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THE first edition of Carnegie Pocket Companion appeared in 

1872 and was issued by Carnegie, Kloman & Company, Pro­

prietors, Union Iron Mills, Pittsburgh, Pa. 

Immediately on its appearance this bodk became indispensable 

to users of structural iron. More than any other single publication 

this book and its successive editions have served tv advance the 

interests of standardization in structural practice. Since July, 1896, 

about 275,500 copies have gone into the hands of engineers, architects 

and builders. 

So far as practicable each successive edition has been placed 

abreast of the most approved methods in structural design. Each 

successive edition; therefore, records the stages of development in 

the manufacture of structural ste~l and its fabrication into bridges, 

buildings, cars and ships. 

In this, the twenty-second edition, the weights of bea~s and 

channels have been adjusted to conform to the action 'taken by the 

Association of American Steel Manufacturers effective as of Septem­

ber 1, 1920, by virtue of which fillets and roundings are included in 

the computation of weights. The dimensions and properties of 

sections of intermediate and maximum thicknesses have also been 

recomputed. The safe load tables have not yet been exactly adjusted 

to the new properties but are sufficiently exact for all practical Ilses. 

Changes have also been made in the section numbers of 

standard beams and particularly in the section numbers of angles. 

Purchasers are, therefore, requested to be sure to show the new 

section numbers on all orders. 

The sections illustrated in the profiles and tables are those 

deemed most suitable for use in bridge, building, car and ship con­

struction. A complete list of all the sections rolled by Carnegie 

Steel Company, together with tables of weights and other data in 

regard to these products, is given in Shape Book. 



CARrH , OI E S T EE L CO M PANY 
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AMERICAN SOCIETY FOR TESTING r-.IATEIUALS 

P HI L.l.D )i; L PIII .I. , PA., U. S. A. 

I NTJ!: R/'fATIONAL ASSOC IATION POR Tt:STING MATERIALS 

STANDARD SPECIFICATIONS 

••• 

STRUCTURAL STEEL FOR BRlDGES 

Thooe speelbtlon.o IIore I.ued under ~he fixed d~natlon A 7; the 
final number IndJcatee the year of orlllioal adopllon as standard or. In the 
CMI(I or revl,lon. the year or l .. ~ rovl,lon . 

Alton" ... 1001; Rnln ... 19(),5. lllOD. IIH3. 1914. 1915, 1910. 

1. 81M CaatJnp. The Standard SpecificatioDJI for Steel CMlingl 
(Seril1l Deaignation ..\-27) adopted by the American Society tor 
Teeling Materials shall govern the purchase of ateel c8.8tinga for 
bridgel. Unless otherwise lpecified, Class B casting!, medium 
grade, shall be used. 

l. MANUFACTunE 

2. 1"'-. The steel shall be made by the open-hear th proeees. 

II. CHEM ICAL PROPERTI ES AND TESTS 

3. a..lml C. .. _ illo" . The steel shall confor m to the following 
requirement! as to chemical coml)()8ition: 

S1'aOCTIII"" ST."" 
I Acid ......... not over 0.00 per cent 

PbOOlPhOna5\ Baalc.. 0.0-& 

Sulphur. 0.05 

R"'''T ST" .. L 
not over O.C)'! per cent 

O.G-I .. 

.G-IS .. 



A. S. T . III.-STRUCTURAI. STIl£ 1. FOR BRIDO ES 

4. LMIe A ... I¥_ An analysia of each melt or steel shall be made 
hy the manufllcturer to determine the percentages of carOOn. 
manganese, phosphonts and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemicol 
composition thus dete rmined shall be reported to the purchaser or 
his reprcsentati\:e, and shall conform to the requircmcnts specified 
in &ce. 3. 

5. Cbed< ~ Analyaea may be made by the purehaacr from 
finished material representing each melt. The phosphorus ond 
sulphur content thus determincd shall not exeeed that spedfied in 
8<lC. 3 by more than 25 per cent. 

Ill. PHYS ICAL PROPERTIES AND TESTS 

6. T_lolI T",ta. «I) The material shall conform to the follow. 
ing requirements tl.8 to tcnsile properties: 

Tell8lle strength ......... Ib. per IIQ. Inc 

Ylcld point. min .....•.•• lb. per OKI. Incb 

Eloqltlon In 8 Inches. min .•••• per oen 

Elongation In 2 Inches. min ... .. pet oen 

'''''''''"' , .. 
6li.()()0-6I1.000.. 

0.11 tcW!. I tr. 
.h...600.~ 
~.Itr. 

" 

"'. ... 
46,000-00.000 

0 .11 tCIlI. 1tJ'. 
1,600.000 
~.ltr. 

(b) In order to mcct the required minimum tcnsile strength of 
full-flize annealed eye bare, the pun:haaer may determine the tensile 
strength to be obtained in specimen tests, the range shall not 
exceed 14,000 lb. per sq. inch and the maximum shall not exceed 
74 ,000 lb. per sq. inch. The material shall conform to the 
rccllIirementa as to physical properties olhcr than that of tellsile 
strength, specified in !Ce. 6, 7 and 8 (b), 

(c) The yield l)Oint shall be detcrmined by the drop or the 
beam of the teeting machine. 

7. Modi8.c.tloll' hI 10:1011&'11011.. (a) For structural steel over ~ 
inch ill thicknC8ll, a deduction of 1 from the percentage of elongation 
in S inches Bpeeified in sec. 6 «I) shall be madc for each increase 
of ~ inch in thicknCllll aOO"e ~ inch to a minimum of 18 per cent. 

(b) For structural ateel under ~6 inch in thicknC88, a deduc­
tion of 2.5 from the percentage of elollgation in 8 inchca specified 
in 8CC. 6 (a) ahall be made ror cach decreaee of v"e inch in thiekneas 
below ~e inch . 

, 



CA R NEO I E STEEl. COM P ANY 

S. B.nd T .. ta. (a) The te~t ~pecimen fo r platCB, ~hape~ and 
bars, except as specified in par. (b), (c) and (d), shall bend cold 
through ISO degrees without cracking on the outside of the bent 
portion, lUI folJows; For material ~ ineh or under in thicknefl.8, flat 
on itself; for material over ~ inch to and including 17( inch in 
thicknefl.8, around a pin the diameter of which is equal to the 
thicknCSll of the specimen; and for material over 17.1: inch in thickness, 
around a pill the diameter of which is equal to twice the thickness of 
the specimen. 

(/I) The tC8t specimen for eye-bar flats shall bend eold through 
180 degreC8 without cracking on the outside of the bent portion 
lUI follows; For material ~ inch or under in thicknefl.8, around a 
pin the diameter of which is equal to the thickness of the specimen; 
for material over U inch to and ineluding 1 U inch in thickncsa, 
around a pin the diameter of which IS equal to twice the thicknefl.8 
of the specimen; and for material over 1 U inch in thickness, 
around a pin the diameter of which is equal to three t imC8 the 
thickness of the specimen. 

I 
.. ····-About3:-· ---~ : r~:~:::~~ 

I '~ ~HE=~l 
\.i';'- 1·;"'u:.4It; 

: •····· .... s-··· .. ····~ 
L-·····_· __ ·· __ · __ ···················1s•·•· .. •·•••·•· 

FIGURE 1. 

(c) The tC8t specimcn (or pins, rollers and other bars, when 
prepared lUI specified in sec. 9 (e) , ehall bend cold through 180 
degrees around a I-inch pin without cracking on the outside of the 
bent portion . 

(d) The tC8t specimcn for rivet. steel shall bend cold through 
180 degrees flat on itself without cracking on the outside o( the 
bent portion. 

9. THt SptClmt..... (a) Tension·alld belld-tcst speeimells shall 
be taken from rolled steel in the condition in which it eomC8 from 
the rolla, except aa specified in par. (1.». 

(b) Tension--and bend-teet specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing 
is specified. 

, 



A. S. T. "' .-STR UCTU RAL STEEL FOR SR I DOES 

(e) TCllsioll·and bend-teet specimcns for plates, shapc8 and 
halll,.cxcel)t as specified in par. (d), (e) and W, shall be of the full 
lhicknC!>8 of material RI rolled . They may be machined to the 
form and dimensiolls shown in fig. 1, or with both edges Ilaralld; 
except that bend-teet epccimena fo r eyo-bar Data may have three 
rolled sides. 

D
""~ ~"-.,,...- 1 
, ! ~ '--! 

L ___ ..J z 'c:~ Jenath '-------' 

SOTE:---TM ..... I ........ pan.lkI portio ...... d 11Jet. . ... 11 be .. 
• " ."'" bul II ...... de _..,. .... , ."7 lora ..... "" .. 111 lit 
.... Io.oldtn 0' the ,-u ... ...cc ..... 

floUR!: 2. 

(d) T ension-and bend-test specimens for platcs, and tension­
teet specimens for eyo-bar flata, over 1 J.i inch in thicknC!>8 may be 
machined to a thicknC88 or diameter of at. least ~ inch for a length 
of at least 9 inchCf. 

(1I) Tension-teet specimens for pins, rollelll and ban (except 
eyo-bar fla18) over I ~ inch in thieknees or diameter may conronn 
to tlle dimensions shown in fig. 2. In thill CllllC tbe ends shall be 
of a fonn to fit tbo holdelll of thc testing machine in such a way 
that the load shall be axial. Bend'lCflt specimens may be 1 by 
~ inch in seetion. The axis of the specimen shall be located at. 
any point midway between the eenter and surface and shall be 
]Iarallel to the axia of the bar. 

(J) Tenaion .... nd bend·test specimens for rivet stcclsha.ll be of 
the full-eize section of balll .. rolled. 

10. N ...... 01 T..... (0) One tenaion-and one bend tcet shall 
be made from each melt; except. t!lat if matcrial from onc melt 
diflelll ~ inch or more in thickncS8, one tension-and one bend test 
shall be made from both the thickeet and tllC thinneet material 
rolled. 

(b) J( any teet. specimcn shoWl! dcfective machining or develope 
!laws, it may be discarded and allother specimen subetituted. 

(c) II tbe per('l!ntagc of elongation of any tension-test spceimen 
ia le88 than that specified in ~ec. 6 (a) and any part or the fracture 

, 



CARNEOle STEEL COM PA NV 

is more than ,:&' inch from the center of the gage length of a 2-inch 
specimen or is outside the middle third of the gage length pf an 
8-inch specimen, 88 indicaled by scribe scratches marked on tbe 
specimen before leeting. a rcleat shall be allowed. 

rv. PERMISSIBLE VARIATIONS IN WEI O llT AND TIIICKNESS. 

11. Ptrlll'Hl ble Varl.r.tlon.. The cr0&3-BCct ion or weight of each 
piece of sleel shall not vary more than 2.5 per cent from tha~ 
specifictl; exccllt in the CIUIC of sheared platce, which shall be covered 
by the following permissible variatioDs. One cubic inch of rolled 
stccl is a.ssumcd to weigh 0.2833 pounds. 
(a) WlI~n Onl~red to Welallt pU Squan F .... t :-

The weight of each loti in each shi[)lOellt shnll not vlLry from the 
weight ordered more than the amount given in Table r. 
TABLE I.-PER:IoIiSSIULE VAR IATI ONS OF P LATES 

ORDERED TO ,n:IO IIT 

I'&u_ ... V ...... "o ... '" An ..... K WKJ"IITII 
. ... Ijqu .. u FOOT O. P1..tftl .... ~ w, ...... (l'v ..... 
E>:....-o '" Puc ... ..,. .... "" Q' OaoUIID \\'KIGIITII 

::-:-:------I:l ~ll~ ·l~ Jlj l]Illi![jI~1} l[ 
l:nder5 ..... 5 3 5.53 G 3 7 3 _. .. .. 
5 to 7.5(!.1cl.~53.5 13 6.53 (13 .j ..........•. 
7.3 to 10 .. 4 3 .33 .5 3' 5.33 (I 3 7 3 8 3 •. _. '. 

10 to 12.5 :: 3.52.5:,4 3 4.53 ;5 3 3.33 6 3 7 3 II 3 0 3 
le.5 to 13 3 2'13.3J. 4 3 4.53 II 3 5.63 6 3 7 3 8 3 
15 to 17.6 .. 2 .. ~2 . 3 2. a.52.f.4 3 4.33 3 '3 5.53 6 3 7 13 
17.5 to 20 .. 2.~2 2.52. 3 2.5:1.32.54 ~ 4.&,3 .5 3 11.63 6 13 
20 10211 .. 2 2 2.32 2.112.'3 2.113.62.6j4 j3 4.53 Ii a !i.53 
25 to 30 :: 2 '2 2 2 2.62 2.52.53 2.~3.113 14 "3 4 ~3 <; 3 
30 10 ro 2 2 2 2 2 2 2.52 2.52.11

1
3 '2.53.53 4 3 4.53 

40 O!' on~"..... _ ,2 ,2 2 ,2 ,2 ,2 2 ,2 .2.5,2 2_5,2.33 2.63.:13 4 3 

N ..... -The ... t per~footfll indi-ridarJ p/altollhalillat....,. f ..... theordtnd..opt 
br _ I.b.u II-i ~ the """""'" ~_ ill tQ uble. 

(b) WIwlOnl~redtoThI.~:-

The th icknCII6 of each plate shall not vary more than 0.01 inch 
under that ordered. 

The ovenl'cight o( each lot- in each shipment shall not exceed the 
amount given in Table II. 

'Tho _ '1ol~ lIpptiod '" Table ,_ an flI the p/at..ol .... ~ "ll'idthudpOUp .... ht. 
'The term ''lot'' applied "'Tobit II _ .. II ollbe pbo,tc.flI ... bJl'O'!II 'lridth &ad pOUlI thft-.. 

8 



A. S. T. M.-STKUCTU RAL STEEL I>OR 6RIDOES 

T ABLE H.-PE R"IISSI6LE OVEHWEIGUTS OF PLATES 
OnD EHED TO TlII CKNESS -

Hin. 
W 

llUin. 
... 1. 

/I() in. 
w 

72 in. 
~,. 

it iD. 
W 

96 in. =, 
\0 \0 .... IB. 

120in. 132i8. Of 
nd. ...1. 0'" 

l00 in. 120 iB'f'" 

l.iDdC~-,,--.. -.-.-.. -.tc,,---+CW,---+C,,,---+-,-.-tc-+----1~.-.-1 

~ 
to'yu"lI:eL ... 8 0 10 12 

.10\4 " ... 1 8 \I 10 
h to '1\.. •... Il 1 8 9 
0/1. to % ,. 0 I) 1 8 
~to'\.·· . ... 5 I) 1 

i!' ~~! ::.. .. ta :.a ~.a ~ 
%to"i" 3 3.a ••. 5 
~ltol" 2.53 3.04 
l or o'"er..... ... 2.5 2.5 3 3.5 

V. F INIS U 

i2' 
w 

" , , , , .. , , 

i2' . 
W 

" , , 
• • ., 

.. 
" '" " S , 
" , 

" .. 
" W 

" , , , 

. iii' 

" " " " , , , 

12. Finl. h. The finished maleria! shall be free from injurious 
ddeels and shall have a workmanlike finish. 

VI. MARKI NG 

13. Markin • . The name or brund of the ma.nufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded fo r shipment, be properly separated and Inllrked 
f or identification. The identification marks shall be legibly stampcJ 
on the end of each IJin and roller. The melt number shall be 
lcgibly marked, by stamping, if practicable, on each test Specillll'n. 

VII. I NSPECTION AND REJECTION 

14. l .... pettlnD. The inspector representing the purchaser shall 
have free entry, at all limes while work on the contract of the 
purchaser is being performed, to 11.11 parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason­
able facilities to sa.tisfy him that the material is being furnished ill 
a.ccordance with these specifications. All tests (except check 

, 



CAR:NEOIE STEEL COM PANY 

analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unlC!l8 otherwise specified, and ahall be 80 coo­
ducted as not to interfere uOMceesa.rily with t he operation of the 
works. 

15. Reject.lOIl. (a) Unlcea o~herw ise specified, any rejection 
based on tests made io accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(b) Materia! which shows injurious d.cts subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall he notified. 

16. Reb .. rill¥. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be prescrved for t wo weeks from 
the date of the tCIIl report. In case of dissat isfaction with tbe 
results of the tCllts, the manufacturer may makc claim for a re­
hearing within. that t ime. 



A. S. T . "' .-STR UCTURAL NICKel. STEEL .----'--

A~IEruCAN SOCIETY FOR TESTING ~IATERIALS 

PIIILADELPillA, PA., 11. I. A. 

"I'I'I~.U.T.O ., .. 11 .. 11& 

I NTEIlNATIONAL ASSOCIATION POR TEITI!oI'Q MATER'AU5 

STANDARD SPECIFICATIONS 

••• 
STRUCTURAL N ICKEL STEEL 

SEIII AL DESIGNATION: A8-16. 

TJJo.o spOOltlc&ll(ln. are ,,",ued under tho t1l<ed da.lsnaUon A 8; the 8ulli 
number Incllcatell the ycat of origin,", I""ue or. In the cue of revllr.ton, tho 
year of \a6t, revision. 

ADDUIID. 1012; R" ...... o. 1913. 1014. Hne. 

1. MANUFACTUIlE 

1. ~. The 11C1:1 shall be made by the open-hearth proceM. 
2. D~rd. A lufficient. discard shall be made from each ingot 

intended for eye bare to lleeure frcedoli. from injurious I)ipillg and 
undue segregation. 

II . CHEMICAL PIlOPERTlE8 AND TESTS 

3. CIte",I .. ' Com_Ilion. The slC1:1ahall conforln to the following 
requirementa as to chemical oolUl>Ol!ilion: 

S ..... ":: .. "."L S ... IIL 

Carbon... . ... no~ ovm' 0.4.5 l)CI' ccot 
M anganeee. . . 0.70 
! ................. fAdd...... .. 0.05 
·-....... \Ba&Ie..... .. O.o.l 

Sulphur. . . . . . . .... ." 0.0.5 
Nickel . . . . .Dot uDder 3.2.'> 

".?' .~~' g::::: ~ =J.' 
.. " 0.0-1" • 
.. .. 0.03" .. 
.. .. 0 .• .5" •. 

Dot undCT 3.2.5 " .. L-____________________ _ 

" 



CAR-NEOIE ST EEL CO M PANY 

4. lAdle AnIo~ An nnalysis of each melt oOf steel shall be made 
by the Innnufacturcr toO determine the pcrcentages oOf the elements 
I!pc<:ified in Bee. 3. This analy~is allnn be made from 6 test. ingot 
taken during the pouring oOf the melt. The chemical compoaition 
thus determined shall be reported to the purchaser or hi~ represcnta-
tive, and shall conform to the requirements ~peeified in sec. 3. 

5. Ch"" """"- Analyses mny be made by the purduu~er from 
finished material representing each melt. The chemical cOIDpOli ition 
thus determined sball conform to the requirementll specified in ace. 3. 

Ill. PHYSICAL PROPERTrES AND TESTS 

6. Tmaloll Tetta. (0) Tho material 8hall conform to the 
following rcquircmenia as to tensile properties: 

, 

~~ Ril'C4o Stell -..... ....... ......... E1-nu.. ..... "" .... ' ..... , u_ '-'"' 

Tensile 8tren~th, 
lb. pe~ II(I. ncb 0,000-&0,000 85,000-100,000 !l1i'000-11O,000Ioo,000-1~,000 

Yield polnt,~.m~ ".000 lb. per~. "'.000 ".000 62,000 
Elongation In 

8 /nchll8, 1,001),000 1,500,000& l,tiOO,0006 
m./D •• ... = teu.. str. -"'. -"'. 20 

Elonptton in 
2inche-, 
min .• per eeD .. .......... ............ . " 20 

Reduction or!..~ 
mIn .• per cen •• " " '" 
" T_ d. .11DI&Iod opeci ........ d. eyI t.ro all be """, lor iIIt_Uon """,. 
&&.. .... 1, 
~ EIoapti(m IIhaU be ~ in 2 i!,",-

<') The yield point 8hall be dctermined by the drop of tbe 
beam of the teating machine. 

7. ModUI .. Uoftlln E1o"*,,Uau. For plates, shapes and unannealed 
bare over 1 inch in thickness, a deduction of 1 from the I~rcentage 
or elongation specified in eec. 6 (a) 8hall be made fo r each increasc 
of J.1 inch in thicknese above 1 inch, to a minimum of 14 per cent. 

8. Cbarader of Fradare. All broken tension-teat llpecimcnll 8hall 
show either a silky or a very fine granular fracture, of uniform 
color, and free from coarse crystal8. 

•• .... ...... (0) The teat 8pecimen for plates, shapce and 
bars shall bend cold through 180 degrees without cracking Oll the 



A . S. T . /I\.-STI( UCT UR A L N I C K E L STE.E.L 

outside of the bent portion, as follows: For material ~ inch or 
under in thickneB8, around a pin the diamcter of which is equal to 
the thiekncSll of the spedmell; and for material over ~ inch in 
thiekueSll, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(b) T hc test specimen fo r pins and rollers shall bend cold 
through 180 dcgrOOll around a I-inch pin without cracking on the 
outside of the bent por tion. 

(c) The lest specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion . 

10. Drilt Teet.. Punched rivet holes pitched two diametcrs 
from a planed edge shall stand drifting until the diameter is enlarged 
50 per ccnt, without cracking the melaL 

11. Teet S....,lmen •• (a) T ension_and bend-test specimens shall 
be taken from the finished material. Specimens for pins sha!! be 
taken after annealing. 

f 
f'''' Jlbout3 ·.-.... ~ ; ~Pa ... lIclsootion .. 

:m:'fj:l = ~ 
f------ ~" l ' .':"'te. ':'1h 
: 8 ' 

1----.... -- -.---. ---.-.... -.. ' .. 18 ' .--- ------ ... -.---- ••. ~ 
FIGURE 1. 

(b) Tension-and bend-test specimens for plates, shapes and 
bars, except 88 specified in par. (c ), shall be of the full thickness 
of material 88 rolled. They may be machined to the form and 
dimensions shown in fig. 1, or wilh both edges parallel; except 
that bend-test specimens shall not be less than 2 inches in widt h, 
and that bend-test specimens for eye-bar flats may have three 
rolled sides. 

(c) Tension-and bend-teat spceimens for plates and bars (except 
eye-bar flats) O\'er 1 Y2 inch in thickncB8 or diameter may be 
machined to a thickness or diameter of at least ~ inch for a. length 
of at least 9 inches. 

(d) Thc axis of tension-and bend-test specimens for pins and 
rollers shall be 1 inch from the surface and parallel to the axis of 
the bar. Tension-test specimens shall conform to the dimensions 

" 



CARNEO IE STEEL COMPANY 

ehol\'D in fig. Z. The ends shall be of a form to fit the holdeTIJ of 
the tcBtingmachine in Bue h a way that the lood Bllall be !udal. Bend­
test apecimens shall be 1 by M inch ill 8Cetion. 

(Ill) Tension-and bend-lest specimens for rivet steel shall be of 
the full-eize &eetion of bars a.8 rolled. 

12. N .. ,ba of T.... (0) One tension-and one bend tcst IIhall 
be made from each melt; except that if material from one melt 
diffeTIJ ~" inch or more in thicknC8ll, one teusion-and one bend telt 
IIhali be made from both tbe thickelt and the thinnest material 
rolled. 

(b) If any test llpeeimen shows defective machining or develops 
l1awlI, it may be di8carded and another specimen substituted . 

.. ···· ·2"· 

;JrT"~·; J 
L ____ ~ 2'G~lcn&'th ..... ~ L ___ _ 

NOTE:-The ..... le ..... h. po. .. II~1 »OrtJon •• nd fillet. .hall ...... 
• how ... b"t the end ..... ,. .... of •• , lor .... .Ioich .. JL1 lit t ... 
holcLen . f tb .... U .... ..achille. 

FIOURE 2. 

(e) If tbe percentage of elongation of any ten8ion-tC8t specimen 
ill lC811 than that specified in Be<:. 6 (a) and any Ilart. of the fracture 
is more than ~.:&' inch from the eent('r of the gage length of a 
Z-inch specimen or is oubide the middle third of the gage leugth 
of an S-inch specimen. lUI indicated by scribe scratches marked on 
the specimen before teating, a retest shall be allowed. 

IV. PER:\USSlBU; VARIATIONS I ~ WEIGHT AND TlIICKNEfI~ 

J 3. Pennia(bIa Va.J_tJOII.. The eroll8-tJCetion or weight of each 
piece of steel shall 1l0~ vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible ,·arialions. One cubic inch 
of rolled steel is 888umed to weigh 0.2833 pound. 

(a) Wben. Ordered 10 We",bt Pft' &loare Foot.-

The ...... eight of eo.ch lott in each shipment shall not vary rrom the 
weight ordered morc than the amount given in Table I. 

lThe lena "lot" opplled 10 Table I __ all <:J the plaia <:J _b """I' mill &Dd. poIIl' ".qIIt. 

" 



A. S. T . foI .-ST R,UCTU R A L NI C K EL STEEL 

TA OL E I.-I'ERM ISSI ULE V AR IA TIONS OF I'LATE!! 
ORDEltED TO WE IGHT -r .......... h .... T1OlOII '" ARlUa. W....,.. 

... ijQt· .... )"oar 01' 1'1.1: •• _ W, ....... G".I<.~ 
Eo-.- 'II ~ .. o .. 01' 0........ W-ft 

""""" "Ia. 1 eo .... 
, 

WeiPt. if"'- &4"'- 1110 .... 1 108 .... ' 120"'- ,n~ ....... "- • • to to to to to 
~ t8i .. eoil. n ,. M ,.. M tlL lOS tlL 120.... 132 ID. or 

8q .... )"ool ad. ~, ~,. -, "' ~" I -' = 

----j~! 
~ 

-I . ~ i ,~e , i I: ~ i , ~ ~~IL ll:::!ll,=,~, , 6::: !i"iL 
l ' ndcr 5 , , "" " ... 11 , .. , 

'" 7.~ ""c!. ~.~3 (; ;a 563 n 3 ......... . ..... , . .. 
1.5 to 10 .. , , 4.5a ,5 ;J :5.u3 6 .a 7 S ~ .•• 1 .• 

'" to 12.:; .. 3.62. 4 ~ -/0.63 ,6 3 6.[,3 6 7 8 3 .. 3 
12.5 to II. .. 3 , :M~.6-1 F.I 4.63 6 .a 6. 6 7 ~ 8 , 
" to 17.~ .. 2.62 :t .63.62.1'>4 3 4.53 6 ,3 5.53 n , " 

17.5 to 20 .. 2.62 2t.2.63 ~.53.6lU4 3 4.63 6 3 5.63 ~.6§ ,. to 2;, .. , , 2 .6~ 2./1 '5i~ 2.63.52.54 3 4.6~ S 3 
25 to 30 " , , 2 :.1 : 2.5~ 2.52.63 2.5(63 4.5~. 4.63 , . 
'" 1040 " , 3 2 2 12 2.lil~ 12.52.63 ~. 3.53 4 3 4.53 
40 or OH"" .. .. . 2 , 2 12 2 2 2.52 2.52.6.3 .6.3.63 . ~ 

----
NOTI--Tho wftcb~ J)fr lQ'OaN f(lOl. of IlIdi.-\dual ~1eI oball DOt 1V)' f",., the ord<nd 

.~t by ""'''' 1Iu.~ 1"- ti" .. the IlIIo\1I'!CivtD in Ihio able. 
(b) Wb~n Ordt l'td 10 Th lck_:-

T he thickncSII of each Illatc shall not vary morc than 0.01 inch 
undcr that ordercd. 

The ovcrweight or each lot' ill each shipment shall not exceed the 
amount given in Table I I. 

T AU b E IL- I'ERM ISSIBL E OVEUW EI O U TS OF P LATES 
O HO E n y.D TO T III CKN ESS 

r--.... ~ 'II A~ ....... l\"aa.TII 
... 80" .... }'oar 01' Pu,. __ w_ On-v. 
E1ft_ III r..c..'IT~G" 01' SO><I>UL W.IIOIITI 

"""' -----, ... ~ .. ~o. no. u .. ."- 108 ia. 120ia. 132m. u ... • • • • • • IJ'iL ! or " .. ~ .. j"til. NO. .-- I(IS" I:!O iL 
M. od. -, M. od. - ,. "~ = 

f--- -- - I-- , --
1,;ndcr~. • • '" " " .... .... .... 
U to '10. ClIcl . • , W " .. . ... .... . ... 

_1.0 \. :: • 
, 8 • W " .... .... ., 10';u , 7 8 , W " " .. I " ~. ~~ i- " , 0 , 8 , W " " " " .. .. , , • , 8 , W " " ~'.to 

.. • U , 0 , 8 , W " ~ ,. " '" • U , • , 8 , n .. 
~ 10 • 

.. , 3.6 • .., , • , 8 , 
", to I " " '" 

, 3.5 • .. , , • ; I 
8 

1 or over. ... ,., , .. , 3.5 • .., , , 
In.. \fflII, ,·Iot" oppIied 10 TlbI$ lI "",*",&11 of tho plalelof ..,., croup ..-id\b &1Id crouP tlUck_ . .. 



CA~NEOII! STEeL COMPANY 

V. FINISH 

14. Ft.. The finished malerial ahall be free from injurious 
defects and ahal! have a workmanlike finish. 

VI. MARKING 

15. M.rkl..... The name or brand ,.,f the manufacturer and the 
mell. number shall be legibly Itamped or rolled on all finished 
material, except that rivet and lattice bars and other email acctiona 
shall, wh('n loaded for shipment, be properly &eparated and marked 
for id('ntifieation. The identification marks shall be legibly 
stamped on the end of each pin and rol!('r. The mdt number 
shall be legibly marked, by stamping if IJraetieable, on each teBt 
specimen. 

Vll. INSPEOTION AND RE.JEOTIGN 

16. IniDedloli. The inspector reprceentillg the purchlUlCr shan 
have frcc entry, at all times while work on the coutract of the 
pureha&Cr i8 being performed, to all parl8 of the manufacturer's 
worb which concern the manufacture of the material ordered. 
The manufacturer ahall afford the inspector, free of cost, all reason· 
able fac ilit ies to satisfy . him that the material is being furniahed 
in accordance with thC8C specifications. All t('818 (except check 
analysca) and inllpection shall be made at the place of manufacture 
prior to shipment, unletll otherwise specified, and shall be &0 con· 
ducled as not to interfere unnecesaarily with the operation of the 
works . 

. 17. RejerUoIi. (a) Unletll otherwise specified, any rejection 
ba8Cd 011 tests made in accordance with &cc . 5 shall be reported 
within five working days from the receipt of samplCfl. 

(b) 1olateria.i whieh shows injurious defects subsequent to its 
aCCelJtallce at the manufacturer's works will be rejected, and tbe 
manufacturer sball be notified. 

18. R<!1I .. riq. Samples teated in accordance with Il00. 5, wbicb 
repl'C6Cnt rejected material , shall be pre&erved for two weeke from 
the date of tbe teat report. In Ca/le of di8f!alisfaction witb tbe 
l"C8ults of the teets, the manufacturer may make claim for a re­
hearing within tbat time. 



A. S. T. ,\t.-STR UCTURAI.. N I CKEl.. STEEL 

VIlt. PULL-SI ZE TESTS 

19. T .. t of EJ'_ Ban. (a) Full'lite tCllts of annealed eye ban 
shall confonn to the following requirements as to tensile propcrliea: 

Tensile 'u1mgtb ............... Ib. per~. Inch 85.000-100.000 
Yield pOint, miD .•••....••.•.. Ib. per It(l. IDeb 48.000 
Elonglllion In 18 It., Dlln ••••••....... per cent 10 
noduetlon or area. min.......... . ... per cellt 30 

(b) The yield point shall be determined by the halt of the 
gage of the testing machine. 

If 



,AMERICAN SOCiETY FOn. TESTING MATERIALS 

PUI I.o,l.DEI.PUI,I., PA., U. II. A • 

.... ,L, .. T"" W'TII. Til.. 

INTERNATIONAL AS.<;OCTATIO" FOR Tt;STING MATERlAr.8 

STANDARD SPECIFICATIONS 

••• 
• STRUCTURAL STEEL FOR BUILDINGS 

St:RI AL DEIlION,l.TION; A9·1G. 

Theeo apeclflcaUons are is'lUoo under tile bed deslgn&tion A 9; tbe IlnBI 
number Indicates th", yCBr of orlginal iSJIu", or, In the caae of revIsion, tbe 
)'e.&r of last revision. 

ADO,T"n, U,IO I ; n"VI UD. 1909, 1913. 1914, 1911l. 

NOT>: Ano, ... "o J .. ,." 2(;, WIS. 

III ,·io .. <Jl tho abDo..",.j diHiouity ill obtaini", .... teri&lo ill time 01 ..... , the rejoctlon IimiL.l 
lor Sulphur ill aII.teoIo aod for i'b0lJ)iloru.. in ocid lletJ. ohaU be niaed 0.01 per oonl ~ the 
.. tl_lIi""" ill th_ S .... itio.tio... Thill ohtll be eft'«ti,-e dun", tho period at tho ..... oM 
until otbenrial ordertd by \he Society. 

I. MANUFACTURE 

1. Pr--. (a) Structural steel, except as noted in par. (b), 
Ulay be made by the bessemer-Qr the open·hearth proeess. 

(b) Rivet steel, and steel for plate" or anglell over ~ inch in 
thickue8l! which are to be punched, Hhall be made by the open­
hearth proceHH. 

U. CHEMICAL P ROPEUTIES AND T EST S 

2. Chtml .. t Co ml>'Milion • . T he stecl IIhal1 conform to the following 
requirementll 8.8 to chemical composition: 

Pbosphor us {
Bogwmer ... 

Open-hearth 

'Sulphur,." .••••• •.•• , , 

ST""C"'''.AL STIOICL 
not Over 0. 10 per cent 

0.00 not over 0.00 per cent 
0.Q.l5 .. 



A. S. T. ,\t.-STRUCTURAL STIlEI. FOR. BUII.DlNQS 

3. t.dle AAa~ An analysis of each melt of steel shall be made 
by the manufacturer to detennine the r~ereenlages of elirhOD, 
ItIll.nganetJe, phosphorus Rnd sulphur. This rmulysis shall be made 
from a test ingot taken during the pouring of the melt. The chcmicIII 
composition thUlJ determined shall be reported to the purehnscr or 
his representative, and shall conform to the requiremcnta specified 
in~. 2. 

4. Cloed: AD&~ AnalyllC3 may be made by the purchWK'r frolll 
finished material representing each melt. The phOl!phorus and 
sulphur content thus determined shall not execOO that specified in 
see. 2 by mOrl) than 25 poer cent. 

III. PIlY910AL PROPERTtKS AND TESTS 

5, Tn.io .. Teo..... (0) The material IIhall conform to the 
foll~\\'ing requirements all to tensile properties: 

l'ropert.ioo c-icImd Struowr..1 &oel 

'rcn~H6 Htn)ngth. . ...... Ib. pur *1 Inc~ a5.~,OOO 
YIeld p<>lnl, mIn. . • Ib IICf *1. Inc 0 (; (.(lllll. IIlr 

f:lollllallotl In 8 InchCli. min . per cen .!,",OO.()()()o, 
kl .... Ilt 

glonaatlon In 2 InchN. min .. ... per cent z:I 

4(}:()()()-6(l.OOO 

0.1i klllll. Itr. 
1.400·009 
«:0... air. 

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

G. Dlodificatio ... In £10 .... 110". (a) leor structural steel over ~ 
inch in thieknC&/l, a deduction of 1 from the percentage of ciong&tion 
in 8 inches specified in ICC. 5 (a) shall be made for each increase 
of .li inch in thickncu abovc ~ inch to a minimum of 18 per cent. 

(b) l-'or structural etC(!1 under *a inch in thieknCflll, a deduction 
of 2.5 from the p('fcentage of elongation in 8 inches specified in 
sec. ,'j (a) shall be made fo r cach dcereaae of Via inch in thicknC811 
below ~6 inch. 

7. ~d T~"'... (a) The test specimen for plates, shapes and 
bars, except 11.3 Rpt'eifie<i ill par. (b) and (e), shall bend cold through 
180 degrees without cracking on the outside of the bent portion, 
lUI follo ..... s: For material ~ inch or under in thicknCflll, Bat on 
itself; for material over ~ inch to and including 1!4 inch in thick· 
nco, around a I~in the diameter of which is equal to the tbicknclI8 
of tho soccimen; and for matcrial over 1'4 inch in thicknCl!8, around 

" 



CARN EQIE STEEL COMPANY 

0. pin the diameter of which is equal to twice the thickness of the 
lIj)ecimcn. 

'(b) The tCllt specimen for pins, rollers and other bars, when 
prepared as llpecificd in sec. 8 (e), shall bend cold through 180 
degrees around a I-inch pin Witllout cracking on the outside of the 
bent portion . 

• (c) The test spedmen for rivet steel shall bend cold tllfough 
ISO degrees flat on itself without cracking on the outside of the 
bent portion. 

S. Teot Spec;m...... (a) Tension-and bend-tCllt specimens shall 
be taken from rolled alecl in the condition in which it comes from 
the rolls, exeept as apeeified in par. (b). 

(b) Tension-nnd bend·test specimens for pins nnd rollers shall 
be taken from the fin ishl>d bars, alter annealing when annealing 
is specified. 

I , 
-.-. .e ,P"nll~1 '>C<:tio~ 

. not leal than It i , 

c------'---____ ---'--~. -c:'~ :J~L---'--~'= ~ I 
s' ., 

18' -" ...... ~ 

F JClulI.& 1. 

(0) Tension-and bend-test spccimens for platCII, shapes and 
bars, except as specified in par. (d), (e) and (j), shall be of the full 
thickness of material as rolled; and may be machined to the form 
nnd dimensions shown in fig. 1, or with both edges parallel. 

(d) Tension·and bend-test spccimenll. for plates over 1 ~ inch 
in thickncss may be machined to a thickneea or diameter of at leaat 
~4 inch for a length of at least {) inches. 

(6) Tension-test specimenll for pins, rollcrs and bars over 1 %: 
inch in thickness or diameter may conform to the dimensions 
shown in fig. 2. In this case tbe ends shall be of a form to fi t the 
holders of the testing machine in such a way that t he load shall bo 
axial. Bend·test specimens may be 1 by ~ inch in section. The 
axis of the specimens shall be located at any point mid way between 
the center and surface and shall be parallel to tbe axis of the bar. 

20 



A. S. T. '\\.~STR.UCTUR.AL STEEL FOR. BU ILDI NOS 

(J) Tenaion-and bend-le8t apecimena lor rivet atcel shall be 
of the full-e.ize section of baI'll as rolled. 

9. s .... ba- of T..... (a) One tenaion-and one bend teet shall be 
made from each melt; except that if material from one ruch diffeI'll 
U inch or more in thickneea, one tellsion-and one bend teet ahall be 
made from both t he thickest and the thinnest material rolled. 

(b) If any teet specimen ehowe defcct ive machining or dcvelop.!! 
Hall'e, it may be dilJCarded and another "pedmen "ubetituted. 

(c) If the percentage of elongation of any tcn"ion-teat specimen 
is lCM than that specified in IJC<:. 5 (a) and any part of the fracture 
is more than ~ inch from the ttntcr of the gage length of a 2-inch 
llpecimcn or is outside the middle third of the gage length of an 
8-iuch specimen, &/I indicated by acribe &eratchee marked on the 
lpedmeo beCore teating, a retest "hall be allowed . 

• ·· ........ · .. 2\;· ....... "; 

01-(""'; J 
L ____ ~ 2'G,""" Ien/l'th L ____ -' 

SOT£:--Th • ...., 1~1IJ't1l. p&rall~1 POrtloo ...... anet. .hall be •• 
• 100 ...... ft' the u.s. ." be of """ fo •• w~lch ... iII II, the 
100"" of Ooc _I,.. _k1ae. 

FIGURE 2. 

IV. PEIlMISSIDLE VARIATIONS I N WEIGHT AND TmOI{NESS 

10. PlI. mluible".rlatlo .... The CrOfllHK'etion or weight of each 
piece of IItcei shall not vary more than 2.5 per cent from that 
lpacified; except in thc case of sheared plates, which IIha.ll be covered 
by the (olloll,ing permissiblo variationfl. One cubic inch of rolled 
ated is lUlSumed to weigh 0.2833 pound. 

(0) Wile .. 0.-.1"'" to W~U per aq ...... Foot:--

The weight of each lot1 in each shipment shall not vary from the 
weight ordered more than the nmount given in Table I. 

, 



____ --'CCAC.: 'C·:' :OII!. STeEL CO,\IPANY 

TABLE I.-PERM I SS IBLE VARIATI ONS OF PLATES 
QROEIUm TO WEIO UT 

""""' w'c ...... ' ~ ~8," GOiII nlll. &liD. i(I;n. l08iL 120m. 132 In . 
. ou U IIder to to 10 10 to to to or 

-u-",,-"-~---:-'·~-. --. -.II,,:~'! ,~~~! ,;;; :;;; I~ I~ :1'; ~. 
(; to 7.1i cltd. 4.53 15 <I la.63 0.. .. .. 
7.5 W 10 " ,,:I 1",b3 ,{i .1 6.[;;1 6 :I 7 3" 8, ~ ," ~ .. ," .,' 

10 to 12.;; " 3.1>2.5":1 4.63 I> ;l 15.(;3 6:1 ... ... " 
12 . .5 to 15 " 3 2.53.1>2.54 :I 4.53 (; :I 1i.53 6 :I 7 :I 8 :I 
16 to17.5 ,- 2.52.53 2.53.6:l.t.4 i3 4.53 5 :I S.!>:! 6 :I 7 :I 
17.lito20 " 2.52 2.52.53 26:1.626" :I 453 .5 3 'IU:'3 6 :I 
20 to 2,'1 .• 2 2 2.5212.52.513 12.5,8.1;2. 4':1 4.1>3 .5 :I M.3 

30 to 4() .. 2 '2 2 2 2 2.62 2.52,/;3 25'3.53 " 3 4.:'3 
2.~ to all " 2 2 2 2 2._5~2 2.62.6

1

3 2.513.53 " :I 4l>3 /) :I 

'1O or over. :.= ,2 2 '2 2 2 12 2.52 12.52:5,3 2.53.,,3 .1 :I 

(b) When Qrd.,..... to Th.lckn .... :-

The lltil;kJIC83 of each plate ehall not vnry more than 0.01 inch 
under that ordered. 

The overweight 01 each lot' in cl!.Ch !Shipment shall not exceed 
the ILIIIOI.ll1t given in Table U. 

TAIlL& 1I.-PEUM1 SS IBLE OVERWEiGHTS OF I'L,\TES 
ORDEUED TO THICKNESS 

"""" ....... Ex~ III Ay ..... G. W~ 
P .. s.wu. ~'DOT O. , ...... ..,. WlIm" (;Iy ..... 
F.s...-o 11< f'l1ICMT~O" O. NOliIllIAL W.IO .... 

45 iD. 
UDd.. to 
48;". IIO;D. -,. 

nino 

" 84 iD. 
~, 

" 

84l8, 

" \III iD. 
~, 

108 iD. 

" 12OiD. 
.. 01. 

120 ill. 

" 132 in. .... • 

, 



A. S. T. M.-STRUCTUR,A L. STEE L. FOR, BUIL.DI NOS 

v. .'INISa 

11. Jo' lnl.h. The finished material shall be free from injurious 
defects s.nd shsll have a work'nanlike finish. 

\"1. MARKING 

12. Markin.. The Dame or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all flllished 
material, except thnt rivet and lattice bars and other small sections 
~hall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shal1 be 
legibly marked, .by stamping, if pmctiea.ble, on each test specimen. 

VII. I NSPEOTION AND REJEOTI ON 

13. l ""pectioD. The inspector representing the purchaser shall 
hs.ve free entry, at all t imes while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufs.eture of the mnterial ordcred. 
The manufacturer shall afford the inspector, free of cost, all reuon· 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inepection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be eo con· 
dueted as not to interfere unneee8llariiy with the operation of the 
worke. 

14. Ro,Jectlon. (I) Unlcsa otherwisc specified, any rejection 
based on teets made in accordance with see. 4 shall be reported 
within five working days from the receipt of samples. 

(b) ~ I aterial which shows injurious defects subsequent to its 
acceptance at thc manufs.eturer's works will bc rejected, and the 
manufacturer shall be notified. 

15. Ro,b .. riD.. Samples tested in accorda.nee with sec. 4, which 
represent rejected material, shall be preserved for tv.'o weeks from 
the date of the test report. 1n case of di8!!atisfactioll with the 
results of the tests, the manufacturer may make claim for a re­
hearing within that time. 

----~ 



CARNEO I E STEEl.. COMPANY 

AMERICAK SOCIETY FOR TESTI NG i\!ATERIALS 

PHIL,l.D!':LPlll,l., 1',1.., U. S •. \. 

,,""'I-IATED "'ITH THE 

I NTl::IIN,l.TION,l.L A SSOCIATION '-Olt TF.STlNO i\!,I.TI::ItIAJ,S 

STANDARD SPECIFICATIONS 

BILLET STEEL 

CONCRETE REINFORCEl"lEN'l' BARS 

SF.ItI ,l.L D gSIO.'UTION: Al5-l4. 

Tbem 8poclflClltLon~ ''''0 l.uOO under the tlxOO designation A 15; tbe finaL 
n umber Indh:at<ls the year 0' original Issue or. In the case Of revtslon, the 
year or last revtsion. 

ADOPT"D. Hill; n"V'~E". 11HZ. H1l3. H1l4. 

NOT" ADOPT"!) J u"i 26, 19t5. 

In ...... 0/ lhe ab_L dilli""l\y in oblainill;i: mat.rialt in li_ or ...... the '*",lio" Limi .. 
I"" Sulphur in .n .l<elo."" for Pboopboru. in .dd ..... 10 obalL be n.i8ed 0.01 per ... nt abo,e I~e 
nb .. ci<en;n u.... Spcei&,.uo.... TIl;' .. alL be etr",u,.., dun", the p<riod 0/ the .. .,. .00:1 
unul otM .... ;"., ord.1'!od br tho So."ly. 

1. M.t .... i.1 Co ... ~. (a) These specifications cover three cllIolJIlCl!l 

of billet stedoonerete reinforcement bal1l, namely: plain, deformed 
and cold-twisted . 

(b) Plain and deformed bal1l arc of three grades, namely : 
structural sted, intermediate and hard. 

2. lJqi. of Pnn;h.- (a) The structuml steel grade shall be 
used unlC118 otherwise specified . 

(b) If desired, cold-twisted bal1l may be purchased on the 
baaia of tests of the hot-rolled bars before twisting, in which cSlle 
such tCl!ts shall govern and shall conform to t he requirements 
8pecified for plain bars of structural 8teel grade. 

I. MANUFACTURE 

3. ~. (a) The stool may be made by the be86Cmer-or 
the open-hearth prOee88. 



A. S. T. j\\.-(;ONCRETE REINFORCEMENT BARS 

(b) The bars shall be rolled from new billete. No rerolled 
materia~ will be accepted. 

4. COld.t ... lIt .... na... Cold-twisted bars shall be twisted cold 
with olle complete twist ill a length not over 12 timeH the thicknC$.ll 
of the bar. 

11. CHEMICAL PROPERTIES AND TESTS 

5. Ch~m;eal ComPO'lltioo. T he stecl shall conform to the followiog 
requircmeots as to chemica! composition; 

PhOltPhOru!l{Bessemcr .................. Dot OvCr 0.10 per ceDt 
Open-hearth... .....•.. . . "0.05 ,. 

6. Loodle AnalnN. An an:l.lysis of each melt of Hteel shall be made 
by the manufacturer to detennine the pcreentngc!1I of carbon, 
mangn.nC8(), phosphorus and sulphur. Thill analysis sh:l.1l be m:l.de 
from a tCl>t ingot taken during the pouring of the melt. The chemical 
composition thus detennined shnll be reported to the purchru>cr or 
his rcprcscntntivc, and shall conform to the requirements specified 
in aec. 5. 

7. Check AnaJy-. Analyses may be made by the purchaser from 
finished bars representing each melt of open-hearth steel, and ench 
melt, or lot of ten tons, of bessemer steel. The phosphorus eootent 
thull determined shall not exceed that specified in.aec. 5 by more than 
25 per cent. 

m. PHYSICAL PROPERTIES AN D TESTS 

8. Ten. ion Ta ta. (a) The bars shall conform to the following 
requiremcnts as to tensile properties; 

TflNSILfl PIWl'ERT IES 

- - ---_ .... 
CoH_ 

·s~1 Inte.- llud s."",tu .. 1- In~ I lion! \B~ 
J:f.. I "W~~ Grade J::" I G'~ Grad. 

~~--~+~+~-+---~--
T~le~b M~ iO~ SO.!»J M~ 70~ SO,OO) Il<o:utIed 

per 1<1. ' ''''1 ,0,00) SS,OOO IIIln. 70,000 SS,OOO !DIn. <Jl>ly 
\"itld point. lIIin .• 

Ib. per 1<1. inch 33,000 «I,OOl 50.000 33.00l 4O,OOl SO,OOl 

~o~Wmin I I 
8 inebee. m;n .. I.400~ 1.3(l(l.~ 1.200.000.. USO,ooo., 1.12S.000..~ 1' .. IXXl.ooo.. 

per _I Ie .... . 1<. tena. tit. \<tlI..ttr. 1ftIa..ttr. W>&. ot.. -III<. i 
I I " 

oo,OOl 

• 

'"__ ________________ ..J. 



CAR.NEGIE STEEL COMPANY 

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

D. Modifications in Elongation. (a) For plain and deformed bars 
over '%: inch in thickness or diameter, a deduction of 1 from the 
percentages of elongation specified in sec. 8 (a) shall be made for 
each increase of Va inch in thickness or diameter above %: inch. 

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

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

BEND ~EST REQUIREMENTS 

Thickness Plain Bars Deformed Bars 
or 

Diameter 
Structural'! Inter- Structural- Inter-of 

Steel mediate Hard Steel mediate Hard 
Bar 

Grade Grade Grade 
Grade Grade Grade 

--- ---
Under % inch 180 deg. 180 deg. 180 deg. 180 deg. 180 deg. 180 deg. 

d=t d=2t d=3t d=t d=3t d=4t 
% inch 

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

EXPLANATORY NOTE: d = the d,ameter of pm about whICh the speCImen IS bent; 
t = the thickness or diameter of the specimen. 

Cold-
twisted 

Bars 

---
ISO deg. 
d=2t. 

180 deg. 
d=3t 

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

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

12. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt of open-hearth steel, and from each melt, 
or lot of ten tons, of bessemer steel; except that if material from 
one melt differs % inch or more in thickness or diameter, one 
tension-and one bend test shall be made from both the thickest 
and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 
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(e) If the percentage of elongation of any tension-teat specimen 
is less than tha~ specified in scc. 8 (a) and any part of the fracture 
is outside t he middle third of t he gage length, aa indicated by 
8(; ribe scratches marked 011 the IlpCCilncn before tesling, a retest 
shall be allowed. 

I V. PERMISSIBLE VARIATIONS I N WEIGUT 

13. P~rmluibl~ V.dado..... The weight of any lot. of bars shall not 
vary more than 5 per cent from the theoretical weight of that lot. 

V. F I NHIB 

14. Fi"le.h. The finished bars shall be free from injurious defects 
and shall have a workmanlike finish. 

VI. INSPECTION AND REJ EOT ION 

15. ' ... a-tloll. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaaer is being perf~rmed, to all parts of the manufacturcr's 
works which concern the 'manufacture of the bars ordered. The 
manufact.urer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the \JarB arc being furnished in accord­
ance with theBe specifications. All tests (except check analyS<!s) 
and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be 80 conducted 
as not to interfere unnecessarily with the operation of the works. 

16. Ro!Jee1lon. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with &Cc. 7 shall be reported 
within five working days from thc receipt of sa.mples. 

(b) Dara whieh show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

17. Reh .. rin •. Samples tested in accordance with sec. 7, which 
rcpresent rejected bal'!!, shall be preserved for two weeks from the 
date of the test report. 1n CfLBC of dissatisfaction with the rcsults 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 

• 
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CAI{NEG IB STEEl. CO MPA N Y 

Al\1EIUCAN SOCIETY FOR T ESTING MAT ERIALS 

PHILADELPHIA, PA., O. S. A. 

I NTERNATIOXAL A SSOCIATION FOR T.:STI NO i\ I ATERIALS 

ST ANDARD SPECIFICATIONS 

.,. 
STRUCTURAL STEEL I'OR SHI PS 

SEHiAL DESiGNATION: AI2·16. 

' r hCOJO IpoclRcatlons"re iMuoo under the fixed dOlllgnatlon A 12; tho ODa.1 
number Indlca.t"" tho yoa.r of original I""uo or, In the case or reviSion. the 
)'C&I' or last revision. 

A DOPT~D, 1001; REnno, 1009, 1913, llH4, 1916, 

NOT~ ADOPTED J u "" 26, 1918. 

In vie. 01 the ~I<lifficully in obtoi!ltog "",lemil in lime 01 war, llIe ~jeo:ti«I Umilt 
10. Sulpbu. in . 1I . 1eei1 and 10. l'ba.pI:Jorua in &rid "",,"iI .,&11 be r&ited (1.01 po. ~Dt abon llIe 
nh.e. ,i,en in U- Spo.:i1ie.tio.... Thi . .. &II be eft' toetive du"", the period 01 the .... . 11<1 
until ollie .... ,., ml.,ed by tbe &dot)'. 

I. MANUFAC'l'Ul{E 

1. p--., The stcel shall bc made by the open-henrt.h proce\!.8. 

I I. CUE"'IIC.H ... PRO P ERTl.ES AND TES1'S 

2. Ch~ml .,.l eo",pooi lion. The steel shall confortn to the following 
requirements as to chemical composition: 

I'hOSI}horus(Acld .. , •. "" ............. not overO.OO por CCDt 
lJaslc ..... ,. , "",. ,. 0.04 " 

Sulphu~ . ..... . ....... '" ,. 0.05 " 

3, Ladle Ana1y.... An analysis of eHoeh melt of steel shall be made 
by the manufacturer to determine the pereentagcs of carbon , 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined sha.ll be reported to thc purchaser or 
bis representative, and sha.ll conform to the requiremcnts specified 
in sec. 2. 

• " 
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4. Ch,..,k Allal,._ Analyses may be made by the purchaacr from 
finished material representing each melt. The phosphorus and 
sulphur content t hus determined shall not exceed that spccified in 
sec. 2. by more than 25 per ccnt. 

IIi . PUYSICAL PROPERT IES AND 'r ESTS 

5. Tell .lon T..,ta. (a) The matcrial shall conform to the 
follow ing requirements 8.8 to tensile properties: 

Tensile strength ............•••. lb. P<lr $(1. Ineb as.OClO--68.000 

Yield point. min .. . ....... lb. l)oCr sq. Inch 0.5 tellll. str. 

Elongation In 8 Incbos. min ............ P<lr cent 
s..ec .... G. 

(b) The yield point ahall be determined by the drop of the 
beam of the tcsting machine. 

I 
About 3' , .,.~ : rrlU"al~I_~Mn. 

~ . not leu than 9': 

~I ': . -: ~ +t : = .~ 
L __ ... __ ._.......... ~~~ .. I : l~:·::~: -.. _.' __ -__ -_-__ -_-.. -... -_-_-__ ~. 

F IOURt,; 1. 

6. ModiB .. Uo"," In EIOllptio n, (a) For material over ~ ineh 
in thickness; a dcduction of 1 from thc IICreenlage of elongation 
specified in ace, 5 (a) ahall be made for each increase of % inch 
in thickness above U inch, to II. minimum of 18 per cent. 

(b) l~or material Y.I inch or under in thickness, the elongation 
shall be measured Oil II. gage length of 2'1 times the thickness of 
the specimen. 

7. Bend TNt.. The teet epccimcn shall bend cold through 180 
degrees without cracking on the outside of the bent portion, 8.8 

follows: For material ~ inch or under in thickness, around 8. 

pin the diametcr of which is equal to thc thickness of the specimen; 
for matcrial oyer ~ inch to and including 1 J.4 inch in thickness, 
around a pin the diameter of I\'hich is equal to 1 J1 times the thick­
!less of the epecimen; and for material over 1 J.4 inch in thickncse, 
around a pin the dia.metcr of which is equal to twice the thicknC88 
of tbe spccimen. 
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8. Tett Sl*iorw..... (a) Tension-a.nd bend-lest spe<:imenl Iball 
be taken from tbe finilhed rolled material, and Ihallnot be anncall'd 
or otherwiee treated, except fill apeeified in par. (b). 

(b) Tel18ion_and bcnd-tcet specimens for material \\hich il 
ta be annealed or otherwise treated before UEe, shall be cut from 
properly. annealed or similarly treated short lengths of the full 
seetion of the piece. 

(e) Tene.iou-and bend-test Bpeeimene, except as apecificd in 
par. (d), shall be of the full thicknClle of material as rolled; and 
may be machined t.o thc form and dimensionl shown in fig. I, or 
with both edges parallel. 

(d) Tension-And bend-test apecimenl for plates and bani over 
I~ in~h in thickne$:l or diameter mlly be machined to a thicknCflll 
or diameter of at least ~" inch for a length of at ICflllt 9 inches. 

9. Nu .. berofTfII ..... (0) One tension-and one bend teat shall 
be made from each melt; except that if material from one melt 
difl'enl ~ inch or more in thicknCllll, onc tension-And one bend test 
shall be made from both the thickest and the thinneHt. material 
rolled. 

(6) If any teat specimen Hhows defective machining or develope 
flawl, it may be di.scarded and another specimen substituted. 

(e) 1£ the percentage of elongation of any tension-test specimen 
Uc IC8ll than that specified in eec. 5 (0) and any IJart of the fracture 
ie outl!ide the middle third of the gage lcngth, fill indicated by 
ecrib~ Sl'ralehC8 marked on the specimen before lCllttng, a retC8~ 

shall be allowed. 

IV. PER:\IISSfOLE VARIATIONS IN W'EIGOT AND TDICKNESS 

10. ~mJ .. JbJ8 Van-tiona. The eroea-eection or weight of each 
piece of steel shall not vary more tllan 2.5 lM!r cent froln that 
Hpeeified; except in the ea.se of e~eared plates, which ahall be 
covered by the following permiaaible variations. One cubic inch 
of rolled steel U tuI!Iumoo to weigh 0.2833 pound. 

(a) WIll,.., Ordu .... to w~ .. ht ptr Square Foot:-

The weight of each loti in each shipment shall not vary from the 
weight ordered moro thnn the tunount given in Table I. 

l The Ierm • '101. ~ o.ppIied 10 T .... I __ .n '" \be plata '" -" poup -.\cllh _ poup ,..1.. 
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'fAIJLE 1.-PERlI.lI SSIOLE VAJUATIONS OF PL.-\TES 
ORD ERED TO WEIG HT 

u_ 
4g ia. 

- - --
I'a>o ...... h .... _ ,~ A ...... G. ll,ucno 

.... SQUQ } 'OO'I' O. P1..tD roo. 9.~ GITC.~ 
~ Ilf i'AcL .... "c_ or Ouaa "' ....... 

, , 
48 ;... eoi .. ;-:~D' I SHu.. ~ .. lOll ia. 1:!O ilL • • • • • • .,,, niL 54 ilL I ~ .. 108m. 1110;'" 132 ia. .... ""- ~L .~ .... ""- - ,. 

':!:tioo. 
• -

1 j l , lf 'f • ~i ' , - , I f 
::-:--::------j! , ~)~.= lk!,- ! ~) ' _! ~ ! ~ l" 
Undl'C'.5 .. .536.f',:J6373 . . 

1'> to 7.5c:<cl. 463 5 '3 66:1 {\ '3 •••• 
7.51010 ·'4.a • . 6;3635.63637j3S3 ' .. o. 

10 to12.5 " 3./I.:l.54;J 4.53 .5 il 5.53 613 7'3 S'3 9.3 
12.5 to 15 .. .3 Vi 3,,2 .. '>4 '3 • . 63 .5 '3 6.5i3 {\ '3 7 3 S .3 
15 to 17.5 " 2.(>2.1\ ,3 12.1:>3.:;,2.64 I:j 4,5~ & I:! 15.l>a (\ ;) 7 :~ 
11.51020 .. 2'5

1

!2 2.52.632.63.5;2 .. 4 m 4. :5 '3 ~.5;1 {\ " 

~ ~ 58 :: ~ ~ :~.5'~ 1 ~:g~·'II~.6~: ~'~ 12: t~· i!63 4.~ g.6jt 
30 10 40 .. 2 2 i ~ 2 2 ;~ H~ 2.N2. 3 UI3.~~ .. ia 4.53 
40 or OVo)C, . 2 :I III 2 12 -'2 2 '12 :1.1;'2 2.5j2.f>!3 12. 3.53 ,4 .3 

Non. The " .... 1 pet "1""" foot oIlndlvldwrJ p1atollhailDOt vort from the Ilrdered nichl 
by """" w.r. I \i; IImao the &n\OUot IPVOII ill uu. table. 

(b) Wheoo Ordered to Tblcklltu:-

The thiekuess of each pluto shull not vary more thun 0.01 inch 
under thut ordered. 

The overweight of ench lot' in each shipment shall not exeeed the 
amount given in Tuble J I. 

TABL E 1i.-PEltM ISSIDLE OVEItWE lo nTS OJ.' PLATES 
OUDEUED TO THICKNESS 

cuc"c~-:.c.-----i ,---

~ 
10 ".e.:cI 8 

• 10 U" 7 
10 ""'. .. 6 

. IO~" 5 
4/0 IO~. .. 4.5 
~4tO~" • 
',Ij to." 3.6 
'110 10 .. 3 
~ , 101'' 2.5 
IOrOvCl"... .. 2.6 

PaM_ .... ~ L. A~G. W-.. 
"" SQ" .... '001" 01' r ...... ~ W,_ Ott""" 
Ez..- III rnc.,.noa 01' NoomuL W ........ 

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

48\a. eo ill. nill. Sfin. 1IIIin. IOSia..: ! :20ia.. _. 
too too too too too too too I ....... 

1010. nin. Sfin. II ... IOSia.. I:!OUo. 132in. co 
-.d. C>(I. -.d. act ad. ad. osel 0_ 

,. 
• , , 
6 , ., 
• 3.5 , ,., 

12 ~ 
10 12 .: :::: .. :: 
II 10 12 
8 \I 10 12 14 16 
7 8 \I 10 12 14 
6 7 8 II 10 12 
56789 10 
4.5567811 
44.5.5678 
3.544.5567 

. io' 

" ,., 
" " , 8 , 

, =':C'C'O'=C',,=~='C",-:;;:;c':::!-=' 
.~ Iorm "\04.~ .wIled too T.LIt H _.u 01 lboplawof...,b JfOI!P ""'III ud vouptbiok_. 

" 
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V. FINISH 

11. Finial!. The finished material shall be free from injurious 
ddecls and shall have a workmanlike finieh. 

VI. MARKING 

12. Markl"c. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material. The melt number shall he legibly stamped on each tcs~ 
sl>ccimen. 

VII. INSPECTION AND REJECTION 

13. Inspedion. The inspector rcprceentiug the PUrchoacf shall 
have fre<l entry, at a ll times while work on the coutract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered . 
The manufacturer shall a fford the inspector, free of cost, an reason­
able facilities to satisfy him that the material is being furnished in 
ucoordanoo with these specifications. All tcsts (except check 
analyscs) and inspection shall be made at. t.he place of manufacture 
prior to shipment, unless otherwise specified, and shall be 80 con­
ducted as not to interfere unnecessarily with the operation of the 
works. 

H. Rejed.lon. (a) Unless otherwiee epecified, any rejection 
based on tcets made in accordance with sec. 4 shall be rcported 
within five working days from the receipt of samplcs. 

(b) Material which shows injurious defects subsequent to ita 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified .. 

15.- Reh .. rI ..... Samples tested in accordance with sec. 4, which 
rcpresent rejected materill,], shsll be prcserved for two wecks Irom 
the date of the teet report. In case of di66atisfaction wi th tho 
rCllulis of the tcei6, the manufacturer may make claim for a re­
hCAring within that time. 
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A. S. T. M._ R I VET STEEL FOR SHIPS 

A~IElUCAN SOCIETY FOR TESTI NG MATERIALS 

PIIILAI)F,.LI'UIA, PA., U, 8. A. 

INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 

STANDARD SPECIFICATIONS 

.0. 
RIVET STEEL FOR SHIPS 

SERIAL DESIGNATION: AI3-H. 

Tbese IpecillcatLOWl are I_lied under tl16lboed ueillllnation A 13; the IIn.l 
Dumber Indicates the yaat' or original Issue or, In tho ea.&e of rm'lslon, the 
rear or last revision. 

ADOPTID, tOOl; Ih:,.,un, tllOil. HI13, U1I4. 

NOT' ADOPTIlD J U"IC 2G. H1I8. 
la ritw 01 Iloe '"'--!d .. II,.I. obtaiaito& .. 1erialo III I;" 01 ..... 0. •• Iiallt 

for Sulplo .. , 'a..u _ .. ....d lor ........ 'aarid _II oIoaJl be"'" 0.01 p'" .... l.t-. 0. 
, ..... cr.ea ia tItae SpfIci6ea....... 'I1Iit tIIalI he d .. ti .. dllrilll: u.. period 01 tit_ war .. d 
..... tilou.em. ordtftd by tile 800:iely. 

A. Requiremenu for Uolled i1ar8. 

I. l\IANUFAOTU I~E 

1. Pr-. The 8teel shall be made by the open .• hearth PI'OCC8ll, 

II. CHEMIOAL PROPERTIES AND TESTS 

2. Oemi"",IOlla_lIloll. The steel shall conform to the follow. 
iog requirement s 88 to chemical composition: 

p J Acid .................... no~ over 0.00 per cent 
hOllPhoru"\n .... le ......... ...... . ., 0 .04 .. 

Sulphur .. .. 0.04.5" 

3. Ladl .. Aa.1:r_ An anslysis of each melt of 8teel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganCllC, phosphort18 and sulphur. This analysis shall be made 
from a test. ingot taken during the pouring or lhe melt. The chemieal 

" 
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composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 2. 

4. Check Analyses. Analyses may. be made by the purchaser from 
finished bars representing each melt. The phosphorus and sulphur 
content thus determined shall not exceed that specified in sec. 2 by 
more than 25 per cent. 

III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tests. (a) The bars shall conform to the following 
r:equirements as to tensile properties: 

Tensile strength ................ lb. per sq. inch 55.000-65,000 

Yield point, min ............... lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min ............ per cent 
See sec. 6. 

1,500,000 
tens. str. 

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

6. Modifications in Elongation. For bars over %: inch in diameter, 
a deduction of 1 from the percentage of elongation specified in 
sec. 5 (a) shall be made for each increase of VB inch in diameter 
above %: inch. 

7. Bend Tests. The test specimen shall bend cold through 180 
degrees flat on itself without cracking on the outside of the bent 
portion. 

8. Test Specimens. Tension-and bend-test specimens shall be of 
the full-size section of bars as rolled. 

9: Number of Tests. (a) Two tension-and two bend tests shall 
be made from each melt, each of which shall conform to the require­
ments specified; except that if bars from one melt differ % inch or 
more in diameter, one tension-and one bend test shall be made from 
both the greatest and the least diameters rolled. 

(b) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 
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IV. PERMISSIBLE VARIATIONS IN GAGE 

10. Permissible Variations. The gage of bars 1 inch or under in 
diameter shall not vary more than 0.01 inch from that specified; 
the gage bars over 1 inch to and including 2 inches in diameter 
shall not vary more than ¥64 inch under nor more than ¥S2 inch over 
that specified. 

V. FINISH 

11. Finish. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

12. Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord­
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall bE< so conducted 
as not to interfere unnecessarily with the operation of the works. 

14. Rejection. (a) Unless otherwise specified, any "rejection 
based on tests made in accordance with sec. 4 shall be "reported 
~'ithin five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Rehearing. Samples tes~ed in accordance with sec. 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, tae manufacturer may make claim for a rehearing 
within that time. 

35 



CARNEalE STEEL COMPANY --
B. R~uirement' lor RireU. 

I. PHYSICAL PROPERTIES AND TESTS 

16. T.t Cutillmte 0' n..llod Ba... A copy of the reeults of tension 
t~ts of the roUed bal'll from which the rivets were made shall be 
furnished for caeh lot of rivets. 

l7. T_loIIT .... If t he t~t ccrtificate required in sec. 16 can· 
not be furnished, the ri\"et~ shall conform to the requirenlellt~ Ill! 

to tensile properties specified in secs. 5 and 6, exccpt that the 
elongation ahaH bc measured on a gagc length lUI great 38 the 
length of the rivet~ tested will permit.. 

18. &lid T .. tt.. The rivct shank shall bend cold through 180 
dcgrees flat on itself, as sholl;n in fig. I, without cracking on the 
ouUiidc of t he bent p-ortioll. 

lJ 
FlOURE 1. FIGURE 2. 

19. F1.U~al ... T .. tt.. The rive~ hcad shall flatten, while hot, to !I. 
diameter 2}i t imC1! the diameter of the shank, as shown in fig. 2, 
"'itnout cracking P,t the edgea. 

20. N ........ ofT.tt.. (0) When required in accordance with 
!lee. l7, OIlC tellsion test shall be made from each size in each lot 
or rivcts offered for inspection. 

(b) Three bend-and tlll~e flattening tests shall be made from 
CIloch size in each lot of rivcts orrered for inspection, each of which 
shall conform to the requirements specified. 

II . WORKMA... ... S UIP A!"O FINIS D 

21. Work ..... blp. The rh'cls shall be true to form, eonecntric, 
snd shall be made in a workmanlike man ner. 

22. Filliall. The finished rh'clI shail be free from injuriou.ll 
defects. 
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I: 
ill. I NSPECTION AN D REJECTION 

23. luptd.lolI. The inspector reprcacliling the purchaacr shaH I 
have free entry. M all times while work on the contract of the 
purchaser is being performed, to all parls of t he manufacturer's 
works which concern the manufacture of t he rivets ordered. The 
manufacturer shall afford the inspector, free of cost, ali reasonable 
facililiea to satisfy him that the rivets are being furnished in accord­
ance with these specifications. All tcets and inspcelion shall be 
made at the pineo of manufacture prior to shipment, unless other­
wil!C specified, and shall be 80 conducted lI.8 not to interfere unnccetl­
aRTily with tho operation of the works. 

2-t lUJedlon. Rivet. which Bhow injurious defects Bub8cqucnt 
to thei r lu:ceplancc at the manufacturer 's works will be rejected, 
and the manufacturer sball be notified. 
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AMERICAN SOCIETY FOR TESTING MATEIUALS 

PHILi\Dl: LPIII A, P.o., U. 8. i\ • 

............. TII" WIT. TIl. 

INTEIINATIONi\L ASSOCIATION VOII TE8TINO MATERIALS 

STANDARD SPECIl'ICATIONS 

STRUCTURAL STEEL FOR CARS 

SERIAL DESIGNATI ON: All·16. 

ThC8(l BI)OCitlCllli(UIlI "I"(lIMUed under tho /b"ed dOlllgnatl("l,A II; tho ao ... 
numbol' Indlca.t.OII tho yau ot origin .. 1 Issoo or. In lho CMII ot revlalon, tbo 
)'ear of last revision. 

NOTII AlIOPTlIlI J ... ,.II 26. 11)18. 

In ..... <l the abnonDaI diftleul17 in obwlOinc ..... Ie ..... ill \i.II>e '" IV. the "'jec:1loa Iimi'-
10< Sulphur in &II 11«10."" lor l'boopIIONII" Mid _10 ""&II be raioed 0.01 per ..... t ~ the 
n1_ " ..... ill u... Spooilieau.-.. TIl;' ""ai, be lIII'eeu.. dan.,. u.. periQd '" u.. IV .Id 
""til oII!tt-riII onIe~ ..,. the Sotioly. 

I. Melftial CoYered. These epeeificatioIUI apply to ehapca, plat.el 
and bars over }i inch in lhicknCflll. 

I. :\1A.. ..... UFACTUUE 

2. p.--. The steel sha!1 bo made by the open.hearth procca. 

II. OHEMIOAL PROPERTIES A.. ..... O TESTS 

3. CIoe_I .. 1 Co __ Itio... The steel eha!1 conform to the following 
requirements 8.8 to chemical composition: 

ST.UC .. " ..... S .. II ....... 11 
P ...... &a po. CO .. lI PII_""O 

Pha.phorua {Add. . . .• not over 0.00 per oeot 
DMle ..... 0.0<1 

UIY"" ST ...... 
DOt ovo. O.(l.I per oeot 

0.04 " 
" 0.M.5" sulphur...... .. ...... .. O.~ .. 

----~--------~ 

" 



A. S. T. I\\.-STRUCTU RAL ST IlI! L FOR CARS 

r-
4 . ...,.- An analyais of each melt of steel shall be made 

by tho ml\Ilwacturer to determine th, percentages of. carbon, 
mangancac, phoephorutl and sulphur. This analyais shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
coml~ition thus determined shall be reported to the purch&.ller or 
his representative, and shall eonlonn to the requirements specified 
in IICC. 3. 

5. Ched .. A .... ~ Analyscs may be made by the purchaser from 
finis hed material representing each melt. The phoBphorutl .. d 
sulphur content thus determined 8hall not exceed t hat specified in ...,. 3 by more than 25 per cent . 

m . PHYSrCAL PROPERTrES AND TESTS 

6. Teuio. Tea .. (a) Th. material shall C<lnform to tho 
(ollol\·ing requirements !IIJ to tensile propertiCfl: 

l'ropertia CooIidmd 
s ........ , Ri.d Plr.IfII tor ... s~, Cold 1''';111 . 

Tcnello I~rcnlflh .... Ib. pOr!Jq. Inch50.~.OO4 5,OOO...oo.()()( 48.(1(10-68,000 
Ylold pol n~. min ... Ib. per!Jq. InCh 0.6 te .... Ur. 0.5 ten... str. 0.5 WlWI. au-. 
EI<KL8aUon In 8 In .• nlin., per oouV 1.500.000 1.500.000 1.500,000 

teDII. air. tcDa. !ltr. leW!. lU'. 

'e. __ 7. --
(b) The yield point shall be determined by tbe drop of the 

beam of the testing machine. 

7. H odllaol lou lD. EIo .... Uoa. (a) Foe material over " inch 
in thicknCS8, a deduction of 1 from the pcroentagc of elongation 
specified in IICC. G (a) shall be made for each increase of .!i inch in 
thickncM above ~ inch, to a minimum of 18 per cent. 

(') For materini under 4\.8 inch in thicknCll8, a deduction of 
2.5 from the percentage ef elongation in 8 inches specified in ace. 
G (a) shall be made for each decrease of %0 inch in thickncsa below 
¥I. inch. 

8 . ..... T ..... (a) The test specimen for structura1 steel shall 
bend C<lld through 180 degrees without cracking on the outsideortbe 
bent portion, aa followa: For material ~ inch or under in thicknCSl, 
flat on itaeU; ror material over ' ( inch to and including lU inch in 
thicknces, around a pin t he diameter of which is equal to the 
tbickncse of the specimen; and fo r material over lU inch in tbick-

-
30 
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ncee, around a pin the diameter of 1\'hich is equal to twice the 
thickneBII of the specimen. 

(/I) The teet sped men for rivet steel and platce fo r cold 
pressing shall bend cold through 180 degrees lIat. on itself without 
cracking on the outside of the bent portion. 

9. T .. t S_hll~"" (a) Tension·and bend·tcet specimens shall 
bc taken from the fin ished rolled material. 

(b) Tension.and bend·test. specimens, except lUI specified in 
par. (e), shall be of the full thiekneBII of material lUI rolled; and 
may be machined to thc form and diinensiOIiS shown in fig. 1, or 
with both edgce parallel. 

(e) Tension-and hend·tcst specimens for platcs nnd bars o\'er 
ll~ inch in thicknC88 or diameter may he machined to a thicklle88 
or diameter of at lclUll. 3-4 inch for a length of nt leaat 9 inehcs. 

10. Number of T .. ta. (a) One tensiOIl·a.nd one bend test shall 
be made from each melt; exccpt that if material from one melt 
difTers % inch or more in thicknC88, one tension-and one bt>nd test 
shall be made froID both the thickest and the thinnest Illalcrial 
rolled. Shapes leES than 1 IIq. inch in section, and ba!"!!, exccpt. 
rivet rods, ICtIII than 'h sq. inch in acetion, need Dot be subjected 
to a tension tcsl. 

/ 
~ .•. About a··-·-~ II" P" .. II .. I ..... tlon. 

If----J.EE==--!------! 
l_ .... _.......................... IS', ............ ---

FIOOI(E I . 

(b) If any teet specimen shows defective machining or de\'c10ps 
flaws, it may be discarded and anothcr specimen substituted. 

(e) If the percentage of elongation or any lension·lcst specimen 
is lCBII t han that specified in see. 6 (a) and any part or the fracture 
is outside the middle third or the gage length, as indiealcd by 
scribe scratchcs marked 011 the specimen berore testing, a retest 
shall be allowed. 

.0 



_--":C' ~s. T. M.-STRUCTURAI. STEeL FOR. CAR:S 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND TUiCKNESS. 

11. PH ... i .. lbl~ V.rl.Uo..... The Cl'QfI809cclion or weight of each 
piece of sleel shall not \'ary more than 2.5 per cent from that 
specified; except in the case of sheared platC/!, which shall be 
covered by the following permissible variationll. One cubic inch 
of rolled steel is nsaUIllOO to weigh 0.2833 pound. 

( ) , WJoe" Ordel"td to w ,,-,,, per 84 ....... t'_to-

The weight of each loti in each IIhipmcnt sh(lll not vary from the 
weight ordered more than the amount given in Table I. 

TAULE 1.- I'EIUl1>lSIB L E VAR I AT IONS OF PLATES 
OHDERED TO WEIOlI'r 

1"uouMuo ... v.,.UTlo. III A ..... o. Will .... 
"" SQcua FOOT .... I' ....... ~ Wllm .. G,n .. , 

EuI: ..... ' ''' 1" '-:":"'''0'' OP Oom ....... W~'CIITS 

""""' , I ""tiP', ..... ~ ... n ia.. MiD. l1li ill.. 108ia.. l:illlia.. 132 ;a. 

""'" U"" • • • • • • • • ~ th •. (IO ia. nino S! iD. ! t G im. lOS ill, 120 in. 132i ... .~ Sqll&te Foot ex<l. ~IOl. .... 01. "".1. ad. .. d. oxt! . 

--
1 ' '~ , i gi J~ '~W g ~ J'':'I!i! ~;' ~ -=-I ;, :;, I ~;.; ;.; 

laderS, .. • 3 ':;.(.3 6 ,3 7 •. . . __ . . , 00 7.5 exel. {O3 ;5 .3 ~b~ g",3 6' ~' 7 ~ 83" 7.6 to 10 " 3 .. ('3 

" to 12.5 " '1-t.t6 ·' .3 4.53 ;5 13 5.t;.1 6 ,3 '7 ~ , , .. 
12.510 15 " • 2.1\3.52.5 .. 3 4.53 ;; .3 f>.6~ 6 , 7 , 8 

" 10 17.5 " 2.62.63 '2.6 3.62.5 t 3 4.6'.5 16.53 , , 7 , 
17 . .'1 (() 20 " 

:'~!:w ~.&g ~.5~:g ~.6~.5 :.5: t5~ ~.6~ 
, " 

" to 25 " " , " to 30 " 2 2 2 ;2 2.6~ 12.52.53 )2.1'>:1.53 " 13 :.6~ 
, " 

" 1040 " 2 2 2 :: 2 2.52 2.6,2.6,3 '2.S:U>~. ., 
40 or O"'-'r 2 ' 2 2 2 2 ,2 ,2.62 2.(,253 . 3.1>3 • 

Non.. n.. ... hlp« ....... footd,...ti>idu.l pbt.m.D...t nryf ..... thtClf'dofed IffIIhl 
b' ..... dIaa lli IimIII the _I p.1ItI ill thiI tal& 

(b) Wlotn ~ to Thlch_:-

The thickness of cilch plate shall not va.ry more than 0.01 inch 
under that ordered. 

The overweight of each lott in each shillmcnt shall not exceed the 
amount given in Tnblc II. 

.n. _ '1gt" appijed toO TIObIe I __ 011 (/. tbt plalol d -" """pwidlh ud pOll" ....... 
In.. tom .~ .• ~ IoOTabio II _allot ~!DU.OI ...Iopoupn:J1.Ioaadpoup.-t_. J 

.. 



CAR;N aO l a STaaL COM I'ANY 

TABLE I L-PERlUSSIIJL!;: OV£RWE IO U TS OF I'LATES 
ORDERED TO THICKNESS -

I• .. · ~io.. 

- - --
1'_ ........ :Xc.o I,.. An .... G. W&I_ 

ra SQu ... 1'001' 01' ....... '<* W,,,,,,,,, GrYll.~, 
eua- til "-'uT~ ..... ~ S()IU. ... L Wll:! ...... 

n in. &S;L 

" ~ 84 m. 96 ia. 
..... e:uL 

+-.. 
" '" , , , 
• • ., 
• 3.5 

V. IrINlSH 

ill· 

'" , , , 
• , 
4.~ • 

Mia. lOS ;n. 

" ~ IOS;o.. 120 in. 
e:ul. .. d. 

12 14 
10 12 , .. . , , . . , , , 
. .11 ~ 

'~'l"'L " . 132;a. o .. er 

"". 

16 10 
14 17 
12 15 
10 13 , " , , , . , , 

12. Flnuh. The finished material shal! be free from injurious 
deJects and shall have a workmanlike finish. 

VI. MARh..NG 

13. &I.rirl.... The name or brand of the manufacturer and the 
melt number shall be legibly rolled or atamped on all finished 
material, except that rivet bars and other small rreetionll ahall, 1\'hen 
lon.ded for shipment, be properly separated and marked for identi· 
fication. The melt number shall be legibly marked, by stamping, 
if practicable, on each teet specimen. 

VII . I NSPECTION AND REJECTION 

14. I ... DKtloL The inspector reprceenting the pureh86Cr shall 
have free entry, at all timee while work on the oonlract of the 
purchaaer ill being performed, to all partll of t he manufacturer'a 
worka which concern the manufacture of the material ordered. The 
manufacturer IIllall afford the inepector, free of coet, all 1"C8IIOnabte 
facil ities to aalisfy him that the material ill being furnished in accord· 
ance with these specifications. All tC6tll (except cheek analYSCII) 
and inspection shall be made at. the place of manufactuI"C prior to 
IIhipment, unlCSII otherwise specified, and ahall be &0 conducted 
WI not to interfere unneeC6llarily with the operation of tbe works. 



A. S. T. "".-STRUCTURAL STEeL FOR. CARS 

15. R.d«tlo... «(I) UnlC88 otherwilJe apecified, any rejection 
b88Cd on teat8 made in accordance with IICC. 5 aha11 be reported 
within five working days from the receipt of SampiC8. 

(b) Matcria.i which ahow8 injurious detects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be Ilotificd. 

16. ~. Sampiea tcetoo in accordance with see. 5, whicb 
represent rejected material, aha.lI be preserved for two WC1!Q hoom 
the date of the teat report. In CMC of dissatisfaction with the 
results of the teata, the ma.nufacturer may make claim for are. 
hearing within that. time. 



CA RNEOIE STEEL COMPA N Y 

ORDERING :\IATEHl AT~ 

G ESE R ... L I NSTRUCTIQS!I 

Structural stool for bridges, buildings, cars and ships, stool 
reinforcement bars and rivet steel nre. rolled to permissible varifltions 
given in the specifications of the American Socicty fo r Testing 
hlateriaIs and of tho Association of American Steel Manufacturers. 
In cases of design which require close fitting, allowance should be 
mnde for rolling variations so as to insure ample clearances between 
ab"tting or interfitting surfaces. 

All dimensions given on profiles are theoretical. The exact 
dimensions of actualsection8 depend on conditions of rolls at time 
of manufacture. 

Wherever tho profile applies to more than one woight. of IICct ion. 
the dimensions are for the normal Ilrofile, whieh is the section of 
minimum thickness unless otherwise indicated in bold type. Sections 
having but one weight spceitied can be rolled only to t he weight 
given. 

Weights of rails are given per lineal yard of section but, unless 
othem'illC indicated, all other weights arc per lineal foot. Structural 
Sections should be ordered to weight per foot, lcngth in feet and 
inches. Orders for Plates shonld Sl>ccify all di mell!lions in inehca . 
. Orders (or Rounds, Squares and other bar mill products should 
specify width and thickness in inchcs and length in feet and inches. 
Rails, Ties and other track aecessories should be ordered by section 
number and not by weight per foot. 

Section number should be speeified on orders for a ll sections. 

Thc Aasociation of American Sleel i\Ianufacturers hus recom­
mended certain angle scctioll!l as standard for bridge, car, ship and 
general building construction, and quicker deli veries cnn be obtained 
by ordering these standard sizes. Allglcs not standard are marked 
"special" on the profile pages. 



r--- METHOO OP I NCR;IlAS I NO SeCT IO NAl. AReAS 

The !loo,'e f1l1utell show tho method of lncre&lling the IleCtlona. &real! .. nd 
welllhu of structural tha.-,. Cro8II hstcll6d portlQnlJ represent the minimum 
soctlon. and the bLank port.loll5 the added arou. 

I n tho C&'le of Channels, ami l-llo&rnJI the elliargemen~ of the fle(:tlon adds 
a n oqusl omount to tho thlckll('$!! of tho web and tho width of tho Hang ... 
In the case of AnglCII &nil ZeeI:, tho effect of 1IJl~1", the rolJ. '8 slightly 
to 1n<:reUe the Ieo8th of tbe k'p. In tho eaIlO of Shll) Ouildlng Bulb '\113101, 
as .. rulo. each InCMlalMl or docrease In web lbJcknc. ca.n1es ... Ith It about 
on .... half that l n~ or decroa.so In f1ango thlclmOSll. 

IDlI$IDuch Wi tho roll p_ are modlflod In tho wear of the rolls. tho 
actual dlmelUioll5 ... 1lI not .1 ... ),. CQn form to tho theon:-llcal. even In tho 
cue of the minimum wetgbt ~IODII. De8lPCl1l and dotaller. of stroctUnI' 
work abould amnge ' or ample dearaneee. 



CARN IlO r I! STEEL COMP:AC"CV'---______ , 

BEA~IS AND CElANNELS-CollllolON DuU:NSION8 

.\ ~'l-\ 

• 

STRUcruRAL BEAMS 

AK ... 'c ... , ST~"""RD BIICTI<»<I 

j "''''''UIM neTION': 
D...w.unUIII web-I 
R_1DilDll.lll .. tb+O.IO" 

,~o miIlimu ... '"" 

·n.­, 
Slope 01 FIup, 1: "'1~~t7' .1"' 

R 

STRUcrURAL ClIANNE1,s 

A"u,,,-,,,, S~Ul''''U> S..,.,o", 

.. " .... \I .. "U::TIOIU: 

D.....u..imum nb .... 
R-m' ........ nb +O.11l" 
.d\.o ..w...... wb 

SIopII 01 FWtce.I:O _ IG%% - tot7' U· 

SlilP BUILDINO CHANNU..'! 

hPICII" Sr .. ~ S.,.,,, ... 

.. -t.,~~ 
R_I, 

Slope 01 ~"=U\l!l% 

! 
\ 

Dhn(ln~lons ror Structural Deams Ilre thO!lC adoptoo by WI) AJl'IK)Ciation of 
Amcrlnn Stool l\h,nufaetnrers and apply to aU Structural Doollli. eIC'm~ 
American Staudard soeUons n I. n 2 lUlU D 3. l.ilIo SectJOIlll B 18 and B 19. 

The dlme"'do"" or the Supplementary Beams. B 61 to D 68,loelush'c. 
canno~ be rcadJJy reduced to ronnulNl. Slope or flange ill I : 11-6- II' 40", 

Dlmcl1!lioWl ror Structural Channclll arc thOflO adopted by the ~atJon 
or Amerlean Stool Ma.uutactUl"Ol'8 and apply to aU Structural Channells, 
(l"~Pt Sortlons C 20, 0 00 and 0 170. 

OlmcllIJloWl tor Ship Bulldlnl Channels are thMe &dopt«l by th(' 
~atlon or American Steel Manuract~ and contonn to the 1903 
Standanlt or tbe DrltWl Engineering St&ndard!l A.odation: they apl)l)' to 
all Ship Building Ohannelll. 
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r 
STRUCT URAL BEAMS-Continued \el l. \ 

1(----- 7.00"---- -

f 

+'-' . ==-:=:::J f- '------

1 

I 
I 
I 
I • , 
I ~ • , , 

1-: BI8 II 
I 
I , 
I 
I 

.I .~ B 1 • , 
I , 

I I , 

I 
I 
I 
I , , 

I 
• 

I . 
-, .... , 

--' 

..... ~ w1!' nr"::'idl.lo, , ... = ~ ... .... ... ..... , I .·rac~1 .,..., , ....... 
n" 115.0 7.987 I ,-(OW M. BUJ " 110 .0 7.oz.~ 7'~. 

1M.!) 7.875 "I 

0.737 "., 
0.B76 . ~, 

0625 '. 
100.0 7.247 ". O.H~ " .... 7.1i16 .. , O.~6 1\,. 

B , 
" 00 .• 7.12-4 ,. O.G"l~ ~ .... , ..... ", 0 .515.1 " 70.11 '.000 , 0>00 ., 

-I~ 
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~--------- --- $.00·.------. 

, 
~ .. 

_. 
"­'K" 

----. 

.. 
~ • 

71 .~ 

00.' 

B62 

r· ----· ·· · · a.~·----·-- ' ""1 

,-- i:::====::::-::===::l' 

I 

, , 
'" 

0.00 
8.211 

"'1 , 

, 

b 
, 
, .. , 
~ .63 
" , , , , , 

, 
--~ . . ~ 

.<=::~o~·~±, t: ~~l·=:::,~ 
0.09-1 ~ "'; . ' 

o ,. 

p-:..--uu-·-.. .. 

0.476 
0 .428 

1 
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STRl1CTUJ{A T, BEAMS-Continued 

f""------7.G1!-----..., 
!'" ____ G.:s~ ____ 

, 

• 
~ • 

20 

, 

, 
I , , , , , , ., , , , , , , , , , 
.' • 
i 

B2 

---_ . 
• I ,-.-J" g!o. __ 1.:IOCI"_-oj § 
..; '" 

100.0 
M.O 
,,0.0 
8,., 
8 1.4 

750 
700 " .. 

7.273 
"00 
7. 126 
7.053 
'.000 

6.391 
6.317 
6.256 

,-, 

I 

.' • 

7"., 
7'",", 
'II 
,~, , 

~ • 

, 
I 
I 
I , , , , 
.' 
~ 

.... , 
0.873 
0.""" 
0.726 
0.61">3 
0.000 

O.&U 
0.001 
0."'" 

B8 

.·""UO"1 

'. .. ~, 
.~ .. 
'If.. 
',," 

' ... 
'1, 
'. 
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STltUCTUR AL BEAl\IS-Continucd 
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B • 
.. __ . ________ ••.••• ----- ---·15.20'1·'·------· -- ----•. , .• " -'-. 

'~ ;:========:' ""~ .. ~"=====:::;'~. -­
o.i6 .. 
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• : 

: 
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'5 

0.28 _..I. 
:.. .• _ .•• ___________ Ig:!· __ ••• ________ ·_..".1 

""'! ;'ij.:uo-r-- BG4 
o 

• o . 
o 
o 

.. ---- - - ---------- -'H,760~-- -- - .---- - -- -- -.-.!--~ - • ; , i 
.! 

~ , , , , 

·0.3ro- .:'. 1.0 .. 664. 

o 0 

• :o.~ 
~o 0 

...:: ' 

! •. -- ~ ______________________ ---48----- ___________________ __ ----i .. -~ 

II'<!PI F1 Width Web Thi.k-. "' .... "". " 't':,hM ' 
''''''' """'- per Fool, ,~ .. 

l ... bee , ..... 
Deeirml I Frat1.lor.I ""' .... F,..tio...J 

00.0 7.236 7' 'Ho, 0 .• 00 ' •. 
"" " " .. 7.154 ' •. 0.714 ... , 

(Old rw. 8 81) "' .. 7.0 72 ",. 0.632 " 75.6 ,."'" , .. "'" ' " 
70 .0 6.251 6~~ 0 .• 11 .... ~ 

" • " "M 6.169 ~. 0.629 -ii. (61d So. B 80) 00.' 6.087 0.(;4. 
M.' 0"'" " . 0.460 ~. 

'8 .. " 4K2 7.500 '. 0.380 ~-
"'$upple ...... tuy Beo.m. 

" 

• 
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!. ________________ ---u~-------.- ________ .J 
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Sooliom ••• . .... 
• ~u ..... per foo\, .... ['""Dd • Dtc:imal "~J Dt.:i .... t ~' ... ~ ... L 

7/j.0 6.278 6~~ '''' ' . 
0 , 70.0 6.180 "", 0.770 .~. 

(O.d ~. IS) " M.' 0.082 ... 0.672 .... 
00.8 0.000 , 0.500 .... 
M.O 6.738 "'" O.64~ " .. 

0 , " 
.,., ''''' 5'1.- , . .., .". 
~5.0 ... " -. 0.452 .... 
"2_9 , . ." ", 0.410 ' ... 

'OM " 37.3 O.1Ml .. , 0.332 I~'" 

• b.lP\I ...... ~\.orY Beom_ 
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1\ STIWCTURAJ.J BEA~IS-Continlled 

1 \ ,---------------~~,--------------, 
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:t-b' ________________ 1:" ___________ ~:'~ _ _01 _i 
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: ~.i;~ .: 
~ ~ I • 
L ~.21·~ ---.l 

f , , 

10-------------- -____ l!~ _____________ _ 

B 8 

B " 

B66 

~ .. ------------------- 9.500~-·---------- ------rl.uo 
: ' 

Dtptb rJ ,'-. 
I"""",, 

,., 

55.0 
5().0 
45.0 
40.8 
35.0 
31.8 

, O.Z84" 

Flange Width. , ... 
5.000 S'~. 
5.477 M'", 
05.305 S.~. 
05.250 5l:' 
!).O7!1 5 ... 
5.000 6 

\\'~b Thkk"... 
, ... b .. 

0.; .... F ... tiowol 

0.810 '"" 0.687 '\'i. 
0.1>65 ~',. 
0.400 .,., 
0.421'1 ,.,~, 

0.350 '\Ia, 
0.284 __ ' S 00 __ ,, ___ "C.~,__'_"(j.OOO'___'_~,~_~~ .~. 

*&>ppkwt-utary Beam. 
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H4 8 34.3 8.000 8 0.375 % 
H3 6 24.1 6.000 6 ·0.313 "Au 
H2 5 18.9 5.000 5 0.313 t;\" 
HI 4 13.8 4.000 4 0.313 "he 

H~Beams shown on this sheet are particularly adapted for use in inside mine timbering. Full 
information as to their properties and uses is given in separate pamphlets entitled "Steel Mine 
Timbers," 
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+-~============~========~~~-~- ~tn» 
1.----,- --- - 9'---------------.i 

-., :0.220" 

J C5 -J 
~ ~ ::J 1<------------6.338"-------.j ~ 

1 ~ 0.32 t1 10.220 '" 1 I __ _ J:. " 
-, I jO.MO 
~------------8~-------------~ 

i ~.210" 

r -"-, 
• C 6 .. 

~ i""""-------5.429~------4 ~ 
I ' 0.31" 10.210" 1 *-- - ,0.523' , , . 

I<- -"---------· 7!...--- -------...1 

Depth of Weight Flange Width. Web Thickne ... 
Inches Inches Channel. per Foot. 

Inches Pounds Decimal Fractioll3l Decimal Fractioll3l 

25.0 2.812 21%. 0.612 tI%t 

9 
20.0 2.648 .24%4 0.448 21}~u, 

15.0 2.485 23'1 ... 0.285 1}~2 
13.4 2.430 2%. 0.230 liHH, 

21.25 2.619 2% 0.579 3~~4. 
18.75 2.527 21%2 0.487 31/61 

8 16.25 2.435 2%. 0.395 "%, 
13.75 2.343 21'h2 0.303 1%1 
11.5 2.260 2]~M 0.220 ~il2 

19.75 2.509 28% .. 0.629 i}s 
17.25 2.404 21%2 0.524 11~!! 

7 14.75 2.299 21%4 0.419 2~iH. 

12.25 2 .194 2%. 0.314 1)\. 

9.8 2.090 2%2 0.210 1%. 
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! 

Section 

I 
Index 

0 7 
, 

0 8 

0 9 

010 
I 

(Old No. C 72) 

CHANNELS 

STRUCTURAL CHA NELS-Concluded 
American Standard Sections -, 110

.
200

* J- 0.12" C 7 --f 

~ ~·t<---__ ""'4'518"-----< ~ 
... ' " 1 I '" I ; 0.30 0.200" I . I 1 

~- r-:;.- ' " 
I T ,O.487 
1<- ----------6~--------~ 

T-~' ~ll" C 8 J--'1 ~~~~11 .. 
.. 0 

~ j'-----3.609!----->: ~ 1 ' 0.29" 1 0.190" I J 
I T 0.460" 
k------- 5~-------..,l 

• 
r--~.ll" C 9; j ~~30" 

AI H 0 
~ f--- -2•7OO ---->j ~ 

1 I " . 11'1 .... 
0.28 10.130 I .J. 

T ~ ,0.41:1" 

1.----- 4"------J 

Depth or Wdght 

I 
Flan!nec~~~J th, Web Thickness, 

Channel, 
, 

pcr Foot, . Inches 

Incbes Pounds Decimal Fractional Decimal Fractional 

I 15.5 2.279 2~82 0.55!J %6 
6 13.0 2.157 2%2 0.437 Via 

10.5 2.034 2%2 0.314 0/1 0 
8.2 1.920 15~64. 0.200 1%. 

11.5 2.032 2'h2 0.472 11}'s2 
5 9.0 1.885 1"%. 0.325 21loi 

6.7 1.750 H~ 0.190 %6 

7.25 1.720 12%2 0.320 0/10 
4 6.25 1.647 l'V.. 0.247 'It 

5.4 1.580 18V .. 0.180 %. 

6.0 1.596 11%2 0.356 2~'tH 
3 5.0 I 1.498 1% 0.258 ~~ 

4.1 1.410 11%2 0.170 IV.. 
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CARNEOIE STeeL COMPANY 

SUIP BUILDING CUANNELS 
Amerieall Standard ScetiolUl 1,rf.d

f
" 

! ~ C21{ISC2fl "eo ~ 

! I _:":"~;=';"="="='="='=--='='-='=-=-=-='-=-="=''''='=··~'-""'=-·=-=-:=-=·=--=·=--=-=-·=-=-~':::'·:::·4o:L. Lt 
~ . -. --.. --- .. -- ---.--... -- --... -u" --.--------------------

C 26 (ISC %1) 

...... """ . 1I',!¥hl ~'jP..!:Id\.h. lI'tb Thi(k ..... 
iI.(h. ..... """,,, pet Fool. .... I'oordl ....... ~.~ ...... Frwtloaal 

"4,7 ,",00 :~ 0.725 .... 
c» " 

40.6 4.100 O.62to 

:~ (ISCK) 36.S ..... • O.US "'. 3,"", 3'''' 0 .47to 

41.1 3.700 3't 0 .700 ]; C 171 " 37.0 3,000 3' 0.600 
(ISC 2$) ll . • l.500 3~ 0 .5GO .,., 3.450 3 .... 0.400 

37.0 '.200 :;z:. 0.676 

mi CU " 3.1.6 4.100 0.S7to 
(1St %1) lO. l ..... ~.\/u o.,ns , ... 3.0.'>0 0 .425 
~ tad propa1ioo of the BrilWl StaDClwll Seeta. ate iDdleAled in bold !ypt. 

" 



CHANNELS 

SHIP BUILDING CHANNELS-Continued 
American Standard Sections 

~ -L, (~'~,22' 1'---,. '0.400' v ~ 

,

: 1.... 1IIt I 

~ It! 

~ ~ ______________ ~_~:.:~_~~ ___________ . ___ ~ c. 0 r 
i ~--1 0.575" , 0.475' : _~ __ .. _~ 
"' ___ 1-___________ -.. ________ --10.62&" 

~:E----------I0 ... T 

--""l ~o 445" 
.--. ~,.. ' __ 0",:: :--, L' 0.350" ... 

: ~ Itl 

.l C 28 (BSC 19) <? ~ 

, ;O-------------------7.925-'!.------------------>; ."" r 
! · ~ -~.:iO.500* 10.37S'! ~.!c. _ __ ~ " 

• 0.555 t __ : '1' : 

'<---- -- --- - - - --- - -- - - - - - ---10"------ - -- - -- -- - ---- - ------" 

-~ to.5I3 .... 
~-- 'f"'o. ° 400" ~ -'''':::, i ~.;. ~ 

I ~ 
_I d ~ 

~,!:,' ~------------~-~~6.:::~~~~-----------~ c. ! 
---J 0.575* '0.475* : : 
'-''--'--_______ ----''-''-.:..:... ___ ----.L.I - -lr-~ __ ~ 

.L:, ,0.637" 
, , ' 
:.-----------------------9~---------------------) 

Section Depth of Weight Flange Width, Web Thickness, 
Channel, per Foot, Inch .. Inch .. 

