7.5044 2.64147 2.28311 1376.0 15067-1 

'" 192721 84604519 20.9523 7.6001 2 .642./,6 2.27700 1379.2 151363 

." 193600 85 184000 20.9762 7.6059 2.64345 2.27273 1382.3 ""'" .., 194481 35700121 21.0000 7.611 7 2.M444 2.26757 1385 •• 152746 ." '''''''' "'''''''''''' 21.0238 7.6174 2.li4fi42 2.26244 1388.6 153439 
'<3 100249 86938307 21.0476 7.6232 2.64640 2.25734 1301.7 154 134 ... 197136 875283801 21.0713 7.6289 2.64738 2.25225 1394.0 164830 .... 198026 88121125 21.0950 1.6346 2.6-4836 2.24719 1398.0 165528 .. , 198916 88716536 21.1187 7.6403 2.64933 2.2012 15 [ 1401.2 166228 .. , 199809 1 893146Z3 21.1421 7.6460 2.66031 2.23714 1-104.3 ,,.,W .. , 200104 891115392 21.1660 7.6517 2.6.5128 2.23214 1407.4 Ui7633 .. , 201601 OOSI884.9 21.1896 7.6.57. 2.65225 2.22717 1410.6 ''''''' 

'" 



MATHEMATICAL TA8L£S 

FUXC"fION8 o r XOliHEltS, 450 TO 499 

, I 1000 X~I>ialr>Her j .. - """ ".1: C1Ibi • 
ilhm 1 "." Lopr lteclJll'QCal l Cimun. A .. ... """" 91120000 21.2132 7.6631 2.M321 2.22222 1<113.7 160043 ." "".," 9 17338$1 2 1.2368 ,.- 2.6M IS 2.21729 1410.1) 169761 

4~ I 2(M3Q.I .,'" ... 2 1.2G03 7.117« 2.6MH 2.2123g 1<120.0 '00", <1113 ' ~209 929-59611 21.28-38 7.6801 2.MGIO 2.20751 1423. 1 1111171 
<1M 12001111 "">0", 2 1.3073 7.68.57 2'.6510!1 ,.,.,.. 1<126.3 101&t13 

'" 2()7O'.!S 9-1196375 21.3307 7.691<1 2.M801 2 . 10780 1<129.4 ""'" .,. :lO7036 94818810 2' 1.3M2 7.0070 2.MSDG 2.IDZ98 1<132.6 163313 ." ""'" 954-13003 2 1.31111 7.70211 2.6Ml92 2. 188IS 1<135.7 16-1000 .,. 2'00764 00071912' 2'1.<1009 7.7082 2.66087 2. 183-11 1438.8 1(147<1S ". 210081 967021>79 2 1.<1243 7.7138 2.601S1 2'.17865 1442'.0 """. 
'00 211600 "'''''''' 21.4-1711 7.7194 2.1162711 2. 173\H 1445. 1 100190 .. , 212<>21 97972181 2 1 .47~ 7.72.50 2.66370 2.16920 1448.3 10091. ." 213444 9S61112g I 21.<1942 7.7306 2.66464 2.16450 1451.<1 16763g 
'63 214369 992528-17 ' 21.51701 7.7362 2 .66558 2.15983 145016 ,..,., 
.0. """" 998073U I :.! 1.6407 7.7<1IS 2.60052 1I.IM17 1457.7 '''''' 'M 216225 lOOS-l<1025 21.11639 7.70173 2.66745 2. 100:;..& 1460.S ,.,.,. .M 2 17156 IDII9-I696 21.M70 7.7529 266839 2. 10I,w2 101&19 """ ." 218089 101&l7ilG3 21.0102 7.75&4 2.66002 2.141~ 1407. 1 17 1287 
'M 2100'.l4 102503232 21.6333 7.7639 2.670'''!-\ 2. 13;)76 1470.3 17:lO'U 

'" 211)001 10016 1700 2 1.6Mi4 7.70% 2.07117 2. 13220 1473.4 172767 

'" ,,- ,""",000 2 1.6795 7.7750 207210 2.12760 1476.5 173404 
on 221MI 104481111 21.7026 ,."." 2.613O"J 2.123101 1<119.7 114234 

'" 22'J784 IOMMQ-I8 21.72,\6 7.7800 2.67394 2. 11 8G4 1f82.8 1749U 

'" 223729 106823817 21.7486 1.1915 2.Cl14il-O 2.11416 1.s6.0 17:\710 

'" 2"...&076 10049642-1 21.771:\ 7.7970 2.07518 2.10070 10189. 1 176460 

'" 225625 107111875 21.7045 1.8025 2.67~ 2. 101\26 1<192.3 177205 

'" 226516 107850176 21.8114 7.8079 2.61161 2. 10084 1<19.';.4 1719t>2 
m 22752\1 108531333 21.8403 7.81301 2.678.52 2.0964" 10198.& 118701 

'" 228484 l002 1o!1M2 21.11632 7.8188. 2.67943 2.002o,s 1501.1 171)461 
m 221J.14 1 109002239 21.886 1 1.82013 2.6B0301 2 .087&8 1,5()1.8 180200 

." 230400 110W2000 21.9080 7.8291 2.68124 2.08333 1508.0 ,...,. ... 231361 111284641 21.03 11 7.83S2 2.682 16 2.01900 1511. 1 ISI711 .. , 232324 111980168 21.115411 7.&106 2.""'" 2.070169 15101.2 182-107 

"". 2332i19 112678M17 21.9713 7.M60 2.68395 2.07039 I S17.4 18322,') ... ""'" 113319IHH 2l!.UOOO 7.8514 , ....... 2.06612 1520.5 "'" .. .. , m22.(; 1l0i0lW125 22.O'J27 , ..... 2.68574 2 .06186 1523.7 18474& ... 236100 1101791256 22.04&4 1.8622 , ...... 2.05161 1520.8 .""" '" 237H>~ llMOtaW 22.061:11 7.8676 2.681:;3 2.05339 11130.0 186272 
' 88 23814<1. 116214212 22.0007 7.8130 2.68842 2.04018 11133.1 187008 .. , 230121 116930100 22. 1133 7.8184 2.6893 1 2.()l.j,\XI 1536.2 18186.5 

." 240100 117640000 22. 1359 1.8837 2.69020 2.04082 11139 .• 188374 

'" 241081 118370711 22. 16&1 7.SS91 2.69 108 ,.",.. 1542.& 189346 
492 201<lOM II909Mi1.8 22.IS II 1.89-14 2.611107 2.03252 I M6.7 1001 11 
' OJ 243().11) 119823157 22.2006 7.81m1 2.CI{I28S 2.62!W0 1548.8 ,"",. .,. 24<1036 1205113784 22.2261 7.9(1;;1 2.69373 2.02429 1551.9 HllOO6 
." ,..." 121281375 22.24S6 7.01M 2.6946 1 2.02020 15.5(,.1 102«2 .,. 246016 122023936 22.27 11 1.IUM 2.69M.8 2.01613 I SSS.2 103221 

'" 247009 122763473 ,..- 7.9211 2.69636 2.01207 1561.4 '0.000 
'OS """ 1~992 22.31&9 7.92601 2.60723 2.00803 1564.5 19H82 

'" 249001 1242510100 2:l.a3S3 7.9317 2.60810 2.00401 1561.7 """ 
"" 



CA~NEO I E STE IH. COMPANY 

FuSCTIOSII 0,. NOMBERS fiOO TO 549 

, 
No._ Dio-. 

':!::' "' ... , .. , 
N. ...... "" .. "-

_ ... , , _e.-
LM 

"" '''''''' , """""'" 22.3(1()7 7.0370 2.«19807 ' .00000 16 70.8 ,....,. 
"" UlllOl 1:M76 1601 ".- 7.9423 , ....... 1.99ft01 1673.9 19713«1 

"" 2 6200.f0 """"'" 22.4054 7 .9476 2.70070 .. ""'" 1"'77.1 197023 

"" "'''m 127263627 22.4277 7.D!>28 2.70167 1.9S807 1!>SO.2 198713 

"" 25101«1 """'OM 22.44" 7 .9:181 2.70243 1.98-& 13 1583.4 '''''''' "., ,.,.". 12878 7112.5 22.4722 , ..... 2.70329 1.9S020 1.586.S '''''''' "'" ".,," 129Mot216 22.49401 , ..... 2.7M IS 1.97628 I SSg.6 201090 .. , 26 7().t9 130023843 22.6167 7.9739 2.70601 l.9723g 1:;92.8 201886 

"" """'" 13 1006(;12 22.6380 7.0701 2.70S86 ....... 16g6.0 """"" ... ""'" 131872229 22 . .56 10 , ...... 2.70072 1.964M 1699.1 ""'''' 
'" 200100 132661000 22.6832 7.980& 2.7m67 1.96078 1002.2 20-4282 

'" 261 121 133432831 22.6063 , ..... 2 .7084.2 1.9S69S 1606.4 ,,,,... 
'" 2(12 144 134217728 22.6274 ' .0000 2 .70927 1.95312 1608.6 "', .. , 
'" 2603 169 13~07 22.6<106 8.0062 2.71012 1.94032 1611.6 "'0"'" m 2~10& 13li700744 22,6716 8.0104 2.71000 1.94563 1614.8 20741)9 

'" 2M225 136500876 22.693(1 8 .0156 2.7 1181 1.94176 1617.9 '''''"' '" 266266 137388096 22.7 166 8 .0208 2.712M 1.93798 1621.1 209117 

'" 267289 18818&113 22.7376 8 .0260 2.71340 1.'<13424 1624.2 """. ". 268J24 1381)91832 22.7696 8.GaIl 2.7 14:13 1.03050 1627,3 210741 

'" ''''''' 13(1708369 22.7816 •. ""'" 2.71617 1.92678 1630.6 2 11666 

'" 2704.00 140608000 22.8036 8 .1)416 2.71000 .. "'" 16033.6 212372 

'" 271'1'11 141'12076 1 22.82M 8.0466 2.7168' 1.91939 1(13(\.8 213180 
on 27zt8.4 1422300018 22.8'173 8.0517 2.71767 l.01li7 1 1630.0 214008 
623 273629 143066667 22.8692 8.06(;9 2.71860 1.91206 11143.1 214829 ,,. 274676 143877824 22.8910 •. """ 2.71933 1.90840 1646.2 21.s661 

'" 276626 14'1703126 22.0129 8 .0071 2.72()16 l.00I76 16411.3 216476 ". 276676 14M>3 1676 22.9347 8.0723 2.72009 1.90114 1052.6 217301 

'" 277729 146363183 ".- 8 .07701 2.72181 1.897.;.3 16M.6 218128 

'" 278784 1471979!>2 22.9783 80826 2.72263 1.89JM 16M.8 2189,5(1 

'''' 279SU , ......... ".0000 8.0876 2.72346 1.8903G 1661.9 219787 

"" 280000 148877000 23.0217 .. .." 2.72428 1.88679 1666.0 220618 

"" 28196 1 149721291 23.Of.34 8 .0978 2 .72609 1.88324 1668.2 2214:02 

"" ''''''' 1Ml668768 23.0661 8.1028 2.72691 1.87970 1671.3 222287 

"" , .. '" 161"19437 23.0868 8 . 1079 2.72673 1.87617 1674.6 223123 "'. ,.,,'" 1622733Of. 23.1084 8 . 1130 2 .727M 1.87266 1677.6 223961 

"" ,..", 16313037& 23. 1301 8 .1180 2.72836 1.86916 1680.8 224801 ." "" .. ",-... 23.t:H7 8 . 1231 2.72916 1.86667 1683.9 22M42 

"" ",.". 16-6864163 23.1733 8 . 1281 2.72997 1.862'20 1687.0 2260184 

'" 28M ..... 166720872 23.1948 8.1332 2 .73078 1.86874 1690.2 227329 

'" 290521 lti6li00810 23.2164 8. 1382 2.73 169 1.85629 1693.3 226176 .. , ""'" 167464000 23.2379 8 .1433 2 .73239 l.85IS:; 1696.6 """ '" """ 1S8340421 23.U94 8 .1483 2.73320 1.84843 1699.6 229871 .. , "'" . 1&0220088 23.2SOIl 8. 1633 2.73400 1.84602 1702.7 230722 

'" 2il48411 100103007 23.302-4 8. 1583 2 ,73480 1.84 162 1705.9 231674 ... ""'" 16O!lSDI84 23.3238 8 ,1633 2.73S00 .. 838M 1700.0 232428 

'" 2{l7005 16 1878626 23.34&2 8.1683 2.73640 1.83486 1712.2 233283 

'" 298116 162171336 23.3006 8 . 1733 2.73719 1.83150 171&.3 234140 .. , """ 163667323 23,3880 8.1783 2,73799 1.82816 1718.6 2341)98 

'" '''30' 164666692 23.4004 8 .1833 2.73878 1.82'182 1721.6 ""'" ... 801401 166469149 23.4307 8. 1882 2.739S7 1.82149 1724.7 236720 

,., 

• 



MAT H UI"ATlCA1. TAB1.ES 

FuNCTIONS OF NO"'B~IUJ, 550 TO S99 

~ "' .. 1000 L N...-OiNnow 
N. ..... "' .. ... _ ... 

