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PREFACE. 

To Engineers nnd Builden in I...,n and Steel (hi, .,olome is 
1X"eKllted, ",ilh the hope thai it may be of allli5lance 10 them In 
their daily labon, and afford informalion upon lOUIe I'oin~ which 
hl"e DOt heretofore been put in pul.>li, hw form. II has tlC<'n 
Ihe aim of the author 10 elimiMle ;l5 fM all po..sible mallers of 
theory fl'Qm $talemenlf of facts. IMI, where oonRi~t of opinion 
may ari..e, each one rna,. draw his own eonclWlions. II was oon· 
sidered advisable to treat only of subject! relating to Iron and 
Sleel, referring \0 any of tbe nl,lInCfOIIl engineers' po(ket-bookll 
{"r information oron outside m:ltters. 

As far 115 poMible, doubtful points were corroborated by ClI
p<:nm"nh; and tspt<:ially the article upon "Struts" U baaed 
UP'''' the ruultJo of several hllndred c~fully eoodul;ted expcri_ 
m~1I1$ at l'eD«l~'d. for m~ delailed information concerning 
which .'1:: would refer In IWO papers by Mr. J:IS. Chmtie, pub
l .. bed in Ibe TranaactiolU of the American Society of Civil En. 
gin«rs, entitled" Experimeots on the Strell£1.h or Wrought lroo 
Strllts," and "The Strength lind Elasticity of StruCtliral Steel," 
whe..-ein the &hove experimenll a~ flilly described. Ilereafter, 
.hould err()r$ be detected by • more perfect lmowledge of the 
ph)'oical properties or the materiab treated of, we Ihall be glad 
to aelr:nowledge tlie' ume, but now offer the following pages 113 

the be.>! results we are :wle to obtain from present prnctu:e. 

A. &: P. ROBERTS &: CO 
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PREFACE TO SECOND EDITION. 

IN preparing the Second Edit ion for the press we have eor
rKted .tOme $mall elTOf5 occurring in various places in the first 
edition, which were diSCO"ered afler its publication. A few new 
tables of wdGhts of &ep.uators for beams, of boltl, nuts and 
rivets, which were deemed u,;.eful in architectural calculatioos, 
h:l>' e been added. Some additional ,hapes arc dC5Cribed, and 
st"eral old JCeLion$ of beanu and channels chanGed 10 mOle effi
cient fornu, by beller distriootiOlJ of material in the Aani.'eS. At 
the present writing we have no alterations 10 make in our con
c\lbions in regard to &teel, our uperiments lip 10 date seeming to 
confirm our results as then announeed. 

A. &- P. ROBERTS & CO. 

PREFACE TO THIRD EDITION . 

MOItIt Ih.Il n year has elapsed .ince the publication of the 
r~t edition of tbis little volume, and we are Djilw preparing a 
third for the press. A few new seclions have been .... ded and 
&everal CITOf5 overlooked in the earlier editions corrected, so thaI 
we believe vcry few, if any. now ubi.. Our C()Ilc\~on$ in re
gard 10 strull, based upon Mr. Christie's exptrimenu, have stood 
the test of publication a.nd criticism, and we think at this day can 
be Pid to ha,,-e more fully the &tamp of authority than when finI 
issued. We trust Ihis Hand_Book has and will continue to be of 
,-alue to all who daily use wrought iron and steel in construction. 

A. &: r. ROIlERTS & CO. 

• 
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PREFACE TO FOURTH EDITION. 

No changes have been made in the oontents of the body of 
the book since the third edition. A supplement has been added, 
however, containing a number of ncw shapes and sections Dot in 
previous editions; also a series of tables for strength of riveted 
girders of va rious forms, which arc especially intcnded for tbe 
usc of architects and builders. During the past year II. Bridge 
and Construction Department has been addc<l to the Pcucoyd 
Iron Works, for the design and manufacture of railroad bridge, 
and all classes of structures composed of wrought iron Or steel. 
Believing that for Ibe f\iture steel as well as wrought iron wi1l be 
an iOlportant factor in large structural works, an Open Hearth 
Steel Plant has also been added \0 the Works, and we trust thaI 
its product will meet s:lch requirements as engineers may spedfy 

for their material. 
A. & P. ROBERTS & CO. 



N OTE . 

WI! publish Ihi, edition as a temporary upedicnl, until an 

entirely new and revised book can be prepared. 

The tables and other data in Part I ha~c been carefully re

visc<\ and art (;Ofre<:\ to dale. WhereTer di~panci.es occur 

between l'arts J and H, preference should be given t Q I'art I. 

l'ul II is reprinted from the last edition of our Hand·flook. 

Since that edit ion wn published a number Qf se<:tlon$ h!l.ve 

been chan~, and some of the old sections of iron beams and 

channels have been abandoned. 

We are now preparing, and expect tn publish during 18<)1, 

a neW tdilioo which will contain data in regard tn all s izes 

of Sled heams and channels, and consider:able Olher new 

m.;ltter. 
A. & 1'. ROBERTS & CO. 

juue .. t. ' 89 ' , 



S EC TLON S OF 

IRON ANQS,TEEL 
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Plale No .2. 
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Wrought Iron and Steel in Construction. 

PART I. 

TABLES OF DIM E NSIONS. 

TlIl!.lil~l>hs and following taLks Give the principal ,limen. 

lionl or the standard wpt'S of 51mcturo! iron and lied rolled :u 

J'cllW)"d. 