Index Inch .. Pounda Decimal Fractional Decimal Fractional 

35.1 3.700 34,f}fw, 0_675 4;~4, 

C 27 31.7 3.600 3 1 %2 0.575 3%, 
(BSC 20) 10 28.3 3.500 3% 0.475 '%2 

26.6 3.450 3 2i}M 0.425 2y<" 
24.9 3.400 3 1%2 0.375 % 

C 28 25.3 3.550 3 30/64 0.425 2%~ 

(BSC 19) lO 23.6 3.500 3% 0.375 % 
21.9 3.450 3 29k4 0.325 2lA>~ 

34.7 4.200 4 1%4 0.675 '%, 
C 31 9 31.7 4.100 4%2 0.575 !lVo, 

(BSC 18) 28.6 4.000 4 0.475 1 ~'s2 
27.1 3.!l50 3°%. 0.425 2~~. 

Dimensions and properties of the British Standard Sections are indicated in bold type. 
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CARNE01E!. STUlL COMPANY 

SHIP BUILDING CHi\.:.,\NELS-Continucd 

ADlC'riC'all Standard Sectioll!l 

-~ "0.0197"' 
r ...". ~, 

i ' 

i ~~~~~~~~~ ~~~ ~~_~:~"~~~~~ ~ ~ ~~, . ! ~ 
L~~-:::iO"MO==' ===::;·=·"''''::·===':::::''jok .. 

~ ..... ---------------.....• '--...... -------------~ 

'""" ,~. 

0 " (ISC '" 
0 "" (1St '" 
0 " (1St '" 
~-

... '0;471" r", o.,r.r;' • 

1 : ! ' 
~ C 86 (aSt U) '$, 

.---------.U29~---.------ .. ... I :0.526' , ~" i.. . 
LL. "':::::=====::;:=====::'~. 0-179" 

~ . - --------- . -- -----. 'S'-: . - -- - - -- -- ----- .. ) 

f 
! 
! 
L 

.-~ ~- , 
t o.~ ...... 

C 87 (aSt l!) 

,..---------- &.ttS······-------~ ... 
~ .i 

~ 
; 

-~o.r.oo ' a.m;'! -.- ok .. 
l----- __ --._ ..•.. - .,'-'- __ .. ___________ J 

"". " """ .... , ... .'&'f.: 1I'-IdLb , 
I ... h .. 

WobThkt_, 
lncba 

I:Iodmal FnctioGal Dorinal }'ratl"""l 

:U.6 3.700 ';!t: 0.6.'>0 

~ , ,.., 3.000 ~' . '"'50 
15.4 J.sao 0.4S0 ... , 3 • .u.o ' .... , ..... ' . 
'" 3.700 ~~ 0.625 ,:t, 

8 25_~ 3.{1(lO .. ,., 
11.8 J .!OO '. O.OS no. 
2 1.4 :1.4~ ' .... 0.375 ~ 

,.,., '"''' ~~ '.000 

:~ ""' 3.125 , .... 
8 " .0 3.02;\ , . 0.400 

l' .J 1.000 , O.J15 
18.7 2.tl7fi 2'~. 0 .350 ' . 

aDd propmieo ollbe Britiob Sitadud Soetioao .... iadi .. t<d ia bold 1yM. 



CH ANNEL S 

SHI P BUILDING CHANNELS-Continued 
American Standard Sections 

f" 0.8«1' , 
I 

! 
L~~~~·:;":·::==··="'="~':·~=·;"=··::··=·-=·=· ::::~, 

~ .............. __ .- ,;' .... _ .. _..... . . ~ 

C 41 (ISC II) 

.=" 4"' .. 

I 

'! .. ........ - &.0.1.1":..---.- .. 

! 0.415" 0..376' 
. .. 0- O.iiil" 

C 42 (L~(tl 

, . 
:., ••• • •••••••••••••• "'/t ••• ••• _ • • __ •• • ..: 

--

r. o.m" i ,.~. :.. 0.:100' 1 r·T' 
~ C4G(lISCO ~ ~ ~ C 109 . ~ ~ 
1 I _~J~' ~;;:;:;;:;:· <:"'="~: ~:~:··:;:·'::r "~'=!' i L..::·:ro·:.;..:··:·;:·:· ...,,=:·~~~:··:.;.:-:;-:.::"~. i Lr 0130' •. - 0:«<.' 

~ ... -.. . •••.... 6'.:-. _ .•.• __ J ~ ····-·--·······6· .. · · ·-·-----) 

..... """'-..... """". .... 
. 

~ , (BS(; II) 

C" , 
(lISt'l 

C" 6 
(80;" 

W~t 

~.-,-
26.0 
'12.7 
10.3 
111. 1 

0>.0 
17.6 
\6.4 

22.0 
20.0 
18.0 
16.9 

FluIeI Widlb. Web ~ ,....... , ....... 
o.imaI ~ Derimal F.-....:I 

3 .700 
:J.OOO 
J.5OG 
3.400 

3 .100 
J .... 
2.000 

"r: 3' I ,. 
"' ... 
" .. , ,. ... 

0.600 
0."" 
0.400 
0.300 

0 .475 
0.315 
0.325 

a.700 3!~ 0.575 

~:~ ~;rt ~:l~~ 
34f1O 3~ 0 .325 

'~, 
.lI, 
.~. .... 
.'t 

C 109 6 15.3 3.!.oo 3~ 0 .340 . ~. 

~ aDd ~ Ii \be Briliah SUJIdud Settiom lin! iutlk.1ed in bald !Yilt. 



CA R-NEOIE STEEL. COMPANY 

SHIP BUILDING CHANNELs-Concluded 
American Standard Sections 

, r-" 
~ " § .. 

,...,' 
C 48 (BSC 5) C 47 (BSC7) 

, " ~··--·· - •. ()U····-···'1 

.'~. :'0.337' 
··1 
" !2 .. , 

0:521' ! . ~.:" :":':":'==:::::':-"=':'=' =~ i -. . . , 

····-· -· 4.449!--·- .- . ... 
-~ 0.375· 0.313" , 

.~:::====:::==:::'~- 0.:13' 
~ --- . - . . - -·· -6!- -'· :. .. . - - - - - ----'G-~ - ----------; 

:M ISCELLANEOUS CAR BUILDING Cl:LANNEL..'I ., 
!'Qctoo" 
· · · 
~ 
.; 
: ~ : ~ .- . . -.. ~.---- --.~ 

C106 

, 
. ..... 

. m 
"0.26" '0.3'/5' : 

'I ,,=~~ •. f-L __ .. __ ._~. - "6'1&.~-~ - ___ ___ • ..l 

•• - ••. 2,4Q2! ••• 

':0,38' · o~·,. 
I ,=::::::::;~:J.-~ ,+-
:.. . ____ ___ " •• __ __ • • ..i 

r' , .. • .. 
j ,. 

i[S13" r·· .IS· .' , 

'ii' C 190 ~ . 
-' '· 1.660'·· _ 

-f.. , :0.25"0.25' ,~438" 
;..- --.-~ .. ~.-~ .: 

. ~, . .... Width. WtbTbit~, Depth 01 W~bt "' .. a.. ... per .001. IlIehe. IlIebe. , ... , ... '00 .... ",."" """"'" Decimal F_tiorW . 
0" , 16.3 J.OOO , 0.315 % 

(BSC 7) lti.1 2.038 2'0/0.. 0.313 •• 
0," , 13.S 2.563 "'. 0.375 % 

(IISC 5) 12.0 1.500 ,. 0.3 13 •• 
Dimft>sionI ol Brilieb Staoo...J Sect;""" "'" iDdin.ttd iD bold type. 

MISCELLANEOUS CAR BUILDING CIIANNEUI 

·0106 '. 17.0 3.000 '. 0.375 • -0 ,.. • 13.8 2.000 '" '.500 • ·0220 • lO.l 2.087 ' •. 0.304 .'" 
·0100 , ,., 1.984 ' .... 0.250 • 

·Furniobed ont,- by opeei.oJ ~t. 

,. 



A NO I..ES 

EQUAL ANGLES 

I' ,C --, , 

rl ~...J%' W 
~~-------8'-------<j ,-

! "X- ,,-, 
,..._~ ----~----a! __ --, , , 

I , 
I , 

C-iX" r,,-. 
• , A l 

, 
.' , . A2 , , 

I 
• • AS 

l , 

L 
SocliOft'IOde:< Site, Thi<k-. Weia:I>t per FOO$, r ... I ... '00"" ---

I . w.' 
I •• M.' 
I 51.0 
;~. 48.1 

45.0 
A I , • , ~. 42.0 

38.9 

~. 35.8 
32.7 
29.6 

" 26.4 

I 37.4 '., 35.3 ., 33. 1 

i/" 31.0 
28.7 ., • • , '"' 26.5 

~, ~1.2 
2l.11 

" 19.6 
'A, 17.2 
% 14.9 

' 1 "'., • '., '" • " 27.2 

• Jl-o 25.4 · .. 23.6 
A3 , • , • ''>i. 21.8 

• % 20.0 

• •• 18. 1 · " Hl.2 
• •• 14.3 
'% 12.:1 

"8!>eciaI, _ pltCC U. 



CAR. N I!QU! STEEL C OMPA N Y 

r--------'-
EQUAL ANG LES-Continued 

--

~r -;:;:---::=,----=--~ ;' --:::---=---::;;---: 
f" 

,. ..... _. ax':·······... r .... ···· a .. ···.., 
,~:;= 

: 1%" ~.' 

i ! - " '''ii' w • ,i 
,I • 

'" A5 
, A7 • , 

! L 
L 

, 

L 

SecUoD 11Id"" "", ""'- Weip l Jlff Fool. 
,~ .. laoeh. ""''''' .,,,. 19.9 

% 18.6 

'., 17. 1 

" 111.7 .. • • • " 14.3 
,\ 12.8 

." 11.3 

~ "~a 

" '-' 
" M 

.''rI. t7. 1 .. , 16.0 

.'',i. 14.8 
~io 13.6 

A5 3~ .I3~ 
., ]2.4 

\I ] 1.1 

", "~a 

" &5 ., '-' ,. , .. 
'" 1 1.6 

", 10.4 

" .-. ., • • • ~~ . '-' 

" '-' ., ,,' 
• ••• 

-OS;;w. _ ""'. 't. 
-

" 

I 



"NO LES 

EQUAL ANGLES-Concluded 

P
' .. -, ro

• ~;. 

" ~ A9 

l 

• I ,, -
"~-""''--; 

: . A 13 

.... , .... 

,r'Fl< -
"l 
I . A 15 

A • 2~lI2~ r 
• • %. 
~ •• 
" •• 

,., ., 
,.S ,.S ... 
3.07 
'.08 ... .., , . ., 
3.19 
2.44 

An .. , 
A" 

A" 

... 1.1( I( 1.1( 

, . , 
~~ .... - «. 

• % · ~. 
~ •• 
" •• 

• % 
• Th. ." 
• •• · " • •• · .. ." •• " •• % 

.. " .., 
3." 
3.39 
2.1; 
2.12 
1.44 

3.3a 
'.86 
'.M .... 
L33 

• ~. 2.33 
• 14 1.92 
• "'. 1.48 
• ~ 1.01 ." I 1.49 
: "'. 1.16 

__ ~~~"' ___ ~ __ ~'.80 



CAR-N EO II! ST Il EL COMPANV 

UNEQUAL ANG LES 

r -.----.... · .. - ,:-... --._._--; -... - J}(:""-i _ ........ *,,': ........ 

f 
, 

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

; : : 
: · · ; 

· · · · ; 
i • 

.i 
,: 
• 

" A 18 A53 · AI9 • • 
· : 
; : · · ! i · : 

j i .. , 
L 

Stel.ion lIMIer ... Than.. Weilhl per Foot. , ... ,"'- , ...... 
I -

" 41.2 , '., 41.7 , 
~ 39.\ , ' .. 36.5 , • ".8 . " 8 • • • ' .. 31.2 • % OS., , •• 25.7 • .. " .• • .,~. 20.2 

'I 35.7 , ' .. "., , 
~ 31.7 , 
,~. n. • 27.5 

' 63 8 .3H • '"' 25.3 
• .. .23.2 • •• 21.0 
• .. 18.7 • ". 16.5 ., 32.3 • ' .. 30.' • ~ 28.7 • ';,,- 26Jj 
• "., . " , .3H , ' .. 23.0 • " 21.0 • •• \9. \ • .. 17.0 • ;1. \ 6.0 • .. . \3.0 

"'SsNriai. ItIII pIICe~. 



A N QLES 

UNEQUAL ANGLES--C<mtinued 

----- · .. ----l ",,----' X!.--"""'I r---'·----, ' . r y ' T , ... ~' I,,' I -~. ",' I wy'; ,,. , , , , , , , 
I I I I I . . ' , • '-22 • A20 

, 
A21 I • , 

I I I , 
I , 

I L I. 
L 

• 

Soctioa I adu ... ., Thirk_. W~i&I>t))Or .""",. 
I ... , ... ....'" , 

'I 30.6 · ,~. ,g .• 
'. 27.2 
" , 25 .• 

. '" • • • " 23.6 

'"" 21.8 

" 20.0 •• 18 1 

" 16.2 
' .. If.a ... 12 .3 . , ,. .. 

• '''I. 27.a '. 25.7 
' .. ". , n.' . " • .,,, '" . W., 
~ 18.9 •• 17.1 

" 15.3 
' .. 13[, .. 11.7 • •• , .. 

• '. 24.2 • ' .. n.' • " 21. 1 • I~" 19.5 
." , • • • '" 17.8 • •• 16.2 • I, '" • ' .. 12.8 • % 11.0 

• Sperial, 1M ~ H . -



, 
CAR-NEO I I! STI'.E L COMPANY 

I r AU • 

L 
. A26 

I L 

Bet&ioD IDdeI: 8ist, ........ w.;pt per foot, .... .... .... .... • -- -

'" 22,7 .';;.- 21.3 
19.~ 

'~' 18.3 

A23 .3~ 
16.8 

~. 15.2 
~ 13.6 •• 12.0 
~ JO.4 •• 8.' 

.'o/i. ID.D 
'% 18.$ '., 17.1 

" Ui.7 
AU • • 3 ~. 1-1.3 

~ 12.8 
'1. 11.3 

" '.8 ., 8.2 

.'-fI. lS.5 .. , 17.3 .'Yl. 16.0 
' .. 14.7 

A" .~ . 3 ", 13,3 

'" 11.9 .. ~. 10,6 ., , .. ,., ,., 
.,~. 18.5 , . 17.3 
·'~h 16.0 
• ~Io 14.1 

A" • .,~ , .. 13.3 '. 11.9 .,;\. to,6 ,,. , .. 
,~, ,., 

-Special, .. pap U. 
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"NO LES 

UNEQUAL ANGLES-Continued 

8"··· ..... .., 

AZ7 

• " 

A2S 

A 3Z 

Ail3 

'"8peeW, _ .... 44. 

A28 

I:' 

. , , 

3Joi z 3 

3 z 2Joi 

, , . 

, 
i .-

r····· 2}i ...... ., 

1 A32 . 

L 1"33 

" 

.,~. ." ·'Vi, ... o. 
~ 

'I.' •• ", 
'1'111. ." ., ..... 
' '; o. 
" ~. 

" •• • ~4 

:'~8 
'0. 

n 
~. 

•• " '0. 
.~ .... 
~. 

. " .~~. .,., 
••• . ' 

17.1 
16.0 
14.8 
13.6 
12.4 
II. I 
'.8 
8.' 
7.' 
M 

15.8 
14.7 
13.6 
12.6 
11.4 
10.2 .., 
7.' ,., ... 

12.5 
11.6 
10.4 ••• .., .., 
6. ' ••• .., 
8.' 
7.' .. , 
M ... 
7.7 .. ... , .. .. , 



CAW:NeO I E STEEL CQ ,'I1PANV 

UNEQUAL ANGLES-Collcluded 



! 
,; 
• , 
i 

Tl 

·-jK~ 

TeES 

EQUAL TEES 

r--·------6~---------- " 

~ T 40 , 
• i 
• 
! 
• • '-. __ . 

..... 4.¢. 

, 
" • 

L 
~ 

T2 

( ---·S li7-----1 ~ -...... - .",':.-----, 
oj '.d 

i 
" ~ 
" 

, 
" " 
L 

.. ~. , ..... 
HO 
T , 
T , 
T , 
T • T 0 
T , 
T 8 
T B 

T 3 

T7 

~ ._, ~;t: ... "#', 

I ,-
,I 
l! 

i 
T. 

t ._. 

T 8 

• 
" 

T6 

.- .---... - J~ .... - .. . . "¥ 
·' ,."i , 

" " 
L T9 

SUe. I ...... ne-.I ..... W7!1 -. .- "- 8_ ~' 

'" ." 0"'0«10.505 0.45 111.8 • • ~'o to~, ~'o to ti, 13.5 • • ,. to '1, 'til to 7~, 10.5 

III III 1-'0 to It\, ~ to,,;, 11.7 
~ W>" 'til to ~;, '" 3 , h to "', Y, to "'i. B.B , , ~. to 1-'0 'A , to h 8.0 , , 
""" to ~. % to~. ,., , , 
"". to '" "". to ~. ,., 

" 

• 



• 

- ="'. 
Seel.ion 
,~~ 

---
1' 10 
Tn 
", 
'" '1' 14 

'" T " 
1'17 
T 18 
T 19 
'r 20 

'" " , 

CA R N EOI E STEEL COM PANY 

EQUAL T EES- Concluded 

s;.., I""""" 

"- S~ -- ---
,~ ,~ 

,~ ,~ 

,~ ,~ 

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

, ~ , ~ 

'M 'M 
'M , ~ , , , , 

-

r]~l¥ 
'~ 
f Tll 
L _. __ _ 

""i-.~ 

.... 1':., 

",~' ',''1 - . 
•.... T 21 
~ 

C" 1 "' ~ 
: 'II 

.-~--,~ 
'':' jj," "-
: ...... T 22 

~i-

-W~, Thick_.I ....... "_. S~ rt;; 
% to ''I. ~8 to !\. SA 

%. to % 'tI. to % 5.5 
1)\ . to ~~ o/io to % '9 
~~ to 'Ii. \~ 10 'ri. '-' 

'rio to % 'tI. to % " lA to 'tie lA to 'Ii. 3.56 
~. to 'Ii. lA to'tl. ' 00 
% to %. lA t.o %. 2 .47 

"0 t.o l'n ~e to 'li~ , 0< 
'4 t.o %. \~ to '!io. '''' 'Yi. to )~. ". to 'Ii. 1,59 

". to iit. 'Yi. to 'Mu 1.25 
% to %. % to '\Io~ 0,R9 

'" 



TEES 

UNEQUAL TEES 

,.---------------6':-···--···· . .., 
: :.li 

-f 

T51 

r-------- 4%-':..------- --'; 

" " '::J" ........ !- f' 
1-i . ...:.,t ,1 

T 
T 62 

i 
L. .. t-

i 

i------···- 4~ ~.- ... -.. -! 
.. _t< .. --r 

,I 

i T" , 
"-----_. 

j~~ 

&Ilion SiIo, I ... b. Thidl_,IDOIo .. "".JIII 
l odu , per t oot. 

fI ...... I 5 .. .,.~. 5 •• l'oulld, 

tT '" 
, , ; to ,i. ' .... 10 % 11.5 

IT 51 , ,~ % to 'i. !i. to . ~,. 10.9 

" 52 .~ ,~ ~i.IO". '1-1. to ., 15.1 

TO' :~ 
, 

~ I~~. ~~:: ~. 9.8 
T '" , . _~ 10 8. ' 

IT &0.." be rolled with fto"", W' to"',", olld . tem 31l1"; ~t Il.&lbo. ptffOOl. 
T 51 ..... be roII«I with 110."", ~~" to ".", ..... Item 2')1,"; weicht 13.0 lbo. per foot. 



CAItNEOI E STEEL:...:C:O::::M~'~A:N::..:Y _______ -, 

UNEQUA L l'EES--COntinued 

'[ r-:-··I·-::··::'t~-:··-:·-ii--'J. 
' .. ~ ..... 

~. :11 ...- 1. _ -"1 
I ._;~-

,t 
•.... - , ~­-"-

T57 

tr:::-+'=-:--~-~';~;:-~-::=-='='['j'f 
',. 'J~" 

" 

fkctiOB 
111<1 .. 

T'" 
TS> 
TS' 
T58 
TS' 
TOO 

; 
: 
• T59 
T 
i 
L __ 

...!~ .. 

8il$,I&o:,," ,,.,., s_ 

,~ ,~ '. ,~ , , , , , '. , ,~ 

~-.... -----... ~:' •.....• -.. -: 
,-' =h=~:::i::J; 
L...- '-:,~,." 1 

t_ 

• 
i 
; 

! 

~t; 

L . , .... 
-%-

T66 

! .. -···-4~-----.-, '. 
'.- f 

~ 
T 

TOO 

i 
i L __ . 

~ 

Thitkn_.IDclIeo Wt~p" 
ptr hot. ,- s.. POOJMI 

"'s to ',. "" to ',. ',2 
'tI.10 'II 'tI. to ... '-' 
'. 10-';'. '. 10 'i. 16.3 

.... 10 '" ." 10 ' .. 11 .9 '. to,... II, to-.. U ... 

... 10 ' .. .~ to'" 11 .2 

'" 



Se<- ti ... 
h.u 

TO . 
T .. 
TO' 
T'" 

"" " " TOO 
TO' 

TEES 

UNEQUAL TEES-Continued 

, 
• 
j T 61 

L. 
...I !,..~~ 

_ ___ --4'_' ---.-

i '_ I.~ 
~ ~1)p,," "1 

.~ T 62 

L. 
LW 

r ' .----.~ :;-'--"'--1 , 

, rY'-~" :':j. 
~ T 64 
i... 

...I :..",--

1"'-.----. 3'" :~ ...... .. 
• '1.1) 

~~:.J~-~ 
,i T G6 

T 

t ... _ 
-w 

SiIe, ladoel .,. ... , ... 
• , 
• , 
• '" • '" • , 
• , '. • ,. • 

.--_ •• - .. '!..-_.,----... 

~ '--=::i' .J;; 
~ ~ --) 

,: 

• i T 44 , 
L_ 

..; :..~" 

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

I ,~ 1r~65 ',' 
L 

...! (~.~ 

,-.-----.. 3X·~·-······-. 
'- .'~ 

~-~~-l 

,. T 67 

1 
: 
1 ..•.• 

....; '-,,--
~I""'" W1!' 

~ ~, 

"- so.. ' 00 .. 
~, to ii. '" .to ii. .., 
..,. to ,. '!'i. to ~ r '-' 
~ 10 ',~. % to ii. '-' 
0;,. to ~~ 'I'i. to % ,., 
I~ 10 ii. 'iI to ". '.8 
..... to ~ 0;,. tQ .". .., 
Ii to 0;,. " to ,; • 12.6 

". 10 'io ~, to ,~. 0.8 

" 



• 

CARNEG I E STEEl. COMPANY 

UNEQUAL TEES-Continued 

_____ 3~::-___ ~ 
I ,i 'I 

,: 

" 1 , 

" 

.. , 
-s" 

T69 

L __ . 

_%i.::. 

,~ T72 , 

I ...... 
J~..:. 

,I • .. 
! 

T75 

".---.. -.S~~-----i : , _tl 
,'-

~-t; _%'" .. 
J. 

T70 

. ... -J,.:.:: 
,.·-······3::_···· .... 
I ,I 'j 

, 
i 

~ --~ 

--~- "':. '-l * ._.". 
T73 

. ... -
...J~.~ 

;<-- -- "'3~:- ..... ~ 
h----C,--i' .. ;;. 

- .;~ ·-·f 
~ . %'" 

-,I:':: .. 

T76 

·····--- ·3~~'------ ..., 
I , "f'! 
~ 

-·,1 _%'" 

i 
L .. 

~'';: 

T71 

.. ·--··-·-·3:~--··--"'I 
: ': ,~ 

-y :If y -.%'" 

,: 

1 

L._ 
~ 

'* " ! , 
1.... 

...t%i: 

T74 

Tn 

..... sm.. l Deh!oI Thick-.l..m.. W.~l ,.,. 
Fl •• " .om '"~. '"-

per ~OOI, ""." 
'r 69 '" 

, \j, t<> ~. \~ to ~4 10.8 
T,. '" 

, % t<>)-I~ % t<>"' 4 " Tn '" 
, '1-1. to ~. % ,., 

Tn , • \'0 to~. \. to %4 11.7 
n, , • ~\ . t<> \~ i14 to YO 10.5 
T" , • 'Iii t<> !~. ~~ tQ )1~ S., 
n, , 

'" \~ to "'. ¥J t<> "'~ 10.8 n, , 
'" )-I. to \ j, '14 to \'0 S., 

Tn , 
'" ~ to ''i. a;, to)-l. '-' 

" 



TEES 

UNEQUAL TEES- Concluded 

... ·--4 .. --" , , 
~ .~"#. 
~; 

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

! ~~ ," 
'~ , T79 T78 

-,J<'---, r-··-2llo:. ···~, , , 
~# 

'r T 82 

L.. 
j. 

I • ',,~ 

, 

'f 
1... 

• ' l>\I- -r' 

T83 

"f. 

!W\ioa h, l .... ~I"'" ,- "- ... "- s-. 

T" , 'H ~ to ' •• % to ii. 
T 79 , 'H ". to * ". to ~ 
T" 'H , &i to ~~. '" to ii. 
T" 'H , ~. to .. "I. to '!Is 
T ,. 'H 'K ... to,.. ~. to" • 
T O> , 'H I~ to ". % to". 
T SI9 ' H , IYL. to % IYL. to ~l 

T "" ' K ' K \j, to '\U ~ to*. .,. "'" 'K H No.9 ~toNo.7 

• Fu,.iIb<d 0011 by "",,"'oJ onaocemtot. 

SO 

wojpt 
per f_. , ..... 
,., .. , 
'" ... 
2.87 
'.00 
Z.41i 
1.:Ui 
0." 



CAA; N EQ I Il STEEL COMPAN Y - - . 
MISCELLAl'I"EOUS TEES 

TI66 r ...... '· ...... " , . , 
~:p"';;~ 1"1 
"'" ,I ~ .. . 

L " ! --t .... 

--_ .. 
• 

T 157 
r-"'j:::-ali~- ----, , ~, , 

• -!~ 4 ,~ 

f , .. 
it~ 

Tl68 

ffr 
.~ 

- ,,!, 
" , 

J ' ~ -.. ~ . 
v.- : __ .i 

y. 

.... .... '- ~I...w w~\ , ..... "- - - ~ ~, - .... , 
~~-

.,. '''' • , ""'M ~to'lr 11.3 

.,.. 157 ,~ ", See cu~ +I. to ii. ,., 

.,. '" , 2~~ Soo cut ~. to 7~ • ,., 
• rur.,w,<d oW)' by ~ ~t 

00 



ZE ES 

Z 2 T z 1 

I-~; 
, , .' '. i 

! -

L·······- 31i -•. ----~ L- ---: .-.3M.··-••••• -.. L. .. ----- 3M. ... --- . __ J 

.. _ .. .,----'-, 
! -'i'-

... r;;:;:;:;::~ 
'~I' '~ 
······· 2 1~; ..... 

I r 

! , , ~ 
• , , 

. , 

~-----.- -8 »; ~--- --- _J 

Seetio .. 
' ",u -, 
zo 1;1'. ,. 
" 1~. 

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

Z 6 ,., 
'Yo 

zo '. ,., 
". 
'" " 3'1\.. 
3\-~ 

'. 
L------ a»;'-----j 

s;.~.1J>C1>eI 

Wtb '. .. , 
0 

Ott . , 
0 

O. .. , 
0 '. '., , 
'tt , , , 
'" 5!'1. , 

" 

... -.-.2%'----..: 

z , 
,,' 

,: 
• 

, , 
l ______ 8~·:-------.l 

Tbie~. 

"-
h",b .. 

,~ 
,. 

", '., 
3\~ • 
,~ '., 
3~ • • '" 

., 
" " ,., 

" '. ., '. '~' ,., 
3\~ '"' ,. • ,., ., 
'Y, • ,. 'h 
3~. • 'Yo ., 

z. 

w<toc~ 
per 001. 
Poulldl 

,.., 
32.0 ,.. 
,",' " .. 22.8 

2 1.1 
18." 
15.7 

28." 
2G.0 
23.7 

22.6 
W " 
17.9 

16A 
14 .0 
I I.G 
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1 

# j 

l.· ..... 3}'1.:... ___ ..,1 

..... 

CARNEG IE STEEL COM .'ANY 

:... .... - 3}i.r----J , 

"II, ';I: 
····dl.';'·; 
w,"Z 12, 

, , 
, 

" • 

Sise,I....t. .. 

M • • ~. i 
·- ·· 2~-· 

ZIl '. 

-

, 
,"'-;;;:;;==c? 
I, "" ' , 

--·---2~r-.....l 
Z7 

Yo' 

i.- ____ 2'~_-J 

""_!pI --- 1* .~. ,~~ "- " .. .,.... nr.' J'wood. 

". '" ,.. " 23.0 
Z • 'I, ... '" '"" ,. .. 

31\1 • ... ~ 18.9 

3+0. ". ,.. •• 18.0 
Z • '" ,y,. 'I. " 1&.9 ,yo. , <I'i. ". 13.8 ,.. '" a",. " 12.[, 
Z , '" ... :1111 •• lO.a 

3\1 .. • 31\0 -, 8.' 

Z 12 ", ,yo. ", •• 14 .3 
l!'o,h , 2'J,i. " 12.0 

,U ", ,yo. ", 'i. 11.5 
2'Yi, , 2"". ~ ••• 

Z 10 ", ,yo. Z', •• •. , 
2'Yi, , :llli. " 6.7 

-
" 



STEE L S HEET l'liL NO 

UNITED STATES ~'TEEL SII EET 1'lLi NG 

"'._-

. .,..~ 
f ",,; -~' , .. -t- ... : . , M I06 /' " 
: f ,.7 ; • .~-&. --", " 
~ /' I ~\i ... \ \ . -_.-'- -----_._._. __ . __ . __ ._- -+-. ~ .... ~. 

' ' ''', " ' { I _.~ ", 
~ -}_ , .' I --~ ,_) ~ -l.~ .. ' /---~ . , 

, .' . : ~?~- .... 
'-1'," ... - - -----. - - - -. -, 90/. ,-- ------- ------- I';7Q. L ______ ________ 

I1
)( _____ ; ______ • ----- - ---: 

• 

M 103 , .... -:.~\ 
t~=====~·~·===',,~~~"'·~ +.L.. ,.. ,_ I.' i*'- .~(. '/~~ . ~-;( 

.11,.£. .... ---.------,'.<..---------... '" ~ 
~ _______________ '!4. --------J 

StocliQn !rade:< W;.I th. \\'.b Th .. ~. Wei&ht J)fr Foot. , ... , ... '00 .... 
MIOS "" " 42.5 
MI(J.I "" " '" ,\1 103 ,~ ~ " 



CAR;NEOIE STEEL COMPANY 

CIIEClmnED PLATE 

&;tion at Rib 

M M \-\, lZO 240 240 2 1.4 
M 63 'i. 120 240 240 18.!) 
:>'1 62 ... 120 240 240 1fl.3 
M 51 .... 120 240 240 13.8 
MOO I. 120 240 240 11.2 
M 4!) 'I'r.. 120 ISO 8.7 



'. 

FLAt ROLLED STEEL 

RECTANGULAR UN IVEHSAL PLATES-Carbon Sleel 
UN[VERSAI, M[LL PLATES, OS~:'.'QURTH INCH AND O\'LR, EXTREME s[n::s 

'I11l0k, 1 Wfi&hl, Wid~ '-"CI ~ illlDCh<. 
..... u. pcr IA''-Ar. 
~ Sq Ft.. ....,....64(H1 4()..36~30-2625-20( 9-17( 6- I IH4-12 II _ ~\I' 

44 10 20 --/- 1020 1020 1020 1020 ~~ 540 

~. : ~ ';g :~::: :~~~ :~ : ~:!, :;:! ::: :~, ::: 000 ;: 
ih 17 ss 1320 UI20 1380 1380 1380 13801 [080 1080 1080 :: 840 
~ ZOAO 1380 1380 1380 1380 1380 1380 1080' 1080 1080' 102 840 

,;.. 22.95 1380 1380 1380 1380 1380 1380 1080 I?~ 1080 ~,' ~§ '" 
~ 25.::.0 1380 1380 1380 1380 1380 1380 1080 10I'i0' 1080 I 840 
" 30.60 1353 1357 1363 1372 1380 1380 1080 1080 1080' 900 840 
% 135.70 11 60 1163 11M 1177 1188 1203 1080' 1080 10801 ~ 840 

I 40,80 1015 1018 1023 1030 10391 1052 1080' 1080 1080 ~ 840 
I ll. 45.00 003 005 9 10 916 924 936 1080 1080 1080 840 840 
1\4 51.00 8 12 814 8181 '''~ 832 842 1071 I~ 1080 ~ 840 
1% /i.6.10 738 740 744 74 756 766 973 I~ 1080 ;:~ 840 
I YO 61.20 677 679: 682 68 693 702 892 105 1080 84 840 
1% 66.30 625, 626

1 

629 634 &10 648 823 97 IOSO 840 840 

:~ ;~:~ ~ ~! '~I ~ 59·1 :: ~1 ~ I~ ;; ;: 
2 81.60 007 500. ti ll 5 1~ ~! 526 ""'1 7~ 007 600 720 

1'1&\81 of poeo.ter dimecooioao Ib .......... l1 ill abooe 1&blM, may be ... bmilted lor I))l(W tOJIlIidtn,tiOJl. 

RECTANGUT,A H. AND CIRCULAR PLATES- Carbon Steel 
SIII:'.AIU~D PLATES. TIIR~$·SIXTEESTIl INCH, .:XTR.~~U~ SIZES 



r 
CA R NEO Ifi STEEL COMPAN Y 

RECTANGULAR AND CIRCULAR PLATES-Carboll St.eel 
SHEARED PLAn:s. o~n:;'fOURTll INCII AND OVER. EXTREME SlW 

Th .... · 1I'.;pl, WGIloo """ r..e;1.Ir. ill , ....... 

C - ' ... ~ 1
126 , ... s, .. '" 

,,. ,,. ' OS 
,., 00 00 .. 7S' ...... ' 

" 10.20 '" "" "'" 300 330 375 '00 '" " 12.75 ... 270 3,. 300 "" .,. ... '00 ,,. 
% 16.30 '". ... "' . 3,. "'" "" ". ." 50<) "" '" ti . 17.M 200 ,m 300 300 3.0 ". "" '00 ,,. 

"" '" ~ 2().oIO .>0 "'. 320 ,., '00 '" "'" 
,,. 

"" "" '" " 22.0:; ... "'. 330 373 "" 470 50<) "'" 5iO 000 '" ~ ".W ... 300 "" 300 "" 50<) "''' "" 000 020 ". 
'~10 28." .. 0 300 300 '20 "" 50<) '20 '"' . 000 020 '" , 30'" , .. 300 300 .00 "" '00 '20 '"'. 000 020 ,,. 
'., 33.15 '" 300 3<" "" ... ",. ,,. 

"" 000 .,,, '" '. 35.70 '" 300 • 10 '" ... 'SO ,,. 
"" 000 .,. '" 40.80 '" 300 300 3 .. ... '00 000 "" GOO 000 '" 'I, 46.90 .,. 300 300 330 ". , .. ". GOO 

~ I ~ '" 1~' 61.00 23. ". 300 3>0 280 '00 "" '00 '" '. f" , >0 

'30 200 2SO 330 320 ". '20 440 480 '" «, 7 1 40 200 200 '20 .. 0 "" 'm 300 "" 3SO 410 '" , 8 1 00 ISO '''' ... 2<, ... , .. 200 I 320 330 300 132 
2~\ 11180 132 '00 ". '''' ". ,,. 

230 "" '05 320 '" 
Th~k. ~r Widl.bl aDd I..mctb-in Inchao 

00;';04oo4842 ! 363O 
Ow.. .. 

I::' ~~ 72 00 " 
Illeb .. 

" 10.20 <3. 
f-- -----I I I l---t 

·nfo 526 530 530 530 s.3O 530 530 530 '" " 12.76 'SO 50<) 000 "" 575 575 GOO GOO GOO "" ". 

" 15.30 000 1 000 020 02. 020 020 000 GOO 000 000 '" " , 17.8.5 
000 "" 

630 ... 0 .. ... 000 "" 000 000 '" " \lOAO ... "" "" ... ... ... 000 "" "" 000 '" ., 22.95 • 20 6010 ... ... ... ... 000 "'" "" 000 '" " 2S.t.O • 20 ... 0 .. .. 0 ... ... 000 "'" 000 000 '" '"' 28.05 02" ... .. 0 ... ... ... 000 "'" 000 .so '" " 30.00 0'" .. 0 ... ... ... ... 000 580 000 580 '" '. , 33.15 020 ... ... ... ... ... 000 "" ,m GOO '" 35.70 020 ... ... ... ... .. . 000 "'" "" "" '" , 40.80 000 03. 030 .. 0 ... ... "'" "'" '''' "'" '" " .5.00 "" 020 .'" ... ... ... 580 "'" '20 50<) '" " :>1.00 "" 000 000 000 000 000 000 000 '''' '''' '" l ~. 61.20 33. 000 000 000 000 000 ... '"' . '" ". '" I!\-, 71.010 ''''' .'" OW GOO "" "" , .. ". '30 "" 132 , 81.60 '00 ... " . 000 000 500 500 50<) '00 "" 132 

2~' !l 1.80 "" 300 '" '''' .'" '''' "50 I "SO '00 200 '" 
Motet 48" w'ode and uoder and U· Ihie" and 0_ OM a~ be rolled 011 U,unnal Mi! 1&. 
For .... tor leaclh IIId Uoi-....J M,n Siset. ItIII U",y..a/ MiU 1'Io\e Table. 
!'bllll oI .... ter di""""""lhao 1IiIo .... io above tabIeo may be ... bn>itw! forllP«'ia! <:OIIIi<l ... lica . .. 

\ 



FLAT ROLLED ST: ':=' :" __________________ -, 

RECTANGULAR PLAT ES-Nickl'l Steel 
SD OVER, EXTR£.\lE SIZE9 !;IlEARED PI.ATES, OSE-fOURTH INCII A: ,--"""'. Widllao_ - i " ..... "'( I 00 .. " " 66 00 I I--

V. 2·10 2~O 2(10 

•• 260 200 Z70 300 

% 280 3-10 390 420 4SO WI) 000 
1\. ZOO I 300 300 400 430 4SO 1620! 620 

• :no 320 380 420 400 4Sf; 620 1120 

•• 270 320 380 420 4GO 48-5 .520 1120 

" :nOI300 3M 300 410 480 520 1120 

54 liO 48 42 30 30 201 

--f---

""- 200 300 3M 300 -1 .. 0 400 400 600 
'; 200 300 3M 390 ,,<1O 400 400 600 

' .. 260 300 3S5 300 44() 440 460 .. SO 

" 200 300 ~ 390 .,j4() 440 400 4SO 

• •• 
I~~ 

200 200 320 370 '\00 430 «0 -160 
Iz.:tO 27° 1200'330 375400 410 420 ' 
210200 200 )3I.5 330 350 300 380 

280 2SO 280 2SO 280 200 200 
310 310 3~0 340 340 310 310 
600 600 480 450 450 130 430 
(i20 li20 600 490 490'480 -180 
li20 li20 600 490 490 480 -180 
li20 li20 500 4'X1 4'X1 480 480 
li20 li20 600 600 600 480 lao 
600 600 600 600 480 480 ~5O 
600 .500 500 .500 480 480 450 
.500 500 500 500 480 400 110 
480 480 4SO 480 4.80 4SO HO 
480 480 01080 480 440 420120 
440 440 440'440 440 420 420 
300 400 400 01020 ol2O 400 400 
300 300 300 3'X1 380 380 300 
370 300

1
300 300 340 ~IO 320 

_3001870370 840 320 320 29(] 

•• 230 200 1200 200 310 330 350 370 
'% 220 2~ I ~OO 270 3~ 1 ~1~ I ~O ~I , 210 230 250 260 200 2911 310 aao 

RECTANGULAR PLAT ES-Niekel Steel 
UNIIERSAL MILL Pl.AT~. OSE-FOURTH IN ell AND OVER, EXTRDlE SIZffl 

~ ... t.adIaJ -""". -..... . 
• •• 
" •• • •• % • • , ,. '. '" '. ' .. .. '. 

Widlblud 

48-46 <1M I -&0-36 3&-31 30-2(1 2~ 20 10-17 16-15 1<1-12 II I()..GI.{, 

540 ! 600 660 I 720 MO ". 720 780 , 840 I 000 ... 840 960 1020 1080 
066 066 ..,. 1I4() I I ZOO 
066 066 . .,. 1140 lZOO 
000 000 ""0 . .,. 1140 
.. 0 ,<0 066 .. ,. .. SO ". 'SO .. 0 660 066 ,,. "0 'SO ,>0 8'10 
0.0 0" 0" '" N. 
m 660 0'" "', '" , .. '" '" '" 600 
.SO 000 "0 ... MO ... .., 

"0 '" 50< ... ... ... <00 'SO ,.. '00 ... "" 4>14 

• • • 

, 
80 ~ =1 = 000 1020 1020 1020 

080 1020 1020 1020 
zoo 1020 1020 1020 ' 
zoo 1020 1020 1020 

11<1 0 1 1000 1000 1020 
OSO 1000 1000 1020 
000 1000 1000 1000 
000 1000 1000 1000 
800 1000 1000 1000 

20 ~OOO 1000 ) 1000 
6.$li 970 1000 1000 
600 890 1000 980 
Mol 820 978 980 

, 

,-. 

" • 

." '" 000 660 
000 8<0 
000 8<0 
'''0 8<0 ",. 8<, 

"" '" 000 8<0 
000 8<0 
000 8<0 
8<0 '" 8<0 ... 
8<0 8<0 
8<0 ... 
8<0 8<0 

2 ,,::: ~~ 37:; 300 408 420 .. 
- .AU-..d ~ Nic:kel8teel Plata 1i",,;D 

4 7611 90S 980 720 720 

80 710 847 968 000
600 

I ". 
so 670 794 90S I _ 720 

abomI...w..llod ... W' thick ohould be 
led 1O.1l>er PIP (W,,' per ......... ~lOpreOlltr. ~J.i"lhldi;ud __ bold 

" 



CARNEOII, STeeL COMPANY 

SQUARE EDGE FLATS 

~" to l 'n", wid". ::r any thJelmOlll, W'. up to ,,·kllb. 
OVI)r t Yo" to 3". wldo.::r .... ,y lhlcknOllll. ~.". up to width. 
Over 3" to 5", wlde.::r .. ny thlclm('lljll. """ to 3". Induillvo. 
Over 5" to 7", wlde.::r .. ny ~hlckneM. W' W 2". IDdWllve. 
0 ... ,.7" to 7)i" .... 100. :II ""'I thlckn_. 'H." to 1 W·. '"du .. h·e, 
Over 7)i" to S". ..lde. :II .. ny thlekn_. ~." to I" Inel1lslve. 

81-. DOl lined .... 11 be QOI1B\dlll'ed. 

NUT STBBI.. FI..AT/i 

AII.'- of Nu~ SU)C! FI .. t.I within thc r&lIlIOl of s.;,uue E ... ., ...... U """ bol 
furnillh.,d. Som" of the sm .. ller ,I!IeO can lie fuml.IMld In col .. . 

BAND EDGE FLATS 

c' =~W~"~"=" =' :3 ' L. ; .~ Thlckn ... 

,.". ..lde.:II No. 18 to No." B. y.', O. 
~I,". ...lde,:II No. 19 to No." B. W. O. 
'>lI", .. ide.:II No. 22 to No." B. W. O. 
,;," to 1". ..1de.:II Nc. :l3 to No." B. W. O. 

1\01.," to 2". ...lde • .1 No. :n to No.. B. W. O. 
211i ," to 3". wide.:II No. 21 to Nc. I B. W. O. 
311i." to 3'n". ...ldo.:II Nc. 20 to Nc. 1 B. W. O. 
3';." 10.". ...Ide. :II No. III to No. 1 B. W. O. 
411i," to "\oi". wlde • .1 No. 18 to No.1 B. W. O. 4"." to 5\01. .... wlde • .1 No. 17 to No. I B. W. O. 
5~" to MI.", 1I1du.:II Nc. 16 to No. I B . W. O. 
6'~." to 8&io". wlde.:II No. 14 to No.1 B. W. O. 
S'YI." to l)O~". wlde.:II No. 12 to No. I B. W. O. 

lOW' ... lde.:II No. 12 to No. I B. W. O. 

Prom Ji" to 9H" Intermedl .. te wldthll ca.n be furnished. 
Over 9Ji" In ... ldtb. tbe,pM llilted I. t be only one .. lUcb I, rolled. but 

Int.ennedl .. le ... ldth, 'II'ill be oonsId('r('l(l. 

8KEI..J> 

ALI ~I:tuII within the I'&D(I:" of Sbeuell PI .. u.. 
Hand Jo!dgo Jl'1 .. t-'I C"" be fumlsl"."(I. 



IIIERCHANT BARS 

SQUARES 

DJSIZ6 
SI:ro ~," to 2". Inclusive. advancing by Mtbs. 
Size 21b" to 3~". Inclusive. advancing by 32<U. 
Size 3~," to S~". Inclusive: advanclng by 16ths. 

8(JU&reII can ai!le) be rolled to doolmal dimensions. It 110 arranged. 
Square<! ~" and smaller can be furnisbed In coils. 

H.OUND CORNERED SQUAHES 

Size ~i" to ' i". Inclusive. advancing by 64tho. 

ROUNDS 

0 '1 Siz6 ..• 
Size fu" to I~". Inclusive. advancing by Mth.o. 
Size I".." to 3~". InclUldve. advanclng by 32ds. 
Size a,,;." to 7". InclUBlve. advanclng by 16th8, 

RoundJ can also be rolled to doolmal dimensions. II !Ie) IL1T\!Inged. 
Round. >i" and ~aller can be lumtshed In colla. 

HALF ROUNDS 

9 
She 

Sbe '!'i." to Ji". InclUBlve. advanclng by 64tba.. 
Slw ''I'i.'' to I ,,"". Inclusive. advauclng by 16tba. 
Size 2". 2~". a". 

HEXAGONS 

Q lstze 
.. 1 

Size ~"t.o 11\1,". Inclusive. advanclng by 32d.a. 
Size I W ' t.o 3%.". Iluclusive. advancing by 16tlul. 



CA~NEO I E STEEL COMPANY 

AREAS OF RECTA NGULAR SECTIONS 
SQUARE INCU&'! 

"'" 



ARE AS OP R ECTAN O L ES 

AREA S Ol" 'RECT ANGU L AR SECT IONS-Continued 
SQUARE INCHES 

.... 
1 ....... \1. 

It \..813 U2U.US 
1O \..87~ UMlS.W 
11 U38 J.S7&3.813 
n %.1));) 1.0001'"1));) 

33 %.0531.125(1.188 
31 2.125 U.loOU75 
U 2.188 4.11611.&83 
sa USGUO;l(l7M1o 

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

'" 



CARNEOU! STIlEI. COMPANY 

AREAS OF HECTANGULAR SECTIONS- Concluded 
SQUAJU: INCHES -



Indt.lJ 

WlllUtiTS Of' f'l.AT ROl.l.EO STIlEl. 

WEIGHTS OF (i'UT ROLLED STEEL 

POUNDS PER w~a:AL FOOT 

." -1-1--1-1-1-+%· ,. -~-r "· · · 
,.... j ''91. "'" ''1'1. 

'I, . .:1. oM ~ ~ 
' . ~ • I .()II 1.1, I.2S 
-, 1.28 1..:1 1..58 u·. I.t l 

, '~' U ll 2.13 2.34 2~~ 
1\. 2.1 U~, 2.M 2.1n a.l 
I!~ 2 2.81 3.1& U I 3 
\a ', 2. 3'», 3.12 •. 1lI • . 
Z 3.~ 3.81 U~ 4.18 UO 

l.U 3.81 4~ 4."i8" 5~ I.?; 4.2.S 4.7 UI 5 
4.00: Us. ~ U .. U 
4.016 5.1 0' 4. 74 8,38 7.01 

"" 

.74 .IJO .oM 
1 .4~ 1..so I.ro 
•. ~ 2.3D 2.&5 .. 'll~ 1.40 
3. 3 4.15 
U & 4. 5.10 
UI 5 5.~ 

l 5..8& U8 'JIO 



CARNEGIE STEEL COMPANY 

WEIGHTS OF FLAT ROLLED STEEL-Continued 
POUNDS PER LINEAL FOOT 

Thickness, Inches 
Width'I_~_~~ ____ ._---,-_--,---_c--_, __ ·-,_.-------,,-------,-_--,-_.,.. _ 

_ In_C_he_s _'A_6 _ _ 'A_8 _ _ %_" __ 'A_'_'_~_i'_I_'_7~_I_~_i" __ '_V2_1 %~ _% 1_'h_" _'%_' __ 1%_ " _"_~~ __ 10_)1_" _ 1_ 

12Yz 2.66 5.31 7.9710.6313.2815.9418.59 21.25 23.9126.56 29.2 31.9 34.5 37.2 39.8 42.5 
13 2.76 5.53 8.2911.0513.8116.5819.34 22.10 24.86 27.63 30.4 33.2 35.9 &8.7 41.4 44.2 
13Yz 2.87 5.74 8.6111.4814.3417.2120.08 22.95 25.8228.69 31.6 34.4 37.3 40.2 43.0 45.9 
14 2.98 5.958.9311.9014.8817.8520.8323.8026.7829.75 32.7 35.7 38.7 41.7 44.6 47.6 

14Yz 3.08 6.16 9.24 12.33 15.41 18.49 21.57 24.65 27.73 30.81 33.9 37.0 40.1 43.1 46.2 49.3 
15 3.19 6.38 9.56 12.75 15.94 19.13 22.31 25.50 28.69 31.88 35.1 38.3 41.4 44.6 47.8 51.0 
15Yz 3.29 6.59 9.8813.18 .. ··r'r"" 26.35 29.64 32.94 36.2 39.5 42.8 46.1 49.4 52.7 
16 3.40 6.80 10.2013.60 17.0020.4023.80 27.20 30.60 34.00 37.4 40.8 44.2 47.6 51.0 54.4 

16Yz 3.51 7.01 10.5214.03 17.5321.04 24.54 28.05 31.56 35.06 38.6 42.1 45.6 49.1 52.6 56.1 
17 3.61 7.23 10.8414.45 18.0621.6825.29 28.90 32.51 36.13 39.7 43 .4 47.0 50.6 54.2 57.8 
17Yz 3.72 7.44 11.1614.88 18.5922.31126.03 29.75 33.47 37.19 40.9 44.6 48.3 52.1 55.8 59.5 
18 3.83 7.65 11.48 15.30 19.1322.9526.78 30.60 34.43 38.25 42.1 45.9 49.7 53.6 57.4 61.2 

18Yz 3.93 7.86 11.7915.73 19.6623.5927.52 31.45 35.38 39.31 43.2 47.2 51.1 55.0 59.0 62.9 
19 4.04 8.08 12.1116.15 20.1924.2328.26 32.30 36.34 40.38 44.4 48.5 52.5 56.5 60.6 64.6 
19Yz 4.14 8.29 12.4316.58 20.72 24.86 29.01 33.15 37.29 41.44 45.6 49.7 53.9 58.0 62.2 66.3 
20 4.25 8.50 12.7517.00 21.2525.5029.75 34.00 38.25 42.50 46.& 51.0 55.3 59.5 63.8 68.0 

20Yz 4.36 8.71 13.0717.43 21.7826.1430.49 34.85 39.21 43.56 47.9 52.3 56.6 61.0 65.3 69.7 
21 4.46 8.93 13.3917.85 22.3126.7831.24 35.70 40.16 44.63 49.1 53.6 58.0 62.5 66.9 71.4 
21Yz 4.57 9.14 13.7118.28 22.8427.4131.98 36.55 41.12 45.69 50.3 54.8 59.4 64.0 68.5 73.1 
22 4.68 9.35 14.0318.70 23.3828.0532.73 37.40 42.08 46.75 51.4 56.1 60.8 65.5 70.1 74.8 

22Yz 4.78 9.56 14.3419.13 239128.6933.47 38.25 43.03 47.81 52.6 57.4 62.2 66.9 71.7 76.5 
23 4.89 9.78 14.6619.55 24.4429.3334.21 39.10 43.99 48.88 53 .8 58.7 63.5 68.4 73.3 78.2 
23Yz 4.99 9.99 14.9819.98 24.9729.9634.96 39.95 44.94 49.94 54.9 59.9 64.9 69.9 74.9 79. 
24 5.10 10.20 15.3020.40 25.5030.6035.70 40.80 45.90 51.00 56.1 61.2 66.3 71.4 76.5 81.6 

25 5.31 10.63 15.9421.25 26.5631.8837.19 42.50 47.81 53 .13 58.4 63.8 69.1 74.4 79.7 85.0 
26 5.53 11.05 16.5822.10 27.6333.1538.68 44.20 49.73 55.25 60.8 66.3 71.8 77 .4 82.9 88.4 
27 5.74 11.48 17.21122.95 28.6934.4340.16 45.90 51.64 57 .38 63.1 68.9 74.6 80.3 86.1 91.8 
28 5.95 11.90 17.8523.80 29.7535.7041.65 47.60 53.5559.50 65.5 71.4 77.4 83.3 89.3 95.2 

29 6.16 12.33 18.4924.65 30.8136.9843.14 49.30 55.46
1
61.63 67.8 74.0 80.1 86.3 92.4 98.6 

30 6.38 12.75 19.1325.50 31.8838.2544.63 51.00 57.3863.75 70.1 76.5 82.9 89.3 95.6 102.0 
31 6.59 13.18 19.7626.35 32.9439.5346.11 52.70 59.2965.88 72.5 79.1 85.6 92.2 98.8 105.4 
32 6.80 13.60 20.4027.20 34.0040.8047.60 54.40 61.2068.00 14.8 81.6 88.4 95.2 102.0 108.8 

33 7.01 14.03 21.0428.05 35.0642.0849.09 56.10 63.11 70.13 77.1 84.2 91.2 98.2 105.2 112.2 
34 7.23 14.45 21.6828.90 ~n~ !U~ ~g:g~ 57.80 65.03 72.25 79.5 86.7 93.9 101.2 108.4 115.6 
35 7.44 14.88 22.3129.75 59 .50 66.94 74.38 81.8 89.3 96.7 104.1 111.6 119.0 
36 7.65 15.30 22.9530.60 38.2545.9053.55 61.20 68.85 76.50 84.2 91.8 99.5 107.1 114.8 122.4' 

37 7.86 15.73 23.5931.45 39.3147.1855.04 62.90 70.76 78.63 86.5 94.4 102.2 110.1 117.9 125.8 
38 8.08 16.15 24.2332.30 40.3848.4556.53 64.60 72.68 80.75 88.8 96.9 105.0 113.1 121.1 129.2 
39 8.29 16.58 24.8633.15 41.4449.73 58.01 66.30 74.59 82.88 91.2 99.5 107.7 116.0 124.3 132.6 
40 8.50 17.00 25.5034.00 42.5051.0059.50 68.00 76.50 85.00 93.5 102.0 110.5 119.0 127.5 136 .0 

41 8.71 17.43 26.1434.85 43.5652.2860.99 69.70 78.41 87.13 95.8 104.6 113.3 122.0 130.7 139.4 
42 8.93 17.85 26.7835.70 44.6353.5562.48 71.40 80.3389.25 98.2 107.1 116.0 125.0 133.9 142.8 
43 9.14 18.28 27.4136.55 45.6954.8363.96 73.10 82.2491.38 100.5 109.7 118.8 127.9 137.1 146.2 
44 9.35 18.70 28.0537.40 46.7556.10 65.45 74.80 84.1593.50 102.11 112.2 121.6 130.9 140.3 149.6 

45 9.56 19.13 28.6938.25 47.8157.3866.94 76.50 86.06 95.63 105.2 114.8 124.3 133.9 143.4 153.0 
46 9.78 19.55 29.3339.10 48.8858.6568.43 78.20 87.9897.75 107.5 117.3 127.1 136.9 146.6 156.4 
47 9.99 19.98 29.9639.95 49.9459.9369.91 79.90 89.89 99.88 109.9 119.9 129.8 139.8 149.8 159.8 
48 10.20 20.40 30.6040.80 51.00 61.20 71.40 81.60 91.80 102.0 112.2 122.4 132.6 142.8 153.0 163.2 

Ip4 

I 



WEIGHTS Of' f'LAT ROLLED ST EEL 

WEIGHTS OF FLAT ROLI,ED STEEL-Concluded 
POIJNDS PER UNE.~L FOOT 

WMlIk. 

I"" .... 'It. 'AI 1 'n. '·I~· % ". " %., % I~\" 
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M IU 23. M.' 
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CARNI!O I E STEEL COM I'ANY 

I SQUA HE AND IWUND IlAltS 

WKICI IJ 'I'S .AND AltlC,\. ... 

w"l. Lbo. Atm. Sq ...... WeiPl.Lbo. • A .... ,.;q ...... ... , poor }'",", , ... .. , ~,- , ...... , ... ,~ .. 
0 0 0 0 0 0 

--f-

• 3 30.00 N.'" 9.000 , .... 
1;, .013 .0 10 .000' ,000 ' 1;, 31.S9 25.0:> 9.379 ,.300 
I; ,..,., .(H:l .OHi6 .0123 ~, 33.20 ".08 9.700 . 7.670 ., .,,. ."" .OM' ,.", "''1'''' 10. 160 1 , ..... 
t, .2 13 .167 ... " .0.491 " 35.91 28.21 10.663 8.200 

-~, "" .0077 .0767 ., 37.31 29.30 10.073 S.OIIi 
% .·1711 .376 .,.., .110$ ?to 38.73 30.42 11 .391 S.II-IO ", '" .<511 . 10 14 .1003 4O. I S 3 1.M 11 .810 I \1.281 

" "'" .008 ."., ."" " 41.OS 32.71 12.200 \1.62 1 ., 1.076 ... , .3 111-1 .N" ., 43.llI " .. 12.001 ',""" % 1.328 1.()oI3 .3006 . ."" % 44.68 33,"" 13.141 10.32 1 

~"· I 
1.607 1.202 .4727 .3712 '", 40.23 36.31 13.5'J8 to .OlIO 

1.\113 "oro .11626 .4 11S " 47.81 37.M 14.003 II04l1 

'r' 2.2411 1.7([.:l .- .fils."> :r· 49.42 38.81 14.fi.3.5 1 \.~ lU 
1 ' 2.00:1 2.0·", .7nt.tl .6013 41.05 40.10 \:i .OW 11.71'a 
'I;, 2.0111i 2.317 .S7110 .01103 

4''i'i° 1 
52.7 1 41AO J.'i.OO-I 12.177 , ><"" 2.070 "0000

1 

.78.">4 64.40 42.73 10.000 12MO ", 3.il:.l8 :1.015 1.1 2i19 88.00 1;, 56.1\ 44.07 !6./ioCH 12.1Itl2 

~. 4.303 3.:JiIO 1.26M .... , 
~. 1i7.85 45A4 1 17.01O 13.3(1.1 

".7\15 3.706 (. 4102 1.1076 59.02 40.83 17.635 13172 

~, 1\.313 4.172 1.5625 1.n72 " 0 1.41 "8.23 IS.oo..1 H.ISO 
6.857 ' ,000 1.7227 1.3.'>30 ., 63.23 49.66 IS.50S 14.".07 

~ 6.428 5.(1.&9 .. 000 1.4849 % M,", 5U I 19. 141 1[,.(13.3 . , 7.020 11.1118 , ..... 1.6230 '" 00.'" 52.58 19.091 I,MOO 

" 
, . .., ',OOS 2.u.oo 1.767 1 " OS." ,..W 20.200 111.9<H 

~' .,"" 0.lI19 2.4-414 1.9176 " 70.7S as.69 2O.S10 16.349 
8.0711 7.01i1 ",.,., 2.07:19 % 72.73 67. 12 21.39 1 10.SOO 

'"' 9 .682 , ...... 2.8477 ,."., ,~". 704.7 1 58.07 21.973 17.257 .. 10.413 8.178 3.002!i 2.4053 " 76.7 1 00." 22.1\6.1 17.72 1 

il" 11.1 70 8.773 3.2852 ,.",., ", 78.74 01.8!i 2.1.100 1'1100 
11.1163 '.388 3.1I1M 2.7012 " ,,,,,,a Ga.46 23.700 IS.666 

'., 12.763 10.024 , 3.7639 ,.- 'y,. 82.89 Oli.lO 24.879 10.ln 
I 2 13.000 IO.OS I ' .0000 3.14 1& , ".00 66.7& '3.000 19.635 

~: 
14.4Ga 11.350 ".~19 3.3410 n' 87. 104 68.44 211.6.."9 20 12') 
11I.M3 12.0 .... 8 4.611\6 3.Il0l00 <- 89.30 70.1-1 ,..,.,. 20.629 
1&.270 12.778 ... 7852 3.7M13 ., 01.40 7 1.86 20.910 2 1.135 

• 17.213 13.lUO 5.()62'; 3.0761 " 93.7 1 73.00 27.563 21.&l8 

lI' I S.182 14.280 5..3477 '.3000 
., 

9.~.96 75.36 28.2'.13 22.166 
19.17S 16.002 "'<00 04.4301 ~ OS." 77.15 ~.'8.891 22.m)! 
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" 2 1 2110 16.600 ""., 4.9087 " 102.8S SO.78 30.2.50 23.758 

;I' 22.:120 r7.1\34 6.- a. 1572 " 1(),~.20 82.02 30.9-\1 24.301 , t 23.428 18.400 &.SOOO 5.4 11 0 " 107.58 MA9 :11.(1.11 2 1.800 

'", 2~.M7 19.287 7.2227 5.6727 '"' 109.98 .... " 32.348 25.406 

-\ 211 .713 20. 1\15 7.6625 11.9399 0, 112."1 ,." ""'" ".00' J ~r· 20.S91\ 21. 123 7.910'l 0.2 126 :r· 114.87 00." aa.78S ~'6.5M 
211. 103 Z'!.072 S.2()'",u 0.4918 117.34 92.17 34.61« 27 .1 011 

' .. 29.338 23.&12 8.6280 0.7771 ''"l. 119.SO 9-1. 14 35.2:;4 27.6&l 
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W E I Q HTS O F BA't 

SQU.UU: AND ROUND !lARS 

W J:: IOU'I'S AN D A n EAS 

D&. 13 
98.16 

100.18 
102.23 

104.31 
100.41 
108.5..1 
110.00 

112.82 
1111.00 
117.20 
IID.43 

121.67 
123.03 
126.22 
128.112 

I :JO.811 
133.19 
IM.66 
137.95 

140.38 
142.79 
145.24 
147.71 

IMl.2 1 
1112.72 
I M.2fI 
1117.81 

o 
".000 
:16.754 
37.516 "'.,., 
" .003 
39.848 
40.641 
"' 1.441 

"'2.250 
43.066 ., ... , 
.... 723 .... ", 
46.4 10 
47.200 
48. 120 

49.000 
49.879 

rat: 
".0& 
53.0173 
601.391 
M.316 

M.250 
57.191 
58.141 ...... 

o 
28.274 " .... ... .., 
".009 
".080 
8 1.200 
:U.IHD 
32.548 

3:.1.183 
33.1!24 
34.472 
311.1211

1 3/1.781\ 
36.4Ml 
3l. IU 
37.I:l00 

38.481\ 
39. 175 . 
39.871 
40.5701 

41.282 
H.OD7 
4.2 .718 
43.4015 

.... 170 
44.D IS 
411.004 
46. 41 5 

160.39 60.063 47.173 
162.99 61.0311 017.9..17 
I M.60 62.016 48.707 
168.24 63.004 019.483 

170.00 64.000 1IO.2M 
1711.11H 6.5.004 5 1.().'W 
176.29 00.016 (,1.840 
)71,).01 .67.0311 62.64\1 

181.75 68.063 63.466 
HW.1I2 69.008 501 .269 
187.30 70.141 M.088 
100. 11 71.191 M.1l14 

ID2.00 72.2/10 66.745 
IM.78 73.3 16 ['7.l\lI.:l 
11)8.65 74.391 69.426 
2(l l.(j..I 75.478 110.276 

20-& .46 76.1\63 60.132 
007.38 77.660 00.91).1 
210.33 78.766 61.863 
213.31 79.87{1 62.737 

'" 

o o 

......... , ... 
o o 

63.617 ..."'" 
6.~.397 

00.'" 
67.2(l1 
68. 11 2 
69.O'.!Il 
69.963 

70.882 
7 1.8 18 
72.700 
7:.1 .tO!! 



CARNEGIE STEEL COMPANY 

COLD TWISTED SQUARE BARS 

--I~ ------
Size, Area, Weight per Foot, 

Inches Square Inche. Pounds 

2 4.0000 13.600 

l~tI 3.5156 11.953 

10/.. 3.0625 10.413 

1% 2.6406 8.978 

1% 2.2500 7.650 

1~~ 1.8906 6.428 

I'll 1.5625 5.313 

H~ 1.2656 4.303 

1.0000 3AOO 

1%. 0.8789 2.988 

~8 0.7656 2.603 

1'Y1. 0.6602 2.245 

o/.t 0.5625 1.913 

1\1. 0.4727 1.607 

78 0.3906 1.328 

"h. 0.3164 1.076 

% 0.2500 0.850 

~16 0.1914 0.651 

% 0.1406 0.478 

ell. 0.0977 0.332 

,,~ 0.0625 0.213 

Cold twisted bars will conform to Manufacturers' Standard Specifications, unless otherwise specified. 
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CONC RETE REINFORce MeNT BAR S 

DEFOll..\IED BAllS 

COlm UOATP.D HOOND DAH 
TYPE C 

COlmUOATED SQUAHE RAR 
TYPK 0 

..... , ... 
0:\1 1018 
oM 1617 
0101 1616 
0101 16111 
OM 1614 
0;-" 1613 
oM 1612 
OM 1611 
':\1 1610 

I:' 

p, 
I ~ .. , ,. 
" .. 
•• 
" " 

RoIJcd Cor COITUPted DIU' Co. 

'1.11 
3.11 
2.69 

"''' 1.[;2 
LO> 
0." ".,. 
0." 

CUI' 

""­, ... 
0:\1 1732 
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oM 1~2 
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0:\1 16114 
0:\1 16M 
-:\1 16M 
0:\1 1657 
0:\1 1658 

Q,\R 

~& 
f;o,etion SiM, \\'ft#.1 pOI' 

" '" 1'4 '. , 
'. " 
~ 

" ~ 
" 

, ... , .... Foot, 1'0110:1. 

*:\1 1528 ", 7.6.5 
0:\1 1530 '" fo.31 

':\1 1531 ". . .,. 
0:\1 1532 , 3.40 
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CONCRETE REI NFORCEMENT lIAI{S 
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!. 

71f cfi:- Jf 
nolled for TTu,,*-'<I COllere!", St<lC1 Co. 

SQUAHF. lU ll I.lAR-TYPF: ,I ROUND rIJI) IMn- TYN: B. 

tf r m ~-- lID ~->J 
-~ 

nolled for Trn88ed ConcroUl Stool Co. 

'"""" I ... lw~~".m. ....... Sile. I \\,~! per F<)O\, , .... , .... '""" , .... ....... 
IIr .... Bot-Type A \\~". Bar-'rype II 

_1.1 1513 

I 
.. I 2.70 OM 15O'J '" 10.2 

OM 1512 " l AO . ;\1 15J0 

I '" '.8 
, -M 1516 2~' '.8 

Sq ..... Rib i3u-Type A R""'! Rib Bar-Type B 

Sootioll ... W'1~Foot. ,. ..... $ •. 1"\\'~lpert·oot. , .... In ..... ''''- \II<b", ~ .... 
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.;\1 1917 '" '.W -M 2007 '. 3.38 
.;\1 19t6 , 3.40 _;\1 2006 , 2.6. 
.;\1 19J 5 % '00 _M 2505 . ,~ , ... 
-:\1 19 14 .. 1.91 .:\1 2S04 .. LOG 
. M 19 13 " 1.33 .M 2503 " L<W 
.~I 1912 " 085 *~ I 2502 " 0.67 
*)1 1911 " 0.4S *~ I 2501 % " $ 
*:'1 1910 " 0.21 

-
• Fnrniehtd ollly by .peri. ! ..... ""ement. 
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CA RN Ha l e STEe L COf>\VA1\Y , ---------, 
PIP~IJI.'\CK AND GALVAKIZED 

ST.\,SDAilO PIPE 

J "- Weilbl "'" rOO$, """"-,- TIUok. """" "'"'" -
~ 1--' 

~ 
-, ".,.... 

-~ 
, ...... ,- ....... ... '"" . '-" " -.;pI, 

""" t .... I ....... """" -

,,", .,.. .008 .24.<1 ,,., 
" . .., 

" 
,,,. 

~ , ... ,,.. ,088 .42" . ." " .= , ,.,., 
" .673 .. " ,on ."" ,,.. 

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

" .... ,,,,, ,'''' "'" ,'" .. LOU '" .116 

" 
0.'" .82' .113 1.130 1.134 .. 1.281 ,,. .,.. 

:~I 1.315 1.(1.&9 ,'" 1.678 US< "" 1.576 ,,. .343 
0.660 1.380 .1"0 2.272 2.281 "" 1.950 ,,. ,'" 

Hi 0.000 UHO .IU 2.717 2.731 "" 2.218 '" .743 , I 2.376 2J)67 .'" 3.652 3.678 "" 2.760 '" 1.208 

'" 2.8711 2.469 .'03 6.703 6.810 8 3.276 2), 1.720 
, I , .... ',008 .210 7.1176 7.616 8 3.948 '" 2.4U8 
,~ '.000 3.M8 ,,,. 0.100 9.202 8 4.591 '" 4 .241 

:~I ..... 4,026 .237 10.700 to.889 8 5.091 '" 4 .741 

'.000 '-'00 .247 1,Ulas 12.60 8 I 6.591 '" 11.241 , MOO 3.M1 ,'" '4.611 . 4.810 8 '.200 ." 8.0!l1 , 6.62."> , . ..., ,280 18.974 10.ISS 8 "", ." O.M4 , 7.626 7.023 .30' 2S.11M! 23.769 8 '-"" ." 10.002 
8 8.025 8.071 .277 24.600 ".000 8 9.358 ." 13.006 
8 8.'" 7.981 >2, 28,'" 28,800 8 8,'" ." 13.006 , ..... 8.9U .342 33.907 3 .... 188 8 10.358 '" 17.236 

" 10.760 10.1~ .279 31.201 32.000 8 11.721 OH 19.877 

" 10.760 10.136 .30' 3-4.!HO 35.000 8 11.721 '" 29.877 

" 10.760 10.020 ,'" -40.-483 -41.132 8 11.721 O~ 19.877 

" 11.750 11 .000 .37.5 4li.M7 .6.2-'7 8 12.721 •• 32 . .5.50 

" I 12.750 12.000 .330 f3.773 -45.000 8 13.9,';8 ." 43.008 

12 1 12.760 12.000 .375 -49.M2 50 .• 06 8 13.9.':.8 ' ." 4.3.008 

': I 1<000 

13.250 .37.5 ,,,<IS MJI:U 8 1.5.208 ." 4. •. 1.52 
14 15.000 14.UO .37.5 .58..573 60.37.5 8 16.4-&6 ." 119.4113 

1.5 16.000 1.5.UO .37.5 62.570 ,<.8" 8 17.446 '" ftl.2!l4 

TbI J)tIhIIiIIt"hle nriaUoa. iao wti&bt'" 1*' .... 1. aboYe &ad.5 I*' _I. boIoor. 
~ with u...da &ad _~ aad ill......:locD Ieactho ....... ~ ordend. 

TOlP« 01. ~ .. "" diamel« I*' 1001 ~ lot all __ 
The woilbl poe" I"", 01. pipo .. itlo Iht.do &ad <)(IUp/i ..... bootd ..... ~ 01. 201M; 

iIlCNd" .. , the~. WIIhiJ)l)lQl I..,.u.. 01 -U "'"" .. ill _:rJl1 utnp 1_ tbu 20 t,,",. 
All wti,;hll &ad diml.lllioat ... DOminaI. 011 ... madoill mote IIwt OM .oioht. we;,;hl 

d .. i....! .. "" be _"ed. 
~ ". 



PIPE 

PIPE-BLACK AND OALVANI ZED-conClUdcd 

"AnO"A" TO" .. CO>lPABT 8TANDA8D 

";XTltA S'rnONG PIPE oounu; EXTRA STRONG PIP!!: 

"""""" 
WeiP\. Woehl 
~ "...... ~, 

I ..... Thiel;.- ,~. I .... Thitl;.- '-. .... 9i..,. 
I,. -, ,.-

I,. -. """" I", "", I ... ,.. £>_1 1,- .,..". In_I 

"" F.oI • 

al 
,4IM .215 . 00' . 314 11 .... .252 .". 1.714 .". "," .L19 .535 I.OW ,434 .,.. 2,440 
.675 ,423 .126 .738 , 1.315 .5\19 .'" a .6W .,.. .M' .147 1.087 I){ ... 100 .'00 ."., 5.21-1 

1"1 
1.050 .742 .\1:.4 1.473 '" 0.000 1. 100 .• 00 6.408 
1.315 .957 .119 2.171 , 2.375 1.503 .4:16 tl.O'.!9 

~~ 
... 100 1.218 .191 ,.",. '" 2.875 1.111 .t.52 13.695 
0.000 0.000 ."" 3.631 , 3.000 2.300 .000 18.583 
2.375 1.939 .218 5.022 '" '.000 2.128 .. " 22.8:.0 

3~ 
2.815 2.323 .216 1.661 • '000 3 . 152 .614 27.MI 
3.500 2.000 ."" 10.252 .. " '.000 3.580 .710 32.fJ.30 
'.000 3.364 .318 12.505 , 5.563 '.003 .,'" 38.5-52 

• ,,"00 3.826 .331 14.983 0 6.625 4 .897 .,,.. 63.160 ." 5,000 4.200 .3t.5 11.6\1 , 1.625 5.875 .875 63.019 , ,.,." 4.813 ,375 20.778 8 8.62[, 6.876 .875 72.424 
0 6.625 S.761 .432 28.573 , 

7.625 6.625 .000 38.048 FurIiQl ",ilb plaiD tDdI a..:I ill raadocn 
8 8.625 1.625 .000 43.388 ~ ullio. ou. ....... ord~. , 9.625 8.625 . m 48.128 erm_bIo variallOll in _.;pt. ror ..... 

10 10,750 9.750 .m .54.73[, rtrolll pipe,:; ptI' <>onl. above &lid 5 per eenl. 
II 11.750 10.750 .000 60.075 -. 
" 12.750 11.150 . -65.4 15 For double .,.In. rtrooe; pipe. 10 per <flI' . 
" 14.000 13.000 . 600 72,091 .bo"" &lid 10 per .... L below • .. 15.000 14.000 • 600 77.431 All weich'" aad dimeaoiou.", """'ill&l . 

" 16.000 15.000 .600 82.771 

LARG E O. D. PIPE 

W.;p\ per }'oot, I'nundoI 

Thill"" .... ",.b .. 
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CARNEO i E STEE L COM PANY 

SCREW THREADS 

.... EKl C ..... " K'''GE eo ............. 11" .... " 

Bolll'8, RoDS, En: BARS, T URNBUC KLES, S LEEVI'l NUTS, ANI) CLI:VIS I:I! 

""'1.~ i~ 'fr -------- _-oo:~ i-----------r 
~ "~ i ' ~: 1.: . -~- .J 

,.;:.-~--- --, , o----r---:..-------- --:.' u : 
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~ .IS5 . 049 .021 " 'H 2.116 '.009 3.7t6 • 
" ,'" .110 ,008 " '" , .W<> [,,0112 4.166 ., 
H .... .,,. .126 " ,~ 2.425 11.940 4 .6 19 . • H' ,= .'''' .,., 

" 'U , . .,. 6.492 11. 108 ". 
" .620 .442 .3O'l '" , 2.629 '.000 6.428 '" " :131 .60' . 419 • ,~ 2.819 ,.". '.608 'H • .'" ,'" .MI , 

'" 3.100 9.621 7 . .549 ,~ ." .9311 .... .• n , ,~ 3.317 II.04li 8.641 " .~ """ 1.221 .'00 , . " 1.1 58 1.4M 1.054 , • 3.661 12.566 9.993 " ." 1.283 1.761 1.294 , .~ 3.108 14.186 11.330 2M 

." 1.390 2.014 l.1I 15 '" ." 4.028 111.004 J2.741 '" ." 1.490 2.40[, 1.744 , .,. 4.2OS 11.121 14.221 '" ." 1.615 2.761 2.049 , , 4.480 19.6311 J5.166 '" , 1.71l 3.1 42 2.300 ." I '" 4.730 21.648 17.1174 '" '" 1.836 3.6111 2.649 ." '" 4.953 23.758 J9.268 '" J~ 
1.961 3.976 3.021 ." 'Ii [,.203 211.961 21.262 ". , .... 4.430 3.419 • • 11. 423 28.274 23.095 '" 

BOLT HEADS ANI? NUTS 
.... ERlCU. "11'00" eo ..... '" .TAllo .. .,O 

®"f" '~ ~T'--B=8 o .' .. 0 - r = ' ~ l' :i ·'t ____ .L.:.. " ------.... ----- ,: : i LaJ ~'h-~ ..... 11' ~ .. -h .... 

R~ Nut Finiobed Nut _H"" F"miohod H..d .. , , , , , 
" 

, 
" I.IidHi'" I d 1.1ld+ "'., 11 -",.'" I.Iid+wl O.Sf 1.1!d +"' ."l0.6r~ •• 

for s..... 'Threoodo, Bolt Heada o.od NUll. the Amoriuo ~ ComIlUlY h .. 1Id0PWd Ib, 
Franklin l 'lll.itute StaDdard, eom""lDlT k_n .. Unit..! SUIo!I StaDdard. 
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BOLTS 

BOLT HEADS AND NUT S, DUU:S810l'lIl I N I NCQJ;.8 

"'''''tlc.'' ."'00" cO .. P .... y .y .... o •• o 

-• .,D .<IT 

;I "- R ... or ,,- i "- re:' 01" 1 .. -So- .. -
'I () ccr [2j 'J @ [§j j- ._.' j! m -* ~ ~ ~ ... ~ .... Ihi"" ~ ""'" ~ .... Hoicb' .... """ -

~ " w,' " '"' " ~ " " ~ 
'., " ... , It, , 

~' '., ;t' 
, 

~r· , 1 ~'. , .. ," , , ., 
'" , , ,v. 'v,' %, ", ' i~e .. i! 1'¥le '" I)~ , , I", 

1'\0\.. Hi .• 2\1_ I':ie " , 1)1- , , It .. 

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

, "., ,~ 

1'''- '., 

Q.' 
I' ¥I_ r I''', 

il 
"., I ''h . , , , , , , 
1[-

, 
l;!' "', '" 

,., , l;!' m: "', 
'" .. , lli, ' , m· , ,., '., , , 

a~. ,. 
:~ 2~'. , , .. , 2'o/i . , , 2'o/i. 1 3~: 2'0/;. .. , 2'o/i. 

, ". ltt '~' '& ~~ , 
~~- l~ 

, '., 3\. 

!S ' ., 
, , .. , 

~a ln "" "'. 310 

'" ~t! ~~. 
, 

" j :~- ~u ~~ 3'~ 

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

, ... ' .. , .., ,~ 

J~ 6:,r. b '" 
,., , III t:,r- , III ,", , . '" 2''A. '" '" '" 7",. "" ---

BOLT THHEADS, L ENOTH IN I l'ICUE8 

... ... c ... ... 001: CO M,."y 4Y. "0 •• 0 

\::e' u 
Diamt\er, I~ 

---,-

" " " u " , '" '" --f-, •• :"111 u '" ' ''~ u '" '" '" '" ~ 2)i ~ U '" '" '" '" '" ~ , " " 
, 

'" '" '" '" '" a~ to , " " '" '" '" '" '" '" '" "'~ to 8 '" '" '" 
, 

'" '" '" 8~W12 '" '" 
, 

'" '" 
, , 

12~ to 20 , , ~ , , 2~ ,~ , , 
801 .. ~ IiMd are u,!'e1ded .t-t 3 Ii .... die di_;ift"" _ are 1Wld..-d bolla 

tbroooded elc.r 1(1 die '-d thLD. ., iDtll. 

'" 



CA R NEO I E ST EEL COM PANY 

BOLTS WIT H SQUARE HEADS AND NUTS 

,," 'uue .. 1f BalDO"' CO",,,'" aT .. I<O .. '''' 

W£HlUT IN I'OUNI)S PElt 100 BOLTS 

..... " 
I 

Diameter of &It, I.., .... , ... 
llead, 

~, "I I""b. " If " ~_\. " 
, 

I --, • II 15 Z2 "-II ,~ ., II 16 23 39 69 
, ~ , , " " 

,. 41 62 
, ~ , , 13 " " ., .. . , , , .. " " 

., 
" 'UI , .. 

'" 
, , 

" " " 
., 

" H" '00 
,~ , 

" " " '" 
., 

" '00 '" ,~ , 
" " " I " " " '13 'U\ , , U .- ,. 33 M 80 m '" '" 

, 
" " " 33 " " '" '" • , 13 W " " " " 134 '" 

.~ 

I 
, .. " " .. " " 

.., , 
lOS , " " 2:1 " 

., 
" '0< 1Ii1 '" 

,~ " " .. ,. 
" n u, 159 220 -" , , U " " " 
., 

" m 10' 232 
,~ " " " " ,n '" 2 13 , 

" 
., 

" 8S '" IS' 'M 
'" " 

I 
42 57 " 136 19.1 2M , J_ " " 00 " '" 'I" I 276 , ,. ., 

" 'M 'M 218 ,.. 
\0 33 " II. '" 235 'W 
" GI 82 131 '" 2fi9 '" " -" I 

_~2!L ZI 7 '''' '00 

•. , I ,, 1" I~ I 
--

r ... l""b 
Addilio .... 1 I I 4 I Z 2 17.0 22.3 

SQUARE NUT S AND BO LT HEADS 

.... "RIC .... BRroO" CO .. " .. ,.Y U, .. ,.O .. RO 

WEHIUTS IN POONOS ,., ONE I lEAl) ANI) ONE NUT 

_DiamoIcr of BoiL. 
i • i • 

i . " '" IL ~ 
,. 2 Z~ , 

-
3 .51 ~F::J 8.08 I 

-
Square Head and Nut .. .. j '" I 1:>. 6 ! 26.2 

Weight of Shank per InCh .3477 .5007 .6815 .SOOO 1.391 2.003 

'" 



60LTS 

BOLTS WI T H H EXAGON UEADS AND NUT S 

WEIGIIT IN 1'0010'08 l'y.~ 100 BOLTS 

'-" ~olBclI.I""" '-" ~olBclII""'" 
U~. U ... ..... 1I..d • , ... I , ~ " " 

, , ... ~ 

-----C-r-, .. 
. ~ ,. 
.~ " ." " , .. '. I " '" " '" 

,. 
• .. 
'K .. 
'" '" ,~ ,. , " 'K " ,~ 38 

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

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

" " !' l!i .55 
;~ .56 

P ... I ..... 
AdcI'tiouI i .5.6 

" .. 
" .. ., ., 
" " .. 
" .. 
'" .. 
60 

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

S.' 

" • .. .. .~ 00 

" • " 00 OJ, 00 

" " '" .. .. 
00 07 '" .. " " " ... '" .. " " .'" '" .. " " " ... '" " S<> 

" .. , '60 "" " " ' OS OS, " '" " 122 '" 13~ " 8S 126 ." .. SO 
00 ... 'S<> .. " 00 

'" 13·. lb6 " 00 ., 1:18 '" l(i~ " ' 00 .n ,., 
" ." '00 '" '" "" "'5 ' 00 '" '''' .. . ., 

"" ". '" .. " .. , 
11 2 ''''' '" " .. , ." . .. 22.5 "" .. , ... 'OS "'" .. ... 
'" ... ... "" '" '" on '" 

,. ... ". OS. m 
131 1& 252 
1M 100 258 

... - -:-:.,-;-j--... ''''' 12.6 17 .0 22.3 AddJtiouI .5.6 

.. Yo 

'" '" .. ." .00 ... .. , .M ",. '"' ... ,"S 

." .,. 
'" . " ." '" 131 '" ." .... 
139 "" .. , '" .. , '" '" '" ." 231 . " 237 
.M 24;1 ." "0 
.N '" on '" '" .oS 

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

HEXAGON NUTS AND BOLT HEADS 

" , 

'11 ,.. ,., ,,. 
210 28S 
2 19 296 

'" '07 

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

'" '" ,." 306 

"" "" '" ... 
321 '" " . ... 33S '" 346 "" 'M m 

'" .. , 
'" '" 38' "" ... m 
'88 1;30 

WElGnTS IN POONDS YOK OSY. IIEAO ASO ONE NUT 

n Mq:on Head &.n(l Nll~ 1.73 2.{I.5 46 1 6.79 13.0 220 

Welshlof !lh&.nk per Incl .:1477 .MlO7 .68 16 .8900 1.391 ~003 

." 



CARNEOIH STEEL COMPANY 
,-----'-=-

UPSET sen.EW I~N DS FOn. SQUARE BAns 

• ..... 
Plldl aDd Shille of Tbread A. H. CO. Standard 

IHK U".:, 
AddiloOlOAl 

,-...... .... " A ... IW8iPt """"" '-'" ..... •• 
At ~ I}il:: .. - !lor.:.. o. • ,- ""''' '. , .... , ..... , ... "- ""-' " ".." , ... ~2' ,. ""-'. ... , .... ",:i:f: .. , M'" 1.111 ! ,~ • • 0.1139 

, ~ 0.766 '00 'U • ,~ ..... 0.800 16.2 

, "000 3.40 . ~ • • I .~ 1.294 2{1.4 

.~ 1.266 U, H' • ,~ 1.389 1.516 19.7 

'U .. '" 5.31 'U .~ .~ 1.61.5 2.049 31.1 

,~ 1.891 6.43 , .~ • \ 1.711 '"'00 21.7 

,~ 2.2110 '.M 'U , , 1.001 3.0'':1 I 34.3 

, ~ 2.641 S." ". , .~ 2.086 3.410 29.5 

'" '-""' 10.41 ,~ ,~ .~ 2.175 3 .716 21.3 

,~ 3.lil6 lUIS 'K ,~ , 2.425 4 .619 31.4 

, <.000 13.60 'U , , '.800 5. 108 27.7 
,~ 4 .6 16 IS.U. , , .~ 2 .620 5.428 20.2 

'U '.003 17.21 'U ,~ ,~ 2.879 ,."'" 28.6 
,~ 51}41 19.18 :Hi , ,~ 3.100 7.540 33.8 

,~ 6.2110 21.25 ". , , 3.317 8.641 ,.., 
". 6 .891 23.43 3'. , ,~ 3.317 8.641 25.4 

'" 7.:163 2.\.71 • ,~ ,~ 3.567 , . .., 32.1 
,~ 8.200 28.10 'U S ,~ 3.798 1l.330 37.1 

, ... "" 30.60 ' U S , 3.798 11.330 25.9 
,~ 9.700 ''"'' •• S~ , .. '" 12.741 30.5 

'U 10.:163 35.91 ' K ". ,~ 4 .255 .".22 1 34.6 

U.-q ...... "" -.re_ial. 

12'; 



UP SIlT S CRIlW EN O S 

UPSET SellEw ENDS FOn ROUND BARS 

J>\loCh and Shape ot Thread A. 8 . 00. 8c.aDdan! 

a.. U"'" 
"".!-~ 

, 
"'-

~. "- " b. '. .- _. 
"" ROOl 

••• .... U~. """' • +10%. o . "'-'. .... ."". Sq. I ... b. 

na-w A_ I W .... ' 

I .. !:" .. I I~ t:. 
- ------ ---

• U 0.4<1 2 .. " • • • 0.838 O.M! . ~ 0.60 1 , ... 'U • , .. "" 0.890 

• 0.7s,s 2.67 . ~ • • 1.15S .. .,. 
.~ 0 ..... U8 . ~ • • "'''' .. ,.. 
'K U!27 4 .17 . ~ • • 1.380 1.515 
.~ 1.4& .... ' U • • 1.400 1.744 

.~ 1.767 6.01 , .~ .~ 1.711 2.300 ." 2.074 , ... ,~ .~ • t.S36 2JW9 

. ~ 2.4Q.5 S.IS 'K • • 1.961 3.021 

' K 2.761 9.39 ,~ • • 2.086 3.419 , 3.142 10.68 ,~ '" • 2.175 3.716 

'K 3.M7 12.08 2Ji ,~ ,~ 2.300 4.166 

'K 3 .976 13.Ml 'K • .~ ,.,.. 6.108 

'" 4.430 16.06 , • .~ 2.629 5.4~ 

'" ..... 16.69 'K IP~ .~ 2.8.9 '"' .. 
'" [,.412 IS.40 'K OK 'K . 2.879 '"' .. 
'" 6.9-10 20. 19 ,~ , 'K 3.100 7.1>49 

' K 6.492 22.07 '" 
, • 3.317 8.641 , , .... 24.03 '" 
, , 3.3 17 8.641 

'" 7.670 26.08 • ,~ • 3.&67 ..... ... .. ,.. 28.21 • ,~ , 3.&67 9.993 

'" S.1H6 30.42 ." 8 ' K 3.798 11.330 
,~ 9.621 32.71 ." 8 , 3.798 11.330 

'" 110.321 1 35.00 
'K 1I.0·HI 37.M 

'" 11.703 40.10 

.~ ,~ .~ 4.028 12.741 

' K ,~ 0 4.255 14.221 ." 8K . ~ 4 .255 14.221 

24 .7 
48.0 

34.2 
30.' 
2:1.6 
17.5 .,., 
27.7 
26.6 ' 
23.8 

18.3 
17.2 ,. .. 
22.5 

32.6 
2Q.3 
27.1 
33.1 

22.2 .,., 
ZO.5 
26.6 

17.8 

" .. 
28.8 
W .• 



CARNEO I E ST E EL CO MPAN Y 

EYE BARS 

ORDINARY EYE DAIl 

o r---'" Q\::J1 
~ --. 

< . ' a ~ 

ADJUSTABLE EYE BAR 

Yuu-IqtlI(J/.~ftId r ... _In of 
pia to eM "'...n, ....... , ,,",_bit 7-41'. 

Th...d .... -.mftld toboltfliwld. 
Pit.eb ....! Shape (J/. 'Thrad A. B, Co. ........ -BAR I Br.AD ]jAR SCREW ESD 

~ I M .. c.... Adc!ioo...l AdcIit.iou.l , k_, Dia. _ :, ... _ _ ~~~~:, M.II Di&. ~U ~ 
~1~.th'M"dt ... · i!: Dia ~~= ~o;... rOt I\\~~~~ I'::. "". i'.:: L!,!- I.':oo: 

I III. In. I,,: n:: i". ~;;.. In. ~ nr:--~'r.:" 
__ _ __ • _ %' n •• Weicht B.a. \\t 

4~ I ~ 1_ 0 0- 7 , i ,',~ 3D 6 4 1- 8 
2 I li Mi 2~ 37 . .5 1- 4 0-11 Ji ~f~J~ ./;.1 1 ~Ji -- I ~ ~~ - ~ - , ::~ -~~ -- 2 41"l 4t? 1_ ()j tJ')j 
2~, 1 ~ 7 3 400 1- 7 I ~ 2 2Ji 2 38. 1 /) 1_ ~ II _ ,_ 'j'E ' - ,2.:-0 _I~ I 12 ,36.7 _,_ 1.:..,0; 7Ji 

I 7 3~ I =:--~ 1_ 1 -,-~-2, 34.3 /) I~ O ..... Ji 
3 I ~ ~ 8 ole 41.7 1- 11 1-.5 H 41.6 /)~ I - I OJi 
_'_ * {1M /) _~2:...! _1-10 I 2 23.9 _fi!i. 1..:..,1 IIH 

, , _ ~ 10 4 I 1_11 I· 6 -- ."1{ :Hi- :t3.9 5).\ 1- 1 ~+~ 
4 IJi Ji II 6~ 37.5 2- 3 1_10 4 H 2~ 32.0 fiJi 0-11 7J.i 

_ -_ I *12 6Ji 2- 8 2-:1 I 3 3fo.7 6 I· 1 "Ji ----1 ' (2 12 IH' - -;::---j - 1=-8 __ l.!i 3~( ,44-=--6 ....!lH. ,1_ :.I O,lj 
fo 2 II"" 13Ji 6U 35.0 2- 8 2- 2 * 52U :16.2 6 1- 0 tJ 

_ , '----- I *15 8~ 3-- 3 2- It 3 24. 1 6 O-IL 7 --,--:-1 '11 i.- .5k·- -2--4 r "j':yii.5 I S~ 30.2 6Ji 1- 0 II 
, 12 I!" 14~ 6~37.6 2-62- 1 I 3~ 34.27 I-I b~ 
__ .1_ 11 _ ·16" II , a- 2 _Z:...-8 _ _ I'f 3N StJ.3

1

7 1- 2 !J 
1 II ItI)i ( 2_ 2- 2 *1 !"SJi· 2fo,8 - ,- 1- 0 7).\ 

, , '~17 \i 8 35.7 2-11 2- 6 6 1Ji' 3" 28.0 7 1- 0 8 ---- : , .::}j- ~ ~! , ;.:!~ __ :~ :H. ,~U ~}i l : ~ ~~ 
8 2 Hi 19 8 37 • .5 3_ 0 2- 6 *I~" 2697H 1- oT' 

__ II( '"26 0 3- 4 2-11 7 I'~""ll ~- '.'. Jlt' ',:,' '." - - . '~2() 1' , 2-1\ 2-0- <> 
9 2 I 22 O,h ag.o:~ 1 ' ,3-- 1 __ \ " 3fo.4 8 1.:..,2_9~ 
---- I 2:tJiL-...h~ I- a-~-I 2-1O *\ Ilg 250 8 I- 0 II 
10 2 114 2-1 I IO}i 3S.0 3- I) 3-- 3 1 <I 27.4 8~ I- I IlJi 

I ~ '"2.'1 1I!ji .. 1 ,3- 7 8 1 "" 29.3 8.\i 1_ 1 8)i 
- -j '~ " 2t1q'10 1- 3- II 3- ' 3 I"",, 5 3LA 9 1- 20 
12 2 II 28 1I\i 37.S .... ~ 3- 8 l Jijfo}( 35.2 1 9Ji 1_ 310 

-- rl' :~I·~.H ' :~-1-- :: ~ t ~ -14 2 1 33 14 35.7 14- 10 <I~" Ban ....... kod ·tihoaldonlybo....J..-b ... 
1 ~<I U t;... 61-£i8 at.:>hltely u ... ....m.bio. 

~., 1 I ::¥:-.4 IM.D 4_ 11 - . [)oduclpillbole .. h ... 6&uri.q ... t. 
l.....- -: 1 '"31" 16 [3'1 .4 _~_' __ ' ._'_O-,-___________ _ 

'" 



LOOP R.OOS 

ADOITJ OS"AL LF.l'iOTU "A" IS FEET .L .... O I NCHES FOR O~,; Loop 
A-t.l1p+&.89I' 

...... Oiamew (It s;cw, ' 'r'' aI Rod iIIl ... boo 
• Pill, 

~ I ~~ • , '. '" '. '. '. I ~~ 

,~ jo- 9}i'o.-10 i<>-U U~ 

'K " ~~OH )?-IIH ,. 0 ,. , 
, ~ i<>-U ~lIH I· OH ,. , ,. , I· 2H 
' U ... I· O}i I· IH ,. , ,. , I· 3H 1- 4H ,. , ,. , 
, 

• .. ~ 
.~ .. " , 
.," 
.~ .," , .. " ,~ .. " , 
Pm. lDUkod . .... epeeW_ Muimum ehippi", IaIrth ai' 'r'-B.$ f~ 

'''' 

I:l! ,. 

... 



CARNeOIE STEEL COMPANY 

CLEVISES 
....... ,e ....... 'DO' eO"."I<~ ....... ""." 

All dlmewdOllll In IncIlOOl 

@ 
Gri .......... 111 piau + U" bu.1 ... ~ __ dimoaoiool f , 

]' 
nod Sal , .. "j 

• • I ..... M , , , • '.~ r~l· , • • !1 • • , , 
, , !' " !' 

, 'J< 'J< , if ll~l3.' !~ 
, ., 

r·: 
. , , " , j: , , • I I! I 1~13" 6 6 
, 6 

" 
H Ii' I j~ 1: , 

2 3~12 ~iE, ;~ 
, 6 

6 6 3 
I ~ ~ 

, • 21"J\ 2 2 • , " , , 3 , 0 , 3 5 a 2 , , , ,. 
Cu:VI8 NUIlfBER8 POR VARIOUS RoDS A..",O PINS ...... "'M 

~I~~. 
- 2t~ I iu, 

1 
3 ta; u .... • • • •• _ I~-'J :I 3\ • --

• 
, , 3 ... ~ 'J< , l+ 3 l " " .~ , , , 

• ... .. . 'H , 
~ 

, , I . " • ." , , , 

l 'J< ." 'H , , ct' , 0 
'H ...... .~ , 0f+ o , 

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

Ih+ • • 
' J< ...... 'H , , , 

~ [ ~ • , . " 'J< '" 
, , • , , 

." 'H 'H , , , 
f+ 6 , , , ." 'J< , . , , , , 

'J< ...... '" 
, , , , 

ff-
, , 

.. . " '" 
, , , , 

'K :. '" 
, , , , , 

'J< 3 , , , , , , , 
CIeotioM .o.bo:mI...t ",,.;,pI of ~ ~ be.at with forb 1llniP1, 

_ ........ 
to Idl of IhilIiM ~Id U", forb ..... 1101 to -.tn.i ... pin. 

"" 



TUII,NBUCKLBS ANO SL EEVE NUTS 

-
TURNBUCKLES AND SLEEVE NUTS 

AU DlmeMlOIl' In IncbeIo 

TURNBUCKLES SLEEVE NUTS 

CUI~~:n i~--" I····: -.-

L-b j l---t ... -. -~ 
..-e": -r' r ... "'""""*100 .....bd •. 
Pi ... aool ~ of w.I. A. B. Co.Ikaabrd. Pi .. aool ","",of w-I. A. B. Co.I!Ia.Iud 

'" 

A 



CAItNSOIS ST EE L C OM PAN Y 

RECESS):;D PIN NUTS 

..... , ,, ..... '!XIA co .......... ....... D ... D 

All Dlmen¥lons In I ncbOlI 

To ob\.oio en", Add j,." lor'" bu. t\.. N"" th.-Iod e thN.!. per ioch. 
To obc&uo d __ be&_ ~ ..... __ lai ... iJI.!&bIo w pip . 

.... NUl 

0ia.0>eIft of Pill, "'""' ... ~I -~ ! -~j l' • • "'-h.-l No. • " Grip , m < • 

~ -

-,. 'g '" , M ," 2:,r.. 3-ho 2H 

~ 
••• ... " N21 , . , 

I" II a ' . 4\lr. • 3 p. .., I' N 2'2 
3. -3g. 3 m ... , , •• " I' N 23 ., . . '. '" .. '. 3.' I'N 24 

-4 .1(. 4~: '""'''' 3~ I 

~ 
, ", 

0;; '" •• ,. I' N 25 
(;, -IIU" · , • OV, ,.. '" ~ 

.,. •. , I'N26 
(;~. -lIg' (I . " ' , , 

'" '" ... '.8 I' N 27 
-6 . OO(I~ , , , 

i~ 
8'~ ~~' 

,. ,., I' N 28 .., . , ll1 , .i , 9~~ 5'1\.. 11.8 I' N 21) 
-7 -7~ 

~~lj 
, 

" 8 I • 14,3 I'N3O '"7a' 8. '-8 • , 
I~l 10', 8 ''1'0.18.6 I' X31 .. . , • , 11'\0 , 51", .. 23.8 I'N 32 

'"9. 10 • , 11\. ,13 " 6'%.31. 1 I'X 33 
Pi • .....t.d .. aN qeeW. 