, '~ ~' Cimaa. ~ 

"" """'" 16637l1000 23,.~1 8 . 1932 2.74036 1.81818 1727.9 1237.5083 

'" """" 1072841~1 23.473~ 8 . 11lh'2 2.74115 1.8 1488 1731.0 2:JlW"S . " ... , .. l GS IOC.008 23.40047 8 .2031 2 .141D-6 1.81159 1734.2 2311314 

'" """" 10IHI2377 23.lHOO 8 .2081 2 .74.273 , ..... , 1737.31 240182 

'" 306Dl11 170001"1H 23.$372 8.2130 2.74351 ''''''''' 17-W''' 1 241~1 

'" """" 170!M3875 " . .,.. 8.2180 2.74"N 1.80180 1743.6 , 241922 

'" ,a",. 1718700111 23.5797 •. "'" 2.74507 1.7!l8.'i6 1746.7 212705 
'50 310240 172S066D3 23.6008 8.2218 2 .74580 1.71lS33 1740.9 ,,"", ... 31 13(1.1 173741112 23.022U 8.23Z7 2.74003 1.7921l 175-3.0 24~M:; 

'" 312-&81 1,,,,,,61:179 23.6432 8.2377 2.14741 1.78801 1756.2 ,.,'" ... "'000 175610000 23.0&113 8 .2428 2.74819 1.78.'171 1169.3 ""'" '" 3.14721 17f}6:,8481 23.88M 8.2H~ 2.74800 1.782.>3 1762.4 2~7181 

"" 31/lS44 177M-l328 23.7~ 8 .2.'>2-10 2 .74974 1.77936 1765.6 ,,""" 
"" 310069 17s-&53.M7 23.7276 8.2573 2.75051 1.77620 1168.7 2489017 

"" ,,- 179400144 23.7487 8.2621 2.75128 1.77~ 1771.9 249832 

"" 319226 180362125 23.7697 8.2670 2.75205 1.76!KlI 1776.0 250719 

"'" '"'00" 181321400 23.7008 8.2719 2.76282 1.76678 1778.1 251001 

'" 321489 1822$4263 23.811S S.2768 2.76358 1.76367 1781.3 252497 

"" 32Z0Z4 183ZW432 23.8328 8.2816 2.7M35 1.760:;6 17&1.4 253388 

'" 323761 184220000 23.8637 .., ... 2.76.'>11 1.75747 1787.6 254281 

'" '''000 181H03OO(l 23.8747 8.~13 2.75587 1.75439 1700.1 255176 

'" 3200-11 186160411 23.8056 8.2002 2.76004 1.75131 1793.8 250072 

'" 327184 187 149248 23.01~ 8.3010 2.75740 1.74825 1797.0 256970 

'" 32832D 1881325 17 23.0J74 8.30511 2.75815 1.740520 1800.1 2;';7969 

'" 329-170 18911D22-1o 23.0t;83 8.3107 2.758Dl 1.74216 1803.3 258710 

'" 330025 100100375 23.0702 8 .3155 2.75DG7 1.730 13 1800.4 250072 

'" 331710 191102970 ".0000 8.3203 2.700-12 1.73611 1800.6 200s76 
on 332920 192100033 24.0208 8.3251 2.76118 1.73310 1812.7 2614'82 ". ....... ID3I00M2 2 1.o.U6 8.3300 2.76193 1.73010 18 15.8 262389 
579 33S241 1941().lMD 24.0624 8.3348 2.76268 1.72712 1819.0 ,.,,.. 
"" .... 00 HI:llI2000 ,..06.U 8 .33l1li 2.76343 1.72414 182'2.1 "',.. 
'" 337661 19(11221)11 24.1009 •. ...., 2.76418 1.72117 18"-5.3 ,.",. 
'" "',,. 197137368 2.6.1247 8.3~IH 2.700102 1.71821 1828.4 """'" '" """" 1981.505287 2~. 14M 8..3539 2.7GS67 1.71621 1831.6 2661148 

'" .. , ... H101767().1 2.1.1001 8.3587 2.766011 1.71233 183<1.7 267865 

'" 342226 200201&2:1 2.1.1868 •. ,.,. 2.76710 1.70940 1837.8 268783 ... .... " "" """" Z-1.207. 8 .3682 2.767110 1.700.t8 ISU.O "", .. 
'" 3 440569 """""" 24.2281 8 .3730 2 .76864 1.7035S 18H. 1 ' 21002" ... 3-15744 203297,,72 24.24S7 8.3717 2.76r08 1.700G8 18 47.3 271M7 , .. 3-10021 ......... 24.2600 ...... 2.7101 2 1.00719 1850." 212.71 

"" 348100 """- 24.28951 8.3872 2.77086 1.69492 1853.5 213397 

'" .. ,"" 200425071 2.6 .31O-:j 8 .3919 2.71150 1.6920$ 1856.1 274325 

'" """" 207.74688 24.3311 8.3007 2.77232 1.68919 ISS9.8 275254 

'" 3516409 Z08.5278ti7 24.3516 8.4014 2.7730.5 L"'" 1863.0 276184 

"" ",.,. "" ........ 2.6.3721 8.4001 2.71379 L""" 1866.1 277117 

'" ... "" 210644875 Z4.39'26 8 .• '08 2.77"52 1.68067 1869.2 278051 ". 3.'\52 16 211708736 2~.4131 8.4156 2 .77525 1.67785 1872.4 278986 

'" " ... " 2 12776173 2~ .• 338 8.4202 2.175!'I7 U}7S(1.1. 1875.6 270923 
,OS ""'" 213847192 ~H.4540 8.4249 2.71670 l.6U2" 1878.7 ''''''' ,go ",.," 2 14{121100 2.1.47016 8.4296 2.77743 1.00945 188 1.8 "'802 

'" 



CARNEa l E STEEL COMPANY 

i<'UNC'nOSfI or NUMBERS, 600 TO 64.9 

~ c. ... ,.,. No.-o..-ur 
So. .. - """ ... _Om 

• "-1'-
RoO_ 

I ... """" " """""'" 2,""9-19 8 .0&343 2.77815 1.66667 18&.0 282743 .. , 361201 217081801 24.1\153 8.-4300 2.77887 ..""" 1888.1 """" .., ...... 2181&7208 2-&.11357 8 .4437 2.77000 1.66113 1891.2 2 .... /1.31 

"" '''''''' 21D2~m 24.MIH 8 .4484 2.78032 1.65837 18!);t,.4 2M.5J"8 ... 36481& """ .... 201 .6764 8.4630 2 .78104 .. """ 1897.6 -" ... ''''''' 22144M~ 20'-6007 8.4677 2.78176 1.6.5289 1000.7 287476 .... 36723& 222MSOHI 24.&171 8.4&23 2.78247 1.6.5017 1003.8 ,..." 
"" M .... 223MSM3 24.6374 8.4670 2.78319 1.&4745 1900.9 21>9379 

"" "' .... 2247M712 U.6.577 8.47HI 2.78300 1.&4-474 1910.1 ""'" ... 370881 226866620 U.&779 8.4763 2.78462 1.64.-"0-1 1913.2 Z91289 

'" 372100 220981000 24.&982 8.4809 2.7M33 1.63934 1916A 292U7 .,. 
373321 228000131 U.7184 8.4SM1 2.7860-1 1.63666 1919 . .5 "'''''' '" 37-4644 ".,""'" 21.7386 8.4002 2.7867.5 1.63399 H122.7 """' ." 376769 230346307 2·1.7688 8.41148 2.7874& 1.63132 1925.8 20.5128 ". 3760D& 23147M'11 24.7700 8.4DD4 2.78817 1.62866 H12S.9 """" ." 378226 23200837& 24.7992 8.rotO 2.78888 1.62002 1932.1 207().57 ". 37\)4,,56 233744896 201.8193 8.""" 2.78968 1.62338 1935.2 "",,. 

'" """'. 234808.5l13 2-1.8306 8.1\132 2.70029 1.62076 1935.4 "."" .>8 381924 23002!l():i2 2-1.859!1 8.6178 2.79009 1.61812 1941.6 200002 

'" 383161 2371700.59 24.8797 8.6224 2.71:1169 1.61MI 11144.6 '''''''' 
'" 38-4400 238328000 U.8W8 8 . .5270 2.79239 1.61200 1947.8 301007 

'" a8W41 239483001 24.9199 8.63111 2.70309 1.61031 19.'iO.9 """ 622 """ 240641848 24.9399 8.6362 2.79379 1.60772 19f>.l.1 ''''"' 623 388129 2418O.f307 "."'" 8.M08 2.79449 1.60514 10.57.2 304836 
624 38937& 242070024 , ... "" 8.M~ 2.79518 1.60256 l00(U 3068U ." ""''' U<l I"0026 26.0000 8.5409 2.79~ .. 60000 1003 . .5 3OO79!1 

'" 30187& 24~1437& 2.5.0200 8."" 2.79667 1.59744 1006.0 307779 

'" 393129 2464IU883 26.0400 8.MOO 2.79727 1.69490 1009.8 308763 ." ,,,,.. 2-47673162 2.5.M90 8.MlS6 2.79796 1.69236 1972.9 300748 ,,. , .. ," 2488M1189 26.0700 8.M81 2.1986.5 1 • .58983 1970.1 31073& 

"" ""00 260047000 %.5.0998 8.5726 2.79934 1.58730 1970.2 31172.5 

'" 398161 2M2396IH 26.1197 8.6772 '.80000 1.68479 1982.3 312715 

'" -" 26243.5968 26.1396 8.6817 2.80072 1 . .58228 198.5.5 313707 

'" '0008' 2MG36137 26.169.5 8.5862 2JiOI40 1.67978 1988.& 314700 ... 4019M1 . 264840104 25.1794 8.6007 ,.""" 1.57729 1001.8 31M19!1 