COTTER PINS 
...... 1(: ...... ' 00. "0 ..... ,. ......... ,.O .... D 

AU DImensions in InchOll 1~ I~ • .,..-----II"---T' 

~
" " 
'. . -', 

'I ~:.. a' 
_I 

lIa.t101tfAL OIl VA'rI(:l' Pl." rn....r. II......."., PIx Rot:<iII OIl Fl. ....... ... H..s Co'~ 

~~ 
Co'~ • .. 

" " < d " < d 

IS :~ 
, 

ia 
, 

, 
~ lU k l~ , 

l~ 
, , , 

~a + III ~S + '" • ~ '" ., , , 
0 , • , , • , 

!S < , 
~a >-

, , , 6 '. 6 6 
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RIVETS 

STRUCTURAl. RIVETS 

" .... ,,,,,,. •• ,,,,,. co .. u,n' IT",.""." 

·-------t ------. \ 
" 

L,--;----r-l .. , 
I 

1" -· 
}----\" .... , . .. 

L _ 1101 .. __ j 
"J 

r-" - - I~·---i 

.:r.'·-·-·I~ ---'" 
__ ~ .. ----t----. 

; "# 
/ 

." 

i ---T"Js 
: : :1" 
L,--=-:--,-l.-.i 

; 
---1--

[ 
.... ''''· .... 1 

--··t··~ 

I I 
~~ .... 

; 
--]i--. 

r-____ -----~ 

'--1" __ J--'" 

:!""':::t'Ji ;'" • ___ '1 

-~-

"::1' 
L...-- l"'.· __ 

r-·tu,·· . 

~
! + .. ~ 

I "· 1 

----!s . . " 
~t --·J 

L __ I~_·_.i 

G&S&ILI.L FO~J,lULlU! FOR PROI'ORTIOSS or RlVEl'S, IS INcar:s 

depth, 

Jl'uU drheD bead, diameter. _1..5 d + }f" 
__ ___ a -._ .., 
I .... :,' 

! ~,~ !'] 
~"'-,-"' .. ,J 

/ 
_ d __ _ 

OOllllUlnlunk bead, depth. f-o . .5d 

dIIolQ'ltcr, &=1.677 d 

.'" 



CARNEa l " STEEL COMPANY 

STRUCTURAL RIVETS 

.... 11:. ,<:" ...... ,DD • • CO .. P .. ,,1' .T .... D".D 

LENGTUS 0,. FIELD RIVE", "OR V .UnOU8 GRIPS 

DlmcMiON In lncbe. 
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R I V ETS 

STRUCTURAL R1VET S 

W £IOHT IN POUNDS PER 100 R IVETS WI T H B UTTON H EADS 

, " , " 
1 13 , .. 
8 " 
8 " 

23 35 ~ 6 9 1 130 
24 36 ~: 11 1 ;: 134 
:M310'11 1 ", 139 
26 39 5 11110: 143 

9 16 27 oi l ~ ~ I !~ 148 
9 17 28 43 ':'" 8 I l v~ I S2 
9 18 29 44 6 ~ 11 156 

10 18 30 46 641 ~ 11 161 
10 19 :U 41 67; ~! I ~!: 165 
11 20 3249 6 ~ I ~~ 169 
Ii 20 34 00 71 ~ I !~ 174 
II 21 35 52 7 "" II", 178 

12 22 3654 7 ~ ~: I I 3< 182 
12 22 37 55 7 ~~ 13 187 
13 23 38 57 7 i~ 14 1 191 
13 24 39 58 81 11 i ! ~; 195 
13 24 4060

1 

:84 1 13' 1'1< 200 
14 25 41 6 1 11 151 204 
14 26 4263 11 15 208 
Hi ~7 4364 1 Q; 121 iM 213 

15 27 44 00 92 124 162~'" 
Hi 28 4.5 68

1 
~. !:; 16 22 1 

16 29 47 69{ ':." I~ 16 2Z{\ 

16 29 4871 9 13 i1~"" 
16 30 49 72 101 !~ 176234 
17 31 [,() 74 103 ~~ 17 239 
17 31 51 75 1 1~ 141 183:243 
18 32 52 11 10 143 186

1
247 

, 
" ~ 
" " .. 
" " , 
" " .. 
" " " " , 
" " " " " " ,. 

18 33 63 78 109 146 100 252 
1834 54 80 111 149 193 256 
HI 34 65 82 113 152 197 260 
19 35 t;6 83 116 155 200 265 
20 36 57 S5 118 157 204 269 
20 36 liS 86 120 160 207 273 
20 37 60 S8 122 163 2 11 278 
21 38 6 1 89 124 100 2 14 282 

21 38 62 9 1 126 169 218 287 
22 39 63 93 128 I71 222 29 1 
22 40 &I 94 130 174 225 295 
22 40 65 96 132 177 22'9 300 
23 41 G6 97 135 180 232 304 
23 42 67 99 137 182 236 308 
24 43 68 100 139 185 239 313 
24 43 69 102 14 1 188 243 3 17 

24 44 70 104 143 191 246 321 
25 46 71 105 145 194 250 326 
25 45 73 107 147 196 253 330 
26 46 74 108 149 199 251 334 
26 47 75 110 152 202 260 339 
21> 47 71> 11 1 154 205 264 343 : 
27 4.8 17 113 151> 207 267 341 
27 49 18 114 168 210 27 1 352 

27 50 79 116 160 213 274 356 
28 50 80 118 162 216 278 360 
28 5 1 81 119 164 219 281 366 
29 ,',2 82 121 100 221 285 369 
29 52 83 122 169 224 288 373 
2953 S4 124 111 221 292 378 
3054 86 125 113 230 2% 3S2 
30 54 87 127 176 232 299 386 



CARNEGIE STEEL COMPAN Y 

AMERICAN BRIDGE COM PAN Y 

SPECIFICATIONS 

, .. 
STEEL STRUCTURES 

D ES IGN, D ETAILS OF CONSTRUCTION AND W ORKMANSHIP 

ADOPT!:O 1 1112 

DESIGN 

1. Load.. The steel frame of all structures shall be designcd 
!O WI to safcly support thc dcad and \Lvc loads. The dcad load shall 
consist of the weight of all permanent construction and fixtu res, 
such as walls, floors, roofs, interior partitions, and fixed o~ permanent 
appliances. The live load shall consist of movable loads on floors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 

2. For structurcs carrying traveling machinery, such IJ.8 cranes, 
conveyors, etc., 25 per ccnt shall be added to the stresses resulting 
from such live load, to provide for the effect of impact and 
vibrations. 

3. The wind preSllure shall be asBumed acting horizontally in 
any di rection as follows:-

First: For finished structures-A pressure of 20 pounds per 
square foot on the s ides and ends of buildings and on the vertical 
projection of Toof surfaces, or 

Second : I n proceSll of construction-A prcSllure of 30 pound~ 
per square foot on vertical surfaces and the vertical projection of 
inclined surfaces of all exposed metal or other frame work . 

." 
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CONSTRUCTION SPEC I F I CATIONS 

4. u." ,_ All p"t. 01 ","<t" .... ,h.1I be P"'PO"i,"~ 
80 that the Bum of the dead and live loads, together with the 
impact, if any, shall not cause the Btreaacs to excced the following 
amounts in pounds per equare inch; 

Tcnsion, nct !!ection, rollcd steel ...... .. ... ,', ...... , ... 16000 
Direct oompreuion, rolled st.c.!1 and ateel cMtings, . .. ... 10000 
Bcnding, on extrcme fibel"8 of rolled ahapes, 

built sections, girdcn, and steel olLBtings ... ......... ,. 10000 
Bcnding on extreme fibers of pins ..... . . .. .......... .. . "000 

Shear on shop rivets and pins ..... .. .. ............... ..woo 
Shcar on bolt!! and field rivets ......... .. ............ . .10000 
Shcar-average-on wcbs of plate girdcn and 

rolled beam!!, gross section ...... .... . . .......... , ... 10000 
Bearing preaaure on ahop rivetl! and pill8, ~ . ..... . . . , ... 2"000 
Bearing on bolu and ficld rivetB ... .. . ...... ...... . . .. . 20000 
Prc88ure per linear inch on cxpanaion rollen shall not exceed 

600 times the diamcter of rollcrs in inches. 
Axial compreaaion of gro88 ecctiOIll! of columns, for 

ratio of I/ r up to 120 ...... ..... .... .. . ..... I9000-IOOI. r 
with a mlu:imum of... ......... ..... .. .. . ..... .•... 13000 

whcre l~ffcctive length of member in inches, 
r=eorresponding radius of gyration of section in inchCII. 

For ratios of l/ r up to 120, and for greater ratios up to 200, usc 
the amounts givcn in the follow ing table. }'or intcrmediate f!~tios, 

"" proportional amounts. 

R.tio Amoun~ Rllltio Amount 

00 .3000 'M 6000 

" "000 .. 0 6000 
80 "000 .,. "'" 00 ' 0000 .00 6000 

>00 0000 "0 ."'" "0 8000 '80 '000 
'W '000 '00 

,,.. 

5. For bracing Bnd combined atre88CB due to wind and other 
loading, the permiseible working strCllllClJ may be increased 25 per 
cent-provided the section thus found is nOl leu than that required 
by the dead and live loads alone. 

-
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CAR N EO I E STeeL C O M PAN Y 

6. Gaoft'al. The cffecth'c or unsupported length of main 
comprC8/!.ion members shall not exceed 120 times, aod for aeeondllry 
members 200 timCII, the least radius of gyration. 

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

8. I n proportion ing tensioll members, net section must be used. 
ilivet boles deducted must be taken ~ inch lsrgcr than tbe nominal 
aite of rivets. 

9. Members subject to the action of both axial and bending 
Itretl8ell shall be proportioned &0 that the greaLe8t fiber atrC88 will 
not exceed the allowed limita in that member. 

10. MClIlbcllI subject to alternate stresses of tcollioD and 
oompresaion shall be proportioned for the stress giving the largest 
B('ction, but their connectiOlls shall be proportioned for the sum of 
the stresses. 

II. Glrdn.. Rolled beams and channels, and built-up members 
used lUI beams and girders shall be proportioned by the moment 
of inertia of their gross seetioIllJ. 

12. Plate girder webs shall have a thickness not Icss than v".o 
of the unsupported distance betw~n flange angles. The webs 
Billiot! have stiffencNJ, geoerally in pa i"" over bearings, at point! of 
concentrated loading, and at other point8 1llhere the thicknesa of 
the web is less tban %0 of the uOBupported distanoo betw~n 
flange angles, generally not farther apart than the depth of the web 
plate, with a maximum limit of 6 foot. 

13. The latera l unsupported length of beams and girdefll shall 
not exeood 40 times the width of the compressiOD flange. When ihe 
unsupported length (I) exceeds 10 times the width (b) of the 
eompl'C38ion flange, the strell8 per square inch in the compression 
flange shall not exceed 10000-300 lI b. 

DETAILS OF ST EEL CONSTRUCTION 

14. G..MnlI. Adjustable members in any part of IIt ructurcuhall 
preferably be avoided. 

15. Sections shall preferably be made lIymmetrical. 

16. Nooonncction, cxceptlattioo bars,lIhaU havelC6llthan two rivetH. 

"'" 
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C O NST R. UCTIO N SPEC IF IC ATI ONS 

17 . TrUSSMI shall preferably be r iveted struetures. Heavy 
truS8C8 of long span, where the riveted field connections would 
become unwieldy, or for other good reasons, may be designed lUI 

pin-conncctcd structures. 

18. Abutting joint in compression members faced for be1lJ'ing 
shall be spliced sufficiently to hold the connecting members accu­
rately in place. All other joint.s in riveted work, whether in tension 
Of CQmprcssion, shall be fully spliced. 

I!). Latera.l, longitudinal and transverse bracing in all structures 
shall preferably be composed of rigid members, snd shall be designed 
to be sufficient to withstand wind and ot.hcr lateral forces when 
building is in process of erection as well as afte r completion. 

20. Gi td~... When two or more rolled beams a re used to form a 
girder, they shall be connected by boits and separators at intervals 
of not more than 5 feet. All beams having a depth of 12 inches and 
more shall havc at leaat two bolts to each separator. 

21. The flange plates of all girders shall be limited in width, 110 

8lJ not to extcnd more than 6 inehes beyond the outer line of rivets 
connecting thcm to the angles, or 8 times the thickness of the 
thinncst plate . 

.,., Web stiffeners shall be in pairs, and shall have aclose bearing 
against the flange angles. T hose over the end bearing or fo rming 
the connection between girder and column shall be on fillers. 
I ntermediate stiffeners may be on fillers or crimped over the flange 
angles. 

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

24. Ri~tUnlr. T he mini mum distance between centers of rivet 
holcs shall be three diameters of the rivet; but the distance shall 
preferably be not less than 3 inches for %-ineh rivets, 2~ inches 
for ~-ineh rivets, 2 inches for %-inch rivets, and 1 ~ inches fo r 
¥.i-inch rivets. The maximum pitch in the line of the stress for 
members eompol:led of plates and shapes wi ll be 6 inches fo r %-inch 
rivets, G inches for ~-inch rivets, 4~ inches for %-inch rivets and 
4 inches for ~-inch r ivets. 

25. For angles i.n built sections with two gage lines, with rivets 
staggered, the maximum pitch in each line shall be twice aa great 
as given above. Where two or more plates are in contact, rivets 
not more than 12 inches apart in either d irection shall be used to 
hold the plates together_ 

"" 
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26. The minimum distance from the center of any rivet hole 
to a sheared edge shall be 1 ~ inches for JTinch rivets, I ~ inchca 
for ~.inch rivets, 1~ inchca for ~-inch rivets, and 1 inch for 
.J+inch rivets; and to a rolled edge, l~, IJ.i, 1, and ~ inchee, 
respectively. 

27. The maximum distance from any edge shall be eight timCl! 
the thickness of the plate. 

28. The pitch of rivets at theeodsof builtoomprC88ion mcmbers 
shall not exceed four diamcters of the rivcts for a length equal to 
oDC and one-half li mes the maximum width of the member. 

29. I..ttld.... The open I!.idca of oompression members shall be 
provided with lattice bars, having tie plates at each end and at 
intermediate points where the latticc is intcrrupted. The tio 
plates I!.hall be as ncar thc enda as practicable. In main members 
carrying calculated stresaee, the end tie plates shall have a length 
not less than the distance between the linee of rivets connecting 
them to t he Dangca, and intermediate once oot ICIII than half 
this distance. Their thickoe88 shall oot be ICIII than %0 of the 
same distance. 

30. The latticing of compTC8llion members IIhall be proportioned 
to resist a shearing stress equal to 2 per cent of the direct strCSII. 
The minimu m thickness of latt ice bare shall be for single lattice, 
%(1, and for double lattice, %(1 of the distance between the end 
rivets. Their minimum width shall be as follows: 

For I5-inch channels, or 
built sections "'ith 3 ~ and 4-ineh angles, 2}.i inchce (%.inch rivets). 

For 12- IO-and n..inch channels, or 
built ecetions with 3-inch angles ....... 2~ inchce (~-inch rivelll). 

For 8-and i·inch channelJs, or 
built eections with 2.J+ineh anglce ..... 2 inchce (~-inch rivetll) . 

For 6-and 5-inch channele, or 
built sections with 2-inch ang[Cfl ....... 1 ~ inchCfl (.J+ineh r ivets) . 

31. T he inclination of lattice bars with the axis of the member 
shall generally be not less than 45 deg~. When the distance 
between the rivet lines in the flanges is more than 15 inches, if a 
lI inglo ri vet bar is used, the lattice shall be double . . 

32. The pitch of lattice conncctions, along the flange, divided 
by the least radiU8 of gyration of the member between conncctions, 
shall be less than the corresponding ratio of the member as a whole. 

'" 



CONSl R. UCT I ON SPECI F I CATI ON 

33. Pin.. Pin holes IIhall be reinforced by plates whcre lleCe88llry. 
At least olle plate shall be as wide a.s the projectillg flangca wi ll 
allow; where allgles are used, this plate shall be on the same side as 
the angles. The platca shall contain sufficient rivets to distribute 
their portion of the pin prC6llIlf1l W the full croea section of the 
member. 

34 Pins shall be long enough to iJl.9ure a full bearing of all parts 
connected upon the turned-down~ body or the pin. Mcmbers 
packed on pins shall be held against lateral movement. 

WORKllANSHlP 

35. eeaen}. The workmanship shaJl be equal to the beet 
practice in modern structural works. Shearing shall be done 
accuratdy, and aJ] portioJl.9 of thc work Cll:poscd to vicw shall be 
Ileatiy finished. 

36. Pundtl.... The diameter of the punch shall not be more 
than %6 inch, nor that of the die more than ~ inch, largcr than 
the diameter of the rivet. Punching abaJ] be done accurately, but 
an occasional slight inaccuracy in the matching of holes may be 
corrected with reamer. Drifting w enlarge unfair holes will not 
be allowed. 

37. Rhetllll'. The size of rivets sha1l be Il,!I called for 011 the 
plaIllJ. Rivets sliall be driven by pressure tools wherever possible. 
Pneumatic hammers shall be used in preference to hand driving. 
Hivcts shall look neat abd finished, with heads of approved shape, 
full and of equal size. T hey shall be centered 00 the shank and 
sllalJ grip the tulSemblcd pieces firmly. 

38. Auo: .. b/ IIII'. Hivcted members shall have all parte well 
pinned up and fllmly drawn together with bolts before rivcting 
is oommcnccd. Contact surfaces shall be painted. Abutting 
joints shall be cut or dre88C<l true flnd straight and fitted closely 
togethcr . In compression joints depending on contact bearing, the 
RUrfaces shall be truly faced, so as w have even bearing after they 
sr{l riveted up complete and when perfectly aligned. The several 
pieces fo rming one built member shall be straight and shall fit 
closely togctller, and finished members IIhall be free from twists, 
bends or open joints. 

'" 
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39. En Ban. Eye bars shall be straight and true to size, and 
shall be froo fro m t l\·ist.s, folds in the nook or head, or any other 
defoot. Heads shall be made by UPlietting, rolling or forging. 
Weld ing will not be a llowed. Before boring, each eye bar shnll be 
perfootly annenled and carefully straightened. Pin holes ahall be 
in the center line of bars and in the center of heads. Bars of tbe 
same length shall be bored 80 accurately t bat, when placed 
together, pins *7 inch smaller in diamcter than the pin holCfl can 
be pll88Cd througb the holes at both enda of the bars at the same 
time. 

40. PI.... Pina nnd rollen ahall be turned accurately to gagee, 
and shall be straight, smooth and entirely free from flaws. I'in holes 
ahall be bored t rue to gages, smooth nnd straight, at right angles 
to the axis of t he member and parallel to each other, unlcse other­
wise called for. Wherever possible, the boring shall be done after 
the member ill riveted up. The distance from center to center of 
pin holes shall be eorred within ~ inch, and the diameter of the 
hole not morc than *0 inch larger than thnt of t he pin for pins 
up to 5 inchCfl dia.meter, and Y-12 inch for larger pine. 

41. Jk.d Plalet. Expnnsion bed platts shall be planed t rue and 
smooth. The cut of the pla.ning tool shall correspond with the 
direction of expansion. 

42. "".-110... Slc(!I, except in minvr detaiia, which has been 
partially heated, shall be properly annealed. Welds in steel will 
nvt be allowed. All stool castings shall be annealed. 

43. Pat .. t!.... Stcel wvrk, befvre leaving the shvp, ahall be 
thorvughly clcaned and given vne good ooating vf such paint as 
may be callcd for, well worked into all join ts aod vpen spaces. 

44. In riveted work, the surfaoos cvming in contact shall be 
painted before being riveted together. 

45. Machine-finished benring surlacCfl coming in contact with 
similar surfaces shvuld be coated with white lead nnd tallvw beforc 
shipment. 

46. IftlIPffilo... The manuf1lCturer shall furnish all facilitica {or 
inspccting and testing the weight, quali ty of material and work­
manship. lIe ahall furnish a sui tablc testing machine for testing 
the speeimens, lUI well as prepare the piCCCll for the machine free vf 
charge. 

47. He Rhall give \he iD8peetor fvr the purch8.8Cr free acCCSll 
to all part" of the wvrks where the materia.! under iWlpettion is 
manuf1lCtured. 
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ELeMeNTS OF SECTIONS 

ELEMENTS OF SECTIONS 

Dt; V1N1TIQS8 

In the computations of structural designing, certain mathematical 
exprea.sions are used to designate the values of structural shapca in 
the various conditions under which they are subjected to stresll. 
In the pages which immediately follow, thew values, usually called 
propcrties, a re given in United States measurcmentll for shapes 
common in structural designs, and atc defined All folIows:-

A- A ... of Section, expressed in square inchee. 
Neulral A:da. Axisof moments through center of gravity of section. 
'" and,.. Distances fro m the back or working line of a Bcction to 

the center of gravity of scction. 
1-)10_ .. 1 of I lImia.. The summation, expresacd in inchee to the 

fourth power, of the producWl of the elcmclltary areas of a Il4!(ltion 
by the squareB of their distanceB fro m its center of gravity or 
other axiB &llIIumed for purp08C8 of computation. 

S- 8KtIoa Mod"I ... The moment of inertia divided by the distance 
(n) from the axis of moments to the extreme fiber . In an Ull8ym· 
metrical section there are two section moduli for ench axis of 
moments, the leaat of which determinC8 the safe unit stTC8/!. 

r-R..di ... • 1 GpatiOll. The distance in incbes from the center of 
moments of a Il4!(ltion to the point or line at which its area is consid­
ered concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that a",i8 divided by tbe area. 

The section modulus is used to determine tbe stresa in the extreme 
fiber of a shalle subject to bending by dividing the beDding moment 
by lheeection modulus, both exprC8SCd in like unil.<! of measurement. 
It is also u.sed vice versa in the seleetion from a table of ahapcs of 
the proper section required to support a load by dividing the bend· 
ing strC88 by the allowable fiber strC88, botb in like uDiU! of weight. 

The radius of gyra tion is u.sed to ascertain the safe load any 
seetion or abape will lIustain when u!led in oomprel8ioll M a strut 
or column. The unbraced length of the sootion divided by the 
radiua of gyration is denominated the ratio of slender nCl!ll. 

The elements of steel sedions are eomputed from the theoretic.l 
dimensions heretofore given by the formulas which follow and no 
approximations h\1ve entered into the calculations. No account 
has been t aken of fillets or roundings., and in conseq uence weight. 
figu red from areas will not exactly agree with the nominal weights 
published. 
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ELBMENTS OP SECTIONS 
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" • .J , -LV6 +3 6, . L .... b ••• j "-' - "Ir 6 + 6, 

JUtGULA lt POLYGON 
A" •• or .. o .. enb th ...... h _ ... , - Numbfto or 8klm 

."-. A - }( n .. cot. - )i nRl.m 2. _ oR,_ (&fl. 

• H- r.inr • 
~~' 

• - :I.=R·- 2 ,an' 
.. /.1- .... 

A !G Rl-6il I A !12 R I' .• ail .. \'" .... 1,_,_ lU - ~= 48 ,-. ...- I .,\Z R' ~\ 8,-,- A{OR ...... ! 8 A{12R," +"1 

•• M .. ~ 
lUR ~= 4s11. 

o \ 't! ., •• _ VO R ....... -,~- ,,12R,I +a' 
a.2\~'" III 48 

'" 



CIRCLE 
Ad. "r ... "men'" 

th ....... ~ ftJItn 

l ~ - 1 ~ 0·' 
~ 1 t_____ _ ___ A_At 

n OLI,OW CIRCU; 
Ad. "f .. " .. cn'" 

Ibl'OOlll:h cealft 

,;-@j:! 
--

nALi' CIRCLE 
Ad, "r ,"omcnll th rou. h 

center of ..... ;1¥ 

~.~n-J 
, • . -~- -1 1" 
~, .. , 

'-- __ ··d····...: 

HOLLOW 
UALF CJRCU; 

ELEMENTS Of' SECTIONS 

A - z.p.. _ 0.7Ma98dl 

, - ~ 
1,_,_ ' d' ~ _ 0.1).10087 d' 

8,_1 _ d' _ 0.09817~ dl ".-
r,_,_ -:-

--~ 

A - ft (d~--d,I) • = 0.785300 (d'--d,') 

d , - ..-
1,-,- .. ~d'--d,'1 = 0.(1.10087 (d'--d, ' ) .. 
8,_,_ .. (d'--d1' ) 

ibd _ O.OOSI7~~ 

1'1_,_ ..,'dl + d,1 , 
A 

, d' .. -r- - 0.392(100 d ' 

, -

.,-,. 

A _ 

d (:! : .. --4) z:0-2877(lJ.d. x, ~212207d 
d'iO orS--M) _ 0-CJ06800 d' 

1152 .. 
d 8(9 .... -&I) _ O.ozJ836 d 3 
Ul'.! (3.. 4) 

d ..,!di .. iQkj _ 0.132168 II 

", 
.. (d8--d, ·) _ 0.392699 (d":!.') 

A:dlof ,""mnlo throll,h " ... 
center of lJ .. vi1¥ 

2 Idl--d.") 3 .. d Id f--dLa-4 (d"--<l,I) 
a .. (d t:::a,') x, - 1I .. (d ,I) 

0 ... (dO--d,') (d~)-M (d"--<l,'l' 

ELUPSE 
A:lI. "r ""rnen'" 

IhroulJh center 

'rO:: X ' ; 
.' .; 
I •• _~_.. -.;- --.1 . . 

.... ·-d, ..... 

1,-,- 1152'" (d*-d,I) 
L I 
" It" > ", s,.,_ -s, It '" > " 

r,_,_ T~ ft .1 II"" Id'--d,') (d*-d,')-6I (dO--o':lI ")" 

" (d"-d,')" 

.. ~dl A ... _ 0.7~98dd, 

x - ~ • 

.. %. d, _ 0.(1.10087 dl d, It-,-
~ 8,_. -"" a2 - 0.098175 d l d, 

r,_,_ : 

'" 
__________________________________ A 
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CA R;NEOI E STEE L COM PANY 

1 ----

, i 

• 
i 
r ..... 

, 
>-'-'-1 
h\~', ! 

\ 

" 

; 
- , t 

.... ----.--J.---. 
! ! 

i l J ,-­
,/ 

./ i\ .J ,
j 

BEAM 

A dt + 2a(m+o ) , ..-
b -. 

2nba+ct."+¥ (u'_tO) 

1:2 

C HANNEL 

A 

, -

1,_0= 

ZEE 

A 

• -, 

dt + a ( m +n) 

, 
T 

bOn + ~+~ (b+2t) , 
bd .... ~ (C<....,.j 

12 

t(d+2a) , 
-,-
,"-, -,--

'fan 2 .. = (dlr-t-t) (IJI-btl 
I,·,- h .• 

hd ...... (d - 2t)· 
1,_.", 12 

'" 

d(h+&)'-2a'~ah2c 
12 

"_' eos'm-it·,sln'" 
~,. 

h., eos' .. -l~. a!n'" 
= '" 
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." , -- ...• -_.: 
.. ····r··· b,--,,.. 

,'-- ---I 

E LEMeNTS 0 1' SUCTIO NS 

EQUAL ANOLE 

• 
". 
t{b-").+b . .... (S-t)" , 
I ,., 

ell +e*l+3et.(b-b+~)I+"+W(h-t.). 
12 

ctI+olt+3cth"+V 
12 

UNEQUAL ANGLE 

A 

• 
, 

, 
f ~ 

T.d""" 
, 

1,_, 

'" 
I I-I 

I,., 

TEE 

A 

• 

d 
1,_, 

"< , 
i 

,t(b+c) 
t{b+2c)+et 

::(b"Vc) 

t(2II+d~+'" 
2(.+ l 

!l(2M)d(d-h) +.(2:H)(bH-2V] 
2{h_i_b_.l 

t(d-s}·+bs .... Cs-t)· , 
I Cb-YII+dII-CCY-tll 

1t-a!!J!2Q- I,_,llnt« 
00II 2« 

I !.,COB'Q-I._r!!ln' « 
00II 2« 

",CttU
) + mt+ll(m+n) 

.... +2a(!!!=!) (m+b'+3IdLfl......,) (3d .... ) 

" ... 
.. I'3uH)+4bm*-2a( .... D). -4'- _ 'I 

1~ .. - ..... 

.bI±~t.+ftI 

. __ .1_. __ • + 1(m-lllIhI+I2a+*,)tl 
a 

I O('-l!C-lU+2lt+2uJII 

'" 
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CARNEGIE ST EE L COMPANY 

OOMPOUN D SEOT IONS 

h.o~ I. ReqWftd!.be _II <Ii ;.-1'- aad \/I. 

'~t-. 
..e&ion ... "hili .bOIIt oue I-I and 2-2 oA • tompollad 

...tio.o. 10 be ...,.J ... allinl ... , oomP<*ll of 
I Web Plate 33"%~" 

, 

;~ 
' . . _ .. • 

( },.. AII&leo G".4",,"," 
t .~ 1'10* I t ".~" 

-.. !.be __ ... !.be FOIl ....,. <Ii !.be ... a. . 
DewmiDI u. cL--. 01Il00 ... tor liDs <Ii pay,t1 of 

2 j-- :t'l5 

AXIS I-I 

pIaw..a AQIIeo, f.- 11M _trill .... 01 1M ..... .,.,.... 
omioo. I ...... Uo$ d---. " ....... u.. 'IW 

1,_. of "'''14''. ,", '' 
Ad' of ~"lt"I,", " 

1._. of 1-33".~" 

ADcIeI .. t. i-5 
.. t. &.88.I~.;2" ,.,. '" 

10.00 1 ... 1oeo ' 
&ill2.4& 

AXIS 1-2 

AXIS I_ I 

Dol~. 

Plato .. I • 12 

1,-. of 1-14"."" .. h IhU5" 

Ad' 01 1-lt".~" .. ,. 10.&0 Ili.12.? 
M_t of I.nia, FOIl """'"* 
SodOoD Mod"","- H_ lW1((1 

I •. , of ~"It".'"'· ....... 
Ad' 01 ~"lt·.H" . .....,.-
I ••• 01 1-33".}i" PIaIo 

_t. 21.1 
.. t . 1.8e>.2.J80 

U~..,. 
- II 11 

I .... <Ii 1-lt"I~" _ 2 I 0.15114" ---,,-
Momtnt of Inertia ...... _tio~ 
Seetioo Modul .. , 

14i l.38 

1a47\l.((I 1 ..... . 

77O.MI .... • 
&4.((1 1 ..... • 

12l.85 

.Ut , " 

'",00 
M9-5~ I ........ . 



IlU! MENTS OF SeCTIONS 

COMPOUND S£CTION8--Concluded 

~ .... U.e d"'*-. d, <II. oenlft 1m. of ,",vii,. lor 
&be.....-- -""'" hom &be ..... w-.I ... I_I aad 2-2, i. 
~ wi!.b the d......o. ....... theD lor 

AXIS I_I I,., of 2-12"ULaa ..... 301bl._ 2. 161.2 - "'." '""" . 

AXIS 1-2 

" ., of J.1 4"1'~" "'___ 2 1410.7b"_ ~. ,.- = I 12 
Ad' <II. 2-14".'1" .. 
M_oIl_,..-_a 

Radl,," 01 O,.....lioa, .. 
I ... of 2-lZ"Chao .. 30lbI.= 
Ad' of 2-12"a.......eltaolbl .... 

b.t 01 2-1 4"1'1" PIa", 

Sf_I 0I1_,..-1Inloa 
Rad .. of C,.....tioa, H 

.. -

2 I 10.&. '.J7&1 

'.J mU3 .. ... .. U .. I.N 14.l7t -
" 

O.nll'" 
If 

'.J MeAO 
D -

0." 

"'" 11 70.113 '''''" . 
on '''''" 

10..0 , .... 
305.70 

"'.00 
8Ii4.10 Ior:t." 

U31 ..... 

EuJm... 3. R«t1Lited u.. radii 01. un""" about ... 1·1 
..... 2--2 <II. ..... , -""" ....,...J II loa.:...:-

.... "14"1 Ji" Aada IMtletd bJ ,*." bua, 
proponioo to r:.. buod OIL the .... Ieetioo of ... Ieo. 1\0 dedoo-
~ beuoc mad. lor rivel ""'-!lOt.." .J1o ....... lor Laltiee ban. 

~ u.. ru......,d,ol_I ..... <II. ..... ;1, 01 .... 
from _""I uti 1_1 ..... 2-t;" ~_ .Ith It.. di_ 

&i~. IbeIL for 

AXIS 1_1 I,., of W>4"sJi" .up._ 414.' _ 18.80 h.d .. " 
.... n Ad' 0/ .... "14"1'i" 4 11.11 I 5.11111 

M_~ <l I..mia, ..-~ iiil2 I",,"" I 

'" 



CARNI.!O II.! STEE l. COM PANY 

ELE.\lENTS OF STRUCTUR.4.L BEAMS It; ~ 

1 • 
"'.f" Weicht .... WidtJo : Thidt- AIio I-I AIio t-t 

S."" 1:" - - --... SenicIII .,... W~ 'ol. , , S I , S ,. ~ ID' -j ID' ~ IL·l lL 1""J,,7 "Wl IL '" ." " 00.0 126.34 0.000 0.1124 29S8.3 10.60 210.1 75.3 1.60 16 .7 

1111.0 3..1.67 7.087 0.737 ~4CM 0.3.5 245.0 82.8 1.67 ",., ." 2 1 110.0 32.18 7.02.5 0.6762869. 1 0.44 230. 1 "' .. 1.1\8 20.:1 
IOII.D 30.118 , 7.87a. 0.6211 ~811 .5 .. '" "'., 78.11 "60 .... 

I 100.0 2Il.2S 7.U7 0.747 2:171.8 •. '" 197.6 48.4 .. '" 13.4. 
.M 27.711 7.186 0.686 2301.5 0.08 191.8 47.0 1.30 13.0 • , " UO.O 26.30 7.I:H 0.624 2230.1 9.21 185.8 "" 1.:12 12,8 

1 
8M 24.84 ,."'" O.r.aa 211m.8 .. '" ISO.O 44.2 1.33 t:,UI 
711.11 23.33 '.060 0 .500 2087.2 9,46 173.11 42.0 , .. 12.2 

D" " "., I ".'" '.000 0.4761050.1 0.48 162.5 61.2 1.68 13.6 

. " " 00.4 17.68 8.'" 0,428 1235.5 8.36 11 7.7 43.5 1.67 10.6 

100.0 29.20 7 .273 0.873 1648.3 7.51 164.8 112.4 .. '" 14,4 i n.~.0 27.74 ,."'" 0.800 1599.7 7.50 160.0 " .. 1.3-~ 14.0 • , OJ 00.0 26.26 7.126 0.726 1550.3 7.68 155.0 48.7 ,.,. 13.7 
8.5 .0 24.80 7.053 0.M3 1501.7 7.78 150.2 47.0 ' .8 13.3 
81.4 23.74 7.~ 0.600 146G.3 >.S. 146.6 "'.8 .... 13.1 

75.0 
, 

21.00 6.3111 0.641 1263.11 '.60 126.3 "'., 1.17 ••• • , OJ 70,0 20.0 6~1I7 10 . .007 1214.2 7.71 121.4 28.0 1.1 0 .. , 
,. 66,4 10.08 6 .250 O.!iOO 1169.5 .... 116.11 27.0 1.2 1 8.8 I 

00 .• ,.,. 7.236 0.700 1256.5 6.01 139.6 M.O .. ., ".3 I 8.111 " 
80D 24.8 1 7 .1114 0.7141216.6 '.00 135.2 411.8 1.42 14,0 
0>.' .... 7.072 0 .6321176.8 7.10 130.8 47.11 , .. " 13.6 
711 .ft 2'l.Q.4 7.000 0.660 1141.8 '.OJ 126.0 ... .. ., 13.2 

70.0 20.46 6.251 0.71 1 IH7.5 6.70 10 1.0 , .. ..'" '.8 

• • " 60.' 18.08 6 .169 0 .629 877.7 .... 97.5 .... 1.11 7.6 
60.' " .. 6.087 OM7 837.8 .. " "'., 2'l.3 1.13 ,. 
114.7 111 .1).4 6 .000 I 0.460 795.5 un sa .• 21.2 1.16 ,., 

. M " 48 .2 14.09 7.600 O.3SO 737.1 , ... 81.0 130.0 1.46 8.' 

711.0 2 1.8.5 6.278' 0 .868 687.2 5.6 1 91.6 30.6 1.18 '.8 
D • " 

70.0 20.38 6.180 0.770 fI.">9.6 .... 87.0 28.8 1.10 •. , 
60.' 18.0 1 6.082 0.672 

~.~ 
5.78 84.3

1

27.2 1.20 8' 
00.8 17.68 6.000 0 .500 5.87 81.2 26.0 1.2 1 8.' 

M.' 16.06 6.738 0 .648 "s.> •. " 67.8 17.0 "00 ••• 
· 'I " f' 14.119 6.640 (\.1\50 481.1 :U4 M.' 16.0 I.o.~ .. , 

45,0 1:1.1 2 11.642 10 .452 453.ft 6.88 60' 15.0 1.07 ••• 42.D 12.49 5.000 0,410 .... ..'" 58.0 14.6 1.08 5.3 

BOO 15 37.3 10.91 6.760 0.332 400.5. 6.10 ... , 10.9 .. '" M 

'" 
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E LEM ENTS O F SECT IONS 

ELE:-.IE:\TS OJ<' STIWCTUH.AL BEA.\l8--Concluded 

1-- - 1 

DfroI.It, WapI ~ Width 1'IIit-k- AnI I-I I 
<I. .1* <I. <I. _<I. 

s... .'ODI. s..uo. n.- Web h-'" s ----r--- r 

1
-- • f--- • 

la. 1 u.. 1.·- 1 I... I.. 1 ... 6 I ... ,cc"c·T c"=-'+c"::... 1_.-+-=-. -! --+1 
16.04 6.600 0 .8 10 :nO.3 4.46 M .2 17.3 
14 .;'H lI.477 0 ,681 301.6 4 . .505 00.3 16.0 
13.10 II.3M O.ll65 2114.1 4.66 47.3 14.8 
11.84 lI.2OO 0.460 268.0 4.77 44.8 13.8 

M.O 
60.0 
41>.0 
40.8 

0.0< 
1.00 
0.00 
1.08 

12 :J.5.0 10.20 lI.078 0.428 227.0 4.72 37.8 10.0 0.99 3.il 
-31.8 U.26 lI.ooo 0 .3:10 2 111.8 4 .83 36.0 U':; 1.01 3.8 

12 27.0 8. 111 6.000 0.284 109.4 4.fl.5 33.2 12.6 1.24 4.2 

o 

40.0 
35.0 
30.0 

"2l1.4 

n.' 
:1II.0 
"'.0 
~.O 
21.11 ... 

8 23.0 ",., _18.4 

I l. aD 
10.22 

8.711 ". 
6.001 
41144 
4.707 
• 000 

0.741 
0.(>1).1 
0.4H 
0 .310 

158.0 
141i.8 
13:1.5 
lr.!.! 

3.68 
3.78 
3.01 
4.07 

31.6 
29.2 "'., " .. 

0.' .. 
a 
6.0 

6.M 11.600 0.2112 113.6 4.17 22.7 0.0 
,., 
6.' 
M 
'.0 

10.22 4.764 0.724 
8.76 4.601 0.661 
7.28 4.437 0.3\17 
6 .32 4.330 0.200 

7.43 4.262 0 .M2 
6.71 4 .171 044J 
11.97 4.07il 0 .349 
11.34 4.000 0 .270 

111.3 3.30 24.7 
101.4 3.40 22.5 
01.4 3.M 20.3 
8-\.9 3.67 18.0 

68. 1 3.03 17.0 4.7 
64.2 3.00 16.0 4.4 
60.2 3.18 11i.1 4 .0 
56.9 3 .26 14.2 3.8 

0.00 
O.ill 
O.~I 
0.97 

,., ,. 
'.0 '.0 

1. 17 3.3 

0.84 3.0 
0.81\ 2.8 
0.118 2ll 
0.90 2.4 

0.80 22 
0.81 2.1 
0 .82 2.0 
0 .8-\ 1.9 

868 8 17ll 6.13/1.000 0.2!!O 118.43.3814.6' 6.2 1.10 2.5 

8" 

HI< 

.13 
8" 

"" 

,"0 
7 17(; 

o 

, 

• 
, 

- 111.3 

"" 14.7l1 ". 14.7" 
12.2,'; 
10.0 

W. .., 
'.6 

'" ,. 
'" ,., 

6.83 3.!;(I(I 0.400 41.9 2.68 12.0 3.1 
11.00 3.1M 0~14.~ 38.0 2.77 11.1 2.9 
4.43 3.M(} 0.200 3(1.2 2.86 10,4 2.7 

0.74 1.6 
0.76 1.6 
0 .78 L5 

6.02 3 . .'>& 0.465 
4.29 3 .443 0.343 
3.61 3.330 0.230 .,. 
;1.56 
2.87 

'06 
2.76 
2.46 

'" 

3.284 0.404 
3.131 0 .:141 
3.000 0.210 

, 
2.1170 0 .400 
2.700 0.326 
2.723 02.'5.1 
2.600 0.100 

2.17 2 .1\00 0.349 
1.88 2.411 0.211 1 
1.64 2.330 0.170 

'" 

26.0 2.28 
23.8 2.36 
21.8 2.46 

15.0 
13.lI 
12.1 

'" 6.' 
6.' 
6.0 

0." 
0." 
0.06 

." 1J'.6 
0.60 
o.M 

2.9 1.105 
2.1 1.19 
2.:; I 1.23 

.. , 
,.S ,. 
6.0 

'" ••• ,. 
" '" '.0 

,. 
0.' 
0.8 

0.' o.. 
0.0 

0.0 
0.91 
0." 
0.71 

0.68 1.3 
069 1.2 
0.72 1.1 

0." 
0.6:1 
0.6<> .. , .., 
", 0.60 

0.0 
0.9 1 
0.82 

0.';0 
0." 
0.61 
0.li8 

1.0 O.W 0.li2 0.41 
I.fI 0.51 0.112 0.4:1 
1.7 0 .46 0.53 0.40 



CARNEGIE STEEL COMPANY 

ELEMENTS OF H BEAMS 

Depth Weight Area Width Thick- Axis 1-1 Axis 2-2 

Section of per of of ness 
Index Beam Foot Section Flange of Web I r S I r S 

----------------------
In. Lbs. In.· In. In. In.' In. In.- In.' In. In." 

i------ --I----- --
H4 8 34.3 10.01 8.0 .375 1.15.4 3.40 28.9 35.1 1.87 8.8 

H3 6 24.1 7.01 6.0 .313 45.1 2.54 15.0 14.7 1.45 4.9 

H2 5 18.9 5.47 5.0 .313 ;la.8 2.08 9.5 7.9 1.20 3.1 

HI 4 13.8 4.00 4.0 .313 10.7 1.63 5.3 3.6 0.95 1.8 

ELEMENTS OF U. S. STEEL SHEET PILING SECTIONS 

:.~.-- MI05t MI04 ~--t :-~ Ml?3 Q._.~ 
!- c,-- : . ;; _ . d:, ~,,-.; . . ·s· ··, d-;-! 

.-:',." : I -:_y '0:._ I 

v___ I I I , 

1-<1--- __ - _ - ------·b----------------~' 4-- -- -- --- ---b------------ti 

Dimensions Weight Area Axis 1-1 
Section per of 

Index b C d t Foot Section I r S 
--- --- --- ------------ --- ---

In. In. In. In. Lb •. In,2 In.' In. In." 
------ --- --- ------------ --- ---
M 105 13M 31%. 2Yo Yo 42,5 12.51 8,56 0.83 4.35 

M 104 13M 31%. 2Yo % 38 11.30 8.50 0.87 4.32 

M 103 9M 20/1. IV. M 16 4.71 1.45 0,56 1.13 

154 



J . 
" 

Section 
Index 

---

0 1 

0 2 

0 3 

1 

0 4 

9 5 

0 6 

0 7 

0 8 

0 9 

010 

I \ 

ELEMENTS OF SECTIONS 

ELEMENTS OF STRUCTURAL CHANNELS 
American Standard Sections 

Depth Weight Area Width Thick-
of 

fo'~t 
of of ness of 

Channel Section Flange Web 

-------
In. Lb • . In.2 In. In, 

- --------
55.0 16.11 3.814 0.814 
50.0 14.64 3.716 0.716 

15 45.0 13 .11 3.618 0.618 
40.0 11.70 3.520 0.520 
35.0 10.23 3.422 0.422 
33.9 9.90 3.400 0.400 

40.0 11.73 3.415 0.755 
.35.0 10.26 3.292 0.632 

12 30.0 8.79 3.170 0.510 
25.0 7.32 3.047 0.387 
20.7 6.03 2.940 0.280 

35.0 10.27 3 .180 0.820 
30.0 8 .80 3.033 0.673 

10 25.0 7.33 2.886 0.526 
20.0 5.86 2.739 0.379 
15.3 4.47 2.600 0.240 

25.0 7.33 2.812 0.612 
9 20.0 5.86 2.648 0.448 

15.0 4 .39 2.485 0.285 
13.4 3.89 2.430 0.230 

21.25 6.23 2.619 0.579 
18.75 5.49 2.527 0.487 

8 16.25 4 .76 2.435 0.395 
13.75 4.02 2.343 0.303 
11.5 3.36 2.260 0.220 

19.75 5.79 2.509 0.629 
17.25 5.05 2.404 0.524 

7 14.75 4.32 2.299 0.419 
12.25 3.58 2.194 0.314 
9.8 2.85 2.090 0.210 

15.5 4.54 2.279 0.559 
6 13.0 3.81 2.157 0.437 

10.5 3.07 2.034 0.314 
8.2 2.39 1.920 0.200 

11.5 3.36 2.032 0.472 
5 9.0 2.63 1.885 0.325 

6.7 1.95 1.750 0.190 

7.25 2 .12 1.720 0.320 
4 6.25 1.82 1.647 0.247 

5.4 1.56 1.580 0.180 

6.0 1.75 1.596 0.356 
3 5.0 1.46 1.498 0.258 

4.1 1.19 1.410 0.170 

155 

Axis 1-1 

I r S 

In." In. In.8 
-- - --
429.0 5.16 57.2 
401.4 5.24 53.6 
373.9 5.33 49.8 
346.3 5.44 46 .2 
318.7 ~.58 42.5 
312.6 .62 41.7 

196.5 4.09 32.8 
178.8 ~:18 29.8 
161.2 .28 26.9 
143.5 ~.43 23.9 
128.1 14.61 21.4 

115.2 3.34 23.0 
103.0 3.42 20.6 

90.7 3.52 18.1 
78.5 3.66 15.7 
66.9 13 .87 13.4 

70.53.10 15.7 
60.63.22 13.5 
50.7

1

3.40 11.3 
47.3 3.49 10.5 

47.62.77 11.9 
43.7 2.82 10.9 
39.8 12 .89 9.9 
35.8 2.99 9.0 
32.3

1

3.10 8 .1 

33.1
1

2.39 9.4 
30.1 2.44 8.6 
27.1 12.51 7.7 
24.1

1

2.59 6.9 
21.1 2 .72 6 .0 

19.5 2.07 6.5 
17.3 2 .13 5.8 
15.1 12 .22 5.0 
13.02.34 4.3 

10.4 1.76 4 .1 
8.8 1.83 3.5 
7.4 1.95 3.0 

4.5 1.47 2.3 
4.1 1.50 2 .1 
3.8 1.56 1.9 

2.1 1.08 1.4 
1.8 1.12 1.2 
1.6 ,1.17 1.1 

Axis 2-2 

I r S 

In.4 In. In." 
----r---
l2.1 Q.87 4 .1 
11.2 ~:87 3.8 
10.3 .88 3.6 
9.3 0.89 3.4 
8.4 0.91 3.2 
8.2 0.91 13 2 

6.6 0.75 2.5 
5.9 ~ :76 2.3 
5.2 .77 2.1 
4.5 0.79 1.9 
3.9 r·81 1.7 

4.6 ~.67 1.9 
4.0 ~:67 1.7 
3.4 .68 1.5 
2.8 0.70 1.3 
2 .3 0.72 1.2 

3.0 0.64 1.4 
2.4 0.65 1.2 
1.9 ~.67 1.0 
1.8 .67 0.97 

2.2 ~.60 1.1 
2.0 .60 1.0 
1.8 ~.61 0.94 
1.5 .62 0.86 
1.3 0.63 0.79 

1.8 ~.56 0.96 
1.6 .56 0.86 
1.4 ~:57 0.79 
1.2 .58 0.71 
0.98 0.59 0.63 

1.3 ~.53 0.73 
1.1 0.53 0.65 
0.87 0.53 0.57 
0.70 0.54 0.50 

0.82 ~:49 0.54 
0 .64 .49 0.45 
0.48 0.50 0.38 

0.44 0.46 ~.35 
0.38 0.45 0.32 
0.32 0.45 0.29 

0.31 0.42 0.27 

y 

In. 

-
0.82 
0.80 
0.79 
0.78 
0.79 
0.79 

0.72 
0.69 
0.68 
0.68 
0.70 

0.69 
0.65 
0.62 
0.61 
0.64 

0.61 
0.59 
0.59 
0.61 

0.59 
0.57 
0.56 
0.56 
0.58 

0.58 
0.55 
0.53 
0.53 
0.55 

0.55 
0.52 
0.5 
0.5 

o 
2 

0.51 
0.4 
0.4 

0.4 
0.4 
0.4 

0.4 

8 
9 

6 
6 
6 

0.25 0.41 0.24 0.4 
6 
4 
4 0.20 0.41 10.21 ,0.4 
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ELEMENTS OF SECTI ONS 

ELEMENTS 0'" SHIP BUILDING CII .\NNELS 
American Standard Sectiolls 

41 I: -~ 
n:r" 1I't.. Ad 1·1 Ad :.2 ..... ~r- , , ..... , . 
•• i ll." •• 

14.3 ,., 
C .. , 18.5 ,., 

(IISC II) 11.' .., 
12.2 .. , 

C" 
(BSCI) 

, 
0<0 , 
(1ISC8) 

0'00 
, 

(' 41 , 
(8S<" 

(' 48 , 
(1St 5) I ... "". 

ELE~IEN1'S OF CAR BUlLDIXG CHANNELS 

00.0 14. .4120.18 3 12 .~ 4.62 48. 1 ." ..,rr .., o.os 
46.0 13.18ri.2980.G73-N2.0 4 .7 1 ... , 16.3 LSS .. , 0", 

tc '" " 
40.011.114.18.'>0.600211.44.82 4\.7 13.9 LOO .., 0 .97 

~g :g1!'~ :M~::r,~~ :~ ax "". 13.0 1.10 .., oos "' .. 12.5 1.10 •. 0 0"" 
318 I:::: :::I~:~:I:~~! ::: , ... 11.6 \.11 3.0 101 

00.0 ... , 11.8 1.10 ,. LOO ... 14 22-1 .1000.8(1)263.21 4 1\0 43.8 11.3 1.10 ,., LOO 

tC 170 " 
46.6 13.62 1.0&00 760256.8 4 aa 42.t\ 16.6 1.11 5.6 1 05 
44.6 

"..,. 0000 "" '''.~. " 
41.4 16.0 \, 11 ,.. 1.05 

.. 0 11.703.l19OO.MlO232 440 , .. , 14 .5 1.12 , .. 1.0,; 
3.'>.0 10.23

j
3 76'r.<l67 2 1? 1 <169 , ... 12.9 1.12 .. , 1.0, 

e 100 5 !o( 17.0 400
1
3 .aoor.3, 261 229 " 5.9 LSS " 1.It; 

C,.. • '" 4 OOr 600(). 8. I 49 ... .., 0.7<1 L. 0.86 

e,,,, • 10. 1 2.002.081~.3!Mo 0.6 \.41 3.3 II 0.62 0.79 0.67 

e '00 , , ... 2.00
1
"!18-1 .2 L' 0.75 0.00 060 0.12 

,Pro6Iet 01 C:IO aDd C 170 aN ...... 01l ...... 116....s 87 with ~ 0w>DeIa. 

'" 



CARNEGIE STEEL COMPANY 

ELEMENTS OF SIIIP BUILDING BULB ANG LES 

American Standard Sections 

z R __ X---!' 
,c ' I -.L)! , 

"=1 w'-
... ""ill-1 Juio 2_2 ..... .. " feb ~ a-

S _ I )' ,~. .. , , s • , , , .... ". U- In. _ ", 
" 

I"""J,;; 
" 

In.' ". In.' ". 
llA 1115 10 X3}~0.7~~I ~II.2 10.311 122. 3.43 22.3 .... 63 0 .78 2.3 10 .76 

1° .6711 33.2 9.77115.93.44 2 \.2 4.52 '.S 0.77 ,., 0 .74 

flA 100 10 xa»0.6~ 3 \.1 0. 14 110.4 3.48 "" 4.56 ,., 0 .78 ". 0 .72 
1°.57" 29.1 8.65 104.3 3.40 10.2 4.56 ,., ' .n '" 0 .70 

IJA 107 10 x3hO.5J5 16.t 7.9°1 n.l J.U U.l 4.61 ••• 0.78 U 1°.69 
(BSIIA1S), 10.4752-1.1l 7.32 9'..1.13.6$ 17.2 ." .. 0 .78 '" 0.68 

flA 2O.50Jix3!1-0 .600 28.8 8.47 OJ.O 3.32 17.9 '"', ,., ,.,. 
'" 0 .73 

C···,," 7.iH 87.83.33 16.1l .. ,. .. , ,,. ", 0.7 1 

BA 2069 'i 3' 0.5~ 14.7 1.18 n.4 J.31 16.0 4.J6 ••• 0.79 ". 0.69 
(lISBA l1) X ,.,.~. 4 22.8 6.72 77.13.39 15.1 4.311 ., 0.79 '" 0 .68 

I ,67[030.4 ,." 86.33.11 17.2 '.00 ,., 0.81 ,., 0.76 
IJA 201 tl X3" ~62[, 28.6 8.41 81.83.12 16.4 3.1l8 , .. 0." '.0 074 

n_~ 202 0 3' 0 .b15 2G.6 '" 71'.11 3. 15 15.6 . .., '" 0.81 ", 0.73 
x " O.{>2:) 24 .8 1.2tl. 73. 1 3.11 ,,. . .., .., 0." '" 0.7 1 

UA 200 9 3 ' •. 47111.7 6.lII ".43.1. U.t 4.10 0 0.81 U •• 70 
(1IS8A 1')1 X "0.42[, 2O.tl 6 . 14 63.83.22 13.1 4.10 ,., 0." ". 068 

UA 2088'i X 3Ho .575 25.3 7 .43 61i..5 2.97 13.8 3.74 " 0.82 ", 0.74 r.w> 23,1\ 0.tl2 61.7' 2.98 13.0 3.73 .. , 0.82 '" 0.72 

UA 2098 ,S XS' 0.4751 1.6 6.l" 57.7 J.U U.l J.80 0 o.n u 0.71 
(ISBA 14)1"~'4211 10.8 6.83 sa.83.04 11 .5 , .. " 0." ". 06',) 

Ill. 211 8'i X a .1i5O 23.4 , ... 60.1 2.00 \3.\ ,SO U 0.67 '" 0.63 

I I .600 2\.7 6.39 .oo.4
1
1U17 ,,. , .. " 006 \.2 0.6 1 

UA 2128\1X:I 0 .4501'.8 .... 51.7I l .00 11.6 l.96 ". 0.67 '" 0.'0 
(BSB.4.lll

l 
' ,0 .400, 18.1 , ... 48.9, 3,03 10.8 '.00 2 .3 0." 0,99 0 .ti8 

, 
~ NId propertM of tile Brililb S\.azdanI SeetiOIII are iodicatecl iQ bokf typt. 



ELEMENTS OF SECTIONS 

ELEMENTS OF SHIP BUILDING BULB ANGLES 

American Standard Sections 

·8 

-
Thick Wt. Area Axis 1·1 Axis 2·2 

Section Size ness per of 
of Foot Sec· 

Index Web tion I r S x I r S 
--- - -- -

Inches In. Lbs. In.2 In.4 In. In.8 In. In.4 In. In.8 
--- - -- --

BA 214 
0.550 23.2 6.83 53.7 2.81 11.9 3 .49 4.8 0.84 1.7 

8 X372 0.500 21.6 6.34 50.4 2.82 11.2 3.48 4.4 0.83 1.6 

BA 215 8 X372 0.450 19.6 5.78 47.1 2.85 10.6 3.54 4.0 0.84 1.4 
(BSBA 12) 0.400 18.0 5.29 43.8 2.88 9.8 3.54 3.7 0.83 1.3 

BA 217 
0.575 23.1 6.78 52.4 2.78 12.0 3.64 3.2 0.69 1.3 

8 x 3 0.525 21.4 6.31 49.2 2.79 11.3 3.63 2.9 0.68 1.2 

BA 218 0.475 19.6 5.78 46.1 2.82 10.6 3.70 2.7 0.69 1.1 
CBSBA 11) 8 X 3 0.425 18.0 5.30 42.9 2.84 10.0 3.70 2.4 0.68 1.0 

0.575 3.24 
BA 2207)1 x3)1 

22.8 6.71 46.2 2.63 10.8 4.9 ('.86 1.8 
0.525 21.2 6 .24 43.4 2.64 10.2 3.23 4.5 0.85 1.7 

BA 221 
7)1 x 372 

0.475 19.4 5 .70 40.6 2.67 9.6 3.29 4.2 0.85 1.5 
(BSBA 10) 0.425 17.8 5.24 37.8 2.69 9.0 3.29 3.8 0.85 1.4 

BA 2237)1 X 3 
0.525 20.3 5.98 41.0 2.62 9.9 3.36 2.9 0.69 1.2 
0.475 18.8 5.53 38.4 2.63 9.3 3.35 2.6 0.69 1.1 

BA 224 7)1 X 3 
0.425 17.1 5.02 35.7 2.67 8.8 3.42 2.4 0.69 1.0 

(BSDA 9) 0.375 15.6 4.57 33.1 2.69 8.2 3.42 2.2 0.69 0.92 

BA 226 x3)1 
0.525 20.0 5.90 35.5 2.45 8.8 2.95 4.5 0.87 1.6 

7 0.475 18.6 5.46 33.2 2.47 8.2 2.94 4.1 0.88 1.5 

BA 227 x3)1 
0.425 16.8 4.94 30.9 2.50 7.7 3.00 3.7 0.87 1.4 

(DSDA 8) 7 0.375 15.3 4.50 28.6 2.52 7.2 2.99 3.4 0.87 1.2 

BA 229 7 
0.500 18.4 5.41 32.5 2.45 8.3 3.09 2.7 0.71 1.3 

X 3 0.450 16.9 4.98 30.3 2.46 7.8 3.08 2.5 0.70 1.2 

BA 230
1 0.400 15.3 4.50 28.1 2.50 7.3 3.14 2.3 0.71 1.1 

(BSDA 7)' 7 X 3 0.350 13.9 4.07 25.9 2.52 6.7 3.14 2.0 0.70 1.0 
I . . 

DimensiOns and properties of the BntlBh Standard SectIOns are 10dlCated 10 bold type • 

159 

y 
--

In. 
-
0 .75 
0.73 

0.71 
0 .70 

0.65 
0.63 

0.62 
0.60 

I 
0.77 
0.75 

0.73 
0.72 

0.64 
0.62 

0.61 
0.60 

0.77 
0.75 

0.74 
0.72 

0.65 
0.63 

0.61 
0.60 



CARNEGIE STEEL COMPANY 

ELEMENTS OF SHIP BUILDING BULB ANGLES 

Section 
Index 

- - -
BA 233 
(BSBA6) 

BA 236 
(BSBA5) 

*Lloyd 

*Lloyd 

BA 241 

BA 242 
(BSBA4) 

BA 244 

BA 245 
(BSBA3) 

BA 251 
(BSDA2) 

Thick 
Size ness 

of 

---,~ 
Inches In. 
--- --

0.400 
6Y2x3V. 0.350 

0.425 

6Y2x 3 0.375 
0.350 

0.475 
6 x3'h 0.425 

0.375 
6 x3'h 0.350 

6 x 3 0.525 
0.475 

0.425 

6 x 3 0.375 
0.350 

0.500 
5'/0 x 3 0.450 

0.400 

American Standard Sections 

a 1 2 ~--x---! 
yC - . ! 

il 

WI. Area Axis 1-1 
of 

root Sec-
tion I r S 

Lhs. In.2 In.'' In. In. 8 
I-----
15.0 4.42 23.9 2.33 6.3 
13 .6 4.01 22.1 2.35 5.9 

15.0 4.40 23.5 2.31 6.4 
13.6 4.00 21.7 2.33 6.0 
12.9 3.80 20.8 2.34 5.7 

16.4 4.82 21.4 2.11 6.0 
14.8 4.34 19.9 2.14 5.6 

13.4 3.95 18.4 2.16 5.2 
12.8 3.76 17.6 2.17 5.0 

16.8 4.95 21.7 2.09 6.3 
15.6 4.58 20.2 2.10 5.9 

14.1 4.14 18.8 2.13 5.5 
12.8 3.76 17.4 2.15 5.1 
12.2 3.58 16.6 2.16 4.9 

15.1 4.45 16.5 1.92 5.1 
13.9 4.10 15.3 1.93 4.8 

12.5 3.68 14.2 1.96 4.5 

x 

In. 

2.72 
2.71 

2.87 
2.87 
2.86 

2.44 
2.49 

2.49 
2.48 

2.56 
2.55 

2.60 
2.60 
2.59 

2.31 
2.30 

2.35 
5¥.,x 3 0.350 11.3 3.33 13.0 1.98 4.1 2.35 

0.325 10.7 3.16 12.5 1.99 4.0 2.34 

0.375 10.4 3.06 9.7 1.78 3.4 2.20 
5 x2¥. 0.325 9.3 2.74 8.8 1.79 3.1 2.19 

0.300 8.8 2.59 8.4 1.80 3.0 2.19 

'Lloyd section, rolled by Pencoyd Iron Work. (Pencoyd· 60A). 

Axis 2-2 

I r S 

In.'" In. In." 

3.5 0.89 1.3 
3.1 0.89 1.2 

2.3 0.73 0.97 
2.1 0.72 0.88 
2.0 0.72 0.84 

4.0 0 .91 1.5 
3.6 0.92 1.3 

3.3 0.91 1.2 
3.1 0.91 1.1 

2.8 0.75 1.2 
2.5 0.74 1.1 

2.3 0.75 0.96 
2.1 0.74 0.87 
1.9 0.74 0.83 

2.6 0.76 1.1 
2.4 0.76 1.0 

2.1 0.76 0.90 
1.9 0.76 0.81 
1.8 0.75 0.77 

1.2 0.62 0.58 
1.0 0.61 0.52 
0 .95 0.61 0 .49 

Dimensions and properties of the British Standard Sections are indicated in bold type. 

HiO 

y 

In. 

0.75 
0.73 

0.64-
0.62 
0.61 

0.80 
0.78 

0.76 
0.76 

0.69 
0.67 

0.66 
0.64 
0.63 

0.71 
0.69 

0.67 
0.65 
0.64 

0.56 
0.54 
0.53 



ELEMENTS 'OF SECTI'ONS 

ELEMENTS OF SHIP BUILDING BULB ANGLES 

l\li5ccllllncoU8 Sections 

, &-----<' ,.., . . 1 4' 
b -

,... 
W, M- Ario 1·1 ADo 2-~ 

.~ - " ..... • r.:,. "- , S , , , .... W,b liOli 
, - , ,-

lad .... , •. , ... 'a.2 In.' ". In.- , .. I ... • ". ,.' , •. 
DA '" 5 J:2~ O.24 8.' 2.44 8_' l.8D , .• 2.41 0.91 0.61 0.47 O~, 

BA , .. }iJ:2}jO.22( •. , 1.95 " '''' , .. 2.12 '.80 0." 0" 0.00 

HA .. , , -1"" '.00 'OS " '''' 0.74 1.24 0.31 O.M 0.20 0.45 

BA ,<8 3 J::~r6( U, 0 .07 '-' 1.13 0.72 1.31 0.21 0.47 0.16 0.41 

DA '" }oSx ) .154] '.M 0." 0.74 0.94 0_" 1.1 7 0.12 0.38 O.ll 0-'" 

ELEMENTS OF CAR BUILDING BULB ANGLES 

~ ~._. "_ . • 2 
)"~ . 

I, 

- TIokt W, .... AIio 1·1 A .. 2-2 
.~ - r.:,. • 

""'~ • S-, .... Web .... , , S - , , S , 
, ... , .. , .... 111.2 In.' ,. J .... ". , .... ". ~.' ". ---

DA '''' 5 J:hiO.438 19.3 '''' ".8 1.91 ,., 2.39 " 1.1 8 '-' '-'3 

DA ::'\: ::~:: 13.2 8.82 13.6 1.88 .. , ,." 3.' 0.92 '-' 0." 

BA 14.3 4.21 8.' 1.44 S., ' ''' ,., "-'. '-' 0_"" 

BA 123 4 J: 3M
I
O.37S 11.9 3.48 , .• '-'0 3.5 1.77 ,., 0." " 0." 

'" 



•• 
, .... 

8,8 

." 

... 

CAR-NEOle STEEl. COM PANY 

'" '", , 
,.".. 
" :!" , 
~l. . , 
h , 
'''\. '. ~. 
~. 

" \0 

'" ~ 

'., 
" '"' ~ 

~' 
!l. 
~. 

, 66. 
M.' 
11 1.0 
48.1 
45.0 
42.0 
3 8.9 
".8 
32.7 " .• " .. 
37.4 
3;;.3 

"" 3 1.0 
2S.7 , .. .. , 
2 1.9 
196 
17.2 
11.11 

30.' 
2'1.9 
27 .2 
2.5.4 ". 21.8 .... 
181 
111.2 
H .3 
12.3 

19.9 .,. 
17. 1 
111.7 
14 ~1 
12.1'1 
11.3 

.~:~ •• 

... .. 
iD.1 

10 .73 
111.117 
15 .00 
14 .12 
13 .23 
12.3'1 
11 .401 
10.113 
0.61. 
8.68 
7.75 

11 .00 
10.37 
D.73 
'.00 .... 
7.78 
7.11 
6.43 
5.76 
'.00 

"" '.00 
'M 
7.08 
747 
O{H 
6.40 .... 
11 .3 1 
4.75 
4. 18 
3 .0 1 .... 
•. « .... 
4 .6 1 
0/0.18 
3.75 
3 .:11 
286 
2.40 
1.91 

'" 

, , 
,,' 

" 
98.0 2.42 
00.' "'3 .... 2.44 '". 2.41 
79.0 2.45 
74.7 2.46 
60.' 2.47 
M' 2.48 
MH 2.49 ... , , ... 
48.6 2 .51 

311.5 .... "'., .... 
31.0 1.8 1 
30.' 1.82 
28.2 .. " ,.., .. " ,,., .... 
22. 1 1.85 
19.9 .... 
17.7 1.87 
15 .4 ,., 
10.6 1.48 
18 .7 1.48 
17.8 1.49 
16.8 .M 
15 .7 ' M 
14.7 .... 
13.6 1..(;2 
12 .4 .... ", 'M 
10.0 ,.., ,., .. '" ,., 1.18 

" 1.19 ,., LlO .. , .... .. , 1.21 ••• .." ... 1.2:1 ••• .." 3.7 .... 
3.0 1.25 

, 
i ... • 

'" 10.7 
111.8 
14.9 
14 .0 
13.1 
12.2 
11.2 . ., 
••• 8.' 

8. 
8. ' , .. ,., .., .., .., .. , .. .. , 
• .0 .., ... .. , •• ... .., 
••• ... ., 
" , .. 
••• ,., ,., , .. ,., , .. ... ... 
" ... 

r ml ... 

I... I". 
1--

2.41 
,.", 
2.37 
2.34 
2.32 
'.30 
2.28 
2 .211 ,.,. 
2.21 
2. 19 .... .... 
1.82 .. '" 1.78 
1.75 
1.73 
1.11 
1.68 .... 
'M 
1.61 .... ,., .. " , .. , 
'''' 1.48 
1.46 

'A' 1.41 .... 
.. " .. " .. " .. " 1.2 1 
1.18 
1.16 
1.14 
Ll2 .. "" 

.. " .. '" .... .... .... 
1.57 
1.117 
1.M\ .... 
1.118 
1.58 

1.16 
1.16 
1.\7 
\.17 
1.17 
1.17 
1.17 
1.1 8 
1.18 
1.19 
I.ID 

' .00 
' .00 
'.00 
0 .97 
0.97 .. " .." 0.98 
0.98 
0.08 ... 
0.77 
0.77 
0.77 
0." 
0.78 
0 .78 
0.78 
0 .79 
0 .79 
0 .79 



ELEMeNTS OP SeCTION 

ELDIENT 

-.. , .... ... 
, ... 

A 7 3 x 3 

A921i' ''2 ~. 

All 'x 2 

• 02 I'l. " I f • 

." I ", " I ", 

." I.,. " 1\4 

• 06 , . , 

11. .. •• 
" •• ~ .. ". 
~. ". '. •• v. •• ~ 
V. •• .. 

S OF EQUAL AXGLES--Condudcd 

~ ~ -'--'.=r-2 

, '. 
i'"pI ';" AIio 1-1 ODd AUo 2-2 

f!t. Sect .. , 
S 

, , , • --....... ", ", ,. Im,a 
" 

17.1 •. '" .., 1.02 '-3 1.17 
\6.0 4 ,611 '.0 0.'" " I.Jli 
14 .8 U. .., 

0." 
,.. 1.12 

13 .6 3 .98 .. , 0." 0.8 1.10 
12.4 3 .62 '.0 0.'" ... 1.08 
II.I 3 .2.~ '.8 0.00 L' 0.00 
'.8 2.87 3.3 1.07 0., 0." 
8.' 2.48 ,., 1.07 ., 1.01 
7 .2 ,." '.1 1.08 0.118 ,." ••• 1.69 '.0 0." 0.711 0.97 

I \.tl 3.36 ,. 0.88 .., 0.98 
10.4 '.00 , .. 0.89 0., 0.115 , .. 2.75 ,., 0.00 ... 0.93 
SO 2.43 '.0 0.91 0." 0.91 ,., 2.11 L' 0.91 0.83 0.811 ••• \.78 L' 0.112 0.71 0.87 
'.0 1.44 L' 0.93 0.58 0." ,., 2 .25 L' 0.74 on 0.81 
6.' '.00 ... 0 .75 0.66 0.78 
I.' \.73 0.98 0.75 '" 0.76 
1.0 1.47 O.S<> 0.76 0.48 0.74 

••• LID 0.70 0.77 , .. 0.72 
am 0.00 0'" 0.78 0.'00 0.60 
2.08 0.61 0.38 0.79 0"" 0.67 

•• , ... , ... 0'" 0.<0 0.66 .., 
0.'" 0 .48 0 ... 0>0 0." 

3 .92 1.15 0 .42 '.60 0.30 0.61 
3 .19 0 ." , ... 0.61 ,." 0." 
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T 86 2', H~ •• -, . 2.87 0.801 0 .08 0.31 0.09 0.32 0.29 01>8 0 .23 
T 87 , ", , , 

" 
3.0!l 0.01 0.16 0.42 0. 15 0.42 0.18 0.45 0. 18 

'1' 6 10 1\2 , •• .. ,. 2.46 0.72 0.27 0.61 0.100.63 0.00 0.02 0.08 
'1' 600 B, , '. , .. 1.230.37 0.M

1
o.37 0.05 0.33 0.04 0.32 ' O.QI; 

'I' 603 ". ~ No. e, • 0.880.26 0.01 0. 16,0.01 0. 16 0.02 0.31 0.04 

,., 

, 
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CARNeGIE. STEEL CO MPANY 

ELEMENTS OF ZEES 

" 

1/ ,- - -, 

.j , 

_ sa. ~~IZ~ Mil 1·1 

, • s 

19.2 1.37 6.0 
17.3 1.36 1'>.6 
11>.'1 1.3-1 HI 

Depth FIaap ~ F"'" IioD I rS 

SIll.. I ... - U.. I ... ~ 111..- la. ;,C.:,T~,.C.C I.. I~.' 

6. 3~ ~ &t.6 10.1 60.2 2.22 116.'1 

6
6\11, 3, ' "h. 32.0 9.40 46.1 2.22 ' 16.2 

,. ~... 8.63 42.1 2.21 14.0 

". 
0.83 
O.lIZ 
0.81 

:~, 
• .. ,., 
• '. '., • 
'" "" • 
!~, , '. .. , , '. '., , 
'., a 
3\11, , 

,~\. 28.1 /1.25 43.2 2.2I:l 14 .1 
'It 2';.4 7.46 :J8.0 2.28 12.8 
'tI. 22.8 0.68 31.6 2.28 ll .t. 

l~, 
'u 
~;t, 
3~ ,., 
" 3h, ,., '. '., 
~' '., 

'., 
" '., 

21.1 
18.4 
15.7 

28 •• 
,0.0 
,U 

'h 2'.4.6 

I
~' :lll.2 ,.. 17.9 

\' :::3 
'H, 11.6 

, • . 23.0 
'\II, 20.9 
4i. 18.0 ., 
'" ., 
~ ., 
" 

18.0 
15.0 
13.8 

12.5 ". 8.' 
2,. ~. 
2'\11, h ". 12.6 

2,. 1i 
2'\11, 'It' 

6. 10 3-\.4 
1>.39 2I:l.8 
4.69 25.3 

8.33' 28.7 
7.64 26.2 
e.96 23.7 

e.1I4 24.6 
6.{14 21.11 
6.25 10.2 

4.81 10.1 
4.10 16.2 
a.tO 13.'1 

e.76 
el4 
6.66 

6" . ... 
,.", 

11>.0 
13..5 
12.1 

12.7 
11.2 
G.' 

'M , .. ,"" .... .... .... 
1.02 
1.01 
1.91 .... .... 
1.98 

1.49 
1.48 
1.48 

.. '" .. '" "" , .. 
2.41 ''''I 

o.e 162 
7.0 1.62 
6.3 1.62 

." 3.00
1 

5.3 1.12 
4.6 1. 12 

11.2 
11.8 
SA 

11.2 
10.3 
M 

'.6 
8.' 
U 

,., •. , ,. ,. 
6.' .. , .., 
,.6 
'.8 

" , .• ,., 
" ,., 
'0 
2.6 

16.3 1.4 1 5.0 
14.'1 1.31) 4.4 
12.6 1.37 :1.0 

0.84 
0.82 
0.81 

12.9 
11 .0 •. , 
".4 
12.8 
11.4 

12.1 
".6 G.' 
G.' 
U .. , 

11.2 
10.0 
8.' 

•• 8.0 
6.' 

1.44 
1.43 
1.41 

1.31 
.. ao 
1.28 

.. " ,., .. , ... ,., , .. 
, "" .. " , .. 
.. 33 ,,, .. " 

6.8 1.36 
6.5 1.34 
4.2 1.33 

6.7 1.17 ) 
4.9 I.Hi 

4 .8 1.10 
3.9 1.17 

'.8 ,. 
'8 

'.8 , .. 
3.9 

'.G 
M 
8.0 

'.G ,.. 
'.0 ,. 
'.6 .., 
,., 
'.8 ,., 

0." 
0 .83 
0.83 

0 .70 
0.74 
0.73 

0.76 
0.76 
0.74 

0.77 
0.76 
0.71> 

0.68 
0.e7 
0." 
o.es 
0.e7 
0." 

2.3 o.en 
1.8 o.es 
I ." 0.67 

2.3 0.154 
2.0 0.113 

1.0 O.M 
I.e OM 

Z 10 8\11. , 2% ~ 
2'\11, ~ .. 

lUi 
'.8 
S .• 
U 

lii:1 
2.48 
1.97 

4.6 U71 3.0 1.16 

3.6 11.21 
2.9 1.21 '" 1.' 

3.6 1.21 
2.8 1.10 

1.4 0.66 
1.1 0.65 

,m 



ELEMENTS OF SECTI ONS l ELEMENTS OF CROSS TIES 

-'---- ---~ , -_. 
, 

":l'" \\'1. '"' 
\\'xhllol n.a .u;. 1·1 .u;. z,,2 

r,:. • ,,. ... - , , ..... ... a- I .... " , , S • , , S '",0 ~iom ,~ T~ W,b 

". I .... 1m.' ". ". " 
", ,. I~.· ". la.' ". ", 

M28A ,.00 ,.., 8.76 , .. 10.0 .438 511.4 2.41 15.0 ,'" ",. "S8 ,., 
~I 2S 'OO 21.8 '''' , . 10.0 .313 51.5 2.67 14.3 2.49 3O.' 1.9;5 ., 
~I 29 • OO 24.0 7.01 M s.o .375 35.4 ,,. 11.3 "" 16.8 "65 .. , 
M 21 •. OO ,. .• 5.11 .. , , .• .,oo 30.9 ,." .. , 2.33 14.9 1.62 3.1 
101 25 4.25 14.5 4.10 ••• , .. .,'" 13.0 1.18 ,., "'" .., 1.22 1 2.0 

"" '.00 9.r. 'SO , .• ••• .200 4.3 "" 2.1> 1.27 ,., 1.011 1.2 

" Lr=+--,; 
I, -. 

""" ,- Width 01 
Th"J 

AU. 1·1 AU. z,,~ 

" 
II"~. 

" 8tef,ioa ..... ... r,:. ... "Q - , , S , , S 

''''" "', "" T® • 
b. , ... 111.2 ". b. ". ill.' 

" ", ". 1m .' 
" ~ M21 2.25 ••• 2.62 · 5.!i 7.' .2W " 2S 0.10 0 .19 1.62 16.8 2.53 .., 

M20 '.00 6.0 1.12 .. , 6.0 .'''' 0.71 .... O.tH 1.41 ... 2.22 '.8 
M 18 "W ••• 1.21 8.< 5.0 .'" 0.31 .'" 0.31 "00 3.' 1.73 ". 

" I , 
'-~' 

, 
AU. 1·1 A.>;il2.~ "" . ••• <- Width 

" ", I " ""-S ...... ... r,:. ...... - , S , , S 

''''' ... lion ~ioa 
, • 

". " .. IB.a ". " ", ". ", ". III.' 
" '" 

M 26 ' .. ,,. 
0 .1l1 141o/io .125 .05 0.25 ... .... 2.44 "68 '.00 

AI 19 ' .. 2.51 0.14 4 .141 . .,. 0 .18 ." 0.43 1. 15 1.25 '.58 

m 



CARNEO IE STEEL CO.'tIPANV 

ELE.\IENTS OF RAIL AND SPLICE BARS 

'~ ~li~ · . 
~ , ~-i-~---~---- - -- - ~-;-r[i-:~ l 
, . [. , i ~ .-4·-------· __ ____ .-.. _ ; 
; ~ ••• __ __ . _ _.1 

w.;p~ DepUI, ArM I AU 1·1 . W""p;1 '::, Alii 1· 1 

'"~' -Yan! tiooII~ S • s..:tioo> ~ . SfIC1ion ., ., • , ... lod.. • __ 

Lbo. I... 1 ... 1 1m.· .. , .. .... •• .. ' .. , t •. • •• 
A. S. C. E. R .. ,,", A.9. C. E. S.1..<:1I n .... 

",,., 
00"' 
8M<) 

"'"" 7MO ",., 
~'" """ MHO 

""" 

"'" 00 

" '" " " " 00 

" '" 

13.43.6.821.9 1 
10.304.7111.11 1 
8.434.021.71 
7.:103.76 1.GS 
60232bl.65 
58231 5 1.6 1 
48.";2.7al.56 
4.(1.1,2.3..';1.5 1 
3.~12.0'1.41 
2 .721.74137 

9.8..f -'3 .11714.[,[,2.73 SI(J()4Q 1[,.8 4T~ 4.6:; 
8.83 34.3912.19.2.[,[, ~ OO-W 13 6 3'~ 3.07 
8.a;! ' .0711.082.47 !:I 8M0 12.4 3'~. 3.6."; 
7.86 3810.072.381'1 tIO-W 11.6 3'~.7 3.as 
7.33 2.86 0.102.30 S 7MO 10.7 3IN , 3. 16 
6.111 1\).70 8.102.22 Ilj 70-10 10.0 :1'%. 2.115 
6.33 16.00 7.3n]4 1'1 nt>40 0.2 31\tolil' 2.71 
5.03 14.56 6.622o.~ ;l 0010 IU 3'~ 247 
5.38 12.1)3. 6.7M.97 S II-.HO 7.r; i!'rIo1221 
4.87 9 4.9S1.88 S 6040 6 .6 .:'~ I.OS 

'I '--,:----' 
A. R. A. R .u ....... T ..... A A. R. A. SPW<:II O .. u-T ..... A 

1.~ ~t~~~, ~'i!rt fHOO2O 19.0 4~ 6.00 1:1,3()7.882.02 iii n020 16.6 4". 14.00 16100.36\.0 1 
S 802013.4 I :I'tiOi 3.95 1O.1:1t.67\.72 
117020 116 3';;'tl3.43 7.423.631.48 

__ L-=~-:c'-_-':::_-,:: ___ iii ~ 10.6 3¥o 13.]3 6.22.3 16\.62 

A. R. A. R .......... T .... B A. R. A. S.WCII B ... _T ... II S 

10000' 100 1 .5A~ 9.& ~LaJI3.702G3 >110000 16.11 
9CK!O 00 61;,.. 8 .87 32.3011.452.44 S \lO3() 14.4 
~ SO 4''11 . 7.IH !25. I~ 11.38

1
2.27 iii 8030 126 

143~6.301 . 83 
10.HH.711.67 
7 .• 03.7111.50 

LI('u" R .. IIA L,ou1' R .. n. 8.1..<:11 S ..... 

'M.~ 45 31'r1J 4.40 8'~ 4.251.78 ' 8 464 1\.8 2"%.1 1.70 
40.1 40 3'nl. 3.114 6.6 3.621.68 II 4().1 6.0 2% 1 1.47 
3M 36 3 • 3.44 6. 1 3.021.6(l S 3M 46 2.~ 1 35 
30-1« 30 3 3.00 4 2.53\.62 S 3Q.I 3.\17 2'%,' 1.17 
2Mo: 2.'> ~. 2.39 2. 1.771.33 II 2.'>40;2.20 1~'4. OOS 
", 0-10. 20 2'!to 2 .00 1.94 1.431.27 S 2().jO 1~7 I"'!to, O.M 

640: 16 ~ 1.5.5 1.24 1.011.16 S 164() 170 I" ... 050 
14m 14 2~. 1.34 O.~ 0.731.02 S 1440 136 I'~ 0.40 
1240 12 2 1.18 O. 0.630.00 >I 12401.36 'illlO.40 
1(1.1,0 10 I '" 0.00 O. 0.460.87 >I HMO 0.00 I 0.29 
840 8 ._l}\. 0 .77 0.26 0.320.75 Ii !tID 0.75 I' 0.22 
• .w: ..... , Q/. I~. aDd SeotK. Modul"iw:e-p-. lot pair of 8i.tice B .... 



ELEMENTS OF SECTIO NS 

RADIl OF GYRATION FOn. TWO EQUA.L ANGLES 

T 1F ' '-i 

,I z 
I ~ , 

T: Sint;iecAna;iec ,~ .. l:..uii.,t Gyn.tio<\, I~beo 

S I. Thi'k' W.;pl, .uio :t.2 

~. - , ....... ""'. M io 1-\ ~W,portW '''''~' lpon 1{ ' l pon I""beo I""heo per Fool 1",,"'-" 
Coataol I ' 

'" 56.9 33.46 2.42 3.42 3.5\ 
, 

3." 3.00 3.G9 , , . ' +'4 42.0 "'.OS 2.46 3.37 3.46 3.50 3.55 .... 
" 26.4 15 .50 2.00 3.33 3.41 3.45 3.00 3.59 , 37.4 22.00 "SO 2.59 2.OS 2.n 2.77 2.87 , " '". 26.5 15.56 "'" 'M 2.03 2.67 2.71 2." 

•• 14.9 8.12 " OS 2.49 2.::.8 2.62 2.00 2.75 , SO.6 18.00 1.48 2.19 2.28 ,.,... 2.38 2.47 ,,' ' .. 2 1.8 12.80 1.51 2. 1S 2.22 2.26 2.SI 2.40 
% 12.3 7.22 "W 2.00 2.17 2.21 2.26 , ... 

'" ' .. W.O 11.68 1. 18 1.75 "" 1.89 "M 2." 
y, 0.' 3.88 1.2f> "00 1.7f> 1.70 " .. "'" 

3!~J.i '~. 17.1 10.06 "02 "M 1.65 j 1.70 1.75 "" " 5.8 :1-38 LOO 1.46 1.~ 1.59 "" 1.73 

3sS ~ 11.5 6.72 , .... 1.32 1.41 ).46 lobi 1.61 , .• 2.'" 0.93 1.25 "3< L38 1.43 1.53 

2}i:l2~ ~ ,., .... 0.74 "00 1.19 I "" "'" 1.39 

• ... 2,38 0.77 "M l.l1'i 1.19 "" 1.34 

" 2 
V ... 5.3 3.12 0.59 , .... 0.98 1.03 "OS 1.19 

3.19 " ... 0.61 ,.S; 0.94 0.99 "M 1.l4 

This table and tho two following aro employed In compnUng the safe 
rerd.Ulnce 100 compressive atl"OS!l 01 t,,·o anglos. J)ack 100 back, I.IIlCO.I as a 6tru ~ 
or as the compression chord of a roof trUlill. <lte., as follows: 

Obtain from the compression formula In use the allo .... ed stre8S per S<!uaro 
Inch corT'6!lpondlng 100 the ratio of al<lndomOllS of the section. and multiply 
that value by tho area. The ro,m1e will be the allowable compressh'e 8t.-.-. 

Esample 1. Soct.lon given. Requlrod the safe load In compression B. per 
formulB 1= 19000-100 Ilr on a strut comj"lOllOll 01 two anglO!! 4" s 4" x ~". 
u.ek to back. with an UllliupportOO l<lngth of {l foot. 

Are& 01 SocU"n, A=3.88 square InchO!!; LeMt Radius. r= 1.25. 
Ratio of SI<lndQr"OOIIS.I/r '" 9 s 12 + 1.25= 86.4. 
Allowed Unit Stress, f = 19000-100 s 86.4 = 10300 pounda per square Inch. 
Safe Load, AI = 3.88s 10300=40200 pounds. 
Eumpl6 2. Stress given . Requlrod a I16Ctlon for a member In compression 

12' 3" long, mlld(l 01 two anglO!! !!elh,raUld by ~ Inch glJ880t pla.t.e8. to red.st a 
total stre9S 01 35000 pounds; ratio of slenderness not to o:ccood 120. 

Assume 2 angl(le:. IS" s 3" s ')i.~", long ItlglI. back 100 back. 
Ar(l& 01 Soctlon.A ""4.80 square Inch08: J.ellSt HadlllS, r= ].26 Inche.. 
Ratio of Slender"Ooss, Iii:" ... 12.25 s 12 + 1.26= 116.7. 
AllowEld Unit Stl'O!l8. f '" 19000- 100 X 116.7= 7330 poundll per square inch. 
Safe StrO!lll. AI =4.80 s 7330 = 35200 pounds. 
In the tlrst C&86 theleaat radlllSls that about a.m I -I; In tbe !IOCOnd case 

Bbout am 2-2: In all CIlS6II th(l lea.st radius dowrmhlCIII tho I"\I.tlo of alondemClill 
and th(\l"Qwlth the Bllowod SIlfe comllress\"e 8t,.,.. In Illi C8.8CIiI Bloo tho two 
angloo are 100 be ~rod IoOIWther by stay rh'CUI 00 sP&CQd as 100 Insure tha.t the 
soot Ion act.II as a unit;. T Ii(l ratio Of slendemOllS o( any alngle angle between 
11"0\8 mWlt al .... BYlI be lOllS tUBn that of the Itrnt or compl"C8Sloll chord . 

• 



cARNeo r e STEEL COMPANY 

RADII OF GYRATION F'On. TWO UNEQUAL ANGLES 

1,.0.,.. LfCII v~ .. r 

, 
._! .J.iWto~f' 

1F 1f , , 

-- To. Rada of GpatioD. h .. /Ia ' .... .... '!::. ("''''!.; ...... ~ AIio 2-2 A1iIl 1 ' .... I..u.. per .'"", IDO'*' - I" ~"1~,.n1~j.j,"1 ' " 1"", I __ 

~,':' I~I-;-;;-i-;-;;-1 ..... 2 26.00 2.40 '.60 ." ~. 33.8 1\1.118 2 .. '>3 2.36 2.44 2"8 2 52 2.61 
,~. 20.2 11.86 2.57 2.31 239 243 2 .. 8 'M , Sh,7 21.00 2.5 1 1.26 1.36 1.40 1.45 1.56 . ..,. % ". 16. 12 ,." LOO L» L" 1.30 1049 
> •• 16.5 0.68 '-', 1.15 L" 1.28 1.32 1041 , 32.a Hl .OO 2.10 1.:11 1.40 1.45 "0 LOO , ..,. 
;II' 23.0 13.tiO 2.23 1.26 , .. 1.39 1.44 L'" 

13.0 '.00 2.27 L'" 1.28 L'" 1.37 1.46 , 3(M 18.00 L" LOO \.69 1.74 1.70 L" ,« ;II' 2!.8 12.80 L " ,., L" 1.68 l.73 1.82 
12.a 7.22 LU3 LOO 1.68 1.62 1.67 1.76 , 28.9 17.00 L " ,,, 1.47 10M L56 LOO 

64\.;0 ,~, . "'.6 12.12 ... , ,., 
'"" I 

1.45 1.49 LOO •• , .• IU .. L% 1.2.5 ,., ,., 1.42 ,., ... >. " .• 14 .2"2 1.52 L66 1.76 L" J.% L" 
~ 11 .0 6."6 , .. 1.58 L66 1.70 1.7<'1 L" 

5 ~~t " 22.7 13.34 ,-'" 1.,,2 1.51 L" 1.61 1.71 •• 6.' 5. 12 1.61 , -'< 1.41 1.46 LOO LW .. , ;t- 19.11 11.68 I.M 1.18 1.27 ,., ,.., Ul7 ., .. ., 1.61 ' .00 1.17 ,n '-', '"' ... ' ~. , U 10.86 1.38 1.21 1 .. 11 "'6 1.41 , .. ,., .... 1.<14 1.13 1.2"2 '-', L" L<O 

... s3"io ;to , .. 10.86 1.19 LOO L" LM L" 1.70 
'-' .... L'" 1.42 ,." ,., LOO L" .. , jl" 17.1 W .. 1.21 L" ,-" L<O L<O ,-" , .. 3.38 l.:l8 1.16 "" 1.28 "" 1.43 

·3j.j,x 3 , .. 15.8 9.2" LO< LW >.<0 1.45 ,., L60 
" ••• 3.12 1.11 L'" L'" '''' W 1.48 

3"""2~ 1~. "., '.W L06 LOO 1.13 1.18 L'" L'" 

" '.0 ' .88 1.12 0.9.'> LO< LOO 1.13 L'" 
'3 ,.2\11 •• 0.' 'M 0.1l1 LOO 1.15 L'" L" ,-" Yo ••• '.M 0.95 LOO LOO 1.l3 1.18 1.28 

3,.2 ~ 
,., .... 0.92 0.80 0.89 0.94 LOO 1.10 .. , 2.a8 0.'" 0.74 0." 0.88 0.00 1.00 

2~2 tt 6.' 4.00 0.75 0." 0.114 0." LO< 1.15 
8.62 2.12 0.78 0.80 0.89 0.00 0.98 1.08 ,,. 



BLBMBNTS OP SBCTI ONS 

RADII OF GYRATION FOR TWO UNEQUAL ANGLES 

Shol1 lAp Vml .. 1 

T ~ , , 
..... ' .... ... , 

R8dii '" GYrfltioIl, h •• boo ~, .... ... I 'IlIlok· \f ••. ,- Alii 202 - ....... A ..... I·. - -I_ I lrdoeI ,. root I~'" In K"JOZ'I""JOZ'I'~'ljIIn""JOZ'I 
- -1--

o. ___ ~_ 

, 44.2 ".00 1.73 3.64 3.73 3.78 
..,. 

3.92 , .. • 33.8 19.88 1.76 '.60 3.69 3.73 3.78 3.87 

•• "'~, 11.86 "SO ,-" , ... 3.68 I 3.73 3.82 , 35.7 12 1.00 080 .. '" 4.14 4.19 .... 4 .34 , "'~ " 27.5 16.12 0.811 a.99 '.00 4.13 4.18 4.28 

•• ... 9.68 0.92 3.1M .. ., '.en 4.12 4.22 , 32.3 19.00 0.89 3.48 3 .... 8 '.63 3.68 :1.78 , "'~ ;II' 2.'J,() l a.lj() 092 3.42 3.52 3.57 3.62 3.72 
13.0 '.60 0.00 '"' 3.46 3.00 8.55 HIli , 30.6 18.00 "00 2." 2." 2." , ... 3.14 ... ;II' 21.8 12.80 1.13 2.79 2." 2.00 2.98 3.08 
12.3 7.22 1.17 2.74 2." 2.87 2." , . ., 
28.9 17,00 0.92 2." 3.00 3m 3.12 '.22 . "'~ ~. "" 12. 1:.1 0.'" 2.&7 2.00 3.01 '.00 3.16 .. , 6.74 .. 00 2.81 2.00 2." 3.00 309 ... . ;; 2.., 1422 1.14 , ... ,."" 2.43 2.48 , ... 
11.0 6.46 .. 20 '.30 , ... ,~ 2"' 2.48 ."'. '" 22.7 13.34 0.00 ''''' 2.'" 2.0 ,., 2.65 

~. 8.' !I.12 1.03 2.26 ,.., 
'''' , ... 2". 

.. 3 ••• 19.9 11,68 0." 2.42 '" "" 2.62 2.72 
~. 82 "" 0." 3.8S 2.42 2.47 '" 2.61 

• ,.. 3 , .. ... 10.86 0 .81 2.16 "'. , ... '''' ,~" 
~. ,., '.00 0.87 2.00 2.15 ,~'" ''''' 2-" 

"" ~ 
' .. ... 10.86 1.01 1.81 1.91 .. 00 2.01 2.11 
~. ,., .~OO .. en 1.73 1.81 "86 I.BI '.00 .. , ,~ . 17.1 10.06 0.8.1 .. 88 1.98 2.00 2.08 2.18 

" .. , 3.38 0." 1.78 .. '" 1.92 .. 00 '.06 

"." , .. 15.8 0.24 0.115 1.61 1.7, 1.76 1.81 1.91 
I, M 3.12 0.91 1.,(;2 1.61 .. " 1.70 .. 0> 

3).p2}f :1" 
,,,, ''''' 0.60 .. 66 1.75 .. ., .... .. 00 
'.0 2.88 0.74 us 1.67 1.71 

I 
1.76 " 86 

3 .,~ U· .. .... 0.72 '" 1.46 1.51 .. 06 "66 .. 2.64 0.75 '"' '''0 1.45 , .. 1.59 

~ 
,., .... 0." 1.42 1.52 1,[;7 1.62 1.72 

'" .. 2.38 0.67 1.38 1.47 "''' I 
1.57 1.67 

2".2 ~ '.8 '.00 0." 1.15 ..2.; ''''' '"' 1.46 
3.02 2.12 • .60 1.11 .. 20 1.25 ''''' L40 

H6 
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CARNBOIE STEEL COMPANY 

MOMENTS OF INERTlA OF RECT,wGLES 

IN WIDTlJ8 .. ROW % TO % Iscu .u."D 1 I NCU 

1'0'"' .... 1 AJ;I, n ........ Caoler No..al to Dept .. 

Tblll and tbO fOllowing table may be u.sod In COIDPu~lna: the 
MOlDen'" 01 tD(ll'1.ia or Plate Olrden. COlumnll and otber COID­
pOund 8111CtIODII In which p latoe am WIOd; _ p&&OI 1M) and 151. 

.083 .... , ,."" •. = 
10.4 17 
18.000 

"."'" .2.667 
00.750 

83.333 
110.1)1 7 
1 ••• 000 
183.01>3 
22S.007 

,m 



ELEMENTS OP SECT I ONS 
'-----'------

MOMENTS OF INERTIA OF RECTANGLES 
I N WIDTUS or 1 INCli 

N.,..tral A:d .• TIIn»o,lI. CeaIH Nor.al 10 DePllo 

Toobtain tbe Momento' l oertl. of any roc!.angle. multiply 
tbe tabular value for ItlIdcpth by I,"-wldth In Incb(lll. For dec ......... 
reo::t.angl08 of tabular thlcknllM. multiply the tabu lar valuOi for 
hall tbelr depth by 8; or for ono-thlrd their deptb by 27. etc . 
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l:IOLLOW ROUND SECTIONS 

A REAS AND RAl)u OF G YRATIO!< 

Thick .... im l..:bet 

, " I ·;;-';1" I ~ 1-' J 11 ~ '"I '"I '~ I '" I '~ 1 , .. +'" I ' 
-,~ --------r-
~.S! IlJi-----=----=,=~-~ '-,-----1--

'='-o-J-------
'l!r-..,-... - ---

" 
'" 
" 
" 
'" 
" 
" 
" 
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ELeMeNTS OF SeCTIONS 

l-IOLWW SQUARE SECTIONS 

AR£A8 A!IOD RADII OF GYRATION 

... ~.t. (""'" 
D. , ... , 
, ,. 

• --+ 
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CAM.NEO IE STEEL COM.PANV 

STRESSES IN BEAMS 

In the application of the principlce of !truetural mechanics to 
determine what sectionll Bhould be u&ed Bafely to !ulItaiu !uper­
i mpoacd Joads under !pecificd condition! of loading, it is necessary 
to ascertain, first, the effect! produced on the structure by the loada 
under those condition!; Bec(lnd, to decide what unit strength thc 
matNial, the uso of which iB contemplated, hM to resist the Btressell 
produced within the structure by the loading; and, third, to select 
a IlCCtion whose section modulus is equivalent to the rfllio found to 
exist between the stresses tending to eause deformation within 
the structure and the unit strength of the material to resist them. 

Reac1lolll- In tbe aimple ease of a beam supported at both ends, 
each BUPl}Ort reaets with an upward prC8J!ure (:a11ed tbe reaction 
of the Bupport. The Bum of these two reactions is equal to the total 
load on tbe beam. 

Sh.... The loads and the reactions of the supporte are vertical 
forces tending to shear or cut the beam acr088 and the stre&leS 
they produce within the beam are, therefore, called shearing 
strCSBes. The sllOar at eaell support is cquul to the reaction of 
the support; the shear at any point between the support! ie equal 
to the reaction of a 8upport IC8B the total load between tha t 
eupport and the point; or, if the reaction acting upward i8 
('onsid('red all positive and the loads, acting downwards, all 

l1('gative, the ahear at any point iB the algebraic sum of the 
vertical forces acting 011 the beam between that point and (,ither 
support. 

If such a simple beam supported at both ends eal'l'iee a load 
uniformly dist ributed over its entire length, the reaction alld the 
shear at each support is equal to one-half the total load on the 
bcam, but the shear decrea.sce uniformly to item at the ccnt('r of 
the span; if the load is concentrated at the center of the span, the 
reactioll and the shear at each support a re also equal to one-half 
the total load, but the shear is uniform throughout the entire 
length of the beam. 

Bo,ndln. MO'-Cillo T he loads on the beam ana the reactioDII of the 
supports constitute external forces whieh produce bending stress in 
the beam. The aummation of the )}loments of the external forces 
about allY point is called the bending moment and varice from 
point to point. It aUains a maximum value at a l)Oint wllere the 
shear is eith(' r :tero or changes from Ilositive to negative or vice 
versa. If the loads a rc concentrated at several points, the maxi­
mum bending moment always occurs at the point of application of 

,,;0 
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one of the loads 60 located that ~hc 6um of all the loads on the beam 
between one support up to and including that load is equal to or 
greater than the reaction of the support . • 

Vertltlll n.8""'[00. Bending stress within II. beam produccs flexure, 
Ilnd the deflection, or the amouut of its departure from a straight 
line, is the measure of the dcform,ation which the beam has under­
gone in its resistance to bending stress. So long as the stress is 
within the safe limits allowed for the material, the deflection is 
negligible so far as concerns the beam itself; it may, howevcr, be 
of sufficient magnitude to cause the d isruption of other materials 
in oontact with or supported by the beam but of less strength, such 
as plaster. III such cases the limit of allowable dellecUoll may 
determine or at least influence the choice of a 6ectioo. 

Lateral n.ftection. The 61resaes within a beam under tran6verac 
loading are compressive 00 one side of the neutral axis and tensile 
on the other. The tensi le strcsses tend to hold the beam in a 
straight line between the supports, whi le the compressive stresses 
tend to deflect it in a lateral direction, just u.s the bending stresses 
as a whole tend to defleCt it in a \'ertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. 

i\lethod or ComPlltat;oo. A complete investigation of the strcngth of 
beams under transverse loading must take into account all the 
clements, thc bending momcnt, the vertical deflection, the lateral 
deflection and the shearing strcss; though undcr the usual loading 
conditions the first alone determines the size and weight of section. 