"" "'''' 26(10-1787& 2.5.19!l2 8.6052 ,.",., ).1';7480 199-&.9 """ '" -4!).14M 2612594M1 26.2100 8 . .5907 2.8034& 1.67233 I90S.! 317600 

"" 4M769 26847<1.%3 ~.238g 8.0043 2 ,8041" ""'" 2001.2 318600 
638 40704 '1 261K194072 2.5.2687 .. "'" 2.8O.f82 1.~740 "'"., """" ". '''''''' 2G0917119 2.5.2784 8.&132 ,."'" 1.5640.5 ""'., ,,..., 
'" '00000 262144000 2~.2982 8.&177 2.80018 1.562.50 2010.6 321699 .. , 410881 263374721 25.3186 .. "'" ,.""" '-60000 2013.8 32270.5 

'" " 121&4- 264009288 25.3377 8.6267 2.80764 1.66763 2010.9 323713 

'" 413449 2~7707 25.357" 8.6312 2.80821 1.66621 """ .. 324722 

"" 414736 26708!1!lS4 26.3772 8.6367 2.80889 1.6.5280 2023.2 32.5733 

'" 416O'.lt. 26833612.5 26.3009 8.640 1 , ...... 1.M039 2(126.3 3267066 ". 417316 26{l6t;6136 26.·&166 8.11446 2.81023 1.M790 2029.6 327760 

'" 418609 270840023 26.4362 8.6400 2.81000 1.501500 2032.6 32877.5 .. , " .... 2720077112 2.5.46.58 8.6635 2.81168 1.54321 "".8 329792 .. , 421201 273359440 26.4763 8.6679 2.81224 1.M{)S3 2008.9 saosl0 

'" 

• 



MATI1EMATI CA1. TAB1.E 

FuSCTlOSII or NtlWlER8, 650 TO 699 

'C' """' 
, .. N~1tt 

N, ,,- c.~ """ ....... , ......... """"- "-- -

"" 422500 27"625000 2.>."9.51 8.0024 2.812"91 L""'" 2012.0 331831 

'" .""" 276804"['1 2a.6H7 8 ...... 2.81358 1.M610 ""'., """'" ." 4261Q.1 2771611>08 26.6313 8.6113 2.81425 1.6331 .. -, ""'" '" .. 26400 27844~77 25.6630 8.6161 2 .81491 1.63139 2051.5 33<00' 

'" 427716 219126204 26.67;).-1, 8.6801 2.81MS 1.6290.:> ""' .• 335921 

"" ''''0" 281011376 2':>.6930 8.684& 2.81GU 1.!"''>672 2057.1 33_ 
'" .3033. 282300U6 26.01U 8.68110 2 .81690 1.62-139 """.9 33"'" ." 431(I0I00 2S3.503393 2':>.6320 8.6934 2.81767 1.62201 ""'.0 339016 

"" .. ,... 2848903 12 25.0616 8G1n8 2.81823 1.61970 2067.2 " ... , ." "34281 2bGI01l70 25.6110 8.7022 2.81889 1.617"1> 2070.3 ", ... 
"" "''''' 281496000 2M"" 8.1006 2.81OM 1.6161& 2073.5 3421111 

'" .. 36\)21 2I:!8b04 781 26.7000 8.7110 2.82020 1.&1286 2070.6 3-13157 

"" ~3824" 200117628 26.72!Ho 8.7IM 2.82086 1.610.51 2079.7 344196 

"" "39M9 2"91"34241 26.7488 8.1198 2.82161 ,."""" ""'., """ ... 401 08116 29276>111« 25.7682 8.72U 2.82217 , . ...., """.0 346270 

"" 442226 21).'W70025 25.7870 8.1285 2.82282 1.60316 2089.2 341323 

"'" H 36-M 2I1M08200 25.1;070 8.73~ 2.823,11 I.60 I~ 2092.3 848368 

'" 401'18811 2007~0II(l3 25.8263 8.7373 2.82 113 1.~9025 2095.40 340-116 

"" 4016224 201!077632 25.8467 8.7416 2.82478 1."0701 2008.6 350464 

'" H7MI 20001183011 25.8650 8.7"60 2.82M3 1.49477 2101.7 351514 

." 448000 300'03000 2.5.8844 8.7603 2.82007 1.49254 2104.9 3525115 

'" 450241 302111711 26.9037 8.7547 2.8.2072 1. .. 9001 2108.0 3~18 
on 451M4 30346"""8 25.9230 87500 2.82737 1.48810 2111.2 354673 .n 452029 304821217 2.5.0422 8.763" 2.82802 1.4.8.588 211".3 355730 .,. 454276 300182024 26.0016 8.7677 2.82866 1.48368 2117.-1 "", .. . " 45M2.5 307,MGS71> 2.5.9808 8.7721 2.82930 1.48148 2120.6 M7841 ." 4M076 308916776 26.0000 8.776' 2.8299.5 1.471129 2123.7 " .... m ".,'" 810288733 26.01ln 8.7807 2.830.59 1.47710 2126.9 MOO71 .,. ,,- 3 1166.5762 36 ..... 8.78.50 2.83123 1.""'93 2130.0 '''''' ." 461(I0I01 313046839 26.0676 8.7893 2.83187 1.47276 2133.1 362101 

680 462400 8 14432000 26.0768 8.7937 2.83261 1.47069 2136.3 ,." .. .. , 463761 8168212· .. "'.- 8.7980 2.83316 1.46843 2139.4 '6623' .. , 465124 81721"M8 20.1151 .8033 2.83378 1.46628 2142.6 """" 883 4000l089 818611\)b7 ZiJ.J343 ...... 2.834"2 1."6'13 2 1"6,.7 366380 ... "67&& 820013.5Of "'''' 8.8100 '.83606 1."6100 214.8.8 867453 ... .. 69225 821 .. 19121> 26.1726 8.8162 2.83569 1.46981> 2152.0 '''''''' ... 470000 322528856 26.19 16 8 .8194 ,.""" 1.45773 2155.1 ,.-.. , 471969 324242'700 26.2107 8.8237 , ...... 1."M60 2158.3 " .... ... .7334-1 826660672 26.2298 as"" 2.83759 1.453-69 21G1.4 37176-l 
"9 474721 32101i.2700 26.2488 ."" ,."'" 1."6138 2184.6 3728-1:; 

GOO 476100 ,,.,..,.. 26.2619 8.8366 , . ...., 1.44928 2161.7 373928 ." 4.17481 329939371 26.~ 8.8408 2.83048 1.44718 2170.8 315013 
.93 ., .... 33 1373888 26.30.:>9 8.8451 2.84011 1. .... 509 217".0 " .... ." "802 .. 9 332812557 26.3249 8.8493 2.84073 1. .. -1300 2177.1 377181 .... 481636 "'" .... 26.3439 S.8636 2.84136 1.-1"002 21SO.3 378276 
.0> "83025 33.5702316 26.3629 8.8.578 2.841118 1.438& 2183.-& 379367 ... 484416 337 1.53636 26.3818 8.862 1 2.8426 1 1.43678 2186.5 ...." ." ...... 838608873 26.4008 8.8663 2.84323 1.43472 2189.1 '''''' .'" 487204 840008392 26.-1107 8.8700 2.84386 1.43266 2192.8 382649 ... ..... , 341632000 26.4.386 8.874.8 2.844-18 1.43002 2100.0 88374.6 

'" 



CARNEOIE STEE l. COo\\PANY 

FUNCTIONS OJ' NVlll.I£RS, 700 TO 749 

,,- "'''' "'" No.=Diamoter 
No. "'- "'''' ... ... '-'''''' • "'- C_. ,~ 

'00 '00000 '''000000 26.4575 8.8790 2.84510 1.42857 2l\lI"J.1 384845 

'" 491401 344472101 26.47&1. 8.8833 2.84572 1.42653 2202.3 38.(;945 

"" 492804 345948408 26.4%3 8.8876 2.84634 1.42450 2205.4 387047 

"" 494200 347428927 26.5141 8.8911 2.84600 1.42248 2208.5 388151 ,., 495610 348913004 26.5330 8.8959 2.84757 1.420-15 2211.7 389256 

"" 497025 350402625 26.M18 8.9001 2.84819 1.41844 2214.8 ''''''''' "'" 498436 351895816 26.5707 8.9043 2.84880 1.41043 2218.0 391471 

'" 499849 3.'>3393243 26.589-5 ,.OOS<> 2.84942 1.41443 2221.1 392(i.8() 

"'" MJ 1264 354894912 26.6083 8.9127 V'WOO 1.41243 2224.2 30'00' 

'" 502681 356400829 26.6271 8.9169 ''''''' 1.41044 2227.4 '"'''' 
no ,..,00 357911000 26.6458 8.9211 2.85126 1.40845 2230.5 39<>919 n , 506521 359425431 26.0046 8.9253 2.85 181 1.40647 2233.7 397035 
no 500944 3G01H4 128 26.6833 8.92% 2.8.5248 1.40449 2236.8 398103 

'" 508369 362467097 26.7021 8.9337 2.85300 1.40252 2240.0 300272 

'" 500796 363004344 26.72()8 8.9378 2.85370 1.40056 2243.1 400393 
715 51122.'; 36M25875 26.7395 8.9420 2.85131 1.39860 2246.2 401515 n, 5126.>6 367001696 26.7582 8.9462 2.8&191 1.39665 2249.4 402639 
m 514089 3G8001813 26.7769 8.9503 2.MM2 1.39470 2252.5 403765 

'" 515524 370146232 26.7%5 8.9546 2.8MB2 1.39275 2255.1 404892 
no 1>16961 371694959 25.8142 8.95&1 2.85673 1.39082 2258.8 '0003<> 

"0 618400 373248000 26.8328 8.0028 2.85133 1.38889 2261.9 407150 

'" 519841 374805361 26.8514 8.9670 2.85764 1.38696 2265.1 408282 

'" 621284 376367048 26.8701 8.9711 2.85854 ."'" 2268.2 400415 
723 522729 377933007 26.8887 8.9152 2.85914 1.38313 2271.4 "',0<> 
'" 524176 379503424 26.9072 8.9794 2.85974 1.38122 2274.5 411687 
12.~ 525625 381078125 26.9258 8.9835 2.86034 1.37031 2277.7 412825 

'" 527076 382657176 26.9444 8.9876 ,.""'" 1.87741 2280.8 41 396$ 

'" 528529 3842401183 26.9629 8.9918 2.86153 1.37552 2283.9 415100 

'" ,,- 385828352 20.9815 8.995(1 2.86213 1.37363 2287.1 416248 

'" 531441 3874200189 27.0000 '.0000 2.86273 1.37174 2290.2 417393 

730 532000 389017000 27.018.5 9.0041 2.86332 1.36986 2293.4 418.539 

'" 534361 300617891 27.0070 9.0082 2.86392 1.36700 2296.6 .. "" 732 535824 392223168 27.0555 9.0123 2.80451 1.30012 2299.6 420835 
733 537289 3r0832837 27.0740 9.0164 2.86510 1.36426 2302.8 421986 

'" 53875(1 3%446004 27.0024 0.0205 2.86570 1.36240 2305.9 4 23138 
735 510221> 397()65.375 27.\109 9.0246 2.80029 \.36054 2300.1 424293 ,eo 541600 3986SS256 27.1293 9.0287 2.80088 \.35870 2312.2 425447 

'" 513169 400315553 27.1477 9.0328 2.86747 1.3568.5 2315.4 ""'" ns 544644 40U141272 27.1002 9.0369 2.86800 \.3550 1 2;118.5 427762 n, M6121 403583419 27.1846 9.().IIO 2.86864 1.35318 232\.6 428922 