I n the calculation of bending stresses, the loads are usually 
expressed in pounds, the apan length and the distance betwcen the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates eonveI'llion to inch pounds before the 
scction can be selected from the tables. The section modulus of 
the required 6ection Is obtlloi oed by dividing the maximum bending 
moment in inch pounds by the allowed fiber slress in pounds per 
square inch. I n such calculations it is assumed that the neutraf 
axi~ of the section is normal to the line of action of t he load. Whcn 
this is not the case, correction must be made for the eccentricity 
of thc loading. 

In the pages which immediately follow are givell general formulas 
for the bending momcnt6 and vertical deflections of beams undcr 
the usual conditions of loading, and also diagrams illustrative of 
those conditions. The gcncral method for the computation of the­
maximum bending moment of a beam supported at its cnds and 
loaded at various points is as fol!ows:-

'" 
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Firat. Find the reaction at the left (right) 8upport by multi­
plying each load by its distance froro the right. (ldt) support and 
dividing the Bum of the.e produetll by the length of the span. 

Second. Starting from the len (right) end of the beam, add the 
IlIcc_ive loads until a point i.e reached where the Bum of the load. 
equala or exceeds the reaction of the left (right) 8upport ; the poi nt 
of maxi mum bending moment iii located at thill point. 

Third. Multiply the reaction at the left (right) support by ita 
distance from the point of maximum bending moment and lIuhtrac t 
the lum of the producUl of &II1oad9 to the left (rigbt) of thia point 
by the corresponding distance from this point; the difference 
between th08e momenta is theD the maximum bending moment. 

r-7 . .,'-O"-._-•• .. - r '.o·. Eumple: Required the llze of • 
..... 4·.0" -- 6'-~'; • I nee! beam to JlUPIJOI'I> the tollow'tlII 
: •• G) Q)" ~ .. 1 w. QuI_nt 10&d.0 over a elear apan ot 16 

, l I "" "9~ : '-------! _ o· .. ·--~ 'L ----·-- -~12'_ 0".---.-0\ fiber Ilr1lll8 not to uceod 10000 pOund. 
----·-·--"16~ 0«------· ·--'" per 1IQUU'e 'Deb. 

W , _ I6000 pOund • . 4 foot from left support. 

'V._ 18(lOO 9 " w._ 2000 

W._ 60 
over enUre',pan. 

per loot. unlfOffll up to " feet from oit:M IUPpOM.. 
aslumed woigbt of beam unlfomllydl.trlbut.ed 

Lett Reactlon. IIlOIlO E 12 .... (10 E 11) 8 + I~w;m E 7 ± (2(!00 I ' 1 1 2""'21355 lbol. 

RI.bt RllKtloo. 18000 l " + (eo I 11)8 + ::m ID + (2000 l' l E It -2100;; lbol . 

8umofreactl~otload_W, + W , + W , + W. -42000lbol . 

POlut.ll of ,nulmum moment (00 l[ ") + 16000 _ 16240 < 21365 
(60 z 9) + 16000 + 18000 _ 34540 > 213M 

therefore the point or mazimum balding moment I. a.t point of load Wo. 

Muimum beDd11ll momeot. 213MID-IlI00C,"5-(SOd)IUi _ 10976.5 ft. 'bol . 

or.211lOli17-{%OOC11.)d .... (I(h7}d..5 _ 10976.5 ft. lbol. 

ltequlred oteeUon moduIUl _~_~_82_" 
A. tbe MICtion moduiUl 11.1 too 16 Inch 6.5 pOund or the ISlneb 54.7 POUDd 

beam IB greater thnn thl.s, elth~ of u,_ sectlon.t may be 118ed. It It I. decided 

tha t the 18 Incb <18.2 pound l upplementary beIt.m I. IJtzOng enou,gb for tbe 

pnnx-, the act.ual tiber . t .... on tbat .ealon would be 13H~r .. 160S2 

poumb per .quare Inch. It tbe allowed tibet !JI.~ were 121\00 poundlo per 

-'Quare Inch, too l"OQuired I(I()tlon moduJUi would be IOV2~ 12 - Inur -

10:;.38 lu,d tbe permissible minimum .ectloDi would be 20 Incb 65.4 ilOuod. 2 1 

loeb 00.4 pound beanu. etc. 

'" 
• 
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NOTATION USED I N FORMULAS 

A ""Area of ee<:tion, in square inches. 
n = Distanee from center line of gravity to extreme fiber,in inchC5. 
I = Moment of inertia about C<!nter line of gravity, in inches'. 
M,,=St4l.tic moment, in inchCl!~. 
S =Section modulus - I/n, in incbcs3 • 

r "",Radius of gyration _ -VI / A, in inches. 
r =Bcndlng stre88 in extreme fiber, in pouuds per square inch. 
rb - Resistance of web, in pounds per square inch. 
E = Modulus of elasticity, in pounds per square inch, 
L = Length of section, in fect. 
I = Lcngth of section, in inches. 
d _ Depth of scetiOIl, in inches. 
b = Widtb of section, in inchl'8. 
t ='I'hickIlCl!ll of seetion, in inches. 
W, WI, Wt=Superimposoo loads supported by beam, in poundll. 
w -Superimposed load, in pounds ]ler unit length or nrc!!.. 
W max _ Maximum safe 10tW at point given, in pounds. 
n, Rt - Reactions at poillts of support, in polinda. 
V _ Verticals.hcar, in po\wds. 
M, Mt,~" Bending moments at points given, in inch pounds. 
~I max _ Maximum bending moment, in inch pounds. 
;\Ir _ Jl.lnximumrcsilltillgmomellt,in inch poundll=f I/ n (S. 
0, DI _ Dcfleetions at points given, in inches. 
D max - Maxi mum dcHection at point given, in incbes. 
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COMPARISON' OF VARIOUS LOADING CONDITIONS 

The forDluIIUJ and diagrams on pagea ISS 1.0 ISS give the various 
stresses in flee tions used 88 beams, ~ultiDg (rom usuaI eonditionll 
of loading, 

Taking 88 a unit of oompariaon a uniformly dilluibuted safe load 
on beamll of eq ual length and 8CClion, supported at the extreme 
eudll, the following table gives the relative maximum safe loads 
or bending moments and deflections, 

As a cheek on the accuracy of a computation, the safe load 
obtained from the formula for any condition of loading may be 
multiplied by the rcciproeal given ill the table corresponding to 
Bueh loading condition; the result should be the maximum allowable 
unifonn load 88 taken from beam we load tables, 

I Maximum s.t. I Maximum 
c- r.o.d Ddtoclion 
No, ---

fleIWy. Reeiproea! Reiati" -_._---
n" .... SUPPO.T"D AT END. 

Load uniformly dll1.rlbuted over span OX , , 
Load conO(!lltnted .t cent« of span V ~ , ... 
Two equallO&dll aymmetrlcaUy conceotnt.ed VU I/ f. ..~ 
Load Incroaslng nnlfonnl)' to one end X ,07063 1.0264 ,070 

Load Increasing unllonul )' to cen ter XU % '. .00 
Load dcere:a.slng unl(onnl,' to cent« Xl .. .. .. 08 

u., .... P""I:D .. T ON. END, C .... T'LI:Y •• 

1~1 unlfonnly distributed over 81)&n U " • 2,40 

Load concentrated at end ~ , 3.>0 
Load InCl"C6Sina: unlfonnly to ll:Iod end '" .. ,. 1.92 

n" .... CONTINUOU' 0'0'''. T,..o SUPPO.Ta I 
EQU'UI8TA"T TIIO .. END' j 

Load uniformly dllllrtbuted over span XVI .. If dil!t.ance. >0.2071 I ll/f~ 4&2/1" 

,. If dil!tanoo I. < 0.2071 I 
, ,~. ,4, -, 

3. If dlst.anoo I. =0.2071 I 5.8285 .17 16 

Two l'QualiOlodll: eoneo.-nt ... t.ed ,t endll XY 1/ 410 U / I 

---

os. 



FLEXUR.E FOR. M ULAS 

BEAMS UNDER VARIOUS LOADING COKDITIONS 
BRNDLl"O l\IOllENTS A.. .. m D'&n.ECTION8 

I. c.u..IW;VER BEAM--CO~nl"~ l .. d .t trft ",IHI 

M. dl8t. nce x 

Mmu.un, 

Wmu. 

Dmu, 

R, (mu. lbear) 

M, dln.nee I 

)' ~R' .. ~ 
-- x .~ 

1\1 mu. I~ Il, 

Wmu. 

Dmu. 

w, 

" -, 
"'. - ""iET 

w .. 
- ---:tr 

w, - -.-
'" -, 
WI' - ".,. 

~
., Il, (mu. abclu) 

.oi-
I M. dlstall()Ll I 

~ .. l 

_ W 

w ., --,-.,,­
W< - -,-. __ . \ .~ ;\Imu.ltl!., 

"" - ,-
W]" 

- '"i'6"ET 

IV. BEAM SUI'PORTED AT ENOS--COn ... nt,.~ L .... d _N ..... e ~nd 

~' I H_ 
i .' 
;._. 
;... " -_.-+- b 

;'-If{l '' 2b.~ . 
R~.· .. , .•.. R, . . . . 

~- I( .~ 

W 

R(mu. Ibear it b> a ) _ ~ 

R, (mu • • hOll" j( a.>b)= ~ 
Wb. M, distance I( _ --,--

Mmu: .•• ~J)OIMOfload .. ~ 

Wmu. 

Omn. 

'" 

,~ 

- ." 
Wab (a+2b) .Jaa{.+2b) 

27Eli 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
B£NOINO MOMENTS ANO D.; J'L£CTIONS 

T. IU:AM SUPI'ORTI:m AT ENUS-C6ft ...... t .. tH. I ... d a l ... aUr 

~ ~ mal< IHmax. ahear ) _ II, 

i ," M. distance .I , , , ,... .......• \ ..... , 
, I ' I ~ .• ~ , ,,' RfSj0'TD . R 
: : 1 ' •. x· ... 

W 

M mu .• at poln~ of load 

WmllJ[. 

Dmu. 

W - -,-
W. - --, 
W. --.-
'" - ,--
WI' 

- 4sN 

BEAM SUPI'ORTtm AT J::NDS- T.o lI .. y .... etrlUlI .Oft<:e~ t .. tod load. 

J,.·~-·Wt 
l.~i·J , , , 

~ ,'" \ ~ ..... ~ 
:- -tHa.b!oi-.-b--, 

R~n, 

R (mu. abear If . < b) 

R, 

M. dlstallOlila 

M,. dilltance.l 

Wmu. (b> a ) 

W - zy-O ...... +b) 

w 
- """i[O+ a-b) 

w 
- lb-T{.I ...... ) 

ZIIS 
- b{Ha- b) 

VII . BEAJl8UPPORTED AT ENDS-Two ..,. .... eul<al ....--1 .. tH. l....t. 

~~~mu.n {mu.Bb.,.)_II , -~ 
'------;---;--." M. dilltance.l ... ~ 
: -~' I -·t .. -.~ Wa 
~ . .. _.. ~ .. .. . . Mma::r.at&"dl>etw«'f, IO&ds---:;r-

R~'- , .. ~. : --~ •. - :R, WmllJ[. _ Z!S 

• X· Wa V V Dmu. - 121::1 (~II"""') 

MmllJ[.lfW 
M .~W, 

111 ma::r. If W. + W 

Mmu.lfW, 

"6 

Wb+ W,bl+ W.bt 
I 

w_+ \\',&,+\\' .. , 
- I 
_ Rio. 

"" or> It 

_ ROC"> R 
_ R,Qr> R, 
_ RarW ( ......... W, (_,) 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 

BEN"DINO l\IOMENT8 AND DEFLECTIO"S 

II. BEAll SUPPORTED AT ESDS-U.lfo ... '" dlolrlbaled lod 

6' I -- , R {mu.ohe..-}-U, - ..;. 

I I 
M_. ,. 

JJCLLLL:.lllll.!\..i M. dlltan"" '" - 4{I-f> 
, I : WI 
~, .• , ._... _... J\I mas. a~ oonte.r - '"T 

i-' i·--"; Wmu. - J!f! 
:::::rl::/"'" 

D D~. 

X BEAM SUI' I'ORTI;D AT EN08-Loood In~ ..... h •• pnlf,mDI:rI" 0 ... ud 
W 

n - T 

~
""-"'1 R.(mu • • h.,...) _¥ 

y,lmax. W" "" 
_j :\I.dlnan""", --:r(1~"...1 

~ ':' Ira 2WI 
:.- ... _ .. _- 1- ---, Mmu .. dlltanoo---:r--~ 

~v~rd _ ~7~~ 
R , I D RI Wmu. 21 , 3 .. "' ..... 

Dmu. 
.013044 WI" 

EI 

Xl. BEAM SUI'I'ORTI;D AT t:NDS- Load dec ... ln. gnlf" ... ly 10 .... nl~. 

~~ 
!~~ 
~-·-··-· I··-- .. --~ 
~ ~, ~ -~ 

R~R. 
~,,-

, 
1>1 diU .. dllta.nee:r 

Wmu. 

J) mlUt. 

w -, 
'" 2,,· - W",Oi'T +"'M'F') 

W> 
- -U-

-~ 
:rWI' 

- .".",. 

XII. BEAM SUPPORTED AT t:NDS- Load I.~nul ...... if" ... 11 I"_ter 

A11llll'h:-..... ~.max. U (n'U 8h<'&l'p:U. 

,jJulllliu lIu lu Ilill 1\" : ;\1. obltlmoo,. - .. 
. • : " dO ' _ •• _ ••.•. I. - .: • n.ax.. tanee :r 

, .- ! < . 
R l ~- 'R WDMU. 

~II mLl. .., 

W -, 
", 

- W"'(~--mr) 
w, --.-

-~ 
W,o 

- ooth 
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UEAi\1S UNDER VAlUOUS LOADING OONDITIONS 
I3ENolNO MOlolENT8 AND DEFLf'.cTIONS-COucludcd 

XIII. H~M SUPPORTED AT ENDS-U"lfo ... loacI p,ud.1I1 ellot.lbuUd 

R (mu. ,hculh<c)_ W(~,,+ b) 

~
i ...... ~nlU. H, W (2a+b) 

-fI 
'; M, dlst.PKaor<". _ Rz 

~ ..... ,e--; i M,dbt.z>a. _ Rz_ W(~6)' 
• t--tl~""'" 
•• .,:. ... 1;, .:...-c: .. .., MI. din. z>(,,+b). _ I", W(2Z;?a-b) 

R~ i-............: An. l\",Q¥ ... _ •• + RII W(2c+ b )[4al + h{2c+ b ») ,-~ - " _ ,,U"'.. -w-.- SI' ... 
Wmu. 

XIV. D£A,\I SUPPORT£D AT £""I)8-U.lfo •• l .. eI .,."laIl1 ell...,"II"" ..... 

H (mu, .hoar If W>W,) 

M;mu. H, 

t----'-~.; 

.~ .... ~ 
1>--:' eo·"; • 

R'''~::lc __ j;!>'''R, 
·-x"~ 

1\1, dlstllnce X <a, 

Wmu. 
... 

-.",-

xv. BEAM CO:lo'TlNUOUSOVER TW08UPI'OR'I'S-ToroutenO •• 1 ... et.;all ....... 

A 1IIIIIItK-:;m~ R(mu ",=)_R, -_1-
_ .. _ _ M.dlst"noox '" 

1 -;- , 

~ . 7~-·;1'·i ~ . 
D, 

M mu .. (tom It to H, 

Wm&>:_ 

D, distance II , 
I) ,. ubla""'-"T ..... 

w. --,-
.;.2f: 

w"raal-4.-) 
- 12 EI 

W.~-2.11 
I 1':1 

XVI. O~M COSTL"UOUS OVER TWO SUPI'ORTS-U.lfo •• 11.lIal1ibtllecl I .. " 

111lllY&- 'M~ R - 1(, -,J} ..... 1Io1ll~ or ~ c{ -a) 

"'<...iJ \j V' I ....... __ • W(>;"-I. +aIl " I + (i-U) 
, ,~ y. .. _.: VI "'." """"'A - fI 0, ... ~- -,-

!\~ , ... -.~ .... M,a~nllndR,_~ .... i!. >l( y'.H.~ 
. • ...... -\1 "-'~"1 

a ~ i·a-.":' !_a_ ...... ~ 
~ R, 

1.11 U O(lIlter _ W\""'.l 

21f8 -.,.-WI max. 

W I mn. .. , '" -T-r. 

• 



BEA"" SAFE LOADS 

SAFE LO,\J)R FOR SECT IONS VSED AS BL\..,,::, 

I::XI'LANAT ION OF TAULE.s 

The tables of sMe loads for structur.tl and lIupplemcntary beams, 
II-beams, cross tie sectioll8 ILnd channels, used 8Jj beams under 
conditions of transvcrac loading, give the uniformly distributed 
SIlfe loads in thoUilands of pounds for spans cU8toma'ry in bridge 
and building construction based upon an extremc fiber strcS3 of 
16,000 pounds per square inch. The tablce of safe loads for auglcs, 
~ and zees givc the values at the same fiber strcl!8 on spans of one 
foot from whicb the safe load for any span lcngth may be obtaincd 
hy direct divis ion and also the values for thOl!e spans at. which the 
allowed safe load will producc a deflection of ~Mo of Ule span length . . 
The loads in a ll CIUlCB include the weight of the lICCtion, which should 
be deducted in ~rder to arrive at the net load which the acction will 
IUPllort. 

In addition to these Ul!ual tablea ofufe loads, there follow, on 
the same baais, tables of the allowable uniform load in pounds Jl('r 
foot on beams and channels for various span lcngths, which may be 
us('d in proportioning the floor systems of buildings. The choice 
between various wcighl.!! and depths of IICctiOns for nny given span 
or any uniform load per rullliing foot may be made on inspection . 

.Jt is assumed in all elUlCs that the loads arc applied DOrmal to 
tbe axix 1-1 as shown in tbe tables of elements of lICCtions, and that 
th(' beam deftecl.!! vertically in the plallC of bending only. If the 
conditions of loading involve t he introduction of forces outs.ide this 
plane of loading, the allowable safe loads lIlust be deterlllined frolll 
the general theory of fic)(urc ill accordanco with the mode of apl)li­
catioll of t he load and its character. This applies particula.rly to 
unsymmetrical sections, such as zec ba.rs and angles, which should 
be used only under thosc conditions of loading where tho section 
can deflect vertically only, being rigidly secured ngainat lateral 
deflection or twisting throughout the elltire span. In all euch 
C!l8CI! of eccentric loadinp:, tbe actual safe loads would be considerably 
lower than the tabulated safe loads which have been based upon 
the most favorable conditions of loading. 

V1H11 .. 1 IldlOdlo" or u..... 111 the case of heams intended to carry 
pl8lltered oeilinga, experience indicates that the vertical deflection 
to avoid cracking tho plaatcr should be limited to not more "han 
11Ml(l of the span length. Thill spall limit for etec!1 henms is apllroxi. 
mately in feet twice the depth in inch('fJ and ie indicated in the 
tables by tbe lower zigzag line. 8eatnll intended for such purposes 

'" 
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Bhould not be used for grenter BpanB unless the allowable tabular 
safe loads exceeds the actual load to be supported. Ail the dead 
load of the floor is supported by the beams before the plaster i~ 
applied, only the deflcction due to the live load realJy nced~ to be 
considered. 

The coefficients givcn below ma.y be used to obtain the deflection, 
in inches, of sections subjceted to transverse streBBCH due to uniformly 
distributed loads at various fiber stre8SCII and are baaed upon the 
following fo rmll la3, UIling the notation givcn on page 183, 

OellccUon. n- W II I ,~ D IIfl " 15r1", X I ':T.m' .. 'CII n or """1tr.'irEii=--g- n 
d 3M!.' I c<)('mct .. n~ 

For symmetrical ~Io"'" nz=::r, O= -Y-Xa=' d('llth )II ["chU! 

Cot:V.· ICU;NTII OF D EFLECTION UNIFORMLY DISTllIlI UTEP LoADi! 

-
'1::. I FIbre SIla, PCIUIIdII*' Square IIIth 

'r.': 
. ibre&r-, PouDdo perSq ...... lntb 

---
- 16000 I 14000 ! 12500 ,600<) "000 "'" - , , 0.017 0.014 0 .013 I '" 11.l89 9.790 8.741 , 0.0'" 0.058 0.()52 " 12.066 10.558 9.427 , 0.149 0.13Q 0.116 " 12.977 " ". 

I 
10.188 

• 0 .265 0.282 0 .2(17 '" 13.{IZO 12.180 10.875 , 0.414 0.362 0 .328 
I "" 14.897 13.034 11.638 

• 0."" 0.52 1 0.466 " 15.906 13.918 12,427 , 0.8ll 0.710 I 0."" " 16.949 14.830 13.24 1 , L"" 

I 
0."" 0.828 " 18.025 16.772 14 .082 

0 1.341 1.173 1.047 " 19. 134 16.742 14.948 

" L 6M 1,448 ] ,293 I " 20.276 17.74 1 15.841 

" ,..>00 1.752 L'" ,. 21.451 18.770 I 16.700 

" 2.383 2.086 1.862 " 22.659 19.827 17.703 

" 2.797 2,448 2.185 " 23.901 20.913 18.6 72 

" 3.244 '''''' 2.534 39 25,17[; 22.029 19.668 

• " I 3.724 3.2W '.000 ., 26."83 28.172 W.OOO 

" 4.237 3.708 3.310 " 27.823 24.346 21.737 

" 4,733 4.186 3.737 ., 29. 197 25.548 22.8 10 

" '''''' 4.6fl2 4 .190 ., 
"'''" 26.779 23.909 

" 5.975 6.2'28 • . 668 .. 32.044 28.0;j1) "'.03< 

'" 6.621 6.793 6.l72 " 33.517 29.328 26.185 

" 
, , .m 6.887 6.703 .. 36.023 30.646 " '"'' " 8.011 7.010 6.269 " 36.662 31.992 28.5% 

" 8.766 7 .66l 6.34 1 " 38 .135 """ 29.793 ,. 
I 

,."" 8,342 1.448 " 39.74 1 34.773 3 1.047 

" 10.345 "''' 8.082 6() 4 1.379 "."" 32.328 
, , , 

To find t he deflection in inches or • section symmetrical about 
the neutral axia, such .. beams, channels, zees, etc., divide th, 
coefficient in t he table corresponding to given span and fiber stress 
by the dcpth of the section in incbCll. 

' 00 



UEAM SAFE LOADS 

To find the deflection in inchc8 of a tcction not symmetrical 
about the neutral axis, lIuch aa angles, tees, ctc., dividc the coem­
cient corresponding to given span and fibcr IIlrCtlS by ll'.-ice the 
distance of extreme fiber from neutral axi~ obtained from table of 
clementi! of scctions, pages 152 to 11'2, inehIBive. 

To find the deflection in inches of a IICClion for any other fiber 
streea than those given, multiply this fiber stress by any of the 
coeflicients in the table for the given span and divide by the fiber 
slfC811 corresponding to the coefficient Wled. 

La"",,,1 OefIf,cdo_ of _.... The tabular safe loads are baaed on the 
assumption that the oompre8llion flanges of the varioWi sections are 
secured against. lateral deflection by the use of tie rods or by other 
means at proper intervals. According to the Construction Specifi­
cations, page 13S, the lateral unbraccd length of beams and 
girders should not exceed forty time8 the width of the comprC8Sion 
lIangell. When the unbraeed length exceeds ten times the 
width, the tabular safe loads ahould be reduced in accordance with 
the ratios given in the following tablo in order to insufC that the 
stretllles in the compretlllion £Iangea should not exceed the allowed 
safe unit streSll:-

u ...... AUonbie Sol, 1.-1 """-' AlbftbIIo Saf. Lo.d '-'.- '-<' .... 

.5 X tI'~o .. Id.~h ~'ull tabula.r load 2.5 x nango width 71.9% tabular 10.0:1 
. 0. " .. .. 30 X .. .. 02.6% 
". 00.6'70 tabular load ,.. bJ.l% ",. 81.2% .0. 43.8% 

ln addition to this lateral deflection which i8 induced within 
the beam by the action of pure bending strefllles, lateral deflection 
may be induced by the thrust of floor a.rches or other loading acting 
on an axis perpendicular to ~he line of principal bending at.ress. 
The thrust of theae arches should either be neutralized by tie rods, 
or tho safc carrying capacity of tho beam should be computed in 
accordance with the geoeral formula.s of flexufC to provid~ for the 
combined stre88C8 due to the action of both vertical and horizontal 
fo rces; that is to say, the 8afe loads should be figured around both 
the axce I- I and 2-2, and thc unit strC88 computed so aa not to 
exceed 16,000 pounds per square inch. 

EfI"tcl or I .. part 011 Su--. Theformulaa upon which the tablce of safe 
loads are basocd U88ume all loads to be <luiesccnt or static. The effect 
of moving loads may be taken care of either by reducing the allowable 
unit atn'!!!Se8, or clse by inereaaing the thoorelical loads. See 
Construction Specifications, page 136, parngraph 2 . 
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When the load is euddeli ly applied, the l'06ullant elree&Cfl are greater 
than thofIC due to an equal static load. When the load is instan­
tanCO\l8ly applied, the retlultan~ fltreM('6 are double. 

When an instantancoullly applied load produtel!l impact or percu&­
Ilion, the resultant elrcsaee are dynamio and are meallurOO by the law! 
governing the energy of bodies in motion . The following empirieal 
forlllulaa may be uaed to flllCertain the approximate fiber atreil6 and 
deflection due to II. load falling on the center of a beaal 8UPported at 
both enda, when no account is taken of the distortion duc to the 
impact or percussion at the point of application of the load :-Let 

W _ Weight of load, in pounds. 
WI- Weight of beam, in pounds. 
h _ Ueight of fall, in inehce. 
f _ Extreme fibcr etrcll8 due to etatic load, W+W" in pounda per 

/KIuare inch. 
fd - Extreme fiber etre. due to dynamic load, W, in pounds per 

/KIuare inch. 
D _ Deflection due to etalie load, W+WI, in inehce. 
Dd _ Deflection due to dynamic load, W, in inehes. 

35 W 
m - 35W+17W,' Th"" 

Cd -r ( I + 'V2nb + 1 ) and Dd-D+ V-mhD+ DI 

'" 
• 



BEAM SAFE LOADS 

dependent upon the distance of t ile point from the neutral axis. In 
order to determine the intensity of the vertical shearing streS8 at 
a given point in a vertical section of the beam, therefore, it is 
sufficient to find the equal intensity of the horizontal sheuring 
strC8s at the same point in t he horizontal plane. 

T he longitudinal unit shear is zero at the upPer and lower flanges 
of the beam and a m8);imum at the neutral plane. It is greatest 
at the supports and zero where there is no vertical shear. 

The intensity of the longitudinal shear at any point in any (:Iection 
is the product of the vertical shear, V, for that section and the 
statical moment, Ms of the section included between the horizontal 
plane of shear through that point and the extreme fibers on the same 
side of the neutral plane divided by the product of the moment of 
inertia of the beam around the proper axis and the thickness at the 
plane of shoar; or 

J...ongitudinal shear per square ineh= V
t 

l\~ 8. 

.ro" 

Exampi(l--Ucqulred the maximum longitudinal 
shear J>Cr square IIH:h In a 24" 79.9 lb. beam loaded 
,,·lth two symmetrical loads or 100.000 l)Ound" 
each. dlsrcga.rdhlg.the weight or the beam. 
MsorFIange Uoctang l=7x.60xl t .7 = 49.14 
r. Is or Plange TriangI0'l=3.25x.M2xt t .21 D= 19.76 
Mijor Web = II AOx.50L5.70 = 32.49 
Total Statle Moment 101.39 
M oment or Inertia. or Iloom 1=2087.2 
Langi! udinal Shear=t OOOOOx 101.39 

2os1.2x.t>O 
=9715 IlOund" per square Ineh. 

Under usual conditions of loading, the vertieal shear need not be 
taken into consideration. 

BII~kll ... Val~"" "r &a ... We.... The ver tical shearing stresses or the 
vertical eonlprcssive componentB of the web stress may under some 
eonditiol18 exceed the sale resistanee of the beam to buckling, and 
there remains thc possibility that a lVeb or web pla'te which is amply 
secure as against thc safe allowed shear of 10,000 pounds per squarc 
inch will not be of sufficient strength when considered as a column. 
In such cascs provision must be made for security against buckling 
either in thc way of stiffeners or by increasing t he thickness of the 
web or wob plate. 

A series of experiments have been carried out on beams of va-rious 
depths and web thicknesscs to arrive at a basis for a simpler method 
of computation to use in the invosligation of the safc buekling 

"3 
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rea.ist.anoo of beams with UIll:!upport.OO webs, and from these experi. 
ments the following formulas have boon deduced: 

.a~a: 

~:~::::::::~: I~":'il~IIJ:. : ::~: :I:r~:~~:; ['ii! 
l " J 

R _ fbxt (8 +4) 
W- 2fbxt (a' + ~) 

In these formulaa R is the end reaction, W the concentrated load, 
t the web thickness, d the depth of the beam, a 1 half the distance 
over which the concentrated load is applied and a the whole 
distance over which the cnd reaction is applied, while Ib is the safe 
resistance of the web to buckling in pounds per square inch by the 
formula 19()(}()--lOO d/ 2r (d/2=1 in column formula). 

The first formula is general and applies to any oondition of 
loading. The second formula covers the case of a single load 
concentrated at the center of a span; it can be extended to cover II 

system of concentrated loads provided the sum of the distances a' is 
not less than a. 

The tables which immediately follow give for beams and channels 
with unsupported webs: 

1. Allowed web rCllistance fb, in pounds per square inch com­
puted from this compression formula. 

2. T he distance a, or the distance over which the end reaction 
must be distributed when the shearing stress, V, in the web is the 
maximum aUowable of 10,000 pouuds per square inch. 

3. The allowable eod reaction (H) when a is taken at 3J1" 
whieh is the usualleogth of beam actually resting on the 4" angles 
ordinarily used in buildiug construction for beam seats. 

4. The allowable shear V, on the grosa area of beart'l or channel 
webs at 10,000 pounds per square inch. 

I n addition to these data which have to do with the ma"imum 
loads on beams and channels as computed from the web resistance, 
t hese tables also give the maximum bending moments 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 
bnsis. These maximum bending moments may be used on inspec­
tion ilU!lead of the table of properties to ascertain the proper size 
section to be used in any particular instance. 

'" 
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EXAWPLU OF 'mg U S I!: 0 .. BEA~I SAYE LoAD TADLES 

Example I. DIrect Bending. Roqulrcd tho proper slro 01 a beam lal(! .... lly 
braced to support & sUpCTlmJ)<)lled or net load 01 30.000 pounds uniformly 
dlstl1buted over a clear 51lan of 20 loot. 

~'rom the table 01 sale low, paj!e 201. It Is found that & 15 Inch 42.9 pound 
beam will support a gross 10rW. of 31,400 pounds. The weight 01 a beam 20 
feet long Is 858 IlOunds. The net safo load Is, therefore, 31.409-858= 30) ;'42 
pOundJi. A 151nch42 .9 pound beam wm. therefore. carry thenetload speeHled. 

Enmille 2. Shear. Requlred the maximum 10rW. which a 20 InCh 86 
pound beam can support without oxcoedlng the SIIofe web rl).lls t·anoo of the 
IIOCtlon. 

Froln the table. page 200. the maximum iOiW. for this !IOCUon gIven In Bmall 
flgul"6!I a.hove the upper zigzag line Is found \.0 be 265,200 pounds, 

Ex&mple 3. VertIcal DeflectIon. Required the proper site &nd th(l 
detlectlon of a. channel supporting a net 10iW. of 10.000 pounds oon~nt .... t«Iln 
the middle of a 14-foot 8P&n. II.S3Umlng th&t the ch&nnel Is braced agaInst 
Ia.teral dettootlon. 

The Sl)OClfied 10iW. Is equIvalent On the given spa.n t.o a. un!fonDly distrIbuted 
lOiW. of 2 x 10.000= 20.000 ilOunds. 

I n the table, page 2O!l. It is found that a 12 Inch 30 pound cha.nnel will 
'UPllOrt a gl'068 load of 20.500 poundJ! Or a. net 10iW. of 20.500- 14 x 30_ 20.080 
pounds. The net safe 10rW. oonC(!ntrated at the mIddle of the span wlll be 
one-half thIs or 10.040 pounds. 

-rhe deflection produCO'ld by a uniformly distributed load of 20.500 pounds 
Is found from the cocIDclent given In the same table a.nd page ]90 to 

be 4¥= 0.270". The deflectIon lor the speciOed load oonoentratcd In the 

mlddlo of the span Is approxImately ~=0.216'" 
See page 1S4. 

ExamplO 4. Vortical Doflectlon. Required the deflectIon of a rivetOO 
gIrder 37 Inches deep for a spa.n 01 35 loo~ and a. flberltressof ]4.000pounds per 
lI<tur.re Inch. 

Required dollootion. 800 tablo. page 190. =~ .. 0.479". 

,"cxa mple 5. VertIcal Dollectlon. Required the deflectIon of In flngle 
6" 4 x ).I." about a.n axis pa .... lIel to the short let!: for a spa.n of 14 loot and a 
flber 8tl'UlS of ]6.000 poundJi. 

RequIred doflectlon. 800 tablo. pagClB ]00 and 191,.ls 2x 7l4t!l6),", O.401". 

Example 6. VertIcal Deflection. Required the deflectlon of a 10 Inch 
bea.m for a spa.n of 18 loot with & floor stress of 11.000 pounds. 

Required detlectlon. _ table. pages ]90 and ]91. = :A:~ ~ 5 i1.6.1 _ 0.369". 

Example 7. Late .... 1 0 ellectlon, Roqulre<l thn sale load on a 12 Inch 31.8 
pound bea.m for a span of ]6 foot wlthou~ any lat<)rai support. Or bra.c:lng. 

'ra.bular load. pago 202.= 24.000 ])Qunds. 

Ra.tlo iA"ngth of span = 16 x ]2=38 4 
.'lange wldih ---r- . 

ReduCO'ld safe, load. page 19]. 24.000:r P.468= 1 ].232 pounds. 

'''' 
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I BEAMS 
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CUAI.'i"NELS 
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BEAMS 

Au.ow~nu: UNIl"OR:loI Lo~D IN TIIOU8~:-''"D8 0"1' POU:-'-D8 
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8EAM SAFE I.OADS 

EQUAL ANGLES 

I ALLO'I\''''lJl.E UNU'OUIoi Lo",o I N TUOUIMN08 01' POUNDS 

N"lnl A~I. Pa",:II~1 10 Eilher Les 

I :\Iulmum Deodlng 8 t..-. 16.000 Pounds per Square Inch 

i 
OF* "'uino.", /!pu OF* )Iw-... St>o. 

Thd_ ... MO~OIIIIIeo:t.iooo T1oiok- "- :seo ~ De6od_ .... - .... 
1:.:. 1-----, ... -. ,-, ... .... "' . ~. .... "', - '. ..... ..... 

I 
..... ..... ,., 

---
, ~ 186.00 8.3 1 22.5 ' .. ".00 2.55 ••• ' .. 177.8 1 7.87 22.6 .. 22.51 2.37 .. , , I(}IU3 7.43 22.7 ' .. 20JU 2. 18 ••• ' .. 159.16 .... ".8 ~ J9.31 '.00 8.' 

" 149.66 , ... 22.9 3HS3~' •• 17.60 L'II .. , 
8:1 6 ' .. 139.Sot '.OS 23.0 

,. 15.89 1.62 '.8 'i. 14.08 1.42 ••• .. 130.03 ,.'" 23.1 

" 12.27 1.23 10.0 

'"' 120.00 6.18 ... , 
~. 10.45 L'" 10.1 

" 100.87 4.73 23.2 " 8 ,43 ." 10.2 •• ., ... .." 23.3 

" 13.87 1.6!) S, 

" 89.28 3.82 23.4 •• 12.69 I.~ 8.3 

" 11,41 1.37 8.3 , 9 1.4 I 6.48 16.7 , " V .. 10.13 1.21 8' ' .. 80.61 IU6 16.8 " S." L'" 8.' 

" 81.39 '.S< 16.8 •• 7.57 .88 S., 
' .. 76.27 'Uil W.9 " 6. 19 0.71 8.' 

" 7 1.IH 4. 18 17.0 " 7.79 L15 '.8 
'" ' .. 611.81 '.M 17. 1 lI. ,." 1.01 .., 

" 60.37 3.61 17.2 " '.OS 0.87 , .• •• ... ., 3.17 17.3 2Ji:l23i •• 5.12 0.72 ,., 
" 49.17 , . ., 17.4 I. 4.16 8.>8 " ••• <fa .41 "8 17.5 ~, 3.20 .... ,., .. 37.65 2.1<f 17.6 2. 13 0.29 ,. 

,~. 4.27 9.79 ,. , 61.87 '.M 13.6 " 3.73 .... " ' .. .,.W ..,. 13.7 , " •• "' . 0.57 , .• 
'. M.15 ' .00 , .. " 2JJ7 .... ,., 
' .. 61.73 3 .73 13.11 ... '''' 0 .3.i '.8 .. <1'1.32 3.45 14.0 '. 1.39 0.24 .. , . , 'h. -1 • . 80 3.18 14. 1 1h '.ro '.68 .., 
" <11.17 '.00 14.2 " 2.77 '.00 .., 
•• 37.44 ,." 14.3 l"~ ,,, •• 2.45 0.51 .. , 

" ,.ro 0.41 ... 
" " .00 2.34 14.4 ... 1.49 .. ,. " '>0 29.76 '.00 1-1.6 , 1.07 0.21 ,., 
" 25.81 1.78 14.6 .. '.00 0.51 ••• 
' .. 32.11 2.96 10.9 13i:lI Jo •• 1.71 0.42 .. , 

" 1,39 .. " .., .. 29.97 2,73 11.0 •• LS> 0.25 -1.3 

'"' 27,84 2.61 11.1 " 0.77 0.17 ••• 
" ".00 2.29 11.2 •• 1,17 .. ,. 3.3 

• .. •• 23.30 ,m 11.3 
1 J.( :1111 

., 0.97 •. ,. ". 

" 2J.01 '.M 11.4 •• 0.76 0.22 ,., .,. J .67 1.U3 11.4 " 0.52 0.14 , .. .. 16.21 1,41 11.6 " '.00 0.22 '" •• 13./6 J.IIl 11.6 , .. •• 0.47 0.17 ,., 
" 11.20 •. ,. 11.7 " 0.33 0.12 2.8 



CA R- NEa l E STEEL COMPAN Y 

UNEQUAL ANGLES 

ALLOWAOJ,.1'l UN I J/OItM LoAD IN 1'UOU8A.~OS OF POUNDS 

Neoolnll Ad ...... II~I 10 a b_ Loc 

~l uJmum Oendlq SU·_. 16.000 Pounds per Squ ....... Inch - Mw-~ I I ThU-

,,~ ,,~ Yu_ Spu 

"""- .... ... ,." """"" S~. 
"",-... ... , ... ,:.:. , ,. -. .... .... ~ ~ 

.... "' . ...... .... .... .... .... •• .. 1 
I , 16\. 17 7.40 21.S 83.52 6.57 15 0 

' .. 162.21 , ... 21 .6 ' .. 70.04 , ... 16.1 

" 10&3.04 6 .60 21.7 '. 74.45 '.00 15.2 
' .. 133.87 6 . 14 21.8 '¥I"i 60.87 4.67 1.53 

• , ., 124.48 '.68 21 .0 " 65.07 4.23 15-4 • ""- 114.88 ,." ".0 ""- 60.27 3.89 , ~ 3}i ' 1.5.5 

" 106.28 4.76 2'l.1 ~ 55.36 3." 166 . , 06.47 4.30 22.2 •• 00.35 3.21 1.5., , 'M' 3." 22.3 " 45.23 2.86 15.8 

'" 76.4 1 3.37 22-4 ~. 40.00 2.52 1.5.0 
146.03 ,." 10.4 ~ 34.67 2. 17 \6.0 

' .. 138.03 '.08 10.6 •• 20.23 ,,'" \6.0 

" 120.02 "'3 10.6 
' .. 12\.00 6.17 10.7 ., 53.23 '.00 13.3 , 
" 11 3.17 6 .72 10.8 ' .. "'.03 3.73 13.4 • • 3~ ' .. 10 .... 58 6.23 10.0 .. 46.61 3.46 13.5 .. 05.79 4.78 20.0 ·\ioI 43.20 3. 10 13.5 

•• ..... 4 .32 20.1 , • • % 39.79 2.92 136 

" 77.97 3." 20.2 •• 36.16 '.M 13 .7 ." 68.SO po ".3 , 32.53 2.36 13.8 

l 
, 112.86 6 .52 17.3 

.,. ".M 2.07 13.9 

'Io\0 i 100.67 6 . 13 17.4 " 24.00 1.78 '" 1 100.48 6.76 17.6 
~. 52.06 .o. 12.0 111\ 01 0~.08 6 .36 17.6 ' .. 48.86 3.76 13.0 <, 87.6tI .. " 17.6 

:l3J.i ' • 45.65 3.40 131 . ' 1\<)°1 81.07 
..,. 17.7 

I~" 42.35 3.21 Il2 .. 7-1.33 4. 18 17 .8 

" 38." '.ro 13.3 •• 67.62 3.77 17.9 3 :131.; •• 35.41 "' .. 134 

" ".W 3.37 18.0 

" 
31.89 "'. 13_5 ". ~_44 ' .00 18. 1 h . 28.16 2_07 IHI 

" 46.10 ' .M 18.2 .. 24.43 170 13.7 , ..... .... 15.4 •• ,. . ., 1.51 13.7 

'~·i SO.OO ." 15.6 

•• 76.27 4.89 15.6 ' .. 47.47 3.77 12.6 
' .. 71 .47 'M t.5 .7 " 44.37 3.49 12.7 .. 00.67 .n 16.8 I~i.' 4 1.17 3." 12.8 , • • ' .. 616.5 388 IS.n " 37.87 , ... 12.9 

" M." 3.M 16.0 , • 3 •• 34.45 "', 13.0 

•• 6 1.62 320 16. 1 " 31.(l.1 2.37 13. 1 

" 411. 19 .... 16.2 '" 27.52 '-', 13.2 
". 40.86 2.61 16.3 " 23.89 "SO 13 .3 
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". .. •• 'I 'I. o, •• .. 
'l!' 
'h. 
11 ". •• ., 
Y. 

,-• ... 
---I 
Sol • 
"'"' 

as ,. 
33 ,. 
" " " " 16 

" '" " " " ,. 
" 16 

" 
30 

" " ,.. 
" ,. 
" " " 10 

." . ., 

." ... 

.to ." ... ." .<13 

." .23 

.20 .., 
" .60 

. 311 

.00 ... 

." ... .,. 
" ... 
.to ... 
." ." ." ... 113 , ,. 1.57 

" " " " " to 

." ." ." ... 
" .M .. • ." 

" " 16 

.,. .,.. ... ... ... " " • 1.73 • 8 ." .00 

M"""'" s.-.... t--. 
8~. 

I .... 
Sol • '-". 
"'"' ,., 
3.36 11.f> 
3.11 11.6 
2.87 11.7 3 '" 2.62 II .S 
2.38 11.8 
2.13 lUI 
1.87 12.0 
1.61 12. ' 
1.36 12.2 

3 • , 
2.1).1 10.6 
2.13 10.7 
2.52 10.8 
2.30 10.0 ,.OS 11.0 .. '" 11. I .... 11.2 r' , 1.41 11.3 
US 11." 

2.97 10.3 
2.7l> 10.4 
2.~ 10.6 2}iJ: l }i 
2.al 10.6 
2.00 10.7 
1.87 10.1' .... 10,9 
1.42 11 .0 
LUI 11.0 2}(" I);; 
0.00 11 . 1 

2.!>7 ' . 1 U. .., 
2,19 '.3 
'.00 , .. 

"" 1.81 ... , 
1.62 ,., 
1.43 ,., 
I." ,., 
LOS 98 . , ... 0." ,., 
2.19 ' .0 
'.00 , .. 

r~'" 
1.82 '.1 
1.63 ,., 
1.4<1 9.3 
I." 0.' I.M 0.' L"'lIl}( 
0 .83 0.' 

'" 

,}'- Man- 8pu 
niol<· ... ,.,,--. 1.'- Sol, Sol, '-". 

"" "'"' }'ftl 

•• 12.27 "'3 8.0 
11 11.09 1.37 8.1 
'\0 ,." 1.22 8.1 

" 8." .. 00 S., 

•• 7.36 0 .89 8.3 

" 
5.97 0.71 8" 

11 10.67 1.39 " ';I. 0 .49 1.22 ,.S -, 8.32 1.05 ' .0 •• '.M 088 8.0 ,. ;';.76 0.71 S.I 

11 7.47 1.16 '" '1 • 6.72 .. '" '" " &.87 0.88 0.' •• 6.01 0.74 0.8 

" 4.05 0.59 0.' •• 3.00 0.4" '.0 
~ 2 .13 0.30 '.1 

•• " .69 0 .73 0.' 
" 3.'" 0 .59 .., 
•• '" 0.45 0' 

11 5.76 .. '" ,., 
'I. 5.\2 0.00 ,., 
% ... 8 0.77 '.8 •• 3.'" 0." ,., 
" 3." 0 ." .0 •• 2.45 0.40 '.0 

" 3.03 0.10 ,., 
•• 3.00 8.68 '.3 

" 
,.,. 0 .41 , .. •• I." 0.3l> M 

~ 1.39 0.24 ,., 
" 2 .• 5 0 .47 '" •• I." 0." '.3 

Y. I." 0 .42 ••• •• 1.49 0 .32 .. , 
• 1.00 0.21 .., 
•• 1.71 0.44 3.' 
" l.3D 0.35 ' .0 •• I." 0,26 '.1 



CARNEO l 6 STEEL COMPANY 

UNEQUAL ANGLES 

ALLOWABI.E USU'ORM LoAD IN TUOUSASDS or POUNDS 

1'0",1'" A:lI. r...,Uel 10 1.0 ....... Lee 

Mulmum IlendlllC 81.-, 16,000 Pounds per Square Inch 

, 
''''' MuiJDoua St- ,,- M~~ 

Tloitt. ... ,.,.- Thd· ... "".-... p.i8t. --I l~ , .... -, , - Sol, 1,-"" , ... .... ... , ,-"" 
, ... .... 

-~'-' f~ '-' '-' f~ 

f--, 11.5.1.5 6.010-1 17.6 , 30.113 '.00 100 
' .. SO.IY..I 6. 11 17.0 ' .. ... " '.00 10.1 
~ 84.00 010.711 17.7 " 27.63 2.71 10.2 
'''1. 70.30 4.4.5 17.S ' .. 25.02 2.52 10.3 

8 • , " 73.02 4.13 17.0 .. 24.21 2.33 10.4 
HI, 1lS.37 '.80 IS.0 '"' 22.51 2. 14 10.5 
~ 62.72 3.48 IS,O 6 :l3."i % 20.60 1.0.5 10.6 ." 00.00 3.16 IS. I •• IS.88 1.76 10.7 • .51.00 2.81 18.2 % 16.06 1.67 10.8 

'" <15. 12 2.47 18.3 'l'u 15.(1.1 0." 10.0 , 32.21 3.10 10.4 
.. 13.12 1.19 ] 1.0 

' .. 30.40 ',00 10,.5 •• 11.09 0.00 11.1 ., 28.GO 2.71 10.6 
~ 35.31 3.15 11.2 ' .. 26.88 2.52 10.7 ., 25.07 2.33 10.S ' .. 33. 17 '''' ] 1.3 

S :l3'i "i, 23.16 2.13 10,0 " 30.03 2.71 11.010 

'" 2 1.33 0." 11.0 ' Ii, 28.GII '''' '" •• HI .• I 1.7010 " , , .. • 26 .• 6 ,.,. 11,0 

" 17.40 1.57 11.2 •• 201. 11 2.16 11.7 

' .. 15 . .57 0." 11 .3 " 21.76 L S< 1 Ll'1 
;\e 10.31 0." 11 .0 , 31..57 3.10 10.2 .. 16.76 ,1.40 12.0 

' .. 29.S7 2,00 10.3 

" 28.16 2.71 10 .• '. ".88 2.71 " ' .. 2tI.U 2 . .52 10 . .5 ' .. 25.28 ,." '" " 24.M 2," 10.6 " ".68 2." 101 
.3% "'Ie 22,83 2.1-4 10.7 " I. 21.117 215 10.2 , 21,01 0.", 10.S 6 :l3y, 

, 20.27 1.117 10.3 

'" 11120 1.76 10.9 •• IS.U 1.78 10 .• 

" 17.28 1.67 11.0 " 16.M 0.00 ". •• 111.36 0.28 11.1 ' .. 14.83 1.41 10 . .5 .. 13.4" 1.19 11.2 .. 12.91 1.22 10.6 , 40.43 '.M 11 .4 •• 00'" 0.02 10.7 

' .. " ... ,," 11 .6 ... IS.56 2.16 8.' " 36.'0 3.12 11 .6 
' .. "" 2,00 11 .7 " 17.39 2.00 8.' ., 3 1,1lS 2." 11 .8 ,\\, 16.11 0.82 8.8 , . • ' .. 2O.H 247 11.9 .. 14.83 1.67 8' .. 27.09 2.26 12.0 , • 3 •• 13.t;..5 1.5 1 .. , 
•• 2~.64 2,M 12.0 " 12.27 1.36 .. , 
W 22. 10 "., 12. 1 •• 10.88 1.1 8 .2 

•• 10.73 1.62 12.2 .. 9.40 0.02 '.3 .. 17.07 1.30 12.3 ., 8.00 0 .8.5 ••• 
'" 



SeAM. SA.FE LOADS 

UNEQUAL ANGLES 

ALLOWAnI,t; USII'ORll LoAD IN THOUSANDS or P OUND8 

l'o'wl ... 1 Ali i. I ...... I~I 10 1.0 ....... Lta" 

M ... dmum Dendi", 8t.--, 16,000 Pounds per SqUUIl I ncb 

1.'00$ M-.u- Bpu "M Mul ....... Spu 

""" 
... .... - .. I Th><_ 

... .... """""" Sioe. -----< ..... - ,. I:' ."'" BoI. BoI. ~. ... , "', ........ ..... ..... ..... ..... ,., 
r--

' ~. 18.24 2.1~ .. , •• 8.75 1.25 I.' 
" 17.07 .. '" ••• " 7.89 1.l2 .. , 

'1\. 16.89 1.83 '.1 ', . I." '.99 .., 
~ 14.61 1.67 ••• 3 lI2~ " 6. 19 ,." 7.2 

4 ~ lI3 •• 13.33 LIB ••• •• S." 0.72 7.:! 
~ 12.Ot. 1.3t. .. , Yo ".27 '.M ._. 
',I. 10.77 1.19 ,., .. 0.30 1.00 , .. 

~ 5.01 , ... " •• '.00 0.87 9.2 •• ".48 0 .77 , .. 
" 2 " '" 0.67 ,., 

" , 24.53 2.00 , .. •• 3.4 1 0.57 ••• 
" 22.03 2.37 , .. 

" 2.77 0.46 • •• 
'"' 21.33 2.18 ••• 
" 10.63 I.Dg '.0 " 4.91 0.8D r..f> • .3~ •• 17.02 1.79 10.0 "- 4.3l 0.78 , .. 
" 1\1.2 1 .. 00 10.1 

." 3.84 0.67 " ' I. 14.40 1.4 1 10.2 2~. 2 'r: 3.31 0.57 ,. .. 12.59 1.22 10.a 2.61 0.46 ,., •• 10.67 .. 00 10.4 .- 2. 13 '" 0.' 

' .. 17.fl2 2 . lIi 8 .3 " 1.49 0.23 O. .. 10.75 .. '" ••• 1.81 0.41 .. ' .. 15.67 "03 •. , •• .. 14.40 1.67 '.0 2~ x l ji ,\ 1.49 0.3:! .. , 
~i· 13. 12 1.6 1 8 .7 •• 1.17 0.25 ••• .. 3 11.84 1.36 ••• 'I. 10.56 1.10 '.0 '. 2.77 0.67 • •• • '" 1.03 S, '" 2.45 '-'8 ' .2 •• 7.&9 '.81 , .. 

2'ill l }i -- 2.13 ,_w 
" I, 6.40 0.70 , .. ... 1.81 0.41 ••• '. 1.49 0 .33 .., 

' ... 17.00 2. 17 •• • ... 1.17 0.25 ••• '. 16.43 2.01 '.2 
,~,. 16.36 .-" 8.3 .. 2. 13 O.M .2 .. HU9 .. 00 ••• 

2 1I1 J.f •• 1.81 0.42 . _3 
3~1I 3 •• 12.91 1.62 •. , V. 1.49 , ... ._. 

" 11.73 .. ,. S .• ... 1.1 7 0.26 .. , ',. 10.45 .. ., '.1 " , ... 0.17 ••• .. 'm .... '.1 •• I." 0 .&7 .S '. .... '.28 a.7 

" 6, ID 0 .70 .. , 2 IIIU •• , ... 0 .2 1 3.8 

'"' 10,00 1.61 I.' 
" 1.01 '.28 30 

" 9.81 1.39 I.' •• '.00 U1:6 I.' IUII I U •• , .. 0.2'1 '.1 
3'1 J. 2ji " 8.11 1. 13 I.' " '.M 0.15 3. 

•• 7.25 ,.'" 1.3 

" 6.29 0 .86 ,.. 
i l}iX l U i •• 1.17 0 .34 ... •• 6.3a 0,7 1 I.' " .." 0.28 " " 4.31 0.08 1.0 •• 0 .78 0.22 ,. 
'" 



I 

CARNeO I B STllEL COMPANY 

TEES 

AL&.OWA UU; UN IFO IUI l .oAD IN TUO'USANDS OF P OUNDS 

M axlmUIQ IJendlq SlI'NI. 16.000 l'ounda per SQuare Incb 

EQUAL TEES ... c:: .. --r-----
1 Foo!; M..u-Spu '_---'=_-' 1 r_ Marl .. ",mSr-

",,'.1 I Spu Mlh Do&.rtiooo 

~la-. s-. .~. 
-... "IV., -.... 

tlulco. S&eIa., tS. r-
loci ... I ..... Pllu ..... SAt. Saf. 

-~ -~'-' 
6 }i 6}i 1I~.8 62.80 2.77 

'-1h. 1_- 1 __ 

,~ 

HI.I ,~ 'K 
• " 13.11 21M 1.80 11.4 'K 'K 
• • 10.11 16 .s..~ 1."5 lI.6 , , 
3,", 3.~ 11.7 16.32 1.6-5 ••• , , 
3 ,", 3.4 9.2 12.60 1.27 10.0 ,~ 'K 
3 3 9 .9 11.13 1.4 , .., U. U. 
3 a 8.9 10.411 ioU 8.' ,,. U. 
3 3 1.8 9.17 1.08 8.' ,~ 'K 
3 3 6.1 7.80 0.92 8.' ' K ,~ 

2 .1<.1 2'i 6.. 6.29 0 .00 , .• , , 
2~ 2~ .~.II lI .aa_ o.7 , ,., , , 

UN EQUAL TEES .. J I r_ Marlmum ~ SiM 
Woichl Spu 300 I o.a..tioIa 

'"- 8!em. . • ~ "-, S_, 
,~ .. I--I~ .... LftrctI!, I ..... ,~ .. 

'-' ,-, , 11 .1\ 11.33 0." D.' ,,. 3 , 
'" 10.0 8" 0.'" ,., ,,. 3 .,. 3l, 16.1 22.12 2.37 D.' ,,. , .,. , 

" 9 .1 1 1.07 D.' • • .,. • 8.' 8.32 0.00 " , • 
• 'j 

,,. D.' 6.72 0." " 3 • .,. ,,. ',8 1\.76 0.14 '.8 3 .,. 
• , U3 33.39 , . ., "D • .,. 
• , l UI 2$.92 LS< 14.1 , ,,. 
• .,. 14A ",,00 2. 15 12.6 , ,,. 
• ." 11.2 21.12 1.6-5 12.8 , ,,. 
• , .. , "'0 LOS 8.' ,,, • • , '.8 8.21 0.00 .. , ,,. • • ,,, 8,' 6 .61 0.81 , .. ,,. , ~ 

• '" '" 1\ .65 0.13 ,,' , ,,. 
• , 

'" .." 0 .70 .. , ,,. , 
• , .. , 3.63

1 

0 .110 ,., ,,. ' K 

'" " 12.6 21.12 1.00 11.1 'K " '" " ' .8 16.63 1.46 11.3 

"8 

'.D ... 
U 
,.". 
3.00 
2A7 

0.'" 
2.02 
1.50 
0." 
0 .89 

Woichl 

r-. , 
10.8 
8.' 
' .5 

11.1 
10.1\ .., 
10.8 .., 
8.' ,., .. , ,,' .. , 

2.87 
'.00 
2.45 

0 .88 1
1

.
25 

,." 

'-' 
4.37 
3.41 
3 .3 1 
2.77 
'.03 
1.40 
1.\ 7 
1.01 
0.78 
0,49 .. " 

"', 
'-' 
0 .69 
0." 
0 .110 
OAO 
0.41 
0 .. 
0." 
0." 

, 
• • , , 
• • • , 

, .. 
•• ., 
,D 

" ., 
0 .21 I 3 0.18 
0. 12 

.. ., ,., 
" 

I rool; Muimum E:pu 
Spu . 300 • n.&o:tioIa 

so, ... , ..... .. 
'-' '-' ,~ 

12.01> 1."2 81i 
9.49 0.00 8' 
9.07 0. .. 8' 

20.69 0.92 10.8 
lSX, 1.68 10.0 
16. 11 1.41 11.0 
15.89 0.00 ,. 
"".19 0. .. ,,' 
12.37 0.20 D.8 .. ., 0." ,., 
,." 0 .76 ,., 
8," LOS 8.' 
,OS 0.9 1 SA 
0.93 0" ,,' 
0.00 .... ... 
2.00 0.37 ,., 
0.57 0. 15 " 0.14 0 .07 0.' 



lIeAM SA FE LOADS 

ZEES 

ALLoWAIIU: UNIFORM LoAD IN TUOUII.'NI)S or P Ou:ros 

• Neul .... l Axil Pa .... llel to Pl ..... 

Maximum Dcndinl Su... 16.000 Pounds po;r SQuare loob 

S. ,,~ !.iuimalll Spoa -, W<!p1 
... :MO I lWIeetioa -. ~::c 

TIoid:_ p«".00l, . ~ .. I...... PoudI .... .... '-'> . .... .... "m . ~ 3~ " 34.6 174.93 14.18 12.3 

••• 3"'. ' .. 32.0 162.35 13.30 12.2 

• 3' • ,. .. 149.76 12.40 12.1 

." 3% ' .. 28.1 100.40 12.19 12.3 

••• ... % " .. 136.75 11.20 12.2 

• 3' •• 22.8 123.20 10.20 12. 1 

6\. 3' • 2 1.1 119.68 9.70 12.3 

••• 3~. 'I. 18.4 104.85 8.59 12.2 

• 3' .. 15.7 00.00 7.45 12.1 '. 3% ' .. 28.4 111).47 11.58 lO.a 
' .. ... • ".0 110.29 10.82 10.2 , 3. ... "" 10 1.01 10.03 \0.1 

01, 3, .. 22.6 102.08 9.89 10.3 

' .. ... •• ..., 91.9.5 9.02 10.2 , 3. " 17.9 81.92 8.14 10. 1 

,~ 3. '\0 16.4 79.36 , ... 10.3 ,.. 3', .. 14.0 68. 16 6.69 10.2 , ". •• 11.6 ".00 '.M 10.1 

•• 3', • 23.0 77.44 9.32 S., 

••• ,. ' .. .. .. 70.93 8.67 U 

• 3 •• .. 18.9 ,<.3, 8.01 ... 
"- ... •• 18.0 65.92 "'" .. 
". 31, " t.5.9 .58.67 7.17 S., 

• ... fie 13.8 51.:.2 •. ., ... 
." 3', .. 12.5 49.81 '.00 S., 

••• ' . •• 10.3 41.71 5. 10 .., 
• ... " S., 33.49 4 .16 S .• ... ,.. •• 14.3 ".W ,5.93 •. , 
3 21~. • 12.6 32.64 .. ., '.1 
3" ,", •• ll.S 31.79 5. 15 .. , 
3 2'~, .. '.S 27.41 '.M ••• 
3 •• ,"" •• S., 2.5.39 4 .12 •. , 
3 2'~, • .. , 20.48 3.39 ••• 

'" 



CAI(NEO l ll STEE L COMPANY 

STANDARD GAGES AND DIMENSIONS FOR BEA~IS 

Nominal dlmen 
In IlhtCl"tllh". OagCII 

Slandanl ~ 

lions are:-lIange width and '<0"' In ~hths. w",b Ihlekn .... 
to<" oonnec:Uon ",..."" are dClennincd y)i ... ·",b thlckne.. 
Ina)' be \·arI«t It OOOtUtlonIIl'f.'qulre. 

"".. Wa.;hl 
~ " r.. ..... . Web ' ~eb ' "- Grip -- M_ 

; TIoidI- <. ' Ri_ ... - - ., , t ' , " ""--,. u.. ". 0- ,. ,. I~ III. I. I. ,. 
-

" 00.0 0 • " • .. ". ,~ ., 
'S 

11.5.0 , .. 110.0 Hi IOIUl " % • '" = ". •• '"' •• • :~ 11: '" " ~ •• • 20~' " % 
100.0 7~1 
'M ftt " 00.0 
M.O 'I, 70.0 , .. 7,1.2 0 

., ~ • rio "". :\1 ',. ,~. 
., • '! 

.,.. ., 
•• • , .,.. 

"" " " •• •• • , .,.. 
:jj; " " v. • '. "'" •• I • I, • " '" , . , ' . 

" 00.' , .. II. •• . , . , " . ••• " " 100.0 m OM 

'" 00.0 7no 
"'.0 , 
8 1.4 , '. ,it • , 

1 6~2 ". " ,~. I: • , ". 1,. " • • 16 c} m ' .. " " •• • , " . .', ~ .. •• • • " . ,", 

75.0 ... 
'" 70.0 ... ,..- '. .. •• • 0, " '" ~ •• •• • .. " '" " • \, • .. " n' •• 

00.0 ", 
IS "'0 '. "'.0 7h 

75.6 , 
, ' .. :; • , 14',; ' .. .. ' ... • , 

14~' I', ""u 

" " •• • • '" '" ;: •• \, • , ... ... 
70.0 ", 

IS OM •• .000 " ,..., • 
IS 48.2 '. 

11'0. •• '" " 15 .... 

ii 'I. 

I " 
•• "" 0, ." li " t: ~ '" ., 15~ 

'" 0, 15\~ •• 
" •• ,,, • .. .. . .. v. '. 

76.0 '" " 
70.0 O. 
OM 8" 00.' 

a •• " . " 11'", l4t " .. .. !: 11% 'I. 
" ' .. •• .. 11., I;: •• •• •• 3 • " n" .. 

60.0 ... , 
15 W.O ~ 45.0 

42.0 '. 
.. •• ' . 

~ ". >Y. ;; 
~: ti :J',; ". '" " '. ". II .. •• " •• ' . 12\'0 ." .. 

15 37.3 "" . , •• ,. ., ". " . v- " ,'" 



STR UCTU RAL DI!.TA ILS 

STA);'DARD GAG&<; AN D DIMEXSIOXH FOR BEAMS 

LH Ju , . .. , 
~'b 

~~ ,-- C ~~ 

Nominal dimpnslolll!l am:-Hange width and "0" In :1f,hU1S. w('b thkkn_ 
In s/SUlel1U, •• CalfS ror ooDl'('JCtlon ansi .... at'O d etermined y}i .. eb thk:knCM. 

Standanl .31: .... rna) be \'1U"I~dltlon. ~uire. 

"1' lI'eicIIl "-
.... 

~~ "- Grip ""'- M~ 

r.. , .. idtlt. "",. R;T" do 

""'" - - , , • • . -
" 

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

,-
:>1>.0 I t~ 'IOi. ~ ". 0, m, '" '. I:! .">1),0 !i'i 'II. ., . 3 l i -, 0', 

" '" ,. 
14.0 ... •• •• , 

~ 
.., 

, ~ % 
40.8 ,';\. '1. 

" 
a " ", " .-

12 :15.0 iiI. '" . - , •• .., 1'. , . 
" :U.8 , % .- , ". ,,", '" Ii 

12 27.U 0 •• '. , ' .. '" '" .- " 
40.0 5\~ , ., % ~. '. , ,-

W 35.0 , ., ., W- '. 8 •• .... 
W.O 4_, '" " ~, ,~ , .,.',. 
25.4 "'iii •• .. ", I, 8 Ii 

W 22.4 'J; " '. ,.. , ,a·, I\~ •• •• 
".0 4", " '. 2'i " 

, 'h , W., ,~ •• " 2', " 
, .. ., 

2.1.0 4\i .. •• '" " 
, " 21.8 '" •• " 2'~ " 
, •• 

2.~,5 .. , •• " '" " 6'. ., ... 
8 23,0 ", '1. " 2~. ". .. , " . .. 

~ ... , '" .. •• '" ., . ", " " 18." , 
" " '" 'i. '" " •• , 17.6 , 'i '. '" .. • •• ., .... ", '" " ", .. '" :. •• , 1.,(; ~, .. •• ", .. M, '. " .. 

111 .3 ~, 

" " 2'. .. t;~, , •• 
17.25 '" '1. " 

, .. 4 >.; ., ... • 14,75 3h .. •• , .. 4'it " " 
.. 

12.6 '"' " " 
, .. 4', • •• 

14,76 '" " " .. , .. 3'. .. •• , 12.20$ ". .. ... " . .. "'. " " " • 
10.0 a •• " 

.., .. 3'. ., •• 
lO.5 

~ 
.. •• " . •• ", .. \ , , " •• •• '" .- ,., •• " J; .., " " : ~ •• ". ~ .-,., '" •• '\ •• ,., .. •• 

'" ~ ~ •• ", ., I·i .. " a .. , ,. '" •• I". • ~ •• -, ,., 2' ... ". '" •• ... .. 
22 1 
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CAR-NEGIE STEEL COMPANY 

'" 

l~ 

" '. ' . • .. .. 
" .. .. .. 
" .. 
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1t .. 

' .. 
'"' •• ~,. ,. 
" • •• 'I • •• 'h. 
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ST RUCTU I{A L I)l;T A ILS 

BEAM CONNECTIONS 

27" .. ..; ,." 
~ ' 

• · ~" • <> • • • .. • • ..., 
• • -.. + 
• • -;'+. • .. • • • ~- <> 

t1:4" 4'" ~·"Ic.s4.· 
Weicht <f6 It.. 

2114'''4'" ~'''1~2~' 
Wei.rht 83 It.. 

12" 

• ......... - Q ~';, .'ttJ~· 
• . -.:1- -1' · . ~ ..., 
t1:4'"4·,,;(t,, "iii' 

Welaht 11 It.. 

21:6'''4'' ''',,~' 
Wela-ht 7 It.. 

• , 
" • 

24" 

.~. -$ 
~ .. • ~ .. 
" .-+. -$ 

-..... Q 
_ ....... . -G 

21:4""4'''' '{."x 1t11~' 
Wela-ht 23 It.. 

2US'''4',,''v',,~~' 
Welaht 131t.. 

4; 3" 
2»"-!,!4' 

2 lJ','" 4'" '"x IJ.2· 
Welaht 5 It.. 



CARNEO I E STEEL COM PANY 

BEAi\1 CONNECTIONS--Concluded 

LUIITINO VALUES 01' B'!AM CONNECTIONS 

Value of VaI_ 01 OuYl&D:liDc '- 01 eo......:uon AIIII. 
,"- .~ 

F>.Jd RiveQI FIeld Bolli """"'"' jWeiPt !ib\'f'Rivell ~'ffi'~ Minimum W' Minimum I 
Dtt:>tb, Poo..do( ,II "110."-:1 ...... "" AIIo •• bIe ,. ::eBolII, Allowable ,. 
l""heo ro:: s-mc. s.;"IeSboNr. s"ui:.~ ". Si~~. ~iqF...t. ". OK P""DdI 0000, ,,~ "'~ ..... 
" 00.0 """ "'00 18.9 ~ '''00 2:1.13 ~. 

,. 79.9 ""'" """'" 11.a ~ moo 21.9 ~ 
74.2 64260 "'000 113.4 % 42400 2004 % 

" 00.' 4.8150 "'00 14.2 % 3""" 17.8 ., 
" ". '5000 35300 17.6 " ""00 22.1 .. 
" M.' 41400 ""00 13.3 % """" 16.7 % 

4~.2 a~200 """" 12.8 ., 
"""" la .• .. 

" 
42.9 """" """" , .. % "'''''' 11.1 .. 
"" """" """" 9.' % ''''''' 10.2 ., 

" 
31.8 23600 ''''''' ,., 

" 21200 '.0 ~~ 

27.9 19170 ''''''' " 
., '''00 ,., y, 

" 
25.4 27000 17700 ". .- 14100 ,., % 
22.4 """ 17700 ,., % 14100 ... .. , 
::: I 

26100 17700 .. , % 14100 '" .. 
" '''.00 177()() '.3 " 14100 ••• .. 

17.5 "'00 17700 .. .. 14100 '" " , 1[,.3 ""00 8800 '" .. "00 " .. , 12.5 '''00 8800 •• % "'" " % , 10.0 '000 8800 ,., 
" "'" 3.' ,. 

• ", '000 8800 ,., •• "'" '" ,. 
3 ,., 7700 8800 <.3 • "'" '" .. 

, , , , 

ALLOWABLE UNIT STRi:U IN PO .. IID' PER SQUA'UI '>lCII 

Rivet. . ......... ....... Shop 120001 J~Y.-"'I--' ....... Shop 30000 
Slngl R,iyelll.oo TutDftI Bolta. .. FieId 10000 RiI·e_Iide ....... ShOP 24000 
,,~ 

RouP Bol ..... .."'" l)earl'""j:.ellaDd 1'ume:I Bolli Fitld 20000 "'" . Rou&b Bolli ..•......•. F"Jtld ,-
"",\\'01> th~, i~ ~,to deftIop ....... olIo-nhIe reactioao, "hoD bo!amI f ....... opJXl'i~. 
ConoectiOlW ore ~ for beariDfl.Dd aII_ ("" fI>OIDODI COIIIIi<lered). 
The..oo.e nJ_.,.-ee with ""'" mode 011 b..mo uoda- ordiaary C<II>ditior>e ol ..... 
Where "ftb;" _'-'I bel .... otII1III!ICtiou •• (~ beariDt;), y.lueo are .... 1tT beoauilt 

ol the i ... ~ effitieDQ" due to fricliom aDd ariP. 
S""';'1 ""'''IOeUooo 1ha11 be .- .. ben aa;r of tl>e UmitiD& coadiuOIII ai •• ab<m> are ""...!ec!-

'\IOb .. elld reoctiOll from I-'ed '-'" bei", cter thau .01 ... ol ~ioD; oborter _D ",th 
...... fQ[Jr I-'ed; or al_ thlt~ oI"eb. ......imum olIowable....niou .... .-. 

l 
,,. 



STRUCTURAL DETAILS ---------, 
BEAi\i SEPARATORS 
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CARNEOIE STEEL COM PAN\' 

TIE RODS AND ANCHOHS 

.... " RIC .. " .. RIOOo:. COM pun aT .. NO .. IO 

2'h"):<>1_\(_~"~ 1~' 
l j,. ___ • e. w c. of 
. '. beam •. 

6,· a H INCH TIE RODS 

• 'J ' ~ ____ ·_ 3H_.J 

L""OT"~ ~NO ' \''' 'O RTa POll V~.'OC' I)' IT .. :<CU C. TO C. OP D.~Ma 

Wclghu. Includo two NU\JI 

c.:c Le",th WOiIht C. to cj Leoa:th Wticht lC. to C1r...,.!h W"~ ,c. to C. 
-

Leocth I Wei,b\ 

~FL_ln' I PClWldl n..I~. Ft.·ln. P;;;:;;;; Ft.-In. Ft.-I ... POU.:.io ~ h-ln. Ft.-In. Po""". 
---j I I ' I 

1-0 1-3 2.30 1-3 J.(~ 2.67 1-6 1-9 3.M 1-9 '·0 3.42 

'"" '" a.'" ~a '·0 4. \ 7 '-6 ~o ." '·0 '"" 4,92 ,.. a., 5.30 ,"a '"' 5.67 a .. '"0 0.'" ,"0 ... 6.42 ... H '.80 ~a l ~o 7. 17 <-. <-. '.M .·0 .. 7.92 

"" '"-, •. W ~a '". 8.67 .. '", 9.05 ~o ... I •. ., 0-<> ~, .80 '" 0-, 10.17 0-. 0-. IO, M 0-. , .. 10.92 , .. ,., 11.30 ~~ 7-6 111.67 , .. , .. 12.oa ,., 8-Q 12.4 2 
8-Q 8-3 12.80 8-6 13.17 .... ..., 13.55 ... , <>-0 13.92 

ANCHORS 
Sw"OO. B OLT OOV""NM"NT AHcaOR 

.g. 0 == 
Weichl iDclud .. Nu\ 

---
Diamc~r 

... "'" Weiaht --- , , ... F* -ll>(hco '00"" ! 0 i ~: 

,ll 0-. 1.3 ':"; '':'i 
'" ,a -----; , .. a.1 

' j( I·a ., 
H~ Rod l' t" lot>&. WI .• 3 It.. 

DI1ILT-h .. AlIcaOIl BOLT' A:<OI,1I ANcaoll 
. ' ;..;---:::=,. 

~ 
(; ....... 

5> ,---
{' • I: _f' , 

6·" ~~6" ~ r Pier , 
,', ..... " !r , IFPlate& I 
... :- -=" 

Whoa .... tor ... "Dtor "'_bon it lao than 2 A!.'IIlet6"x 4N x".-'" ()' 2J-i-
riith '" .......... """ ........ • itb '''0 I>oIea. WeiPlwith H~boIlt, 7 lbo. 
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STItUCTURA L DI!TAr :'~' _______ _ 

BEARING PLATES 

The size and thickne811 of steel bearing plnlet! depend on the cud 
reaction, Icngth of bearing, and Ullit. jJ rtl8IIure. The following table 
givCII Hizes for be-.uIl8 of IlHllal spans, the allowablosafe lotulll in thousand. 
of pounds and the apan of bC'ams giving CQuivu.fcnt. end reu.ctions. 

STANDARD IlEARINO PLATES 

..... I' IIMnaI PIlle U. B<uo i IIMnaI PIa\e 1.-. 
Wt. • .I bpuo Wt.. 51 J --

~ u.. !! Sioo. W\.. M .... • 01 ~ u...!1 Si.. w\.. M ... · 01 
I.. ~ ~- III.. Lbo.' ~~. iD. ~:;- III.. Lbo. ~ sr.:-. 

- " 1 -"b'O 161fucl6xI -73' "S.8 2 1.0 10 r:4A 8 12X8.J;S 21 13.1 0.9 
2" 9.9 16161:16x1 7:1 37.92" .5 9 21.8 8 12x8x 17 8 .7 11 .0 
21 .4 16 1fucHlx l 7:1 41.0 U.2 8 18.4 II 8x8.J; 12 16.7 4 • .'1 
20 64." 1616x16xl 73 35.0 17.S 7 15.3 8 1 Sx8x 12 16." 3 .6 

U 00.8 161fucl6xI 7:1 34 1 12.6 4 100 6 6x6xJ,t 4 10.7 2.4 
18 M.7! 1 16 16I:16x1 7:1 34. 1 13.8 0 12.6 0 Oxtlxj.S 6 12 .0 :1.2 

U ~2.9 12 16I:1 2xl M 24.4 12.9 4 7.7 4 4x4xJi 2 9.0 1.8 
1.2 31.8 12 1 2X I 2i.~!U 20.6 9 .3 :I 11 .7 4 ",4xli 2 7 .2 1.3 
Allo",able k>ads Ilhcn lor Itaod&l'd beanu ",II ' appl)' a1., to supplemcotary 

and other 00a1ll5 01 (!Qual depth Ind end rC&(:lloOIl. 
PlatCil of special sizes may be taken from the table of projection 

ooeflieientH given below, t;alt;u lntL>cl from lhe following fonnu ll!.. l.et 

t _ thJclrn_ 01 boarIlIj( plate. In Incb9l. 
b ""!lange width or beam. In InchOll. ~ ~ 
A ""length 01 bearing !)llte. In Inch9l. 
I:) ~wldth 01 bc&r1ng plate, In InchOll. 

; "'" _1 _ : ; R -reactloo on bewlng pllte. In poulKb . 
.... _ B .. p - .. ·_·A ·.... w _ n .... AxD. allowable unlL prtlllSUl'eon muonr),. 
R~) wADm-b) IAt.2. 41t.2 

)1.1 _ = 8 - IS - u ' 8 (ll-bl_ aw . or when t _ I6000. 

8 en-b) _ 64~ t a 
. the lame &II t he lormula lor roliooslA)el slab!. p&flc2-l1i. 

RUl.~:-Take from tableon following page thepropersizcbearingpiate 
for the reaction and uni t prtl8llure. Multiply the width of the plnleby the 
.,ddth minus the width of tllCbea.m ftangeand l!elect from the table below 
the thieknt'lSS oorreimonding to lbe value ror the gi\'Cn unit pl'Cl!8ure. 

PRoJECTION CoEFI'"ICIEN1'8 

U.,\ "------.;..-':",~"'~ _ 01 a..n", l'II .... in , ..... -------,-... 
I .... ~ ~ " ~ I u u , , ~ I~ 1,I Ji l ~i~I~ l l Ji I 2 .1I<r. n. 

" 40.07!.1 111.1 100 . " ... 300 ""4 638 60&0'1 7:11 87110001 138 

"" 30.063.3 sa.a 120 "" 213 '" :J.33 "" "110 1163 6113 760 8/13 

'" 2-1.042.7 tl7.7 .. 131 '" '" '" ". 384 461 623 
600 "" ". 20 .• 31>.6 511.6 80 '''' 

,., ". '" " .. 320 376 436 ... "" '" 17. 1 30.' 47.6 .. .. ". ",. "" 230 274 322 373 ... ... ,.. I"· 26.7 41.7 00 S2 107 '" '" m 240 282 '" 376 427 ". 12.0 2 1.3 

"'.3 "1"1 " , .. <3, '" lin 225 ,.n 300 341 .... 10.0 17.S 27.S 40 II" 71 00 '" , .. ]60 188 '" 250 284 ". 8.6 15.2 23.8 3 4 47 til 77 " 1111
1

137 16 1 '" ~~ ~~~ '''' ,., 13.3 20.81 30 41 53 68 " 101 120 141 '" 



CA~N120 112 Sl'l2 l2L COJlIPA NY 

UEAIUNG J>LATE~ 

1 
S~"E n':SIST~NCr. I N TIIOUSAND8 OF POUNP8 . ~ ~1'10 ... I"'-re bo l'tIuodo .... Sq ..... I.~h ...... 

i [="~oi llo .' 1:t..1 I ..... ' " "'" 12:; ' 00 ." .... u.o 300 "" .00 

• • • L' ... , .• , .. '.8 ,., ••• '.8 '.0 ••• • • • 1.8' , .. 3.' , .. .. , '.8 ••• ,., , .. • •• • • 8 , .. .., ••• '.8 ... ••• 8.' • •• 11.2 12.8 , , 
• • • 2.7 , .• ••• ••• '.3 ,., ••• 10.8 12.6 14.4 

• • 8 3.0 '.8 ••• 7 .2, 8.' ••• 12.0 "'''' 16.8 , 19.2 • • " .. ••• , .. ••• 10.6 12.0! 15.0 18.0 21.0 " .. 
8 8 8 ' .8 ••• 8.' ••• 11.2 12.8 16.0 19.2 22.4 2.~.6 

8 8 " ••• 8.' 10.0 12.0 14 .0 16.0 .... " .• 28.0 32.0 
8 8 " " ••• 12 .0 14'" 16.8 19.2 ,. .. 28.8 33.' 38.4 

" " " '" 10.0 12.6 111.0 11.6 .... 2.5.0 30.0 , ", .. .... 
" " " ••• 12.0 15.0 18.0 21.0 .... 30.0 36.0 42.0 48.0 

" " .'. 10.6 14 .0 11.6 21.0 24.6 , 28.0 300 42.0 49.0 ,"" 

" " " 10.8 14 .4 18.0 21.6 2.'>.2 28.8 ,"" 43.2
1 

50.4 61.6 

" " .. 12.6 16.8 21.0 "'I .... 33.6 42.0 60.4 58.8 61.2 
i, " " 14.4 10.2 , ... 28.8 33.6 38.4 48.0 61.6 67.2 16.8 .. .. " 101 .7 19.6 " .. 29'" 34.3 39.2 49.0 68.8 08.' 18." .. .. " 16.8 22.4 28.0 33.6 39.2 ".8 ;';6.0 67.2 18.4 .... .. .. " 18.9 '" 31.6 31.8 44. 1 .. .. .. .. 15.6 88,' 100.8 .. .. .. 21,0 28.0 3'" "2.0 ' 49.0 ,"" 70.0 .. ,. 98.0 112.0 .. .. " 19.2 " .• 32.' 38,' 44.8 61.2 .... 16.8 89.6 Hl2.4 .. .. " 21.6 28.8 36,' <3,' .... 61.6 72.0 ' 86.4 100.8 ' 116.2 .. " .. " .• 32.0 "',. 48.0

1 
116.0 .. .. SO,, 96.0 112.0 128.0 

" .. " ' 2e.4 '" "4.0 62.8 61.6 70'" 88.0 106.6 IZl.2 140.8 

" " " ' 24.3 32." '<>.0 48.6 '"., ",,8 81.0 97.2 113'" 129.6 

" " .. ' 27.0 36,' .... .... .... 72.0 90.0 108.0 12ft.O 1"".0 

" " " 29,' ,",' .9.6 ! !>II.4 00,3 79.2 99.0118.8 138.6 168.4 

" " " 32.4 43.2 .54.0 601.8 75.6 86.4 108.0 129.6 15 1.2 112.8 .. .. .. ,"" 40.0 60.0 60.0 70.0 80.0 100.0 120.0 140.0, 160.0 .. ., 
" 33.0 ..... M.O 66.0 n.o, 88.0 110.0, 132.0 IM.O, 176.0 

" " 
,. 36.0 48.0 60.0 ' 72.0 ..... 96.0120.0 144.0 168.0' 192.0 

" 
., ., 39.0 62,0 65.0 ' 78.0 91.0 10.&.0 130.0 156.0182.0208.0 

" :!".l " 36.3 48, I .<>.0 72.6 .... , 96.8 121.0 ' 45.2 169.4 100.6 

" " ,. 39.6 62.8 .... 79.2 02", 106.6 132.0 1&8.4184.8211.2 

" " .. ' 42.9, n.2 71.6 SS.8 100.1 114.4 143.0 171.6 200.2 228.8 

" " " 46.2 61.6 n.' 92." 107.8 123.2 154.0 184.8 215.6 216.4 ,. " 
,. 43.2 57.6 72.0 86.4 100.8 116.2 144.0 172.8 201.6 230.4 

" " '" 46.8 62.4 78.0 93.6 109.2 124.8 156.0 187.22 18.4 249.6 ,. 
" " 00,' 61.2 .... 100.8111.6134.4 1680201.6 235.2 26~.8 

" " " 64.0 . 12.0 00.' 108.0126.0141.0180.0216.0252.0288.0 

"8 



ST~UCTURAL DETAILS 
,-- .- _. 

DETA ILS FOR J>UNCIIlXG AX D HlVETI NG 

....... 'c.,. M.'OO .. COl.,' .... ' . T ..... D .. 1I0 

CONVENTIONAL SIGNS 1I0R RIVETING 

Shop RlveU F it1d Rlv.te Shop Riv.ut - - _w -...... --- _-: ':'::,:dw," k-.:R:'; "!I. -~7~ 

j ! tJl 1 1 f , I 1~ ~l I 1 l f 1 l~ I I I ! I • I I j I I I • • • 
~ H$-·tt--0 );( .-.... 41 -0 -0 .' -e :, 

~$>-®"S-j;=* FI71 J ~**-®1:®t-~ 
GAGES FOR ANGLES. INC HES 

'4 
" ., 3 2"'ZH 2 

• , • , • 'i~, r~' "~'~''''l<' ":1 
{~ 4~ 4 ~~12J.j 2 1,( IH 1"'\ 1 ~ Ul ,,~ ~~ 

il''-.'" 
&3 3 3 ~J.i !H _ _I--- _ I 

I Mu,ri_", ,Hi,_ I I!i1h ~ _~_1!.!.J. HI)iL~I_H H\~ I' J 
........... de&ai e" , ...... 1I11.kora. eoIu",,,obaf '=1 " =3". , or It. Iec(H )apIm\ ~I" , .. 

Jo'ordilllOt>aI....,Jao, elO., .-pin Pliddle, .. her. nv.'-<llecoqu.!for .. ___ 3" Iw H" .i,·eI& 
3)i"forU"n._ 

u. ~ PCllIo~"""1o ,ludliple puDeh, ... 1o-..... .... bIo dew ... 

CLEARANCE FOR RIVETS iN 
WEB IHVETI NG C lUMPED ANOL~;S 

STAN DARD 
R t VET DIES 

D 

CLEARANCE ~'OR COVEn 1·L.A1.'~: IUVETI NG 

DhueulooDII In 1 nc:bI:!I 
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CAR.NI:!O I I:! STEEL COMPAN Y 

ruVET SPACING 

MINDoIUM STAQGEI~ FOR IUVETS 

DISTANCE OENTE R TO CENTER Oil' STAGGERE D RIVETi-l 
Vailles Of x tor varyIng valu .. Of & and b 

_a._ 

-" > 

,I 
I,- ~ 'l" 110 I~ 
I1.nh l'n Ill, 1' 1-1. I~ 
'A~,,;. 1% 1'1-1. 1% '"~ 
~I "", 1'1-1.,1"'. I" I" 
~It& I'~ Ilt~ 
~"* I;i. 
%I'~ 

'~2'K. 
,.,,~, 

I" 

',11 •• _ 

II, I~ .- I" I. ", " 
I. 

I " 

2'!~\ '1-1.,2", 
2t~ '\i.o. '~~,i. "'i t,~ 
- Vah..,*", ud ~ricJt.~0I u_"ipqli ..... Iarp.......pf'" S!" ri,.... 

Vah..'*"'udlO ..... '''' t-w_l ...... Iarp ..... I"'U"n_ 

M INIMUM IUVET SPACING 

Oia. 01 Rivet. I 



STR UCTU RAL D ET A I LS 

REDUCTION OF AREA FOR RIVET HOLES 
Area In SqulU"e Jnelu-=Dlame«lr of Hoto by ThlcknOSll of Metal 

Tbitl:_ Diame/.eI- <I. lIol8 in I ........ 
<I. Metal, - -
,~ .. 

" ~ •• " '"' .. ' .. % ' .. , ' .. ,~ 

---., . OS .00 ... ." . " ... ... ... ." ." .W ." 
~i .00 . " ... .W ." ." .00 .n .n ." ." ." 
•• . ." ... ... .00 ." .n ." ." .,. ." ." ." 
" .00 .W ." .n .,. ." . ., ." ." . 38 ... . ., 
%, ... .n ." ." . W ." ... .38 ... ... .. , . ., 
h ." .25 ." ." .J< .38 ... ... . ., .W ." .W 

•• ... ." . " ." .30 ." .46
1 

.. , ." .,. .00 .'" 
" .W ." ." ." . ., . ., .(; 1 , .M ." .63 ... .70 

'"" ." .J< ." .43 .. , .52 ." . 00 ... ." .n .n .. ." . ", . ., . ., ." .M> ... .M .70 ." .SO .M 

", .W .. . " ." . W ... ... .n ." .S< ... ." 
i~ .n ... ." .55 .00 .00 .n .H ." .88 ." .OS 

' .. . n .. , ." ." ... .m .76 ." .88 ." "00 1.05 , 
" .W .M .63 .GO ." .S< .88 .S< .. 00 1.06 1.13 

In, .'.!7 ." .00 .OJ .n .SO .SO ." "00 .. 00 1.13 .. ,. 
'- ." .M .63 .m .n .M ." .00 .. '" 1. 13 ,.W .. " .. , . ., ." ." .,. ." ." .00 1.04 1.11 1.19 1.26 1.34 

", ." ... .m ." .SO . .. un .. 00 1.17 1.26 1.33 1.41 

'., ." . W .,. . ., .00 ... 1.07 1.15 1.23 1.3 1 .. " 1.48 
1% ,34 .GO .n .SO .OS 1,03 1.12 .. W .. '" .. .,. 1.46 1.5& 
L%. ." ." .S< .00 .00 .. ." 1.17 1.26 1.35 1.44 .. " 1.62 
,~ . .,. ." .M ... 1.03 , 

" 1.22 1.31 1.41 .. w 1.69 1.69 

STAGGER OF lUVETS TO MA INTAIN NE.'T SECTION 

.... .o:"'e .. " ""IDOl: co ...... ,. .. ... .. 1<D .. IID 

1110le Out 2 1IolCl!l OU~ D imclUIlolUI In InchOi 

cld-! -gt3 J@' 'Yo" W' l;'%" ...., . '"' • Rivet ffi'" .' Ri .. et Rivet 

'. :j-,,-- ~ b b b b Ltr-l . -.-... . j 
" .... , 

:~ '* , ,., .. , 
~.b-; ,~ , 

'" ~ '. , 2\-\. , ,. , 
1~ y=dlamcter of rivet + U" ,. 2'. 2'ie ,. '. al_2y= , /;i+bJ-3y 

, 2",. 21)1.. , 
ll! 3i~ 

. a_y=- , fa.>c+bt_2y ,. 2'11. I 2'"" ,~ , , 2''11.3 , 3,~ 

:~ 
b=- ,,'lay+y" 1.>=..)2I1Y+Y· <\, 2' '11.. 3""4 8. , 
a=aum of l!'al!'C6 mlnlLs thlckne'lll of angl<). 
~"rlveUl, can be taken at tj" 1f)6S than for ~ rh'etfl. 
I ' rlvetfl. cau be taken at "more th.ao for "rivet&. 

'" 



CARNEO I E STEEL COMPANY 

STBESSES IN ruVETS AND PINS 

Rlnt.. In transmitting streB8C8 between rivcted piCCCll, it is 
customary to disl'<'glll'd friction and to proportion rivets to the entire 
stress to be transmitw.l. They must be of sufficient size and number 
to resist shear and to alford such bearing area as not to CftI1BC distor. 
lion of the metal at the riyet bolCII. In the case of beams which fnune 
opposite and of single web girden, tbis latter condition ohen necee8i· 
tales a greater thicknC811 of web than required by the shearing SlrC6SCS. 
In a platc girder with !K ... " web, ~" rive18 connecting the web with 
tbe flango anglctl would have a bearing value at 24,000 pounds unit 
stress of 5,630 pounds per rivel, while their value in double shear at 
12,000 pounds unit stl'C88 is 10,000 pounds per rivet; and it might be 
necessary to increa8C tbe web tbiekoCf!.9 to ~"or more in order that 
the preesuro of the rivet8 upon the meta] be not exOOllllive. 

~.... Pins must be calculated for shearing, bending and bearing 
stresses, but one of the latter two will in moel cases detenuinc the 
size. When groups of ban are connected to the Qame pin, aa in the 
lower chord of t russ bridgee, the size of the ban!l must be 60 chosen 
Ilnd the bars 60 plMed that at no point on the pin will there be any 
I"xcC68ive bending stress. When the size of pi n haa been determi ned 
from the bending IItre88, the thieknCSII of the bars or web'of the post 
should be investigated to provide sufficient bearing area, the ban! 
heing thickened or pin plates added if neea!8arY, 

The following is the for mula for flexure applied to pins: 
M- r .. d3 + 32 or _f A d + 8, in which M = moment of forces 
for any section through pin, r_fiber stress per square inch in 
bending, A_the a.rea of seclion, d _diameter, l'I" =3. 14150, The 
forcClS are assumed to act in a plane passing through the axis of the 
pin. 

T T 

ElIA.'LIO I.-A pin, _ figure, b.&II to C&I'I')' a load of 
64,000 pOund>!; requIred the .1U3 a~ 24,000 pOund. tiber 
1JIreM, &e81lIDin& thl) d"tanoe bet. ... een pOlnUi of .upport; 
to be fS InchllL 

IJ.endlng momonc-&l.OOO".5 + 4=80,000 Inch pound,; 
UIII! a 3~ Inch pin: a.llo .... oo moml)nt; 80.900 Inch pound8. 

E " .... PLJ: 2.-Itoqulrod the thlcknflllS of metal In the 
top chord of a brldge to gt"o sufficient bearing IU'C& to a 
liji-Inch pin, having to Uwwnl~ astre88 of 121,400 pounds 
.. ~ ~ • .uo ... od bearing P.-un! of 24,000 pOUnds per IIqUate -. 

The bearing valuo of .. 3H·lnch pin for I Inch thlckn_ 
Of metal 1381,000 pounds; therefore. tho thlckn_ of metal 
requlrod=12 I,400+8I,OOO=-IJ,i Inch, or each ... cb Of the 
chord mUll~ be H inch th ick. Including pin p i llte.. 



R i veTS A N I) PC' N""' _________ , 

RIVETS 
SaLUtiNG AND HEMUNG VALUES 

Valu .. In PounM, all Dimension. In IncbCll!l 

'f!-INOIl IUVETS-Ara , ... 
'"'. , .... 

U";I , 1 __ ",",Sq. la. 14000 16000 18000 20000 22000 24000 
~--

J :. f, " • I ................... . 
660 700 840 9-&0 1000 I ' "'. 
980 1130 1270 1410 1600 1600 

1310 IIiOO 1690 1880 2060 2200 

•• ~ ,. ·····:~f~····~~·· .... ~·· .... ~!rr-= .. ·I· .. ~ .. 
1f.rI NCll 11.1 VET~Area .1003 Sql.laro In:;":'""",.,. 

Uait. Lbo. ..... Sq. I ... "'00 8000 0000 "'''''' .. """ ,""" 
J Sillllelibear per IU~« 1370 

""1 
1770 lO'" "'" 2300 

Dooble8b_per Hive' 2700 3140 

'=1 
3930 "". 4710 

UDil. Lba. per Sq. I •. ,,,"'" """ '8000 """'" """" """" 
J •• 1310 ''''' ''''''' OS'" """ 2200 

• , . 1700 ""'" "'" """ "'. 3000 

1 . , •• 2100 ''''' '"'. '"'. ,..." 3700 

I " '"'" 3000 ""'" "'" .. '" ."" ........................... _ ........ .............. ' ..... _ ...... _ .... _ ... - ._ .... _ .... -
'" """ """ 39 .. 0 ."'" -4810 5250 
\~ ''''' .""" ."" ""'" """ 0000 

&jrINC I.I RI \'ET8-Arca .3068 Squaro Inch 

U .. t,Lbo. ..... Sq. IL ''''''' 800() 0000 '''''''' .. """ "("'" 
J eo.,ps-r ..... Rint. "'" ,.'" 2700 "'"" 3370 368() 

bleSliowperfuy. ."'" 4910 "'" 61-10 .,'" I 7360 

UIIi!. Lbo. perSq.la. .. """ ,...., 
'8000 """'" 22000 ,.""" 

•• , ... .... 2110 ,... ''''' "''' 1 " "'" "00 "''' "'" 3«, "., 
I ! •• "'" 3130 "'" 39 10 ."'" ..... ., " "'" 3700 -4220 '600 50'" 0630 

J I :~"-" .- '380 .. '" "" 6600 """ 
.380 -:1 =r;:r .. ~ .... :.trr ~ ,;. .. 920 .. M70 

VoI_ below dott.od I"WII an. ,"",W tluon 4oubl ........ 

"" 



CAR-NEG IE STEEL COMPANY 

lUVETS 
SIJE.utING AND BEARING VALUES 

ValUaI In Pounds. Dlmenslonll In Incb Oll 

,)4.- I NCH IUVETS-Area. .441S SqtH~ro I nch 

%-I NCll RIVETS-Area. .0013 SqUlU"o I ncb 

l - I NCll R I VETS-Area. .7S(;4 SqUfU"O I ncb 

"'" ""'" IISIO 
13130 

~ 
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~IVeTS AND PINS 

PINS 

BEARING VALUU IN POUNDS ON l\'I I!:l'AL 0:'"1: I :'CH TBlCJ; 

lJea.I'Ing \ 'alu_ Obunet...- of I'ln 11 IlcarIq Stre- per SQuare Incb 

"" s..n.c av- ... ro..b pot Sq~ r,..~ ---"'"""" . .... 
"'''''' '''''''' """" """" ,.... ,.'" ... , . 

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

: ~ 1.227 06000 ''''''' UOOO ,., ... """'" 1.787 "'''''' """ """'" """" """" n, "' .. '''''''' """" """'" """" .""'" , 3.142 "'000 """'" """ ....... . sooo 
: ~ a.976 ""'" "' ... .""'" ",",00 """'" ' .000 """'" " ... ""'" """" 00000 

'" 5.940 """" "'00 """" ""'" 00000 , 7.060 """" ..... 00000 00000 ""'" l ~ '''''' ""'" .. "" """" " ... '''''''' 0.112 1 ...... " ... ""'" n"", ""'" '" 11 .0<16 'WOO WJOO 'WOO """ 00000 

• 12.566 .. 000 00000 soooo """" 00000 

:~ 1<1. 186 '"000 "''''' ""'" .93500 '"'''''' 111.1JoIH "000 """ 00000 00000 "'""" ." 17.72 1 "000 "'00 ,"000 '"'''' 114000 

• 10.6..11> 00000 '''''''' ' 00000 '"0000 "."'" :~ 2UI48 """'" '""" "'WOO '""'" '00000 
23.7118 00000 """ '"0000 12 1000 ,,,."" 

' N 211.9!l7 .0000 ""'" " WOO 126500 ""'" • 28.274 "'''''' 00000 "0000 '"'''''' ....... 
g ~ 30.(180 '"000 ""00 

,,,.... 137500 ''''''" ./ 3:1 .183 '''''''' """ "0000 ,.,"'" ''''''''' G', :ro.7M '''''''' 101300 '''''''''' ...... 1620(10 , 38.485 .. "'" .. 0000 ''''''''' .. ""'" 
H~ 41.282 '''''''' ...... " .... '''000 .. t . I?O 00000 ''''''" , ..... ''''''''' ", 41.173 """'" , ..... " .... , ..... 
• ... ,., 00000 ''''''''' '''''''' '''000 .. ""'" " 63456 00000 "''''' , ..... 181500 ' ,"000 
. ~ 66.7-111 ,,,.,.. ","00 "0000 181000 ""000 
8t~ 60.132 , ..... 131300 ''"'"'' .."'" """'" • ~.1I11 ' 0""'" '''''''' g~ 61.201 111000 """'" 70.882 114000 """'" ." 74 .662 11 7000 """'" 
" 78.MO """'" ,,~ SIUH6 , """" 
"~ 86.1100 ' 00000 

" 00.763 , """'" 
" OS.03:I " ..... ''''''''' " ~ D9.40'J " .... 168800 

" 100.860 138000 172.';()Il 

"" 108.434 141000 """" " 113.0117 144000 "0000 

'" -



CAR; NEO I I! S TIl E L COAIPAN V 

PI NS I- n 'SOONG MG."~ ON I.e_ Poo." 

Dl!ndl.,. Moment-(D~wr or .. Iul_ x 0008175 x SU'e6S per Square I nch 

"" Fit.... li"-ID """lido pet Square lion. 

""-. ,-. "000 "."'" """" """" "'..000 2 WOO """' ,- Sq. I~. 
----1--, .'" ' 000 ''''' ""'" "'" """ """ """ : ~ 1227 """ MOO .800 .,00 ."" '000 .Il00 

1.167 OOOG =, "'" "00 '''''' "'" ''''' " 
2-40.5 'I"'" '0000 11600

1 
" 800 """ 13200 , 3.142 " 800 I 'UOO 16700 """ 17700 ,-

ill 3.976 16110()' ""00 """ ,",000 =00 'WOO .... '""" ,,- '"'00 33100 ~~I :U!300 
2~4 6.IHO ""'" 36800 ""'" "''''' 61000 , 7.0011 47700 """" """ 6."", 

l~ 8.2Il6 '",00 "''''' 74100' 81;100 
!l.621 "800 .. "" .""" 106:'>00 ,,, 11.0 46 !l3200 ''''''' 113900 ",,",00 

• 12,M6 11 3 HlO: 126700 1382001 1!.7100 ." 14. 1116 1367001 1Ml700 165800 >60000 188<100 

:~ 16,004 16 1000 i78900 l 00W01 201300 22<1700 
17.121 1811400 210400 231500 236700 ","" , 10.63" '''''''' ,","110 270000

1 
276 i OO """"'" ,~ 2 1.648 2li5700 2lWloo 3 12500 310000 3M200 

,~ 23.71\8 "'"''''' 326700 ''''00 367500 """" '" 21:..1l67 ~ 37aaoo .. - ... "" 'OOGOO , 28.274 3 18 100 381700 424100' ."'" . 77l00! 530'00 
"- :to.680 "'- 431.wo "' ... 527300 ,,.""" "'"'''' :11 33.111.1 ....... . .".. 6:J9'lOO ""00 00000o "'''''' 36.78$ .. "'" """" 603000 664300 " .... 75<1800 , 38.486 006'00 6735001 740800 767700 ... "" ""00 Hl 4 1.2S2 673400 7411200 823100 .. , ... .,,"" """'" H.1711 "MOO 828.wo 911200 931900 994000 103MOO 

'" 47.i73 ""'" 9 14000 iOOS4OO 102S200 1000800 J 14:!.500 , ...... , .. "" 904!1OO J(lO.S300 li05800 1200400 1256000 

I~ " .... """" W.!aOO 1102500 1212800 1323000 13711;l()() 
M.746 oo.t400 10&:;.100 120S&o 1326400 1447000 1507300 '. 00. 132 98WoOO II IIa900 13 15400 1446900 167850(1 164420(1 

• 6.1.6 r7 ""MOO 
:~ 67.201 ' ''MOO 70.882 1262600 ... 1-1.662 136<1900 

" 78.640 1472600 

" Ji 82.5 16 168S000 

" ....... J7(H 700 

"" 00.763 ,,~ 

" M.03.1 1000100 

" ll 99.402 """' ... " 100.860 223{)700 
" U 108.434 238t1000 

" 113.0117 2,sH 700 

236 
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TENSION VALUES 

ANGLES 

Au.oWABLl': TEN810N' V,4.I.Ur:8 I N 'J'HOUI!.Ums OF POUNDS 

Maximum FIber Stre., 16000 Poun<1. per Square Incb 

Se( A .. .ad &--Two ..... Dod"""'" .. , TIIicIt. W<;iPl 

""' h-hoelo Rinw !,', ... ~- I"'''' , .... , ..... _ pto'~OOI. --· .... IPoado I~ ' ~ I!.~ I su.. , .:::' ~u.. 
S1.0 15.00 13.00 "'.0 1325 212.0 

l~,. "~.1 H.I:.? 12.24 100.8 12.0/08 199 .• 

" 4~.O 13.2.3 11.48 111.1.7 11,10 181.2 
1'!1. 42.0 12.3~ 10.12 17L~ 10.92 174.7 ., 38.9 11.44 0." If"J.O 10.13 162.1 .. 8 ,~, ".8 10.[,3 D. 16 .46.6 9:\,1 149.3 
~ :12.7 0.01 "'0 ':1.:1.8 852 136.3 8.67 138.7 . , , ... 8.68 '.r,..; 1:;!OIl 7.10 123.2 ; ... 12. ... 4 

" 
, ... 7.75 6.n. 108.0 6.Sf 109.9 ;.00 112.0 

, 44.2 13.00 11.00 176.0 11.2.; 180.0 

it ·11 .• 12.2..'> lO.a7 165.9 10.6' 169.8 
3D.1 11."8 0.73 155.7 0.95 , ,,1).2 ,. ;!lUi 10.72 0.10 ''''''.6 0.30 148.8 .. , ., 33.S 0.0-' 8.44 I:Ja.O 8.6.1 138.1 

\/:'. 31.2 0.11', 7.78 124.6 7.0·~ 127.2 
28.11 8.36 1.11 113.8 i.r. 116.3 7.42 118.7 ., 21'>.7 7.M 0.43 102.9 0.58 105.3 6.72 I07.;'!> • '",0 0.75 6.76 D2.0 6.87 9.1.9 '.00 00.0 

'" ,.., Ii.OO G.OS .,,8 5. 16 82.6 5.27 ... , 
" ",' 0.73 7.D8 127.7 8." 131.2 
' .. 31.0 0.00 7.47 llD.5 7.67 122.7 ., 211.7 S.44 0." 111.0 7.13 114.1 
" I, '"' 7.78 6.41 102.6 6.58 105.3 ... lI. 24.2 7. 11 , ... 03.8 . . ., ,.., 617 98.7 

2 1 D 0.43 5.30 ".8 , . .., S7.2 5.59 .... • 19.6 6.76 4.75 76.0 .S; 77.D '.00 ".0 •• 17.2 "". 4. 18 ",,' .. " 68.6 ' . .0 .0.4 
~ 14.9 ..,. 3.61 57.8 3.70 ... , , . ., 008 

'- ,.., .... "'" 09,; .,.., 103.2 
'.' ",' 7.47 ,.SO 00.' .... 988 

" 23.6 .0< 5.44 ".0 , ..... 00.' ' .. :lI.S ' . .0 6.00 ",,' "'0 "., ... 
~ . '"0 ,,SO 4.61 73.8 4.77 76.3 4.92 7f1.7 

18.1 5 .3 1 -10 . 18 00.0 .. " 69.3 4.47 7 1.5 

" 16.2 -Io .n; 3.71i ".0 3.87 61.9 '.00 ".0 
'I! 11.3 -10.18 3~10 52.S 3.41 .... 3.52 SO., 
~ 12.3 3.6 1 ,,SO ".8 2.9.5 47.2 "'" 48.8 

~ 10.8 
4.4.7 

3.6: :.8 7 3 .. 3 Gl~ 3.118 Ga,; •• 15.2 3 .34 ''''' 3,411 00.8 , ..... fi8.1 
fi %..1'. " 1:1.6 '.00 3.00 48.0 3.12 .. lUI 3.25 fi2.0 1,. 12.0 ,," 'M 42.4 2.76 H.2 ,.S; ",0 

~ 10.4 3.05 2.30 ".8 2.39 ,.., 2,49 ".8 ., 8,; ',," 1.03 ".0 2.01 32.2 '.00 3.1,4 

'. 128 3.76 2.75 41 .0 2.87 45.!) 3.00 48.0 

" , ',. 11.:1 3.:n 2,43 3S I) , ... 40.6 2.65 42,4 

~, " "'" '" :I.3 .S ,,. 35.2 2.30 36.8 .., 2.40 1.77 28.3 " SO ,.,. "ro ,.., 

'" 



r 
CA~NEO I I! S"rIHll. COAlI'ANY 

ANG LES 

ALLOWAOU: T ENS iON VA I.Ur.8 IN TUOU8ANDS OF P OUND8 

M u.\mulu !'Ilk ... S~. 16000 Pound.ll per Square loeb 

SH~ud s..--o..eHoie DeduNd 

5'a.. ""'. "'"bl ,-. Jt-, ..... Rl . ... " .h •• b Rin g "'-I .. h Ri,* , .... - "Po.!:!' , .... ,- J!':;. \ au.. 
~ ,-. -- '-. -,- ,-

~ "., 0.73 8." 14 1.6 8.00 143.4 
'.I!;, 31.0 '.00 8.28 132.5 8.38 134. 1 

~ 28.7 8.« ' .69 123.0 7.78 l Z.L5 

'"' 
,.., 7.78 '.00 113.4 7.18 114.9 

••• ~ "., 7. 11 6.48 100.7 '.06 IOS.0 .... 106.2 

•• 21.0 6.43 5.87 93. , ... 95.0 6.01 96.2 

h 10.6 11.7.5 6.25 ". 6.31 .. .• 5.37 ... , 
•• 17.2 '.06 .... 73J) 4.68 74.9 4 .73 75.7 

~ 14.9 4 .36 3.08 63.' '.03 .... <1.08 M.' 

1\ 27.2 7.98 7. 10 113.6 7 .21 116.4 
' .. 25.4 7.47 ,.,. 106.6 0 .76 IOS.2 

• 23.6 6.g.1 6. 1\) '" 6 .28 101M 

'"' 2 1.8 6.40 lU I 0 1.4 ,-,a oz.s , .. h no .... ,." ..., 5.3 1 '" 5.30 M.' •• 18. 1 a.31 4.76 76.0 .. " 77.1 4 .89 78.2 ,. 16.2 4 .75 4 .25 .... 4 .3 1 69.0 4 .37 60.D 
,\0 \<1.3 <1 .18 3.74 ".8 , ... 008 3.85 6 1.6 
h 12.3 3.6 1 3.23 [,1.7 3.28 52.5 ,." "., 
• 16.8 4 .02 .... 68.6 . .., 60.0 4.45 71.2 

•• 16.2 4.47 3.91 62.6 3.98 . "., 4 .05 .... 
I, 13.6 ' .00 '-'. 56.0 '.56 67.0 3.62 67.0 

(; x :J~. 'i. 12.0 '-'3 3.00 40.4 3. 16 'I'-' , . ., 61.2 
~ 10.4 3.M 2.67 42.7 2.72 "., 2.77 44 .3 

•• 8.' 2.M ,.,. 36.0 "'. M.' ,." 37.3 

• 16 .7 4.61 3.08 "., '.00 " .. 4.14 .U 
~i. 14.3 4. 18 3.62 67.0 , ... " .. 3.76 00.' 

&,,3 h 12.8 3.76 ,.,. 62.0 3.31 " .• ", " .. 'I. 11.3 3.3 1 2.87 .6.0 '.93 46.9 ,." 47.7 

• .., ' .86 2 .• 8 ,.., ,." -W., '.56 m 
'1. '-' , .-W '.00 ,,-' 2. 13 3 4 .1 2.17 34.7 

• Hi.7 4.61 ,." 63.' '.00 .'-' 4 .14 ,"-' 
•• 14.3 4.18 3.62 6 7.9 3.09 60.0 3.76 00.' 

• 12.8 3 .76 ,.,. 62.0 3.31 ". 3.37 " .• ... •• 11 .3 3.31 '-" 46.9 , ... 46.9 2.98 47.7 

• '.8 , ... 2.48 39.7 ,." -W., 2.68 41.3 

•• '-' 2." 0 ' .00 " .. 2.13 34 .1 2.17 ,.., 
" ••• 1.04 0.69 27.0 1.72 ,m 1.75 28.0 

,. 11.1 3." 2.76 .... 2.8 1 46.0 2.87 4(j .0 

", '.8 2 .87 2.43 38.9
j 

2 .49 39.8 "'. 40.6 .. , ~ '-' 2.48 2. 10 33.6 2.15 34.4 ,-,a 3.'>.2 

•• '.2 '.09 1.78 28.6 1.82 20. ' 0." " .8 

" '.8 1.09 1.44 " .• 1.47 '" LfiO 24 .0 

'" 



TENSION VALUeS 

ANGLES 

ALLoWA.Si.t: 'I'ENSlON V ALUE!! I N TIIOU8A.NDS OF POUNDS 

Maximum FIber St~. 10000 J"ound. per Square Inch 

Net. Artu &Dd Str.- OM IooIe Dedw:1ed ... Thid· Weicht A,.. . ~i ... biliYe!l !I.h,,,b Kivell T !i-h't h H;yew 
i ... h .. - porFoot ,~ .... I",bfl!. Poulldl' ,- " i~ '"B h.ob... ... ineb." ... I ... t...- ---- -- ---

~ 13.6 3.98 ,.,. M.' 3.'" .... 3.51 M.' 
~ 

12.4 a.62 3.00 49.0 3.la ,.., ",. 5 1.2 
11.1 I 3.2.5 2.75 401.0 2 .81 .... ,.S; 015.9 

S}iX3 )i ~ i . 
.., 2 .87 2 .013 " .• 2.49 39.8 , ... .... 

~ '" 2.018 2 .10 33.' 2 .15 M.' 3.>, M.' 
~. ,., '.00 1.78 28.5 "" "., u. " .. 
" ••• "" 1.4<1 "W 1.47 33.' ",. " .. 
~ 10.2 3.00 ,.,. 010.0 '.M 011.0 2.62 011.11 

' 'u .. , '.63 2.21 M.' 2.27 " .3 2.32 37.1 
3Jil1 3 • ". '.30 1.92 30.' 1.97 3 1.5 , . ., 32.3 •• ... "" 1.62 .... " .. ".6 1.70 27.2 

" ". "'" 1.31 21.0 1.34 21.4 1.37 21.9 

• ••• 2.75 
I 

2.Z5 36.0 2.:11 37.0 2.37 37.9 
II. '.3 2.43 "'" 31.8 2.05 32.8 2.10 33.6 

3)i~2)i • ", 2.11 1.73 27 .7 1.78 28.5 "" 29.3 
~. .. , 1.78 1.47 ,,,. 1.6 1 "., "" " .• 
" ••• 1.44 1.19 19.0 1.22 19.5 "" ".0 

• ••• 2.75 "" 36.0 2 .31 37.0 U, 37.9 

~~ 8.3 2.'13 "" 31.8 '.M 32.8 2. 10 33.6 
3" ,., 2.11 1.73 "" 1.18 ,U "" "., 

~. '" 1.78 1.017 " .. 1.51 ,." 1.55 , ... 
" ••• " .. 1.19 19.0 "" '" 1.25 ,. .. 
• 6.' 1.92 "" 'M "" " .. I " .. ,U 

3 ~2)i ~. ••• 1.62 1.3 1 2 1.0 I.~ 21.6 ",. "" " ••• l.31 "" 17.0 "'" 17.4 1.12 17.9 

• '" 1.73 1.'10 " .. "" I "., 'l'id» ~. '.0 1.47 1.20 19.2 "" 1lI.8 

" .. , 1.19 0.97 15.5 " 00 16.0 
~. 3.07 0.00 0 .74 11 .8 0.76 

I 
12.2 

• I '.3 I "" 1.22 19.5 "" ".3 •• ... 1.31 "'" 16.6 "" 17.3 " .. , " 3.62 "" 0.84 13.'1 0 .87 13.9 •• 2.75 0 .8 1 0." 10.4 0.67 10.7 

• .., 
"" "" u. 

~. "" 1.15 0.93 14.7 ,,' " 3 . 19 0." 0.75 12.0 
~. 2.44 0.71 

I 
0.57 •. , 

•• 3.39 "00 o.n 12.3 
2 JllJi " 2.77 0.81 0.62 0.' •• 2.12 0.62 0.48 ", 
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lit. 
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CAW:N IW U! STE El . CO M PANY 

BARS 

nOUND 1),\JtS SQIJARE BAitS 

~'·~·' ~·~'~·'----~I~~~~·~~~·' ~I~U~.'-
Str. &... WeiEbt &.- au.. 

..... W,;p' ..... "... ... ..... '_I ...... " ... 
lDdoell ptr .""'·1 u.. I.. I.... IfIdIco.O PowcIo' Lbo.. L", 