'" '''600 405224000 27.2029 9.04MJ 2.86023 1.35135 2324.8 n_ , .. MOO'" 4()68(l{H)21 27.2213 9.00191 2.85982 \.34953 2327.0 431247 

'" M0564 4osal8488 27.2397 9.0532 2.87040 1.3477 1 233\,1 432412 

'n 552049 410172407 27.25&0 9.0572 2.87099 1.34590 2334.2 433578 

'" 553536 411830784 27.2764 9.0013 2.81157 1.34409 2337.3 434746 
745 555025 413193625 27.2W7 9.0054 2.87216 1.34228 2340.5 435916 

'" 5565 16 415160936 27.3130 9.0094 2.87274 1.34048 2343.6 437087 

'" "8009 416832723 27.3313 0.0735 2.87332 \.33869 2341>.8 438259 

'" 559504 418508992 27.34\16 9.0775 2.87390 1.33590 2349.9 439433 

'" 561001 420 189749 27.3679 9.0816 2.87448 1.33511 2353.1 "0000 

,« 



M ATHEM AT ICAL T A BL ES 

Ful'\CTIOl'\S OF NUIoIBl!:R8, 750 TO 799 

'C" ""'" 
,,. N...-~ 

N. So- c. .. .... '-<i .... , - """"- ..... 
"'" 662WO 42187MlOO 27.3861 •. "'" 2.87.006 1.33333 2356.2 441786 

'" ~64001 423664751 27.40H 9.0806 2.87664 1.33 100 2359.3 442005 

'" ""'," 421>Z59008 27.4226 9.0037 2.87622 1.32079 2362.5 4-14 146 

'" "''''''''' 4269,57777 27.4408 9.0\177 2.8 7680 1.328O'J 23%.6 44/)328 

'" ...... 428661064 27.41>91 IUOl7 2,87731 1.32626 2368.8 446.') 11 

'" 1>10026 43036S87r; 27.4773 9. 1007 2.87701> 1.32450 2371.9 447697 

"'" 57 1636 4320812 16 27.49.'>.5 9 .1008 2.878.52 1.32275 2375,0 44S883 

'" 1Ii7JO.19 43379SO!13 27 . .'>13& 0. 11 38 2 .87010 1.32 100 2378.2 ""072 
'" 11074564 43MI0512 21.6318 9. 11 78 2.81"067 1.3 1026 238 1.3 4.'>1262 

'" 11076081 431245470 27.MOO 9 .12 18 ' .8802< 1.3 1752 ", ... 4<iUa3 

'00 "76"" 438976000 27.05681 9 .1258 2.88081 1.3 1519 2381.6 ''''''' '" 579121 4407 1108 1 27.[,862 9.1298 2.88138 1.:H4M 2390.8 4M8U 

'" ....... 442-1.'>0728 27.6043 9. 1338 2.88IN 1.31234 2393.9 """" ,sa 582169 oI" oIUH1I47 27.62'26 0. 137S 2.88252 1.3 1002 2391.0 457234 
76. """" oIoIMH37« 27.640lI0 9. 141 8 2.8,"" 1.30890 2400.2 " .. " 'M ~26 4n697125 27.6586 9 14.'>8 2.88306 1.30719 2'103.3 """ '" .." .. HD455006 27.6767 0. 1408 2.880123 1.3().5oI8 2400.5 "'"8''' '" 588289 451217663 27.6948 9. 1537 2.88480 1.30378 2400.6 "'6~ 1 

76' ,,,,2< 4:>29&6832 27.7128 9.1577 '.88636 1.30208 2412.7 463247 

'" 501361 oIM756609 27.1308 9. 16 17 2.8&93 1.30039 2U :>.9 4644$4 

77" ,,,,,.. 
"""""'" 27.7489 9 .1657 2.88M9 1.29810 2410.0 ...... 

no 5tH441 4M31 010 11 :!7.7009 9. 1600 2.8810lI0 1.29702 2'1 22.2 466878 

'" 695984 ."..",.... 27.7849 9.1136 2.88762 1.20:;34 2425.3 "'''''' n3 597529 0161889917 27.S029 9 .1175 2.888IS L"""" 2128.5 ",.'" m "."'. 4636S1824 27.8209 9. IS 15 2.88874 1.29199 243 1.6 470lI013 

'" .,,'"" 46,')48431.5 27.8388 9. 1M11i 2.88930 1.20032 2434.7 471 730 

'" 00217(1 467288.576 27.S11i68 IUSIW. 2.88986 ..0,'" 2437.9 472948 
m 602'" 461lO97433 27.8747 9. 1933 2.80042 1.28100 244 1.0 4701 168 

'" ""',.. '1709IOM2 27.8927 9. 1913 2.8 .... L""" 2444.2 47~9 

"" ..... , 472729139 27.9106 9.2012 2.89164 1.28370 2441.3 410012 

'''' .,,'"'' ·174M2000 27.9286 9.~2 2.89209 1.28205 :W"'. 477836 

'" 00"" 476319.'>4 1 21.9464 9.200 1 2.89265 1.28().I 1 2453.6 .,-
' SO 6 11624 4782 11168 27.0043 9.2130 2.80321 1.27877 2456.7 ""'" "" 6 13OS9 480048687 27J}S2 1 9.2110 2.89376 1.211 14 2450.11 48 161 9 

". 6 146M 4SI800304 28.0000 0 .2209 2.89432 1.2111iS1 2463.0 482150 

'" 6 16221> 483736625 28.0 179 9.2248 2.89487 1.27380 2400.2 483982 

'" 617706 4SM87656 28.03<>1 9.2281 2.89M2 1.27226 2469.3 48tio2 16 

'" 6 19369 487«3403 28."'" 9.2326 2.80597 1.27OM 2472.4 0186451 

'" 6200014 489303872 28.0713 9.2365 2.80M3 1.26004 2476.6 481688 ". 622521 491169069 28.0891 9.2404 2.89708 1.26743 2478.7 488927 

'''' "''''' , """""" "', ... 0.2443 2.89163 1.26582 24S LO 490167 

'" """ 494913671 28.1247 9.2482 2.89818 1.26422 24S11i.O 491409 

'" 627264 496193088 28.142.5 9.2.52 1 2.89873 1.2(1263 2488. 1 4926.52 

'" ",.... 4ll86772.57 """" '.2060 2.89927 1.26 103 249 1.3 4!)38t:11 , .. """,. """", .. 28. 1780 9.2599 2.89982 1.25945 2404.4 495143 

'" 632026 6024.59815 28.1051 9.2638 2.90037 1.2518& 2497.6 4D639 t 

'" 633616 """""'" 28.2135 9 .2677 2.00001 1.25628 2500.7 497641 

'" sa,,,,,, 600261573 23.2312 9.21 16 2.90146 1.2M71 2503.8 """ 70' ''''0< 608169592 28.2489 9 .2754 2.90200 1.253 13 2507.0 t.OOI45 ". 638<,,' 6J(l082399 28.2666 9.2103 2.9025li 1.25 156 26 10. 1 601309 

'" 



CARN£QIE STEEL CO MI'ANV , 

FUNCTION!! OF NUNBER.S, 800 TO 8<, 

"l:::.' "'0;, "'" S ... _ OiIJl>t\oer 
No. ...... "'~ ... _ .. , ... -"""-. .... 
800 .. 0000 '''000000 28.2843 02832 """'<>0 125000 2513.3 ""." .. , 6-41601 tH3~2240 1 28.3019 9.2870 3""" 1.24~. UHI .• 500912 

"" .. ,"" .51~0608 28.:Jl96 .. ,.." 2 .90U7 1.2·11)88 2~19,6 605171 
803 ...... 617781627 28.3373 9.29-18 2.90472 1.2-1533 2522.7 """" ... &16416 61971&164 28.3549 .. ".. 2.90.S26 1.24378 2525.8 .50769-1 

"" .. "'" 621000126 28.3725 9.3025 ,....". t.24Z24 2529.0 ""'". ... .. """ 6230000UI 28.3901 '.3<J63 2.00634 1.24069 2~2.t /ilon3 

"" M124!t tl21\b67943 28.4077 9.3102 2.00687 123916 2.s35.3 611490 
80S "",.. 627.'1101112 21U2.s3 9.3140 2.907<1' 1.23762 2~." l\127~ ... 664481 62'0476129 28 .• 429 9.3179 2.00795 L""" 25-11.6 lH402S 

'W ""'''''' 631-111000 28.<1606 9.3217 2.90S49 1.23451 2&1-1.7 ""." 'n 6.57721 63!.W 11731 28.4781 9.3255 3.00003 1.2330;; 2$47.8 61o.t>73 

'" 6.5034-1 113.5387328 28.4956 9.3~ 2.00956 1.23153 2.55 1.0 6178018 

'" 00000' 637367107 28.5132 9.33aZ 2.IHOO9 1.23001 25&1.1 619124 ... 002M16 639353144 28.li307 9.3370 2.91002 1.22850 2557.3 520402 ... (l(W226 611343375 28.6482 9.3408 2.91116 1.22699 2560.-1 621681 , .. ....... M333Ml)fJ 2a.6M7 9.3H1 2.11I169 1.22549 2M3.6 622002 

'" 0074f!9 64633$513 28.6832 9.34~ 2.91222 1.22399 2500.7 624245 .. , 000121 647343 132 28.0007 0.3523 2.91275 1.222·19 2$69.8 625529 .. , 670761 649363269 28.6182 9.3561 2.91328 1.22 100 2673.0 .526814 

820 672400 6.51368000 28.6366 0.3609 2.0138 1 1.21951 2570.1 62SI 02 

'" 674(}o11 6.53387601 28.6631 0.3637 2.914.34 1 21803 2.510.2 62930 1 

'" 670084 MM1:i248 28.6706 9.3676 2.91487 1.21656 2582.4 "''''' 823 on329 <'1.51441767 ... - 9.3713 2.91640 1.2U01 258!>.6 6:i1078 ,,. 678916 6.5!).116224 28.1054 9.3751 2.01593 1.21359 2688.7 633267 

'" """" 66HH6625 28.7228 9.3789 2.91645 1.21212 2501.8 634$62 
826 682216 663~9910 28.1402 9.3821 2.9160S 1.21OM 2696.0 """ 821 "3929 ......"" 28.7576 .. -2.91751 1.20919 2698.1 637H.7 

'" ""'" 667663M2 28.77f>O 9.3002 2.91803 1.207i3 2601.2 "" .. "" ,,, 6872-11 660722789 28.1924 0.31)40 2.91855 1.20021 26001.4 639758 

'" " .. ," 6711S7000 28.8097 9 .3978 2.91008 1.20482 260i.6 641001 

'" """" 6i3.'tW101 28.8271 0 .4016 2.91960 1.20337 2610.1 '''', .. '" 692224 570030368 28.8-444 9.40S3 2.92012 1.2019% 2613.8 643671 

"" ,ro,,, 678000537 2-'1.8617 0.4091 2.II2OM I.ZOOI8 2616.0 5H979 
83' 695660 680003104 28.8791 0.4129 2.112111 1.I99Of, 26~. 1 """ '" 697225 682 182'115 28.8964 9.4166 2.92169 1.10760 2623.2 1141500 

'" ,"',. 68-4277ose 28.9137 94204 2.92221 1.19617 :ro264 1148912 
"7 7 ...... 6$6316253 28.0010 0.4241 2.92213 1.19474 26Z1.11 ".". 