~~~ ~~ 
--I----!---I --
0.012 0.~2 0.2 0.3 li 0.016 0.053 0.3 0.3 
0.028 0.(10.1 0.4 0.6 ~. 0.035 0.119 0.6 0.1 
O.~O 0.161 0.8 1.0 'W. 0.063 0.2 12) 1.0 1.3 

0.011 O.~I 1.2 1.5 ~. 0.098 0.333 1.6 2.0 
0. 110 0.315 1.8 2.2 0.1-11 0.418 2.3 2.8 
0. 100 0.6 11 2.4 3.0 '. O.UII 0.6.'\1 3. 1 3.8 
0. 100 0.661 3. 1 39 '.it 0.2,;0 0.850 4.0 5.0 

0.249 0.841:; 4.0 6.0 ~. 0.316 1.08 6.1 6.3 
0.307 I.IH 4.9 0. 1 % 0.391 1.33 6.8 7.8 
0.311 1.26 5.9 704 '~i , 0.473 1.61 i 7.6 9.6 
0.442 1.60 1. 1 8.8 ~ 0.563 1.91 9.0 11.3 

0.619 1.76 8.3 10.4 ,~, 0.660 2.25 10.6 13.2 
(tOO l 2.!)1 9.0 12.0 % 0.166 2.60 12.3 15.3 
0.600 2.35 11.0 13.8 '')I: , 0.819 2.99 14. 1 11.6 
0.7811 2.67 12.6 15.7 I 1.00 3.40 16.0 20.0 

0.881 8.01 14.2 11.7 1\i, 1. 13 3.84 18. 1 22.6 
0.\11.14 3.38 169 10.11 IMo 1.21 4.30 20.<1 ZS.3 
1.11 3.11 17.1 22.2 I~, 1.41 4.80 22.6 28.2 
1.23 4.17 10.6 2,1.6 1!4 1.56 6.31 ZS.O 31.3 

1.35 4.00 21.6 V.I I~. 1.72 5.86 21.6 34.6 
1.48 6.05 2:1.8 29.7 1~ 1.8\1 6.43 30.3 37.8 
1.62 6.52 26.0 32.5 Fl' 2.07 1.00 33. 1 4 1.3 
1.17 6.01 28.3 aIIi.3 I I-io 2.25 7.65 36.0 45.0 

... " 2.07 
2.24 
2.41 

"'. 2.16 
'.M 
3.14 

3.34 
' .M 
3 .76 
3.98 .... .... 
4.67 
4.0 1 

5. 16 
6.41 
6.61 , ... 
6.2 1 
6.411 
6.78 
7.0 7 

6.52 , ... 
'.60 
8.18 

8.17 .'" 10.02 
10.68 

11 .36 
12.06 
12.18 
13.62 

1428 
16.07 
15.86 
16 .611 

17.1Ii.1 
18.W 
111.29 ..... 
2 1.12 
22.07 " .... 24.03 

... , 
33.2 " .• a8.6 

41.3 
44.2 
47.2 "'. "., 66.' 
60.' ., .. 
87.2 
10.9 
74.1 
78.5 

82.5 .... 
00.' .... .... 

103.0 
108.4 
11 3.1 

3804, 
4 1.6 
«., 
48.1 

61.6 
M.' .... 
62.8 .. .. 
10.9 
76.2 
OM .... 
.8.0 ... , 
98.2 

100.1 
108.2 
113.6 
118.8 

124.3 
121).8 
136.5 
141.4 

... ,. 
"iii. ' .. 
I '~. 
,~ 

I'''', , 
' .. 
i:!. ' . 
~. 
~. 

~. 
2111i. 
' .. 
2'~. 
2;j, 
2''tI, , 

,.« , ... 
2.SS 
'.00 
"'. 3.52 
3.75 
'.00 .. " 4.52 
4.79 
'.00 
'.M , ... , ... .. " 
M' 
6.89 
7.22 ,.,. 
7.9 1 .. " 8.63 
'.00 

.... 
8.98 
'.68 

10.41 

11.17 
11.95 
12.76 
13.60 

14...&6 
16.35 
16.27 
17.2"2 

18.19 
19.18 ..,. 
2 1.20'> 

ZZ.33 
23043 

"'" 25.71 

26.90 
28. 10 
".M 
30.60 

39. 1 
42.3 
45.6 
49.0 ". l16.a 
60. ' .... ... , 
72.8 
76.6 
81.0 

.0.0 
00.' ... , 

100.0 

106.1 
110.3 
11 5.6 
121.0 

I W.6 
132.3 
138.1 
144.0 

48.8 
52.8 
117.0 
6 1.3 ... , ,,, 
76. 1 
80 •• 

S'" 
00.' 
.", 

101.3 

167.0 
112.8 
118.8 
120'>.0 

131.3 
131.8 
144.5 
151.3 

168.2 
1M.a 
112.6 
180.0 



SHEET P I L I NG CONST RUCTlO"; 

STEEL S HEET PILING 

The introduction of steel sheet piling in substitution lor wood 
has made possible the e)(lcnsion and indeed thc practical rejuvena_ 
tion of the· cofferdam method of making excavations. Its use hill! 
led to great ultimate economies, greater salety in worki ng and to 
t he extellsion in size and depth of opcn excavations to limits which 
othenvise were regarded as impossible of attainment. The cellular 
cofferdam, first uscd in the Black Rock Lock, Buffalo, is a very 
successful method for the elimination of the expensive, slow, and 
not always reliable, pneumatic caisson on work of large magnitude. 

S~el sheet piling by its positive interlock enables the sub-surface 
diaphragms of diaphragm dams to be made with a certainty not 
J)Ossible with wooden sheet pi ling, and with an economy not possible 
with concrete by reason of the elimination of the excavation 
necessary in the case of the ordinary puddle core, concrete OOTe or 
masonry core wall. A diaphragm made of such imperishable 
materials fulfills all the requirements of the ordinary core wall with 
the additional advantage of accommodating itself, by its flexibility, 
to slight irregularities of settlement in the dam. It is also used in 
the construction of curtain walls, sea walls and loading slips, founda ­
tions for cylinder piers, sewers and trenches, etc. 

In addition to temporary oofierdams, steel sheet pili ng haa found 
large use in the construction of permanent retaining walls for 
buildings. Driven before excavation in soils containing Quick­
sand or water-bearing strata, its use prevents the undermining of 
adjacent building foundations by movement of the strata. It also 
prevents in many cases the delay, e)(pense and danger of under­
pinning adjacent buildings. I t may be employed in this way alone 
or reinforced by stcel buekstays aa shown in the illustration, which 
rcpresents the method followed by D. H. Burnham & Company in 
constructing retaining walll! for the Marshall Field and Ste\'ens 
buildings, Chicago, where sheeting with its attached bucklltays was 
driven itJ:! full depth and the basement and sub-basement Roors 
placed a.s the excavation went forward. The rigidity of the buck­
stays with the bracing supported by the floors eliminated the 
necessity and expense of shoring. After excavation concrete was 
filled in between tbe buekstays and the total expense did not 
exceed 00 per cent of its cost by the ordinary method 

1)pe. Carnegie Steel Company manufactures United States Steel 
Sheet Piling, in three sizes and weights. 
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United States Sleel Shoot Piling is a simple, plai n, rolled section 
ready for use 8JI it comes from the mill without further fabrication . 
Each piece is complete in itl!eir and all pieces of the same width are 
interchangeable. Ita profile incorporalC8 the advan~ages of the 
ball and socket joint, with sufficient clearance in the interlock for 
clI.8e in driving and 8ufficient space for the use of a packing su bstance 
bctwoon its adjacent edges to insure watertightness. United States 
Stool Sheet Piling is more easily driven and pulled than any other 
sootion hitherto placed on the market. The reMOn for this is 
believed to be the absence of a leading groove combined with the 
line contact obtained in the joints. 

The scctions have positive interlocks continuous throughout 
the entire length in both lateral and horizontal directions, affordin! 
maxi mum strength against ~idewi8C dcflection, distortion or sepa· 
ration of the pieces due to pre88ures, dc(ormation in driving, etc. 

St ..... ~ .. 0( 8ectlo.... When driven and under pressure, steel sheet 
piling must have strength aimilar to that po88C8SCd by a beam 
loaded equally or unequally with eartb or water pre88ure, and 
t he resistance of t he piling to transvel'llC bending can be calcu· 
lated by the known laws offiexure from the propertieso( t he sections 
given in the fo llowing table. In the calle of United States Stool Sheet 
Piling, the properties of the individual pieces are the same all the 
properties of t he sections interlocked in place. 

'" 



S HEET PIU NO CONST R UCTIO N 

~- --- h- -------"" 

___ ----,E~'~E"."E"N"~"-O"., S.,.cTiON8l,...Ax18 x-x 

Dek-rip\loll --r-;;:\trLooktd or Si~ s..:~ r=: ..... , .... _ .1_ .- W •• , 

~rodth SiDde Soetioa weicht.. 1 h I'wadl 
b u.. Art.. IJ&jIOr T S S* Z J:,.. 

llIc:b. to.. h Sq. 'II- Sq. Fl. la.' III- I ... • III-I III- r_ 

M 10/\ 13U 42..5 112.51 I 38 8..56 0:83 4.35 3.93 1 13" 42 . .5 
M Hl... 13," 38 11 .30 3.5 8.60 0.87 4.32 3.91 13M 38 
M 103 !i" 16 4.71 21 1.45 0 • .56 1.13 1.47 VU 16 
S· ill lite .-....u.. -''''''' per __ 1&11_ 01 nlJlMoeriod<od la pa..,e: 
During driving the !leCtion! arc forced to act M loaded columna, 

and the tablee, therefore, show the radiua of gyration of tbe seetiona 
fnr computing their comprcuive resistance under load or the blow 
of the pile driving hammer . The radius of gyration of the section, 
hONever, Deed not bear any definite proportion to its length nnd 
blocks of wood may be bolted to the leads of the pile driver if the 
piling shows a tendency to spring. As the piling aclually enten 
the earth, it is supported laterally and fltiffened by the adjacent 
soil, and the blows of the hammer need but overcome the fri ction. 
In an ordinary cofferdam braced in the uaual manner, strength in 
the interlock to resist the tearing apart of the sectionll by direct 
tension in a longitudinal direction ill not often required, but if it i8, 
United States Steel Sheet Piling is recommended on account of 
iu great longitudinal strength. This interlock strengtb in a longi­
tudinal direction depends on the type of section, tbe opening of 
the jaw, the character of the soil, etc., and can only be determined 
by tests. The average longitudinal strength pef lineal inch of 
medium steel Bections is 88 follows: 

1314" UnIted States Stool Shee~ l>JlJng... . . . . . . . ... 9.800 pound •. 
9»" UnIted States Steel Sheet PlUns.. ....... . . .... /;.000 

St.eelshect piling is U8ually made of medium steel manufactured 
to standard epccifications. Where the construction ill permanent 
and po8Ilible corrosion ill a seriOUII factor, it may be made of steel 
containing about 0.25% copper, experimenUl on which, as well 
aa analyses of old structure8, indicate that such an addi t ion gOCl 
very far to"'arde making the Btecl practically indestructible. 

Full information ill given in a Beparate pamphlet entitled "Steel 
Sheet Piling," copies of which can be had on request. 
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CARNEGIE STEEL COMPANY 

GRILLAGE FOUNDATIONS 

Grillage Beams. In the design of foundations for columns, piers 
and walls, provision must be made for the uniform distribution of 
the load over the footing . Thi s is best done by the use of a grillage 
of steel beams and concrete. This method of construction elimin­
ates deep excavations and la:rge masses of masonry and is, therefore, 
truly economical. For heavy loads on soils of small bearing 
capacity, three tiers of beams may be necessary; while for lighter 
loads or better soils two tiers, or even one, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient 
thickness to distribute the load to the soil. Good practice requires 
the spaces between the beams in all the tiers to be filled with, and 
the beams enclosed in, concrete no t less than four inches thick. 

The clear distance between the fla nges of the beams in each tier 
should not be less than 2 Yz inches, nor more than three times the 
flange width. The first requirement is necessary to permit the 
introduction and proper tamping of the concrete, the second, to 
insure uniform distribution of the load. When separators are used 
to hold the beams in position, they should be of gas pipe, as cast iron 
separators tend to break the continuity of the concrete. GriIIhge 
beams should not be painted, as concrete does not adhere well to 
painted surfaces but is itself an excellent preservative 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 allowable 
pressure per square foot on the soil. This gives the area of the 
footing, the shape of which is determined by local conditions. On 
the assumption that the load~ on the soil are uniformly distributed, 
the number, size and weight of the beams required are determined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, as follows:-Let 

L-a L-a 
. ~~~+-__ a __ +_L_>; 

: 11:'1111':11 : 

!IIIIIIIIII 11 111 II, II I,II, ! 
'+--- ----- -L--- - - - -- -... 

W=Total load on the foundation, in pounds. 
L =Length of beam, in feet . 
a =Length of loaded portion, in feet. 
d =Depth of beam, in inches. 
t = Thickness of beam web, in inches. 
n =Number of beams in a tier. 
fb=Allowable unit web buckling resistance. 

The maximum bending moment occurs at the center of the beam 
and is equal in foot pounds to W (L-a) + 8; this formula is 
identical with the formula of maximum bending moment for a 
beam of length (L-a) under a uniformly distributed load, w. 

The proper size of beam in any tier as regards flexure at a fiber 
stress of 16,000 pounds per square inch may be found in the beam 
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GRILLAOE FOUNDATIONS 

~afe load table for the length eorres)xmding to (Ir-t.), by dividing 
the total load by the number of beams. 

Or may be found from the table of maximum bending moments, 
by dividing the lotal bending moment by the number of beams; 

Or from the table of properties, by dividing by the number of 
beams in the tier the total seetion modulus required, which 
is equal to 3 ~2~!oot.) 

Note, however, that the load on ~he beam for any span must not 
exeeed the maximum hlu13r safe load for shear. 

The maximum v('rticai shear oeCUflI at the edge of the column 

base or at adistance in feet of L;a_ from each ('nd of the benm and 
. W L - a 
18 ('qual to L x --:r---

"
'_" "k ' ,W L-a I cu t IIC ness, t, to re~ust av('mge 8 l('nr-"L x -,- x n~d .. 10.000 

Ob '" WL- a 1 b'h r, 1 e nveragc vcrOea II 1ear-""J:"" x -,- x "'ii"i'd"iT' W Ie must not 
exceed 10,000 pounds per square inch. 

The maximum buckling slreS!! oeeu,", on a length in inches of 

12 a + d/2 and is equal in total per lineal inch of web to 121.-: d/2. 
T he required thickness of web, t, to resist buckling­

w 
ol(l2a + d,2}1rb. 

Or the avcrage web resistance per squarc inch to buckling=-

01{12a-: dr2J .. t which must not exceed the tabular vnlues for 
tbe allowable buckling resistance on beam webs. 

RoIlfJc1 8_1 81..... To distribute the loads from columns over 
girders, grillage beams, etc., solid slnbs of rolled steel may be 
advantageously used in Lhe 1)lace of cast iron or rivcted steel bases, 
etc. The sizc of the slab is usually filCcd by the dimensiODS of the 
column and its thickn~!\S is determined from the maximum bending 
moment, on the lUlSumption of uniform loading, a.9 folloWlS:-Let 

L8]
--., W- Tot:ll iond, in pounds. 

D
- . ~, B1, A _ Width of slab, in inches. 

" B ..... Length of slab, in inchea. 
, - ~: t _ Thickness of slab, in inches. 
: : -.. -~ . a = Out-aide dimcn3ion of eolumn, in inches. 

L_::~:::._j b - Outside dimension of column, in inches. 
The maximum bending moment will occur at the center of the 

'_' " d W IA -a) W CR-b) d slab and cqua .... , III IIlC 1 I)()un s, 8 or 8 ,an at a 

fiber etrC88 of IG,OOO pounds per square inch, the required thiekne68 
of IIlab t = ",- /3W(A al 0 _ \ '3 WIB-bl 

" ~ 64.000 B r 64.000 A 
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Steel Slab as~x 1Iifx_}f' 

4-:Ut90 Ib. Be&ma la~1"1orI.&' 

E ..... pu: RoQl.llrod to doslgn a grillaao foundatlon for a oolumn load of 
I,()IO,()(XI pounds on .011 lI'l~h an allowable bearLna: capacity of t1,()(XI pounds 
per equ&re fOOt. Column oom~ Of I web plate, 14" X H" . • t1an3(lall8lc., 
6" x of" x H" and ,I !tange plates, 14" x U", outside dimension. 14" x 18", 

Ue(II.Ilrod area Of fOOtlnr--I,().IO,OOO + 6,{I(IIO;:aI73.33 IQUUO teet, 
U.., area 12' .0" x 1(';'.0"_ 180 lIQuanI teet, 
A3IIumo 3'.0" .Mlua", &.II tho d lmenslon. ot tho rolled Btool slab or column 

baso and allow 9" for concrete on the $Idee and end! ot beal1lll, then tho dlmon • 
• IOM ot tbe 8tool grlllflgu will be 10'-6" x 13'-(1", concrete being llMumoo of 
.",rodent thlcLrnOlll a nd strength to d18trlbuto to the edges. 

I t f l;11 ; f-- -, : 
, -- .. 
:'-l8"-~ : 

:'--- "3G~--- -~ 

Rolled Steel Slab 

Tblckness requll'lld, t,_ '\)3 x ~~~36 22 _ 6,40 10, 

U.., liJi". 

, .. 



OR.H .LAOE FOU NDATI ONS 

Beams--Sol::tlon Modul .... Mothod. 

BotWm tler-L==13.5 foot: a= 3.0 foot. 

noquJred wul sectIon modulus. S,= 3 x I,~~,.= x 10 . .5 .,.. 1,023.75 In,' 

U80 13-1.5" 60.8 lb. bearllll-Total section modulUlJ=I .OM.6 In._ 

Average shea._ I.o:~ .. goo x I~ 5 x 13 x I~ x .59 =- 3.51511>8. p(lrllQ. In. 

Avcrage buckling 8t..-= 13 I~n::~ .. ~ . .511 =3. 120 1lN!. p(lr >IQ.. 10. 

T OD tler--lo=lO.5 feet; a=3.0 feet. 

Hequlred Wtal8eCtlon modulus,S,,,,,,3 " l'i;~ x 7.5 _ 731.25 10.' 

Uae 4-24" 00 lb. bean~'I'otal section modulUlJ=743.2 In .• 

A • 1.040.000 7.5 t • ~ ,... , verase 8 e&l 10 . .5 x """""i!" x 4 " 24 ".624 -= ."""'" ..... per IK\. n. 

Average bucklin8 $l<"Co!S=4 ~,~0~~24 ==8,680 lb/<. per "'I.. 10. 

Plate Girder Grill .... f"oll ..... tlon... In those C8.8C/I where columns ca.rry 
very hea.vy loads, plate girders are used for the top tier of the 
grillage rather than beams. In the case of symmetrical foundations, 
the method of computation is the same as has already been illus­
trated in the case of beams. The following example indicates the 
procedure in the quite frequent eMC of unsymmetrical loading 
conditions; 

Mole up ()( I Plate GWer 
4~Aq .. &. 4 . 'i 
2 Fl&ng. Plat.. If. '"' 
1 Web Plate 36. J.i 
2 Web Reinl. PIa"," H Ihi.k. 

_b end be\-._ ..... 
A~" 

2 Web Reinf. Plat.. H thiel<. 
_h 0lId o,·e. Fladce A~ 

81i11" • .,.,.A",lM 5. 3J.i. j.i 
T\eA .... 6.3j.i.j.i 

1,260,000 pound, 

,., 



____ CCA;c::" CNC;EOI E S TE E L CO M PAN \' 

i':.: .... 'LK;_Requlred to de.l8n a &rtllq:o foundation UDder an uterlor or 
wail rolumn carrying a Ia.d o . 840.000 pounds, and an lntenat' column with 
a load of 1.260,000 pounds, ou tOil .. Ith an a llo ... ablo bearing C&1)acily 01 
8.000 POUndS ller square loot. 

Required footing area of ... a11 column_ 84{).000 105 lIQuarc foet.. 
',000 

U .. ....".8'.(I" x 14'-0"'_ 112 lIQua.ro feet. 

nequlrod area of Interlat' column fOOt[ng- U!60,OOO _ 157.6 lIQuare ft,!6t. 
,",,00 

U/IO area !2'-O" x 14'-O"=-168equ&n,l foot. 

Wltb theee dimensions and areM, tho load on tbo 11011 .. 111 be uniform at 
7,600 pOunds j)eI' square fOOt. and tho fooling_ the ... mo .... ldth. both of whlcb 
arc dealrable lrom the standpo[ot of uniform III'ltt1ement • 

!tolled Steel Slabs fOC;..,;;;;~:!! .i!~~;';' .. ';;Od:::th 01 30" and a 

_ 4·86 In.; ute 6". 

=6.6110.:l.III06","". 

Plate Olrden: MwmUID bolIdlng moment OOCur1l at tho Inner boams 01 
tho l'ellpectlvo fOOtings. and IlllQ,uall.O the Load 00 tho column multiplied bl' tho 
III"anoo 01 its centel' from tho center 01 moments. 

M max. from wall column _ 840,000 x 2'-6"-2,100.000 foot poUUd8. 
M max .• rom In renor colnmn_ 1,200.000 x 1'-8"=2. 100.000 foot pounds. 

I~equlrod lIOCtion modullUl of two glrdet _ 2.1~6~ x 12 _ 1.676.0 In.' 

ScIOC! 'roln girder safe load tablo, pago 264. t ... o glrdOM! compo::!lllld each or 
... eb I)[ate 86" x }i", 4 anglea 6" x 4" x H", and 2 Oanga plate. 14" x H";-

Total MlCtlon modulus. 8"",2 '" 792.3 _ 1,684.6 In .• 

Max[mum mear OOC\U'II at tho lnaldo qo of!.be.wel slab llDder the Interior 
column. and I, equal In t(ltal tor the t ... o glnlen t(I the load can1ed by the 
portlon o f the footing between thU point and the Inside edge o. tbe 'noll"" 
Of' 1 .200.~ "' .68 ==680.000 Or 340 ,000 pounds j)eI' girder. 

At 10,000 polUldl per 8Quare loeb. the 36" '" ,",," plate girder web III good for 
180.000 JlOunds; therolore, i~ Is nOOl'l8ll&l'l' 1.0 UJJe reinforcing .... eb p late. where 
the .hear 6ltooodl< that amount. 

lloalM. Lower Tier, I nterior Oolum.o: 

Uequlred tot&l soctIon modulWi 8 _ 3 '" 1,260,000 x D.67 _ I 142..3 lu.' 
, , 32,000 • 

U.a 13-18" M.7 lb. baa.IJu - Total fIOCUon modullUI "'" 1.I4D.2 In .• 

Average.hear _ 1.260.000 ",lli", 1 = 4.620 1111. j)ClI'eq. In. 
12.6 2 13 '" 18 ",.4ft 

Average buekllng fItr\lI$ _ 131~2!1!'~6 _ 4,Il00 1111. j)eI' .IIQ.ln. 

For e.:t.erior column UlJe 9-18" 601.7 lb. hMmI. 

~
NOTf:'-ln order to f&cilitate manufacture and shipment, it i8 

desirable to use for the entire foundation as few sizes and weight8 
of beams as possible, and the rolled alee! alab8 should be of the 
.!lame thickneas or at least of aa few thicknC8!lC8 a8 really convenient. 

'" 



O IR: DER:S 

RIVETED BEA:'II AND pr .. ATE GIRDERS 

Whcre single rolled beam~ are insufficient to carry the loads, the 
required capacity may be secured by fabrication in various methods. 

Two beams c4'n be used, connected togethcr by bolta and Separa­
tors. The total strength of these is twicc that of the single beam 
of the samc depth and wcight. Care should be takcn, Q.owevcr, to 
see that thc loads arc applied on them equally, and where it is 
neessary for the beams to act na a unit, the separators snould be of 
plates and anglCII and not of cnat iron, If the loading is not uniform 
on the two sections, their strength must be computcd ecparately. 

The use of single beam girders with platCII top and bettoln to 
sustain a given load is often more economical in material than the 
usc of two beams connccted by bolta and ecparators. 

BOl:: girdcrs formcd of two beams with flange plates riveted thereto 
arc often used for sUpporting interior walls in buildings. They 
nrc not, however, as economical in material as single beaIllli with 
flange platCII or plate girders. Their interior surfaces do not admit 
of repainting and t hey should, therefore, not be used in exposed 
places. 

The most economical section to 811Stain hCllovy loads is thc single 
web plate girder and it is sufficient for all ordinary purposes. Whcn 
not so, two single web plate girders may be used, together with tie 
piates extending clear across the angles, or box girders may be 
made of four flange angles, two web plates and top and bottom 
flange plates. In case there is unequal distribution of the load, 
the two girders or half girders must be figured as separate units. 

In the design of beam or plate girders, care must be taken to sec 
that thc web is of sufficient thickness to resist buckling stress and, 
therefore, attention is called to the construction specifications and 
to the remarks made on page 1\'13 as to shcaring stre88CS in gencral. 

The tables which follow give first, a selected line of riveted beam 
girders of approximately twice the carrying capacity of the single 
beaIllli of which the sections arc built; second, a selected line of 
riveted plate girders of various depths and carrying capacities such 
na arc cnstomary in building work; third, elements of riveted plate 
girders of various depths from which it is possible to select econom­
ica! scctions for almoat !lny ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds unifonnly distributed. 

In accordance with thc construction specifications, these girder 
tables are based upon the seetion modulus of the gross area of the 
section, with bending stress allowed at 16,000 pounds per square incb. 



CA R.NEO I E STEEL COM P ANY 

RIVETED BEAM GIRDERS 

ALLoWAI:ILJ!: UNIFORM LoAD IN THOUSANDS OF POUNDS 

Maximum Bcndlng Stroas, 10000 Pounds pOl<" SQ,uaro rnell - -

:---12:'- '. 

1: 'I 
.... · 11) .. ,·. 

]E iI ~ 1 I 

! 

~! _ I . 
.J 

8'3 - _. f ~- 0 

! , .j 

S_ .. L L ~ 
" 

1-1Jeoom 27"I90 lbe .1.l!eam24· ",7Ul l-Beam24'",7D.1I1 1.BN.m20''''8 l~ • • ,., 2-Plateo 12"",M" 2·PlaIa 12"",14:" 2-l'IakIJ 10"",,"," 2-Plateo 10"",,,,, 

! ,-- ,-- ,-- ,--ill &I. im IIaIe ~e ill Sal. ..... , ...... , , . ..... :<1 "', 101. , ..... .. , Ioi. l fltll "', 101.1 ..... So" r..' IIOb ..... ,- ..... ,- ...... ,- ..... 
~ " ~.t " ~~ E ri.~ "'~ "'* ".~ -- - -- ._-

" ". l ~UI '" 14.2 H*- 11.7 ,,. 
I 

.. , '.80 

'" "3 14,S '". 13.2 240 10.11 ". ••• 3.24 

" '" 13.S ". 12.3 '" 10.1 '"' '-' 3.72 .. :l01 13.0 --"'-- 11.5 " . .., '" , .. W 

" 21!3 12.2 

I 
23S 10.11 '" , .• , .. 

I 
'-' 4.78 

" 
,,, 11.5 ". 10.3 '" 8.' m , .. 6.36 

" 
,,, 10.9 '" •. , m 8.' '" 66 6.98 

" ". l OA '" ,., 
I '" 

'.6 ''" .. 6.62 

" '" '" '" 8.8 ". '-' '" 6.0 '-'. 
" '" ... , .. 8.' "3 6.' ' SO .., 8m 

" "" ••• '" 8.' "6 6.6 '" '-' S.76 ,. "" 8.' ". ,., '" 6.' >27 '.3 11.53 

" '" 8.3 '" , .. '" 6.' ", ••• 10.35 

" '" ••• ". '-' ". • •• U. '.8 11.19 

" 
I 

'" '-' ". 6.8 '" '.6 U. .., 12.07 

" '" , .. 145 M ,,. ••• ". ••• 12.98 

" '00 '-' , .. 6.' m .. , ... '.3 13.92 
30 '''' " '" 6.' U, .. , ". .. , 14.90 

" '" ,., 
'" 1 6.0 "" ••• w .. , 15,91 

" '''' 6' '" '.8 '" '8 00 3.' 16.96 
33 '" 6.3 '" '-' '" s, .. 3.8 18,03 

" '" ,., 
'" ... '" ••• 00 .. , 19.13 

" 137 " "6 ,. " '3 " I 3.6 20.28 
---.- 44.3fillOhW u.~ i ... be02 :J,5.83i~ 38.74 "",baO 

S'~I 4~.8 , ... b ... 3SO.0 .flth", 31U ifltb,.a "'., "' ... W ' , 1~1 .2 lbe. " 141.1 l~-~ft. IZUI";'~It. 132.4 ~ft 
&ho I'*" obo.e borioontal Ii .. ex....! tM nit ...... _ aad ,,"'en ...... ld be pro~ided 

';!.b rtifI ....... ; for lim.uac. ""tId,tioat 1M explana:Z __ aII.d ~D !jpeetfiu'io ... 
Weichto "yeo ror ,,!'den do Dol. illtl""" . _ MVel ...... or 0Ibe0' del&ila. 
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OIRDERS 

RIVETED BEAiM GIRDERS-Ctmcludcd 

ALLOWABLE USIJ'OItM LoAD IN THOUSANDS OJ' POUNDS 

M&lJmurn &lDdlq 8t.1'_, 16000 Pounds pet SQ,U&rll Inch 

ri cJ '1 
_8":._ , . 

1" -> 

, ! ,f , , 
~ L .1 l -, .; 1 _ J , . 

! 
L L 

"'" • 
j 
• •. ~ 
I 

, 1.34 

" ,,60 

" '" ••• '.00 
" .. , ,., 

'" ••• ... S 

" '" ... " ... .... .. '" .. , 88 .., 3.24 

" '" ,., " ,., 3.72 

" '" ... '" ... '" ... " '.8 4.24 

" '" '-' '" .. , '00 '-0 " .. , 4 .78 

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

'" 
.., .5.36 

" '" •. , '" ... 00 ... " .. , ,." 
" '" 5. " ,., " .. , " '.8 6.62 

" n' .. " .. , " .. , " , .. '-'0 
n n. '.8 " 

.., n ,., 
" 

.., 8.0 1 

" '" '-' " .. , ,. .., 
" 3.3 8.76 ,. '" ... " 

.., 
" '-' " '-' '-0' 

" '00 " " .. , OS 3., ., ,., 10.36 

" " .. , " .. , .. 3.' " , .• 11.10 

" " 
.., 

" 3.8 ., 3. ' .. '.8 12.07 

" 00 '-' " ,., " ,., .. ,., 12.98 

" " ... 68 3.6 " 3.0 " ,., 13.02 

" .. .. , " ••• " 3.8 " 
,., 14 .00 

.. I JUII'........ r fUe,aetw.o 2&03i"- SlUt· 
1_' 23-5.2 ~ 18u iDOw.t IMI..5i ...... 11503 i 
,. , IOU IlL fL UOO lbo.. tL l1li.1 IlL <c . 10.1 lbo.. 
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CARNEO Il! S TEEL CO MPANY 

RI VETE D PLATE GlRDERS 

I..oAD8 IN T nOUSANDS 0'" P OUNI)8 UNIFORlILY D ISTRIBUTED 

Mulmum BendlllI Stl't'Q, 16000 Pound~ P er SQuare Lnch 

.1 
j 

Dlmerulolll lu I~ • 
.J~ .~j .H .il ~i .ij 1 1 ~H J .r, 
t< .<- 1.< 1.<- 1.<-
:11 ofj W :ll :1 :11 ~n :11 ,;~ ... ;.::;::Ii!. 

:iii", :iii '" :iIi~ :t:i'" :iii", :iii", "'''' d~ ~!~ ~'" ~ .. ~ .. ~. •• n ••• ~u •• . t, .:1" .:1 .!.l;:i .!.l';i •• . .. .. " -." .------,,. 
'" ." ,,, 

'00 '" "" '" 6.62 

'" '" 
,,, ,m ", '" 785 ,,, ,.,. 

". ,., ". '" '" '" 212 '" 8.0 1 

---- ,., ,,, ,,. 
'" ". "" ,., 8 .18 

,7> ,,. ,., ", ". >0, ,,, ", lI . .53 

"" "" 
,,, 

'" '" '" m '" 10.3.5 

'". ,., "', ,,, I.~ I ' 50 ". , .. I I- I ll , .. '" 
,,, 

"" --m- ,., ,n 700 12.01 

'" ", '" '" ... , .. , .. ' W 12.gs 
". ". "" ". 135 ---.ar "" '" 13.02 

'" 
,,, ,m ,., 

'" 
,,. ' W ,sa 1".00 

". '" '" '" '" '" '" ". 1.5.01 ,., ,., , .. '" '" ", '" '" 16.96 >0, ,., '" ,sa '" '" '" '" 18.03 , .. '" '" '" '" '" '" 'M ul.Ia 
,sa ' SO '" ", '" '" '" '" 20.28 

'" '" '" '" ' W ,,. 
'" '" 2 1A.5 

'" '" '" '" "'" "" ", , .. Z2.66 

'" '" '" ... '" '" ", '" 23.00 

'" ". '" , .. '" "" 153 '" 2.5.18 
'63 ,,. 

'" ", " OS ". '" 2G.48 
159 '" .. '" 00 " , .. '''' 21.82 
' M '" ... '" .. 83 ,n ---raJ'""" 29.20 

~'- .. u, ".,;'1 .w ...... ...~ ... " -;;:;0, .,." r ,.:0 &._. Il0l.7 520.8 W.I 614.0 :leu _7 560.7 &2 1.1 ID.' 
't"t,.rt... 188.1 , 117.3 I 1&2.8_ L!50.1 11U , 118.1 I ISU , UO.O Lbo. 

&It lo.do ,bon lIoriaootb.lli_ ~ Ib, "'" ..-..- a&>d sitd ... tboDId be prwidld 
"ilh eWr-.; rill" III'ul.i", ..,Dditoo .. _ ."1Or)' DOIei aDd eo...uu.~ Speoilco_ 

Wei&!ol& ci"I'CD for "rdcn .ro DOl ,,,,,Iude ftilI.""" riftl ~ or olbor deui .. 
-~ ", 



OIR,DERS 

RIVETED PLATE GIRDERS-Continued 

SAFI: LoADS IN TnOOIlA,NI)8 OF J>OUND8 UN IFORMLY D ISTIUBOTED 

Muhnum Bonding StN)ll'l. 16000 I'ountll Per Squaro Inch 

, 
_14~ ~ _ 14" 

"U.",""" .r"'-' r "'- r "'~"J: 'I' . .,. 1'[[1'[' ~ . 'r ~ ~ ~ ~ ! i i 1 .... , I I I I 1 

•• Dlmcngjollllin I nchOi • , , .. 
,i~ I ,i.l sf ,f . i! ~i.l ,J! .11 ~ 5!< !l!< ~. ~I 

~<5! ,,< ~. 

;1! ~U :1 :11 ~U ~n .IJ . , 
~~ ... iI:!O: a::~~ 

~ 

~~ [ 6~ :t:'§~ 6 :d :t:'§~ 6~ 6" , .. iI!; H ~~ ~!~ m •• > 
~H ~i!;; --l-. .. 

----1--
. .. 

" '" 21(1 ." , .. '" 2ZO "" '" ,,. 
" "'" 236 , 00 ' 140 ". 217 ," '" 6.6, .. "" ". '" ~ '" "'" '" '" , . ., 
" 

,., ". , .. '" '" '00 173 '" '.30 

" ". ,.. '''' '" '" IS' '''' ... 8.ot 

'" '''' '" I:i2 ". m '" '" 
,,. 8.76 

" '" IS' ". '" 103 '" '" 132 '.33 
" "" 'SO '" '06 ,,. 

"" ... m 10.311 

" '" '" '" '" '" 
,,.. ... m 11.10 

" IS' '" '" .. '" '''' -=- '" 12,07 

" '" '00 10' " '" ,., ,,. II. 12.08 

'" 
,,. 16' ," " '00 142 '" '" 13,02 ,. '" '''' '" " '" 1:.17 '" '00 14.00 

" ''''' '" " 86 ' W 133 '" '" 16.01 

" H.' .. , " "" .. , '" II. .. 16.011 
33 13' ~ " " HI '" '" .. "" ,. ,., 13:1 " " 136 '" '" " 10.13 
36 '" '" " " --m- ". , .. " "'-" 
36 .. , '" .. ,. 

'" ". 10' SS r" " 
~ 

'" I " " '" '" .. 86 22,66 

" 1:.13 ". ,. 
" '" 108 06 .. 23.00 

ao ' 30 '" " " '" 10' " " 211.18 .. '" '" " 00 '" '" " " 26.48 -- I-... .. " ... ~ "" "" 42.13 as.1t ' )I .• ~-~ I •. • 5,_, 41'4.3 .~, ,'U 2411.1 au ... , ' StU .... ED. · 
Y\.!!I'I.. 1"-1 ,n. '00' ... , ItU 1111.0 118.1 IOU u.. 

&f~ Ioodo .'-- ",,"-lall ... I!1CIOOd I.bo ODd ___ aad ,:rden abcJoold ... _oded 

J 
. ,th-do-.; forhmitinc ...-4lioao_ .. plualory"", and 0_1aOoI ~u.... 

W.;ptliPyOII for &i<drn elo DOl iodud • .ur ...... roYeI bcIdo. or other delaill. 