'" 70221& ~'JO·H2 211.941'12 9.4279 2.92324 1.10332 2632.1 66 11141 

"" 7001121 6905S9710 " .96M 0.4316 2.9"..316 1.10100 2635.8 """ .. , 705600 61127Q.1000 211.9828 0.4364 2.02428 1.19048 ,.,. .. &M In .. , 7072S 1 6D-1823321 ".0000 0.4391 2.92480 1.18906 2642.1 6.55497 
8012 ""'" 11960.&7688 29.0172 1).4429 2.92631 1.18765 2646.2 666819 .. , 71()(H9 1190077101 ~.03~5 9.4466 2.92683 1.18624 2648.4 658142 
8-14 712336 60 121168-4 29.0517 9.4.500 2.92634 1.I~83 2M!..'; 669467 

'" 7!1.0211 603..1511211 ~.0089 9.4541 2.92686 1.18343 2654.6 '607" ... 715716 605<Io.~786 1!9.OS61 9.4618 2.92731 1.18203 2657.8 662122 
.. 7 717409 6016U423 ~.1033 9.4616 2.02788 1.18004 2600.9 563452 .. , 7 HlI().1 '''''8'''' " 29.12Q.1 9.4662 2.928-49 I.li925 2664.1 ... ," .. , 72QS0 1 611960049 29. 1376 9.4690 2.92891 l.li186 2667.2 6661 16 

'" 



MAT1IIlM ATICA I. TADI.ES 

F UNCTIONS 0" NU)oIDI;;RS, 850 TO 899 

'l:' "' ... " .. SC). _ rn.-
N. ,,- c. .. ... lq,ri"," • ........ a.... ,-
800 '''''''' 61412.5000 2O.IM8 9A727 , . .,... 1.17047 2670.4 667UO .M 724201 616211~1 20.1710 9.4704 2.9'.$93 1.17500 2673.6 668786 ." 72S9().l 6 18470208 211. 1800 9 .4801 ,.""'" 1.173il 2676.6 670124 

"" 727600 6206S0-177 20.2002 9.4838 , ...... 1.17233 2679.8 67 1463 
8M 729316 ,,=- 20.2233 9 .4876 2.93146 1.17006 2682.0 " .... ... 731~ 6211026376 29.2464 9.4012 2.93197 1.16959 2686. 1 67-& 146 

"'" 732736 627222016 29.2676 IUIl49 2.93247 1.1 6822 2689.2 671>490 ." ,,.... 1129422793 211.27-&11 9 .4986 2,03298 1.166811 2692.3 676836 

"'" 736164 6316ZS712 H.2InG .. "'" 2.93349 1.16300 2696.5 578182 ... 737881 G33S39779 29.3087 0.0'00 ,.""" 1.1&U4 2698.6 ".." 

800 ,,- """'" 29.32:>8 9.6097 ,.""" 1.IG279 2701.8 """ ." 741321 6382'77381 29.3-428 9,6134 ,""" 1.1111 .... 2764.9 .,,'" .," 7-&3044 .. ""''''' 29.a698 9.6171 2.93651 1. 16009 2708,1 """" "" 7 .... 769 6427~7 29.3769 9.6207 2 .93601 1.11>875 2711.2 ..... 0 ... 7404" 644972644 29.3039 0,62064 2.93651 1.157<11 2714,3 '8'"'' ... 7-&8225 647214625 29,4109 9.5281 2.93702 1.15007 2717.6 .,"'" ... ",.,. 64046 1800 20.4279 0.M17 2.93752 1.1M73 2720.6 680014 ." 7/11680 65171436;1 29.+449 S."" ,."""" 1. 16340 2723.8 600376 

"" 71'>34206 663972032 29.46 18 11.1>39 1 2.93852 1.16207 272(1.9 691738 ". 766161 ,.,,, . .,,, 29 •• 788 9.M27 2.93002 I.IMl75 2730.0 693102 

." '''''''' 608OO:JOOO 20.4068 9.64(1./, 2.93962 1.14.043 2733.2 694468 
on """ 6607763 11 29.6 127 0.6601 2.94002 1. 14.811 2736.3 .,,'" 
'" ''''''' 0030" ... 20.6200 9.M37 2.901052 1. 14679 2739.6 597204 

'" 762129 ~617 29.60400 9.5574 2.04101 1.14648 274.2.6 508S75 
sa 763876 0076276z.l "."'" 9.6610 2.04161 1.14416 2145.8 ..... , 
'" 766625 660021875 29.5804 9.6647 2 .94201 1.1428(\ 2748.9 601320 

'" 767376 672221876 29.6973 ...... 2.94260 1.14165 2762.0 "" .. on 761H29 614526133 211.6142 9.5710 2.04300 1.14026 27M.2 6Q.I073 . " ,,, ... 6768361.52 29.6311 9.5756 2.94349 1.13895 2768.3 """ ". 772641 679 151439 29.6470 IUi792 2.94399 1.13766 2i61.!; """ 
'" 77+400 681472000 " ..... .. """ 2.94·"'8 1.13&3& 2764.6 608212 .. , 776161 633797841 29.6816 ...... 2.94498 l. l M07 2767.7 ...... 
'" 777924 G86128068 2iI.69& 9 .5901 2 .04647 1.13379 2770.9 """ '" 779689 ........ , 20.7163 9.6037 2.945911 1.13250 2774..0 ""'" ... 781466 . ...,,, .. 211.7321 11.6973 2 .04&16 1.13122 2777.2 613764 ... 783226 693IMI26 29.74,89 9 .0010 2.04694 1.I29Il4 2780.3 6 15143 ... , ..... . ......... 2iI.76:18 , 9.6Q.I6 2.94743 1.12867 2783.5 """ .. , 786769 697864100 2iI.7826 .. "'" 2.94792 1.12740 2786.6 617927 ... , ..... 700227072 2iI.7003 II.R118 2 .94841 1.12613 2789.7 619321 .SO 700021 70259.s360 2iI.8 16 1 9 .61M 2.94800 1.12486 2792.9 620717 

80' 792100 704"0000 2O.832i1 0.6190 2.04939 1.12360 2706.0 622 114. ... "', .. , 707347071 29.8400 9.62211 2.901988 1.12233 2799.2 623.5 13 
SO, ,,,... 709732288 20.8004 9 .6262 2.96036 1.12108 2800.3 624913 

'" 7074.4.9 7121 2 1057 29,8831 0.6298 2.95086 1.11082 2805.4 626316 
.0< 799236 714.516984 20.8008 0.633"\ 2.115134 l.11857 2808,6 627718 '0> 801025 7 16917375 2O.D100 9.6370 2.95 182 1.11732 28U .7 6201l!4 ... 800816 710023136 29,9333 0.6406 2.95231 1.11607 2814.0 "' .... . " ...... 721734273 29.9000 9.&142 2.95279 1.11483 2818.0 """" 80. ...... 724160792 29.0060 9.6477 2.95328 1.11359 2821.2 633348 ... 808201 7265726\Xl ".- 9 .6618 2.~76 1.11235 "".8 634.760 

,., 



r 
CARNEO I E STEIlL COMPANY 

FuSCTIONS Oil N UMBERS, 900 TO 9~9 

'I::\" "' .. I B! . 1(100 N...-Oi&rI.eItr 
N, ",- "' .. .... I "Ibm % 

.opn I Reeiprocal a-. ..... --
000 ",0000 ,,- 3<>.0000 O.GM9 2.03otU l.I111! 2827." 636173 
." 8 11bOi 73 1432701 30.0167 .. - 2.1l5472 1.109S8 """ .. 637M7 
." 813(I(H 733870808 3<>.= 0 .0020 2 .9.'>521 1.IOSM = ., """" """ 816\109 73&3 14327 3<>.""'" •. ""'" 2.9M69 1.107012 2836.9 .. .." ... 8 17210 7387632&1 3<> ..... 0.0092 2.M617 1.106Ut 2&10.0 641840 

"'" 8HlO25 7<11217625 30.0832 9.G727 ,.""'" 1.10.&97 ,..,., 643261 

"'" """"" 74367N IO 3<>._ 9.0763 2.~713 1.10375 """., .... """ .. , 8-"2649 HOH2tH3 30. 11M 9 .6790 2 .M76l 1.1Q'>~ 2&19.4 046107 
90S 824-1.64 7.861:).312 30. 1330 9.683" , ...... 1.10132 2852.6 647633 ... 8W28' 751080429 30.'''00 11.6870 ,.""'" 1.10011 ,."., "'-
'" ""'00 763571000 30.1662 9.6~ 2.9~00I 1.09890 28:i8.8 """'" '" ""''' ''''''''''' , 30.1828 9 .69-11 2.059SZ 1.09769 2862.0 651818 ." 831744 '''''''''''' aO.I!193 iI.60'6 2.\M900 1.09649 28M. 1 ""''''' '" 833Ml9 761IWe..&!l7 3O.2lW D.70l2 2 .96(H7 1.0%29 2868.3 .,,"" ". .... " 763MIDH 30.2324 9.7017 ,.""'" UMH09 2871.4 6Ml 1l8 ." 837225 7000008711 30.2~OO 0.7082 2.96142 L""" 287"'.6 "''''' ... 83",," 7(1.8.5'11200 aO.26M 0.7118 2.00190 1.09170 2877.7 658993 

'" ,.,88. 7110952 13 30.2820 9.71{.3 2.00237 1.00051 2880.8 "'0"" 

'" 842724 7736zooa2 ;10.2986 11.7188 2.00284 1.08932 2884.0 661874 
0 .. 844~1 17I1I I1IMIl 30.3150 0.1224 2.96332 1.08814 2881.1 6633 17 

'" 846400 " ........ 30.331/\ 9.7259 2.00370 1.08696 2800.3 6&1.76 1 

'" 84824 1 781229001 30.3480 0,7'1;1).1 2.00426 1.08!.18 2893.4 OM'" 

'" """'. 783777<148 30.364.5 D.7329 2.00473 1.08400 2800.5 .,,"" ." 8.5i!l29 786330467 30 .3800 9.7364 2.00<>20 1.0S342 2899.7 0011103 
'U 86:.177(1 78S88002i 30.397<1 11.70100 2.00567 1.08225 ""'., """ ." """" 7914$3 126 30.4 138 9.7435 2.96614 1.08108 ""'" ,,-". 8.57476 7IH02277(l 30.4302 0.7470 2.00001 I.Q7D91 2909.1 613460 

'" 8.59329 100697Q83 30.4467 0.76O.'i 2.96708 L0181S 2912.3 67401& 

'" 861184 7W178762 30.4631 0.7640 2.0076:> 1.077S{I 2915.4 676312 

"'" 8030<, 80176MlSO SO.·HM 9.7~7li ,.""'" 1.07643 2918.5 677831 

03<> ... "'" 804357000 30.4959 g.7(nO ,."""" 1.07527 2921.7 6792'91 ... 800161 8009M401 ao.lIlZ3 0 .7645 2.0089S 1.07411 2924.8 6801'62 
'J> """",. 8OOM7668 30.6287 9.1680 2.06\)42 1.07296 ""'.0 68..""216 

"" 87048Q 8 12100237 30.:.460 Q.7716 2.06988 1.07181 293\.1 """'" ... """" 8 1478ru04 3O.M!4 Q.7760 2.9703S 1.07066 2934.2 6&147 .,. 874226 8 17400076 30.6778 9.7786 2.97081 1.06932 2037.4 .... " ... '"'''' '''''''''''' 30.:.11-11 9.781Q 2.97 128 0.00838 29010.6 """'" ." 87706Q "'"" . .,. 30.6106 9 .78M. 2.97174 1.0672-1. 2943.7 "'.,., ... " ..... 826293672 30.6268 Q.7889 2.97220 1.06610 2946.8 """'" "'" 881721 82793601Q 30.6431 9.7924 2 .97267 J.()6496 29Ml.O .,.,..." .. , """"'" """''''00 3<>._ Q.7959 2.97313 0."""" 2963. 1 693978 .. , .... " 83323762 1 30.6757 9.7993 2.\17359 1.06270 2900.2 """ .. , 887364 .... """"" 3O.6Q20 .. ..". 2.97403 1.06137 29~.4 ... ""' .. , 889249 83SM1807 30.7083 •. ""'" 2.97431 0.""'" 2962.6 69R4 16 ... 891136 8-1123238' 30.7246 9 .8007 2.97497 1.03932 ""'., """" .. , 893O"l6 84300862.5 30.7409 9.8132 2.97a43 1.0<i820 2968.8 70 1380 .. , 804.916 , .. ,"""" 3\).7671 9.8167 2.97689 1.03708 297 1.9 702863 

'" ,."... 849278123 30.7734 9.8201 2.97633 1.03597 2975.! 7(w332 .. , 898704 86 1971392 30.7896 9.8236 2.97(181 LOMBa 2978.2 '"",,,0 .. , """"'" 864670349 30.8038 9.8270 2.97727 1.06374 2981.4 707330 

,., 



MATHEMAT I CA L TARLES 

FuNCTIOX8 OP NUMBERS, 950 TO 999 

i 
l'o .... oa-Itt 

N •. .. - Co~ .. - Co'" 1..opriw. 1 I~ ... ..... Reoipron.l am. .... ,---
1J.~0 "" ... 8.57375000 30.82ZI 0.83~ 2 .07772 I.M263 ,..., 7OSS22 

'" (I()4<401 8600663~1 30.8383 9.8339 2.078 18 U)SU2 2987.7 7103 15 

'" """'" 86280140S 30.8.'14.5 0.8374 2.07864 1.M042 2000.8 71 1800 
953 ,..,.. 86.5(;23177 30.8707 9.8408 2.97000 1.0~[l32 2993.9 713300 
'M 910116 ""'''''''' 30.88(10 9.8443 2.070.5.5 I.WS22 21197.1 714803 

'" 012025 870083875 30.9031 0.8477 '.08000 1.04712 WOO., ""'" 'M 0131136 8737228 16 30.9102 0.8.511 2.980411 1.04003 = .• 717804 

'" 91~9 876467493 30.03.5<4 0.8.546 2.9S091 1.1).1493 WOO., """" ". 017764 8702I71H2 30.9516 ,.- 2.98137 1.043S4 -.. 720810 . " 010081 88 1974070 30.0077 0 .. 81l!4 2.08182 I.W275 3012.8 722318 

"" 921600 884730000 30.9830 , . .,.. 2.08227 1..1)1167 3015 .. 9 723823 

'" om21 887.503681 31.0000 .. -2.0S272 1.04(),'j.!1 3010 .. 1 725332 ." 9264"'" 890277128 31.0181 0.87.7 2.9!!-3IS 1 .. 039S0 302Z.2 726842 
003 927369 893056347 3\.0022 0 .. 876 1 2.98383 1.00000Z -.. ''''''' '" """ 896841344 31.0483 9.878.5 2.98408 1.03734 =S., 72D8Cl7 

"" g;s1~'"25 898632125 31.0044 0.88 10 2.0&163 1.03627 3001.6 73 1382 

'" 03.11M 001428696 3 1.080.5 9.88.54 2.08498 1.00520 3004.8 73281l!l . " """' . 1JQ.123 1003 31.01166 '.S888 2.9SM3 1.03413 3037.0 7344 17 
008 .. ,.,.. 007039232 3 1.1127 0 .8022 , ...... 1.03300 3041.1 73.5037 

'''' 038001 0008.53209 31.12SS 11.8066 2.08632 1.0311l!l 3044.2 737458 

." ,,- 1112673000 3 1.1448 9.8000 2.08677 1.03093 3047 .. 3 73898 1 

'" 9~2841 9 160108611 31.1009 , . .,.. 2.08722 1.02987 3050.5 ''''M' '" OH78<1 011!33()()(8. 3\,1769 , . .",. 2.98767 1..0288 1 = .• 742002 

'" W67Ztl 92 1167317 31.1929 0.0002 2.98811 1.02775 ,.,.~ 743M9 

'" ~S676 024GI0424 31.2000 9.0126 2.98858 1.02tI69 30.59.9 """ '" 0.50625 02118.59376 31.2200 9 .. 9160 2.98900 l.02hM -. , 746619 

'" 9.52.576 1129714176 3 1.2-& 10 0.019-1 2.0&!).J1I 1.02450 -., 7481.51 
on 9.S-4529 932574833 31.2570 ,.= 2.0&980 1.023.54 _., """" ". ...... 03S441352 31.Zi3O 9.9261 2.90034 1.022-19 3072.5 7M221 ". """ , 9383 13739 31.2800 0.9Z1J.5 2.99078 1.02145 3075.6 752758 ... .""" 941192000 31.3050 0.93211 2.00123 1.02().JI 3073.8 """ OS, 96236 1 IH4076 14 1 3 1.3209 9.11363 2.00167 \.01937 308\.9 ""'" ... 964321 940966168 3\.3369 9.9396 2.99211 \.01833 ""'. 7M378 .., 0062811 949862087 3\.a528 9.9~30 2.992M \.017211 3088.2 758922 

"" 968266 952703004 3\.3688 11.1).164 2.99300 1.0 1626 300\.3 760466 

"'" 070225 955671621> 3\.3S~7 9.0~97 2.1)9;!44 \.01623 3004.5 7620 13 
OS, 1172100 968585256 3\.4006 O.g,sal 2.00388 1.0 1420 3007.6 763.50 1 .. , 974169 ,001604800 31.4168 II.O~ 2.00432 1.01317 3100.8 76.5 111 
088 076144 964430'..172 31.432.5 9.0508 2.00476 \.0 1215 3100.9 ,...,.. 
,SO 978121 967361600 31.«84 0.0032 2 .. \HM20 1.01112 3107.0 768.214 

000 9SO"" """""" 31.4643 ...... 2.99S6-1 1.01010 3110.2 769769 

'" """'" Oi3242271 31.4802 .. - 2.99007 0.00008 3113.3 77132.5 

'" .,""" 0761111488 31.4960 0.11733 2.096.51 0.00800 3116.5 772882 

"'" """"" 970H66.57 31.5119 0.0766 2.90695 1.0070.5 3 119.6 774<14 . 

'" ""'" 982107784 31.5278 .. -2.9973e 0."""'" 3122.7 """'" "" """""' 1l8.5074875 31.60436 0.9833 2.00782 1.00503 312.5.0 777564 

9Il!I 1 002016 
Il880-l7006 31.559S 1l.9800 12 .90826 1.()()ot02 3129.0 770128 

997 99-1009 99102(1073 31.57~ 0.9000 2.90870 ).00301 3 132.2 ""'" 91)8 """"" OIHOII992 31.6911 0.9933 2.99Il13 1.00200 3135.3 7822(10 

"" """"" 997002991l 31.6070 0.9007 2.99Il57 1.00100 3138.6 ,"",. 
, .. 
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C AR, N Ea I E STE.E.L COM PANY 
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CARN EO II:! S TEEL COMPANY 

NATURAL 'J'IUOONOllETIUC FUNCTIONS 
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I 
CARNEO IE STEEL COMPAN Y 

BIRMINGRA-'1 WIRE GAGE (B. W. G.) 

EQUIVALENTS IN INcu£s AND MIl,WIoIETE:fUJ 

CoRRE8PONDINO \VEIOUTS OP }UT UQLl.ED STEEl.. 

""'- W.t 
Cop 

N=", 
"'""" F..,1ioDoI l;:t:t - .. ,- ...... Will ... Sq ...... M_ 

0000 .... .... 1l .632 18.523 00.438 
000 .. " ill; 10.705 17.30(() 84.66 1 

00 .380 'II: 0.~2 15.504 76.607 
0 .340 , .... 13.872 07.729 , . ,.., 

J.: 7.620 12.240 69.76 1 , .". 7.214 11.587 66.673 
8 .m 6 .679 10.667 61.Ml3 • .'" ,;:: 6.Q.l1I 9.710 47..110 

• .,., 
J!: ..... 8.976 43825 • . ." 6. 166 8 .282 40438 , . 'SO 4.672 "' ... 358M , ., .. '.- 4.191 6.731 32.868 

0 . 148 " . 3.769 6.038 2\1.482 

" . 134 1~\o8 3.404 5.467 26 .6D3 

" .'W '~ 3.048 4.896 23 .004 

" .,.,. 2 .7611 4.447 21.7 13 

" ..., %, 2.413 3.876 18924 .. .0", :{t: 2 .108 3>" 16 .1134 

" .072 1.829 2 .938 14.3-&3 

" "'" ..... 1.11-5 1 2 .652 12.048 

" .05' '%. 1.<173 "' .. 1l .M4 

" ... , ..... .. '" U""' 0 .761 

" ... , 'It: 1.()67 1.7 1" ' .300 ., .." ."" 1."28 8.972 

" .03' ,f: .813 .. - 8.37" 

" .,,' .711 1.142 6.578 

" .0" . .., .. ,., ".980 

" .0" , .. .MO 0.898 ".382 

" "., ;r.: .80' 0 .816 3984 

" .0 18 .<1157 0.73-& 3 .586 

" .016 ,t.: ..... 0 .'" 3. 187 

" .0 14 "'" 0 .671 2.789 

" .013 "- ."., 0080 2.600 

'" .012 . .,. 0.490 2.300 

" . 0 10 1:: .". 0 .... 1.992 

" .000 •• .,,, 0 .367 1.703 

'" .00' I'· .003 0 .326 1.594 .. 
I 

.00' ' - .178 0 .286 .. "" 
" .... ,., .'" 0 .'" ... oo 

" .00< ... .un 0.163 0 .797 

U .... ~ ..,.a6ed. 011 ~ I .. W rolled .... ill IIC'II .... 1 '* ~teCI br eu-;. 
ew ~ IOB~ 'ft ... a-. 
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GAGES 

UNITE D STATES STAN DARD G AGE 

F OR 

SIIF.£T AND l>u.TE I RON STEEL 

ApprocWmale Thirk_ 
Wficbl per 1'0'.1 W;iI;t per N~"t,. "" ..... ....., 

!oIillimectn 
SQ. ...... }...,t SQ. ...... '-1:1 ~~ ,~ .... ,- o..-A9. POW>da, A9. 