2.>3 

• 



CA~NEOIE STEE l. CO/llPANY 

R IVETED PLATE GUlDERS--Conciuded 

S.4.FE Lo.4.1)8 I N TIJOU8.4.NDS OF Poo:m8 Ur>lFOIUI LY DI8TItIHOTt:D 

::o.la:limum Dendlng S~, 16000 Ponnd. Per Squaro I nch 

~~~["~ ~I-U';I{' ~yltrl~~ ~[r"'" ~ 
. .11 i !. l.l IJ.11 1 ~ 

S_ I __ -'--_-'----=-'----,--'----,-.J....._.J....._-'-_ f • 
i. Dhncnsiou. In IllchCfl 

r~ ~i - • ./. .Jj ,II 
,.. - l!l:~ l<C::' .5<C!: 

il :1 :11 m 
~ ~_ .. ~¥ ~n~ ~ ~ ~# __ .~~ 
r" To •• - ". - ;;.- •• - .~ " 

- --1-=-'::"--l:::=::JC-:':' "',,"+_:.:' .:::....1 ~ ~~ === 
hii'" 224 2Q4 181 16 1 121 1m " " ,. 

" .. 
" ,. 
" ,. 
" " ,. 
30 

" " 33 ,. 
" 

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

127 212 193 172 162 11.'; 03 
121 202 183 1113 144 109 88 

lItI 192 176 1M 138 1001 84 
110 184 167 148 131 00 80 
lOll 176 169 142 126 911 17 
101 168 163 136"J2() 91 74 
07 162 147 131 116 81 71 

03 Il15 141 ~ 111 84 68 
00 160 136 I !~~ r 107 81 M 
86 144 131 111 103 78 63 
83 139 126 113 100 75 61 
81 136 ~ 100 96 73 59 

5.36 
IUI8 .. ." , ... 
8.01 
8.76 
0.0, 

10.3l1 

II.ID 
12.07 
12.D8 
I3.D2 
14,go 

78 130 118 os, 

"" '" .. " .. " .. .'i7 15.DI 
76 126 116 
73 --rn- III 
71 110 108 
00 115 105 " 

88 

'" 83 

.. .. 
" 

till I6.D& 
53 18.03 
.52 ID.13 
50 20.28 

36 17 61 11 2 102 
" 80 

61 40 2 1.46 
37 15 M 109 99 

88 " 
lill 48 22,00 

38 73 64 106 96 86 16 117 46 23,00 
311 71 62 1001 94 8" H 1\6 45 25, 18 
40 60 60 101 92 

... m·7
' 25.':' r ".00 I ,,,. •. 8,.,_ W,II !M,I 878.5 :143 .• 

Yt,..n .O 87.1 IM.O 12U 

82 72 

~tI.20 a.:i:io JOU t10., 
113.0 102.8 

till 44 26,48 

"""i5.OO 2UTi0[f'" m.' 1 1M.. la._ 
M.O 12.1 I.bo.._ 

Sod. I~ .oo..1Iorioooo1a1. I;- .. e..! lb. ud , ........ aod IPrdcn """"" .. _ided 
. 'UlIldI' ...... ; 'otlllDllmleoad,,-_ bpUalot)' _ ..... ~ ~j6cr._ 

Weichllli""" 'otlPrcltn cIo ao\illtillde etiIf ...... , rint b.dt. or oIhtr detr.ilo. 



Q IIlDERS 

R1 VBT ED PLATE GLRDERS 

. r,$ To obtain a Ilrdcr ,ultable t.o ~rr)' any .pect6ed 
-v;, p loading, determine tbe mulmum end reacUon In pound, 

. 'I. a.od the mulmum bending momen~ In Incb-pound" 
8eI~ rrom tbe table a girder ba''!Dg the dMlred 

depth, a thlck.- or web u determined by the m.&llhnum 
end reaction and a .ultahle section modulus u deter-

} - _ I mined bydh1dlna tile bending moment by tllepermlaible 
: 11..- per .,quare loch. 

• FCM' limit ..... eondllloll8 _ eJF:planUCM':J notel and 
: CODetruction Sped6eatloos. 
i ,.o...§lJ4 WeichUl liven do not loclude .tltfenen, rI'l'Ct Ilea.ca . 
• . ~ or othCf' detalill. 

136.6 
1(18.6 
198.7 
236. 1 
238.0 
372.9 
408.5 

142.5 
165.5 
17".11 

"''-' "' ... 242.0 
270.9 
300.' 
343.6 
378.5 
'I' •. ' 
1111.5 
176.8 
186.6 
201.2 
2196 
=.0 
200.' 
291.3 
301.0 
329.11 
33 •. 8 
370.7 
379 .• 
. 08.6 

W,b 

"'" 
4.1 asH 
4 .1 3 .Ij.i 
5.13J.i.l)i 

2 1 .1,". 5.13)i.lH 
5.13)i.l)i 
5.13j.i.l)i 
1I.13)iIH 

4 .1 3 .lH 
6.13}i.lH 
4.1 3 .Ij.i 
·1.1 3.1H 
6.13j.i.lJ.i 

2~.1 H 1I.13j.i.lH 
1I.13j.i.lH 
5.13j.i.lH 
1I.13}i.l}i 
1I.13j.i.lj.i 
1I.13}i.lH 

4.1 3.1H 
li.l3)i.lH 
4.1 3 .Ij.i 
6.1 'IsH 
6.13)i.l)i 
6.1 4 .I}i 
1I.13)i.lH 

26.1110). 1I.13)i.lH 
6.1 ".lH 
li.l3}i.lH 
6.1 ".I'" 
1i.l3j.i.l}i 
~h ";II;H 
(;.I3}i;ll;)i 

-.--I---~ 

12;11; j.i 
12.1Ji 
12.1Ji 

12;11;H 
12 ;II; J.i 
12 ;II; J.i 
12.1H 
12;11; H 

12;11; H 

12;11; j.i 
14.1H 
12.1 j.i 
1·1 .1 j.i 
12;11;H 

69.11 
6(1,9 
79.9 
92,7 
,9.9 
79.9 
92.7 .... 
72.2 
711.0 

''-0 ''-0 97.8 
72.2 
72.2 

''-0 ''-0 97.8 

61.6 "., 
72.0 
76.8 
82,0 
.M " .• 
69.2 

107.6 
69.2 
76.8 
82.0 
76.8 
82.0 

40.8 
6 1.0 
111.0 

,0-6 
""0.8 
40.8 
61.0 
61.0 

30-6 

<0.' I 36.7 
40.8 
47.6 
61.0 

Mw..am 

"" ....... ,­--... _. 
........ 
w .• w., 
110 .6 
W.' 
W.' 
W.' .... . ... 
00.' 
00.' 
60.' 
60.' 
60.' 
60.' 
00.' 
00.' 
OO~ 
OO~ 

06.3 
06.3 
"'.3 
06.3 
".3 
"'.3 
06.3 
06.3 
"'.3 
56.3 
".3 
"'.S 
"'.3 
06.3 



CAR-NEa l E STEEL COMPANY 

RIVETED PLATE GIRDERS-Continued 

SiMi. 1"- WeiP'porFoo&. N..-
""- ....... .... 

Nod,.. --Web l'llie • A.a. 1.1, W .. = = ... = """""" .- .,.. '"- • ..... ....... 
--

42S.4 6I 4 "li 14" )i ,0.. 47.6 

I '''' 447.9 ,'I"Sli" Ii 12IIi " .• 51.0 06.3 
472.7 26" ~. 6" 4 "li 14 I Ji .0.. 59.5 06.' 
5UI.5 6I 4 "Ii 14 I Ii 107.6 51).5 06.' ""' .. h .. "Ii 

14 "" 
107.6 71.4 I 06. 

1.\8.5 
." 3 "u 61.2 67.5 

183.8 ,'I"SliIJi 74.8 I 67.5 
193.11 4" 3 "li 77.6 67.5 ,.. .. h 4 Iii 82.4 I 67.5 
226 . .5 

." S Iii 
87.6 I 67 . .5 

226.6 1I:13,",I)i 87.6 67.6 
~.\8.9 

6" 4 "'" 
08.0 67.5 

267.6 .5"3"'"Ii 100.4 67.11 
"'.0 5x3,",x", 

12 "'" 
74.8 .0.0 117.11 

307.9 6" 4 x'" 11 3.2 67 . .5 

"" .. .'lIS"'''''' 12 x)i 74.8 40.8 67.5 
· 3·U.5 "'. " 6" .. ,,'" I4I'" 82.4 30.7 I 67.11 ., ... 6I 4 ,," 127.6 67.& 
377.4 IIx3)ixli 12" li 87.6 40.8 I 67.& ..... 6" .. xli 14 I li .'-' 47.6 67.& 
416.2 h3li"li 12 x Ii 87.6 61.0 67.5 
43.5.1 6" 4 "li 14 I)i 98.0 47.6 , 67.5 
"54.5 5ISlixli 12 I Ii 100." 51.0 • 67.5 
479.3 6x .. Ili 14 I '" 08.0 &9.5 67.6 

" .. 6I 4 Iii 14" Ji 113.2 &9.& 6 7.5 ..... •• .. " HIM lI3.2 71.4 67.6 
613.9 •• "H 1 .. 11:" 127.6 71.4 67.& 

300.' .. .. ,. .3.> 7" 
333.' 4I 3 Iii 93. ' 7" 
333.' 6I3liI}i 93.' 7" 
•• 0.8 611: 4 I}i 100.5 78.8 
274.6 6xSlixJi 10.5.9 7 .. 
314.8 6.1 .. xJi 118.7 7" 
361.3 6x 4 .I" 133.1 78.8 
.8<.0 26 I 1i. 5.13}i.l)i 12 I li 93. ' <03 78.8 
"21.8 5I3liIli 12I '" 93.' 61.0 7" 
441.7 611: 4 IJ.i 14 I li 100.to 47.6 7" 
461.1 1I.13,",x", 12I'" 10.5.9 51 .0 78.8 
485.9 611: .. x)i 14x", 100.6 59.& 78.8 
M2.7 •• .. " 14 x Ii 118.7 &9 . .5 78.8 
.576.5 •• .. " 14 x " 118.7 71.4 I 78.8 .... , O. "H 14x,," 133. 1 71.4 18.8 l 

'" . 



O IRO£RS 

RIVETED PLATE OIRDERS-Colltilloed 

SiMilal ....... WeiPt Ptr Foot, . ...... ..... "-" '"" -- -... . "',.. • AliI I-I , .ob = \l,: ... \l,: ......... 
'"""" ... = • -
1805.6 ~x3)ix,", 70.3 ~, 

211 .0 6x 4 x H n.. 06.' = .• ~xa)ixH 3. ... 06.' 
204.1 6x 4 x)i 03.' 06.' 
273.2 6x3)ixU 00.9 06.' "'<.3 6x3)ixU 12 x H 70.3 30.' "' .. 31.5.3 6x 4 xH 108.7 "'., ".., Iix3HxU 12 x H 70.3 40.8 "'., 
:W9.8 27x~h 6x 4 xH 14 x H 77.9 33.' "., 
387.3 Iix3HxH 12x H 83.' 40.8 "., 
300.2 6x 4 xH 1<1 X '" 77.9 <17.6 'M 
<126.7 .5x3HxH 12 X H 83.' 51.0 "'.3 
<1<17.<1 6x "' xH HxH 03.' 47.6 06.' 
467.7 .5x3)ixH 12 X H 00.' 1i1.0 06.' 
493.4 6x 4 xH 1<1 X H "., 69.6 "'., 
542 .• 6x • xH 14 X H 108.7 59.5 "'.3 "' .. 6x • x,", I.x M 108.7 71." 06.' 
193.1 6x3HxH 76.0 67 • .5 
218.5 6x " xU 83.' 67.5 
237.8 6x3H"H .... 67.5 
271.5 6x .. %H ".2 67.1i 
28M Iix3J.ix,", 101.6 67.5 
311.7 Iix3)ix ,", 12 X H 76.0 .... 67.1S 
322.7 Ox 4 xH II .... 67.5 
3.5l." 6x3Hx H 12 x H 'M 40.8 67.5 
l{.7.1 

27:1 U 
6% 4 xH 14:1 H 83.' 33.' 67.5 

371." 6% 4 :I" 128.8 67 . .5 
30M 6%3Hxj.i 12 X H ... "'. 67.5 
403.4 6:1 4 :I ,", I" X H 83.' 47.6 67.5 
"17.9 6 x 4 :l U 143.2 67.5 
433.8 h3H :l j.i 12 X H .... 51.0 67.1i 
454.6 Ox 4 xH 14x H "., <17.6 67.1i 
4N.8 5x3HxH 12 X '"' 101.6 51.0 67.1i 
000.' ex 4 :lH ! 1<1 x '"' 00.' 59.6 67.5 
6019.5 6x 4 X,", 14:1 ,", 11 •. 4 59.6 67.6 
600.1 6x" xH 14 xM 114.4 71.4 67.6 
641.2 6:1 .. x" 1.:1 " 128.8 71.4 67.5 

245.2 5:13HxH .... 78.8 
279.0 27 :I~. 6:1 4 :I J.i 10.5.0 , .. 
288. ' 5:18J.ixH 107 .• I 78.8 
330.2 6:1 .. :I,", 120.2 ". 

257 



C • . A . . R •. N .. EOIE STEE l. CO.,." . • . A •• N.Y .. - -
RIVETED PLATE GIRDERS-Continued 

.... Siooiloll ..... W~!.:i.Fooc.. . ...... 
"" ....... --Wtb Plate .. 

Mil I·I, WOO = "- ... "- --... 
I .... • "'. '"* H ..... "'* r~ ... "" .. 
378.8 OJ: " .H 134.6 78.8 
401.7 S,,3}ix}i 12" H ... 40.8 78.8 
"'.3 6x " x~ 140.0 78.8 
«0.9 SX3)iI}i 12s~ .... 51.0 78.8 
461.8 Z7 J: li. 6.1: " x,,", • " x )i IOS.O 47.6 , .. 
482.0 :;lI3J.Sx~ IZJ:U 107.4 51 .0 ". ""., 6J: " J:j.i 14" Ji 100.0 69.05 ". "' .. 6s " xU 14 x '" 120.2 ... , ". "" .. 6x " xU 14:11 " 120.2 71." 78.8 .. .., 

6x " ,," 1<1:': " 134.6 ,,~ ". 
10...6 S:r3J.S"'" 71.4 50.3 
22 1.0 6x " xU 79.0 50.3 
241.1 Sx3J.SxJ.S M.' :;0.3 
276.3 6x " "J.i .<.6 50.3 , .... :;:r3J.Sx H {l7.0 50.3 
317.8 Sx3j.ix,", 12.U 71.4 3<1.0 66.S 
329.7 6x " x,", 109.8 50.3 = .• li J:a}i,, '" 12)[ J.S 7 1.4 '<>.8 50.3 "" .• 28:11:'1\, 6x " :l H 14 II: '" 

79.0 35.' ".3 
4010 SI3)iIJoS 12" )'Ii .. ~ .... 50.3 
413.1 6" " ,,'" 14" J.S 79.0 47.6 00.3 
« ... 8 Ss3}iJ:}i 

12" '" 
.., 

til.O 50.3 
400.5 6s " xJ.S 14 x J.S 9<.' 47.6 50.3 
481.6 Ss3J.SxH 12 It '" 97.0 6 1.0 "'. 614.2 GJ: " IJ.S 14 X '" " .• 50.15 50.3 ..... 6:1 " . U 14 " '" 

1()9.8 59.5 ". 
612.7 OJ: " J:Jjj 14.sS 109.8 71.4 ... , 
=., SlI:3~lI:H 77.3 67.5 
229.0 6l1: 4 lI:H ... , 67.5 
249.1 SlI:3HlI:~ 00.1 67.5 
284.3 6l1: 4 lI:U 100.5 67.5 

"". 5l1:3~lI:.H 102.9 ." 
32-5.6 SlI:3UlI:H 12 lI:.H 77.3 3 ... ." 
337.7 ",,. 6l1: 4 lI:.H 115.7 ." 3'''' 5l1:3}ill:.H 12 lI:)i 77.3 ... 67.5 
372.8 6l1: 4 lI:.H 14, lI: .H ... , 35.' 67.5 .... , 6l1: 4 lI:" 130.1 67..5 
411 .7 5l1:3UlI:U 12 lI:}i 90.1 40.8 67.5 
420.8 6l1: 4 lI:H 14 lI: )i .... 47.6 67.5 
437.0 6l1: 4 lI:Ji 144.5 67.6 
452.5 6::1t3J.ill:J.i 12::1t .H 90.1 51.0 ". 

'''' 



OlltDEItS 

1 
RIVETED PLATE GIRDERS-Continued 

8l..1,, 1 .. b. weif,:t per F_, 
MuimUIII "' .. ' ..... 
'" Moeh,l.., ---Web Plate .. 

ADJ.l , W .. \':.': It':: ... It':: -I . ... ""'" - " ,- ...... 
474.3 Os: 4 s:)i 14 s: )i 100.6 47.6 07.6 
4911 .3 lis:3)ijs:'" 12 x '" 102.9 61.0 67.6 
62UI 

28 x '" " . .~ 14:01 '" 100.6 69.6 67.6 
673.1 ." .~ 14 s: '" 116.7 69.6 67.6 
620." ." . ~ 14s: " 116.7 7 1.4 • 61.6 
008.' ." ." 14 s: " 130.1 11.4 61.6 

267.1 6s:3)ijs:)i ".1 18.8 
m .• 6s: 4 s:)i 108.6 ". 
301.8 1Is:3)i.'" 108.9 " . 3U.8 ... . " 121.7 18.8 '9.., 6s: 4 s:" 13(\.1 78.8 
"19.6 6s:3)is:)i 12 s:)i 96.1 «I.' 18.8 
4"lU 28s:~. ." .,. 1110.6 18.8 
"00.2 6s:3~ s: Ji 12. '" 116.1 .5 1.0 78.8 
482.0 ... . ~ 14 s: )i 106.6 47.6 78.8 

1103.' 1Is:3"'s:'" 12 s: '" 108.9 61.0 ,., 
"' .• ... .~ 14 x '" U'M 69.6 ,., 
"'., ... ." 14 s: '" 121.7 69.6 78.8 
828.0 ... . " 14s:" 121.7 71.4 18.8 
676.2 ••• . ~ 14 X " 136.1 71.4 18.8 

221.8 6s:3J.is:'" 1!l.9 74.3 
2110.6 6s: 4 s:'" 87.6 14.S 
212. 1 lis:3"' s:'" 92.7 14.S 
310.3 6s: 4 s:'" 103.1 74.3 
320.6 Ss:3'" x", 105.6 74.3 
3M.8 lis:3"'s:'" 12 s: '" 79.9 "' .. 14.3 ""., 6s:3~s:H 117.6 14.3 
311S. 1 8s: 4 s: ", 118.3 74.3 
391.8 h3)iS:'" 12 s:)i 79.9 40.8 74.3 
4!H .1 6s: 4 s: '" 14 s: '" 87.S "., 74.3 
423.1 "'. ~ 6s: 4 s:H 132.7 14.3 
446.6 6x3j.i s:'" 12 s: j.i 92.7 40.8 74.3 
456. 1 6s: 4 s:'" 14 s:)i 87.6 41.6 14.3 
476.8 6x 4 S:U 147.1 ''' .3 
400.3 6s:3).is:)i 12 s: '" 02.' 61.0 14.3 
614.0 6s: 4 x )i 14 s:)i 103.1 47.6 7" .3 
636.1 Gs:3).ix'" 12 x Ii 10.5.6 61.0 74.3 
"'.1 (Ix 4 s: )i 14s: '" 103.1 W., 7·1.3 
620.6 ... ." 14 s: '" 118.3 69.6 74 .3 
071.3 ... . " 14 s: "" 118.3 71.4 7" .3 
723.8 ... . " }4x,," 132.7 71.4 14.3 

, 



r 
I ...... 

Mod,,1ua, 

~H. 
I~"" 

ZSt. .. 
319..6 
329.7 
37{i.5 

"'. "32.3 
4M.1I 
48.5.0 
401l.2 
523.0 
646.11 
674.0 
629.6 
680.1 
732.6 

"".11 
328.8 
338.9 
3S4.1 
386.5 
441.5 
"6~.4 

4~.2 

608.0 
631.9 

"'. 1>112.11 .... 
688.9 
7"1.3 

251.7 
283.7 
307.7 
3OS." 
.... 3 
361..5 
383.11 
300.0 
412.5 
" 1".7 
4<15.5 
463.4 

CARr"iEOI E STEEL COMPANY 

RlVE'TED PLATE GIRDERS-CJontinued 

f' iJIIi .. hact.. 
w.~ ptt' Fool. 

"""" --
Wtb Piole .... ..... "- ... l1:::: 1'10* ,I." '"* := 

.5x3 3i :r.: U " .0 
e ... :r.: j.i 109.4 
AsS J,ix h 111.8 
lIx3 )ill ,".: 123.8 

(I." ,, '" 124.6 
b" .I ,,, 139.0 
h3 J.is )i 12 x J.i 00.0 <0.11 

30 X ' .. (Ix" x U 1{>3." 
Ax3)iIlH 12:r ,.. 00.0 51.0 

6x" s ji I4xU 100.4 47.6 
1):r.:8 )ix ,.. 12:1. S 111 .8 51.0 
ox .. xJ.i 14 " H 109.4 59.5 

OX" xS i'I" h 124.6 59.5 

6x" :I S 14 1: '" 124.6 71.4 

(Ix" sU 14x U 131).0 71.-1 

6.c3 )is J.i 10.5.4 
6x .. z li 115.8 
Iixa ,.h H 118.2 
6x3 J;s U 130.2 
t1J; .. s h 131.0 

6J: .. " ~4 145.4 
6x3)id i \2 " J.i 10.5.4 <0.11 

>I. H 61: .. :.; Ji 159.8 
f>x3 J.is j.i 12:1 H lOSA (;1.0 

6J[ " x U I .. " J.S 115.8 47.6 

6x3 J.ix h 12:r ,.. 118.2 51.0 
6.1 .. z J.i 14 " H 115.8 w., 
6x .. :r.: J.i 14" h 131.0 59.' 
IIx" lI: S 14 .1 , _ 131.0 71.4 

6.0;" x U 1411" , . 145.4 71.4 

1Ix3)id i 11"-' 
G. 4 I: Ji 91.3 
6.E3 j.iI: )ij II'" 
61: 6 I: Ji 101.7 
61: 4 I: )ij 106.0 

33. H 6.E3~I: Ji 109.3 
6x 6 x ~ 120.5 
6x3 "Sx 'i 12 I: Ji " .. >1.6 
6x3 ~I: ~I 121.3 

I (II: " x Ji 12"2. 1 

IIdJix Ji 12 I: )i " .. 40.S 

61: 4 d , 14 1: ,", 0 1.3 " .. 
'110 

M ... i",uII> .... 
-~ • -• ..... 

116.0 
" .11 
116·6 
" .11 
110.6 
" .6 
".6 
116.0 
".6 
1111.6 .... 
116.6 
".11 
116.' 
116.6 

00.0 
00.0 
00.0 
00.0 
00.0 
00.0 
00.0 
00.0 
00.0 
00.0 
".0 
".0 
00.0 
" .11 
" .0 
SI.O 
IIW 
SI.O 

121.6 
SI.O 
S I .0 

I 
121..5 

SI.O 
SI.O 
S I.O 
8 1.0 
81.0 
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I-I, 
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., 
•• 
.6 

•• 
.0 

'" 
"" 0.;8 

.. 
•• 
.0 

1174 ., 
'" '" ,,, 

.0 

.0 ., 
601 •• 
'" "" "" '" '" ,., 

.0 .. 

.0 ., ., ., , 
'" 80-L' 
8M .0 

.0 "8 
30 .. , 
'" '" '" ". .. , 

.1 

.8 

.1 

.8 

.6 
• . Z ,,-

"0 
'" '" '" 00:; 
0;0 

., 

.0 

.8 

.0 

.8 

.6 

'" .. •• .. , 
or.; •• 
"" .8 
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O IROERS 

RIVETED PLATE GIRDERS- Continued 

S ... IBI",,~ W1:!.~F_, M .. imullI ... --llIeb PIaM ;. 
W .. ~ "- ... \i:'::: -"'. "'* ~ .. , ...... 

6x 6 x~ 1:.t8.0 121 .5 
6x 4 x ". 136.5 8 1.0 
6x 0 x~ 14 X ~ 101.7 35.7 IZI.5 
6x3~ x" I Z x " OM 40.8 8L.0 
6x 4 x ,", 14x j.i 01.3 47.6 81.0 
6 x 0 x " 100.0 121 .5 
6x 6 x ,", Itx " 101.7 47.6 IZI.5 
Il x 3j.i x J.i IZ x~ '0.0 51.0 81.0 
6x 4 x }i 14 x }i 106.9 4.7.6 81.0 
6 x 6 ll ~ 14 X '"' 101.7 50.6 IZI.5 "'. H IIx 6 ll Ji 174.5 IZI.5 
6 x 3}i x ,", 1211 ~ 100.3 5 1.0 81.0 
611 0 ll J.i 1411 }i 120.6 47.0 121.5 .. ,," I4x ~ 106.0 50.5 81.0 .. 0. " 14 x " 120.5 59.5 121.5 
6. " H 14 x " 122. 1 50.6 81.0 

" " " \-Ix ,," 120.5 71.4 121.5 
O. •• H 14 x " 138.9 w .• 121.6 .. .. " 14 x" 12'2.1 71.4 81.0 .. " H 14 ll" 138.0 71.4 121.5 .. 4 ll" 14 X "" 136.5 71.4 81.0 

•• .. " 14 X " 100.0 71.4 IZ1.6 

/ix3J.ix J.i 100.5 , ... 
6x 4 x " 113.11 " .• 
5x3}i x ~ 116.3 .... 
611 6 ll J.i 127.5 141.8 
5x3" x J' 128.3 .... 
Ox 4 x ~ 120. 1 , ... 
6x 6 x " 115.9 141.8 
Ox 4 x " 143.6 " .. 

33x ~. 6 x 3}i x }i IZxJ.i 103.11 "'.8 .... 
6x 6 xM 10.3.9 141.8 
6 x 3\i x J.i 12 x '"' 103.6 51.0 04.6 
ox .\ x }i I4x" 113.9 47.6 .... .. " " 18 1.5 14 1.8 
5 x 3J.i x ,", IZ x " 116.3 111.0 0-1.5 
6x 6 x li I4x li 127.6 47.6 141.8 

" .. " 14 II " 113 .9 .... .. .• .. " " II ll" IZ7.6 /i0.5 141.8 .. "H 1411 " 129.1 50.5 .... 

'" 



CARNEO l fi STEEL COMPANY 

RIVETED PLATE GIRDERS-Continued 

..... 8ioo ito I ..... w .... ~.J.oot. Muim<>", 

"'" ....... ...... 
"'_ PIau " Asio I-I, .... - - ... "- """"" " 1_ ""- - ""- \'::: ""- ....... 

7n.D ••• .~ 14x U 127.[; 71.4 141.8 
743.6 ... .~ 14x ~ 14$.9 59.5 141.8 
769.6 33x~. 'oO .~ 14xU 129.1 71.4 "., 
799.0 G •• .~ I4xU 14'::;.0 71.4 141.8 
818.3 ... ." 14 X " 143.6 71.4 '" .. 
"M Go' ." 14xU 163.9 71.4 141.8 

330.0 lId}ix}i 110.[; 108.0 
372.6 6x" x}i 120.0 108.0 "" .• lIx3}ix~ 123.3 108.0 
400.0 6x 6 xJi 134.6 162.0 
434.D $x3~xU 135.3 108.0 
437.0 Ox " x H 136. 1 IOS.0 
H8.2 Ox 0 x~ 152.9 162.0 
498.4 Ox 4 x,", 150.6 108.0 
621.5 $x3}ixH 12 x H 1l0.5 40,8 IOS.0 
6017.8 6x 0 xU 170.9 162.0 
560.5 lIx3}ix)i 12 x '"' 110.5 51.0 108.0 
500.4 .,,~ Ox 4 x)i ax H 120.9 47.6 108.0 
615.0 6x 0 x U 188.5 162.0 
621.4 lIx3J.ixH 12 x '"' 123.3 51.0 IOS.0 ., .. Ox 6 x)i 14 x}i 134.6 47,6 162.0 
652.5 'oO .~ 14 x '"' IZO.!) "., IOS.0 ., ... G •• .~ 14 X '"' 134.5 ".S 162.0 
7i-1.5 ••• .~ 1'1 '" '"' 136.1 59.5 106. 
740.6 ... .~ 14 x" 134.5 7l.4 162.0 
7601.3 Go' ." 14 X '"' 152.9 "'.S 162.0 
770.3 'oO ." 14 x" 136. 1 71.4 "60 
800.7 ••• ." ax " 152.9 71.4 162.0 
829.0 ••• ." 14 x " 1$0.5 7l.4 108.0 
876.3 ... ." I4x" 170.0 71.4 162.0 

318.0 
."" 4 "' '"' 

"'.1 87.8 
3H.4 5d}ixH 100.3 87.8 
346.0 6x 6 x,", 105.6 135.0 
391.4 6:1: 4 "')i 110.7 87.8 
.... 7 5x3H",,", 113.1 81'.8 
430.8 

36'" '"' 6ll 6 "')i 1Z4.3 135.0 
400.0 5d}i"''' 125.1 87.8 
462." 

.)1[ 4 "''"' 
12l1.9 87.8 

=.3 Go< ." 14x ,", 05.1 ".7 87.8 
11 10.11 G •• ." 142.7 135.0 .... , 'oO ." HO.3 87.8 
53 1.6 ." ." 14x,", 105.;; 311.7 135.0 

,,, 



O IR. OE! R. S , 
RIVETED PLATE GIRDERS-Continued 

..... ~i.I""'" w",,~YooL, "--"'" "~- ....... 
Web f'Ia&e 

" AWl-I, Wob ""- \1: ... \1: -I ..... ,.,.* ,- - • ,- """" 
".., 1I1:3~J:~ 12 J: j.f 100.3 40.8 87.8 
OM.I 61: 4 J:H 14 J: j.f "'.1 47.6 8 7.8 
593.2 6J: 6 J:!-i 14 J: j.f 106.11 47.6 135.0 
5'),5.3 6J: 4 J:U IM.7 87.8 
600.8 1IJ:3j.f J:j.f 12 J: H 100.3 51.0 87.8 .... , ... 'Ii 14 J: ~i 110.7 41.6 87.8 .,.., 6J: 6 I:H 14 J: !-i 106.11 59.5 135.0 
66-1.2 "'. " 1IJ:3j.fI:!-i 12 J: !-i 113.1 51.0 87.8 
674.4 OJ: 6 J:J.i 14 J: j.f 124.3 47.6 135.0 
698.0 '" .Ii HJ: ~ 110.1 59.5 87.8 
135.5 ,. , .Ii 14 J: '" t24.S 59.11 135.0 
166.6 '" ." 14J: '" 125.11 59.11 87.8 
700.8 '" .Ii 14J: ~ 124.3 71.4 135.0 
8 13.1 '" ." 14 J: ~ 142.7 50.5 135.0 
827.6 '" ." 14J:"," 125.9 71.4 87.8 
873.8 , .. ." I" J: "'" 142.1 71.4 135.0 
892.8 '" ." 14J:"," 140.3 71.4 8 7.8 

357.7 1IJ:3j.f I: j.f 108.0 102." 
401.1 6J:" J:J.i 118. 1 102." 
"11.0 1IJ:3j.fJ:!-i 120.8 I 102.4 
"43.6 Ih 6 J:~ 132.0 157.11 
"13.3 1l J:3j.f1 ~ 132.8 102." 
"111.7 •• < .Ii 133.6 102." 
1123.8 61: 6 J:!-i 150.4 157.5 
5-13.5 ... ." 148.0 102." 
1161.2 h3j.fJ:\i 12 J: j.f 108.0 <0$ 102." ..... 36J: ~I.. Ih 4 J:U 1(;2.4 102." 
619.7 1IJ:3}i1:j.f 12 J: ~ 108.0 51.0 102." 
(l.j9.5 6J: 4 J: J.i BJ:j.f 118.4 n.6 102.~ 

677.1 GJ:3}iJ:!-i 12 J: " 120.8 5\.0 102.4 
687.3 6J: 0 J: 'i II J: !i 132.0 47.6 157.5 
710.8 , .. ." II I: " lIS,4 59.5 102 .• 
74S." ... 'Ii 11 J: !-i 132.0 W., 151.5 
779.5 , .. .,. UJ: +( 133.6 W., 102 .• 
80.., ... . ,. IIJ: " 132.0 7\.4 157.5 
"'.9 6. 6 .Ii 14 J: +( 150.4 59.5 157.5 
8-10.' '" . Ii 1IJ:" 133.6 1\.4 102.4 
"'.6 , .. 'Ii 14 J:" 150.4 71.4 157.5 
110M ... ." 14 J:" 148.0 7\.4 102.4 

• 



CAN,NI!QIIl STEE L COMPANY 

RIVETED I)LATE GIRDERS-Continued 

..... S.,iB IIIChe. "'i!'.!.!!r. FOOl, M ......... 

"" Modo!.., -Web Plale " !.Qt.l, ... - "- ... "- -, ..... - ,- Mo_ -- """ • - ,-
"18.0 1);1;" :r)i 120.0 117.0 

"M.O 6s0x)i 139.6 ISC.O 
<180.0 6 X" II: Ji 141.2 117.0 
/i.37.t 6 x 1):0: H 158.0 180.0 

"' .. 6:11;"" ~, 1~.6 117.0 
6 1<1.5 6;11; (I" " 176.0 lSO,O 
621.11 6"" x h 170.0 117.0 
662.5 (I,," x )i 14:r h 126.0 47.6 117.0 
689.2 II x 6 x ~ 193.6 1SO.0 
700.3 6" 6:r ).i Hx )i 139.6 <17.6 180.0 
723.7 6x<lx)i I4:< H 126.0 59.5 11 7.0 
761.3 36 x)i Ox 6 x J1i 14 X H 139.6 59.5 I SO.0 
7(12.3 II x >I x H 14 x H 141.2 59.,5 11 7.0 

822.3 II x 6 x J.i 14 xU 139.0 71.4 I SO.0 

"'.8 0" 6 x H 14 X )i 158,0 (;9.5 180.0 
853.2 6:.:4 x H 14. X ~~ 141.2 71.4 11 7.0 
89{1.4 6:.: 6 x H 14 " ~~ 158.0 7lA 180.0 
918.3 6"" lC " 14" ,~ 165.0 71.4 111.0 
973.7 ox 6" U I4 xU 176.0 1 1.4 180.0 

1039.4 Ox'" x U 14 X I 15.5.(1 95.2 117.0 
)1Y.l4 . 1 Ih;Ox 't 14 x I 176.0 95.2 18 :).0 
110 1.1 OJ:4X y{ 14 " I 170.0 95.2 117.0 
1164.D 6 s: 6l< }i 14 l< I 193.6 95.2 l SO.0 

4«.7 6l<"''' ~ 1 ... 1.3 146.3 

"'83.5 (I,.6s: ~ lM.9 225.0 
6Ut.7 (I,. ... ,. H 15&.5 146.3 

M3.' (ls:6,.H 173.3 225.0 , .... 6 s: 4 ,. " 170.9 146.3 
641.2 6,. 6,. " 191.3 22M 
648.5 6,. <I ,. }i 1&.3 146.3 

688.' ... " 6,. <I,. }i 1<1 ,. }i HI.3 47.6 1<16.3 
715.8 6,. 6,. :H "" .. 225.0 
726.2 6 s: 6,. li 1<1 ,. J.i 154.9 <17.6 
74D.4 6,. <I,. li 14,. H 141.3 59.5 146.3 
787.0 6,. 6,.}i 14l< H IM.9 59.5 225.0 

818.1 6,. ... s: H 14,.S 156.5 59.5 1"'6.3 
8017.9 6 s: 6,. }i 14,. " 154.9 71.4 225.0 

8'<6 6l< 6 x H 14,. S 173.3 59.5 22:>.0 
878.8 6,.4,. S 14 s:" 156.5 71.4 146.3 

924.9 6,. 6,. S 14,. ,.~ 173.3 71.4 225.0 __ ' _ J 
". 

l 



O I RDERS 

RIVETED PLATE GI RDERS-Continued 

8iae la IIIC:b. Weicht per fOOl., 1.1 .. , ... _ 

"""" 
,~ ... 

'''' .. ocI ....... -.... w ......... •• oWIl-l, .. "" \':;;: li=:: ... li=:: -, ..... ... ~ \':;;: • '-
. 

u..3.\1 6,,4 "H 14" U 170.9 71.4 140.3 .... , 0" 0"" 14" " 191.3 71.4 22:\.0 
lo-toS.9 6"6,,,", ... • 173.3 95.2 22:\.0 
HMW.7 

36 " '"' 0" 4 ,," ... • 170.9 "., 140.3 
1119.3 O"Ox"," ... • 101.3 "., "'.0 
1126.3 0"4,, U ... • 186.3 "., 140.3 
1100.1 6"OxU ... • "". "., "'.0 

,00., 0,,4 ,,'"' 'OU 101.8 
427.oS 0"6,,,", 113.2 U7.4 
4n.2 0" 4 ")'Ii IIS.4 101.3 
627.2 OxO,,)'Ii 132.0 U7.6 
661.4 0,,4 ,,'"' 133.0 101.3 
606.6 0,,4 ,,'"' 14" '"' 102.8 ,.., 10 1.3 
623.6 OxO",", 160.4 167.11 
688.' O,,·lx,", 16 x" 102.S .... 101.3 
042.1 0"·1,, " 148 0 101.3 
6<3.' Ox6"" 14" " 113.2 ".7 167.11 
076.1 OxOx" 10",", 113.2 ..." 167..5 
678.11 0" 4 x" 14 " J.i >aU 47.0 101.3 
7U.2 6" 6"" 14 x J.i 113.2 47.0 U7.4 
710.11 6xOx" ."'. U7./i 
7UI.6 Ox 4 x H 162.4 101.3 
767.7 0" 0"" 16" )'Ii 113.2 'H 167.4 
763.7 42" " 0"4,,J.i 14 " J.i 118.4 47.0 101 .3 
787.2 Ox6x,", 14 x '"' 113.2 6D.oS U7.4 
,ou Ox4x)'li 10 x)'li 118. ... .'-' 101.3 
'0,-, 6 x 6x H 186.0 1117.6 
S12.7 0,,6xJ.i 14" )'Ii 132.0 47.6 U7.OS 

" ... Ox"'xloi 14 x '"' 118.4 .. ~ 101.8 

".., 6xllxloi lOx Joi 132.0 .... 167.4 ..... 6"0,,Joi 14",", 132.0 .. .• 1117.6 
(117.3 Ox'" x ,", 

I" " '"' 
133.0 W., 101.3 

937.3 OxOxloi 16 x '"' 132.0 68.0 loS7.6 
"'.7 . OxOxloi 14 x" 132.0 71." 167.6 
970.4 6x4x» 16 " '"' 

133.0 68.0 101.3 
977.0 0"6",,, 14 " '"' 160." w., 1117.1i 
"'-7 Ox"x,", 14 x" 133.6 71.4 10 1.3 

Ul3O.' IIxOx,", lOx ,", 160.4 68.0 167.6 
1(>1.8.6 IIxOx,", 14" " 160.4 71.4 U7.6 
1006.6 Ox4"" 14" " 148.0 71.4 101.3 
1112.4 O x6x,", 10 x" '60' 8 1.6 1.57.6 L 



- -..... 
Modltl-. 

Aal.l. ...... 
1130.", 
1138.6 
llM.l 
1202.3 
12S3.6 
1286.4 
1300.6 

4~.3 

.,,' 
671Ui 
641.0 ..... , 
734.7 
737.Co 
781.1; 
8201.0 
.... 6 
830.' .... , 
gn.9 

"' .. .... , 
".., 
973.2 
068.' 
005.3 

1006.2 
IMS.4 , .... , 
1084.1 
1129.9 
1147.9 
111\0.0 
1211.6 
1210.S 
1300.9 
1387.3 

li13.5 ,.,., 
a97.7 
M9.S 
07S.4 

• 

CAR-NEOlIl STEEL CO,\II>A NY 

RIVETED PJ.ATE G I RDEJtS-Continucd 

SiMLa h.d ... WtlPt J>ft' Fo<>', 
'00,"" 

. , 
Web PIot.o 

W .. ''''' "- ... ..... 
"'~ - "'~ := "'~ 

I 
6" <4 " " 10 x" 1<48.0 81.(1 
6 X 6 x'4" 14 x" 148.<4 71.<4 

6 X 6 X '"' 16x~ 160.4 95.2 

4.2 X '"' 6"6,,M 16 x)-4" 168.4 81.6 

OX 6 X "" 16x ~ 168.4 ,.., 
Ox 4 X U 10I ~ 162.4 M.' 
6I6" U 16 rJi 186.0 tN.2 

OX4x)i 127.3 
o I 6" )oS 140.0 
0""" ~ 142.5 
O,,(lx,", 1611.3 
6x-lxM 166.9 
6XOI" 177.3 
6I""~ 171.3 
o I"," )oS 14 X )i 127.3 47.6 
Ox",x)i 10 I )i 127.3 ,. .. 
6 I 6 I 1i 194.9 
0" 6 I)oS 14 " '" 

140.9 "7.6 
G I" x)oS 14 x~ 127.3 " .• 
6xOx)i 16 X )i 140.9 M.' 
6x6I H 14" ~ 140.9 W., 

42 I lh Ox" I 'i 14,, 'i Jf2.6 59.5 
6x6I)oS 10" H 140.9 68.' 
(I" 6 x)i 14 X " 140.9 71.4 

6 x .. X '"' 16x,", 142.5 68.' 
6x 6x '"' 14 " '"' 

159.3 69.5 
6X"I H I4xM 142 . .5 71." 
6 I 6" ~, 16I~ 159.3 68.' 
6I 0 X ~ I4x" 159.3 itA 
0"" X ,~ l"IM 1110.9 71A 

OxO"" 10 x" 159.3 SI.6 

Ox" ,,'~ 10 x" 11\0.9 SI.6 
o"O%M I4x)( 177.3 7lA 
Ox6x,", 16 X 1i 160.3 • 9.5.2 
6xOx" 16" " 177.3 Sl.6 
6" (I" , .. 16 X J1i 177.3 9.5.2 
0" (I X J1i 10 I 1i 194.9 95.2 

6"" " )i 136.2 
Ox 6 X H 1"9.S 

"2 I )oS Ox" X ~ Ipl.4 
(I I 0" 'i 168.2 
(I,," x'4" I~.S 

'" 

I 

I 

I 

101.3 
167.6 
157.6 
157.5 
157.6 
101.3 
157~ 

IIS.1 

"M 
IIS.l 
"3~ 
11S.1 
183.8 
118.1 
118. 1 
118.1 
"M 
'83~ 
118.1 
183.8 
183.8 
118. 1 
183.8 
183.8 
118.1 
183.8 
118.1 
183.8 
'83~ 
118.1 
183.8 
118. 1 
'83~ 
183.8 
183.8 
183.8 
183.8 

IM.O 
210.0 
135.0 
210.0 

l~ 



OI~DERS ---, 
RIVETED PLATE GIRDERS-Continued. 

SiM h. IDebeol ""Sf.t pet Fool. Muim ...... 
8ec:t.ioa ~"'. "" Moeh."". ..... 

""lib PIo.", " ADoI-I. W .. = ....... ... "- --.d. • ,-, """ """ ,- "'- ....... -75Z.8 6 x 6x ~ ,.", 210.0 

" .. Ox 4 X U ISO_2 135.0 

m" Ox",x}i 14 x }i 130.2 47.0 135.0 
8-\1.7 OX4x}i 16 x }i 130.2 .... 135.0 
84Z.7 Ox 0 x U 203.8 210.0 
s-.IS.I OxOx}i Hx }i 149.8 ",7.0 210.0 
870.8 Ox4x}i I4xH '''''' .. ,' 135.0 
890.0 6xOx}i 10 x }i 149.8 .... 210.0 
9 19.4 6x6x}i 14 x H 149.8 ... , 210.0 
952.6 Ox" x H I4x H 151.4 ... , 135.0 
972.0 OXOx}i 16x H 149.8 68,0 210.0 
9003 Ox6x}i 14 x ~ 149.8 71." 210.0 

1()().5.7 Ox 4 X H 16x ~ Hit."' 68.0 135.0 
101 2.9 4Z x }i Ox 0 x H 14 x '"' 168.Z 59.5 210.0 
1023.7 Ox of x ~ 14xU 151.4 71.4 135.0 
1006.0 6x 0 x ~ 10xH 168.2 68.0 210.0 
1083.7 Ox 0 x ~ 14x ~ 168.2 71.4 210.0 
1101.7 Ox4x ~ 14x ~ \311.8 7L4 135.0 
11",7.5 OxOx H 16x S{ 168.2 81.6 210.0 
1165.", Ox" x ~ 10 x K .... 81.0 13.5.0 
1173.6 Ox 6 x ~ I4x~ IM.2 71.4 210.0 
1229.0 OxOx H lOx U 168.2 95.2 210.0 
1237.4 OxOx ~ 16x ~ IM.II: 8 1.6 210.0 
1318.4 Ox 0 x M lOx U 186.2 95.2 210.0 
13ZI.11: Ox4 x U 10xJi 180.2 95.2 135.0 
140U Ox6x U IOx U =,8 9.5.2 2 10.0 

"',0 o x", x H 110.4 121.6 
512.7 6 x 6 x H 120.8 180.0 
667.4 Ox", X )i 120.0 121.5 
628.9 Ox 6 x )i lag.G >800 
"',0 Ox", X H 1"'1.2 121.5 

7'4'" (Ix", x H 1"' x H 110.4 "., 121.5 
741.3 (lxOxH ',",0 lSO.0 
700.8 Ox" x '"' lOx ~ 110.", 40.8 121.5 
768.5 ... " (I x 4 X ~ 1M\.0 121.5 
759.5 6xOxH I4x H 120.8 3.5.7 ISO.O 
"",0 Ox6xH 10 x H 120.8 <0.8 1SO.0 
797.0 Ox",xH 14 x )i 110.4 47.0 12 1.5 
SII.9 OxGxH I .. x )i 120.8 47.0 ISO.0 
MU Ox" x '"' 170.0 121.5 

""',' Ox6 x ~ 116.0 1SO.0 
890.4 Ox 0 x H 10 x }i 120.8 .... lSO.O 
895.5 Ox",x)-jj 14 x)i 12(1.0 47.0 121.5 

-26, 



CARNEQ I E STEEL COMPANY 

hRlVETE~ PLATE GIRDERS-Continued 

aiM i"lacboo "'i!'.!.:b. Foot. Muim .... ..... '"' "~ .... --Web M.I4 ;. 
.bit I-I . Web "- "- ... "- -. , ...... '". - "'. := "'- • 'w" 

-
"'., (I I: 6 I: " 141: S 120.8 .59.5 ISO.O ..... 6 I: 4,,-,", 16 I: Ji 126.0 M.' 121.6 
&:;5.2 6.: 6 I: Ji 193.6 ISO.O 
9;;':;.8 6.: 61:-,", 14 I: }i 139.6 47.6 ISO.O 
977.7 61:41:J.i 141: S 126.0 59 . .5 121.6 

1()()-1.3 0"0,,J.i 16" J.i 130.0 M.' ISO.O 
1037.6 O"O" J.i 14 I: ~ 130.6 59.11 1SO.0 
1072.7 0,,41: S 141:S 141.2 59.11 121.6 
1098.2 01:01:}i 16.:S 130.0 68.' lSO.O 
1119.5 01:01: }i 141:M 139.0 7\.4 ISO.O 
1133.3 01:41: ~ 101:~ 141.2 68.' 121.6 
1147.1 48"S 01:01:~ 141:S 1.58.0 59.5 ISO.O 
1154.4 01:41: ~ 14 I: M 141.2 7\.4 12\,.5 
1207.8 OI:6"S 101: ~ 1.58.0 08.' ISO.O 
1228.4 OI:OI:S 14I:M 1.58.0 71.4 ISO.O 
1245.2 01: 4"" 14.: M I~.O 71.4 12\,11 
1301.2 O"O"S 101: M 158.0 81.0 ISO.O 
1317.9 0"4",, 16.: " 135.0 81.0 121.5 
1334.0 0"0",, I4I:M 170.0 71.4 ISO.O 
1394.7 O"O':S 10 I: Ji ,"-. 95.2 lSO.O 
1406.7 0"0.:,, 10 I: M 170.0 81.0 180.0 
1498.1 6.: 4 .: Ji 10 I: Ji 170.0 9S.2 121.6 
1499.7 6.: 0.: " 10 I: Ji 176.0 ,,., 180.0 
1601.3 6 I: 6 I: Ji 10 I: Ji 193.0 ,,., 180.0 

[,91.2 6 I: 4 I: J.i 13&..2 141.8 
,m 0" 6,,}of 149.8 210.0 ... , 61:4.:S 111 1.4 141.8 
765.0 0.: 0.: ~ IOS.2 210.0 
782.3 0.: 4 I: " 161\.8 141.8 
872.1 01: 4 I: Ji 180.2 141.8 

873.8 6 I: (I I: ~, 186.2 210.0 
918.8 01:4': J.i 14 " J.i 13(1.2 47.0 141.8 
967.3 48 I: ,,_ 0"4': "'"' 16" J.i 13(1.2 M.' 141.8 
979.0 0.: 0.: Ji 203.' 210.0 
979.0 0.: 6 I: "'"' 14 " J.i 149.8 47.0 210.0 

1000.8 6 I: 4 I: J.i 14 .: '"' 136.2 119.5 141.8 
1027.6 01: 01: J.i 10.: J.i 149.8 M.' 210.0 
1060.8 0,,0,, ",", 14 I: ~ 149.8 59.5 210.0 
1095.8 0.:41: ~ 14 I: ~' 1111.4 59.5 141.8 
1121.4 6.:0,,",", 161:S 149.8 68.' 210.0 
1142.6 6.: 6,,)oS 14.: " 149.8 71.4 2 10.0 
11~.6 01:4.: " 161: ~ UU.4 '80 141.8 

'" 
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..... ....... 
AtilI. I, , .... 
1110 ,3 
JI 77.<I 
1230,1) 
125 1.5 
1268.2 
13 2" .3 
1341.0 
1357.0 
1417.7 
1429.8 
1621.0 
1622.7 
1624.2 

615.0 
670.4 
712.4 
788.8 
800.0 
805.8 
801.6 
942.1 
000.' 

lOO'l.3 
1002,7 
JO'Ui.O 
105O.S 
1083.9 
1119.0 
11«.6 
1166.6 
1179.6 
11113.4 
1200.6 
12M.1 
127 • . 6 
1291.2 
1:W7.3 
1364.0 
1380.0 
14 .• 0 .6 
14S2.S 

I IM3.9 
IMS.G 
1(147.1 
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RIVETED PLATE GIRDERS- Continued 

Si..iD l ..... 
\\'.1 ptI' F-. ...... 

Web Plate 
W~ ~ "- ... "-"- '"~ ~ '"~ 

0:10", ,,, 14 "", 168.2 MI. 5 
6,,4:.: ,", .4 :r J.( HI!.4 71.4 
6:r6" ", 

16 " '" 
168.2 , ... 

6%6:.: '" 14 If '" 168.2 71.<1 
(1,.4", ,, '<I", n IM.S 7IAI 
6 x (I X ", 16 I J( ,"-, S UI 

48,. %. 6.4" H 16" J( IM.8 81.6 
6I6", ,, 14", J( 186.2 7 1. .. 
6s6" ", 16I ~ 168.2 "., 
(I J: 6:11 " 16 " " 186.2 81 .6 
6x4x 1i 16 J: .Ji ISO.2 95.2 
6" (I" J( 16:< U 186.2 95.2 
6l16:11 H lOS H "".8 95.2 

(I,," '" U 146.4 
OxOx J.i 160.0 
6 x .. x '" 161.6 
(I x (I x ", 178.4 
6x4x J( 176.0 
6" 4 X H 100.4 
6I6x " 196.4 
6x4x H 14 I J.i 146.4 47.6 
6J:4x J.i 16", J.i '0/06.4 M.' 
6IOX J.i 14 '" J.i 160,0 47.6 
6x 6x U 2101.0 
6J:4x J.i I." Ji 1.0 .• S9.5 
6,,6x J.S 16 " J.S 160.0 M.' 
6.x6x J.S 1." Ji 160.0 ,.., 
6" • .x Ji I. " '"' 101.6 S9.5 

.S.x J.S 6" 6.x J.S 16 .x Ji 160.0 68.0 
6 x 6 x J.S 1. x ~ 100.0 71.. 
6 x 4 x '"' 16" Ji IGI .6 680 
6.x6x H 14x H 17S .• 1>9.5 
6X4 x H ].x U 161.6 71.. 
6x 0 x H 16" Ji 17S.' 68.0 
6x6x H 14" n 17S. ' 71.. 
6x 4x U 14" n 176.0 71.. 
6x 6 x H ]6 x" 17S.4 S I.6 
6"4x ~ 10 " ~ 176.0 !II. .• 
6" 6 x " 14 ",," l OG. ' d .• 
6.x 6" Ji 16 .x Ji 178 .• . .., 
6xO" ~ 16 x '" l OG •• S I.6 
6 x 4 x Ji 16x Ji 100.4 "., 
6 .x 6 x " 16 x Ji 196.4 "., 
6" 6" Ji 16" Ji 21 • . 0 "., 

lIfI!l 

.... , ... .. 
• ""' 

210. 
141. 
210, 
210. 
141. 
210. 
141. 
2\0. ". 210. 
loll. 
210. 
210. 

162. 

o 
8 
o 
o 
8 
o 
8 
o 
o 
o 
8 
o 
o 

2<0. 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

162. 
"0. 
162. 
162. 
240. 

'''. '''. 2<0. 
2<0. 

'''. 2.0. 
2<0. 
162. 
"0. 
,.0. 
102. 
2<0. 
1112. 
240. 
240. 

'''. 2.0. 

'''. "0. 
2<0. 
2<0. 
162. 
2<0 
2.0. 
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RIVETED PLATE GIRDERS-Concluded 

so.. iD IIICIIoM Woilbl per Fool., Mali", ..... 

""'" - '"' M~_ ..... 
Web I'\A", '" ArlII-I, W~ ''- - ... "-

""""",, 

1- ""'" - "'~ \'::I.: "'~ 
d . ...... 

IIM.7 " .. ~ " .. 67.5 
245.1 

24" ~. 
6,,6x 103.0 67.5 ,..., 6,,6,. 122.3 67.6 

310.7 0:.:0" 14().3 ,,~ 

200.6 " .. ~ 002 81.0 
251.5 2"~ 6x6% 100.0 8LO 
300.1 6x6,. 127.4 81.0 ,. .. 6x6% 1~.4 81.0 

216.6 

"" ~ 
87.2 78.8 

272.11 26 x 'rio Ox Ox 106.0 78 .S 
326.7 6J: OJ: lz.4.4 78.8 
378.2 6",6" H2 .• 78.8 

223.'" "6' ~ ", '" .. 279.8 
26 I '" 

6%6:1. 11 1.0 '" .. = .• 6,,0% 130.0 04.6 
3'6.2 (lI6s 148.0 '" .. 
230.0 .... ~ " .3 116.3 
286.7 26 x ~i. 0)[6I 117. 1 110.3 
340.5 6,.,6% 135.5 110.3 
392.1 6"6,, 153.5 110.3 

227.8 .... ~ 88.3 ,,. 
""., 21 x't\:. 6,,6)[ 107. 1 ,,. 
343.1 0:<0" 125.5 78.8 
897.3 0,,6% ''143.6 ,,~ 

=.2 " .. ~ .... '" .. 294.2 
27 x '" 

6,,6,; 112.8 .... ""' .. 6"0,, 131.2 '" .. 4().l.r 6 x 6 x • 140.2 9-1.5 

2"-' "6'~ 
... , 110.3 

"''' 27"~. 6"0,, 118.6 110.3 "' .. 6"6,, \37.0 110.3 
412.2 0"0,, IM.O J10.3 

271.2 " .. ~ 91.0 H18.0 
338.3 30.~ 6.1'6,. 116.7 108.0 
402.6 6 x 6 x 135. 1 108.0 .... 6:<6:< 153.1 108.0 

28<1.' .... ~ 1001.2 126.0 
347.5 30)[ Vi. 6)[6)[ 123.0 126.0 
4 11 .8 6:<6:< 141.4 126.0 
"73.6 0:<6)[ 159.4 IM.O 

289.6 .... ~ 110.6 14<1 .0 
356.7 30.~ 0)[6x 129.4 144.0 
421.0 6x6x 147.8 144.0 

""~ 6:<6x 106.8 1 .... 0 

'" 



COLUMN SAPE LOAOS 

STRESSES IN COLUMNS AND STRUTS 

Com]>roMion members in strueturce are called poete, etrute or 
columnH. No e)(act theoretical formula hll3 been found whieh will 
give the IItrength of lIueh members under various eonditioll6 of 
loading. The formullUl in current WIC arc baaed on the IIMumplion 
that the members under stretl3 may fail by direct eompre88ion, by 
comproMion and bending combined, or by bending alone. The 
empirical formulll3 based on these l\.B8umptiOIlll practically agree 
with fC3ults obtained by experiment on full sile memberll. These 
eXJ)Crimenta show that steel eoJumll6 of ordinnry SilCS and lengthl 
fail at nearly l~ COll6tant strC811 which corresponds to the yield 
point of that uluterial, nnd that the load which will cause a column 
to fail decreallCs in the ratio of itll length to its lelUlt lateral 
dimension. 

Radlu. or Gy ... Uon. As the 81.fcngth of a column depends on itl 
ability to relilt fle:"ural Itre88, the moment of inertia of i13 CfOl!8 

scction is an important factor in the determination of i13 carrying 
capacity. For the purpose of computation, however, it is much 
more convenient to IISC the radill8 of gyration which depends on 
the moment of inertia. 

RaUo or Slend"".... The ratio of slendernet!8 il the unsupported 
Icngth of a comprC88ion member divided by its radius of gyration, 
and tho unsupported length of a column is determined by such 
pointl of support as will prevent deflection of the column iD the 
direction which corrcfJpOndl to the I>articular radius of gyration 
under considcrAtion. Columrus of llrusymmetrical I!cction have 
more than one radius of gyration. It is, therefore, necessary to 
determillC the ratio of slcnderness for the different radii of gyration 
of such colUDlJ\l and to use the proper ratio in any particular , ... , 

The unit Itrc88CS for different ratioe of slcnderne8l! given in the 
construction lpeeificatioll.ll and OD page 2i4 arc consiltent with 
prcllCnt practice in column CODstnlctiOD and their IISC d0C8 not 
involve the rcfinements of the more complicated formulfUl, which 
refinelllcnta a rc often vitiated by uncertainties in the application 
of loads or other practical features. 

The cOnlltruetion specificationll limit the maximum ratio of 
slenderness to 120 for mnin members under steady stre88es. For 
sccondary members under temporary Itre88, 8uch fUI those used in 
wind bracing, higher ratios may be UIICd, but io 00 C88C Ihould tho 
ratio exceed 200. 
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F_ ud 81 ... t Stdloll. Important as it may be to have the metal 
in the column acction distributed as far &II possible from the neutral 
axis, that is, with M large a radius of gyration as possible, considera­
liolls of C!Ul(l in fabrication and simplicity in cqnncetions are of 
greater weight. The economical column seetion is not that which 
affords the lCllJlt weight of metal in the 8haft, but that which, with 
a reasonable radius of gyration, providclI the 1088t weight of member, 
shaft and details with the minimum amount of riveting. Modern 
practice, thc~forc, eliminates earlier forms of coDl5truction which 
represented the minimum amount of metal for the maximum 
I'fl.diu8 of gyration, such, for cxamille, lUI the column oompoaed of 
three I-beams or one I-beam and two channels placed eitJler with 
the flanges in or the flanges out. The Z-bar column hM also fallcn 
inlo disuse, likcwise a numhcr of patented aectioIl8 and other &ectionlJ 
shown in earlier editions of this publication. 

Tile most practical column is one the surfaCCl'! of which are 
readily acoessible for painting and, therelore, it is desirable to use 
open angle and plate columna rather than clOBCd channel a.nd 
plate columns. 

The column sections should be of such size as to pcrmit ready 
framing of beaD1a and girdere thereto and ao placed in the eon~truc­
tion 11.8 to permit the simplest delaila. Experience indicates that 
eight inches ia the smallest desirable dimension in ordinary building 
work. For strut.l1 and light loads, smaller angle columns are still 
in wse, while the H-beams are excellent for such PUrl>CNlC8. J-hcame 
snd single angles may be used with economy where the conditione 
of lengths and loading permit. 

E..,luaUon or Tablet. The tablee which immediately follow give 
the safe loads in t housande of pounde 011 H-bcam aad I-beam 
columns and on a lIC[ected line of channel and angle coillmns which, 
in tbe light of experience, seem to be desirable for use in ordinary 
building and bridge construction. In additioll to the !lafe 100011, 
they give moments of inertia and radii of gyration about both 
axes of symmetry, areM of seetion8, alld weights in pounds per foot 
without allowance for rivet heads or other details. 

These tables have been computed for the least radius of gyration 
in accordancc with the formula given in the construction specifica­
tions. The values may be adjusted to other formulas or to different 
vailles of the ratio of slendernC88 by use of the comparative tables on 
pages 274 anc1275. These tables are also suitable for UIIC in figuring 
columns 80 bmood agnill8t flexure, that their aafe strength may be 
computed for the greater radius or gyration. 



COLUMNS 
---

eo .. blned ~cll"" aacI eo .. _Io. 8l..- I t il fl.88umed in the 
tablce that the loads are direct and equally diJllributed over the 
CroM lootion of the column or balanced on opposite sides thereof. 
In the CalC of bealll8 carried on bracke18 or other forms of oocentric 
loading, bending strCS8C8 are produced which should be taken into 
consideration and the column IICCtions JlO proportioned thut the 
combi ned fiber s t resses do not exceed the allowable axial compres­
sive stressCil. There is no direct simple solution of this problem; 
t be followi ng trial method is suited to the lablcs:-

LeI 
W -= Diroot load , in pouuds. 
W1_Eccentrie load, in pounds. 
M _Bending moment due 10 eccentric load, in inch 

pounds - W,x 
I =Moment of inertia of column in direction of 

bending. 
n _ Extreme fiber distance in direction of bending. 
A _ Area of column sootion, in square inches. 
r _ Allowable axial unit compression, in pounds 

per equa.re i!lch; then r ehould be equal to or greater 

thai: w ~w' + -¥ the fiber streMCs due to compreBllion and 

bending reapectively. 
RUL&:-ABSume a section in excC8/J of that required for the 

diroot compression W + w, and compute the combined fiber streM. 
U it works out too large Of too small, try again. 

E"" ...... :_Requlred to !!e1ec1. a plate and angle column 20 fO)e~ 10118 to 
aWll6ln a bIoJ&lICOd load of 210,000 poUIl(la "00 an eocenlric load of 40,000 
pounds applied 16 Inche. from lhe column oont«' on ui8 1·1. 

A.umo a .octJon made up of 14",,%" weh pillt.e, four al181at6"x4"xv.." and 
two dange plaleS 101/'11";", p&lle2113, 

A _ 32.47, ,,_, _ 1351, ro ... -3,0!l, ratio o f ~lcndem .. _ 201I 12+3.0!l _ 77. 

Allowable fiber ~l'--, 19.00G-100 Ilr _ 11,300 pounds pCr ~quare inch, 
p&lle274, 

A • , ••. - ,_ 210.000+40,OOO+40.000.1~1I7.62~_7700+""_ 
c.ua """r ~ - 32.47 laM " 

1I,OOO pound, per .quare Inch. 

'" 
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COMPARI SON OF CO:\ IJ>RESSION FOR)lULAS 
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CD:\1PARl SON OF COMPRESSION FORl\IULAS 

ALLOWADLE U:'-IT STf~ESSBS IN POUNVS PEI~ SQUAIIB 1"(;11 
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" "'''''' liMO 11005 . ""'" , ""'" 11002 

" .- .. "'" IOS88 .. "" 12825 1081 1 .. "'''''' 10440 10116 """" 12540 10013 

'" """ '''" 9771 'MOO 12255 10410 
00 ""'" '''''' 0375 '"000 11970 '"'''' " .MOO "'" '000 ",00 1168.5 "'" '00 '0000 '"'' , .. , 0000 11400 "' .. 
"" ''''' "'" 8257 6>00 11115 9571 

'" 0000 '''' "'" 0000 10830 """ '" 6>00 '800 1511 "'''' IOS45 9142 

'" 0000 "SO "" "00 '"'''' .,'" 125 ''''' "'SO ... '" "'" "" 8111 

"'" '000 ""'" .... ''''' """ "'" 135 MOO "'" 6383 "'" '"'' '''' .. , 0000 .,,'" 6118 0000 9 120 "'" '" 5500 '''''' "" "50 "" "" '5O ""'" '"00 [,625 5500 """ 7692 

'" ' '''' 4140 "',. ",I> "" ' 60 .,..., "00 ",. "80 """ '" "'00 4972 7695 7 118 ." '''' on, 1410 6934 
115 . 3340 4589 7125 6154 ... 3110 «" 6840 6511) ... , "''' "" '''' .. '" 2870 "" '''' "" " .. :J9ao 6080 

"'" '"''' "'" 5921 
-

l\IAXIMID\ HATIOS 01" + 
-

Comproeoion Formula Main s.-.d.,y' 
Member. Memlcn Comprt.oJl ~'ormula Main s-odU')' 

Mombmo M"",t.tno 
- --

I\(Joton BId& r..w, 191 9. '00 '" PitWlul'gb DkI«. La"" 1914 '" '" Clent.nd BId& .I ... w. 1920. '" .. CilIcinnali Blda;. r..w, tDIi '00 .M 
BoIti"""" BJ,4, La ... , 1lI01!. '" ... GordOQ .•• '" .. 
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26 46Jl 
27 43.4 
28 40 2 

'" "j 30 33.7 

" 130
.
1
\ 

Art..iIl.' 10.' , 7.0. ---
l,_,.!u.· 115.1 ~, "_1. ,"- U. , ... 
I .... !"- ... , 14.7 
'0-1.'''' '" 145 

,~:,!:!, Lbo.", 
,~ 

.. , 24.1 

CAkNeOIl! STI:!UL COMI'ANY 
---

BEAM COLUMNS 

Allo ..... ble Fill('<" 8t.- per Ml, lIanl Inch. \3.000 pound~ 
tor lengths of 60 ndll or under. reduoed r~ lenlflhll 0"(,<, 60 
.... dll ; _ Con.tructlon 8pooltlcatlOia. 

Welghu do not Includo det.llt. 

I , , -6.47 .m 12.49 '.a ". ." .... ' .0 '" ... , 2.11 
-. , 10.7 «" 215f. II21.1 M' .... M.' ." 11.1 , .• , .. '" .... 4.81 4.07 3,67 ••• '" , ... , .. .... 

OJ .. '" " ... U U .., ... U 0.l'7 

"" " ... , .. 1.01 CUI. "'" "" .... . " " ... 'M I 
IU '" t U '" 2U '" 'M , ... '" '" 

.., 
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CO L UMNS 

10 INCH CIlAl~NEL COLUMNS 

SAFE LoADS IN T aOUSANDS OF POUNDS 

Allo ... able . 'Iber St.-- per lIQuarn In<;h , 13,000 
POundR for lengtba of 60 radii Or under, reduCt)(! for 
lengO>8 o\"erOO r&dU; _ Constru<;tlon SIMlCHkatlona_ 

WelghUi do not Include rivet heads or other 
detaUs . 
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STeeL COMPANY 

10 I NCH CllANNEL COLUMN~ntinued 

S AFE LoAnl:l I N T nOUI:IAI'DS OF 1'0U:O<lI1:1 

Alk ... . b le Fiber StreM \lCr SQU.ro hu:.:h. 13.000 
pounds for length. o f 00 rad I Or und(ll', ,..,.Iuoo<:l for 
leqtbl o"er 00 radII; _ Construction SpoclReulonl. 

Welghta do DOt Incl udo rlvH hoads or othe r 
detalls. 

~IO ia. C1IawIelt. ~I' in. Pll.1eI 

", 



COLUMNS 

~--1l~2---'~ 10 INCH CllA.'\'NEL COLUMN8--Coutinued 
,-

"9' SAFE LoADS IN T,.OU8ANDS 0 .. POUNDS , 
' .. " S 

, 
t-

, Allo ... blo ,>,'-- SU'" ~ IIQnare Inch, 13,000 
rc::und, fOl' l~ngtluo of 60 rad I oc nDder, reduced for , 
engtbtl OVOl' 60 radII; _ (;ont~l'Uctlon SpecificatiOn •• 

L ... Wclghlol dO DOt Include rivet bead8 Or otber 

t2...--1l-2. ___ .. J detl.lI., 

l Z-10in.~ ~14 ilL P!au. 

•• 
1 l~ 1~ l~ 1! f! I! 11·11 H "! "! Ii !. A~ d~ J~ I " d-; de , , 

.' .0.9 .. , ... .o.~ i •• .e! .0" .0 !I .e} .e:.,. •• e~ •• ." iii'! .< .~ -'S'- -- -s -, --
~ .- . 0- 0 0- 0 - .-.-

~ 

" '80 002 '" ... '" "" 600 &12 '" on "" '" " . ., 50'2 625 '" '" '" 600 "" "" 677 "" '" " • SO 002 '" , .. '" "'" 600 632 .,. on "" 123 .. '80 
,.., 

'" ... , '" "" "'" 6:'12 '" on "" 723 

" '80 ,., 
'" , .. '" "'" 600 ''''' '" on "" '" 

" .80 "" /125 , .. '" "" 600 "" .... '" "" '" " ... "" 625 ... '" /II);I 600 '''' '" '" "" '" " . ., "" '" ... '" "" 600 "" '" '" "" '" " ... "" '" , .. '" 69:1 600 '" 
.,. on "" 123 

" I~ 
MI2 625 M8 '" "" 600 "" '" on "" 12:1 ---- --

" m IlOO 622 ... ,." '" 002 '" 
,., .. , '" '" " 

.., 
"" '" '" '" '" "" 6>, ." '" ." '" " '" m ." '" .. , "" '" "" '" "" "" '" ,. .. , '00 "" 50S "" '" '" '" "" ,2-' ... "" " "" '" m '" '" ... '" "" "'" "" '" ... 

" ... ... ... '" 603 '" '33 "" on 09' '" '" " ". 4:12 '" '" ." '"" '" ,so '50 '" " .. '" " '03 '" .. , '" '" '00 ... '" ... "" "" '" " 392 .. , '" .. , ." ... 0192 '" 529 ... , '" 58' so "'" '00 '" '" '" ... '" '00 '" '" , .. ." 
" '" ". "" '" .. , ." .. , .SO 500 '" "" ... 
" '00 317 3'.H .. , 427 41;1 '" .'" 'M "" '" " .. 33 '00 '66 '" 3O' m .so 437 .M ." .., ,." ". 
" 3:1Il 'M "" '" .. , '" ... .. , '" m '" ... 
" ". ,<3 '" 373 . 3S9 "" '" '" ... '56 '" 'S> 

....... "-" " .. ~" 4U( ~., ..... .a.a.
j

tU8 "" "-'" "'" M-" 
I,."IL m 'li(l '" '" ... ,,.. lOIS "'" ,,~ , .. 1r.5 ,,~ 

".,,11. 4.43 .... u, t .ro t_OI u, u. .n 4.77 . .., . .., .~ 
I ..... ia.. $37 MIl _ iU 7&2 ,., '" .. , ... r.< .. N' 
r;:,~ ~, t-~:l U5 U~!!! 

us 4.10 .>0 4.10 4.10 .... .... 
u..... lW IS1.4 13H IIW ItU U,U l 15U 'M' 171.2 m.1 183.1 , ... 'III ~, ---8o.I.1..t y&l_ r.bo« *yyliDe are for ... ~ 011,. DOt Q'" eo, u.... below hoo1"1 Iioe ~ 

for ... ti<JI_ 0"' 120 t •. 
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CA.~N I!O l e STEEL. COMPANY 

12 INCH CHANNEL COLUMN8-Conlinued 

SAFE LoADS IN ThOU8ANDS OF P OUNDS 

Allowable Fiber Stre. per *!.UaN! inch. 13.000 
POUDda tor \enstlul ot 60 radII or under , redlloed tor 
lelll!tlul over 00 radII: _ Construction SpocUicaUona. 

WelghUl do DO' Include rh'et head. or other 
d e tails. 

'''' 

... , ." 
"' I !~i I:i!i ." 
'" 
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COLUMNS 

12 INCH CHANNEL COLUl\INS-Continuoo 

S~FE Lo~DS IN TlIOtJSANDS OF POONDS 

Allowable Fiber Stress per aqua.., Inch. 13,000 
POund3 for lengths of 00 radII or under, reduced for 
lengths o,-er 00 radII . 100 COWllNuetlon Speclftca~lon8. 

Welgbts do not Includo rivet beads or other 
detalli!. 

2-12 i~. C'baImoIo. 2-14 iu. I'kta 

r 

,,, 

'" S" 
SO< 
So< 

'" 
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CARNeO I E STEEL COM PA NY 

" I NCH CIIANNE L COLU"N8-Cootiou"" I 
~APE LoA.o& IN TUOUSANDS Of' P OUNDS 

Allow.ble Fiber 81re. per -.uanl Inch. 13.000 
pOund, for ltlllltiu 01 00 radII or uoder. reduced lor 
Icnstlul o,'er 00 0011; _ CoD5tntCtLon SpecUlcatlonl. 

Welchtol do no~ Include ri"e~ be&dlI or other ....... 

(lHI n4~ 671 
(Ill) 64~ 6 71 
(119 641\ 671 
OlD 645 671 
(lUI 645 (171 

697 723 
697 72:1 
697 723 
O{li 723 
6117 723 

(1](1 646 67 1 
0111 6015 671 
619 &16 67 1 
6111 646 671 
619 645 671 

607 723 
007 723 
(197 723 
GIl7 723 
697 723 

OlD 645 67 1 697 723 
6 19 6015 67 1 697 723 
610 641\ 671 697 723 
RIO 646 671 !~ 723 

6TO\""""6$""""""6iiO &Iii 7J'i'""'" 

/101) 623 64~ 673 697 
/ioH7 811 63.5 6.59 683 
1175 601) 6n 646 669 
5G3 MiG 609 63.1 M5 
M2 674 696 619 642 

282 

740 762 
749 762 
746 762 
749 762 
746 762 

749 762 
749 762 
749 762 
749 762 
749 762 

'" '" , .. , .. 
" .. 
721 

'" "" '" ... 

'" 762 

'" 762 

'" '" "" 688 
G,. 

788 814 
788 814 
788 814 
788 814 
788 814 

788 814 
788 814 
788 814 
788 8 14 
788 8 14 

, ... 
"'" '" " m 

". ,.. 
'" '" GOO 

, .. , .. , .. 
HI;! 

181 
'00 ". "'. no 

681 703 .,.. '" 6.300 672 '" .,. ... " "" 

... '<0 ,<0 
..0 "0 
." ,<0 
.. 0 
.<0 ... 
.<0 

"'" '<0 .. , 
'" 
"" ,so 
'" '" ,.. 
,,. 
"" .. , 
616 
600 



COLUMNS 

1m 12lNcn CHANNEL COLUMN B-Continuoo 

SAFE LoADS IN TU008AND8 OF J>OUNI)8 

.. ' -t AILo"llble Fiber Sl~r I(JUIU'f! Inch. 13,000 
J:und, tor Icngtlul of 00 lor under, rc<iuced tor L . cngtlul over 00 rIldll: _ConstruCtiOD S pcdflcaUon,. 

Welllht.l do no~ Include rh'et hn.d I or otber 
, ·2 • delal .... 
1..·--11f'-~ 

1 z.u in. Owu.io, l-IG in. P1atao 

•• 
j l~ "'! 1~ l~ 1~ 

>'! 

1~ J~ 1~ If j~ 
~ •• t, .' •• ..:I .!! •• ei eo.;. .. ei: .... 

'''' 
... . 

-~ -$ -~ 4 -" .- .- 0- '0 .- '0 .- 00 • 
" 800 "" '" .... 970 '" "'" ,." "". "00 

" 800 '" '" ... , ". ... 1022 ,." "'" " .. " ". "" '" 
,., 970 '" 1022 "" 1074 "00 ,. 800 '" '" ... , '" "'" 1022 ,." 1074 "00 

" """ '" '" ,.. '" "" 1022 ,." 1074 "00 

" 800 '" '" , .. '" ... 1022 " .. 1074 "00 

" 'oo '" '" , .. '" "" 1022 "" 1074 "00 

" 800 '" '" '" 970 ... "'" "" ",. "00 

" '" "" '" , .. 970 "" "'" "" ",,. "00 

" 800 '" '" .... '" "" "'" " .. "'" "00 

" 
, 

" " " " ,.. , 
" ,. 

'" 8M '" ..... '" '" on "" "oo 
" '" '''' ,ao '" "" 9:14 '" "00 '''' " '" '" ... .. , '" '" '" '" '00' 

'" "'" "" ". ... '" '" '" OM ". 
" ". '''' "'" ... "" ." '" '" "" 
" '" '" '" '" ... "" ." 800 '" '" " "'" '" m ,,. ." "" '" '" "" '" " '" 

,,. 
'" no '" ." 8" "" ... 800 ,. . " n • 737 '" 778 '" '" "" 800 '" " 6SO "" '" 739 '" no '" '" 83' '" 
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CARNEG I E STEIll. COMPANY 

15 L.~CH CHANNEL COLUMNS--Continued 

S.U'E LoAD!! IN TUOU8A.."DS 0 1/ I'OUNI)8 

AlIo ... bLo FLbor St..- per liQuue Inch. 13,000 
pound! for lenstlle of 60 radII or uuuer . nKiuood for 
l cugtlle o,'er 00 radlL:_COWJtructLou Sp.,cULClitlonll. 

Welghta do no~ Includo rh'o~ Iw.da or otlter 
de ... u.. 

"" "" 68. 

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

"'" , .. 
HOI 

82.0 84.2 .,.. IOU IOU ItU L 11'-1 138.0 1".8 . I . j I&U 
. . , ~=·I ·n I'~" ~ 

Sole bd n'-u.....1iIa& liDo .... , ... nta 01 'I! "'" _eo. "'W-,_'iM .... 1 ... 
I rotioo "'<It 0.-. 120 Lit. 

". 



" 
! ., 
• J 
I 
~ 

" " " " " 
'" " IS 

" " 
" " " " " ,. 
" ,. ,. 
30 

" " 33 

" '" 

COl.UMNS 

Hi lNCH CHANNEL COLli:\IXS--Conlinucd 

SAJ'lII 1 . .oADS I N THOUSANDS or POONDS 

Allowable PiI_ 8t.- pet' Iquace Inch, 13,(01) 
pound. lor lengths 01 00 radII or under, reduoed lor 
lengtlQ! on!!r 00 radII: _Constnlctloo Specif\eatiOtll. 

WeICh'" do not Inelude rlvn hClda or Ol~ .... , .. 

'" '" 008 m '" 008 m '" 008 m '" 
,.. 

m '" 008 

". '" 008 n, '" 008 

'" '" """ n. 942 ''''' n. ", """ 
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CAItNBO I E ST eeL C O M PANY 

15 INC" CHANNEL COLUMN8-Continued 

SAFE LoADS IN TIIOOSANDS OF POUNDS 

AlIO ... bIO Jo'ioor Stnlllll per squaro Inch, 13,000 
pounds lor length. of 00....t1l Ol' under, reduced for 
lenatilll o\'er 00 ....til; _CorutrucUon 8poelftcatlon., 

Weight. do DO~ Includo rh'e!o hea<t. 01' Olher 
dew"', 

liDO ..... for "' .... til;. lICIt _ eo, 

:.>sfl 



" " " .. 
" 
" '" " '" " '" " '" " '" 
" '" I " '" " '" " '" " '" 
" " " " " 
" " " " " 

COLUMNS 

15 I NCH CUANNEL COLU?INS-OllltifluOO 

SAPE LoADS IN T uous.ums or POUNDS 

AUo .. ahle Fiber Stl"OlJS lICe square Ineh. 13.000 
pounds lor lengths 01 60 rlld J Or unUer. reduced roc 
leugUUI o"or 00 radII: 800 Construction Spcclllcatlona. 

Welghtll dO not includo cil'ot hClUJ. or other 
d6t61iS. 

2.1~ lo.. CtwmeIt, Z-18 in. Plat'S 
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CARNEOIE STEEL COMPANY 

15 I NCH CHANNEL COLU~INS-Concluded 

S'!'YE J--o'!'OiJ I N TIIOUQANDS OJ' P OUNDS 

Allowable Fiber SU'_ pet ~ual'O Inch. 13.000 
J)OUndtI for lcogtila of 60 radII Qr under. reduoed lor 
Illo&tila 0,'eI' 6OradU:_ Conlltrucl.lon SpecU'lcatlom. 

Welghu do no~ Include rivet head. or other 
deta''''. 
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COl.U M NS 

PLATE AND ANGLE COLUMNS 

SAFE LoADS IN TlIOUSAKM OF POUNDS 

A1 lowablo Fiber Stl'\'lllll r-lIQuaro Ineh, 13,000 
pOund, lor length, 0 1 00 ro.tlll Or uutler, ro!luC6(l lor 
lengthtl over 00 radII; ~oe C008,""uction Sp(lClfic&'UOU8. 

Welgbl.l do DOG tuclutle rivet head, Ol" other 
det&lu. 
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CA!tNHO I I.! STEEL CO MI'ANY 

1)I.ATE AND AXGLE COLUMNS-Continued 

SAI'E LOAPS I N 'i'UOt::Il.AND6 OF POUNI>8 

Allowable Fiber 8t~ peT IQuarolneh, 13,000 
IJOUndll for IClUJtll8 of 00 radII or und~, reduero for 
l eogtiw m-er 00 radII; _CoMtroetiOD SpodlkatiOOll. 

Wcl.lh'-'do not Include rh'ct heads or other 
tlel.U.,. 
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CO l. UMNS 

PL\ TE AND ANGI.E COLt::IlK~ontinued 

SAFil LoADII 1$ TIIOU&A$D& OF POU$D6 

Allo'nble Fiber Su- lIN ~uare Inch, 13,OOU 
poundl for length of 00 radII Or under. reduced r ... 
lengthe 0\ er 00 ...d U ; _ COlllltructJon SpOClBc-tlon.. 

Wcl&htl do no~ Ineludo rivet beadl or othor 
details, 

'" 



CA R NEGI E STEEL CO M PANY 

PLATE AND ANG LE COLmlNS-Continucd 

'. SAVE LOADS IN TIIOU M NOS OV P OUNDS 

• : Allowable Jo'lb(or AlroM For ~uare Ineh. 13,000 
l:uDdl tor lengths ot 60 ~i or under. roducod ror 

L 
englbl 0'_ 00 ~U ; _ ConstrucU')O l:lPldftcatlon& 

Wcl«hw do no~ Includo rlve~ bead, or otber , det.alb. 

Web""' 12. Web~12 

! 
I;: ! X X • 

~ ~ ~ :s: .~ ., 
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" 32:1 '" 3O' m '" '" "'" '" , .. OK< 83. ". 
" 312 'OS "" ." '" "'3 ." "" on '" I til4 M6 
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COL UMNS 

PLATE AND ANGLE COLUMNS-Continucd 

SA VE LoADS IN TIIOUllANI)8 0)' POUNl)8 

Al1o .. &blo Fiber 8t..- per .,qUaNij Inch. 13,000 
pound. tor lengths of 60 rildU or under. reduced for 
len&t~ ov~ 00 radII: _ Coll.ltrucUoa SJ)(lCltlca~1ona. 

W eI&htl do n()~ tOOudo rlveL he.d. or other 
deI..ill . 

-<-- ~ ~ ~ .- ." .~ ., • • " ., 

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

<G. ." 

'" , .. '" '" '" ". '" '" '" '" 32" .,. ,.. 



CA RNEO IE ST EE L COMPANY 

PLATE AND ANGLE COLUMNS-Conlinued 

r SAFfl LoADS IN TUOUSANOS OF POUNDS 
~! 
" 

, 
Allowable Flbct' Stre&ll For ~ullt6Inch, 13.000 ., 

e::ndJJ tor 1cngthJJ or 00 Tad! or under, fedU~'<l ror ., .' cn&tlls over 00 radII: IlOO CoustructJoD SpocUlcaUoDS. 
l. Weights do Dot loe!udo rivet heads or other 

dOW" 

W~bP!&to U 1~ 
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~. ~ ~ • ~ :.: :,. " "" ., ~ ,,~ 

"" 1 
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" " " .. 
" " «. m 93' 510 M' M3 '80 '" '" 82' 

" '" 456 ". ." '30 ." 008 no '" S02 
23 '" '" .M 476 3U "" .90 '00 '39 '" " .,3 42tl '" 'SO .03 '" '26 '" ,n "" 26 388 OW '" ... '" "" 603 '95 '37 ,,. 
26 ." ,OS ." '" «3 '" '" ... '" '" ... ,<>< 
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COL UMNS 

PLATE AND ANGLE COLUMNS-Continued 

SArE LoAll8 IN TuOU~D6 OF POUNDS 

Allowable FIber Sl..- per aquue IDCb. 13.000 
pounda tor lenath ot 60 r&dll Or under. reduced tor 
kDal"- o,'er 60 r&dll : _ Construction SpedJlcaUona. 

Wellbtll do not Include rlve\ head, 01' other 
deuill. 

. ::5 :r ~ :r", :r", "" :r", -"" "" "" ". "" ". "" -" -" -" -" -" -" -" - " _. 
"' "' ". ". ". ". ". ". ". - - - - - - - - -
U il JI H 11 1) 1) H H .. r, r. <~ .- <- " -" -" _. _. _. _. _. _. _. 

" " 

'" 



I 
• 
J , 
i 
~ 

" " " " 20 

" " " " " 26 

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

~o< 
•• •• •• •• •• • " 
H H 
•• •• 

CARN IW l a STEIl L COM PANY 

PLATE A.~D ANGLE COLUMNS-C()nc1uded 

• • •• -
ii 

8,,1'1: Lo"08 IN TuouSANDS 0.- POUN08 

AUo_ble Fiber au-.. per !!Quare InCh, 13,000 
DOUDdI tor ICll8tht: or 00 radII or under, l'eduood for 
Jl'D&1oht: ove<- 60 radlI; _Coostruet.loD I>peeltIeaLlon... 

Welaht. do not IDelude rivet. beadi: or other 
d ...... 
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CO L U M N DETAILS 

TYPICAL COLUMN DETAILS 

Simplicity in details i9 C!l!JCntial to 
economical t'01l91ruction. To eliminate 
bending or secondary stl'C88ell, it i9 
desirable in making designs and detaii3 
that load' be transmitted from beams, 
girders and truS8e8 to colUIDnll directly 
and with Ihe minimum number of 
connecting piCOOlS, rh'ets, or bolts, and 
Ihat the riveta or bolls be 8tl'Cl!8C'd in 
shear or bearing only. 

Thc column connectiollll shown on 
thi9 page and the two pages which fol­
low repre8Cnt the bc8t Ir.ooern practioo 
and conform to these fundamenta l 
conditiOIlll and cover the range of 

~!:!~~q Ca8C8 met witb in ordinary mill and 
j- office building oolllltruetion. 

'Vhere columns l'C!It on 81eei slabs 
'--....I.:I:<----J or eMtillgll, the loads are trallllmitted 

directly into the footing, and IIhoe 
angles may be provided for proper 
anchorage. Where they rest on 
masonry, guseet plate!! may be re­
quired to du,tribute the load. 

Columns should be milled to accu­
rate bearing atjoinl.8, with splioo plates 
sufficient to hold the seetiollll in line 
and to ~i8t bcndingst.res;;ee. Horizon­
tal bearing phtC8 mU3t beusod between 
column lMlctions of different forms or 
generul dimensions. Rivct spacing in 
column shaft8 and at beam connceliOIlII 
should be uniform to permit tho UfI(l of 
multill\e punches; spacing should be 
in mulliplcs of onc-quarter inch. 

Erection requirements should not 
be overlooked; bcalll!l sbould frame 

I:liiiij:I BNrln.on )llIoIO)n.,. witb Ilmille clc~nOO!l, particularly to 
~ column webs, and ri\'etB should be 

countC/'llunk or fiattc.ned where ncoce­
laIlLL nU1LDINO COLUMN sary to swing bcalll8 into posit ion. 

"" 
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TYPICAL COLUMN DETA11B 
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CARNEO I E STEEL COMPANY 

CAST mON COLUMNS 

AllLOWABLF.: UNIT ST~E!l8E.8 IN POUNIl8 PER SQUARE INCH 

U, N~:w YORK BUII.DINO LAw, 1917 

9OI)O-401/r lbo!. I~ OIq\W"O Incb 

~. ! u.. per Sq. I .. 

, .. u...,.8Q.la . " .. Ll:e.JWSQ. I • • 

I ---, 0000 ., "00 " -" "00 " "" " '02' 
U '''' " "" " "'" " '''' " ,,>SO M "'" " '"so " "" " 0800 .. , .. , .. '''''' " "'" " 8<00 ,. "" " "'" " """ " "" " 6680 

" '''' 38 ,.., 
" ... , 

" "SO " 7""0 00 0000 

" I 
'u, " "00 " "" " '''' " "'" " "" " '06' " 7320 '" "'80 

" 8120 " "" .. .." 
" 8080 .. 7240 " .. 00 

" SO" ., '''' ... .. " 
" 8000 " '"" " 63" ,. "'" 

., 
'"'" 68 "'" " "" .. "., " "" " ,- ., " .. , " '200 ,. 

"" 00 '''''' 
'rhe Ate 10iW. for It. cut Iron column of given dlmen.slonl I. dcwrn,lned 

from tho abov" tablo by obtaining theratlooflJrand multiplying tboCOrrt)llloOnd. 
i ng unit It ... by tho .ectlonal area of column. 

Enmplc:-ll.equlrOO the we l<:>ad of a ca.n IroD column. I~ Inchos >!Quare. 
Jii Inch In t.hiclm_. and 16 foot loll,l. 

Yrom tablo 01 lIollo ... Square Sect.Ion.t. paso 179. tbe radh ... 01 a)'l"lt.tk>n 
la 6.78 lDcbos and the aocUonal are- I. <10.4<1 equue !nebOll; h<'!DO(l the "tlo 01 
Ifr - 16x 12 -+- ~.78_ 33.2. COIT'OIIPO!ldlng to altt_ of 7672 pound, per I((uare 
Incb. glvlna a total Ale load of "9.44 J: 7672 _ 379300 pounds. 

Tho minimum .lloIl ot a cut. Iron column of It. OOrta.ln length to ... fol,. 
support It. liven 10iW. I, deWnnlned 8.>1 10110 .... : 

D I\'ldo thelon8th I" IDChos by 70; tho Quotient Is the minimum allowablo 
radlWlef gy .... tlon roqulrOO. DIvide thO toU.lload by 6200poundl; thequoUent 
I. the minimum .ectlonal area. 

Enmpio:- ll.equlrOO the minimum size of .. round cast. iroD column. 20 
roe\ long. t.o IlUpport. .. load of 235000 pounds. 

Themln1mum radlll.l 0111"),"1100 ls20x 12 -+- 70_ 3.<&3 Inct.e.; I.he minimum 
area Is 235000 -+- 6200_ 37.90 OIquare iDcbM. From tableof DoUo .. noundSco-
'10 .... page 178. tbo nevat mlnimum.d~ for tbls radius of gy"tlon .nd this 
'"" ill found to be. coLumn II IDebei In diameter aDd 1 J( luebelln thlckn_. 



CAS T IRON COL U M NS 

ROUND CAST IRON COLUMNS . (Q) ALLowABLE LoADe IN TuOlJIlAND8 0" i'OlJND8 

IJ,. N_ York DuUdiJll: lA,1I', Hili 

Wellht.l do DO\ IDClude del&lk 
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CARNeal1! STEE l. CO{oIPANY 

SQUARE CAST mON COLm.INS 

Au.oWAULa Lo~ I1f TUOtl8ANDS OF POUNDS 

By New YOC"k Bulldlq L,n •• ID17 

Welsbta do no~ IDClude detalbl 

10 12 14 111 18 20 22 :u 

11.00 3... 2.26 
13."<1 42.0 2 .21 
16.76 49.2 2.17 
17,g.j, 66.1 2.12 1"',""1' 
15.0. 40.8 2.62 ' ".' ,", 
18.76 &8.6 2.117 
21.44 63.9 1l.63 
24.00 711.0 2.48 

2 1.7/1 68.0 2.98 
24.94 77.9 2.93 
28.00 87.11 2.89 
80.906 00.7 2.84 

27."" 86.8 
S2.(10 100.0 
86 .• " 110.8 
38.76121.1 

36.00 112.6 
39.94 124.8 
43.76 1!J6.7 
47 .44 148.3 

44 ..... 138.9 
48.71\ IlI2.8 
[,2.1104 ]66 .• 
117.001178.1 

&3.78 168.1 
68.44 182.(1 
63.00 100.9 
67.44 ~.uO.8 

63.94 1911.8 
".00

1

2111.6 
73.94 zat.1 
78.76 :u.O.1 

711.00 234.4 
SO.44 ~1.4 
86.711 267.0 
OO,gyS4.2 

86.94 271.7 
112.711 28V.8 
OS ..... 307.6 

104..00 326.0 

00.763 11.7 
IOIUI4331.1 
112.00 3Ml.O 
117.0<1368.6 

"" 
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FLOOR CONSTR UCTI ON 

FLOORS AND FLOOR LOADIj 

Kill" lit I.IIood... Two kinds of loadl! arc carrioo by structures. 
I~i ve loads consist of the weight of earriages, cranCl! or other handling 
devices and their SUI>portoo loads, machinery, merehandis(', perIlOUS 
or other moving objcet.6, the aUPl>ort of which is the purpo4(l of the 
structure, including ai80 wind slrell!lCS. Dead loads consist of the 
netual weight of the structure ilaclf with the willis, floors, partitions, 
roofs, and all other permanent construction and fixtures. The 
dead load!! alrC88 the atrueture at all times and it must, therefore, 
be proportioned to sustain them at all times without reduetion. 
The live loads may be taken at their full valuCl! or reduced in 
accordance with the probabilities that the strueture as a whole 
or its principal mcmbers Willllot be subject at. all timCII to the full 
theoretical live loading. 

Deod L.d... The permanent load should be ealeulated from 
known weights per unit of the material ooml>06ing floors, partitiolllt, 
walla, or other permancnt eOIUltruction. The weight assumed for 
the steel frame itself should be checked after the sections are 
determined and then the si~C8 readj usted if neCCl!8ary. 

L/Ye r-.u. Live loads vary with t ho character of the S1ruo­
turCl!. In buildings they consist of uniform loads per square foot 
of floor area,' coneentratoo loads, such as heavy safCl!, which may 
be applied at any point of the floor, and uniform loads I)('.r lineal 
foot of beams or girders. The load which produces the mlUimum 
ix>nding moment or reaction is to be used in proportioning sectiona. 
The floor system between beams must of COUf80 be of sufficient 
strengtb to t rallllmit any concentrated load to the beam. 

In cities the minimum live load!! to be used on the various classes 
of buildings are fixed by public ordinancas, and are given on page 
304 for the principal eities of t he United SlatCl! in accordallce witb 
the most recent building laws, whieh are intended to covcr general 
conditions and do not include machinery Ot other eoncentratiOIlll. 
If Ruch concentrations, like wee; armatures, generatoI'!!., or printing 
pretISCII, ooour on fioonl, apecial proviRion ahould be mado for tllcm 
in the floor framing. flat roofs of buildingB which may be loaded 
with people, ahould be treated the Rame aa floonl and the same 
uniform live loads used as given in the table for dwellings, hotela 
or assembly rooms. 



r-
CARNEOI E STEEL COMPANY 

FLOORS AND ROOFS 

l\1il'lMu)'! LIVE LoAI>S, POUNDS P£It SQUAItE F OOT 

By Building LaW!! of Various Citic~ 

!~ P i !~ J~ i~ 1~ f~ 
,; 

Dtemptiotl of Build.", •• '" , . •• ]. S~ z 0; 
~ 

" w • 0 

.'100 .. for Roo .... 
Aparlmcntaauu D"· clling~. ., ., 

'" 50 50 

~t 
., 

Aaylunlll. ll06!)itals . et.o: . . w. oo '" 00 "" 
,. ., 

D C\.<)DUon BulIdlng8. etc. H" I: lZOd 100<1 1:1 80 125d J25d 

00 
Factories: 

Lll!h~ manufaeture .. """ WO> 
II/lavi(ll' m anuracture .. l50d lSOd 2~ "'" ."'" l:IotclB, Lodgin.g lIoWlOll ., 50 70 50 70 60 70 .,b 

Office Building •. et(: . 00 50 100 6Gb

l 
76 70b 75b 70 00" 

l'ubUc lluildlngs : 

.&5< Municipal Buildings .. H" '00 '00 
Chun:hes '00 . 00 "" " .. " 12.S '00 
LJ brarles,1>IW(mmll. .00 ' 00 '" "'" Theau.n. .00 ' 00 "" .00 . 00 .. " '" .00 

Schools, Colleges. etc. " n " 00 '" " '" eo 
StoroII. light goods ". . 00 "" '00 ." '00 .n .n ' 00 

.• heavier gQOds. ' 00 '00 '00 '" ' 00 
W archoUlil)8. ' 00 ' 5O "" no "'" .00 

Fl..., ... for .u.emblr lIallll.elc. 
Audil.orluol.ll. tlIOO _1.8 ' 00 . 00 "" .00 '00 SO " '" '00 

movablesoa.U. ' 00 ' 00 . ., '00 ' 00 '" ." 125 '". Armories. Dance Halls,etc • • 00 . 00 ' 00 .oo . 00 .00 

MI .... U .. MOU'O 
Oarag('.8, StablC8_ ". :f: ' 00 l~ l50e 100 " Corrldol'8. Hallways ... ... '00 '00 ilio1 .. 
atalrway~, Fire E8C3\lOII . .00 .00 .00 .. 
Sidewalks _ . "" 250 200 ' 200 300 
!tool'!!: 

I-'tat, s]ope up to 200 (¥O) ,. 
" 3m 30 40 3/;] 40 OOk " Stoop, .Io])/) over 200 (¥O ) ! 30 " 30> 25j 301 1 20 OOk " Wlnd~. 30' 
., 30m 3. 11).2OD. 200 30 " "'" 



Fl.OOR CONSTRUCTION 

~IIHd Lh. Load.. Floor beams in buildings should be computed 
to sustnin floor by floor the full live and dead loads. It is not 
I)robable that all t he Boors will be fully loaded at all limC/!, and, 
therefore, good practice permit8 a reduction of the theoretical live 
load in the COmllutations of column sectione. The New York and 
l'ittsburgh bUilding law8 do not permit any reduction on column!! 
supporting the roof and lop fl oor. Thcsc building laws permit for 
buildings Illorc than fivc stories in height on cohullns supporting 
each succeeding floor a reduction of 5 per cent of the total live floor 
load until 50 I~r cent is reached, wbicb reduced load is to be used 
for the columns supporting the remaining floors. Pittsburgh build­
ing law, howe"cr, does not permi t any reduction of live floor loads 
over 150 l)Gunds per squnro foot (bulk storage). The Chicngo 
building Inw requires columns to sustai n the full Iivo IOlld on 
roofs, 85 per cent of tho full live floor load on t he top Hoor with a 
5 per cent reduction on each succeedi ng floor down to 50 per cent. 

When the character of the loading willllCrmit, it is also considered 
good practice to reduce the livo load on the main girders to which 
the primary supporti ng beam8 are fmmed. The amount of the 
reduction will depend on the probable distribution of the londs. 

~·oun ... tlon L..... Footings should be 80 designed that the loads 
they sustain per unit of area shall be as nearly uniform as po88ible, 
and the dead loads carried by the footings should inelude the actual 
weight of the superstructure and foundations dewn to the bottom 
of t he footing. The live loud should be assumed to be the same as 
the live load in the lowest tie r of columns or in the footingll under 
walls. According to the propo&Cd New York building law, the 
area of the footing which haa the largest percentage of live load to 
total load shall be determined by dividing the total load by the 
unit working stress. From the area thus calculated a ll the other 
footings of the building shall be proportioned according to t he 
ratios of their respective dead loads only. In no case shall the 
load per square foot uuder any JlOrtion of ti lly footing due to the 
eombined dead, Ii"e, and wind loads, exceed the safe sustaining 
powcr of the wi! upon which the footing reets. 

1'1",_' Flo.r Ib'.~.... A modern office or mercantile building 
is essentially a steel framed structure which supports the dead load 
of t he building lind its contents and is itself protected on a ll sides 
by refractory materials. The floors are made fireproof by t he use 
of terra coUa ti les or archCll or of a composite flooring made of 
concrete or reinforced concrete. While brick arches may sti ll 
be used in speeial locations whcre great floor strength is needed, 
and concrete arches are sometimes thrown betweeD the beams, 
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modern practice is li mi ted substantially to the hollo"· tile arch 
sprung between the bcams and the r('inforced concrete IIlab luid 
on their tops, the ceiling construction ix"ing modified to suit. 
Each sYlltem hWl advantagce of its own. 

To, ...... Cotta A..,h_ 1101l0w tile archce fill the total depth of the 
floor beams, and, therefore, tend to ltiffen and braee the building; 
their weight I>er square foot is light WI compared with other forms 
of fireproof floor construction of equal strength. Hollow t('rra 
cotta floor arches Il.ffl made either flnt or segmcutal. The segmental 
arch will develop much greater strength than the flat arch of the 
stune width and depth, and may be dceigned to cnrry agivenload 
with tile o( ICS8 depth than Hat arches. They are, therefore, 
more economical, though not always aeccptable from the 8tand­
point of architectural appearance. In office buildings t.he ceilings 
under such arches arc usually suspended. A correctly designed 
and constructed flat arch will always develol> the (ull strength of 
the stecl beam which supports it. 

When arch blocks are the same depth a.s the ix"atllJj., they are 
usually laid to project l~ inches below the bottom of the beams, 
and thc space above t he arch is fil!ed in either with cinder concrete, 
in which cau be laid pipes, conduits, and wooden nailiug strip;! 
lIupporting wood Hooring, or with thin terra COlla blocks made for 
this purpose, or with a layer of plfUllic composition of ~ment, 
which lorms the wearing surface for the Hoor. 

Th.,.. t of Floor A",h.,.. All forms of terra cotta arches produce side 
thrus~ 011 the floor beams. I n the Oat arch the blocks have tapered 
faces and the central block or key wedges the otllen togcther; in 
the acgmcntalarch the thrust is that due to all arch action. These 
tbrusts it is found nC<:CII8ary to counterbalance by me!l.ns of tic rods 
wbieh connect the Boor beams and relieve them from the tendency 
to deflect sidewise. In UIt: central bays, o .... ing to tho nelion of 
adjacCtlt archC6, the Ue rods are sometimes omitted, but it ill 
necessary to investigate outer beams and channels around openings 
for additional thrust strC89C9 80 that the combined fiber ~trcau 
produced by vertical loading lind horiwntal thru~ts may not be 
excCll8ive. With Hat arches ~ inch tie rods spaced allart not ovcr 
fifteen times the width of the beam flangell will usually be sufficient. 
The total thrust of arch, the ncLarca. of tic rods required, the maxi­
mum distance between tie rods and the section of outer bealUll for 
any condition, may be found a.s follows: 



.F.· .L.O.OIt I,;ONSTRUCTI ON 

Lo< -----
w .. unit-load on areh, in pound8 per equare foot. 
D .. distance of arch span, in feeL. 

L .. length of floor beam 8upporting the arch, in feet. 
H .. effective rise of arch, in inches. 
II .. thrust of 3rch per lineal loot, in pounds. 
P .. total thrust of arch per panel, in pounda. 

A .. tolaincl area of tic roda per panel, in square inches. 
a .. net area of ODe lic rod, in square inches. 

T .. spacing of tic rods, center to center, in feet. 

I .. allowable combined fiber ItrC88, in pounds per sq. inch. 
8,_, .. Section ModulU8 of beam, axil I_I, in inchess, 
S,.. , .. Section Modulus of beam, axis 2-2, in inchel:ls, 

~h-I - i3cnding Moment for vertical loading, in inch pounds. 
?th., - Bending Moment for arch thrust, in inch pounds; then-

3wD' p 
". J> .. pL 

A 3wD~L I' -,nr T 
l' 2afH .1 

3wD' p 
M .. 12L {lhwDL~ 3wD r.-•. 1 8 " - • 
1\1 2_2 .. 

12T(pT) 
pT' ., 

In formula given for },h.~, the beam ill considered eontinUOUII, 
lIuPI}()rted a~ intervals by the tie rods. h\ segmental arehell the 
effootive rille ill equal to the vertical distance between highest point 
of concave lIurface and springing line or chord; the cffootivc rise of 
a flat arch may be taken at 2.4 inchcalcse than the arch depth. 

The allowable combined fiber strCISII in tie roda should not exceed 
HI,OOO powlds, and tie rods should be placed in Ii IlC ol thrust, usually 
3 inches above the bottom of the beam . 

The net areua of usual 8izee of tie rodll nrc aa follows: _ 

I I • 
~ d. R.od, lar.heI .. .. .. 

Net area. a, l!(Ju. ", InebOil. 0 .202 0.302 0.420 0.'" 
w, 
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E xAMPLE.- A fioor panel 18 feet by 6 feet, of 12 inch fiat terra cotta blocks . 
is to support 'a uniform live and d ead load of 150 pounds per square foot . 
R equired the total thrust, total area of rods per panel, maximum spacing 
of rods, and the proper size beam to carry one-halt of the panel without other 
lateral support than the tie rods. 

Entire panel load is 18x6x150=16,200 pounds. Assuming a beam, 12 inch 
31.8 pounds, and %;-inch tie rods, then-

Thrust of arch per lineal foot, p 3x150x62 
= 844 pounds. 2 (12----=2Aj 

Total thrus t of arch, P 844x18 = 15,200 pounds. 

Total area of tie rods, A 
15,200 = 0.95sq. inches. 16,000 

::I1aximum spacing of tie rods, T 
0.302x16,OOO = 5.75 feet . 844 

BendingMoment, vertical loading, M 1- 1 = 
3x150x6x18° 

= 218,700 in . lbs. 
4 

Bending Moment, horizontal thrust, M o-o = 844x5.752 = 27,900 in.lbs . 

Combined fiber stress in tie rods, =218,700+27,900 = 13 420100 l in 2 
36.0 3.8 ' . . 

It tie rods are spaced 6'-0" centers, then = 

Bending Moment, horizontal thrust, M O- 2 = 844x6" = 30,400 in.lbs . 

Combined fiber stress in tie rods = 2~~~00 I 3~~0 = 14,080IOO./in.-

Span, 
Feet 

---
3 
4 
5 
6 
7 
8 
9 

10 

MAXIMUM SPACING OF %: INCH TIE RODS, 

LOADS OF 100 POUNDS PER SQUARE FOOT 

Effective Rise of Arch, R, in Inches 

4 5 6 7 8 9 10 11 
, 

12 13 14 
-------- ------------
14.3 

8.1 10.1 12.1 14.1 
5 .2 6.4 7.7 9.0 10.3 11.6 12.9 14.2 
3.6 4.5 5.4 6.3 7.2 8.1 8.9 9.8 10.7 11.6 12.5 

3.3 3 .9 4.6 5.3 5.9 6.6 7.2 7.9 8.5 9.2 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6 .5 7.0 

3.2 3.6 4 .0 4.4 4 .8 5.2 5.6 
3.2 3.5 3.9 4.2 4.5 

15 
--

13.4 
9.9 
7.6 
6.0 
4.8 

For any other loading, multiply tabular values by 100 and divide 
by total new load per square foot. 

The tables which follow give the weights per square foot for terra 
cotta arches, both flat and segmental, of various depths, their area 
in square inches, and the safe loads they will sustain on various 
spans. These tables should be used as a general guide only, as 
conditions may make it possible to design more economical arches 
for a given load than indicated by the tables. Where a paneled 
ceiling is not objectionable, for example, a shallow arch may be used 
on raised skewbacks with a considerable economy in material. 
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Span 
of 

Arch, 
Ft.-In. 

FLOOR CONSTRUCTION 

FLAT TERRA COTTA ARCHES 
MANUFACTURERS' STANDARD 

SAFE LOADS IN POUNDS PER SQUARE FOOT 
Factor ot Safety = 7 

Depth of Arch Blocks, Inches 

8 I I 10 12 

Are. of Arch Blocks, Square Inches 

31 34 37 40 43 49 

15 

58 

3-0 458 588 735 901 1084 1487 2210 
3-3 386 496 622 763 916 1262 1877 
3-6 330 424 531 653 785 1083 1612 
3-9 284 365 459 565 679 938 1398 
4-0 247 318 399 493 593 820 1223 
4-3 216 278 350 433 521 722 1079 
4-6 190 245 309 382 461 640 951 
4-9 168 217 274 340 410 571 855 
5-0 149 193 244 304 367 511 767 
5-3 172 218 272 330 460 691 
5-6 154 196 245 297 416 626 
5-9 139 176 222 269 378 569 
6cO 159 201 244 344 518 
6-3 144 183 222 314 474 
6-6 131 166 203 287 435 
6-9 152 186 264 400 
7-0 139 170 243 369 
7-6 144 206 315 
8-0 177 272 
8-6 153 236 
9-0 132 205 
9-6 180 

10-0 158 

This table and the two following are employed in computing the 
safe loads of floor arches of hollow terra cotta blocks. The area 
given is that of a cross section at right angles to the webs, and, 
generally, end-construction blocks of various shapes but of the same 
depth and cross-sectional area have equal strength. 

The weight of the terra cotta arch has been deducted from the 
safe load given in the tables, so that only the dead load of the 
concrete fill, plastering, etc., must be deducted to obtain the net 
safe live load for any arch and span; blocks of different areas and 
for other factors of safety are calculated as follows: 

EXAMPLE.-Required the load per square toot tor a 5'-6" span and 8 inch 
arch blocks witJI three horizontal and four vertical webs, %; incb thick, set in end 
construction, cross-section through webs ot blocks parallel to webs ot beams. 

Sectional area of the blocks is 8"x%;"x4+(12"-4x%;")x%;"x3==44.25 sq. in. 
at 0.06 pounds per cu. in., the weight is 44.25x12xO.06=32 pound~. 

The net safe load of the 8 inch block given in the table is 196 pounds. 
Adding the weight of the block, 37xI2xO.06=26 pounds, the total safe load is 
222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a 
safety factor of 5 is (44.25 + 37x222x7/5)-32=340 pounds per sq. ft. 

309 



CARNEOle STeEL COMPANY 

1
--'- -------, 

SEGMEKTAL TERRA COTTA ARCHES 
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TERRA COTTA ARCHES 
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FLOOR, CONSTR,UCTION 

REINFORCED CONCRETE BEAMS AND FLOOR SLABS 

For a complete mathematical analysis of the stresses occuring in 
reinforced concrete structures, reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Girders and Floor Beams. The arrangement of girders and floor 
beams follows the same principles as in structural steel construction. 
On short spans floor cross beams may be omitted or used only at. 
columns to secure lateral stiffness. Beams are usually designed as 
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 as part 
of the beam should not exceed one-fourth of the span length, and 
the overhanging width on eithcr 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 cracks, shrinkage, 
etc. If the length of the slab exceeds 131 times its width, the 
entire load should be carried by transverse reinforcement. For 
rectangular slabs, the length of which does not exceed 131 times the 
width and which are supported on four sides ahd reinforced in both 
directions, the proportion of the load is determined by the 
formula: R=1/b-O.5, where R is the ratio of the load, I the length 
and b the width of the slab. 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. 

Spacing of Reinforcing Bars. The lateral spacing of parallel bars 
should not be less than 3 diameters, nor should the clear vertical 
space between layers of bars be less than 1 inch; distance from 
edge or side of beam or slab should not be less than 2 diameters. 

Shear or Web Reinforcement. In the calculation of web reinforcement, 
concrete may be assumed to carry 73 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 shcar is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
%: of depth of beam if inclined, and 31 of depth if vertical. 

Formulas. The following formulas are those given by the 
Committee of the American Society of Civil Engineers on Concrete 
and Reinforced Concrete (Transactions, Vol. LXXXI-No. 1398, December, 1917 .) 
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CAR.NEGIE STEEL COMPANY 

REINFORCED CONCRETE BEAMS-NoTATION 

Rectangular Beams, Reinforcement for Tension only. 

fs =Tensile unit stress in steel, in pounds per sq. inch. 
fc =Compressive unit stress in concrete, in pounds per sq. inch. 
Es =Modulus of elasticity of steel, in pounds per sq. inch. 
Ec =Modulus of elasticity of concrete, in pounds per sq. inch. 
n Elasticity ratio, Es+Ec. 
M Bending moment or Moment of Resistance, in inch pounds. 
Ms=Moment of resistance of steel, in inch pounds. 
Mc=Moment of resistance of concrete, in inch pounds. 
As =Area of steel in tension, in square inches. 
b =Width of beam, in inches. 
d =Depth of beam to center of steel in tension, in inches. 
k =Ratio of depth of neutral axis to effective depth, d. 

=Ratio of lever arm of resisting couple to depth, d. 
z =Distanee, from top to resultant of compression, in inches. 
jd =Arm of resisting couple, in inches=d-z. 
p =Ratio of areas, steel in tension to rectangle, bd,=A+bd. 
kd =Distance from top of beam to neutral axis, in inches. 

Tee Beams, Reinforced for Tension only. 

b =Width of flange, in inches. 
b' =Width of stem, in inches. 
t =Thickness of flange, in inches. 

Rectangular Beams. Reinforced for Tension and Compression. 

A' =Area of steel in compression, in square inches. 
p' -Ratio of areas, steel in compression to rectangle, bd, A' +bd. 
f~ = Compressive unit stress in steel, in pounds per sq. inch. 
C =Total compressive stress in concrete, in pounds per sq .inch. 
C' =Total compressive stress in steel, in pounds per sq. inch. 
d' =Depth to center of steel in compression, in inches. 
z =Depth to resultant of C+C/, in inches. 

Shear and Bond. 

V =Total shear, in pounds. 
V I Total Shear producing stress in reinforcement, in pounds,=%V. 
v =Shearing unit stress, in pounos per sq. inch. 
u =Bond stress per unit surface of bar, in pounds per sq. inch. 
:So =Sum of perimeters of tension bars, in inches. 
T =Total stress in single reinforcing member, in pounds. 
s Horizontal spacing of reinforcing members, in inches. 
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FLOOR. CONSTR.UCTION 

REINFORCED CO CRETE BEAMS-FORMULAS 
Rectangular Beams, Reinforced for Tension only. 

ife-+: I kd =d( 1/2pn+ (pn) " -pn) 

-1._._I--:tf'::[-<-=-l=:=l_ ~==l==3--~ z =!kd jd=d(l-!k) 

; M =tsAsid = tspjbd2 * M = ttckibd!l 
, t M M 

T' S = Asid pjbd2 
, , -r-- , 2M 2pts ---b--~ '-f_jn'- fe = Jkbd!l = ~ 

Bnlanced Reinforcement: 
Steel ra.tio, p = 

Tee Beams, Reinfored for Tension only. 
,..----- -b--------, ..--fe--" 

CUt
, , '-t Kd.Q'~ - '-~ 

I j , : 

- -4 - - j~ 
, , 

_ • _' '!'J , 
1 I I I/,I '+·b-..... '+-f8/0--1" 

M=fsAsid 

tcbt (kd -!t)jd 
M= k(l 

kd 

bd~- M - :M :- fsPj - VcKJ 

2ndAg+ bt" 
2nAs + 2bt 

Neutral a.xis in flange--­

(use formulas for rectangular bcams.) 

Neutral axis in stem-

_ t(3kd-2t) J'd = (d-z) 
z - 3(2kd-t) 

= ..M.. fcn(l-k) 
~ Asid k 

_ Mkd tsk 
tc - bt(kd---!t)Jd = D(I=k) 

Rectangular Beams, Reinforced for Tension and Compression. 

Shear and Bond. 

Rectangular Beams 

T Beams 

kd = d [~2n(p+p'f)+n2(p+p')!l -n(p+p')] 
d' 

!ksd+2p'nd'(k-<r> 
z jd=(d-z) 

k 2 +2p'n(k- f> 

6M 

[ 
6p'n d' d')] bd!l 3k-k2+-r(k-a) (l-a 

v = bTd 

V 
V = b'jd 

T - V's 
-T<l 

T= V's 
jd 

v 
u = jd~o 

V 
U = jd~o 

It reinforcing bars a.re bent up at angles between 20° and 45°,and web members inclined at45 0 , 

'r_8V's 
-4f<T 
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CARNEO I E STEEL COMPANY 

The formulaa arc b&3C!d upon the followmg e.!I8umptiOD8: 
I. The applied forces are perpendicular to the ncutral plane. 
2. The detormfl.tion of any fiber is proportional to its d:stance 

from the neutral axis. 
3. The resisting momcnt of the beam is the sum of the moments 

above the neutral axis, due to tbe conaret.e area in comprClJ8ion, 
and of tb(J8e below tbe neutral axis, due to the steel area in tension. 

4. The tensile strt!ngth of the concrete is negligible. 
a-tt .... MOIHllta. If alaha and girderaare reinforced over supports 

to take care of negath'e bending moments, they act as continuoua 
bcaIll8, a.nd the bending moment at tho center of tbe span will be 
reduced. It ill considered good prtl.Ctiee to U8e the following values: 

Floor slabs, M at center and at 8UpportS-ft- wl~. 

Beams, M at center and at fJupports=tr wI' for intcrior 
"pal18, and n wi' for end spans. 

If beams are frooly supporwd at ('nds, M=i wP. 
Col...... Columns may be reinforced by means of longitudinal 

baf'll, by bands or hoops, or by both. The general effect of the 
banding or hooping is to permit the usc of somewhat higher working 
strcsaes ; t.be valuca of All and p given in the formula whicb follows, 
refer to longitudinal steel reinforcement only: 

P =total load on columns, in pounds. 
A =total area of column acction, in sqUAre inchcs. 
Ae=area. or concrete, in squaro inchCli. 
As=area. of steel, in equare inches. 
p =ratio of steel area. to total section, As ... A. 
fc =unit compressivo sttc811 in concrete, in pounds per IIq. inch: 

p 
P =fc(Ac+nAII)_fcA[I+(n_l)p!. f~ A[l+(n-l)pJ. 

Worki ... Su- The following working stressC8 are in current UI!C 

fo r reinforcing bars of medium structuralstccl and good Portland 
ceooent and gravel concrete of 8. 1 :2:4 ooixture: 

fc=unit compressive stre88 01 concrete ... 
lv-unit shearing stress 01 concrete, 

650 lb. sq. ill. 

straight hori~ont!lt rcinforcement .. 40 " " " 
special shear reinforeemcn~ . . . . 90 to 120 " " " 

fu=unit bond stress of concrete, smooth 
rods and deformed bars ...... . 

fs =unit wnsile strC88 of steel. .. 
rod reinforc('mUlt . 
wire reinforcement 

fk=unit compressive stress of steel. 
n - F: .... Ec- 15. 

'" 

80to l OO" " " 
16,000 " " " 
16,000 " " " 
20,000 " " " 
16,000 " " " 



FLOOR CO NSTR UCTI ON 

Subetiluting in the formulll.8 given for rectangular beams, reinforced 
for tension only, the values for fc=650, f_ 16,ooo and.2O,000. nnd 
n- 15, the following conslllnts nre obtnined fo r equal moml'nt" of 
resistllnce Mc=:\I •. 

XOUI;"" 
, ....... 

Sota ..... 
,.-. 

' _ IMOO 1_ 20,000 1...,18,000 ,-.. ---

" 0.00700 
0.0=' I " 0.0IX>72 O.OOIH , I 0.37864 0.32773 " 0."""" 0.291D3 

j 0.87370 0.80076 f.pJ_ jifekJ 107..526 91.871 

~'or Ilpprodmato calculation" tho arm or tho I"OIItating oouplo, Jd. rna)' bo 
t .. ken al O.Od. and ordinarII )' ac«pt<!d 'll"orklng ,t..- of lG,OOQ for .tcel 
and 600 for ooncrete '11"111 1I0~ 00 excooded lr Hlo ,teeI ratio. p. does not 
excood 0.008. 

Eu ...... tio .. of Tabla. Reinforced Concrete Slab6: The wblu 
given on page 318 arc bll.8cd upon the preceding formulfUI for rect.-­
ungular benms reinforced for tcl13ion only, and upon fiber streSIICII of 
600 pounda per square inch for concrete, 16,000 pounda for steel bllr or 

rod reinforccment, ~,OOO l)(lunds for steel wire reinforcement, and 
for nn cla.sticity ratio of 11_ 15. 

The bending momenUl arc given in foot 1J()Ilnds per foot of width; 
bt-1ow Ilnd to the left of the sigz3g lines the valuc8 are determined 
by the maximum allowable fiber strC8ll on stcel; above and to the 
right they are determined by the maximum allowable strel!o!lCS in 
conerete. 

The first eolumn gives the total thieknC118 of the slab, the BCC­

oml, tho distanee from tho ceuter of tho steel to the bottom of tho 
slab, lind the third tho IIpproximatc weight of eoncrete slabs onc 
foot squnre. 

E"' .... PLL-ReQulred the relnf()r<l(!ment 'or I. odt.b oontln\1OWlat foW" 11d0li 
IIId 1\ IncilCli lhk:k 10 carry a luperlml)OllOd 1Ot.d 01 100 pounds PN squaro root 
ov~r a da.r .pan of 8 toot. 

A_ulnlng the ... elBht 01 tho concrete Ilab In J)OUtldl at t ... e lve time-the 
~hlcknCIII of the slab In Inehel, then th\) ... clght 0' the odab per loot'" 12~ 
poundl, and the total .. elsht, W, for a span of 8 foot II (00+ 150) .. 8-1080 
pound • . 

\I _ WL+ 12=lOSOJ:8+ 12:0:0 1120 foot-pound • . 

It mOOlum structurt.l "eel bant or roda IINl \UICId. tho requIred a.rot.. b)' 
the UI)()Ill' lable. page ;f1S. I •. by Interpolation. 0.231\ *lu,,"", Inebel, and tho 
.11oN may be taken from pace 100. 

n triangle ml)llh Ilt U8I.ld. thelteel area requlred by lower table . p,,«o 3UI. 
computed tor a (; Inch odab.llt, by Interpolation, 0.188 *luaNl InehM, requlrlna: 
by table, p~ 319, triangle mOlh Itylo number 208, 
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CARNEO Ia STEEL COMPANY 

REINFORCED CONCRETE SLABS 

B EN DIXG M01HJNTS IN FOOT P OUNDS P E R FOOT 01" W IDTH 

AlIo .... ble Fiber St!'eIM: Steel , 16.000 and Concrete, 660 Pounds per Sq. 1nch 

,~ , 
'M • 'M • 'M , , , 
lH IU 

• 'M 8H IH 

• I'" tj.i l.J.i 
10 Hi 
IOH H. 
II I~ 
,,~ 

" 

, I 
1.10 1.25 1.:.0 

Allow.bIlI Jo'lbcr Streea : Swcl. 20,000 and Concrete, 650 I'o"nd~ per Sq. lllch 
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FLOOR CONST RUCT IO:-' 

TH IANGLE MESH CONCREn; REINFORCE:\IENT 

Trl .. ngle MO!I!Ih Is a .. oven fabrlc of cold dral'fIl 8t.ee1 .. Ire, providing a 
contlnueu'l relntO<'CO'!m('nt, an c,'en dllltributlen of metal. and a perfect. bond. 

Made with both single and $tranded tension Inemben: In len,th.o up to 
300 trot alld III wld t!UI up t.o Mllllcm.. 

TRIANG L E M E Sll-STY LES, A1U:A!'I, A:-"O WEIG II TS 

I .. ollgltudlnal .. nd Cl"'<* W m. (No. "" A. S, ok W. 00. Gillie) . Spaced ... l llcbea, 

T .... ""IoM .... 
51,. .. :-;' ..... _. 
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080 
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." '" 267 
287 
300 
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395 

I 
N_," 

• , ..... 
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a 
3 
3 
3 
3 
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AS..I\· Co. 
\\,;",0. 

No.12 .. 
" .. >0 .. • .. , .. , .. • .. , .. • .. a 
K" .. , .. • .. , , .. • .. , .. ,>~ .. , .. 
.~ .. • .. 3~ 

"""11th 01 Ron.: 150, 200 aod :SOU 1 .. 1. 

I ,.,...,.10 M .... -
Nd A_ ToUI A_ Appl'O:l. v.~"~t 

• ........ 11'>:1111. pt. Foo,Width,fIO"' I OO~. Ft., 
Sq.I ... t... Sq. I .. ~I POll. .,. .00' " ,0,11 .00> " .013 .OID " "" ."'" " ,002 .008 '" ,074 .080 .. 
."" .• n " .101 .U" 00 
.120 .12(\ " .140 ,14(\ " .117 .." GS 
.162 .'GS " .174 ..'" " .202 ."" so 
."" . 2~1I ... .... .2(\7 '" .281 .287 US 

"" .300 .,. 
.3:10 .a36 >3, 
.359 .3M ... 
.3S9 .395 .00 

Width 01 RoIb: lG, 20, 2-1. %S, 32, :16, 40. 44 , 4S. ~2 aod lie i ... t..., appl"01im&tely. 
T.;...ode ~Ioob io!........bed ritllor ..;m or withollt plnaiwtc; ...... """"'" ~ 

..wri&I will _ ""wd ...... ~. 
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CARN!.!O I !.! STEEL COMPANY 

." 
BUCKLE PLAT&') 

fij 1/ "- IV '-J IV '-J I ~ 

U Q U I' 
~ ~ 
h II"- /1 11'-- /Ij 1'-- /1 Ir:::-
~Q ••.•. ':'~:"~";;"ll}'o;::~~~ 

Buckle Plates, 81 gcncra.1ly used on highwa.y bridges with paved 
floors, nrc subjected to a concentrated live load due to the weight of 11 

wngon or truck wheel and to a uniform dead load due toO the weight of 
the rondway paving. 

Burkle Plates should be placed with the buckle turned down; then 
the live lond which cnn be pla.ced on & buckle in addition to the 
uniform dead load can be obtained from the following foOrmula. Let: 

P _ Totnlallowahle concentrated load on buckle plate, in pounds. 
w _ Uniform load, in pounds per square foot. 
d - Hisc of buckle, in inches. 
I _ Length of buckle, in inches. 
b _ Width of buckle, in inches. 
t _TIlickness of buckle plate, in inchcs, 

P _ t (300 fdt - 0.525 wlb) pounds per buckle. 
Od+15t ' 

The following table gives, for a fiber stl"CSl! of 9000 pounds, the 
muimumooncentrale<llive load in I)()unds allowed on buckles (tumed 
down), in addition to II uniform Io.-w aasumoo to be the a\'erage 
wcight of paving, etc ., of 120 pounds per square foot. 

n. .... _of Rioto. d. ill I .... 
Blldle 1'1010, 

I ,- , ,,, , ,~ 

" """'" ""'" ""'" ,,"'" 
" 30000 """'" '''''''' '''''''' •• "000 .""'" 47000 4itoOO 

'I, =00 "'''''' ,,,>00 """" 
The lotnl allowable uniformly distributed Jond wbich n blU'kle 

plate will soJcly lmpl)() rt may be obtained from the formula: 
W - 12 fdt pound!!, per buckle. 

Whe,l the buckles are tumed up, usc one-third of .above vniues. 

'". 



I 3·11 4- 6 
2 4· 6 3-11 
33·1 1 3.6 
_I 3· 6 3·11 
1):1·93·9 
G3· 1 :1.~ 
73·U;!'·1 
83-83·8 
92.g!J...S 

103·82·8 
112-2!J...S 
12 3· g Z· 2 
13 3· 0 3· 0 
14 2·92-0 
19 2· 0 2· 9 
202.02.6 
2 1 2· 0 2· 6 
2Z:!J...fi 3·6 
23 3 · 6 3-11 
2~3·6a-D 
2l>!J...9!J...6 
26 3-23-1 
27!J...13·2 
283-03· 1 
293- 1 3-0 
302-62-0 
3 1 2- 0 2· II 
3211-03-11 
333·6:1-11 
3t4-04·0 

•• d, ", 
:~ , , , , , , , , , , , , 
~a , , , , , , , , 
m , 

!"LOOM. I'I,.ATES 

BUCKLE l)LA TES 

Rldii of ll<lCklo 

Side I, 
n.-Jm. 

!!ide b. 
H .... I. 

'" 



CARNElOIE STEEL COMPANY 

CHECI(ERED I)LATFS 

ELJ;:IoI&NTS OF CUECKERf.:O PLATES 

Widtb, • 
TbicC-. I Wop 

&ot;"" .. ""' Square ~~, Noduh ... for , .... Minimum, Muimum, '. aer~Widtb, 

,~ ... 1I."he. ''''" , .... ''''' .. 
MM " 00 ~ 21.4 0000 
:<\1 63 " 00 ,I.. lS.9 0.383 
M 62 " " " 10.3 0.281 
M 61 " 00 01, 13.S 0.19:; 

"'" " 00 " lJ.2 0.12.5 
M 4'.) " " ", ,., 0.070 

A LLQWAIlLt; UN I FOIW LoAD IN POUNDS 1't:R SQUAIlt: FOOT 

.,., ! Fiber 51 .... 1«0:1 POUDds P"t SquarelllCh Fiber Sv-. 12000 l'ouadoper Square Incb 

• M~ MU- MM I M60 M4~ MM IM$3 F~ "M M~ MM MOO M49 
~--- -----, 
"'" "" 3000 "'" "'" 746 4000 3064 22·IS "'" '000 '00 , 1333 "'" "" '" 3" IS7 11°OO '''' "" 30. ,W '" 3 '" ." '''' 232 '" 83 444 '''' '" 'U " , '" '" '" '30 " 47 250 '" " 63 , "3 >63 '''' " " '" 00 " , 
'" U3 " " " , "m .. m 

I , " " , 66 

The valuO'l gl"eo 10 aoove table are tho .... tll 10wIs per 8qll&re foo~ of 
plaWII sUI,ported On two 81d<)(l only and llr"(\ ba.8nd UllOn the I"OIIliItan<.:fl of 
rUCllmgular 8OOtIo08, 12 Inches by tho ne~ sectIon. t. 

T he woll1:ht ot tho plaW8 aro Includod In tho· lIafo loads and mll,t be 
ded u<.'tcd to obtaIn tho net superhnJ)08ed. IIllte load. 

Safe loada for other tloor StrD8SOll than tliOllO given In tablo may 00 
obtained from tho values gIven by dIrect p roportion o r tho fioor skelSes. 



R.OOF CONSTR.UCTION 

ROOFS AND ROOF LOADS 
The design of roofs and the selection of suitable roofing materials 

depend on the character of the building, whether monumental, 
'public, residence, mill or · shop; permanent or temporary; geo­
graphical location as regards allowance for snow and wind loads, 
and also availability of materials and familiarity of workmen 
with the construction; atmospheric conditions as concerns presence 
of industrial or other plants producing 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 
~nd pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within as well as without, made of refractory materials supported 
by equally refractory framing. It should last without repair as 
long as the building stands without repair. Its maintenance cost 
shodd be low and its materials purchased on the probable life and 
service of the structure. 

Snow Loads • . The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roof. 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 degrees ; 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 these loads should be 
increased in accordance with actual conditions. Regard should 
also be taken to the possibility of partial snow load with local 
concentration. 

Wind Loads. These vary also with the geographical location and 
the slope of the roof, and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per square foot 
on vertical surfaces of the most exposed structures, and 30 pounds 
on less exposed structures. On inclined surfaces only the normal 
components of the wind pressure need be considered. The following 
normal pressures are based on the formula given by Duchemin: 

P=Pl 1 ~ s~n: ' where Pl is the direct horizontal pressure sm a 
assumed at 30 pounds per square foot on the vertical surface and 
P the normal pressure on a unit of surface, sloping at' angle a with 
the horizontal. 
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CARNEO I E STEEL COMPANY 

Non~'AL Wnw PnE88UR F:, 1 10< P OUNDS I'.:n SQUAll.: FOOT ... .... I "'='" ~ '" 0 0 Sq~F_. . " eq...,. Foot. 0 " SqlW'Or-. ." Squ&reFOI>I., , ..... Poomdl P""Ddt ....... ~-- -- ~- I 
II 11.19 ,. 18.37 311 25.90 ~ l ZS.9' 

10 10. 11 I " 2 1.61 40 27.29 29.41 
111 14.511 80 24.00 411 28.28 29.69 

For olher pressures than 30 pounds per square fool, the valuC$ 
givcn above change In l)foporlion. For slopes over 600 the ValuCll 
assumed for horiwntlt.l pressure are appl ied. 

eo_III,," Roof ~ ,. climates cOlTC9ponding to that of 
Pi ttsburgh, and where the ,"of loaels are not fixed by building 
laws, ordi nary roofs up to 80 {eet span should carry the following 
minimum load s per square foot of exposed surface, applied vcrti. 
cally, to provide for dcad, wind and SIiOW loads combined. - -RooI Load 

Roof CoooriAa; ~ 
~uaterool, 

"'"" 
Or8lve l or rn boanJs, flU slope, 1 too 6 or 10. .......... '" Coml)08lUon on board_. itC<'P ,lope. more ~han 1 too 6 ..... " Roofing on 3 Inch nat 'lie or ctnder oonereloe . . ....... .. 60 
~Ied ,heetlng on bo&rolI 01' purilnll .....•. ...... ....... .. .. 
S~~ {:::: ::~~~:ct~d~~~ :::::: :::::::. '" '" Tile on Ileel purlLulI .. ... . ..... ....... ..... ........ ..... " 01 .... .... .... .... ............... ..... .... . ............ ... " --

For roofs III climates where no snow IS hkcly to occur, reduce 
these loads by 10 pounds per square foot, but no roof or any part 
thereof should be d('Signoo for a total live and dead load less than 
40 pounds per square foo t . 

Root eo¥trl l\l". As stated above, suitable protection of a buildlllg 
against rain, snow, etc., depends on thc character and location 
of t he building, and the slope or pitch of the roof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for fiat roofs; 
slate, tilcs, and tin arc used for slant roofs of public buildings and 
residences, shi ngles for smaller dwclling houscs, and corrugated 
shceting for shops and warehouscs. Slatc, tile, tin, and shingles 
are usually attached to a layer of planking, called sheathing, 
which in turn is supported by rafters, often called jack rafters, 
resting upon the roof purlina, or placed dirootly upon the purlins 
of the roof. 
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RUOF CONSTRUCTI ON 

'\1' 1'ROX l lI:ATj,J WEIOIIT or ROOFINO MATERIAl. 

--------~~~~~~~,--­

Copper. No. 22 IJ. \\'. 0 ........•.. 
COITll8 .. t«t g .. lvB.nlzoo Iron. No. 20 D. W.O 
COITUg&too plvanlzed Iron. No. 26 D. W.O ...•...... 
Felt. 21 .. yers. . ........... . 
Felt .. od .... ph .. l~ or coal-tar ....................... . 
OlaM. ~ Inch tluck...... ...........••. . ........• • . 
L .. th u.nd plll-'lter ceiling.... . ....... . 
Lead, ~ Inch thick ....... . ...................• 
Maekll(l. linch thick, with "Iuter .••..•. 
Sheathing, hemlock. I Inch thick 

Weicbl 

Sqr:1ool, 
" ...... 

I ~.-
2}. 

' X 
~ , 

'U 0-' 
,~ 

W , 
Sheathing, white pine .• pmoo. t Inch thick ........... , ......... 2J.(-2ji 
Sheathing, , 'ellow pine, I Inch thick. 3 ji 
Shlnglca. 6.>:18 Inches. 6 1nchos to "'ealhcr , 
Skylight. SIut~. to ~ Inch. including ' nllnc ..... ,. ,. ... . . . . . .... 4-10 
Slag roo •• 4_pl " , wllh OIllllen! ud and. 
SI .. te. h Inch thick, 3 Inch double I.p . . .......... . 
Slate. 'h. Inch thick. 3 Inch double I.p .. 
Tenlepl.tc. Ie . . . ............... . 
Terneplu.te, IX . . . . . . . . . . ...... .. , 
Tiles (plato). IOji"6 Ji'''~ InChca, Ii J.( Inehos to "'e&thN .. . 
TIlCII (Spanish). 1>1 ).iJ: IO ).i lnebel. 7 J.( Inches to weather .. 
Zinc. No. 20 n. W.O .......... , .. . 

Roof Trn-. TrU8IIC8 are llliedwherc wide roof openings are to be 
spanned; I hey forlll a 8lrueture of eompression UlldtensiOIl membef1! 
and produce vertical reactions under vertical loads; the total load 
of the roof, that is, the weight of the tru8ll, pUrlins, roof covering, 
eeiling, and often also the snow and wind load, is usually considerc:-d 
/I. uniformly distributed loud, equally divided between the two 
supports nnd producing equal and vertieal end reaetions. 

The purlins usually rC8t on the upper chord of the t ruSll, trans­
milling to the latter the load of the roof covering, tile wind and 
snow load, that of the jack rafters and their own, and nrc often so 
arranged as to carry the dead load direetly to the truss joints or 
panel points to a\'oid tran!lvel'3O 8trCSSe!!. The distanee between 
two eonseeutive joinlS of the top chord is the panel length; the dil!­
lance between two adjacent trUlSBe!! the bay length. 

The transverse Blrcngth of the sheathi ng or of tho eorrugaled 
iron usc:-d (or the roof covering generally determines the spaces 
betwccn the jaek raftef1! or the purlins. ThC8e purlins or mftef1! 
are IIIDaU steel sllapes, such as beallll!, channels and angles, or 
wooden beams, if the roof is not of fi reproof conslruetion. 



CARN £ Ol E S TEE L CO I\\ PANV 

TRUSSES-F oIU!ULA FOR S TRESSES AND L ENGTHS 
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" "L_'. 
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m 

"L_'. .. 
"L_'. n 

LU-"i_'.) 
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" • 
OIL,..' • 
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ROOF CONSTRUCT ION 

TRUSSES-COJ;Y YICI~:;Tg OY STRESS~S 

w w 
----~ 

* • 

r-------

* l"'-''-'''----'--- -~ L. ---''----'''''--'-''''l 
2W -----------Ir----

n _ L.ll _2 CQ~" 
-- --- -lr------- ---- 'W 

.. ... 
'" ,b 
bo 

" .. 
Co 

'" ,. 
'" .. 

• \), of 
~ 

bo, do 

" " 

, 

w 

ill &"J' membet 01. & ,;v ... IrU8I, mult.iply the ~ina: coeIkiont \), 

deoip&~ b)' + a<>d teQoioQ membM by_ 
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CARNEO IE STEEL_CCCOC' _' C" CA_N_Y'-________ __ 

TRUSSES FOHliOLAS I'OH STH£8S£8 .&.."0 L£~OTII8 

n , , 

fd"'-'-"--'-"--"'---J L. ---'---'-'-.Le"-
------------- Lr---- .••• -.tr-----

4W n _ lJ1I _2cotol GW 

PRATI' TRL'SS-8 PANELS 

Aa. DI) +1<y';;;+"'4"w ~ L sec .. 
Cd +*I/~ltWl~ Lace .. 
Dr ... ~\ ~xW ~ Lseca 
La -' , n xW\' L 
Lc: -"!. n x\\". L 
La ........ n x\\'\.iI L 
Lg n xW\-' L 
ab ,+ 1 xWII h 
cd -% xWI10 h 
cr + 2 xW~ II 
I>c -"'V~ltW \~y'iT+"iGhr 
de "'I noT:i6xw ~y'LU36iii 
til f-14y'~xW\.y'ti+6ilii 

PRATI' TRL'SoS-IO PANF.Lo, 
M .... !oer Suo- Ltqt~ 

~BI)H'l/n" .~\'~lo L.M!IC .. 

'" 

Cd + 2y';;i'7':4 xlV Yio L til(: 0 
Dr +!<I 'n~+'" xWy.. L~ .. 
Eh """y'iii+':i xW ~\.. L lee .. 
La -.. n xWIi. I . 
Lc 2 n xWYi. L 
La .', n xW~,o L 
Lg ,-+. n x\\·~io L 
Li -% n x W >,!, L 
ab 1 xWl,i h 
cd +"!. xW* h 
" ,+2 xW" h 
gh +b xW~ h 
be ·\.y'n.+i6xW\ioy'~ 
de \,y'ii'i'+36xWYioy'U+ 36h" 
'If 1.\/ iii+6ixWI\oVU+ 6411. 
hi IIy'iii+'i'OOxWlioy'Li+'iOOiii 



A;OOF CONSTRUC TION ----
TR(;SSES- COEP'FICIESTS OF STIlE8S£8 

w 

w 
AT ~1 T.. c: : 

.•. • l.. _ _ "---"_=",,\ 
- •• _- ._. L .• _.-. ._-_. L .• -_.-

ZW D_ L,H _Zoot .. SW 

I n=Sp&.D.+Il11i1hl 2..otn __ Sp&.D.+ Heichl _ 2oot .. 

M~"" , M_"" f ' 
__ 13~4n~t~' t"'-'-~' .3 ~n~~I_'_~' 5 ~ 
A •• Sb 2:10 U'S 3.00 1034 1.90 4.tM. 4.74 M,Db 4.51 UII &.00 5.1>11 1.60 US,T.n 

La ,20252.:>7 UO 1.00 1.IIO II.a 4.060 Cd l.el I.QT UIO UT 6.20 U'I U2 
La '1.50 1.1'1 I.n 2.00'2040 UO'3.oo La 1.764.79 U3 5.00 $.00 $.25 7$ 
.b 1.00 1.(1) 1.00 1.(1) ,1.00 l,flO 1.(1) I.e i3.oo '.U'UG 4.00 4.80 i_OOIG.OO 
be I-Z 1.32 In IAI 1..68 ... 01.80 La ,U5 U7 2.110

1
'_00 1.110 .... UO 

ob 1.00 1M J.t1O 1.00 1.00 1.00 1.00 
ltd UO 1$ 1..50 ,1$:1..50, 1$ I.JO 
be 1.!l1.32 U2 1.41,1 ..68 11.60 1.110 
ct. I~ 1.73 1.13 1.80 ,1.112 1.Q.I !.I2 

w 

,;y"y,'-1 
.) , 

~A i 
1""''''--''-''--''-'-----''- _ -• 

.w 
•• _ ••• _._- L 

.. '"'" SpA:. + Heichl _1 00' .. 

f -.,-,--", ~< 

+ 
,w 

.. '~p&.D.+ H.iChl _200t .. 
Id .. btr ---J 

, 3 ~4'7 i:7!" 4 bu 5 8 
-:-j --'-1-1- - ----j 
Aa.Bb 1.31 us 1.oo 'U3!,.10 U211m M.Sb 

3 ~7~: 4 1 24,~ 1 6 ; - -:-:t-+-::.--
11 I." '.00 lo.o&l1.7012.nl4n 

7.!l1,1.N 8,00 8.~HI0.4010.7712.65 
&31 U3 7.00 7 •. II~ 1.4211.Q1 
1.41 US G,OO 11.71 7~ 8.~ Ull 
$.767.117.1f 0.0010.80IU&13.:.o 
6.00 6.86 6.113 8. 0.11010.0011.00 

Cd '5.41 'a.Q.I UIO "j! ,-*08.08 '.-19 Cd 
DI ;UI t.n 6.00 1.6, 1..50 e.n BI DI 
t.. :5o!! 6.00 e.OII tOO 840 875 10.50 til 
1.$ 4..50 5.14 S.to 8,00 7.to 7.so UIO t.. 
La US 4.29 us &.00 8.00 1.25 7.so I.e 
I.e 3.00 3,43 3 48 400 4.80 600 UIO t. 
ab 1.00 1.00 1.00 1,00 1.00 1.00 1.00, Lc 
~ 1.so l .so1.so l .so l .so l .!iO 1.so; u 
of 2.00 :.00 2.00 2.00 2.00 200: ~.OO ob 
be , I~ 1.32 In Itl 1..68 1.110 : UiO <d 
d, , 1.18 1.73 1.72 1.'10 I." 1.15 2,U '" 
" 2.U 2.18 2.18 2_21,U3 Ue'2$ cb .. 

I I I 
'" 

'" 
" ., 

I.U 6.00 11.011 7. 8.4 8,7&10.&0 

::: ::~::::. ~. ~~ t~ 
1.00 11.00 1.00 I. I 1.00 1.00 

,I.!iO IUO, I .!iO I I 1~I.!iO 
,2.00,2.00',.00 2 2 2 . ....,,2.00 
12.!iO'2.!iO 1.!iO 2 2 2100 toW 
' I.tl 1.32 In 1.41 1 1.110 I .SO 

I
I .• 1.73 1.1'1 I I. U~, 2.12 
2.14 2.iS 2.18 2.24 2 U6i 1.60 
Ul 1,64 2.M 2.&9 2.17 2.50 20$2 



CAI( NEOIS STEEL COMPA N Y 

CO RRUGATE D SHEETS 

Corrugated e.hedll arc ulled for roofe. and sides of buildinge. They 
are usually laid directly upon the roof purlins and held in place by 
means of cliJlll of atee! hoope which encircle the purlin and arc 
placed about 12 inches apart. Special cafe mUBt be taken that the 
projecting ooget! of the sheetl! at the eavee and gable ends of the 
roof are welleecured, otherwiee the wind willlooeeD the IIheetll. 

Corrugated IIheets are made in the sizes given on opJlOflite page, 
the size mOSt generally ueed has nominally 2.Ji-inch corrugation!, 
actual width 2~inehee, about >'l inch in depth. The gages frequently 
used for roofing arc NOlI. 20 and 22, U. S. Standard Gage. 

By one corrugation ill meant the double curve between eorree· 
ponding points, and by depth of corrugation t he greateet deviation 
of the curved aurfacee from the straight line. 

One and one-half corrugations a re a llowed fo r lap in the width 
of the sheet and 6 inches in t he length for the usual quar ter pitch 
roof; one corrugat ion in wid th and 4 inches in the length of t he 
aheet. ill uaually allowed for sidinge. . 

Corrugated sheets of 2, 2J.i and 3 corrugations a re furniahed in 
standard lengths of 5, 6, 7, 8,9 and 10 feet and with a standard 
covering width of 2·1 inchell, when laid wi th a lap of either one 
or one and one-half corrugations. 

By experiment it haa been determined thllt corrugllted sheet 
Bteei, % inch deep and No. 20 gage apanning 6 feel, began to 
give a perlnanent deflection with a load of 30 pounds per Bq. foot, 
and that it collapsed with a load of 60 poundB per sq. foot. 
The distance between centers of purlina should, therefore, not 
exceed 6 feet and shou ld prererably be le8!l than thia. 

Approximately the uniformly distributed safe load of corrugated 
sheets may be obtained from the formulas given below, uaing the 
following notat ioua:-

W_Total allowable uniform load, in pounds. 
b-Curvilincar v';dth of shoot, ill inches (b=1.075 x covering 

width). 
I_Unsupported length of sheet, ill inches. 
t.-TbickneN of IIheet, in inches. 

d_ Deplh of corrugatiolla, in inches. 
f_ Allowable fibe r streN, in pounds per aq. ioch. 

Tho" .. IV 8(8 SI 4hdt 32fhdt .. - T - T x - j"5 - IST 
fo r f_ 12000, W _ 25.600 bdt 

I 
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ROOFS AND ROOFINO ----
COR.RUGATED SHEETS 

DESCRIPTION or S ".;&T8 AII£A8 or S UE ETS 

""""' ... W".hlo.l ..... -1 Sq . .n. .. I 8MK SIoooII ;. 100 Sq. rt. 

\\' .od.".~ N -- j ' - """"'-- -""". t.r hLl eo-- • 
N,:t AellOOl ........ aI:. .... '" 'J '" 3·,lW· 'If' '" 3~.i,'fI', I II'" " ----

(; ri '8 6 28 25 J 0011 1.67 10.83 10.42 8.67 •. 23 0.00 
3 3 'h . 0 26 24 7214. 13.00 12.50. 7. 14 7.69 8.00 

.2'i 2,~' » 10 ,", 27J.i 24 SIo 16.33 lri.17 "".58' 6.12 6.MI 6.86 
2Y % .,. 10 26 24 00 18.67 17.33 16.671 5.36 6.77 6.00 
II 2 "'. 13 20 24 108 2 1. 10.60 18.76 4.76 6.1:t 6.:J.3 
I I ~:IO 2ri 2~ 12023.33 21.67 20.83. 4 .29 4.62 480 
2>t::?:!";:.~.=:40~ 26 24% 144 ZH.OO' 26.00 2[;.00_3.67 .. 3.M 400 

SWodatd 1tGo<I.Ioa,5) e. 7,8, tLlOd IOfL MaritrI"", Iqtlo, U fLeuoepi fot W' eomtpt ... 
SiMI ~·2" an lot u.. 27J.i" .->:11.10. 

PAI:>n:D SU&&T&-Wcigbta in Pounds per 100 Square Feet . 

Thitk-. {;nittd Su.* SWIdutI 

SQ. FE&T Of' 2~ IN. STANDARD SHEET!! TO CoVER AIIEA Of' 100 SQ. FT. 

Sid. Lo.p 

I :~ I ~~ ~ I :~i 
123 124 126 '" "'. "" 

, • 
'" 12:! , .. 

-------' 
'" 



CA R. NEO I E STEEL CO..,\PANY 

STRUCTURAL TBIBEH. 

The strength of structursl timbers depends upon ll. number of 
factors; the kind of wood, the nge of the tree, the lime of the year 
in which it WfU! (elled, the method of sawing, the character of the 
B<'ll8Oning and therewith its moisturo cont('nt, the prof)Ortion of 
heartwood to 8apwood and the proportion of knots to clcar ..... ood. 

In consequence of these variable fncto"" the working unit stresses 
approved by the building laws of rlilTcr('nt citi('s Yllry widely, as 
w('llalso as the unit stresses given in the proceedings of the V!l.rious 
engineering Msocialions. They go buck in some CtulC9 to the 
studics madc in 1895 by thc A980ciation of Hailway Supcrintendents 
of Bridgcs and Buildings. 

The most rcc('nt studies in this direction h:wc been made by the 
Amcrican Hailway Engineering Association, and the tables for 
wooden beame and columns which folio ..... are based on the working 
unit str<'88Cll for etructural timbe", adopted by that A880ciation. 
The table of working unit str(!6SCS has been reprinted, by permission, 
from the l\1I1nual, edition of l!)] L 

These unit stresses vary with the clll8l:l of construction. They are 
intended, as noted, for railwsy bridgcsand trestles. For highwsy 
bridges and trctltlee and for buildings and similar structUrctl, the 
unit stre8&etl may be increased in accordance with thc more quiescent. 
character of the loading and freedom from deleterious weather 
conditions. The values arc based on carefully' selected timber 
purchnscd ill accordsnce with thc standnrd specifications of the 
A880ciation and subject to careful inspection. 

The comm('rcial timbers which are in ('ommon use in building 
construction will not mcct these specificstions, and, therefor(', the 
unit strcssetl approved by good building prActice as evidenced in 
the building la,\"8 of various citiCII are rightly lower. The tablC6 
as theY'stand arc in accord with the average practice as represented 
by these building laws, and mny, therefore, be used lUI they stnnd 
for ordinary building work e)l:ecuted with the commcrcial grades of 
timber, such as can be purchased in the open market. 

The allowable loads may be adjusted to other Spcci(,8 of wood 
than those stated in the headings of the tables and to other unit. 
StfCSSCS by the direet prof)Ortion which such unit Str<>8seS bear to 
those for which the tabl('s are computed. In the case of columns 
the values Illay be adjusted to any working unit streSl! by direct 
proportion based 011 the relations of li d. 
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CARNEOIE STEEL COMPANY 

WOODEN BEAi\I S 

The safe load tables of wooden bcams which follow, bascd upon 
the working unit stresses adopted by thc Amcrican Railway 
Engin('(:ring Association, give. the uniformly distributed safe 10.'lds 
for rcctangular sections one inch thick; the adc load for a beam of 
any thickness is found by multiplying the tabula r value by the 
thickness of the beam in inches. The safe loads include the weight 
of the beams and are computed on the assumption that the beamll 
are braced against lateral deflection. These tablcs also give mini­
mum and maximum spans and coeffi cients of deflection. 

The maximum snfe loads 118 limited by the allowablc shearing 
stresses along horizontal axcs of beams have been calculated from 
the formula: Maximum safe load = ¥.3 x area of section x safe 
unit stress for longitudinal "Shear. Thcse limits, indicated also by 
horizontal lincs in the tables, should not be exceeded to avoid 
failure of thc beam in horizontal direction of the grain of the wood. 

The theoretical deflection in the center of the span for uniformly 
distributed and permancntly applied loads is obtained from the 
coefficients of deflection by di viding the depth of the bcam, in 
inches, into the corresponding coefficient; the result obtained only 
approximates the actual dcflection, 118 the modulus of elasticity 
varics with the moisture content of the wood. 

The deflection of beams intended to carry plll8tered ceilings should 
not exceed ¥.roo of the span; the table gives the maximum spans for 
this limit, for uniformly distributed and pcrmanently applied loads. 

l~o r loads concentrated in the center of thc span, usc one-half the 
values fo r the tabular loads and four-fifths of the coefficients of 
deflection. For special ellSCs of loading, sec pagcs 183 to 188. 

EX .... PLE 1.-Roqulred thQ tblcknOSfl and tbQ 8.pproxlm8.te deUoctlon of 8. 
oo8.m 01 whlto oak, 14 Inchoa docp. supporting 8. uniformly dutrlbuted and 
permanent dead 8.nd live load 01 10.000 pounds o,·er 8. span of HI loot. 

The tabular ,·alue for 8. beam one Inch thick and for a span of 19 foot Is 
1,261 pounds; the required thlclmOllS Is therolorc 10,OOO+I,261==8lnchOll, and 
the deHoction Is 20.72+14=1.48 Inche:s. 

EXAWPL" 2. - Roqulred the talc load of a beam of whlto pine, 8 InchCII 
docp and 6 Inchoa thick. without exceeding the longitudinal shearing stress. 

The table g lvee tor a corresponding beam 1 Inch thick a sale load of 747 
IlOunds; the wtal sate load Is the~fo~ 6 x 747=4,482 pounds, or tho safe load 
which can be safely suPJ)(>rted over a span of 8.6 foot. 

E : ..... PLC 3.- Hoqulred the safe load. concentrated In the center of a span 
26 loot long. and the deHoctton of a beam of longleaf pine, IS Incboa docp and 
12 Inches thick. 

The table givee tor a corresponding beam 1 Inch thick a uniformly 'dIstri­
buted saf6 load or 1,800 )lOund8, or for a load In center of 81)80" 1.800+z,.,.\)()() 
pounds; for a beam 12 InehOll wide tho safo load u theroforo \)()() x 12 == 10.800 
poundB, and the dctloctlon Is approIlmately ~ :I 32.75+18=1.46 Inches. 



TIMBER. SAFE LOAI)S 

RECTANGULAR WOODEN BEAl\IS-QNE INCH TmCK 

l\I AXUIUIo! SA P E LoADS AND LUIITI .... a SPANS 

Wblto Ot.k 
l..onglc.r Pine 
ilhortlee. t Pine, Hemlock 
Whlto Pine, Doug1&!1 Fir 
Spruce 

t 4 .8 IO ll14Ifl81OHU 

1,2

1

2.33.54.65.87.0 S. I 0 .310. 11.11-:12.813.0 
1.42.8 4. 1 :;.~ 6 .0 8.:1 O.o lLOI2.413.1I;15. II O./i 
I.Ii 3 .0 4.5 G O 7 .1> G.O 10.5. 12.013.5

1
15 .016.417.0 

1,4 2.8 4.2 5.6 7.0 804 O.8 1l .2 1 2.IH4.QlI~.4 16.7 
1.6 2.D 4 .4 6.8 7.3 8.7 10.2.11.613.114.1>16.0117.6 

"" 
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CAR,NEO I E STEEL COMPANY 

RECTA NGULAR WOODEN BEAM S-O:\,E l XCH TIIICK 
DOUGLAS FIR 
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A LLOWABLE UNI Ponll L OAD I N P OUSDS 

]o tulmwu Dendlnl 8t~, 1200 Pounds per Square Inch 
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TI M6E~ SA FE LOADS 

RECTANGULAR WOODEN BEAi\lS-oNE INCIl TlilCK 
LOSCLi!AF PISE 

, , 
• 6 

• 7 
8 • 
" 
" " " .. 
" 
" " " .. 
" 
" " " ,. 
" ,. 
2;-

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

, 

ALLOWABLE USll'OKli LoA\) I N POUNDS 

Mulmum Bending Stna, 1300 Pound!! (>e<" Square Inch 

DepIJo 01 Bo&III ia I ..... 
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CARNEO I E STEEL COMPANY 

RECTANGULAR WOODEN BEAMS-ONE INCH THICK 
SIIOKTLEAP PINE. WESTEIL .... II Kl1LOCK AND WHITE OAJ{ 

ALLOW",BLE USIFOKM Lo"'D IS POOSDS 

Mulmum B~ndln. Slre.. 1100 Poun.a per Squ~ Inch 

~ Dt¢I of S- ill I ..... 
,. -,--,------c---,---

" 14 Ie 18 :0 
----f----

· "<d 24I J ' 
., 2 ~_ 

3 163""'M2 
122 1·"4ij:ii-~. • , 

• , , 
• 
" " " 
" " " " " " " " " " " 
" " " ,. 
" ,. 
" " ,. 
" " 37 

" " '" 

98 301 !>SO ~ 
S2 320 ' "'iaa 1304 

!~ ~~~ ~~ :~~}~:1 11;8 I ~ 
2 11 489 8119 i"aMi '"'iii56 ,m 

~: :: ;~ ":.~~~. ·r":· ~I rr.$ 

338 002 910 1354 "ili4a" 2407 3046 
314 559 S73 12;';7 1711 "i"iif,' 2829 'leI 

163 3111 652 1019 14111 "i"ii<iii ~2007 1!l20 

293 622 8 16 1173 Hi97 2ii&i "i"t;:,tC:im I0Il11 

275 ..ISO 764 1100 1497 1056 2475 30M I 361:17 ...!!!!... 
400 710 1005 1409 1St! iiaiij" 2S76 ~1480 4141 
435 679 078 1331 )738 2200 2710 3287 3911 
412 643 026 1261 . 11Ho7 2084 iit;'i:,i' :,i"iYa 3705 
301 6 11 880 1198 1[i(H, 1980 2444 2958 3szif 

683 838 1141 1400 188G 2328 ZiiW 3362 
55(l 800 1089 1,,22 1800 2222 2680 "3;ioo' 
:;31 7(1.5 1042 1361 1722 2126 2672 3001 
600 733 998 1304 1650 2037 2465 2933 

70-& 0S8 12£>2 158.( 1056 2366 2816 

'" '''' "03 

"" '" 1169 

"'" '" 1118 

'" 1079 

". , .. , 
713 "'" , .. '" '" '" ,s. 

"'. 
-

338 

1.523 1880 
1461 1811 
1.(14 17.w 
1366 1686 
1320 1630 

1278 1571 
1238 1528 
1200 1482 
1165 1438 
1131 1397 

1100 1358 
1070 1321 

""' I "" 1015 12M 
900 1222 

227;5 
2191 
2113 ,... 
1973 

"" "" 1793 
1740 , .... 
'"'' "'" "" 1.511 
1470 

"" "" 261" 

"" " .. 
2271 

'''''' "" 2071 
2011 
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TIMBER SAFE LOADS 

RECTANOULAR WOOOEK BEAMS-oNE INCH THICK 

, 
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WlflTEPINE 

ALLOW"'SLI'; U,..lrOKlil LO"'D I,.. Pou,..os 

Mulmum IJcodlnc 8t.--, 000 Pounlb per SquaNllnch 

• . , . " " " " " 

'" '" ,,. 
'" '00 

'" 327 '" 133 ,,. 633 

'" '" '" ." 
'" '" 007 
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CARNEO I E ST f.EL C OMPAN Y -

RECTAKOULAlt WOODEN BEAi\lS-ONE INCH TH ICK 

SPRIJCE 

AI.l.OWADLE USI'OlUI 1.0",1) I S POUNDS 

Ma:Jdmum &!Ddlna Stt1'Jllll. 1000 l>ounda pet' Squa.re Inch 

.... I)epUI 01 Beua ia 1 .. __ .. 
F. , • • • " " " " " " H " -- I ,--+---1--
, •• , I.aS . 

• ... 
~ , SO 

• " " .. , '" 'M -!!!c , " '" "'" , '" ... ~ 
" ." '00 711 .. '" , .. . .. Iiiu " ... ~:Ia 593 

" "'" ;H1 '" .. 286 "" ". ~ 
" 'I' .,. ,.. "'0; .. 200 41-\ .... ...00 ~ 
" '" ... ... 1281 

" a\!.5 '" 889 12 10 

" '" '" .. , 1146 I It ... ,. '" '" 800 "" 1422 

" ". '" .. " .8M -;'.1l'. 
" "" '" "" "" I63G 

" ... ". '" "" .'" h'!:1-,. ... ." "" .. " "00 '''' " .... '" . ,,' , ... 171S 

,. 
I ." "'" ..... "" 17~~ " 593 "" ".,' "" 164.6 19'J'l 

" :;71 '" 1016 .",. "" Jr.1 
~ " '" "" .w "'" '8M 

'" ". .. , 1200 "''' 179;,1 :lIla 

" '03 ' '" 1161 1434 1735 ''''' " '" '" 112:; "" "" ,.00 

" "" "'" \347 ."'" 1039 .. ." "" .,'" "'2 1S!l2 

" '" 1029 1270 l537 1829 .. '00 '000 1235 1494 1778 

" '" 1201 1453 17ao 

" "" 1169 14 15 "'" "' "" 1140 1379 " .. 
" "'" Il l! 134" ... 00 

HoriJoa\.lll~ i&>d"'~h.liIII;1 10< ,.;.w... to oh_ ill !.he horiaoot&l d,""Uo" 01 th. Craia. 
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TI MOI!R SAI'I> LOADS 

WOODEN COI.UMNS 

The safe load tnblcs of wood<'n columns which follow, bascd 
upon the working unit alreSllCS ad(lploo by the American Railway 
Engineering Asaoeialion, give the allowablc direct compre!l8iV8 
loads for square and round columna. 

The 8afc load8 of reclangulnr columns may be found from the 
Bafe load8 of 'quare columns by di rect proportion of areas, using 
the safe load unit Itress of the square column whose side i8 equal 
to the least side of the rectangular seclion. 

The following table givcs the sde load in pounds per squarc inch 
of sectional area for ratiOll of 

1 dfeeth'c lensr;th of oolumnl in inches 
d - lcMt side ordinmclcr, in mches • 

ranging bctween limits of 15 and 30. 

L'~IT WOR,t!$(l STR£88ES 1$ POUNDS PEl! SQUAR& INCH 

..... ..., 'W'" fu, "r.::"' Wb;. , .. , I ''''' -, N~, t WlI~ 11= ~ T_k R«inod I'iao 

-;;":-'":T:--::--':-'-:'-
1(1 M3 8SO 807 733 660 687 

17 931 860 788 717 6U I '" 
18 910 lWO 770 700 630 :;00 
19 S88 820 752 6S3 615 647 
20 867 800 733 667 600 I 1133 
21 lWlI 780 715 &0 585 1120 
22 823 760 697 633 1170 1\07 
23 802 740 678 GI7 5M 493 
24 780 720 600 600 640 4SO 
2::; 768 700 642 6S3 ~2:; 467 
26 737 6SO 623 567 SiO lisa 
27 715 660 60.5 600 4% 440 
ZS 693 64() 1IS7 l\33 4SO 427 
29 G72 8ZO 1\68 517 465 413 
30 &0 600 s:;o 500 4:,0 400 

"~: ..... nl! I. Uequlred the allowable load tor a column of white oak 
10" lI: 8". 14 too~ 10Di. 

The Ate 10lid "ven In tho table lor a &quare white pa.II:: column 8" lI: 8". 
Jot leet long. ill 6ot.lOO pounds. The load for tbe 10" lI: 8" aectlon ill 
10 lI: 64.100 + 8 _ 67.600 pound •. 

E ...... PL& 2.-Hequirod the allowablo load tor •• pruce pUe.O" diameter 
and 18 toot lona. 

The unit .tl"l!e!l ".·cn in tbe above table for the <:OmlSpOOdln, raoo 01 
Ifd. 18 lI: 12 + 9 _ 24 is G60 pOundtl. and \.he aectlonal are& tor a 0" round ill 
63.62 &quare InchOi. The Ate load. therelore. is 63.62 lI: I\6000042.000 pouod •• 

'" 

I 
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CAR NEOl £ ST EEL COMPANY 

SQUA RE WOODEN COLUMNS 

SAFE LoADS I N T U OUSANDS OF POUNDS 

American R ail .... ,. Enll'ln'eerlnll AMOClaUon Formulas 

• • • '" " .. " I~ t; 1(;,1.1 
(I 14.6 
7 13.5 ~ 
8 12.f> 34.3 
o 11.'1 32.8 ~ 

10 10.4 31.2 62.4 
II 29.6 60.3 
12 2lI.1 M .2 '1',& 
14 25.0 601. 1 ir:i:6 ~ 
16 .9.0 88.4 137.3 ~ 

18 ~ 

18 45.8 83.2 131.0 11>9.3 ~ 

_ _, -~'"~j--",-+--+-"~'~·'~-"~'~·'~!'="'·~'i!'~"o·~'+,'~"~·~'+~.~U~l---'~"'--r ~ 
(; 14.4 
(I 13 .• 
7 12.6--!f4, 
8 ll.f> 3\.7 
{l 10.6 30.2 I-!.f7r 

10 9.0 28.8 57.0 
II 27.4 M.1 
12 25.9 53.8 ~ 
\<I 23.0 40.9 t!O.4 I 1111.1 ~~ 
10 "0. 1 81.6 i'i26.1 ~ 
18 42.2 70.8 121.0 IH.7 ! im.t 

_1_!""--~_=,--\ __ Jc3"'C"'-l_'"2C.''-lc'"'''".'~ 168.0 230." IfLA MO.O 
I lu 

(; 1"""'i'3.2 
(I 12.3 
7 11.4 ~ 
8 10.6 29.0 
{I 9.7 27.7 ~ 

10 8.8 26.4 62./j 
11 25. 1 [,1.0 
12 23.8 49.3 ~ 
14 2\'1 U.S 70.:.! ~ 
16 42.2 14.8 l LU.2~ 
18 38.7 10.'1 11 0.9 100.2 ~ 

----I2'~.--I";;;_i--__I-'3"',,''--\. 00.0 1 ~.6 154.0 211.2 au -.b 

h'¥k-(; 12.0 
(I 11.2 
1 10.4 
8 9.6 

,.
9. 8.8 ,-. 

u 

" .. .. 
" '" 

~ 26.4 
25.2 1* 
24.0 4$.0 
22.8 46.4 
21.6 44 .8 
19.2 41.6 

38.< 
M.' 
32.0 

I ~.o 
I~U~ 

68.0 ~ L...ill,L 
64.0 1()().8 ~ I IIUI 
00.0 00.0 140.0 192.0 

3 12 

.. , 



T I MIJ ER S .... f E LOADS 

ROUND WOODEN COLUMNS 

SAFE LoAD8 IN TIIOI:SANDS OJ' POUNDS 

American Iblhr.,. Enghleering A.:datlon Formulas 

'-">. , .. 

, 
• , , 
• .. 
" " .. .. 
" " 

• • • 1· -

10.6 

" " " " 

" 

'" 

.. " 

*., 



CARNEO I ., STEEL CO~\ PANV 

SPECIFIC GIlA VITLES AND WEIGHTS 

I 
........ -- """'" 0 .. ";11 1* c.. )'to 

38 ... ;1.0 
U-U 
21....3.0 

1I :lS-1i. 
7.3-1.8 

174 
UI)_i 4~ 
a.1-H .... 

1101 
Ui-8.\lO 
3 ..... 0 

21.1-21.5 
IU-\U 
7.2-7.6 , .. 
1.4- ; .0 

IB.7_1'.1 .... , 
"'-7.2 
1.1-<1.2 

... . " ... ... .. 
'" .. 
.~ 

'" ... 
"' '''' ... ... . ~ ... 
'" .U 

16(1.IlKl 
13().IM 

'" '" '" '" ' M 
,~ ... ... ... 
'" M. ... 
"" ... ... 
"' U. 

U .. .. .. 
'" 

". 

........ 
n.ber, U. 8. Seuoaecl 

AlII. w~.1e-Nd 
c.s..-.wlu~. 
a...u.ut ... 
~~~-.• ...ten .. 
n.. wlmoe " ...... lhekorr 
'­
~l apJe. bani 

••• "'t.$ 
0ak ........ ,,1. 

.. I.>'e ... . 
:: ffd .. bIacl: 

.hll ...... 
Pi .... 0nc0I>. ..... 
••• bit.$ • 

:: yel!?. :.~~ .. 
Poplar.... .. 
Rodwood, California ... 
~ •• bit..,b"'k .. 
&!~"l,= ... 

MoiILWre Conlull: 
~tLlllborl~t.o'lO'?:; 
O_~ti .. borupto5l:'l'?<..· 

V.rlou Lhluld. 

•• IlL"'" gl 

Ai<ol>oI, 100'1 .. . 

A'" "'''"''uc ~. . 
.. ..JpIouric S7 ::.' 

r.,..,1IOda ..... . .. 
~!..~,';';";':'~ . ~_ a ......... I1 .. . 

~-. "'"'"'" \\'&tor,4"<.: ....... ~ 
.. 100'C ... . ... ......... . 

_,f_ft.llm 
_ .. tor .• 

GuM.Ab = l 

,. 

.., .... 
'n ..... , ... , ... ,., 
,." 
0.'1 

o.~-OM I 

0.;'4-0.84 
.~ , ... 
'" 'M , .. , ... 
O.U 
u.s l 
0.45 
0.41 
0.70 
0.&1 , ... 
0.42 

0 . .fO-O.4e 
M I 
0.41 



, ____ PI1VS I CAI. PR,OPER,TIES OF SUBSTANCES 

SPEClfo'lC GRAVITIES AND WEIGHTS 

...... 

Stone, Quaniecl. PUR 
BoaIt . ....... i\e._~Q ... _ . 
L'meU.-,rrwblf.quuto 
~ ........ . 
Slaale ..•.... ••. • .•.. 
0-. honIw.tt 

2.I-t.I 
... 0 

2.1-U .... 
1.7-1.8 
1.1- 2.1 
1.3-2.1 

U 
2~U 
24-2.7 
2,w.l 
U -U 
2.3- 2.8 

'.0 
2.&-2.& 

'.0 
U 

U-2,' 
0.31-(1.80 
U-U 
2.2-2.1 
U -U 
U-UI 

1.1-1.1 
U - I .7 
I.2-U 
1.1-\.4 

0 ....... 
O.:z:s...o.U 
0.47"",,7 

1.0-1.4 
1.''''2.3 

0.87.(1.1' 
0.88 

O.;t...OX! 
o.13-O.n 

.. o.~19 
U7-I.U 

... 0 

Coo.lud Coke. Piled 
C(Ia/. ."tb...,jte .. _ 

.. Iwlllmi-. lipi\.o, 
" peat . lUlf 
.. ~~I 
~ t'Ob ... 

'" ~, 

'U , .. 
'" '" '" '" , .. , .. 
". 
'" ... 
'" 'M 
'" .. 
'" " 'M 
'" I;~ ... 
.. .. 
b 

" '" 
" " U 

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

,u .. lar U-..., 

0 ...... " qeaile, po;. . ... 
L~ • ...t.Io_ .. ......... -Mo..ur Kohli'" M ...... ~ 
G ...... I<',_ce.~ --. , 
~. 1I>UbIe 
Saadou.e,~ .. . . 

Drr Rllbb'- )I ..... .,. 
Graaile, I)"mlIe, IDriII 
U-• ....rbIo, 
~~. , .. 

Bridr 111_ '''7 
I'r-' bncl< ••• •••... 
eo""""" brid< .••• •... 
9<Ilt brick . . .•• . • .. •. 

Con~leM_n.,. 
c-t-al., 1ItODe, and. 

" 11111 . ole .. • .. 
~ eiIo:;ler, eic." 

Varlo ... BaUdl .... Ma t' l 
.ut....cllld ......... ,_ 
c.-..I., portload,loooe. 

.. .. eoI.. 

Lime, cn-zn.IooIo. 
Mortar.'"'_ ...... . 
~~obc .. :. 

M ....... .:~np. .. .., .... .. .. . 
Earth. ete.. Eltoontfd 

C!!-r, ~. pi"", 
CIq IIld p ..... d"'. 
t:a.1to, drY. lao. , 

.. .. poekld 

.. """'-- . : ...;,~ 
~1i:':: , -' .. --.. oIIaIo . . _ ....... . 
s...!, panl. dry. '-... . .. .. .. '*"''''' .. .. .......... 

E,..a.atlona III Wa lott 
Sand or ""Ttl. . . . .. 

.. ""andeloJ' .. 
Clay ......... . 
\li.trmud . 
Soil ....... . . 
8t(JDOri 

'" 

......., 
U ... 2.8 
2.1-U 

1.$-1.8 
2.2-2.' 
2.0-202 

u-u 
I.~.I 
I .&-U 

202-u 
1.8-2,0 
1-r1.7 

202-204 
U -U 
l -r1.7 

'M , . 
'" 
'M , .. ". 
, .. 
,~ 

'" 
'" '" '00 

..... 
" , .. 
M-;~ 

'" e7-71 
0&-117 .. . ... .. 
'" '00 

" .. 
" .. 

,~ 

" . .... .. 'M . , .. 
100-120 
J18--120 

" ~ 
" .. ,. 
M 



CARNEO I!:; STEEL COftlPANY 

CONTE NTS OF STORAGE WAREHOUSES 

M.""" 
..... Hoi,dIt ".,... a ...... m.mdocl 

eu.r'"Foot "No. ~ u,. ""'" 
I'M ..... ,~ '-I: " ..... ,,"- 50- ~ 

nlt, Ek. 

" • '" .. • .. 
" • '" 
" • '" kfd 
« • '" 
" • "" "' ... " • '" " '4 '" ~ • '" " • '" .. • '" ~. 
.. , .. .. • ,~ 

" • '" " • I~l 

.~ 

.~,j~'~ " , 192 

" 
, M' 

" 
, 

'" ........ " • '" .. ......... " • '" .. = .... " , ." ,a .. " • '" ,., ... .. • ". _ ....... ., • .. 
" • .. 
" 

, 115 

" • '" 'bW!i " • ,., 
" • , .. 

WooL Etc. 

;,; iZ.""'" " • ~~ 

" • '" Do bU.. &> • "" " • 171 - " • 2~8 .- .. " • ... .. " • ... 
... H • '" ~ • '" ..- " • '" pt~...id " • '" ... "" 

" • '" " • U. - " 
, Z~:. ., , 

'" .... " • '" :1 • '" ,.- • '" ... ~ • '" " • m .. " • m 

"" 



PH YSICA L pw.opew:n es 01' SU B ST AN C ES 

CONTENTS OF STORAGE WAREHOUSES 

MUerial 

D...... on.. Pu nta, Ete. 
Cbtmieall: ".ida, Murialie aDd Nitric. ill. earb<» 

.. SUlpl ........ III. ..roofll ..... . 
Aa>.-ia, ill. cari>oyo •••.. , .. 
Alum, .Ptul AIu .... ill. '-"'t .. , , , . . 
8_biac Powder. Uo ~: .... 
eo-,.&Ipb ... ,Bl'" V.Lriol,ia 
Soda. c....ue Sod&. .. irOD .w.. 
SocIa, Soda AlII ... ~ ........ ' 
Soda CrnIaIt. """ Soda. ill bandt. 
~=~~~ ... 

. 7..iJ1eSulr"'*',Ie, \llHte nlriol, iii L..->. 

rue~~,: ...... ,.~:- .... 
O!.'" ',""iii ...... t.t:':'1 ~ ~,: . ~l •• 11....-.-.. 

.. Mu....t.l.ubricallll. ill~. 

.. l~.K ......... i .. t:.z...a, 

.. N.phtha. GwoLcuo. ill '-mil, 
Roa ... .... ~ ... 
Sbellao GUill, .... boHo .. 
Tallo •. ill. '-"'tIl.. ... 

DJe Slull .. Palau.. ek.: 
I..m.o. ill. boHo '... , .. 
Lopood EItl1IOl, ill. boHo .. 
s..-, ill 110 .. 
Red '-d. Li~ d.,., ia t.rreIoo 
WlLic. '-d, dt,o.IIL~.... . 
Wlaitoa '-d,~, ill _ ..••. 

BalhU .. Jo[&tuiat. I 
~I, ~.~. iLL bartdo . ....... . 

.......... ill t:.z...a., ..... . 
1_, Quirk l..i ..... ~. ill. '*'"". 
PIaotet '" I' .... p-OW>d ..... blrrfta ... 

Sh~ M~1 and WI~ 
Sbtet Till.. ill bo.. .. , .. . .. . 
Wire, ;-lated oower. in ""'II . . . 

.. pI....,istd irolI. ill ""' ....... . .. ~.,,,,.,,,,opooIo .. 
MI_IIIo_ 

Chi ........ G~.i ...... ts 
.. .. ia ........ . 

QI ... 1II.boHo , .... ,. 
1lard:o- d!>"" ~ .... dIeeb. ;i,""; 

~ ~ .. --.... . 
.. Iotb,"! ........... .. 

......... LflboHo .. . 
mo •• ".," _~. U. bLloI 

.. "., _...-t. ill baleI 
'-doer. ill b&Ieo . . ......... .. 
f'a~. eaIoDdond ~IIOI' .......... . 

__ PIlI', IIWIiIa, .... '-rdI. 
.. writi .. _ 

_ Ropei lleou. ............... .. 

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

" U .. 
" 33 

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

ro. 
" " " 
OJ .. .. .. .. .. 
'" " " " .. 
" .. 
" 
'" 

!H , 
.~ • 
I~ • • • • 
• • • • • • • • • 
• .~ , 
ill 
• • • • 
,~ 

• . ~ • 

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

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

'" '" '" m 

'" .. , , .. ... .. ," 
'" '" ... ... 
m 
n • 

'" .ro 

8 .., · , .. · ... • n. · ... 

..... 

· ,.. j 
c 
__ i_! ____ '-__ ~'-_''_ .. __ · .. e 210 · ... · "' 



CARNEOIE STEI!L COMPANY 

STREXGTH OF ~ IATERIALS 

STII&88ES ! ' };U SQUAII & I scu 

AI~,=.~ 

";~'~" 
" 2- 7% Ni Cu . • 'e,('IC: 

Alw.u~wa B ...... , 6%to 71..<;\ Al 
" " I o"~ AI. 

~.-.... .. .. . .. . 
N pWeo. .... boll .. ... . 

__ Iwd. . . 

_~i""'i.~ ..... 
.. %l " .... 

.. o· 
" .... ..--.. .. . 
.. ",~, hard, . . .. 

anoeMed ..... . S_ 8S>~ 

~ ~~, .. .. .. 

.. JWl.w.lc.. IS. . . 
)I_, .... }I~ I! ... . 

.. rolled ,~ M ... . . 
~oruo, '-Jt"J. II •. • •• "' ... I "" P . . .. . 
SiI""""lMt,aa I. . ....... . 

:: ~~ .~ ,,~~ : ::::::: :: 
" TobiIl,_' dji'" 7.11 . .. " "roUed Ih~, s • .. 
N N eoId roUed c· I'b ..• 

Delu. Meu!, .. M ~ ~ .. .. 
~ :: oIo"~~ ~ .. ... .. 
N "b.no 1- 4 d.· .. .. .". 1- ' , !;II .. .. 

Gorman SoJ_.:U Za, JO' . N' .... . ,-,_ ... ,_. 
Gold, .... . ........ ... .. 

.. ..ire. ____ . . . .... __ 
" _ . 5A •. lCu 

t.d._.... . 
.. popt .... i .. 
" roUed ...... lI, 
f'II~.~,~ 
Sitnr._ . 

" ... '-' •• 11.4 
IU • .. 
" .. 
n .. 
" " .. 
" 

.. 

~&eoI, ....... t~ .. 
1"1 .. _ .... . '" , 

•• utiJaoa:r, 10 s...,! Sb z. ... , ___ 
" rdIed obeetI ........ . 

. 3.&-4.1

1

1.&-1.8 

·1 " .~ . 
7-18 

, .. 

" 
" '" .. 
" ~ 
" '" '" ,u 

• 
" 

n.' n, ,., 
" ~. 
'" 
43.7 •• M.' 

" 12. ' 

" 

• 

~ 

I~.ooo.ooo 
I~.ooo.ooo 

$.000,000 

14 ,000.000 
10.000.000 

10.ooo.00CI 

8.000.000

1 ' ...... 
1,000,000 

no.ooo 

4.000,000 ,,,.. .. 

-

H.' 
~. 
m.' 
"" • •• 

... 
u 
.~ • • 



I'HVS1CAL l'l{OI' lll{TlllS 01' SUIJSTANCES 

STnE:-:OTIl OF MATE H1ALS 

"'" """""0 •. 10ft.. 
• iu .. ..... }."" ..... 

&eel AUo,.. 
Srld ~\<Id" US NI. •• __ plow, "-"-.,. ............. - - ....... 
Cowrt 801ft!. 0..50'. c.. 
S~I Sprl ... ud WI", 
~~ ..... tftII\>fft'II 
W~.~ 

•. bridae ea.bIII 

W ....... bl lroll 

~ 
Wire.u.........u.d - ....... 

ea.! froll 

'" 

i .r • 

~:~:~::: I 27.3-!3.o 2'l 28.&-:!U 

33.3.-%7.3 
32.II-UJI 
30· ..... 23.0 
SI.3-"l.S.~ 
Z7.3-za.o 

2.>.4-20.0 
18.II-IU 

15.0 
:r.!.7-IU 
18.1-13.1 

,0; .. 
~ . 
18.0 
1$.0 

17.II-U.o 
2U-IU 
1$.8-13.& ... 
" ... "" 



CAR-NEQIE STEEL COMPAN Y 

STIl ENG TH OF ~tATEIlIALS 

S'flu:a!U;S I N P OUNDS P E R SQUA RE I NCH 

UIumMe A ...... &,- ~Iadul .. ! 
BllildiDI Muerialo 

" .. 
~ T .... &.d .. ~~"=-=~=.=+~~BeoriItc ~ 
.1 lt,mo IJOO I,m 7.000.000 1,200 1.200 200 

s •• O..,.;\e, ...... ~, 
"-­......... ... 

M .... ..,. 
Or&lli\e . 
==,~ .. 
R~~. ........ 
B ..... ,mediulll~ .. 

"'" """'" " ~,,,,,\'iDI bric •. 
T ..... Goua. .• 

Q,lIIent, J">Drtlud 

N .. t, Z8 U)"I 
" 110 d&)"l. 

1 :3~od,~ ~:; .. 

CClneftle, J">. C. r .... ile. I'*/> 1"00. e.'. ~ SIac .. ,., .. 
- Li .... aod !!ando&one,!Iud 
;.; I~ .... aod !iudoIone, IIOfI 

CIa<kn ... 

r ... ·· ""''''''' ':'! .u......SIai: .. "". = u_ud~banl 
.;.; 1~_ud~""1 
<-

:lra~'bNd .:.: Limeud ~,dl """". 
:lra~ ....... 
~ Umoud~""l 

CiDcIon ...• 

rnni\e, \nip rod!. 
CI ~Bbc ...... 
0.; Li_ ud SudtIooe. bud 
.:.: I~_ o.nd s.oo-. ooll 
a~~ 

MI,e-tll.ne"u. 

a."""""""'. 
''''''' 

8.000 800 1.600 • .000,000 IiOO IiOO 150 
I,mo 160 1.200 3,mo.ooo !JOO !JOO 150 

10.000 1,000 1.000 14.000,000 1,000 1,000 175 

10,000 
IMOO . ... 
'." 
7.040 ,.,., 
1.'.!fIO 
1.400 

",00 . ... 3.'" ..... .. 
" .. ...., . ..., , ... 

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

"" 

, .. 
"" 3~ ... 

!>I adul ... .. 
E1 .... itT 

.~ .. "" .. ... ... ,.. "" 
170 250 
HO 300 
210 300 

Relnr".""" Contft(e 

1
3.000.000 10< nit. <)I)mpreooioa ".... 2.Il00. 
2)00.000 10< nil. <)I)m~ UI> to 2,Il00 • 
2.000.000 for ull. <)I)mprflllioa up to t,200. 

700,000 10< nlt. ...... .,......,.. under 800. 

IW. Wom.., au-
iD l'en:aIl al 0ltm..1O! ~ 

O;a.prfIIIioa ReiAI(IIO!Id CoIwo-. " 12" n..5·~ 1 
PlaiD ~ PiM, ImItII 4 dia. 2U"" 

Reiaforaod s...., 12..5<,;0 

..OI" ...... ~ uta.., T_~ of lhe A-n..... 
SocietJ"of Oro ~ VoI. LXXXI-So. 13II8,Dec.11l17 

3,~ J ..... I I 



PHYS ICAL PR,OPER,TIES OF SUBSTANCES 

EXPANSION Q]<' BODlES BY HEAT 

The linear coefficient of expansion of a body is tho rate at which 
tho unit of length changes, under constant prell8ure, with an incrclUlO 
of unit or 0110 degroo of temperature; tho square surface coefficient 
of expansion is, approximately, two timea, and tho cubical or 
volumetric coefficient three times the linear coefficient of expansion. 
A bar, if not fixed, undergoes a change in ]ength=ltn, where I 
il the length of tbo bar in inches, t tho number of degrees, n the 
corresponding linear coefficient; if fixed at both ends, the internal 
slrC88 per unit of lirea-tnE, pounds per equare inch, where E is 
the modulus of elasticity, and the totallemperature slrcss-AtnE, 
pounds, where A is tho crOlis scction of tho bar in square inchce. 

To fiud the increlUlo of a bar d uo to an increlUle in temperature, 
from the table, multiply the length of the bar by the jncrcMC in 
degreoe and by the coefficicnt for 100 degrccs, and divide by 100. 

COETT1CUC NTS OT EXPANSION TOR 100 DEGREE!J=I<IOOn 

s ........ 

Mda'" .lId Allor. 
AI .......... ,~l ... . 
Bro.. . ........ . 

.. WIn •.••••.•••... 
e-, ............. . eo..--. -. . . . . . . . .. . .. 
8:i"Si~~~::: ::: 
lroo. (all, psT..... . .. 

" Wf'OII&bl, ...••••. ........ , ........ . 
1.-1 ......... . 
Nitbl •.. 
1'W.ia ...... _ .. 
PIu ......... lrid,1lm, I ~%I 
&I..... . ..... :.-, 

~,:.".::::::::::: .. --......... . 
.. Pl ............ . 

T" .. , •• " ............. . 
z..., n>IIed •••••••••••• 

Mlaftll."toll' Solldl> 
m ................ . 
Oraphile 
O~IIa-pen:""'.. . .• 
~~.········:I 

.... , 
""M 
,.,,~ 

.00161 
""M 
.oo,~ .00,," "', .. .00'" .oo,u .­. 00128 .­..... , 
.oo,n 
.ooIiG 
.oo'H 
• 00111) 
.ooIiG 

""" ..... 

, .. ~ .,," 
"''''' .00101 -,.,,, . """ ..... ..... , ..... 
.00'" .om • -..., .oo,~ 
.0000, 
..", .... 
.0000, 
.00117 
.00113 

..." ..... 
""H 
.01$011 ..... 

8lone .. d M ..... JT 
AIIo .... .-,-_ ••..• 
"",,~ ..... 
8":;::. .::::: 
~ ..... 

0 ..... 1e_ •••••••••• 
'-, ......... . 
Marble ............. . 
1'IMI.or. . . •...•.•. 
nubble -.y ...... . 
~- .......... . 
5Io1e.. . ..•..••. 

TI.bu 

...., ..... 

.oo,~ 

""u .00,,' ...... ..... .00'00 
.OGl&f 

. -.00110 

.001Gi 

.... ...., ..... -..... , ...., ..... ..... ..... . .... ..... , -
~l-··j 5 e f"... .oo.u Jm2 
),I .... ~ieIIIat .oot8 Jm7 
~ t IOtta ..... =: := 
LIquid 8ubAtall0ftl VoIu....tn.upanlioll 
AlooIIaI ...•......... .11)4 .GS8 
A.id. niltit.. ..•.... .110 .0&1 

.. ..Ipbuno.... ....053 .03.S 
M""""1 ... . .. . .. . .018 .010 
Oil h..... . . . •. • DlO .D6O 

EXPASSION OP W ATER, MAXIMUM DESSITT= l 

C" \ 'oIume C" Volume C" 

oi 1.000120 1 10 rI.OOl'U7I30 
; 11.000000 I 2011.001'731 I fO 

'" 



l 

CAR- NEOIE ST£EL COMPANY --------. 
EQUIVALENTS OF ~IEASURE 

LE~OTII8 

of fJ)hcn:I .. b OllU .urla<:e C(IU.I • 
.... tuto milell"",IM3.17 mf'lt.TS. 
.t.atllto mLlCl= I&U. I' mete ... 

SIIRFACE8 A ND AREAS 

1 ... meter, mt _lOO ... doetmctcrs. dm'_IOOOO ... centimeters, em •• 
I S(I. I1>/.'te'r. m":'O.OI .re .• =O.OOCII hectare, h •. 
I S(I. mllHmeter. mm'_O.OI cms=O.OCIIM ... Inell _ I9i3.5 clrcul.r mil .. 
I .re, .". 1 ... doc. ruMer, dkll' =O.OOHIGI .lTC. 

1 1550.00 
O.!&lIiZ I 
0.09Z90 U4 
0.83613 1296 
25.2930 39Z()f 
"010.87 627Z6oIO 

10000 IMOOOO ",-
" '00000 

&t. "oat.. 
"I.rl.. 

10.7639 
O.:69-t.\ , 

• 

Sq. Y 
"I. yd. 

s,._ 
"I. r . 

Sq. Kilo­... ~ 
Om' 

1.19Y.)9 0.0311 .... o.b"71 0.0001 0.:3861 0.:. 
0.:7710 O.hMI o.hWl 0.1645 0.:2~91 Io.:6462 
0.11111 0.:36730.;2200 0.: _ o.hM.o~9290 

1 0.03306 0 ... 2006 0.~8361 0'i3:nS~ 0':836 1 
30.25 1 0.OO6Z6 O.~25_ 0.01)700 0.~2529 
4840 160 1 0.4046 0 .h56.1 0.:40H 

119;;9.1) 396.300 2.47104 1 O.~380 1 0 .0 1 
3007 102400 640 259. I 2.59000 
1195 39530.02H. HM 100 0.380 1 I 

I ... rod .... pole. or ... pel"Ch=S"..s ... lInu_li ... ICI'C. 
I ... ebaln. Gunter'a - Ie IIQ. I"OdI:=Mo acre. 
I .cre_t ... roo.:a_leo ... rodI. Sq~ of 1 ure _ 208."00 lee~ lIqu.n'. 

Not.1IOM t :. t. ctc. , indicate tll.\ the 1. t " ctc. , are to be rcplae«! by 
2, a, t. etc., clphe ... 

Ez .... PL_l.,q. rod _O.:!jjll8_o.IlD()OOg7I18.,q. mlle.. 

:ll'iZ 



M EASUR.ES A N D W CI O tJTS 

EQUIVALENTS Ol" ~ I EASURE 

VOLuMe AND CA I'ACI TT 
1 eu. meter , rn' _ IOOO eu. dochnetet. d m' _ 11)Xl(lOO cu. centimeter-., em'. 
lUter, 1_ 10 dOOlllt()nl. dl _ IOO oentlllteN, cl _ 1000 mlllilltllr-., m l 

_ 1000 cu, IlCtltlmm.,r-.. em'. or ceo 
l lite<'. 1-=0. 1 d-.llter, d kl _O.OI hectoUte<'. h l _ I cu. doclmeler , d m', 

c. .. "'"' 0. .. """ 
U.s.Qut1a u.s.aan- u.< 

",..... ,- '''' y ...... 
UqUI. "". 1.iq\Pd. "" .-d".1 ~~ ~ .. ~,... 

L" d.'l.L LpI ,.Pt .. 
, 61.0234 0.03531 0,:1308 .. """'" 0.0080II 0.2(;417 0.22702 0.02838 

0.01639 , 0.;0787 0,;:1l43 0.01732 0.01488 0.:4329 0.h720 O.:~GOO 
28.3170 1728 , 0.00704 2!l.9Z21 25.7I~0 7,4806.!> O.428ti 1 0.80366 
764.51>0 .- " 

, 807.800 004,279 201.074 173,.570 21.6002 
0.04636 57.75 0.00M2 0.1 1238 , 0,8.5037 0.25 0.2 10184- 0,02686 
1.10123 07.2000 O.OO88D O. 1440 1. 16365 , 0,20001 0.25 0.0312.5 
3.78.>43 "" 0. 13368 0.140:;1 • 3.43747 I 0.85937 0.10742 
4 . .a.t92 268._ 0,1.5M6 o,:,mll ....... • 1.1(1365 , 0.12.'> 
3.'>.239:1 2150.42 I.U4~G 0.().1(109 37.236..~ " 0.300Z0 • , 
U, S. Dry Measurc: I b..-hcl _ t pockll_ 8 &:&110l1li_32 Qu.rta_&ro pinta. 
U. S. LIquid ~leuuro: I 1I'.1I0n_ t qu.ru_8 plnta_32 gllb=-l28 t1uid OUIlOl,lll. 
U.S. A~tb. Meuurc: 16. ounce.t!_3 ft. drams. t 3=480 mInima, ~'b 

_ .6;t cu. em'. 
Brltl.!lh ~1&1 gallon drf. and liquid meullm _ I.OO202 U. 8, dry 11'11. 

- I . 1 U. S. liquid r'" 
BrItish Imperialg.lIon _ 77,tIO cu. In._tM5,~1 em'. 

Welll'h~ of ..... ter .~ rnulmurn d('lwU·. 4"(J. "'5° 'At .. and _ lovel. 
I cu. tt._11.2.4211'3 11M . • v. _%8.11;0 leg I cu. In. _O.~7804 oz.. IW, _ 1 •. a871I. 
I gal .. U. S.1I1uld _a.Ul45 IIM.=J.7&l43 kx, 
I pl., British mperlal _lo.trz2 IIbe:. =- U4$1131 kI. 

!\lAsses A:>D WelOUTS 
I gram. 11'= 10 dcclgnms. dg _IOO centIgrams, ~ 1000 m111~ me. 
I ~r:lm, 8=0.1 docagrt.ln, dlqp .. O.OI hO)(:lOl!'ran., _ O.OO l lrJIOfI1'I.m. kg, 
I HOKRID, klI- l cu. decllDcwr o r .... tet 01' liter, 4OC. <15° I..~. and _ IOVei 

_ IM:l2,Me3Q gralul, U. S. aud llritlsh Stand.rd. 

K'" 0.- , ..... T_ 
Onm., 0_ 

"t:' ~. -. Aooir. T",. AYOir, No<. ..... -, ...... '" Ib. .... ~ In. , ..... , 16432.<1 32.1007 a.:;.2;~0 2.67923 2.2().&(l2 0':1102 0.:9842 0.001 
O,~64SCJ , O.:Z0S3 0.12286 o.h736 0.:1.29 0.i71.3 0.16378 0.16480 
0.03110 '80 • 1.007101 0.""'" 0.008.57 0.&3429 O.~3001 o,bllo 
0.0283.'> 437.5 O,DI J.\6 1 0:O75!l..5 0.002.50 0.&312':; o.&:noo O.b836 
0.37324 5760 " 13.1657 , 0.82286 O.~41l4 0.:3674 0.;3732 
0.4.'>3.'>9 7000 " """ " 121628 , 0.00050 0.:01464 O, • • 63{I 

007. 1~/:;; 20 100,7 "000 2~30 56 '000 , 0.80280 0,007 19 

10J(\ o.s . " 1:ii5i 32000,7 3:1840 272222 22.0 1. 12 , 1.01006 
1000 15432 32 11iO.7.3!i274.0 2679.23 2:2(1.1,62 1.10231 0.98421 I 

I ounce "'OIt._ le drams •• volr. I ounce tl'Oy _20 pcnnyoretgh~ d'lft,. 
J ounce .polb.. ! _3 dram.. *=44 IICnlplfll. 3 _480 IJI'ILIIlII, gr _U. IOU ,. 
I bundred .... eI,gbt _ l/20 1001 toIl_. qu.rtcn_3 .tone-II%Iba._~.8IX!4 q. 

Notallons t.:. t. etc., Indkate tbat tiKI:,:,:, Ole., are to be replaced bJ 
2. S, 4. me .. dphen, 

~:J:.u.n""'l graln _ O.:2OI3_0.1XOO83 oz. to I arain -o.&&!o!ll=O.OO(I(l&I8(l q. 



CA RN EO I E STEEL CO MPA NY 

EQUIVALENTS OF MEASURE 
FORCES on WEIGHTS J'}:R UN ITS 0 .. LENGTII, LI:;"EAR WEIGHTS 

1 dyne per oontlmewr _ O.OO I01Q7D gJo:m .. O.OOOl8371 D Pf)und&l/ln. 
I gn.mJler oontJmet.or _ 980.li1l6ll dynllll 'cm _ O. I80IM poundalin. 
1 POU" &. per Incb _ 6«3.11 dynoslcm =- ' MOSt g/Cm _ O.O:UC63l pound/In. 

C....... G Motrie 
. ))Cr Ora;", Pouodo PouDd, Ponodo I!!r No, T...... T"" To .... 
Centl- per b .. h, pOI" lotb, IH'rf'ool, pu \·.ro'r~~leter 2OOO1i-., z~'l'b.. 1000 ka. i :: . r. ' "" Ib./io. lb.i/~ Lb.jyd. kc/m !""Mlle per!.".' K~ 

I 39.1983 O. ~a600 0.001200.20159 0.10 0. 177400.15839 0.10 
0.02551 1 O.~1429 O.~1'714 O. ~ 5 1 43 O. ~ 2551 O. ~ 4526 0. : 40410.: 25:;1 
178.519 7000 1 12 36 17.8579 31.6800 28.2857 17.8519 
14.8816 583.333 0.08333 1 3 1.488 10 2.64000 2.3S714 1.48810 
.... 96OM 104.444 0.02778 0.33333 1 0.49605 0.88000 0.78571 0.40005 

10 391.983 O.OSOOO 0.07197 2.0 1591 1 1.77400 1.58303 1 
5.63608 220.000 0.03157 0.37879 1.13636 0.56310 1 0.89281> 0.511370 
6.3 1342 217.475 0.03!>35 0.42424 1.27273 0.113134 1.12 1 0.1>3 134 

10 391.983 O.OWOO 0.(17197 2.0 1591 1 1.77400 1.58393 1 

,w.",. 

0: . . : 0:""1",'1:,.· 
0 0:,,,: •. IlHm~::= 

:FORCES OR " ' E I GHTS PER UNITS OF VOLO)IE, DENSITY 
1 d yne pcr Cli. cenUmeter'= Q.(lOI01979 gram{cm' = 9.0011&28 pound al$/in'. 
1 gram per cu. centlmet.er= 980,59M dynCII/em" '"" U&.."2S3 poundal8/lnl. 
1 ))Ounda.! pcreu. Inch = 8013.683 dyneefcm"=0.8603n1glem"=O.0310832 pound/In". 

Gramo POWIdo Pou.odo Pou.odo POIIIIdI Pouodo PpundI Ii:ilopomo 

eu"&.," ~ per pel' "" :~ per G~ G~ per ,,;.~- Cu.lneb. ev; FOM, Cu. Yard. . M""" n,.,e1, Dry. ' L! llid' "!I)lit.!r. 
,..... Ib.r .... • 1b./fI.· !b.fyd.. kef",- U. s. u. a Ii: s. . kcfhl 

I 0.0361362.4283 16M.56 1000 77.68939.71116 8.3-Ia.\5 100 
27.6797 1 1728 46650 27679.7 2150.42 268.803 231 2707.97 
0.01602 0.:5781 I 21 1(I.O ISoi 1.244400.15$00.13368 1.00184 
0. ~6933 0.~~.1I43 O.037().1 1 0.59327 0.04609 0.:5702 O:g4051 0.05933 

0.001 0.t36130.06243 1.68550 1 0.07760 O.~971l 0.;8345 0.10 
0.012870.:4650 0.80356 21.6002 12.8718 1 0.125 0.10742 1.28718 
0.10297 0.~3120 0.42851 173.570102.974 8 1 0.85937 10.297<10 
0.11983 0.:4329 7.48052 20 1.974 119.826 0.30020 1.16365 I 11.0826 

0.01 0.:36130.62428 10.8557 10 0.77680 0.00711 0.08345 1 
NotatloIII ~. z, ~, etc •• indicate that tho ~.:, ~,etc., are to be NplacOO by 

2,3.4, ow. ciphers. EX"MI'!.&-I kg/m" = o.f,3613 = O.0I.)()()3G\3 Ib./ln- , 

,,.. 



• MEASURES AND WE!I Q HTS 

EQUIVALENTS OF MEASURE 
EN~~GY, " 'ORK, llEAT 

I 

POWEll, n",T£ OF ENERGY AND H£AT 

tOOt-pound. 

1 erg per aoc:.-l dyne-cml~OOIOlm gram-cm~_o.'73781Z foot-poundt/8ac. 
'Iram-oen~lme«'l' per IIOOOlld ... II8O.WM erp/IIOO.-O.t7238 foot-poun~ 
loot- und r!lOCOml _ I3M7300e 1MlC_ 1~.6 ram-cm"IICC. 

I 7.23300 0.0131;5 0.01333 0.01 0 .:9800 0.80.597 0.09200 0.123</12 
0.13826 0.:18180.118430. : 1383 0.:1366 1.35573 0.:12& O.bZ37 
'76.0'10-1,5.50 I 1.01387 0.76040 0.74$66 746.6S0 0.700/1..5 0 . 17812 

75 50&2.4750.98632 1 0.705 0 .73546735.448 0.69718 0.17&60 
100 123.300 1.31500 1.33333 I 0.98000 980.697 0.029.';7 O.23~2S 

101.979737.612 1.34111 1.35972 1.01979 1 1000 O.{\.I700 0.2381>8 
0.10198 0.73761 O.~ 1 3·U O.h360 0.:1020 0.001 I O.~1).I,80 0.:2389 
107.517 77S.I().l, \.4\474 1.43436 1.07517 1.00400 1054.00 I O.2bZOO 
426.000 3087.77 6.01412 1/1.(1)200 4.26000 4 .11'617 4186.17 3.00832 1 

VEWCJTIJ:;8 AND A CC£LE IiATIOl<.'S 

2, ,(, etc., 



CARNEO I I! STEEL COMPANY 

~IETRIC CONVERSION TABLES 
h~CIIES TO CESTllIET}:AA- l i n .-2.640005em 

1');'""6 .. -. .,.--::: J I I 
~ ° 2~ '~o&O 1~8.."O 10~1 1IIJ 12~iOO It,:.o 1;18Ol7J:~ n:.o 

1 2HOO r",",0' 30.410 33.1X!O SMOO 18.100 4()MQ 43180 ~720 48.2«1 
2 /oO.I!OO 63.340

1 
M.8S0 6U201 &0.000 83..)00 M040 M.MO 7] 120 13.1100 

! ; G.200 ;8.140' 81.280 83.8:?0 8(1.310 8MOO 01 "'0 93 Q8(I ~20 IlIlI)6O 
4 101,01)0 1(M.ltO I IOMSO 100.22(1 111.700 114.300 118.840 11Q3IlO 121m 121.4GO 
a 127.000 1~.MO ' I 82.OiIO J3U20 137.100 J3VOO lUUO 144 781) 147.320 14UOO 
• 152,400 IM.foIO ' 157.4S(11&O,020 11U.M(l 1M.100 181MO 1;0180 172720 176,::eo 
7 ,177JlOO 180.340 182.8S0 ISU20 181.000 1l10..&00 1113.040 Its~ ' 11118.120 200.0«1 
S 201.200 2O:i.;4O 2OS.%SO 210.820 21U«l ' 15.1100 218.440 !2O.tso'221.&20 22e.lllO 
• :m.1IOO 23].140 m.m 238.!20 238.71O~UUOO 2UMO uusol:us.m I5J.o1tJO 

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

)," _ .... '. o , , 
• • • • , 
• • -

I SCUES: TO CESTIlIF.TER82- 1 i n.~.451625 cm2 

0 , • • • , • • 

I SCIIEs* TO CESTUIETERS*- ! in.'=16.3Sl'16 cma 

0 , , • ..... =.n 4U. 
,un ISO.:!I , ...... tu.o:J 
1t7.74 344.13 ...... ".", 
401.11 ...... ~u • ...... 
eM.4' ~'n ...... ;OUS 
81ue 835.7S 852. 13 ...... ...... m.e! 1011.00 '''' ... m7,10 IIG-He 1110.88 11118.28 

1310.$1 132;.38 1343.15 13&0,]3 
1474.84 1401.23 1~.1I2 1624.01 

I • -.". 220.42 ...... 
&51.1' 
no .. 
S8Ul 

IOlU8 , 
1212,M I 
13115.62 I 
IMO.M1 I 

• • • • 

• 
81.$6 1M2 114.11 ISl.lO 147.48 

14$..81 !I\2.lt 278.l8 5..,7 111.3& 
OM 4Hm «2.~ 458.84 4;l,U 
13~ .!SO.$6 !lOUt 1\22.71 63UO 

137.42 7lo3.81 i70.20 7M.&! 802.17 
1101.2'0 lIl1.M ~,07 OMIt. \Ml6.84 
~.17 lOIll~ IWI.$6 IlIUI 113(1.71 
22II.0l 12"-;.42 1161.81 1:;8.70 I19UO 
302.01 1409.30 1425.68 1«2.01 14384G 
1tM.78 15;3.11 I.!SlIM I~.IU 1&22.83 

I NCHES'" '1'0 CE .... TUI ETERS4.....-! in.t-.t1.62347 em4 

).::~'*' 0 1 2 a , 5 & 7 8 • 

n I 41.12 SUS I!U1 lIIue iIOII.12 24'.;4 2111.3. 1132,"1 J~UI 
1 41&.23 ~i.sa, 4911.48 5-l1.l1 682.73 au.s G&.1IS 707.110 74Ut 7IIO.SS 
2 AU1 S'4.011 eU.i2 115',.Jf Mile 1(MOM' 1082.21 11%3.83 IIM.ff 12Il7.08 
S 1U8.70 1290..33 1331.15 U73.S7 1415020 1UU2114 .. '" l.540m I$/IU'i 1iS2U2 
4 1&14.'"' 1;QUa 1;48.111 1;se.81 1831.43 . 18i2.118 1014.18 ItsII.30'1"7.1111 2039.M 
6 20111.17 21:n1lO 2111U! %2Il8.GI :t:!U.e7 !2St.2'O,23-)O.01 rm..5-f 2UUI 24M.iS 
• 2tt7.41 ZMtI.03 2SSO'1M[:re2U8 ZIMUla 2'0U3 2747.15 2788.71 It830.40 28i2.02 
7 ~13.M 2t5S.27 29llII-SO ~I *080.[," 3121.1' 31113038 :noIi.OI 124&.&3 3288.25 
8 33~.88 3371.6034[3.12 34M.it. 14IlU7 ~7'"1:l.s7U2 3112l.24 3662'.87 137001.40 
II 374&.11 3l'n.74Jas:?\I.311 3870.III IHI1.81 ~.23 ms.85 t 031.d 40711.10 4120.n 

356 



MEA SU RES AN D WEIGHTS 

METRIC CONVERSION TABLES 
CENTUIETEIl8 TO lNClIES-[Cm=O.39371n. 

1 I ~1~;! llffil mi:1 llliilllmiJmil:= :;:;:UI;, ~;: 
• , ., 1_ 

CE:>"TlMETEIlS~ TO I NC II I;';S~-[ cm~=O.154.9l)OO9 in.~. 

~0123t5f78 • 
• , , , 
• , 
• , 
• • 

~ 
• , , , 
• , 
• , 
• • 

O.l~ 0.3HIO HMO ",. 0.7750 .. ""' "''"'' l.2too ".00 " ... 1.7050 , .... 2.0150 2.1700 """ 2.4800 ... M. 2.7000 Ut50 
3,1000 ''''' HI(ljI "'" 3.72(1() 3.8150 '.moo 4.1850 .... 00 UIOO .. ""' .""" ..... 5.mO 5.2700 U250 .- 6.1"3.50 '''"' ... 00 
."" ."'" 6.5H)0 ...... 6.8200 6.9750 1.13<lO """ 7.+100 """ 7 ,7~ 7.0000 '.0000 8.2150 8.3100 """ •. 000 "'00 ..... U450 ",,., .. "" Q.6100 9.7e.50 .. "'" 10.0750 10.2300 ""'" 10.5400 10.6950 

""'" 11,0050 11.11100 11.3150 lU700 11.6250 11.1800 11.9350 12.Q900 12.2450 
12.4000 "...." 12.7100 ""'" 13.0200 13.1i50 ,,,,., IU850 13.6400 13.7i.50 
13.~ 1t.1050 IU600 14.4150 14..5700 14.1250 ,,, .. 15.0M0 IS.11lOO IS.wp 

0123456789 

0,06102 0.1220.S 0.18307 0.2U09 0.30512 0.3681 4 0.42716 04S8lt~ 
MI023 M112$ 0.73228 0.79330 0.8M33 0,91535 0.97637 1.037.0 1,09SU U59i4 
1.:120H 1.28149 1.342,;1 I.f03.W 1.46-1S11 1..52.1511 1.58661 1.6-1763 1.708&1 1.7~ 

\.83070 1.89173 1.~r.5 2.01377 2.07480 2,13582 2.1911S1 2.25787 2.31889 2.37091 
2.44094 2.5010$ 2.SII298 2.62401 2.6SS03 2.74605 2.807(l8 2.86810 2.m12 UII015 
3.05117 3.11219 3.17322 3.m24 3.2!152$ 3.3l629 3.41731 3,47833 3..53~ 3.(10038 
3,561.0 3.72243 3.783-15 3$1447 3.90S.50 U6452 4.02754 4.1)8857 U49511 UIllM 
4,27164 4.3326$ U93&8 UM71 4,eW'S U1615 4.63778 4.mso 4.75983 4.82085 
4.88187 U4ZOO UWIl2 &.004!M uzm 6.18609 &.24801 &.3OllO4 6.37006 $.431(18 
U9'll! 6.Ma13 MI415 5.51518 HM20 6.79722 5.&5825 6.'lm 5.~ M U 32 

, • , • • • 
o O.own 0.MS05 0.07207 0.00610 O.l20U 0.14415 0.16817 0.111220 0.21622 
1 0.Z4025 0.26427 o.zS830 0.31232 O.3363li 0.36037 0.38440 0..0842 0.43245 U!J6i7 
2 0.48<150 0.6Oi~2 M2$1l 0.552.51 D.57G60 0.(K)()62 O.II24M 0.64S!17 0.67210 0.696i2 
3 0.i2075 0.74477 0.76880 0.79282 0.81&85 0.8W81 0.86i1lO 0.88892 0.91296 MaW7 
4 0.1I6J(1O 0.98502 1.00905 1.03307 1.05710 1.08112 l.Io,sl5 1.12917 1.16320 l.lii22 
6 1.20125 1.22527 1.24930 U7332 1.29734 l.32131 l.:um 1.36IM2 1.39344 1,417H 
e 1.44149 1,46M2 1.48OM 1.5I~i 1.t.37M1 1..56lal I~ 1.1IOIl67 1.433(\/1 1.65772 
7 1.118174 1.70577 1.TlW9 1.7S382 l.777114 1.80181 1.8US9 1.1149\12 1.87391; 1.8Oi97 
8 U21110 1.94M2 I .QiOO4, 1.99407 2.01809 2.(W,212 2.OM14 2.09017 2.11419 2.l3822 
9 2,limi 2.1S!l27 2.11029 2.23432 2.2S8U 2.28237 2.306l9 2.33Oi2 2$H4 2.3784 7 

"" 



CARN IlO I Il STIl IlL C OMPA N Y .------
METR IC CONVERSION TABLES 
Jo'EET TO METERS- l ft.-o.3O-i8000 m 

I NCII-POUNDS TO KI LOGIt..!. ~-CE:"Tl~ I";T£M-t in-lb.""'I. 162 127 kg-cm 

... ~. , • • • • • • • ----, 1 .16~ .'" 304M .... U$I UI3 ..... UI1 10_ , 11 .$21 lun "'" 16.178 1&.130 ,as> 18.4M ...... .. '" " ... • no .. U.I05 u,,' ..... .,.'" ..... ft.'" 31.107 ft."' U.U2 , M .... lUIS ~ ""'" 311.112 ..... 4 .. 477 4U211 4.1.181 ~ .... 
• """ 41.237 ..... 4U41 ..... " .... " .... ~.I~ .. ... ..... 
• " ... ... , .. &UII " .... lUll "M' &Ult ...." ...." n.W8 

• •. 128 ""'" 71.432 n .... ...... ,USB , .... 77.lta n .... 7UII7 , ..... 8UOI n .... 8U05 .. ... , M.UO 'a" 88.114 ..... 81.018 

• 02.170 .. '" .U74 U.'" M.n. fi.t31 .. '" ,....,. 101.387 ,~..,. 

• 103.Gl11 ,~ .... IOUM 107.14S , ...... IOII.~~ 110.00/. IIUM 112.1108 114.oe1 

"" 



MEASURES AND WE I GHTS 

METRIC CONVERS ION TABLES 
~iJ;:T}:HS TO F J;:ET- i m -3.2SOS333 ft. 

'<:'~~ • , , 3 • 3 • , • • 
l I:;:. ::: I ~f~ I ;l~: ll~~ I i!E , ~: I ~E ~: I:;' 
3 

I m~ 
. , , . 

• , . 
• , . , . 

J-;E5~~~ 
KILOGRA~IS P f:R ~i ETER TO POUNDS PER FOOT-l kg/ m=O.67ID; Ib. / ft. 

~'IJ(, • , , • • • • , • • 
---t- 6.Gi20 Ut3P 2.(IISli 2.&87P '-'3W 4.0318 U038 6.37&8 G.{H11 , 6.7191 1.3017 . ...,. 8.13.56 HQ;8 IM79G 10.7615 11.4235 12.~ 12.76.4 , 13.ofJ9oI 14.1ll4 14.1833 IUMJ 16.1273 16.71l93 17.471 2 18,1432 18.8152 IP.4871 , 20.1$1 2().$311 "..." 22.1750 22.8470 23..5IVO 24.1111» """ " .... 2U06S 

• 26.8788 ,,,.., 28.2221 28.811t7 ~"'" 00.= 3MI06 '''''' 32.2548 32.~115 

• ~ .... 34.210/1 34.1It24 115.&144 " ... " .... 37.G303 , ... '" 3MU3 3U4Gll 

• 40.3182 ,,"'" f l.WI 42.33f1 43JIOIII 43.G781 «,.., 45.0220 4M~O 4 6.3&\~ , 47.0:>19 47,71m 48.3818 '9,{)538 f9.72&8 $0.3978 ""'" 51.7417 5HI37 ~-• 53.7576 &U~ 115.1016 ... ",. &UfM U.II.5 &7 .• 894 58.4814 59.1334 ....... 
• ao.f17! 81.1403 61.8212 82.4032 83.11152 83.s:m 8UOIII 8.USII """ ... "" 

KG. PEII SQ. CM. TO POUNDS PER SQ. I NCH-l kg/em~"""14.2Z:W lba./in.2 

~bl1ir. • , , , • • • , • • -"'--.0 r- ~~ ~-

• 14.22 28.45 f2.67 "" 71.12 .". WM 113.7' 128,01 , 142.23 IM.46 110.1\8 l&MO 199,13 213.3.5 227..57 "'''' ".., 270.24 , 284.41 "'.~ 31UI 327.14 "". 3M.5~ 300.81 "'.m m.:!B UU8 
3 f26.70 410.03 .u.s.l5 400.37 f83.110 4111.82 &12.04 526.27 &fO.4P 654,71 

• .... 58.'U6 &97.38 611.61 "''' 640.0/1 "''' "'''' 682 .72 OOOU5 

• 111.11 '''-'' i31l.&2 753.84 i(l8.(l8 i82.29 7!H1.51 810.73 824.!HI 8311.18 

• "''' 867.153 .. ,,' 8!H1.07 1110.30 Il2U2 938.14 1152.97 !HI7.19 08I.U , 
"'~ ".". loof .OS 1038.31 1%2.53 100II.16 1080.08 11)115.2(1 1I0U3 1123.115 

• 1137.87 1152.10 111\&.32 1180.54 111It.i7 1208.011 Jm.21 1237.« 12.\1.66 1265.88 

• 1280.11 12901.33 ''''' .. 1322.18 1337.00 13.5I.ZZ 136HS . 137U7 1303.8P IfOS.12 

Ji:1LOORA11-C£NTUI£T£R8 TO ISCI.I-POUNDS-I kg/em=O.86196 in./lb. 

~ • , , 3 • • • , • • 
• " ... 1.73$ 2.11030 3.f1IS .,,~ "'" 6.0757 6.9(31 7.8116 , 8.67!H1 9.54;6 10.41M 11.2835 lZ.I~lf 13.0111t 13.8874 14.7553 15.6233 16.4912 , 17.3592 18.22;2 1H1951 19,9811 2().8310 21.60lI0 22.5(110 23.4349 2f.302f1 25.1708 

• 28.0388 ~."" 27.7747 2um 29..5IOG 3(1.3786 31.24M 32.1145 32.11825 ~-• 34.7181 au", 3&.4543 mm 38.1002 31l.1IM2 39.9262 40.7941 41.11(121 '''300 • ~- U.26IIO "".1339 46.0010 ." ... 4 •. 73j8 48.1lO68 49,4137 $O.8U7 51.2006 

• 52.o;iO 52.1It.56 63.8135 5M815 M.5oI\i4 56.Ui4 67.2SM 58.1533 r.Il.0213 W ... " , 60.7512 61.6252 6Hoal (13.3611 M.mo 65.0970 M.9M0166.8329 61.700II ....... 
• GU368 70.30t8 71.1127 12.0107 72.9086 13.77M I 74.64~ 75..5125 76.38(13 i7.24M 

• 18.1I1l4 78.03« 79.8523 St).7200 ,,- 82.45&2 83.3242 M.11l21 .. "'" ....... 
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CARNEO I !; STEEL COMPANY 

l\I ETlH C CONVERSIO N TABLE 

I NCHES TO i\hLLUII'!T&flS c . U. 8. 8ulnd..-d_1 meter- lOll c:entLmcters=IOOO mllllmct_. 

0 0.00 , 2.5.40 , 00.110 ' , 76.20 • 101.00 , 127.00 

• 162. 10 , 177.tIO , 200.20 • 228.00 

" 2M.OO 

" 279..&0 

" """" " 330.20 .. = .... 
" 381.00 .. 406.40 

" 431.80 

" 457.20 

" <182.00 

" "'.00 

" 633.40 

" .... '>8.80 

" 6&&.20 

" 000.'" 
" ~.OO ,. 600.40 

" .., ... 
" 711.20 

'" 736.00 ., 762.00 

" 787.40 

" 8 1280 

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

" 914.40 

" 939." 

" .".,. 

" ........ .. 1016.00 .. 1041.40 

" 1066.80 

" 1002.20 .. 1117.00 

" 114.3.00 .. 1168.40 

" 11 03.80 

" 12 10.20 

" 1244 .60 

'" 1270.00 

I.SD 3.18 
21i,99 " ... 1\2.39 ..... 
77.79 79.314 

10;1.10 104.711 
128.69 1J().18 

166.68 
11;0.08 ,..." 
231.78 
267. 18 

282.68 
307.98 
333.:18 
358.78 
at!4. IS 

40lMS 
434.011 
400.38 
4 86.78 
IH 1.18 

536.68 
60 1.98 
687.38 
6 12.78 
638.18 

..,." 
688.0S 
714.38 
739.78 
7M.18 

" .. 

6.35 
31.75 
67. 15 
82.505 

107.95 
133.35 

158.75 
184. 15 
200.55 
234.9.,'; 
200.3:i 

11. 11 
36.61 
6 1.9 1 
87.31 

11 2.71 
138.11 

161.93 163.11 1 
187.33 188.91 
212.73 214.3 L 
238. 13 239.7L 
263.63 266. 1L 

288.93 2OO.6 L 
314.33 3 1.5.11 1 
3311.73 3 ~1. 3 L 
36.'\.13 :l(16.7L 
300.63 8{12. 1L 

41 7.l\l 
44 2.IH 
468.3 1 
4 {13.7L 
IUIUI 

642.93 644.11 1 
1\68.33 1169.11 1 
6113.73 111111.31 
6 19.13 620.71 
644.63 646. 1L 

671.51 
696.111 
722.3 1 
747.71 
713. 11 



MEASUR.ES AN D WEIQttTS 

METRlC CONVERSION TABLE 

l~cRM TO MII.LI)(ETER8 

0 23.81 
• 411.21 , 14.61 
3 1()(I.01 

• 126.41 , 1110.81 , 176.21 , 201.61 
8 227.01 , 262.41 .. 277.81 

U 300.21 

" 32lJ.61 

" 354.01 .. 3711.41 

" 404.81 

" 430.21 

" 4M.01 

" 481.01 

" MIa.ofl 

" ~1.8 1 

" $[,1.21 

" [,82.6 1 

" 608.01 ,. 633.4 1 

" MS.81 

" 684.21 

" 7".61 

" 735.01 

" 760.41 
30 7M-8t 

" 81 1.2 1 

" 836.01 
33 862.0 1 ,. 887.4 1 

" IlI 2.8! 

" 1138.21 

" 003.61 

'" 9811.01 

" 10 14 .41 .. 103~.81 .. IOM.~I ., 1090.61 .. 1116.01 
•• 1141.41 ., 1166.81 .. 1192.21 ., 1217.61 .. 1243.01 ., 1268.41 

'" l ztl3.81 

". 
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CAR, NEOI E ST EEL CO MPANY 

METRIC CONVERSION TABLE 

POUNDS A\'OIKD. I'OI8 TO K I LOGRAlI:S 

1 Pound=O.<tM5D KIIOfp"I.lW! 

• , , , 8 , 

29.9-1 80.39 3O.M 31.30 
34.47 3<1.93 3.5.3S 3li.83 
39.01 39.46 30.92 4037 
43.64 .".00 .... 5 « .91 
"S.OS "8.&3 48.90 4tH" 

62.62 53.07 63 . .52 53.tIS 
.57.1:. 57.61 68.00 ~.61 

6L~ 62 .... 02.00 63.0.:; 
00.22 66.68 67. 1:1 (l7.MI 
70.7 71.21 71.67l 72.12 

75. 75.75, 76.20, 76.00 
7g.~ SO.29, 80.74 SI.lI) 
84.3~1 84.82 M.28. 85.73 
88.00 89.36 89.81 00.26 
91.44

1 
93.89 94 . 35~ IM.80 

97.OS: 98.43 98.Sf!. 00.34 
102 . .0;11102.97 103.42 100.87 
107.05 107.00 107.00 )OS.U 

.. 111.51> 112.04 112.49 112.04 
116.12' 116.5 7117.00 117.48 . I 

120.2Q 120.66 121.11 121.1>6 lZ2.O'.! 
124.74125.19125.63 126.10 1:.m.6.'\ 
121).27 \29.73 130.180 130.6:1 131.00 
133.SI 13-l.2t>; 134.72135.17130562 
las.35 138.80 139.2<> 1:19.71 140. 16 

143 3~1 1 43 79 14424' 144 70 
14781 l4.882 148 ~ 1"023 
15241 152 Stl 15.131 111:1.77 
1M 1M 15740157 IMI30 
16148 16193 16230 162.114 

' ~!~5!!~:!! ' I 6.1lM 100011100"7100.02 1673'1 
;; 170.10 170.M 171.00 171."6171 .01 

IH.63 17{i.OO' 175.M 176.00 17645 
170.17170.62 ISO.(18 1110.53 IIj(U;S 
183.70 11W.16 184.61 185.07 IM.52 

ISS.60 ISO.15 189.60 100.00 
193.23' 193.6/; 104.14 10·Hi9 
197.77 198.22 198.67100. 1:1 
202.30 202.76 203.21 203.00 

I:; .• ~:I ~;;:~:~; 2Q6.M 207.29 207.7:0 208.20 
O ! !i~i! 1 ~!! ~.:~ :!!~,.!! 211.37 211.83 212.28 212.7.~ 
:; 215.91 216.36216.82 217.27 

362 

220.".~ 220.00 22 1.35 :12Un 
224.681225.401 225.8\1 226.34 



" " " " 00 

" " " .. 
" 
" " " " " 
" " " " " 
" n 

" " S<l 

" " '" " " 

MEASURes ANO WE I O H TS 

MEfRIC CONVERSION TABLE 

P OUSI)S AvolRPUI'OIS TO KU .. O<:RAIoI8 

Pound""'i).4~.50 KIlOffM"'" 

, , 8 

:nO.88 
23.5.41 
239.05 
244.4\1 
249.O'.l 
2.sJ.1io6 

25i1.00 
262.6:1 
267. 17 .,,' ".,.", ~~~:~ 

~,' ~~'l~, 280.77 " 2S.5.31 
289.M "',. 298.02 

lnrni~!n :r""" .".(. ao.'1.u 
307.00 
312.~ 
3 17.00 
321.60 

'''' 

326. 13 
330.67 
33.5.20 

." ",.", 330.74 
34-428 

3-47.453H.91 348.36 3-4.'1.81 
351.99 3.52.443.52.89353.3.5 
356 .. ~2 356.98 3.57.43 3.57.88 

j:ll:OO~ l:l.\&l !:l.\~!:ill 
370. 13370 . .5937 1.0-.1371."9 
374 .6 375.12375 . .57 376.oa 
:170.2 370.00 380.1 1 380 . .'16 
:111:1.7-438-4.19' 3&1.61> :185.IO 
3811.2 388.73389.18

1

3119.64 

392.81 393.26 393.72 39~ . 17 
397.3.5 397.80 398.25 :108.7 1 
401.81> 402.34 402.79 400.2-4 
400.42 "06.87 407.33 407.78 
41O.W. 411.41 4 11.86 412.32 

411i.49 415.94 4 16.40 41 6.M 
420.03 420.48 420.93 421.39 
424.66. 425.0"2 "25.47 42.5.92 
429.10. 4-'>{I.55 430.01 43046 
~33.63 434.09 4:H.M 43.5.00 

438.17 43.'1.62 439.08 439.53 
442.71 443.1e. 443.e.! 444.07 
447.2~ 447.70 44.'1. I!, 448.60 
451.78452.23452.694113. 14 



CARNIlQ I 8 STEEL COM PANY 

• PROPERTIES OF THE CIRCLE 

Circumferenoo of Circle of Dill. 1 _ r _ 3. 14159265 
Circumference of Circle _ 2 r r 
Dill. of CireJe - Circumfercooo x 0.31331 
Diameter of Circle of equal periphery as square = side x 1.27324 
Side of Square or equal periphery tL9 circle = dillmeter x 0.78.'>-10 

Diameter of Circle circumacribed about square =side x J.4HZI 
Side of Square inscribed in Circle =d.lameter x 0.70711 

Are, 

> -

... rA G 
a -~_0.OI7453rAG 

1110° a Il 
Angle, A - ---;:r- - li7.20078 r 

4\)~+c~ 
Radiua, r - 8 b Diameter, d-

Chord, 

Rise, b _ 

ru.. , b _ 

• -, --• 
" -, 
-;t -

rw-
~-r 

A' A r- IL · 1 4r~ ,, _ ..£.. Ian -- =< 2rsin~-
/ -:1 .,. 2 4 4 

r+y - \' r2 - x' . p:b -~ X=Vr2""-~(~>+-;-::y---;:b""')' 
3 14159:?GS, log ... 0 .49714!l{l 

0.3183099, 10g _ I .602S001 

9.8600044, log _ 0 .99-12997 

0.1013!?!2, 10g _ l.oo.:;,OO3 

1.7724539, IOg - O.24M749 

0.66418S6, log - I .71"4251 

I~ - 0.OI74MS, IOg - 2.2418774 

1;0 - 57.29.57795, 10g - 1.7681226 

• 

'" 



TrI."lle, 

T ... puium, 

Tr.p<z<>ld, 

P .... lIeloara m : 

M ENSU RAT I O N TAB1.ES 

AREA OF PLAXE FIGURES 

Base x 11 perpendicular height. 

y ~(9-a) (9-6) (s-e), 
a=H sum of the three sides a, b and c. 

Sum of area of the two triangles. 

~ sum of parallel sidet! x perpendicular height. 

BI\&C x perpendicular height. 

~t.r PoiylfOn : % Bum of sides x inside radius. 

Cl..,le, -r rZ = 0.780540 x dia.2 = 0.07M8 x circumference'. 
-r r 2 Au 

~""'0.OOS7266 r2:\0 = arc x.!1 radi;;s. 

Se&-"'lOlI t of Clr. le, r2~ ( -rl~o -sin AU) 

Circle of .. me.ra<" *<I." ..... , diameter = side x 1.12838 

Sq"are of ........ ra< .. ci rcle: side = diameter x 0.88623 

I'a .. bol., 

Long diameter x short diameter" O.7SMO 

Base x % perpendicular height. 

A 

-< 

• 
.1 
< 

l ......... lar plan .. aurf."". 

, . . . 0 
< < < < 

B , 
0 0 < < 

b 

c , ,D , ' 
! : ~ _______________ nd ______________ .." 

Divide any plane surface A, B, C, D, along a line Il.-b inlo an even 
number, n, of pamllel and sufficiently small slrips, d, whose ordinat~ 
are Ill, hz, h~, il4, h~ ...... hD-I' hD, h"+I, and ooIll3idering contours 
between three ordillll.tes lUI plll"aoolie curves, then for section ABCD, 

Area- ~ [ht+h,,+t+t(h2+h4+h6 ... +h .. )+2 (h8+h~+h1 ... +h .... d) 
or, approximately, Area = Sum of ordinates x width, d . 



CA R NEa l E S'rl! EL COMPANY 

TRIGONmIETRIC FOR~I ULAS 

r-------eotan A- ---- --~ ........ 1_oIo·J..f._·A , 
, /',' _oIoA_A __ A _ A_ ... A _ A 

i; ~/ --, - • 
_. , 

_"_A-~ I-_'A ... ~A-:·/V ! _. 
-' - A". A 
, 

.A_A_~ ' -_' A r--
~I~' 

_. _. 
" . // .. ' . ,- • •• , 

.. A_A •• 
_ . 

/ ~.s . 
"'- -. , 

_A_A 
( 

.; r' __ : • •• 
_ . 

.. '-- ... .. - . ----* -, , 
r\/ - • .1 _. 
L ___ r ..... i". - 1------f, I '-" • •• , _. ... 

1Io (A.±B) _oIoA _11± ... A ... ,1 .... (A ± II) - ....A;I;;' .. " 
I.f. ......... ' 

_(A ± II) __ A _II._A.1I _(A ±B) -_ .. _II! , 
_if_A 

... A+ _11_1_ UtA + II) _U{A-a) ... 1.+_11 _ .\ .. ±II • .. -

... A-oIolI -'_)f (A+II) "" )ftA-B) ... "'- .... 11- =lA~k 
_ .. + _II_I_)S(A+ II) _UtA-II) _A+_ II _ .!!±Al _ .. 
... B __ '" _ 1 .. )ftA+ B). )ftA-B) 

oo&A __ B _ -1';;;;'1 ..... 
." _I_ A _A -" - ,_. 

,--' .. 
. " .. _·A_.· .. 

_ .. - ... ·A_' 
I_X 

"")fA _ ~I -r X _Uh~ "')f A ' :::;A _U A _ '':·~A .,. - , ." . " 1.f._IA -' . -::;::::! -'. ,"'_1 .. • -- - ,-- - 1=4:iO'rr 
• ' A_a' B __ IA + B)_tA_B) _."-",,. B __ tA + B)_lA-B) 

:~i::': - .... )f(A± II) ::it:l-_K (A "+ B) 

- , 
" '" " - _.<1. -.......... , .. _-;-..- - - t - - • - - -- .. _-- -- • • • 0' 0' 

• ~. , .. -0"_1 , . • "'" "~ 
..,. ".. .-. -. ,.. . 

• , .. f<. , - , .. -0 ro·· .'" .'" • .., . ._ . ..... .... ,_. 
- .'" , 

'" 
,,,,,. ... _. ±-. ,... - , " 

, 
'Vi ..... _. ... ;-. ;-. 

",. 



MENSUR.ATION TABL . •.. ' .. 

TRIGONOMETRIC SOLUTION OF TRLo\NGLES 

~' L1s-~ 
b 

Givell 1-·1 Formulae 

RIOtlT'-A.'i(lLED TRIANOLE8 

" , A.B. b IJn A ~ . ~ n _ :. b_ y el .. 
M~ A .!. \' cl-a-

rca - \I 

" , A. n. e tan A - t. tan Il _ 
, 

c - 1"a"+b" 
" 

A~ " A,.,. - ""T"" 

A, ' B.b. c 0 _ 90*-1.. . b_ a(O~ A. 
, 

e - 'iiii"A 
A_ Area. a- CO~ A - --.---

A,b n. a. c n _ 00"-1... a _ I) tan A. 
, 

e - 00i""X . 
b* tan A "ro. A~. • 

A.O B. a. I) 8 _ 90· A. a _ c iln A. b _ eCOOlA 

A_ --~.lnA COI A dllln2A , M • 

OBLIQUE A."GI.ED TRlANGLE8 

•• b. e A utA - ,t 6J,c-.J,..,.tA- V·t;J ,taa t A- ,p-; , ... 
~) 

B ";a tB_ "C .... )(HJ _tB_ ".I .... bJ,t.aDtB_ (~ (~ 
.e ' .e • • 

0 _te_ "J .... )(.-b) _te_ " .(.....,) ""'Ie_ (~ .. 
, ~. ....,.. 

,~ 

..". ArM _ ( , (1-1) 18- ) (t-(:) 

a. A. B b, , b 
.sln B C a l in 0 1.110(1.. + 0 ) 

- "'iI"ii"A -~ itn A 
..". Are. _ tab.lnO _ a" 'In II .In 0 

Uln A 
•• I), A B aln n _ b81:A 

, , _ a.lnO _ b slnO - 1"'" + bl-2 .. b 00' 0 
'""'iIii'A -.rnn-

M~ Area _ tabllnO - --
.. , b. 0 A 

•• In 0 
t&llA _ kCOOlC' tan t CA-BJ_ :+~ ooqo 

, , _ v' a" + b'-2 .1) COOl 0 a lin 0 
-~ 

"'~ ArM _tabllnC 

al _ ~ + ~2bc COl A.~""" + c"-2 ac_8 C"_a"+ bL-2abcwO 

-", 



CARNEGIE STEEL COMPANY 

AREA OF CIRCULAR SECTIONS 

e
pt, 

m n , , 
I.t-- - -- ~- - c---+' 

q 

e ~ , , 
"fo------- c- - --- - --tI 

8
~ 

m n 
t u 

V \V 

q 

Circular Sector, m 0 n p 

Area.=~ Gength of arc, m p n x radius, r) 
=area of circle x arc m p n, In degrees 

360 
=0.0087266 x square of radius, r2, x angle of. arc, m p n, in degrees. 

Circular Segment, m p n, less than half circle. 

Area.=area of sector, m 0 n p-area of triangle, mo n 
=Qength of arC,mp n, <radius, r) - (radius, r, -rise. b) x chord, c 

2 

Circular Segment, m q n, greater than half circle. 

Area=area of circle-area of segment, m n p 

Circular Segment, from Table I, page 369. 

Given: rise, b , and chord, c. 
Area.=product of rise and chord, b x c, multiplied by the 

coefficient given opposIte the quotient ot ~ : 

Intermediate coefficients for values of ~ not given 

In tables are obtained by Interpolation, 
Example-Given: rise=1.49 and chord = 3.52, 

~ = ~:~~ = 0.4233. Coefficient = 0.7542. 

Area.=b x c x coell'.=1.49 x 3 .52 x 0.7542=3.9556. 

Circular Segment, from Table II, pages 370 and 371. 

Given: rise, b, and diamoter, d = 2r. 
Area.=square of diameter, d", multiplied by the 

coefficient given opposite the quotient of ~ . 

Intermediate coefficients for values of ~ not given 

in tables are obtained by interpolation. 
Example - Given: rise=2%0 and diameter=5%2. 

b d =2%. + 5%2=0.478528. 

Coefficient by interpolation =0.371233 : 
Area=d2x coefl'. = 25.94629 x 0.371233= 9.6321. 

Circular Zone, t u w v 
Area.=area of circle-(areaof segment, tpu + area of segment, vq w). 

Circular Lune, m p n s 

Area.=segment, m P n - segment, m s n . 

368 

\ 



MENSUR,ATION TABLES 

AREAS OF CIRCULAR SEGMENTS 
TABLE l -l<'oR RATIOS 01' fusl; ASD CHORD 

~"l - , 
• '~.C._ •. . J 

Ara-Clz bzooeftlcient 

'·1 """" ~ ,. """,. , ,. """,. , 
'" ."... , 

~, -, " cim\ " ... , C" -, , .... ," . ..." .. .6722 .1017 " .(1895 . ,.., " . .7239 ."'" , ..... , .00-14 " .672·1 .1040 " .6901 .2122 '" .7249 ... '" , ..... , ...... ., .6727 .1003 "' .• 000 . 2148 " . .7260 .3436 

'I"'" . 008' " .6729 .1086 , .. .6912 .2174 139 .7270 .3469 
6 .0067 .0100 '" .6732 .lloo " .6918 .2ZOO ... .7281 .".., 
6 .6007 .013 1 " .673·' • 1131 00 .0924 .2226 ... .7292 .3534 
7 .0008 .0153 " .6737 .11114 " .0930 .2252 '" .7303 .3567 
• .0008 .0175 " .6740 .1177 .. .6936 .2279 . ., .7314 .:1600 • . ""'" .0197 M .6743 .1200 '" .6942 .2305 .... .7325 .''''' .. .0070 .0218 " .6146 .122·1 "JO .6948 .2332 '" .7336 .3600 

" .0070 .0240 '" . 6749 .1247 .. , .605"- .2358 ... .73·18 .3700 

" .0071 .0262 " .6762 .1270 "" .G061 .'''' H7 .7360 .373"-

" .0072 .0284. " • 6765 .1293 .. , .6007 .2412 ... .7372 .3768 .. .6672 .0:106 SO . 6768 .1316 .'" .6974 .2430 ... .7384. ,.., 
" .0073 .0328 60 .6761 .134.0 "" .6980 .,."" .SO .7300 .,." .. . 0074. .03'" .. • 1I7M . 1363 ... .6087 .2493 '" .7408 .3871 

" .0074. .037:01: 67 .117(\8 .1387 .. , .. '" .2520 ." .7421 .,-.. .0076 .0304. '" .677L . 1410 .08 .700 1 .1M' 153 .74.34 .39-12 .. • 6076 .ouo .. . 6776 .1434 .... • 7008 .2575 " . .7447 .3977 

" .0077 • 0CI7 .. .6779 .1467 ... .7016 .2603 .M .74.60 .4.013 

" . 6678 • 0459 .. .6782 • 1481 , .. .7022 .2631 " . .74.73 . ..,. . 
" .0079 .0481 67 .6786 .''''' '" .'030 .2659 '" .7486 .. "" " ..... .- M .6700 .1529 '" .7037 .21187 .,. .7000 .4.122 .. ..... .0626 .. .6794. . I M.3 ... .7045 .2715 ". .7514. .4150 

" .... , .OM' 70 .6707 .1677 ... .7052 .274.3 .60 .7628 .4.1911 
76 ..... ... 70 " .660' .1601 ... .'000 .2772 ... .7M2 ."'3 27 ..... .... " " ..... .1626 .. 7 .7OM .,... ." .71157 ."270 ,. .... , .0614 " ...... .164.9 ... .7076 .,.,. . ., .767 1 .<308 ,. ..... .003' " .681" .1673 ... .7OS4 .,.,. . M .7"" .4.346 
80 .... 90 . ..,. " .6818 .1607 '''' . 7092 .,.., ... .7601 .. "" 
" .6601 ...... 70 ... 72 . 1722 '" . 7100 .29 16 ... .7616 .442" 

" .6093 .0703 77 .682(1 .17"6 '" .7109 .29-15 '" .7632 ... ., 
33 ..... .0725 78 .683 ' .177 1 ." . 7117 .2975 .... .764.8 .. '" .. ... '" .07017 7D • 683> .1795 124. • 712(1 .- ... ., ... .4.;H2 

" .6008 .0170 80 ..... . 1820 ." • 7134 .303< " . .7680 .4582 

" .6700 .07" .. .6844 .184.5 126 .7143 .3OM m .7666 ." 622 
37 .6702 .OSH " ..... ..... '" .7152 .- m .77 12 .• 663 

'" .6704 .... , " ..... . 1894 ,,. .716 1 .3124. on .7729 .<1704 

" .6700 . ...,. .. ."' . . 1019 " . .7170 .31M '" .7746 .",,",5 

" .6708 .- " ..... .1044. .30 .7180 .3 185 '" .7763 ."787 .. .67 10 .- " .... , .1970 " . .7189 .3216 '" .7781 ."828 ., .6712 .0027 67 .6874 .1005 132 .7100 .3247 m .7700 .4871 

" . 671" ..... , .. .6879 .",,, 133 .7200 .3278 " . . 78 17 .<191" 
4<1 .6717 1 .0072 80 .- .,... .,. .7219 .,.,. .,. .7835 .4957 
" 5 1 .6710 .0!196 00 .osoo .2071 l al> .7229 .33U . 80 .'8M .0000 

'" 
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CARNEO I E STEEl. COMPANY 

SURFACE AND VOLUME OF SOLIDS 
8=L ATERAL OR CO:-'''V£X SURt'ACE. V = VOLUIoI£ 

: :' II. .,: S = perlmet.er, P. I}Cl'P. to s ldos x lilt. length. I: lEn
~ '~Z!fiJ:- " '. 1' ... lleloplpH 

1 ____ h ," . ~ V=&reQol b_ . Us perpendicular height, h: 
, ._~" V = aroaolsoctlon,A. IJoerp. lOsl(0)81Iat. length. I : 

PO ",. 
A> 

" '. , 
,: "'-CJ~~ ' ~-zlj}- ' • 
'h ' :-

,,~~, --~~- - ' . . ./ 

. , 
~ '- ' . :' O~'l!l--~ . 
, , 

.'--. t --, / - - .~ 

{J;j;~ -,,,/ \,-~ 
it l "" A, .- ., .. ' 

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

/j' -Tlj--~' ;.. : \ 
: .., It .-" 

.. ", . '~_L ,--... ~:. 

;11; /1 
O ·J.d 

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

~~ . 

~""-b- --- .": 

,- __ .~ '~" --r. ~
j ~~:.. 

-' '-'" ~ .. ~ 

PriAm. Ri. ht or Obllqae. Rt-plar 0. 1 • ...,.., lar 
S=perlmct.er. p, perp. t.o&ld08 x lat, long th, I: 
Y= area 01 b!I.IIC. B s perpendicular hellht. h: 
V=&rf!8.of section, A.llerp. lOlldos1 lat. cngth. I: 

c,.linder. RI.-bt Or Obliqoe, CI«ular Or Elliptic. ett. 
S = perlmeter Of b!I.IIC. 1'1 l)(jrp. height. h : Ph 
S = p(.'I'lmet.er, Pl. J>Cl'p. to sides 1lat. length, I: PI' 
V= area of bllSQ. B 1 perpendicular height. h: B , 
V~of !lOOtion . A.llerp. lOaldosslat.length. I : Al 

Fnutum of an7 Pri l m or C7lind~r 
Y= are a of b_, D I I)(!rP. distance, h, from ba.sc 

to ccnt.er of grlwl t y of oppo!llte taefl: Bh 
For cylinder: ~ A (I, + I. ) 

Pyramid Qr CoM. Rilrh t and Rt-plar 
S = perlmet.er of base. P • 3i slant height, I : 
V=area 01 base, U • \01, perp. h eight. h: 

Py .. mid or Cone, Rlir'" or Oblique. ~lIlar or I~I .. 
V=area o f balMl, B . '>10 perp. height, It: ~~ Illl 
V= '4 volume of prism Or cylinder Of ~a.me bll.8Q 

and PCl'llOndlcular height 
\'=~. vohunll of hemisphere of ~ame h8.'le and 

i><.'tllt",dlcular helgh ~ 

}rw.tum of PyramId or Cone, Rllrh t and ~Iar, 
Para llel t:nd . 

S = (.um of perimeter of ha.so, P, and lOP, pl .1,4 slant 
height. I : }il (l' + p) 

V= (IIllm of areas 01 base, B,and top. b + $(Illare 
roo~ of their products). \01, I)(!rP. holght, iI: 

\01, h (B + b + v'lT"iJ) 
F. utum of any' Pyramid or Cone. Pa .. llel End . 

V=(~um of areas of basc. B . and top. b + ~qulll'll 
root of t hoir productlij . \01, p(!J"p. hcight. h: 

\oI, h (8 + h + v'U'iJ) 
Wed~ Pa .. llel ...... m Fa.., 

V= o,(, (aulll Of three edge/!, aba % pc.rp(:Ildlcular 
hdgllt, h • perpendicular Wid th. d ) : 

~dh (2a + b) 

Prlsmatold 
V=\. perp, height, h (su m of areal! 01 hase, 8, and top 

b, + " I area o f section, M, parallel to ba.'lt.1I 
a.nd m idway botween the m j : 

~~h(B + b + "M) 
The Prlsmatoid formula appll!)Ol also to any el 

tho foregOing solids with parallel ba&)s, to pyramids, 
oonell, spherical sections, and to many solid!! with 
Irregular 5urf8.Ce!l. 

• 



MENSURATION TABLES 

SURFACE AND VOLU~IE QI.' SOLIDS-Concluded 
f;""WTERAL OR Co;\,vr.x SORP'''CE. V-VOLUME 

G 
Q

-----~ 

-> . . : _ t-: 
~···e""'-·-· 

~-~ 
::.;"" 
LC:-_J 

~ ,--·....>....---1 , 

t>19 ., 

8phu," 
9"",4 •• ' _ • d' _ 3.14169265 d' 
,.~ .,... - ~. dl _ 0.112350078 d3 

8ph ... l~al 8«10. 
S=~.r(4b+c) 

Y~'. rl b 

SPMrlcal s.. .. ~nt 
S~2. r b _ ~ •• (4 b2 + eI) 
Y..,~. b· (3 r-b) _ h •• b (3 eI + " !)I) 

8=2. t b 
SpMrI ... 1 z.._e 

'.=\:,. • b (3 a .... 3 eI ...... !)I) 

9=0& .. ' Rr 
Y=2 ... !tr2 

D_Scgmcnt. b a. b 

S=C2rm-o.arc, bab) r~ 

Y=«';i mJ...o. al'l'to. b. bl :., 

B~ncnt,cr.c 
b S-(2. n ... P' arc, c 8. c) ~ 

Y=f2anl +p.area,cr.c) r!p 

ElII_ld 

V=~ ... r' h 
Pa .. bolold 

DMO=Ur.lf elrele 

S=2rh 

V=%;t2h 

Base=Clrele 

9=r .. h 

" =+1 to .. h 

Itatlc 01 oorN.lllpOndlnl \"OIUmI;SOf a COno, Parabo­
loid, Sphero. and O)'llndo.rof eqnal belght: ~: ¥r: %: t 

Bodi" c..o" .... ted by Pt.rtla l or Completf: Revoili tion 

I =ICllgth 01 a. cut\'O I rotallng about an u.Ja I- I _'=area. of a 1)lane onone .dd"and In plane of &xiii 
r =dlstallOOol ttIltct of va.vlt)· of line or p lane from 

ula I_I and for aD), a,,&lo 01 revoluUon, a·, 

2 ~~ao 10"&lbol arc doecrlbod b), center 01 gra\'lty. 