00000oo ,,t •• 12.7 ,>0 >0.00 976.5 
00000o .4&875 11.00625 300 18.75 ,>3, 

90000 ,,, .4376 11.1 125 , .. 17"" ~"'4 
0000 '%. .0&0025 10.31875 "" 16.25 70.33 

000 % .375 9.625 ><, 16.00 7:! 20& 
00 ' .. .34376 8.73125 220 13.75 67. 13 , -. .3125 7.9375 "'" 12.60 61.03 , %. .28125 7. 1437'" ' 80 11.2;'; 6493 , ' .. .,.,." 6.70&6875 ' 10 10.625 61.8(1 , 

,~ .'" .." ' 00 10.00 ."S ~2 • .234376 6.V43125 ' 00 9.375 4[,.77 

• ;10, .21876 6.M625 , .. 8.75 4.272 • .... .203125 6. 159375 '''' 8 125 3U 67 , •• . 1876 4.7625 , .. ,., 
"" • '", . 17 1876 4 .365625 10" 6.876 33.57 

• %. .16626 3.00876 ' 00 6.25 30.62 
10 ... .140(126 3.671876 00 6626 27.46 
10 J! .1z."; 3. 175 80 '.00 24.4 1 

" .1011376 2.778 125 10 4.375 21.36 
13 %. .09376 2.38125 00 3.76 18.3 1 

" '" .078126 1.984a75 00 3. 125 16.26 

" -. .0703125 1.78W376 .. 2.8 125 13.73 

" 
., .0625 1.6875 .. ''''' 122 1 

17 -,: .00025 1.42875 .. '" IOIY.l 

" .'" 1.27 " '.00 97M 

" "_ .04376 1.11125 " 1.75 8.644. 

'" ... . 0376 .9525 ,.. 1.0 • 7.324 

" ' .. .034376 .873125 " 1.375 6713 
22 •• .O:UZS . 793750 .. 1.26 6.103 

" 'u: .02812$ .714376 " 1.126 6.493 ,.. .02.5 .'" " LOO 4.882 

" '10 ... .001876 .M5625 " .876 .. 272 

" -. .0}876 .4.7625 " ." 8.002 ,., .... .017 1876 .4365625 10 .• '" 3.~7 

" ... .01ti625 .300875 10 .• '" 3.052 

" .... .014062./i .357 1875 • .36'" 2146 

'" ... .012.'. .3175 • .00 24..( 1 

" ... .0109376 .2778125 , .4375 2. 13& 

" .• - .OlO l ti625 .25700875 'H .... '" 1 953 
33 •• .000376 .238125 6 .375 1.83 1 

" 1~'10 .00850376 .2 1828125 'H .3437[. 1.678 

" .... .0078 12,5 .1984375 , .3 125 1.620 

" -.• .00703 12,5 .17859376 ' H .28125 1.373 

" '''10 ......... " .168671876 'U .""''' I ::!97 
3S "_ .00025 .15875 • ." 1 .. >:2 1 

n.. Ulllitld SIa"," SIaDclard 0 ... ;. _ .. t pee .... ~ 1M ~g per oq ...... '-.ia ___ ~ oad 1PIIf'QSima",.w- '-' _ ~ per CIIbic lOG&. 
1m 1M.....,u..l_ oad ~ of 111& Uoilell &au. St.aDdard G .. _ .... Intillica 01 

J}oS per _ltiu....,. -., bo allonel. 
U .... oUwrwioo ~1IecI, all onIn lor au rolled ,coeI ill PI" 1riU bo etOOIlC by (in. 
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CA A. NEaIE STE IlL COMPANY 

STANDARD GAGES 

ColiPARATlVr; TABLE 

,..k_ La ......... of ... I ... 

d i J~ ~-:l-~ ., 1 •• I !;d N: ·0' • •• ~ lid f! it] ., 
I" ! .2],,; 

. e:i:! · ! 1]" it r ! 'w j ,j • • • • ! 
00000oo .. ". .... 

00000o .4616 
:~.50 . .... 

00000 
.454 

.4306 .432 
0000 .3938 •• 00 .• 00 :5ciOO' 000 .. " .3626 .360 .372 

00 .380 .331 0 .= .348 .1462 • .3" .aoo., .'"' .32-1 .3964 • .300 .,"'" .'" .300 .3632 , ."" .2626 .,,, .276 .J 147 
3 .2MI .2437 .245 .252 .:l804 • .,'" .2263 .", .232 .2500 • .330 .2Q70 .,'" .212 .222::; 
6 .'03 .1020 .. ,. .192 .198 1 , .. '" . 1770 . 175 .176 .1764 , .. " .1620 .. '" .. " .1670 , . 148 . 1483 . 145 . 144 .1:1118 

" . 134 •• 330 .. " .. " .12.500 

" . 120 . 12~ .ttn .. .11 6 .11 13 

" .. '" .. "" .. '" .. " ."' . " .00' .0915 .003' .00' ""', .. ."'" .- .0800 .080 .071>5 

" .'''' .. ". ."'. .012 .0000 

" .063 .0026 .00' .... .0625 

" .• 38 .0540 .03" .038 .""" " .'" .0-176 ... , ... , ."" " ... , .0-110 .... .... .0140 

" .033 .0048 .03' .03' .0092 

" .03' .00176 .03 ' .03' .O:l4!l 

" .038 ."''' .038 .028 .00125 

" .02, .02" .026 "" .027112 ,. .022 .0230 .0221> .02' .02\76 

" ."" .02" .020 .020 . 02~'O~ 

" .01S .0 1SI .0 1S .018 .011)61 

" .0 16 .017:l .0 17 .OHW .01745 

" .0 14 .0162 .0 16 .0148 .O Uj621\ 

" .0 13 .0160 .0 1/1 .0130 .0139 

'" .0]2 .0140 .014 .0124 .0123 .. .010 .0132 .0 13 .0116 .0110 

" .000 .0128 .012 .0108 .OOOS 

'" .""" .0118 .011 .0100 .""" .. ."" .0]0-1 .010 .0003 ."'" '" .003 .0003 .000' .OOM .0000 

" .... .0000 .000 .0076 .000' 
" .0003 .0003 .- .OOM 

" .0000 .008 .0000 .... , 
" .0075 ."". .003' .. .0070 ."" .... , 

UIIIe. otberUo =. oJ] orden IOt !laI roUtcI-' ID .,... will be _ted b1 c...cit 
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~EASUR.ES AND WE I Q ttTS 

DECIMAL OF AN INCH AND OF A FOOT 

...... ~!J "" fJ -- J!J ........ HJ 
1 .... ~Fed ~i;o., 1"':"7- 1 . ,. • .U 

I .... or 1'001 ij j I .... or Fed H 
. .,." ". .25112 ~n' 

.,.., 
:l!' .76112 :~. .0104 " 

.,.,. .,5104 .,.,. 
'" .01562,5 

R: I'''' 
.,.,." In' .... .,515626 :n0 .,. .7&662,5 lll' . .,... .2708 .''''' .1708 

.0>00 ."GO ' .. .,52110 ... .17M ... ... .0312.5 tt. ... .2812.5 in· '" .6312.5 !iI. .... .781 2.5 .. 

.03M ."., ."" . '''' ... 

.04-17 " .2917 .,54 17 '" .7917 '" ... .04687 ,5 ;I' ' ... . 29687,5 ::I' i'" .,54687.5 !11' ." .70087.5 iil!' .0.521 .3021 .61121 ."." 
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carbon ItceI, Ihcared, nlCtlllCulu find clreular . M,5O 
.. ", unl\"orsall'llCtangula. . ~5 

nkII:el ateel. .... red, reetflngular...... .. ::;7 
.. ". unh·craa l. rectangula r . ::;7 

Plat., Floor PlatM. ••• buckle plaUII. explanatory note. and '1_ .... 276.277 
ebeekered platea, dementi and.to Ioatla..... 278 

prolll.,., weight., dl melLlloru. 5 1 
PlatN. W.1t P'.tN .... _ Bearing PI'teI.. . . .... ... . ....... 18lI, 1M 
Prolll ... f Sectlo ... .... dimensions and .. clght.!! ..• 7-54. 68, 70-77 
Punchl .... ............ dotal .. tor punching and rlvCtlq. ••••. . 187-189 

conn roction specIHcatlons............. 99 
Pu.It.. .. .. .. explanatory OOtel..... . .............. 281 

Hadl., of C, .. tlOIl .• ,. deOn ltJOI1. .. ... . .•. . . .•.......... . 101 
IOgIel back to hKk, 11. ..................... 131-133 
rormul .... (01' olemcut. o r act.lon.e .••..• . •. . .. . 102-109 
structural , h .p('lI, taWOl: •.••.•.••••••••••••• leO-IN 

Ran . ................ element. of .ect.10IUi 130 
proftle. • ..-elght/! and dllllCJllJlonA .•....••. ". 70.72 
Irt&ndllfd d rill ing tor ,plleo bini.. 7-1 

Rail ..... A~rIN .. "ei&ht. and dhnenllIOlU............. 69 
Rail e ll " ......•.. ,. proH Lee. dimension. and ,,·cl.ghu. .•• . ... . 75 
RaI~~(Sw.~ .•. deHnlllon .•.•.• ,....................... 217 

\lolt 1Jt.- for oomPf'lllll6oa formulas.. 220,22 1 
~ Pill Nllb.. . st_ and dimension.. ...... . . . 00 
KeeI" ..... I. . .. Dum bers 1 to 099 ., 330-3"9 
Reeta ....... r P"t. .•.. extreme 517 .... carbon-and nlcke\ lIee l . 66-67 
Reeta ....... d!edlou ... areu .. , ........ ,................. 62-&1. 

IDOIUOnu of Inertia •. . 134. 135 
Rel." ......... eo"tftIe . .. ........... .......... . . . .. . . . .. 2"""275 
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CARNEQIB STEEL COM PAN Y 

P .. OIl 
RI_ ... d R1 • • Uq •••• aree.s 01 rive, hole. .............. " •••...... 189 

eoD.'ltruellon 'peellkatlooe..... .•.••••• . . •.. 97. 9S 
conventional -'ana. . . .••••••.•• .• . •••••• IS7 
dimension. ..... .•••...........••.. 9 1 
length, for v&rloua SrllM.. . •••• . .... . . . . . . 92 
I~. ahooring and oo.ring value8 .•••..... 190-192 
ItructUnJ dllUllls fOf rive t1Il3 .......••..•.... 187-IS9 
wei&h t<l ... Ith button headl. .... .•.. •••.• .•• 93 

Roof' ....•.. • ....... ezplanatof'J' DOWII .... •••..... .....•••••.••. 279-28 1 
li ve loads. bulldlll3 la .. , 01 varfowI c1Ue.... 265 
"'0" and wind loa.d!J................... 279 
~ •• t ........ lUId lcngth o f mcmbeni •. .. •.. 282-286 
"el5hts. roof covering and root tl'USlel ......... 280. 2S1 

R ..... d ............. .. list of aba. ............................ 66 
66,67 

ac .... 110.-.1' ........ "'l'&Dklln IneUtute. U. S. and A. B . 00. ,t.a .. dard, 80 
Section Modu]u . detlnltlon and ronnul&.! ......... . .. . ........ 10 1-100 

ItructUnJ ,h,oo.. u.lb. etc •.....••••.•..... 110-130 
~.ta, Cimle • .•.• coeftlc\ent<l 01 areaa. . ......••••..•... 3~27 
s.,.re t.are ........... It.andard fOf OO-ms.................. .... 183 
81o_r] .. Su-..... longitudinal and '·ertlcal ...... . ........ 138. 160. 16 1 
S .... .- Pie ........... enremo 11_. carbon-and nickelltee!.. . . •••. M-117 
S ..... ln.V.I ..... R1.eto . t&blOl! .. . ......................... 191 . 102 
Shl, UleW. Bulb ....... 1 .. prontOl! and l)rolleftiOl!. . .......... 18- 24. 116-1 19 
SIoI, Bulldl.,. Cha ..... I. proruOlii and proper tIOl .•..•.......... 26-36. 114-116 
8IIel • .••.........••• 11IIt of tI._... ....... . .............. ....... MI 
Siee'o', N .... .......... Il0l_ and dlmerudons. . •••. . . .. .• . •. . . •••••• 89 
S.o .. l-..a. .......... roofs and tMlMN. . . . . . . . . . . . . . . . . . . . • • • • . • . 279 
Sp.od~ .. lIon. . . American llrldge Company ....... . •..•...... 9+-100 
!lpeclftc Cra .. l", ....•.. v&I'lou.s l u blitan<:O!l. . •........•.•..•••••... 300. 301 
S.UeI 0. ... .......... elementl o f .eeUont .....•••••••••••••••.•• 130 

proftiM. dlmenslom and weit:htl. ....... . . . .. 71.73 
It&Dd&l"d pUDclling for nJb:. •. . . . . •. . •.•.••• 74 

Sq ...... .. d Roa.d Ba ... "elsht and &1'811 . . . . . . . . . . . . . . . . .•••• • •• •• 66.67 
Squ ... Ed" Fl ........ lls~ ot , 1&01... .................. 58 
Sq ... .. ............. list or 111_... ........................... tI!i 

.. elghlll and areu............ . . ... . . . ..... 66. 67 
Sq ...... Sq ...... Rooota . numbeR I to 999 .........•..... . •....••... 330-349 
Sta"d.rd 01 __ 10 ... .. ~mI!I and channels........ .......... ..... 6 
Swl Sileot pm ... .... elemenu.... .... . ............ 112. 259 

explan atory notes... . ......•...•••. 2~7-269 
proftlElil. ............................ 53 

Stre.,.th 01 M."'rlalll •. unit dber It..- .................•....... 304-306 
St_ ...•......... _ Beam 8t..- aDd BLber Strf!l!llfll ..... 