Soclc"&th 01 curve. Ic"&th 01 arc Iobout axiS 

=l 2r3~8.· !o'orcompll)U)r~wolutionS-2r" l 
Y=area of Iliano s lC/liIlh of a re Iobout axis 

=A ~ !o'or rorn,leto revolution V_ 2 t ... A 

"" 



CAR NEO I E S TEE L CO M PANY 

FuXCTIOXS •• NOHBEIUI. 1 TO 49 

'il= 0."' 
... N ... _~ 

No. .. - c.~ .... _ ..... , , ......... a-. .... 
• • • .. 0000 .. 0000 ' .00000 1000.000 3.142 0.7864 , • • 1.4 142 1.25ll1) 0.30100 .... 000 ..,., 3.1410 

• • " 1.732 1 1.4422 0 .47712 333.333 0.42f> ,.-
• " '" ' 0000 1.5874 O.OO'.lOO 260.000 12.006 12.5004 

• " ." 2.236 1 1.7100 0 .09807 200.000 15.708 HI.Ga60 

• '" '" 2.4495 1.8171 0.778HI 100.007 18.800 28.2743 , ., ." 2.6458 1.0129 0 .1Wf>1O 142.8.n 21.991 38.41W5 

• '" 512· 2.82840 ' .0000 ' .90000 125.000 2.5.133 6O.21lM 

• " ". '0000 2 .0601 0.OM24 111.111 '"'' Ga.6173 

" ". "00 3. 1623 2.1M4 '.00000 100.000 3UI16 78.6308 

" ." "" 3.3166 ,""'. I.QU311 110.00II1 ...... ... = 
" ... "'" 3.4MI 2.28M 1.07'U8 83.= 37.690 113.0117 

" ... 2107 , . ...,. 2.M 13 1.113~ 76.9231 40.841 132.732 .. ... 2744 3.741 7 2.4101 1.14613 71 .... 280 43.982 163.938 

" '" "" 3.8730 2.4002 1.17600 66.6007 47. 12" 176.7Ui 

" ". .... '.0000 2.6108 1.20011 2 62.1\000 00.266 201.062 

" "'. 4013 4.1231 2.5713 1.23045 58.82SS 53.407 220.980 .. '" "'" 4.2426 2.0207 1.26627 M.MM li-O.MO 2M.460 

" . " 680 • 4.8$80 2.6684 1.27875 5\!.GaUI 60.690 283.529 
SO .00 8000 4.4721 2.7 144 1.30103 ".0000 62.832 314. 159 

" ... "" 4.5826 2.7580 1.32222 47.0100 65.073 340.36 1 

" ... ..... ...... 2.8020 I 64242 "'5.4Mf> 69.11f> 380. 133 

" '" 12167 4.7958 2.&439 1.36173 43.4783 72.257 41f>.476 

" M' .,." 4.81l9(l , .... , 1.3802 1 41.6007 75.3118 4.Ml.389 

" .83 """ '.0000 2.OUO 1.397~ ".0000 78.MO 490.87" 

" ". 1767t~ .... 00 2.902fo 1.4 1497 38.4615 81.68 1 .,. . .,. 
" n. ..... lU962 ' .0000 1.43136 37.00100 8-1.823 672.MIi 

" , .. 2111S2 6.2916 ,.- 1.4..\716 SS.7143 ., .... 616 .762 

" ... 24SSSl 6.3&2 3.0723 1.46240 34.4828 91.106 600.520 
80 ... " .... 5.4772 3. 1072 1.47712 33.= .. .... , ...... 
" ... 29791 6.5678 3. 1<114 1.40136 32.2MB 07.3811 764.768 

" " .... 32768 5.6560 3. 1748 1.050.51f> 3 1.2500 100.631 804.2408 

" "". 35037 6.7«0 3.2076 1.f>ISOI 30.8000 100.673 SM.'" .. 1156 89804 6.83 10 3.2396 1.63148 2"9.41 18 106.814 007.920 ... 1226 428,6 5.0161 3.27 11 I .M407 28.5714 109.956 002. 113 

" 'SO' ""M ' .0000 3.3019 t.M630 27.7778 113.097 10 17.88 

" " .. .. ,,, ... 6.0828 3.3322 .. ...,. 27.0270 116.280 1075.2 1 
38 1444 """ 6.10.44 3.3620 1.57978 26.3158 119.38 1 1134.111 

" 1621 59319 6 .24000 3.3012 1.60100 25.MIO 122.622 11114.50 

•• .... " .... 6.3246 3.4200 1.60206 2f>.OOOO 125.06 1256.M .. " .. "". .""" . 3.4"82 1.61278 " ..... 128.81 1320.25 ., . " . , ..... 6.4807 3.4760 1.62325 ".- 13 1.M 138.5.44 .. .... '''''' 6.5.574 ........ 1.633<17 " ..... I SS.09 14(;2.20 .. "'" ..... 6.6332 3.5303 l.M34f> 22.7273 138.23 1520.63 
SO "" 9 11 25 6.7082 ,.- 1.65321 22.2222 141.37 1500.43 
SO 21HI 97336 6.7823 ... 830 1.06276 2 1.7391 144.61 106 1.g(l ., ,,.. 

"""" 6.8M7 , ..... 1.67210 21.2700 147.65 1734.04 .. "'" 110602 .. "., 3.63411 1.6812 .. 30."'" 100.80 1800.50 .. .... 1176409 ' .0000 3 .6693 1.60020 20.4082 163.04 1886.74. 



MATHEMATICA1. TABLES 

FuNCTiONS 0' NUMBERS 50 TO 99 

~ 0. .. , .. No. _ DIam.rter 
N. Bo_ "'~ "- """ ..... , ... - """"- ... 
--,. ,,.. ",... 7.071 I 3.&840 1.00697 "'.0000 lS7.OS 1963.&0 

" "'" 132651 7.1414 3.7084 1.707.57 19.007S 160.22 2().&2.S2 

" " .. ,,- 7.2111 8 .732.5 1.71000 19.2308 163.36 2123.72 

" """ H8817 7.2601 8 .7.563 1.72428 IS.8679 166.00 2206. 18 .. ,." lS1464 1 .348.5 8 .1798 1.73239 18 . .51& 169.66 """." ,. "'" 16Ilo31~ 1 .4162 . .- 1.74006 IS.I8IS 112.79 237.5.83 .. "'" 1105616 7 .4833 3.t12~9 1.74819 17.&71 17.5.93 2463.01 

" "'" 1&193 7 .6-&08 ....... 1.76587 17.6439 119.07 2M1.7t1 

" "' .. 19.5112 7 .61.58 3 .S709 1.76343 17.2-114 182.21 2642.08 

" .... ""''' 7.6811 8 .8930 1.7708.5 HUI492 1&.3.5 27a3.97 

60 .600 '''''''' 7.70&60 3.9149 1.778Ui 16.6667 , .... ,. 2827.43 

" 372 1 220081 7.8102 3 .936.5 1.78..533 16.300'" 191.64 2922.47 

" .. " 238328 7.870&0 3.9579 1.79239 16.1290 194.78 3019.07 

'" 300. ,,..<7 7.0073 8.9791 1.7W:U 15.8730 197.92 3117.2$ .. "'" 26214'" '.0000 '.0000 1.80018 16.62&0 201.06 3216.99 

" 422.5 270&626 8.0623 4.0207 1.81291 lS.3846 204.20 3318.31 
60 "" 287400 8.1:UO 4.0412 1.819114 105.10516 "'." 3421.19 

" 4489 300763 8.186-& ·1.()6 16 1.82007 .... . 0254 2 10.49 3:;25.66 

" 4621 31 ... 432 8.24(12 <1.0817 1.8326 1 ..... 7059 213.63 3631.68 

" 4761 ""'" S.3000 <1.1016 ' ''''' 14.4928 218.17 373!1.28 

" .'" .. ,,"" ,8.3006 .... 1213 1.8<1.510 14.28.57 219.9 1 3848.4.5 

" "' .. 357911 8.4261 .... 1408 1.85126 14.0845 223.05 3%0.19 

" " .. 373248 8.4863 4.1002 1.85733 13.8889 226. 19 <107l.Ml 

" "" 380017 8 .6440 <1 . 1700 1.86332 13.6\186 229.34 <1186.39 ,. '''' 40.5224 8 .0023 <1. 1983 1.86923 13.513.5 232.48 4300.84 

" "''' <121875 '.6003 <1 .2172 1.8 7606 13.3333 23.'..62 <1<1 17.86 

" .5776 <138976 8 .7178 <1.23:;8 1.SS081 13.1579 23S.76 <1636.<13 

" ,m ."'" 8.~50 <1 .26<13 1.88(W.9 12.9870 241.00 <1656.63 
78 .... <l74~2 8. 18 <1.2727 I.S9209 12.820.S 245.M <1778.36 
78 ., .. "'303' ...... <1.2908 I.S9763 12.65Si 248.19 4001.61 

60 "" "'000 ...... <1.3089 '''''' 12.5000 251.a3 5026.$.5 .. "", /)3 1<1<11 ' .0000 <1.3267 1.90849 12.3457 2M.47 6163.00 

" 6724 " "" 9 .0654 <I.3·U5 1.91381 12.195(" 2;;7.61 5281.02 
83 . GNl9 671187 O.IIM 4.3621 1.91908 12.1J.l82 260.75 6<110.61 
l:W I 70M! 6927M 9.1 6052 4 .379,; 1.92<128 11.90-18 263.89 liMI.77 .. 722~ 614125 0.2195 <1.3968 1.921).t2 11.7647 267.M 05674.:;0 

" " .. """" 9 .2736 ... . 4140 1.93-&50 11.6279 2'0.1S ""'.60 

" "'" ""'" ~.327.<I 4.4310 1.93952 11.4943 273.32 6G«.68 
88 77H 681<172 .. "'" ...... 1.94-1<1S 11.3636 276.46 6082.12 .. 7021 7<J.lOO9 9.<1340 4.<I(W7 1.Q;l.939 11.2300 279.60 6221.1<1 

00 8>00 "0000 0.<1868 <I.<lSI4 I.DM:U 11.1111 282.74 6361.73 
9> "" 7.53.571 9.6394. <1.<1970 1.950040 10.9800 "'.88 """.88 

" ..... 77&688 9.:;017 4.51"'4 1.00379 10.8696 289.00 6647.61 

'" .... 8(M357 9.(1437 4.6307 LOOM8 10.7:;27 202.17 6702.91 
98 "" .""" .. - 4.5-168 1.117313 10.6383 295.31 6039.18 

" "'" &7315 9.7468 4.:;629 1.97772 10 . .5263 298.4.5 7088.22 
96 11216 .. ,," 9.7980 4 .6789 1.98227 10.4167 301.59 7238.23_ 

" 9809 912673 9.8489 4.:;9-17 1.98677 10.3OIl3 3M.73 7389.81 .. "'" 9-Ill!12 9.S095 <I.61(l.l 1.09123 10.2MI 30>.88 7642.96 
99 "" 97021ll) 0.0400 4.6261 ....... 10.1010 311.02 76117.60 

, 



CAR-NEO l e ST EeL CO MPA N Y 

FuNCTIONS or NU.ulIERS, 100 TO 149 

'a:::: CO .. , ... N ... _ Diamot~ 

N. .. - """ .... ..... , ... • -- "'"""- ,-
'00 '0000 ,000000 10.0000 .... 6416 ' .00000 10.0000 314.UI 7SM.gs 

'" 
,.,., U,>030, 10.IUOO ".6[,70 2.(1)132 ....... 317.30 8011.86 

U" , .... 1061208 10.QOO.i ".6723 , ...... '.80'"' 320." 8171.28 

'''' , .... 1092727 10. 1"8D ".6875 2.01284 D.70S74 323.[,8 8332.29 , .. 108111 112"864 10. IDSO ".7027 2 .01703 D.61.538 .,..n 8-&94.87 

'" 11025 1157112& 10.2-170 ".il77 2.02119 9.62381 ".M 8650.01 , .. 11236 11010111 10.29M ".7326 2.02S31 1U3396 333.01 882-1.73 

'" 110649 122M-&3 10.34"1 ".7476 , . .,.,. 9.34679 336.15 8992.02 ". ,,'" 1230712 10.3923 ".7622 2.03342 9,25D26 339.Z9 0160·88 ". 1188 1 ,,..,.,. 10.«03 ".7760 2.00743 0.17431 342.43 9331.32 

"0 12100 1331000 10.-1881 ".7DI4 2.(U139 9.00091 346.68 0603.32 
m 12321 1367631 10.63!>7 4.8059 2.1U632 9.000(l1 348.72 0076.89 ", , .... UlU928 1O.G830 ...... 2.1U922 8.92857 351.86 Os!>2.03 

'" "'" 1442897 10.6301 • . 83-111 2,06306 8.8-&056 355.00 10028.7 ". "'oo J.l81M4 10.67i1 4."8<188 2.05600 8.77J!)3 3.'>8.1" 10207.0 

'" 1 322~ 1~20876 10.7238 .... 8Il2D 2.00070 8.695(15 3{lL.28 10386.9 ". 13456 '_06 10.7703 ".8770 2.00446 8.62009 3M.42 10.568.8 

'" 13689 1601613 10.8 167 4.8{1I0 2.00819 8.54701 367.!>7 107111.3 

'" 1302·1 16UQ32 10.8628 ",0010 2.07188 8.47458 370.71 10935.9 
U9 14101 168.5159 10.0087 ".9lt:!7 2.07556 8 ... 0036 373.85 11122.0 

'" " ... 1728000 10.9M5 4.932<1 2.07D18 8.33333 376.99 11309.7 

'" 14641 1771501 1 1.0000 ".IHOI 2.08279 8.26446 380.13 110699.0 

'" 14S84 181~8 11.0454 4 .0507 2.086J6 8. 10072 383.27 11689.D 
123 ' IM29 '" ... ,'" 11 .0005 .... 9732 2.08991 8.13008 386.42 11882.3 

'" 16376 '0000" 11 .1355 4.9866 2.09342 8.00452 asD.50 12076.3 
125 IMl2/i IIM3125 11.1803 '.0000 2.09601 '.00000 392.70 12271.8 ". 15876 "'"''' 11.2250 6.0133 2.10037 7.93651 396.84. 12<169.0 

'" 16129 ' .. 8383 11 .200-& 6 .0266 2.10380 7.87402 398.98 12667.7 ". '''''' 2007152 11.3137 5.0397 2.10721 7.81250 402.12 12868.0 ,,. , ... , 21066680 11.3578 •. .". 2.lIo.;D 7.75104 406.27 13()6g.8 

,,. ,- 21D7ooo 11.4018 5.0058 2.11394 7.69231 408.41 13273.2 

'" 17IGi ...... , 11.«55 <5.0788 2.11727 7.63359 ' 411.M 13478.3 

'" 17424 ....... 11.(801 6.0010 2.120.57 7 .... 7676 414.60 13684.8 

'''' 17680 2~2637 IU326 5.IIU!J ,.=SO 7.61880 "'17.83 13892.9 ". 171156 2406104 11.5768 6.1172 2.12'710 7.46269 "'20.97 14102.6 ,,. 18225 2400375 11 .6 100 6.IZW 2.13033 7 . .w7ofl 42<1.12 14313.9 ". ,,,,. 2$1~56 11.0010 5.1426 2.13354 , . .",. 42'7.26 ....!>26.7 

'" 187/10 2.5713[,3 11.7047 /i.la:il 2.13672 "'''''' 430.40 14741.1 ,,. ,.,.. ''''''' 11.7'1173 5.1676 2.13988 7.24638 "33.M 1"u,s7.1 

'" "'" ..... " 1 J.7898 5.1801 2.1.4301 7.19-124 -136.68 1.5174.1 

"0 '0000 2744000 11.8322 6.102.5 2.14613 7.14286 "'3D.82 11\393.8 

'" ",8< 2800221 1 1.8743 11.20-18 2.14922 7.00220 442.00 15014.5 

'" 20164 ""'''' I I.DI6-i 6.2171 2.1522D 7.04225 4<16.11 15836.8 ". ..... 2924207 11.D.5S3 6.2293 2.11\534 6.99.10 1 449.26 16000.6 ". "'SO ''''''' 12.0000 6.2416 2.15836 6.9H14 452.39 10286.0 

'" 2102.5 3IU862.5 12.(»16 6.2636 2. 16137 6.80055 455.53 \6613.0 , .. 21316 3112136 12.0830 6.2656 2,16435 6.84932 458.67 16741..6 

'" """ 3176523 12.12"'" 6.2716 2.16732 6,80272 46 1.81 16071.7 , .. " ... 324l7D2 12.1665 4.2806 2.170'16 6.75676 464.00 17203.4 

'" 22201 3307949 12.2000 6.3015 2. 17319 6.71141 468.10 17436.6 



MATI16MATICAL TABLES 

FuNCTIONS OF NUMBERS, ISO ro l99 

"'- "" .. lOCO No. _ D"'-tor 
S o. .. - "'~ "'" .." ~tII .. R«i~ I CirewrL 

, ... 
.,. """ 337lKlOO 12.z",U, 6.3133 2.17609 6 .66667 471.24 17671.5 

'" Z2SOI 34429.51 12.~ 5.3231 2.17808 15.622b2 474.38 17007.9 ." 2311).1 35 l1 l!O8 12.3288 6.3'08 2.18184 6 .57895 <t77.52 18145.8 

'" 23409 3581577 12.3693 5 .3486 2.18469 15.53595 4SO.ti6 18385.4 ". 237115 3M22640 12.4097 6 .3001 2.18752 6.49351 .sa.81 18626.5 

'" 24025 3723875 12.·4109 5 ,3717 2.19033 6.4516 1 _.M 18860.2 ",. "'" 379IH10 12.4900 6 .3832 2. 10312 (;,41026 490.09 10113 'I 

'" 2.,\M9 "..,. .... 12.6300 6.3D-17 2. 10090 6 .3I}9-I3 493.23 19360.3 

'" 24004 39-143 12 12.6(\08 6 .4001 2 . 11l86I5 6 .329 11 496.37 10006.7 
.M '"'' 4019671) 12.6()!);5 6.4176 2.20140 6 .28931 400.51 I OSM.7 

". , .... '000000 12.649\ 6.4288 2.20-"2 .. "... ,., ... 20106.2 ." Z502 1 4173281 12.6886 6.4401 ,.""'" 6.21118 ,., .... 20358.3 
Hl2 1262H 425 11128 12.7279 5.4,'; 14 2.20952 6,17284 008." 20612.0 
1tl3 2%60 4330747 12.761'1 6 .4626 2.21210 6.13407 512.08 2OS67.2 
1M 2(;896 44 1()9.o14 12.8002 5,4737 2.2 1484 6.00756 5 15.22 21 1 ~4. 1 ... 27225 4492125 12.64:;2 6.48"\8 2.21748 (;.00001 t>J8.36 21382.5 ... 27556 4574296 12.8841 6.4050 2.22011 6.02410 521.50 216012.4 ." 27889 4657463 12.0228 6.5069 2.Z2272 1I.9S80Z 62-1.65 2 1004 .0 

'" 28224 4741632 12.0015 6. 11 178 2.22531 11.011238 627.79 22167.1 

'"' 
,.,,, 482e8O!l 13.0000 6.1)288 2.22789 6.91716 530.93 22431.8 

n. "000 4\1l3000 13.0364 5.5397 2.23045 5.88235 534.07 22608.0 

'" 29241 w002 1 I 13.07117 5.11505 2.23300 6.84795 537.2 1 229611.8 

'" "",. 5088448 13.1 \19 6.56 13 2.2M53 11.813% 540.35 23231\.2 

'" "',. 6 1777 17 13.1629 5.572 1 2.23805 5.78031\ M3." 23506.2 .,. 3OZ76 626802 1 13.1009 11.5828 2.24055 6.N713 546.64 23778.7 ." ""''' 5359376 13.2288 5 .5934 2.24304 11.71429 549.78 24062.8 
176 30':176 60651776 13.266.5 5 .6041 2.z",55 1 11.6818 2 .552.92 2-1328.5 
177 31329 5M5 233 13.30-11 5.6147 2.2-1797 6.&1972 .... 00 24605.7 ", """ 56397li2 13.3417 :>.62;')2 2.2.W42 11.61798 559.20 24884.6 
li9 32Q{ 1 57M339 13.370 1 5.63:;7 2.25285 6.58659 1162.35 25164.9 

, ... " .. ,. "'.,.. 13.4164 5.M62 2.2M27 5.5M56 5%.49 23446.9 

". 3276 1 6029741 13.4536 6.6.567 2.25768 6.52486 ..... , 25730.4 

'" 3312-1 """'" 13.4907 5.6671 2.Z6007 5.4').(51 {;'1.77 26015.5 

'" "'<S' 61:l8487 13 .5277 5.6774 2.= 5.4&148 574.91 26302.2 ... 33866 6..'>29:o(M 13 .6&17 6.6817 ,. 6.4:J,I;S 578.05 26300.4 

'" 3422.'\ . 6331625 13.00 15 5.6980 2.26717 5.4G541 6S1.i9 26880.3 , .. 34500 ....... 13.6382 5.701;3 2.269:;\ 5.37634. "'.M 27171.6 

'" ",., 6!N9203 13.6748 6.71% 2.27184 5.J.l759 587.48 21464.6 

'" "" .. 6&&4672 13.7113 6.7287 2 .27416 6.319 15 590.62 271S9.1 

'" 35721 6751269 13.7477 5.7388 2 .276-16 5.29101 503.76 ,..."., 

",. 36 100 ""0000 13.7840 5.7489 2.27875 6.26316 500.90 ,.",., , .. ,.." 6967871 13.8203 6.71100 2.28 103 5.23f060 000." 28M2.1 

"" 
,.... 7017888 13.8564 6.7600 2.28330 , . ..." 603. 19 2891>2.9 

'" "'" 7180057 13.89"--4 6.7700 2.28-556 5.18135 600.33 29255.S 

'''' 87636 7301384 13.0284 5.7800 2.287SO 5.154&1 609.47 29559.2 

'" """ 7·1148711 13.0042 6.7989 ",""" 11. 1282 1 6 12,6 1 298601,8 ,,. ... " 7629536 14.0000 , ...... 2.29226 6. t02O-l 6 15.75 30171.9 

." ,- 76015373 14.()3li7 1I,81SO 2.29-&47 5.07614 618.89 30480.5 

'" "'" .. 7762392 "'.0712 5.8285 2.29007 5 .05051 622.04 30700.7 ,,. ",0> ,""',. 14.1007 ' .8383 2.208& 5.02513- 625.18 31102.6 

" 



CARNEOIE STEEL COMPANY 

FUNCTIONS 0' NOlIlIER8, 200 TO 24. 

.. - c>o. " ... No._ Di_ 
N. 0.- "' .. .." """ LopriO"", Reci~ cw.um. ~ "'" ,.. '0000 """""'" 14. 1421 6,S4'lO 2 .30103 MOOOO 628.32 3HIIUI 

"" 4GtOI 8 120001 14 . 1774 6.s.n8 2.30320 4 .9 7512 031.48 31730.9 ,., ..... 8242408 14.2127 6.8675 2 .30S3.S 4.%(l,j() "" ... 32Q.\7.4 

"" 41ZOO 836M27 1 ... . 24 78 6 .8771 2 .30700 4.92611 637.7'" 3236.5.5 

"" 416UI .,,"'" 14.2829 ' .8M8 ,.""'" 4 .90196 640.88 3 2685. 1 

"" 42025 8615 125 14 ,3178 6 .8964 2 .31175 4 .87SO:; .... ro """' .. 
"" "'2436 8NI818 1 ... . 3527 6.00.:;9 2.3 1387 4.8507 647.17 33329.2 ,., ... 2849 886070&3 14 .3876 6.11165 2.3 1597 . ...", 600.3 1 33&3.6 

"" 43264 8008912 ",,4222 6.nOO 2.31800 ... .80769 Ma .... :; 3 3979.S 

"" .,.., 9129329 1 .... 4668 5.9346 2.32015 4.78400 "'." 34307.0 

'". ... 4100 0261000 1 .... 4914 6.9439 2.32222 4.76HlO 669.73 34636.1 

'" 44521 D3D3D3 1 14.52$8 5 .0533 2,32428 4.73934 662.88 34006.7 

'" 44j).f,4 0528 128 14.6002 6.9621 2.32(I;W 4.1160$ "'.." 3520$.11 

'" "'''''' 0003.>" 14.5046 6.072 1 2.32838 4.69484 660.16 35632.7 

'" 45700 ........ 14.6287 6 .11814 2.33(1.11 4.67290 672.30 35968. 1 

'" 46225 """''' 14.0029 6.9907 2.3324,·) 4.65116 675.44 36305.0 

'" '0006 10077600 14.6009 '.0000 2.334011> 4.62003 678.$8 3(1.6./,3.6 

'" 47081) 10018313 14,73011 .. """ 2.33646 4.60829 681.73 301)83.6 ". 47624 10300232 14.7M8 6.0185 2.338-16 4.58716 684.87 37325.3 
2 10 47001 10003459 1"'.7086 6.0277 2.3'1044 4,50021 688.01 37008.5 

". ".00 "''''- 1"'.8324 6.0068 2.3",242 4.54545 (1)1.15 38013.3 ", .... , 10793861 1 .... 8001 6,0450 2.34439 4,52480 6W.211 38360.6 

'" .. ,.. 1()(M 1948 14.801l7 6.0" • 2.34635 4 .504.500 607,43 38707.6 
223 49720 11080~7 14.0332 6.0&1.1 2.34830 ... . 48430 700.$8 80067.1 

'" .500176 11 23942,1 14.0066 6.0732 2.35025 4,46429 703.72 31)408.1 

'" "'"" 11 300625 15 .0000 6.0822 2.36218 4.44 ..... 700.86 31)700.8 
". 51076 11543176 15.0333 6.0012 2.35411 4.4:M78 7 10.00 "'0116.0 
221 5 1( 21) 1101)1088 15.0666 6.1002 ,.= 4,40529 113.14 40470.8 
". ..... 11852352 15.091)7 6.1001 2.35793 4.38500 716.28 40828.1 
". "''' 12008989 15.1327 6.1I80 2.a6084 4.36681 711H2 "'1187.1 

". ""'" 12167000 15.1658 6.1200 2 .36173 "'.34783 722.67 41547.6 

'" """ 123U391 15. 1987 6.13a8 2.36361 4.32900 725.71 41009.6 

'" 
.,.,. 12487168 16.2316 6.1 ..... 6 2.365-10 4.31034 728.83 42273.3 

'" .. "" 12649337 15.2643 6.1634 2 .36736 4.29185 731.0Il 42638.5 

'" 54,156 12812\)()4 16.2071 6.1622 2.36{122 4.27350 73S .13 4300.5.3 ,,. 511225 129778 76 15.3297 6.1710 2.37107 4.25532 738.27 43373.6 

"" ..... 13H14256 16.3623 6.1797 2.3 7291 4.23729 741.42 43N3.6 
231 66169 133 12tM3 IS.3948 6. 1885 2.37476 4.2UHI 7<H.M 44116.0 ,,. _ ., 1348 1272 16.4272 6.H)72 2.370S8 4.20168 747.70 44488. 1 ,,. 67121 1~11l19 15."'S06 •. =s 2,37840 4.ISUO 7.00.84 """'.7 

". '7000 138201000 16 .41) 19 6.2145 2.380'21 4.16667 753.98 45238.9 

'" .... , 1391)7521 16 .62-12 6.2231 2.38202 4.14938 757.12 45610.1 

'" ..... 14172-1SS 15 .M63 6.2317 2.38382 4.13223 700.21 4S996. 1 

'" ,00<. 143~8007 15 .5885 6.2-103 2.asa61 4.11523 763.41 46377.0 
2 1-1 69536 I"'S2(l784 16 .620.) 6.2·)88 2 .38139 4.011836 766.1>5 46759.5 

'" 60025 14700126 16.6525 6 .2673 2.38917 4.08163 769.(1) 47143.5 , .. .,,,. 1<1886936 16.68« 6.2658 2.30094 .. ""'" 772.83 41521).2 

'" .. 000 11Kl69223 16.7102 6.2743 2.39270 4 .Q.l858 775.07 .,,7{ll0,4 

". 615Q.1 1(;211201l2 16 .7480 6.2828 2.311445 4 .00226 779.12 4S305.1 , .. .,.., l (kl38241) 15.7797 6.2912 2.30020 4.01600 782.26 48695.5 



MATHeM A TI CA L TA6LES 

FuNCTIONS OF NUM8ERS, 250 
'" 299 

~~- "I:::' "'". , .. No._~ 

"'" .~ 

_ .... , ... -a-. ,-

'"" ""'" , ,.,""'" 16.8114 .. - 2 .39111-1 '.00000 78;5.40 40087.4 

'"' '3"'" 1681325 1 16.8430 •. """ 2 .39967 3 .98406 788.64 4\H80.9 

'" '3"" ,- 16.8745 6 .3164 2 .40140 3.96825 791.68 49875.9 

'" .. 000 161~277 15.j)()6() 6 .3247 2 .40312 3 .M2.57 794.82 60272.6 

'" 64.516 16387064 111.9374 0.3330 2 .4(1-183 3.93701 797.96 50610.7 

'" ""'" 16-681 375 11UI68 7 6.3~13 2.40064 3.92167 801.11 61010.5 

". "'" 16717216 16.0000 6.3~OO 2 .4(182.1 3.0062.5 8O-l.2.5 61471.9 

'" ..... 161)74.593 16.0312 6 .3579 2.40003 3 .89105 807.30 .51874.8 

'" "'" 17173612 1(1.0624 6.366 1 2.41162 3.87597 810.53 .52279.2 

'" 67()81 17373979 16.~ 6.3743 2.41330 3.86100 813.67 f>26S.5.3 

"'" ... "" 17676000 16.1246 6.3826 2.4 1491 3.8461.5 816.81 53002.9 

"" 68121 17719681 16. 1~ 6.3907 2.41664 8.83142 819.96 :>350' . .?! 

"" 6864~ 11984728 16.1864 6.3088 2.41830 3.81670 823.10 53912.9 

'" 69169 18101447 10.2 173 6.4070 2.41000 3.80228 820.2..1 .54325.2 ",. 60000 1 8399H~ 16.2481 6.4151 2.42160 3.78788 829.38 .54739. 1 

"" 7(Y.!1l:> 1SOOOO25 16.2788 6.4232 2.4232:> 3.773:>8 832.:>2 MIM.6 

". 70766 18821000 16.3O!l5 6.43 12 2.42488 3.75940 "".00 6M71.6 

'" 71289 10034163 16.3401 6.4393 2.42651 3.74532 838.8\ 55900.2 
26' 71824 11)248832 16.:1701 6.4413 2.42813 3.73\34 84U)5 6&110.4 

'" 12361 1940:;100 16.4012 6.4M3 2.42976 3.71747 845.00 66832.2 

"" ,- ' 0683000 16.4317 6.4633 2. 43136 8.70070 848.23 672M.5 

'" 7344 1 19902611 16.462 1 6.4713 2.43297 3.61)004. 851.37 67680.4 

'" 73DS4 20123648 16.492-1 6.4792 2.43457 3.67647 8M.51 68\06.0 

'" 7U29 20346417 16.5227 6.4872 2.436 16 3.66300 8S7.6:> ""' .. ,,. 75076 20570624 16.6629 0.4961 2.43776 3.64964 ..... 00 68964.6 

'" 7662:> 2079687:> 16.6831 .. ,.,. 2.43033 3.63636 "'.W 6939:>.7 

'" 76176 21024676 16.6182 6.6108 2.4400 1 3.62319 867.08 69828.5 
on 76729 21263933 10.6433 0 .6 187 2 .44248 3.61011 870.22 60262.8 

'" "'" 21484952 16.6733 6.:>266 2.4440-1 8 . .59712 8 73.36 60698.7 

'" 17841 21717639 16.1003 0.6343 2.+1560 '.>l8tl3 876.60 6 1136.2 

"'" "")() 211)52000 16.7332 6.5421 2.+1716 3.:>7143 8 79.65 61575.2 

'" 78961 221880011 16.70.31 6.6400 2.448 7 1 8.65812 882.79 62015.8 

"" 7952-6 22-12.5768 16.1929 6 .M71 2.4.502:> 3 • .5016\0 883.00 62458.0 

'" 8008. 226&187 16.8226 6 .:>654 2 .45179 8.~7 880.01 62001.8 

'" 80036 229()63(1-1 16.862'.1 6 .:>73 1 2 .41>332 3.52113 892.21 63347. 1 ,.. 8122:> 2314912:> 10.8819 ..,80S 2 .45484 3.60877 895.35 63794.0 

'" 81100 23393666 16.91 15 6.6,'" 2 .45631 8.496t>O 898.50 64242.-1 

'" 82369 ""- 10.9411 6.6962 2.45788 3.48432 901.64 6-1692.:> 
288 '''''. 23887872 16.9706 6.6009 2.45939 3.47222 90-&.78 65 1+1.1 

"'. "''' 2-6131:>69 11.0000 6.6115 2.46000 3.46021 901.92 66697.2 

'00 ' ''00 '''' 0000 17.0294 6.619 1 2.46240 3.44828 911.06 66052.0 

"" 8-1681 246-12 171 \7 .0687 6.6267 2.46389 8.013643 914.20 ""'" '" ,,, .. 24891088 11.0880 6.6343 2.-16538 3.42466 917.3:> 66900.2 ". ." .. 2:>163767 17.1172 6.&U9 2.46687 8.4\297 920.49 67425.0 ,,. ... " 2.541218-1 11.H64 6.64\).1 2.46S35 8.40136 923.63 67886.7 

'" 87026 25612376 11.1766 6.6560 2.46982 3.38983 926.17 683-&0.3 ,,. 876 16 2693-1336 17.20-17 ...... 2.-17 129 3.37838 920.91 68813.4 

'" 8'20' 26 198073 17.2331 6.6719 2.47270 8.36700 933.05 611279.2 

29' """ 26463ti(}2 11.2621 6.67!)./, 2.47422 3.35570 936.19 69746.6 
29. 89:«)1 261aosOO 17.2t1l6 6.6869 2.47567 3.34448 939.34- 70216.4 
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MAT H EMAT I CA L T AB LES 

Jo'OSCTIOS8 OF NOIolIlEItS, 350 TO .399 
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'00 ''''''''' . """"'" 18.9737 7. 11 38 ,.""'" 2.77778 1131.0 101788 
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"" '''"''''' ,';()663000 19.2354 7.1191 2.66&20 2.70270 1162.4 107[,21 
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an ''''''' 6 1478848 19.2873 7.\020 2.[,7054 2.G8S17 1168.7 108687 
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CA~NEO I E STE E L COMPAN Y 

I"'llNCTIOS8 0 11' NOUB~H8 400 TO 449 
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'" 173889 72511 7 13 20.420!1 7.4710 2.62014 2.30808 13 10.0 13M72 ." 170172-1 13()3..1,1l32 20.44:;0 7.4770 2.62 11 110 2 .392301 13 13 .2 137228 . .. , 115661 73500059 2<l.4006 1.4829 2 .6222 1 2.38663 13 16 .3 137886 

'" 176400 ,,- 20 .4939 7.4889 2.62326 2 .38006 13111.6 1386014 
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'" "Xl"'" •. "" .. ,," 20.00.15 ' .3889 2 .6010018 '-"833 1372.9 H9987 
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'" ''''''''' ""8<000 20.0762 '.0030 2.(101345 2.27273 1382.S ""'" . ., , .... , 8$700 121 2 1.0000 7.611 1 2 .644-H 2.267':;1 1385.4 15274/1 .., , ..... ,.,"" ... 2 1.0238 7.6174 2 .64542 2.262H 1388.8 153-t30 .. " 100240 '"'''''' 21.~76 7.6232 2.(101640 2.25734 1391.1 154134 ... 197138 871128384 21.07 13 7.6289 2.64138 2.2522S 1394.9 ,.,,'" .. , 108025 88 12112':; 21.0000 7.6346 2.64836 2.241 19 1398.0 '"'''' .... 1981)16 88716536 21. 1187 7.6400 2.64933 2.242 16 1401.2 1562118 .., ""00 S0314623 21. 142~ 7. (10100 2.n5031 2.237 14 140-1 .3 ''''''''' ." "", .. 891))531)2 2 1. 1000 7.611 17 2 .611 128 2.232 14 1407.4 167633 ." 201601 90618841) 21.1800 7.~74 2.65211':; 2 .227.7 14 10 .6 (3'3'" 
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MAT H EMAT I CAL TAB L ES 

FUSCTIOSS 0" NUMBERS, 450 TO 499 

"I:::' "'''' " .. No._Dia.eter 
N. s._ "' .. .... _ .. , , 

RociproooJ. """"- .... 
.'" "''''00 91125000 21.2132 7.663 1 2 .6.532 1 2.22222 1413.7 150043 ". 200101 91733851 21.2368 ,.- 2.011418 2.21720 1416.0 1[>97.5 1 

'" 2().13Q.\ 92345468 2 1.~603 7.6744 2 .6M 14 2 .21239 1420.0 """60 41>3 206209 92060071 21. 838 7.080 1 2.006 10 2.20761 1423.1 Hl I 17 1 .M 200116 93.576004 21.3073 7.6M7 2 .(1[;700 2.20204 H 26.3 161883 

'" 20702.5 94 100375 21.3307 7.691" 2.6.5801 2.U1780 1429.4 162.507 
.M 2079;.16 94818816 21.3M2 7 .6!l70 265800 2.19298 1432.6 163313 

'" 2OSS-I0 9.5443993 21.3776 7.7026 2 .(1[;992 2.18818 1"35.7 ''''000 ". 200764 00071012 21.4000 7.701:12 2.00087 2. 18341 1438.8 1647013 

'" 210681 96702579 21.4243 7.7138 2 .0018 1 2. 1786.5 1 .... 2.0 '''''OS ... . 211000 """""" 21.«76 7 .7194 2 .00276 2. 17391 1445.1 1611100 .M 212:.21 97972 18 1 21.4709 7.72~ 2.66370 2 .16920 14"8.3 166914 ." 2 134 .... 986 11128 21.4!l-i2 7.73011 2 .66464 2. 1&4~ 1451.4 107039 

"'" 214369 1l92.52841 21.5174 7.7362 ,."""" 2.15983 1454.6 ''''''''' .... 215296 99897344 21.M07 7.7418 2 .666[;2 2.IMI7 1457.7 160003 .M 2 162"2.5 1005-1462.5 21.5639 7.7473 2 .0074.5 2.1.5054 1400.8 169823 ... 2 17 1.56 1011!l-i696 21.5870 7.7.529 2 .00S39 2.14592 1464.0 ""'" '" 2 18089 10 1847563 21.6102 7.71184 2.66032 2. 14133 1"67.1 17 1287 . .OS 2 10024 102500232 21.6333 7.7639 2.6702.5 2.13675 1470.3 112021 

'" 210001 100161709 2l.&fi4 7.7695 2.67117 2.13220 1473.4 1727.57 

'" "0000 1038Z3000 21.6795 7.7711-0 2.672 10 2.12700 1476.6 ]73494 
m 22 184 1 104487 111 21.7025 7.78~ 2.67302 2.123]4 1"79.7 174234 
m 222784 1O.'i164048 21.72.56 7.7860 2 .(1731)4 2.11864 1482.8 174974 

'" 2Z3729 105823817 21.7486 7.791.5 2 .(17486 2. 11416 1486.0 17.5716 

'" 224676 ,"',..,. 21.7716 7.7910 2 .67.578 2.10970 1489.1 17&t00 

'" 22.>62.5 107171876 21.7945 7.802.5 2 .67009 2 . 10526 1492.3 17720.5 . 

'" 22M711 107860176 21.8174 ,.- 2.117761 2.10084 149S.4 177952 
477 227629 108.531333 2UHOO 7.8134 2.67852 2.1)1)644 1498 . .5 178701 

'" . 228484 1002 15352 21.8632 7.8 188 2671H3 2.002O.'i 1601.7 171H61 

'" 2~41 109902239 2\.8861 7.8243 , . ....". 2.08768 IroI.8 ""'''''' 
480 ' 230400 110592000 21.0089 7.8207 2.68124 ,."""'" 1508.0 ""-48 1 1231361 III :z84, 04 1 21.9317 7.8a.52 2.682 1.5 2.07000 1!>1I. 1 181711 
482 232324 111980168 21.9646 7.M06 2.68306 2.07469 1!>1".2 182467 
483 233289 112678587 21.9773 7.8400 2 .6839.5 2.07000 H117.4 183226 
484 234266 I 13379\)()oi 22.0000 7.8.5 1" 2.a8~8.5 2.06612 1.520.5 183984 

"" 235226 114084126 22.0227 7.8.568 2.(18574 2.06186 1!>23.7 184746 
.SO 236196 11479]256 22.04,54 7.8622 2.68664 2.05761 1!>26.8 '''''''' '" 2371611 115t;01300 22.0081 7.8676 2 .68763 2.0.5339 1t>30.0 I!W272 ". 238144 11 62 14272 22.0907 7.8730 2.68842 2.Q.l.918 1{;33.1 187038 ... 230121 116930169 22.1133 7.8784 2 .68931 2.04499 1536.2 1878(l.5 

'00 240l(lO 117649000 22.13{;9 7.8831 2.69020 2.Q.l.082 1539.4 188674 

'" 2·11081 118370771 22.1585 7 .880 1 2.60108 ,. """"" 1542 . .5 1893"6 

'" ,,- n"""'" 22.1811 7 .89·", 2 .69 197 2 .002.52 IM!>.7 100117 

"" 2~JO.I9 11 9823157 22.2036 7.8!lO8 2 .69286 2.02840 1648.8 ' 00890 , .. 21-1036 I Z0553784 22.2261 7.~ 1 2.69373 2.02429 11151.0 1016(1,5 

"" 2~502.5 121 2B737!> 22.2486 7.01OS 2.69-101 2 .02020 16M. 1 192442 
.00 246016 122023936 22.2711 7.9 168 2.00M8 2.016 13 1.558.2 193221 

'" 241000 122763473 22.293.5 7.92 11 2.69626 2.01207 1561.4 """'" .'" ,,- 123505992 22.316~ 7.92fl.4 2.611723 '.00600 H;64.5 194782 

"'" 2"9001 IZ42!>1499 22.3383 7.9317 2.60810 2.00401 1667.7 19666.5 



CARNEal., STEEL COMPANY 

F UNCTIOS8 01' NUMBERS 500 TO 549 
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..... 12.,0418 
1 2.76492 
9 2.7G5(j7 
7 2.10041 

3634
1
2.70716 

2 , 2.76.00 
30 2.16864 

7 2.16!laS 
:; , 2.77012 

1.71233 
l.709-10 

24.207<4 8.368 1.70048 
2-a.2281 8.37 1.1035S 
242-a'i7 ' 8.377 1.70068 "'.-
2./0.2809 
2 1.3 10.5 
2·1.3311 
2 4.3510 
2 1.3121 
2 1.3:126 
2./0 .4 13 1 
2 4.4336 
24 .41140 
24474 6 

8.= 1.69119 

'.38 72 2.710S.5 1.09-192 
9 ' 2.77159 1.00205 

007 2.71'232 1.68019 
8.3!II 
8 .' 
8.401 • 2.77:10.5 1 1.68634 

00 1 2 .77379 1.68350 
08 2,7N.'.2 I.GSOO7 
55 2.77.52.5 1.6178.'. 

!02 2.71597 1.61t.Q.& 
9 2.77610 1.6722 1 

.. 
8," 1 
8. 11 
8,./0:" 
8.424 
8.42 00 2 .77743 1.66945 

. ,.. 

M'59.3 ""'''' 1162.4 21H 8 1 
176.5,6 "8003 
1768.7 2·189-11 
117 1.9 240832 
117.5.0 2.507 10 
1778.1 251601 
1781.3 252497 
1 78~.4 21i33S8 
1787.6 25428 1 

1700.7 265176 
1793.8 25(;072 
1707.0 200970 
1800.1 257809 
1803.3 2as170 
1806.4 250072 
1800.6 200.:.76 
1812.1 , 261482 
1815.8 262389 
1819.0 ''''''' 
1822.1 """" 1825.3 26.'H2O 
1828.4 ""'" 183 1.6 ".". 
1834.7 261861i 
1831.8 268783 
1S4 1.0 269703 
18-&4.1 270024 
1&17.3 271.541 
18S0.4 ; 272471 

18.53.5 273397 
1&56.1 274325 
1859.8 2752540 
18(;.3.0 21618-& 
1866. 1 277 111 
1869.2 218051 

1812.4 1218986 
1875.6 279923 
1878.1 280S62 
1881.8 28 1802 



CARNEO I E STct L COM PA NY 

• 
l'Vl'"CTIOl'"8 0" NV~IIEK8 600 TO 649 

N.i .,- 1 I ':I::;' Cubio I ) 1000 s ...... ~ "' .. , Root Lopritl"" Reoi~ C""""'. 1 "--- , ----,-----,----
"" .00000 ''0000000 2 ..... 040 8."3-13 j 2.77816 ' 1.60067 18&.0 282743 .,n 36I:101 217081801 24.5153 8.4300 2.77~7 · 1.66389 If\AA.1 283687 

"'" :wI::!1!)1 218107208: 2".63..'>7 8."U7 2.17960 1.00113 IS91:! 21;4631 
003 "'"'''' 211)26622'7 1 24.M61 8AIM 2.78032 1.GaS37 ' IMN.I 211-M78 
00. 36-10810 22034f.1i:16.1 2-4 . .576-1 8 .4'-30 2.7lUo.& 1.65.5063 ' 11~91.6 2'.b6.526 

"" ""'''' 2214.512.5 · 24.6967 8.4577 2.7S176 1.652S9 1000.7 2S7475 

"'" ""'" 222:;.&[,()10 21.611"1 8.462'3 2.782-&7 1.(1.,)(117 1 1003.'1 2'11W26 
00' 30.'H49 2'2'J6.1SJ..I3 :t.I.6JH 8."670 2.76319 1.6-1145 1900.9 289379 

"" "'- 2".l47M712 21.6577 8.UIO 2.71'300 1.6-I4a 1910.1 ,""" 
"'" 370S81 2'2.>800.529 2<1.6779 8.4763 2.7&102 I.M2Q..1 101:1.2 291289 

"'. 372 100 """'''000 2".ODS2 8A809 2 .78533 1.63034 1016.1 21)22"7 
OM ; 3733Zl :.t2."(lOO I31 I 2-1.1I1W 8.-&656 2.7S004 1.63600 191!LS "'''''' 61 .374 ....... 220220028 24.7~ 8.4002 2.78675 1.63399 1922.7 29-1166 
613 13711700 23034(l.307 2-1.7.5S8 8.41118 2.78746 1.63 132 1025.8 29.5128 
61 .. 3761)96 23U76M4 24.7700 8.41Xl-1 2.78817 1.62800 1921>.0 ",,"", "" I""''' 23200f!.375 . 21.7oo2 8.~O 2.78S88 1.02G()"J 1932.1 2970117 
6Hl 37!HiIO 233744800 21.8193 ,.""" 2.78D58 1.62338 1935.2 2D8024 
017 3~9 23488:>113 24.839::> 8.6132 2.79029 1.62076 1938.4 2D8002 
618 aRHI24 230029002 24.8.'.00 8.6178 2.79()1)9 1.0lS 12 11).11.1> """, 
619 383161 231170069 24.8197 8.622-4 2.79160 1.616.51 1!H4.6 sooro. 

"" '11«00 2383280()() 24.8008 8.6270 2.79230 1.01200 11)·17.8 '00"" "'. """ 23!HS3001 2·1.9100 8.6316 2.70300 1.61031 1950.9 302882 

'" '''''''' 2~0IW1848 24.9300 8.6362 2.79379 1.60772 19.54.1 "'''''' 023 388 129 241804367 2-1.0000 8.MOS 2.70-149 1.6().514 19.57.2 "'''''' "" 389370 24297002-4 24.0800 8.641'.:1 2.70~ 1.602t>6 1000.4 30$16 
(125 390025 214140026 25.0000 8.6400 2.70" .. 00000 1003.6 300700 

"" 391870 2'63 14376 "'.0000 '.M« 2.700.;7 1.;>97<14 1900.6 307779 

'" 39312D 216491883 25.0400 8.61100 2.70727 1.(1).100 1969.8 308763 

'" 31'"'' 2-107673162 25.0500 S."'" 2.79700 1.1>9236 1972.9 309748 

.... "" , ...... 248S58189 25.0700 8.MlS I 2.7\l866 1.58083 1976.1 310736 

"'" '''''''''' 2500f,7000 " ...... 8.6726 2.79934 1.68730 1979.2 3 11725 "'. 398161 25123D5!l1 25. 1107 8.5772 ,.""'" 1..58479 1982.3 31271.5 "', 300124 2S2'~008 2.5.1396 8.5817 2.80072 1.5822.8 1985.6 318707 

"" ","",,, 253636137 2.5.1695 8."'" 2.80140 1.67978 1988.6 314700 

"" '61(156 254840104 25.17!l-1. 8.6907 , ....... 1.57729 1991.8 """ "'" 403226 2JOO.,I7876 12.l·19Il2 8.69.52 , ... '" 1.57"'-SO 1!l94.9 ,,"" 
"''' 40."00 2672S!l-I.56 25.2100 8.5007 ,"""" 1.1>72J.3 1008.1 317600 
." 405769 258H48b3 2$.2389 8.6().&3 2.&0-114 .. ""'" 2001.2 ""'" "" 40704..1 25000-1072 2';.2.5.S7 8.""'" 2.804'l2 1.56740 """., """" "'. """. 2600 1711D 2.1.27801 8,6 132 2.SOS5() 1.56403 2007.6 """'" ... "'0000 2821«000 2.5.2952 8.6177 2.80018 .. ""'" 2010.6 321690 

"" .. 1088 1 26:J374721 2.5.3180 8.6222 ,.""'" 1.a0006 2013.8 322705 

"" 412164 26400921:18 25.3377 8.0267 2.&07M 1.5$.63 2016.9 3237 13 

"" 413U\) 265847707 2:1.3574 8.63 12 2.80821 1.M.521 """.Il 824722 "'. 414736 267080984 2.5.3772 8.~7 2.S0889 1.5.5280 =., 326733 

"" 41002::> 1 26833(1 126 25.3960 8.6-10 1 ........ 1.55039 2026.3 326746 ... " 417316 260586136 25.4 1M 8.(1.1·16 2.81023 1.$4700 ""'., 327759 
." .. "'" 270840023 25.4362 8.&100 2.81000 1.54500 2032.0 328776 

"" ....... 272007702 26.4558 8.6535 2.81Hi8 1. ..... 321 2005.S 329792 ... "'21201 27335!H49 2.5.4766 S.6579 2.812U 1.S40S3 """ .• 3308<0 

311(1 



M A TH e MATI CA L TABLE 

F UNCTIONS or NOlolUl; IIS, 650 TO 699 

.. -I .. - MO ... Xo.=D:"-t.., 
x ... ""~ .... , "- '-''' , ... ..,.. """'"- .... 

- -
"" ":?:!:;QO 274020000 23.41):,1 8.002-1 2.81291 1.53S~6 2Ot2.0 3.11831 

"" 4~J..'I01 216S(M.4'(;1 2.5.111"7 '.0008 2.8 1a..;s 1.53GIO 204:\.2 3.12!1J.3 ", "2.5101 277101809 2:>.lI343 8.6713 2 .8 142:> 1.5337-1 =&, 3338.6 

"" .. 26400 21&145077 2:>.6:139 8.6767 2.8 149 1 1.53139 2(1.;;1.:> ""', .. 
M ·t 427710 21'9720264 2:>.:>73~ 8.0801 2.8 1[,!l8 I.WOOS :ro:;j.6 3."l<i\)27 

"" "~5 2810 1137:\ 2:\.11930 8.(18,15 2.8102~ 1.52072 2%7.7 3309:;5 

"'" """'" 2S23O!H16 2,(;.0125 80800 2.8 1000 1.62439 2000.0 337985 

"" "3IMO 283593393 25.6320 8.0934 2.8 17.(;1 1.:>2207 ""' .• 330016 

'" 432004 2841100312 211.OS I& 8.0978 2.81823 1.6 191'6 2007.2 310049 ." 434281 2l)619ll79 25.6710 8.76::2 2.81880 1.:>1745 2070.3 341084 

"'" 43.'>000 2"17400000 211.1)00/1 8.7006 2.819.54 1.51515 2073.6 342119 

"" 430W..!1 ~781 25.7009 8.71\0 2.82020 1.:>1286 2070.0 3UI:;, 

'" 4382 11 2001 171128 211.72!U 8.71M '_820S0 1.1II%7 2079.7 341100 

'" 439509 ~ 1 4342~7 211.7488 8.7198 2.821(;1 1 .50830 2082.0 346237 

'" 4<10890 Z927MIH4 2:1.7682 8.724 1 2.82217 .. "'" 208(\.0 340279 
OM 4~22'J:I W4070025 2&.7876 8.72M 2.82282 1.50376 2089.2 3·17323 
600 413550 2115408290 2:1.8070 8.7329 2.82347 1.50150 2 002.3 3 48368 

'" <l 14!'11j1) 200740003 2:1.8263 8.7373 2.824 13 1.40025 2005.4 3·1\}.11 & 

"" 4 1622 1 21180770-12 25.8U7 8.7416 2.82478 1.<1970 1 2008.6 3:,0.164 

"" .. 471101 2094 18300 26.8G50 8.7460 2.82:>43 1.49477 2101.7 3616 14 

'''' 44800a 300763000 25.8844 8.7503 2 .82607 1.49254 2 104.9 35250& ". ".sQ'J41 3021117 11 25.9037 8.1547 2.82(172 1.40031 2 108.0 353(118 

'" "S I584 303464448 25.9230 8.71100 2.8273 7 1.48810 2 11 1.2 354(173 ." 4 52929 30482 1217 26.9-122 8.7634 2.82802 1.4S6S8 2 114.3 3M730 ." "5427(1 300 182024> 2~.OO l :1 8.7677 2.8286(1 1."8368 2 (1 7.4 3110788 

'" 4M02~ 307646876 2:>.9808 8.772 1 2 .82D30 1.48148 2120.0 357847 ." ":16976 3089 16776 20.0000 8.7764 2.820011 1.4 7929 2 123.7 a..::;8008 
on 4;'>S.129 310'!S8733 26.0 192 8.7807 2.830.'>9 1.477 10 2 126.9 35007 1 ." ."'" 3(11)657112 26 .0384 8.78.50 2.83 123 1.47493 21 30.0 36 1006 ". "6104t 313046839 26.~76 8.7803 2.83187 1. .. 7276 2 133. 1 30210 1 ... 462400 314432000 20.0768 8.7931 2.83261 1.47059 2 13(1.3 303 168 ... 4 63761 31682 12-1 1 "' ...... 8.7980 2.833Ui 1.46843 2139.4> 31>4237 ." 4~124 317214008 26. 1151 8.8023 2.83378 1.46628 2 142.6 ''''''''' 083 400489 3186 11 987 26.1343 8 ..... 2..8344>2 1.41>413 2 145.7 """'" ... "(17856 320013:10-1 26. 1434 8.8 109 ,-""'" 1.46199 2 148.8 367453 

'" ."". 321419126 26. 172& 8.81112 ,-'" .... 1.46985 2 162.0 368528 ... 476,",96 3Z28288Ml 26. 1916 8.8 194 2."""" 1.45773 2 1:1:;.1 ""'" ." "7 196,9 324242703 26.2107 8.8231 2_"", 1.45.'>00 2 158.3 37068~ 

'" 4 733H 32.5000672 "'_2298 8.8280 2.83759 1.4:1349 2 10 1.4 3111'1)4 ... 4 . 472 1 327082769 20.2488 8.8323 2 . ..." 1.45138 211>4.6 372646 

000 .. 70 100 '''''''''''''' 26.2679 8.83M ,-..... 1.44!lZS 2 107.7 3.3928 , .. 4 77481 32003937 1 26.2869 8.3408 2 .83948 1.44 718 21 70.8 370013 

'" ., .... 33 1373888 20.36,",9 8.3451 2.3401 1 1. .... 509 2 17".0 " ..... 
"" .SOU, 332812M7 20.32~9 8.3493 2.84073 1. .... 300 2 177. 1 371187 ". 481636 3342M384 26.3431) 8.8536 2.84 136 1.44002 21 80.3 378276 

"" . ...,. 336.0237:1 26.3029 8.~78 2.84 198 .... 3S85 2 183.4 3793(17 

'" 4344 16 3371531130 2 0.3818 8.862 1 2.8426 1 1. .. 3678 2 18(1.5 380<159 

"" ...... 338008873 20.4008 8.8603 2 .84323 1.~3472 21 89 .7 381663 .... " 8 7204 340008:l9 2 2 0.4197 a.87OG 2.84386 ""3206 2 102.8 882649 

''"' ...... 341632009 26.4386 8.8748 2 .84448 1.43062 2 100.0 3837 1(1 



CA JtNEOIE STEEL COMPANY 

PvNCTIOSlJ 0,. NUI.t8I";M, 700 TO 749 

,.1 .. _ T 
I .. - "' ... "'" S:>.-.f:iamMer 

"'~ "." """ '-"""" • Reeipooeal "-. ,-
71! ~ootXX) 313000000 26.4~7~ 8.8790 2.84510 1.42$57 2199.1 38~!'W~ 
701 491101 3~ IH2101 26.4764 8.8833 2.84.';72 1.42603 2202.3 ""'" 702 I 4921104 3t.>94IWOi 26.49.'>3 8.8875 2.84634- 1.42450 ""' .. 3&7(1.11 
703 . 49-1200 3H4:h9'17 26.GI~ 1 8.8917 2.Sol696 1.42"248 :n08.~ 38815 1 ",. 49.'>616 31S91311&& 26.M30 8.8959 2.847~1 JA2().I~ 2211.7 """. 70:; I 49702:" 3:;(H02625 26.MIS 8.9001 2.84819 lAI844 2214.8 '''''''' "" ·198436 a:;IS9:~~i6 26.5707 8.00-13 2.84S80 I AI6-13 2218.0 391471 

'" oIooS19 ~DJ2.I3 20.6S9~ ...... 2.8-194:1 lA14"3 2221.1 ""'" "S 501264 aMS9-I912 26.0083 8.D 127 2.8W03 1.41243 22"..4.2 ''''''' ",. SOOOIH ,....""'''' 26.G271 8.9169 2.S0065 1.41044 2221.-1. , .. "'" 
". """. 3117911000 2O.MSS 8.1)211 2.8.5126 1.4084.5 2230 . .5 3D5919 
7" 1'IO,'j.521 35942::;431 20.6&16 8.1)253 2.8.5187 1.010647 2233.7 397035 
7>2 ""' ... 3600401128 20.1l833 8.D2'05 2.8.5248 1 .. 1()H9 2230.8 398153 
713 ""''' 362467091 20.7021 8.9337 2.85309 1.010252 22010.0 399272 
7>< 500700 3()3WIJ41 2\1.720$ 8.9378 2.85370 1.0100.;0 22013. 1 400093 
7>6 611225 3M52581'~ 26.731l~ 8.942Q 2.8M31 1.39860 2246.2 401611S 

"" 1112600 30700H)OO 20.7~2 8.9462 2.8M!)1 1.300& 2249.4 402()39 
7>1 6140.~9 31lS!;1)! S 1 a 20.7769 8.9503 2.85552 1.39-170 2252.11 4037(15 n. GIM201 3701462:12 :W.70SS 8.91'145 2.856 12 1.39270 221111.7 404892 n. 1116001 371694959 26.8142 8.{l581 2.85673 1.3!lO82 2258.8 ",,,'" 
'" 518400 3732411000 26.8328 8.0028 2.85733 1.38889 2201.9 407150 

'" 1119841 3HSQ.)361 26.8.5 14 8.0070 2.85794 1.38600 226S. 1 40082 
722 5212$.1 37(130704S 26.8701 8.971 1 2.85854 I.J.85O,l 2268.2 400.&15 

'" 1>Z2729 37703:1007 20.SSS7 8.{l7112 2.8.5914 1.38313 2271.4 04105W 

"" 1121170 379503424. 20.0072 8.910-1 2.85974 1.38122 2274.S 04 1 IGS7 
72~ li2~~ 38107SI2~ 20.0258 S.U!>31> 2.86034 1.37931 2277.7 4128211 ". .'121076 38261\7170 20.04404 8.9S70 , ..... 1.3774 1 2280.8 4 139M 

'" 112$1\29 3~1:M0I>I:I3 20.0029 8.{H)!8 2.86153 1.37552 2283.9 415106 ". li291)8" 38M12S3112 20.081~ 8.0059 2.86213 1.37363 2281.1 416:H8 ". I13IHI 387U()t!j~ 27.0000 '.0000 2.80273 1.37174 2200.2 417393 

7,. "''''''' 380017000 27.018.5 D.OOH 2.86332 L"'" 2293.4 418.\39 
m li34361 3006 17801 21.0.170 0.0082 2.86392 1.367119 22'96.11 ...... 
m li3S!!2-l 392223168 27.05<;5 9.0123 2.&&151 1.36612 2299.6 ""'" "" li37~9 3031)32837 21.07~0 9.0164 2.8GGIO 1.3&126 2302.8 4219S1i n, ""'". 39~U6004 27.002'- 9.0::05 2.BM70 1.362"\0 """ 423138 " .. , .'14022~ 397001>375 21.1 100 9.02-16 2.86629 ,.,..,. 2309.1 042-4293 
n. .. .""" 3986882:;6 27. 1293 00287 '''''''' 1.31>870 23122 425«1 
737 .'143109 40031Mf>3 27.1471 0.0.128 2.86H7 L""" 231~.4. ,,-
"S .'I4010H 4011).17272 27.1662 9.0369 2 ...... 1.351>01 2318::' 427i62 
730 .'146121 4~19 27.1tHO 0.(1.110 2 ...... 1.36318 2321.6 428922 

H' ""600 401\221000 27.20Z9 OIHOO 2.86923 ],351311 232.1.8 .,.... 
'" .. "''' 400!S09021 27.2213 9.(1.191 2.!i6982 1.349S3 2327.9 4312.17 ,., 

"""" 408f,1!,4<,;s 27.2391 0.0S32 2.81'9-10 1.34771 2331.1 43z..112 

'" .'I.~2(1.19 410172-107 27.2580 0 .01\72 2.87000 1.341>00 23:W.2 433578 ,« 1153536 411830784 27.27(1.1 0.0013 2.87\117 1.34400 2331.3 4347010 

'" GI>I>02~ 41349:1626 21.2941 {I.OOIH 2.87216 1.34228 2340.~ 4311916 
7016 r.s6foiO 415160036 27.3 130 O.OO!H 2.87274 1.34(1.18 2343.6 437087 

'" """'" 4 16!l,12723 27.3313 0.0735 2.8733:1 1.33869 2346.8 43821>0 ,.. SS9.;o.& 4186000{l2 27.3400 9.07711 2.87300 1.33600 2349.9 ~39433 H. 1\61001 4Zi>189749 27.3679 0.0816 2.87448 1.33511 = .• ...... 
,., 



MATHElMATIC.H, TA8LElS 

~'UNCTIOS8 OF NUJ.lDEK8, 150. TO 199 

~~~ 
. • N~ 

'l:::' """ '"" "- I~tb , 
.... -a-. .... -

700 ft62.'iOO .:118760(1(1 27.3861 .""" 2,S71i05 .. = 2356.2 4H786 

'" "' .. ," U3MH7.51 27,.0 ... 9.0800 2.S7!i&l 1.33156 2M9.3 """" "" """" n.52.51M.lOS 27,~2'JO 9.0037 2.S7622 1.32979 2362 . .5 .~·H46 ". '"'''' 4200[,7777 27 .... 08 9.0077 2.S7680 1.32802 -.. •• ~28 

'" , .. ". 42800IOIH 27.<1591 9.1017 2.87737 1.32626 2368.8 "-18511 ,,. l!7002 ... • 303G887S 27.H'3 9.10.:>7 2.8779'" 1.3UOO 2371.9 447697 ". [;713030 432081216 27 .• 9» 9.1008 2.S7852 1.3Z!!7.5 237.5.0 .",'1883 
'" l!'JO.f9 ""',....., 2 •. 6136 0,1138 2.S7910 1.32100 237S.2 ."""" " . .5H56-l .3.51\ 10:;12 27.63IS 0.1178 2.S7007 1.31926 2381.3 4:11262 

'" :170061 .3724..5479 "' .... 9.121S ,."""" 1.$17;» 23/>01.5 4:124.:i3 

'00 677600 .38970000 27.66081 9.1258 2.88081 1.311>79 2387.0 4536<10 , .. 67Dl21 .10711081 27.11862 9.1208 2.88138 1.31400 2300.S , .... , ,., .... " 4·12-100728 27.60-13 0.1338 2.88100 1.31234 2303.9 ""m "" 682169 "1111)11)47 27.022t; 9. 1378 2.88262 1.31002 2397.0 .... 7234 ",. "'.00 .,151)13744 27.640..5 9.141S U"OO 1.301;90 2"00.2 ., .. '" 
"" ,"'", 4176117125 27.G.5S6 91.68 2.88366 1.30719 2-103.3 '1:1003.5 , .. ""', .. 4'11)IM()I)G 27.0707 9. 14.98 2.88423 1.3OM8 2400.6 .60837 ,., 688289 461217003 27.61).18 9. 1637 2.88480 1.30378 2409.0 4620U ,'" .58082_1 .:l2f)S11I-32 27.7128 9. 1577 2.88.536 .. ,.,.. 2412.7 .63247 ,,, .59 1301 46<17t1OOO9 27.7308 9. 1017 2.88.593 1.30039 2416.9 4644M ,,. ",... ."""""" 27.7489 0. 1657 2.88(H0 1.29810 2419.0 , ..... 
", 59-1"41 458314011 27.7609 0.1000 2.88705 1.29702 2122.2 466873 
", .5%9$4 .. "" .. " 27.7849 9.1730 2.88702 1.29534 242".3 .. ,,"" 773 61.17529 461880017 27.8029 9.1775 2.8881S 1.29366 2428.5 469298 ,,, 600076 403084S2--& 27.8200 9.IS 15 2.8887. 1.29 100 2431.0 470.513 
", """'" 465484376 27.8388 9.18M 2.88030 1.29032 2434.7 471730 n. 002176 46728&70 27.!j.,S()8 9.IS9-1 2.88986 1.2&866 2..J37.9 472948 
m ""'". 469007433 27,S747 9.1933 2.80042 1.28700 2..J41.0 474168 

'" ""',., 4700lom;2 27.8927 9.11173 u_ ,.= ,...., 47638S1 
no "",." 4727201:W 27.9106 9.2012 2.89164- 1.28370 2-1.17.3 476612 

,"" '""'00 474M2000 27.028.5 9.2042 2.S9209 "'."" ZlM.4 477836 ,., "' .... , 476319M1 27.9464 9.2091 2.8926$ J .28(1.11 2453.6 -470062 ,., 611112-1 478211768 27.00013 9.2130 '.803Zl L"'" 2456,7 ."""'" ". 613089 .""""", 27.9821 9.2170 2.80376 1.27114 2-159,11 481619 , .. 0146.50 4'11S9OJO.I "'.0009 •. "'" 2.81»32 1.27501 2.J{I3.0 48..'>150 , .. 61622.5 4&1730025 28.01.9 9.2z.t!:\ 2.81)187 1.27389 2--&66.2 ... "" ". 617700 48:.587(156 28.0357 O.22S7 2.119M2 1.27226 2469.3 486210 

"" "' .... 487443'103 "'.""" 9.2326 211Il007 1.27(165. 2--&12.4 -4SM51 

'''' "'.,"' 489303872 28.0713 9.2365 2.89653 1.26004 2--176.0 4~76S8 ". 62Z.S21 "91100009 28.08111 9.240. 2.89708 1.26743 2.J18.1 '''''''' ,,. .,uoo '!13000009 28.1009 9.2-1-43 2.89763 1.26582 24SI.9 .00161 

"" 6211G81 <l1)I\)J3671 28.1247 9,z.i8,2 2.89818 1.26422 248.">.0 491400 ,., 6272&1 40079aoas 28.\42:1 9.21>21 2.89813 1.26263 2--188. 1 -.1926112 "'. 6288tO 4l)8677257 28.1003 9.2MlO 2,80027 1.26103 2..J91.3 493897 ,.. """'" 60(1,',00 184. 28.1700 0.2S{ID 2,81l!182 1.25945 2494.4 4(151-.13 
795 63'J025 5O!!.I(10876 28.1~7 11.2638 2.00037 1.25786 2197,6 496301 

"" ""''' 6Q.I358336 28.2135 0.2{\71 2,00091 1.25628 2500.7 4976.11 ,., "", .. 606261573 28.2312 9.2716 2.00146 1.25471 2500.8 498802 
'OS """". 608100502 28.2--189 0.276<1 ,."""" 1.2.5313 2507.0 1>00145 ". """" IUOOSZ300 2S.~006 9.2703 2.00'.!:;:I 1.25156 2510.1 1)01399 

3'19 



CARNI:!O I I:! STI:!I:!L COMPANY 

'FUNCTION8 01' NUMBERS, 800 TO 849 

I I 
, , -

'a:::: "" ... , .. N~ 
S o. .... c.~ ... l.oprithao ~ 0-1 """ 
"'" .. 0000 ,,- 28.m3 0.2832 ,,.,.. 1.25000 2.513.3 """'. 
"" &41601 6130'.!240 1 28.3010 D.2~70 200363 1.24844 ~16.4 t.03012 

"" &432Gf. 61~96()..--l 28.3 106 9.200') . 2.!KM17 I.UG88 2MO.6 ~171 

"'" ....... 6 17781627 28.3373 9.291~ 2\JO.172 1.24;;.3.3 2.522.7 W6'" .... 64&416 61D7Ilj.4{\.1 28.3.540 9.29l:;6 . 2.00.'.26 1.24378 2325.8 .. , ... 
"'" 64M2.5 62166012.5 28.372.5 0 .3025 ,,.,.. 1.24224 2f>29.0 ..,"" .... .. ""'" 623600616 28.3001 9.""" 2.0063l 1.2-I06!l 2S32.1 610223 

"" 061240 62.5M79..\:J 28.4017 9.3102 2.9(1(;...<17 1.Z3916 ""., 611400 

"'" ." .... 627614112 ~A2S3 0.3140 2.00741 1.23762 2.s38." 6127M .,. &4481 620476129 28.4429 0.3179 2.0070.5 1.23609 2,541..5 614028 

". ""'00 431441000 28.4005 0.3217 2.00840 1.23457 2544.7 ".,.. 
'" 06772 1 633~11731 28.4781 0.32S6 ,."""" .. = 2547.8 IH~73 

", MD3H 636387328 28.49[,6 9.320-1 2.90056 1.23153 2Sfil.O 617848 

'" 6GOOO' 637367707 28.6132 9.3332 2.91000 1.23001 21>M.1 M9124 

'" 662:'00 639363144 28.6301 9.3370 2.91002 1.22S50 2Sfi7.3 620402 

'" 1'16-1225 MI343376 28.M82 9.3408 2.01116 1,22600 2$60.4 62168 1 

'" """" Ma338400 28.6657 9.3447 2.91169 1.22549 = .• .""'" '" 667489 MM38613 28.6832 9.348.5 2.91222 1.22.'100 2~.7 6242411 

'" 669 124 4047343432 28.6007 9.3623 2.91275 1.22249 2660.8 625-.520 

'" 670761 6010353260 28.0182 0.3661 2.01828 1.22100 2673.0 620814 

". 672400 661368000 28.6356 9 .3600 2.91381 1.21051 2676.1 628 102 
821 6746,i 1 5-53387661 28.M31 9.3637 2.91434 1.21803 2579.2 62939 1 ,,, 676684 M..'WJ2$l8 28.6705 0.30n. 2.IH487 1.21655 2582.4 63008 1 

'" 077820 6.574417(17 28._ 9.3713 2.01MO 1.21007 2586 . .5 MUI73 

". 678976 MlH7622-1 28.7054 9.3761 2.91693 1.21359 2SSS.7 633267 

'" ..... " 66151.562.5 28.7228 0.3789 2.91114.5 1.21212 2501.8 .,."" 
'" 682276 t.63.5S0076 28.1402 0.3827 2.91698 1.21066 2[,05.0 .,",., 
'" """ """"'" 28.7676 '.3808 2.91761 1.20919 2508.1 637167 

'" ...... 667~2 2S.77M) 9.3002 2.91803 1.20773 2601.2 "" .. .,. ,,,.,, 600722789 28.70'~ 9.3\H0 2.91SM 1.20627 "'" .. ... ,,' 
830 ...... 671787000 " ... , 9.3978 2.91908 .. ,.." 2607.6 M1061 

'" ..... , 67386(1191 28.8271 G.4016 2.91000 1.20337 2610.7 .. "" ". ...... 675930368 28.84« 9.4053 2.02012 1.201l>3 26 13.8 M3671 
833 """ 678000531 28.86 17 9.4091 2.9206S 1.200-&8 2616.0 644979 .,. ...... ""'""" 28.8791 9 .4129 2.92117 1.19904 2620.1 646288 

'" .",.. ~182876 28.8004 9AlIioS 2.02169 1.19760 2623.2 M7f>W 

'" .,.." 68oI2770J6 28.9137 9.4204 2 .922"21 1.19617 2626.4 648912 

'" , ..... 686376253 28.9310 9 .42.11 2.92273 1.19474 2629.5 ...". 
838 702244 688480472 28.9482 9 .4279 2.0232.1 1.10032 2632.7 MIM I ". 703921 500089719 " .... 9.4316 2.02371) 1.19190 ""'., ...... ... , ..... W2704000 28._ 9.43M 2.92428 \.:0048 2638.9 M4177 , .. 70128 1 6t).1S23321 ".0000 9.4391 2.02480 1.18906 2&12.1 .... " .. , '"'''' 69(l947(188 29.0172 9,4429 2.92~11 1.18705 204.5.2 ..... " .. , 71()(1.19 600077101 29.0346 9."100 2.0'.!.">S3 1.18624 2MS.4 MS142 ... 712336 601211584 29.0517 9.4503 2.02634 1.18483 2651.6 M9467 ... 714025 60.'1311112.5 29.0689 9,4541 2.92686 1. 18343 2664.6 ""' .. .. , 716716 60.5-401>736 29.0861 0,4578 2.92737 1.18203 2067.8 662122 .. , 717400 60164M23 29.1033 0.461.5 2.0'.,m'8 1.18064 2660.0 ...... .. , 719104 600800"" 29.1204 9.4052 2.02840 1. 17925 2004.1 "''''' .. , """" Gl1ll6OO.fO 20.1376 9.0&690 2.02891 1.17786 2667.2 666116 

"" 



M ATHEMATICAL T AIIl.I:S 

FU~CTI0S8 or NUilllEIt8, 850 TO 899 -
~-~~ 

,,.., No. - tlitoottor ,. • ...- "'- .... 
"" 72UOO 6 1412!.OOO 29 164'1 0 .4727 2 .021H2 1. 17647 261'0.4 667400 ." 724201 616~ 1 ' 211. 1710 9.41'(101 2.1l2OO3 1. 17009 2673.6 ...,"" ." ",... 6 18-670208 29. 1800 9 .4801 2 .930-44 1.17371 2676.6 670124 

"'" 727000 62OM(H77 20:200:! 9 .4838 ,.""'" 1.17233 2679.S 571463 ... 729316 -, :lD.223:i 9 .48 7!. 2 .93146 1.11'006 2682.9 """" "" 73 1025 62.6021137!. 29.2.-19.1 9 .4912 2 .93197 \.16%9 ""'., 57-1 146 

"" 732730 627222016 . 29.257!. 9 .49-19 2.93247 1.16822 2689.2 675490 
." 734449 629-122793 ' 29.2740 9 .4986 2 .93298 1.10086 2002.3 576835 

"'" 736164 631628712 29.2916 9 .6023 2.93349 1.16:>50 2{\!)5.6! 578182 

"" 737881 Gaa839779 29.3087 '.0000 2.93399 1.16414 26M.6 t 679530 ... ,,- 63600000O 29.32f>8 9 . .5007 2.93450 1.16279 2701.8' ''''''''''' ." 74 132 1 638277381 29.M28 9.6 134 , .OOWO 1.10144 270-1.9 ''''''' . ," 7430 ... G-1()..'1()3928 29.3698 9.6171 2.93.5-51 1.16009 2708. 1 """" "" 744769 ().I27aM47 29.3769 0 .6207 2.03001 1.15875 2711.2 "","0 ... 746400 ().I407254·! 29.3939 9.!'24-l 2 .03051 1. 15741 2714.3 '''''''' 'M 748226 6472 14626 29.4100 9.6 281 2.93702 1. 15007 2717.!. '''''''' "'" 7491)56 ().I046 1896 29.427fi 9.[,317 2.93752 1. 15473 2720.6 580014 ." 7!.1689 05 17143113 29,4449 fi.6354 2.!l3S02 1. 1[,34U 2723.S 6110376 "',. 753424 M307203:l 29,4018 9.6301 2.9:l8b2 1. 1 6~O7 2726.fi 601738 ." 755 101 656234001l 29.4788 0.M27 2.03002 J.l5075 2730.0 503102 

.,. ".000 "'"""000 29.40511 O.M64 2.93052 1.14D-t3 2733.2 504468 

"" " •• n 66077631 1 20.6127 O.MO I 2.D-t002 1.14811 2730.3 596835 

"" 
,,,,,,, """" ... 29.6200 9.M37 :l.IMOS2 1. 14679 2739.6 5972()t 

"" 762129 6M3a8617 29.5400 9.(;.674 2.D-tIOI 1. 14548 2742.6 598-\75 .,. 763876 6676276U "'.""-' 9.M IO 2.D-t161 1.14416 2745.8 " ... " ." 765625 669921876 "'.""" 9.6647 2.9-120 1 1. 14286 27-18.9 001320 ." 767376 67222 1376 29.!.973 .. "'" 2.D-t250 1. 141M 2752.0 """ .. "" 769 129 674526133 29.6 142 9.5719 2 .9.1300 1. 14025 2755.2 GO-I073 

.'" " .... 676836H\2 29.631 1 0 .6766 2.94M9 1. 1389d 2758.3 -" "'. 772641 679 161439 29.6479 9.5792 2.9,1399 1. 13766 2761.6 GO'''''' ... ""00 681472000 29.0048 0.""" 2.9,1«8 1. 13636 27&1.6 ...,,, .'" 776161 6837978-6 1 29.6816 •. """ 2.94498 1. 13507 2767.7 "", .. .'" 777924 6S6 12800s 29.6985 9 .6001 2 .04[,47 1. 13379 27~0.9 " .... ... 770089 .... """ 29.7163 9.~937 2.9,1600 1.13250 2774.0 '"'''' ... 781466 """'" , .. 29.7321 9 .6973 I 2.94645 1.13122 2.77.2 613764 ... 783225 693 154125 29.7489 9 .0010 I 2.946!l4 1. 12994 2780.3 6 15143 

""" ",.000 695506466 29.76M1 9.001(\ ! 2.0·H43 1. 12867 2783.$ ""'" .'" 786769 697864.103 29.7825 9 .00b2 2 .94792 1. 12740 2786.0 617927 ... '''''''' . 700'l27072 29.7993 9 .MIS · 2.9.1841 1. 12613 2789.7 61932 1 ... """" 702696369 29.8161 8.'l1M 2.!l4800 1. 12486 2792.9 6207 17 ... 792100 79.1000000 29.8329 0 .61110 2 .94939 1. 12360 2700.0 6221 14 

'" 793881 70734797 1 29.8496 9.622$ 2.04988 1. 12233 2799.2 623513 ." ""'" 709732288 " ..... 9.6262 2.06006 1.12108 2802.3 6249 13 .. , 797449 712 121051 29.8831 .. ""'" 2.9M:lS6 1. 11982 2SO:;.4 6263 1$ 

" .. 7992;16 7145 1698~ 29.8008 0.033< 2.95 134 1.118:'>7 2808.6 6277 18 

"" 80 1025 71 6!1I7376 29.9100 9.6370 2.95182 1. 11732 28 11.7 629 IU ... 8021116 7 19323136 29.9333 0.6400 2 .9523 1 1. 11007 2814.9 630530 ." ...... 72 173 '1273 29.9600 0 .6442 2.95279 1.11483 28 18.0 63 1938 ... ...... 724160792 29.0000 9.6477 2.96328 1.11 359 282 1.2 633M S "'. 808201 726.5121199 20.9833 0 .6513 2.95376 1.1123.5 2824.3 634700 



CA~N EO I E ST E E L COMPANY 

F U S CTIONS 01' N UMlIEH8, 900 TO 949 

~;e "'''' "" I No...4)iamel .. 
So. "'- "'''' .... Loprilhm , 

R"';procal """_. ,~ 

-
000 "'0000 729000000 30.0000 9.6549 2.D5424 1. 11111 2827.4 636 173 
00' 81180l 73 1432701 30.0167 ... , .. 2.05472 \. 10988 2830.6 637587 .," 813604 733870808 W"'" 9 .0020 2.95521 1.10865 2833.7 "''''''' "" 815400 7363 14327 30.0000 .. """ 2.911569 1. 10742 2836.9 641H21 

'" 817216 7387632&1 30._ 9 .6692 2.95617 1. 10619 2&10.0 641840 
00' 8 19025 741217625 30.0832 9.6727 2.91\005 1.L0497 2843. 1 643261 
000 820836 7436774 H1 30._ D.6763 2.95713 1. 10375 2846.3 "'683 00' 822649 746142643 30.1164 9.6799 2.95761 1. 10254 284.0.01 (;46107 
008 824464 748613312 30.1330 9.6834 2.M809 1.10132 2852.6 '''''' "" 826281 751081).129 30.1400 9.6870 ,."""" 1. 10011 2855.7 "'000 
.W 828100 753571000 30. 1662 9.6005 2.%004 1.00800 2858.8 ""'" '" 82992 1 750058031 30. 1828 1).694 1 2.%052 1.00769 2862.0 651818 

'" 831744 7{,8M,(\528 30 .1993 0.6076 2 .05999 U)'lI649 2865. 1 653250 

'" """'. 761048497 30.2159 9.7012 2.00().I7 1.00529 2868.3 654684 

'" ,,"',. 763551944 30.232-1 D.70n 2.00005 1.09400 287 1.01 656118 

'" 837225 766000875 30.2400 9.7082 2.00142 \.00200 2874.6 .,,'" 
'" """" 768575296 30.26.'>5 9.711 8 2.00190 1.00179 2877.7 ... "" 
'" 840889 771005213 30.2820 9.7 153 2.00237 1.090[.1 2880.8 """'" ." 842724 773620032 30.29M 9.7188 2.00284 1.08932 2884 .0 001874 

'" .... , .. 776151559 30.3150 9.7224 2 .00332 1.08814 2887.1 """" ." .... 00 778688000 30.3315 9.7259 2.00379 \.08600 2800.3 664761 

'" 84824 1 78 1229001 30.3460 9.7294 2.00426 1.08.'>78 2893.01 60020 7 

'" ""'" 783777448 30.3645 0.7329 2.00473 \.08460 2800.5 '''''' '" 851929 786330467 30 .3800 9.7364 2.96520 1.08342 21)99.7 669103 ." 853776 "''''''- 30.3974 D.74oo 2.00567 UJ8225 ""'., 670554 

'" ""''' 791453125 30.01138 9.7435 2.00614 1.08108 21)06.0 ""'" ." 857476 794022776 30.01302 9.7470 2.00661 1.07991 2009.1 673460 ." 859329 700597983 30.44.67 D.7505 2.00708 1.07875 2912.3 6749 15 

'" 8(;1184 799178752 30. 4.631 9.754.0 2.00755 1.07759 2915.4. 676372 ." ""'" , 801765089 30.01795 0.7575 2.00802 1.07643 2918.5 677831 

'" ,.. ... 804357000 30. 4.959 9.7610 2.00848 1.07527 292\,7 679291 

"" 86(71) 1 800054401 30.5123 9.7645 2.0089:; 1.074.11 2924.8 680752 

'" """,. 809M7568 30.5287 0 .7680 2.00942 !.07200 2028.0 68221 6 
.33 870489 812166237 30.54.50 9.77 15 2.96988 1.07181 293Ll 683680 

"" 872356 814780504 30 .5614 9.7750 2.07Q3,.'i 1.0700(; 2934.2 0&"; 147 

'" 1174221> 8174.00371> 30.5778 D.77M 2.97081 1.00952 2937.4 6861115 
936 ""'" 820025856 30.61).11 9.7819 2.97 128 1.00838 29-10.5 """ ." 877009 822656953 30 .6 1M 9.7%4 2.97174 1.00724 21).13.7 "'-"" 8798401 825203672 30.6268 O.7SS9 2 .07220 1.006 10 20-16.8 69 1028 
OJ' 881721 82703f>019 30.6431 0.7024 2.97267 1.00400 2000.0 692502 ... "","00 830584000 30 .6594 9.7059 2.97313 <.06383 2953.1 693078 .. , ""''' 833237621 30.6757 9.7903 2.97359 1.00270 2956.2 "'"'' .. , 887364 '''''''''''' 30.6920 •. """ 2.97401> 1.00157 2959.4 m,,,,,,, 
." 8892 19 838561807 30.7083 '.8003 2.974.51 1.~5 2"002.5 69M15 ... 891136 841232384 30.7246 9.8007 2.97497 1.05032 2965.7 699897 ." 893025 84390862:; 30 .7400 9.8132 2.97543 1.05820 2008.8 701380 

'" 80-1916 840590536 30 .71>71 9.816 7 2.97569 1.05708 2971.9 "'''''' '" """"" 849278123 30.77301 9.8201 2.97635 1.05607 2975.1 704362 
." 898704 8519 71302 30 .7806 9.8236 2.9768 1 1.054.85 2978.2 '''', .. ... '00"" 854670349 30.8058 9.S:nO 2 .07727 1.05374. 2!J81A 707330 

"" 



'\\AT H EMATICAL TABLE S 

FuNCTIOS8 or NUllBERS, 950 TO 999 

1 

';!:;' "' ... ''''' No._ Dionoetn 
Xl>. s._ "' .. .... ~1.ba 1 , 

'""- """"- """ -I -.,. """'" 8.5737.5000 30.8221 ...... 2.1n772 1.05263 """ .• 708822 .. , 001-101 """"'" , 3O.83'IJ 9.8339 2.97818 I.05IS2 2987.7 710015 
'0> ....,.. 862!,OI408 3O.8M.5 9.8374 2.97864 J.05Q0t2 ""'., 711800 

"" ""'" 8GM23177 30.8707 9.8408 2.97909 1.(H932 29!l3.9 ,,-... tHOliO "" ....... 30.8869 9.8443 2.979.» ).(H822 2991.1 71"803 

"" 012025 870983875 30.9001 9.8417 3.""'" 1.(H112 ""'.3 ""'"' , .. 913D3(1 873122816 30.9)(12 0.8.511 2.IJII(HO 1.(H603 3003.' 7118().& .. , 01MWII 876467400 30.113M 9.8.5'16 2.08091 J.(H~93 ""' .. " .... .... 9111(14 81112111112 30.9.516 .. "" 2 .98137 1.(H384 3009.0 720810 ... 010081 881974079 30.0011 1I.8411" 2.98182 1.0-1275 3012.8 722316 

000 021600 884730000 3O.9S39 ...... 2.98227 I.(H 161 3OU.9 123823 .M 92MlI 887603681 31.0000 .. """ 2.98212 J.640S8 30111. 1 725332 
002 92MH 800277128 31.0 16 1 0.8717 2.083 18 1.03%0 """ 720842 
003 927369 8930.56341 31.0322 9.8751 2.98363 1.008-12 302,,", ""'" .... """'" 89$841344. 31.().I8J 0.878.5 2.08408 1.0373-1 3028.5 720861 

"'" 001221\ 898632 125 31.00·U 0.8819 2.98453 1.03621 3031.0 73 1382 
000 "'H" 00"'28696 31.0805 0.88M 2.98498 1.03520 303-1.8 732899 

'" 93.5089 00423 1003 31.01)66 .8888 2.Il8M3 1.03413 3037.9 734411 
008 937024 001039232 ;11.1 121 0.8922 2."'" 1.03306 30·11.1 735937 

"'" 038001 OOO8tI3Z09 3 1. 1288 0.8956 2.9S632 1.03199 30-14.2 7370158 

,,. 
""'" 912613000 3 1. 14-18 9.8990 2.98677 1.03093 3041.3 738981 ." 1M2MI 911'1498611 31.1009 0.002-1 2.113722 1.02987 = .• 740500 

." 1H47S4 91~S 31.1700 ,.- 2.98761 1.02881 3053.6 742032 ,,, 0407211 021 1673 17 31.19211 0.9092 2.98811 1.02775 ."' ... 743559 

'" 948676 9NOI(H24 3 1.2000 9.9126 3 ....... 1.02069 3050.0 "..., ." 9110025 0268.50315 31.2250 9.9100 2.98900 1.025M 3003.1 740010 
970' 952570 0211714116 31.2<110 II.O IIH 2.981H.5 1.02-159 3006.2 7-ISHiI 
on ... '" 032574833 31.2510 0.11227 . 2.98989 .. .".. -.. """" . " .,.. .. 03M41352 31.2730 9.9261 2.9003-' 1.02249 3072.6 7fil221 
". ."'" 1l3831373" 31.2890 .. .,.. 2.99078 1.02145 3075.6 762758 ... "'"00 :::~~J::= 9.9329 2.99123 1.020-11 3018.S "" .. .. , 002361 D.9303 12.99167 1.01937 3081.0 '''''' .. , 004324 ~600611l8 31.3309 6.0300 2 .99211 1.01833 ""' .. 761:r.S ... ... "' . 9111862087 I 31.352~ ' 9.11-'30 2 .99256 1.0112"0 ..... 2 758922 
OS. 008256 9:>2163001 31 .3G8S 09-lM 20<)300 1.01626 3001.3 , .. ". 
'" 0702"25 1N567102..5 31 .3$-17 0.IH07 2.I193H 1.01523 ""' .. 762013 

"'" 072i1WI VS8.58.l2S6 ! 31.4006 {U).;;JI !/.1IKl388 1.01420 : 3007.6 ,.3.,,, ." 014 169 0610011103 31.4100 ' , "'" 2.99-132 1.01311 3 100.8 76[;11 1 ... 916 1 ~ I 004430272 , 31.43~ ; 0 .0398 290-176 1.01215 3103.9 766662 .. , 018121 967361669 31.-1154 0.0032 , 2.0%20 1.01112 3101.0 76821"' ... ""'00 lli0200000 31.46-13 '.0000 3.00M< 1.01010 3110.2 169169 .. , O~2O&1 6732",221 1 . 31.4"'02 0.OO9{l 2.00001 .. """'" 3113.3 77 1326 
002 ,,, ... 076191~~ 31.'1000 0.0733 2.09&1 LOOSOO 3 116.5 772882 ". """" 071l1 .. 00t.1 :1I .6 1UI 0 .0700 2.90095 I.007OS 3 11 9.6 774441 ... """" OS2107781 31.6278 ,."'" 2.99739 LOOOO< 3 122.1 "0003 

"" """. ~7-187.~ 31.6436 il.~ 2.99782 LOOOOO 3 125.0 777504 ... 992016 0881.H7930 31.51105 .. """ 2.991:126 1.00-102 3 1211.0 779128 
." ... "'" 99 1026973 31.676.1 .. """ 2.99870 1.00301 3 132.2 7~OO1l3 .OS 00000< 00·1011002 :11 G9 11 9.0033 2.99913 1.00200 3135.3 782200 
OW """'" D0700Z999. 3 1.6010 0 .9967 2.900,57 1.00100 3138.6 783828 .. 



CARNHO I !l STHEL COMPANY 

NATUlIAL TRII;OSOloU;TlI IC }UNCTIONS 

o· ... ,.. 
--- -

o 0.00000 O.OO2{H 0.00582 
I 0.0174."> 0.02006 0.0'1327 
11 0_03~OO 0.03781 0.<»071 
3 O.O:;2;H O.o..\.,>U O.o..'">8l~ 
~ 0.00076 0.07266, 0.07656 

t> 0.08716 O.()D()O:; 0.00295 
6 0.1045:1 0.1074~ 0.11031 
7 0.12187 0.IU76 0.127&& 
8 0.la017 0.1420:; O.IHD:! 
o 0.10043 0.16001 0.16218 

10 0.173M 0.17MI 0.17037 
11 0.\ 00$1 O. I 0366 O. 111M2 
12 0.20701 0.2 1070 0.21300 
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profiles. weights and dimensions ... . .. .. ..... 114. 115 

Rails and Accessories .. weights and dimensions. . . . . . . . . . . . . . . . . . . . . 118 
Rail Clips .... . ...... profiles. dimensions and weights. . . . . . . . . . . . . 119 
Ratio of Slenderness ... definition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271 

unit stresses for compression formulas. . . . . . . . 274 

409 



CAR.NEGIE STEEL COMPANY 

PAG" 
Recessed Pin Nuts ...... sizes and dimensions. . . . . . . . . . . . . . . . . . . . . . . 132 
Reciprocals .......... numbers 1 to 999 ... .. . . ...... ... ..... , .... 374-393 
Rectangular Plates .... extreme sizes, carbon-and nickel steel ... , . . .. 95-97 
Rectangular Sections ... areas ..................................... 100-10? 

moments of inertia .......... , . • ............ 176,177 
Reinforced Concrete ... see Concrete, Reinforced ........... 106-111,313-319 
Riveting ... construction specifications .............. . ... 139, 140 

details for punching and riveting ..... , , ...... 229-231 
Rivets. . . . . .. areas of rivet holes... . . . . . . . . . . . . . . . . . . . . . . 231 

conventional signs. . . . . . . . . . . . . . . . . . . . . . . . . 229 
dimensions. . . . . . . . . . . . . . . . . . . . . . . . . . . 133 
lengths for various grips. . . . . . . . . . . . . . . . . . . . 134 
stress">s, shearing and bearing values .. . ...... 2.32-234 
structural details for riveting ................ 229-231 
weights. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 

Roof •............... explanatory notes. . . . . . . . .............. 323-325 
live loads, building laws of various cities. . . . . 304 
snow and wind loads. . . . . . . . . . . . . . . . . . . . . . . 323 
trusses, stresses and length of members ....... 326-329 
weights, roof covering and roof trusses ......... 324, 325 

Screw Thread.. . . . . . Franklin Institute, U. S. and A. B. Co. standards 122 
Section Modulus ...... definition and formulas .................... . 143-151 

structural shapes .......... .. ............ . . . 152-172 
Segments, Circular .... coefficients of areas .. .... ................... 369-371 
Separators ........... standard for beams .......... .' . . . . . . . . . . . . . . 225 
Shearing Stresses ..... longitudinal and vertical. .............. 180, 192, 193 
Sheared Plates ........ extreme sizes, carbon-and nickel steel. . . . . . .. 95-97 
Shearing Values, Rivet •. tables . .. . .... .. ..... .. ................. .. 233, 234 
Ship and Car Channel •. see Channels, Ship and Car .......... 70-74, 156, 157 
Skelp ............... list of sizes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
Sleeve Nut •.......... sizes and dimensions. . . . . . . . . . . . . . . . . . . . . . 131 
Snow Loads .......... roofs and trusses. . . . . . . . . . . . . . . . . . . . . . . 323 
Specification •........ American Bridge Company .................. 136-142 

American Society for Testing Materials. . . . . . . 4-43 
Specific Gravity ....... various substances ........... . ..... .. ..... . 344, 345 
Splice Bars .......... elements of A. R. A. and A. S. C. E. sections 172 

profiles, dimensions and weights ............. 116, 117 
Square and Round Bars area and weight ................. . ......... 106, 107 
Square Edge Flats ..... list of sizes .................... , . . . . . . . . . . . 98 
Squares, Square Roots . numbers 1 to 999 . ..................... .. .. 374-393 
Strength of Materials .. unit fiber stresses .......................... 348-350 
Stresscs ....... . ..... see Beam Stresses .... " . , ......... . ... 138, 180-1\)5 

T ................... elements of sections .............. , .. , .149, 168, 169 
profiles, weights and dimensions .... , ... , . . .. 83-90 
safe load tables. . . . . . . . . . . . . . . . . . . . . . . . . . . . 218 

Terra Cotts .. ........ . arches, ceilings, furring, partition, roofing ..... 306-312 
Test Bars . ........ . . . standard, see A. S. T, M. Specifications .... ,. .-43 
Threads ............. length of bolt threads. . . . . . . . . . . . . . . . . . . . . . 123 

standard dimensions of scra.w thread. . . . . . . . . 122 
Thrust in Arches ...... etl'ect in tloor construction .. ... ........ ... .. 306-308 
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PRODUCTS 

PIG IRON AND FURNACE PRODUCTS 

FERRO-MANGANESE AND SPIEGELEISEN 

OPEK-HEARTH AND BESSEMER STEEL, ALLOY STEELS 

INGOTS, BILLETS, BLOOMS, SLABS, SHEET BARS 

ARMOR AND VAULT PLATE 

PLATES FOR BRIDGES, SHIPS, TANKS, BOILERS, AND CARS 

ROLLED STRUCTURAL SHAPES 

BEAMS, CHANNELS, ANGLES, TEES, ZEES 

STEEL MINE TIMBERS AND STEEL SHEET PILING 

BAR MILL PRODUCTS 

CONCRETE REINFORCEMENT BARS, AGRICULTURAL SHAPES 

MISCELLANEOUS AND SPECIAL SHAPES 

ELECTRIC TOOL STEELS 

MERCHANT BARS 

SQUARES, ROUNDS, HALF ROUNDS, HEXAGONS, OVALS, HALF OVALS 

FLATS, SKELP, BANDS, Hoops, COTTON TIES 

Hoops FOR SLACK BARREL COOPERAGE 

TIRE AND VEHICLE SPRING STEEL 

TRACK MATERIAL 

RAILS AND SPLICE BARS, DUQUESNE RAIL JOINTS, 

TRACK ACCESSORIES, STEEL CROSS TIES 

FORGINGS 

STANDARD FORGED AND HEAT-TREATED AXLES 

CONNECTING RODS, CRANK SHAFTS AND ARCH BARS 

WHEELS AND GEAR . BLANKS, 

AUTOMOHILE FLYWHEELS, PIPE FLANGES, SHAFT COUPLINGS 

LOCOMOTIVE PISTO(,!S 

DERRICKS AND DRILLING RIGS 
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WORJ(S 

COKE WORKS 

Clairton By-Product Coke Works ................ Clairton, Pa. 
Farrell By-P~oduct Coke 'Vorks .... . .. . ......... Farrell, Pa. 

BLAST FURNACES 

Carrio Furnaces. . . . . . . . . . . . . . . . ....... . .... Rankin. Pa. 
Edith Furnace. . . . . . . . . . . . . . . .. . ........ . .... Pittsburgh. N. S .• Pa. 
Isabella Furnaces ........ . ... .. . . . . .... . ....... Etna. Pa. 
Lucy Furnaces. . . . . . . . . . . . . . ........ Pittsburgh. Pa. 
Neville Furnace. . . . . . . . . . . . . . . . . . ...... Neville Island. Pa. 
Niles Furnace.. . . .. . . . . . . . . . . . . .... . . . .. Niles. O. 
Steubenville Furnace ........................... Steubenville. O. 
Zanesville Furnace ...... . ..... .. ............. . Zanesville. O. 

STEEL WORKS, FURNACES AND ROLLING MILLS 

Bellaire Steel Works and Furnaces ....... . ....... Bellaire, O. 
Clairton Steel Works and Furnaces ...... . .. . .... Clairton, Pa. 
Columbus Steel Works and Furnaces ............. Columbus, O. 
Duquesne Steel Works and Furnaces .•. ........ .. South Duquesne, Pa. 
Edgar Thomson Steel Works and Furnaces ..... .. Bessemer, Pa. 
Farrell Steel Works and Furnaces ................ Farrell. Pa. 
Homestead Steel Works . ........ ..... ...... . ... Munhall, Pa. 
Mingo Steel Works and Furnaces . ........ ... .... Mingo Junction, O. 
New Castle Steel Works and Furnaces ....... . .... New Castle, Pa. 
Ohio Steel Works and Furnaces. . . . . . . . . . . . .. Youngstown, O. 
Sharon Steel Works and Furnace. . . Sharon. Pa. 

ROLLING MILLS 

Clark Mills . .. ..•.. .. . .. . ...... . .. . ........... Pittsburgh, Pa. 
Greenville Mills .......... . ... .. . . .. .. ...... . .. Greenville, Pa. 
McCutcheon Mills ..... " . .. ............ .. . .... Pittsburgh, N. S., Pa. 
McDonald Bar Mills ..... . . . ........ .. .. . . .. .. . McDonald, O. 
MOIiessen l\1ills ........... . ... . .............. . Monessen, Pa. 
Painter Mills ................... . ...... . ....... Pittsburgh, N. S., Pa. 
Upper Union Mills ............................. Pittsburgh, Pa. 
Lower Union Mills ............................. Pittsburgh, Pa. 
Upper Union Mills. . . . . . . . . . . . . . . . . . . . . . . . . . Youngstown, O. 
Lower Union Mills. . . . . . . . . . . . . . . . .. . . Youngstown, O. 

FORGE AND WHEEL WORKS 

Howard Axle Works ..... .... .. . . . .... ... .... Homestead, Pa . 
Schoen Steel Wheel Works ..... . . . . . . . . . . . . . McKees Rocks, Pa. 

WAREHOUSES 

Baltimore Warehouse ....... .. .......... . . . .... Baltimore, Md. 
Cleveland Warehouse .. .................... .. .. Cleveland, O. 
New England Warehouse .............•...... . . . Allston, Mass. 
Pittsburgh Warehouse... . ..... . ...... Pittsburgh, PI}. 
Waverly Warehouses... .. . .. ..... ..... Newark, N. J. 
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CAR./'i I!Q1 E STEEL COMPANY 

OFFICES 

GENERAL OFFICES: 
Pittllburl"h, Carnegie Building. 

DISTIUCT OFFICES: 

Birminl"ham, Brown-Marx Building, 
Boston, 120 Franklin Street, 
Buffalo, The Marine Trust Company Building, 

Chieago, 203 South La Salle Street, 
Cincinnati, Union Trust Building, 
Cleveland, Kirby Building, 
Denver, Firat National Bank Building, 
Detroit, Ford Building, 
New Orleans, Maison Blanche, 

New York. Hudson Terminal, 30 Church Street, 
Philadelphia, Wideoer Building, 
Pitu burgh, Carnegie Building, 
St. Loui ... IiOO Olive Street, 
St. Paul, Pioneer Building. 

EXPORT HEPRESENTATIVES: 

U:SIT El> STAT~::S STEEL PROl>U~ 00 .. 

New York, Hudson Terminal, 30 Chu~ch Street. 

PACIFIC COAST REPRESENTATIVES: 

UNITED STATES STEEL PRODUCTS 00., I'ACU'IC COAI:IT DEI'1'. 

Loll Anl"elea, Jacksoo Street and Central Avenue, 
Portland, Selling Building, 
San FraneilM'!O, Rialto Building, 

Seattle. Fourth Avenue South and Connectieu t :;treet 

... 
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