T_.... . ..... elements of ItOCtLons ....................... 126. 127 
prollia.. weLghu and dlmenldotu. • . . .. . .•• . .. 44-60 
n fe load t.ablo........................... . 17(1 

Tern CIItta. ...•...•.• &rebes. ooI1htlll. fun'lllll. partltJoa . roonn, .••.. 262-268 
n ...... .... ......... length of hoi' threads.... . . . . . . . . . . . . ... ... 8 1 

It&nd&l'd dlmentlorq o f KftItr thread . 80 
11o ... t I" ~ ...... etrect 10 Iloor cona\.nlCtton. • •. . . . ..••••.. 262-2M 
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CA R NEG I E STEEL CO MPANY 

PRODUCTS 

m .. t Fum . .. Proch.eW. 

Deascmer and BMie Pig I ron 
Ferro-Manganese, Spiegcleisen 

Be.I·FI"I.""" ~·Heudo ... cI S-_._ ProcIIlcU. 

Ingots, Blooms, Billets, Slabs, Sheet Bars 

Stntctllral Mill Prod IleW. 

Beamll, Channels, Angles, 1'006 nnd Zees 
Ship and Car Building Channels and Bulb Angles 

Beam and Channel CI'()88 Tie Sections 
H-Beams for Steel Mine Timber 

Steel Sheet Piling Sections 
MiecellanooU8 Sections for Special Manufacture 

Bar MUi ProcIIIW. 

Bnr-eize, Channels, U-Bars, Angles, Tees and Zees 
Square Hoot and HOUlld Back Angles 
Merchant Bars and Flat Rollcd Steel 

Squares, RoWlds, Half RoUlldll, Hexagons, Ovalll 
Square Edge, Band Edge and RoUlld Edge Flats 

Cooperllge Steel, Hoop and Band Steel, Cotton Ties 
Tire Steel, RoUlld Edge and Oval Edge, Toe Calk Steel 

Spring Steel, Round Edge and Round Edge Concave 
Automobile, Vehicle and Hnilway Spring Stecl 

Tongue and Groove Spring Steel 
Bevel Edge, Bevel Nose, Hound Bevel Edge Sectiolls 

Miscellanoous Bevels, Scarfed Skelp, DrilJ Point Steel 
Agricultural Section .. 

Cultivator and Harrow Beams and Channel! 
Channel Tire and Miscella.lleoua Vebicle Tire 

Automobile Rim Sections 
BarTel Sections, Can Ring Sectiona, Bea.ded Band Sectiona 

Casement and Window Sash Sections 
Concrcw Reinforcemon~ Bal"ll 

Squares, Rounds, Cold-Twisted Squaree and Deformed Dars 
Crescents, J1arne, Neck Yoke and Pole Cap Sections 

Strap and Clip Sectiollll 
Harne Straps, Box Strape, Bit Mouth Clips, ek. 

Magneto and Pole Seetiollll 
Pipo Seetiollll, Locking Dar Sections 

MiacellanooWl Sections fo r Special Manufacture 



CARNEOl e ST EEL COMPANY 

PRODUCTS 

Plate Mlll Prod,,_ 
Sheared Plates, Rcetangular and Circular 

Univel'&Rl Mill Plalce, Rectangular 
Checkered Floor Plates 

Skclp 

RaIl Mill Produ<:te &ad T ... .,.: A_rl •• 

Heavy Rails, Standard and Miscellaneous 
Standard Light Rails, 45 pounds per yard and UIlder 

Angle Splice Bars and Fish Plates 
Rail and Tmck ACCC880rie8, Miscellaneous Scetiollll 

Rail Frog Fillers and Reinforeing Bars 
Beam, Channel or Trough Cross Ties 

Heavy Types for Railroad Tracks 
Lighter Types for Mines and Industrial Purpoeell 

Portable Tracks 

All..,. Steeb for Varlou Pa~ 

Wroqht ud Fo....-l Steel Proct._ 
Axles, Untreated, Annealed or Quenchcd and Tempered 

Electric and Steam Railway Car Axlcs 
Locomotive Driving and Trailing Axlce, Tender Axles 

Wheels, Solid Wrought, Carbon Steel 
Wheels for Electric IUld Steam Railway Service 

Wheels for Industrial and Mine Looomotivce IUld Cars 
Crane Tracks, Wheel Blanks 

Mi8(lellaneous Circular SeCtiOIlll 
Flywheel and Brake Drum DllUlu for Motor Trucks 

Locomotive Piston Blanks 

P.hrl(ated Steel Prod,,_ 
Steel Mine Timber, Gangway Seta and Mine Prope 

Framing for UndergroUIld Colllltruetion 
Steel Sheet Piling 

Cob ... d eo ... By-Prod._ 
Clairton Nut Coke 

Ammonia Liquor, Ammonium SUlphate, 
Solvent Naphtha, Naphthalene, Benzol and Toluol 

BI .. t ""......... 51 ... 

Cruehed, Granulated, Sand and Concrete Slag 

." 



CARNEO I B STEEL COMPANY 

PUBLICATIONS 

Co.mcgie Pockct Companion 

StructurAl Steel Sh!lpel 

Carnegie Shape Book 

Flat Rolled Steel and Merchant Bani 

Round Steel Bars 

Rails and Angle Bans 

Light Rai ls and Fasteninp 

Steel CrOllS Ties 

Wrought Steel Wheels and other Circular Sections 
Forged Steel Axles 

Sb.ndard Spccificatiollll 

Steel Sheet Piling 

Steel Mine Timber 

' 70 



CARNEQIE STEEL COMPANY 

WORKS 

BLAST Ii'URNACES 

Ourle Furnace.. 
lubella FuruJICN. 

................•••••••••• n ankin. Va. 

Lucy F'urnllCC/l 
Neville Furnace 

. .... Etna. Pa . 
..... •• Pittabul"lfh. Va. 
...••• Nevllle lalanoJ. I'a. 

STEEL WOnKS. FVRNAOES AND ROLLINO MILLS 

Bellalt'll Steel Worb and Fum..",.. . .... Jl(ollalt'll. O. 
OlalrloOn Stool Worlul and .,'umaca .Clalrton. Pa. 
Duquo.ue Steel Worb and Furnaces. .. . .. Soutb DuquOilufl. Pa. 
Edgar ThODDlOn Stool Works and . 'urnace. .. IleIaemer. Pa. 
Farrell Stool Worlors and Furn~.... . . . . . . . . .. . Barrell. Pa . 
Domee:1.ead Steel Works.... ... . .. Munhall. Pa. 
MingO Steel Woro ud FumIU:el. . .... Mingo Junction. O. 
New CasUe Steel Works and ll'urnaCOl . . New Oastle. Pa .. 
Ol:lio Steel Woru aDd i'urnJICN . . •.... . . .. Younptown. O. 

ROLLINO MrLLS 

McCutcheon Milia.. . ............. . ......... Plttollbursh. N. S .• Pa. 
!OlcDonaid Bu MUll ............... McDonald. O. 
Uppet UnlOD Milia ..•..........••...•••••.••.•• Youngstown. O. 
Lo",er UDion Milia .......... ................... Youngsto"'n. O. 

FORGE AND WHEEL WORKS 

Uo",ud A:de Works ....••.••••••• •••. ......... Do~!ead. Pa. 
SChooD Steel Whool Works •....•.•••••••...•.... McKees Rocks. Pa 

OOKE WORKS 

Olairt.GD By· Product Coke Worb .... ............ Olairton. Pa. 
Barrell Dy,Pl'(ld uct Coke Woru ... ...... .. ...... Farrell. Pa. 

WAREUOU8ES 

SanlmO<"fl W_houIe .......................... Baltimore. Md • 
Cleveland Wa.mhoWMI . 
New England Warehouse. 
Plttaburxh Warebouee. 
Te",aa Warohouae ... 

....... . C leveland. O. 
. .••••••............ SOlIton. l>lasll. 
. ....•...•.......... Pltt.8bu"lh. Fa. 

. ........••.. DOUl!ton. Te",. 
Waverly WlJ'I\ho~ .....••....•....•••• •.•••.. Ne",ark. N. J . 



CARNEGIE STEEL COMPANY 
SUBSIDIARY OF UNITED STATES STEEL CORPOB.ATION 

OFFICES 

GENERAL OF~'ICES: 

Pittsburgh, Carnegie Building, 434 Fifth Avenue. 

DISTRICT OPFICES: 

Birmingham, Brown-Marx Building, 2000 First Avenue, North, 
Boston. Statler Office Building, 20 Providence Street, 
Buffalo, The Ma,rinc Trust Co. Building, 233-239 Main Street, 
Chicago, 208 South La Saile Street, 
Cincinnati, Union Trust Building, Fourth and Walnut Streets, 
Cleveland, Rockefeller Building, Gl4 Superior Avenue, N. W., 
Denver, First National Bank Building, 17th and Stout Streets, 

Detroit, Buhl Building, 53.5 Griswold Strcet, 
New Orlean .. Maison Blanche, 021 Canal Street, 
New York, Empire Building, 71 Broadway, 
Philadelphia. Widener Building, Chestnut and Juniper Streets, 

Pittsburgh, Carnegie Building, 434 Fifth A venue, 
St. Loui .. Liberty Central Trust Co. Building, 500 Olive Street, 
St. Paul, Merchants National Bank Building, Fourth &: Robert Sts. 

EXPORT DISTRIDUTOnS: 

UNITED STATES STEEL PRODUCTS CO. 

New York. Hudson Terminal Building, 30 Church Street. 

PACIFIC CO,\ST DISTRIBUTO RS: 

UNITED STATES STEEL PRODUCTS CO .. PACIFIO COAST DEPT. 

San Francisco, Russ Building, 235 ::"lontgomery Street, 

Los Angeles, 2OS7 East Slauson A venue, 

Portland, 777 Nicolai Street, 
Seattle, l~ourth A venue South and Connecticut Street, 
Honolulu, T. R., Ca.stle and Cook Building. 
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