Bta",1 alt,! ,-j"m • .ds can be rolled (If 4111 intermediate $ee

liolll between tlH~: minimum and maximum. The ""cb i, thick. 

ened, which increase. the width or the fb.n~, but don no' 

chan!;:e any other dimcn~ion of the flange. The position of the 

added IIrea i5 .hown on Plate No. 38. 

AII';{u clln be rolled of any thiclncu betwc:en minimum and 

maximum. Wcit;hts corresponding (oJ the principal intcnnediatc 

th ickn_ In: glvcn in table on page 6. The legs or ~).:"' in 

ctt:ase slightly in Icn{;th as the Illicime51 increues. This ~e~ 

timQ caw.« IlIlf:les of heavy sections 10 uCftd the calC\llalrd 

_il)hl" Thcrdore orders $houi(l 5pccify either the desi..w 

Ihieknl'U or "'eiGht per )'~rd, hut never holil. 

Tu sections cannot be alt~red from th~ standards u given in 

tables and lithographs. 

Bart and ,1filUlianallfl Shaprs can be rolled in either steel or 

iron. 

Sections which cannot be rolled of eithtr iron Or slecl are so 

DOted on Ibe litbOj;l'aph plates. The .... eigh .. !:i"cn {"T IIt'Ctioos 

.. ...·hkh can l>e rolled of either iroo or .. eel , are fur iron unle!'s 

otberwi.o;e l\lIed, and .. hen these IIt'CliOtU lire wiled io 51cd tbe 

weight .. ill I.e dlOUt l per cent. hea"icr. 

I 
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PENCOYD STEEL J: BEAMS. 
WEIGHTS FOR STEat.. 

WEIGHTS FOR IRON • 
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P ENCOYD STEEL CHANNELS. 
WEIGHTS FOR STEEL. 

PENCOYD IRON CHANN E LS. 
WEIGHTS FOR IRON. 
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PENCOYD DECK BEAMS. 

WEIGHTS FOR IRON. 

-Ii -" -?, 
I,'t. 

BULB PLATE. 

~_ ,o_,_ .t I~. 

" " "I 
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BULB ANOLES . 

• n- .~, .' Ir -." Ill·1 . I~ .u:a 10"1 I" If.' 

CAR BUILDERS' CHANNELS. 

WEIGHTS FOR IRON. 
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WEIGHTS "~ FOR IRON. 
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PENCOYD ANGLES. 
WEIGHTS FOR IRON. 
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SIZES OF PENCOYD BAR IRON . 

Curt 
No, . " 
:~~ 
,~ 

~, 

", ." 
.~ 

-"'--
---
-;;;;-

~~ -;'ii-
." , .. .. , 
'" 

FLATS. 
i",he. to l inch ••. .. .. 
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11 • 

11 , 
;1 

'I . , : Inclou Iu "! lnch ••. 
" . .. 
" 3 •• ., . 

~ , ., .. 
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• • • • • 
SQUARES • 

!, 10, t. H. I. iii. t, II, " 
1-/-.,1,1, 'R. ,t, Ii. 'I' ' "I' '1,0, 01 .• t. 'j .• t, •.• , .•• 
3. 3t. 31, 3i. 31, 31. 31. 3t. 4. 
41. -It ioch ... 

ROU NDS. 
I, /0. a, H,!., II' t. It. '. ,,), I!. ,,,",11.' ,'. ,,'Ii, ,~, 

' ... , ,t. ,', I', 0, '1:, '1' 2~, 2~. 
.1. '/' 'l. 3. 31:. 3\. 3 , 31' 31. 'I' 3 , 4, d, 41, 4 . -Ii. 4 • "i. 
4 , 5. st. Sf, sI, 6, 6;, 1· 

BOLT SIZES .... th. F ull. 
I .... , t, It, I. n, t. ii, I, 

'fo. ". ' ..... ,' inch",. 
R IVET SIZES. 

ii, 'I' 'J' II' II' I" n, u, n, U. i , I, . . t, ~!. U, 'n. Ih, I.", 'AI, ,At mche •. 
HALF ROU NDS . ; .... , J'I" j, Ii, '.H, I, 'I, 

1;, 'i. 'i. ' ,'1, " '1 .• t, 3. 3; 
,nch ••. 

MISCELLANEOUS SHAPES 

5«li" ... Sizu. 
JV~i.r"lfrr . 

y,.~"/"r IT",. . 
'l xi.oj 8.4 to '4·1 

C'OCIvcd B3 ..... , 'T '3.5" ".0 
3~1 x ", 20·9 " 3-1 ·5 
3~ x "i "·5 " .I.l 

" ., '5·" 
H~lfOv.l. 

., :\ " - ., --'-'--Minct$' T,.,C\c Rail ". Splioo llar. - ,. 
Slot Rails. NOI. '90,20],006. 21;"'°4' -Splice Bar •. No •. ·~·,- , ..,7, 

.,6. "·5'03" 
Bridge Rail 35 to-l0 
Channel Rail ., . • " Cktmp ,8.S 

H.~lf~~e ., ' ., 'I IS.6 'It x, x '5·0 .. .. • x!l x .,' Slot Rai!G~ 'lx'lx xJ .6.0 
Spoke &.. , • t·o i" .,,'oJ,lbs.p.yd. 
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PENCOYD CHANNELS. 
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PENCOYD STEEL I: BEAMS. 

CODC<~".«<Il",d In middle ofboam. all_ "".·I,.lf 0(') ... ' ", .. " In toWe be'.,.... e .. " ... Ar. loo~ In "'" 'Oft' ... <.011 dimlbuood, In'ludln~ bNm h •• lf. For a AI 
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PENCOYD STEEL CHANNELS. 

<:_<es ... r. load In .. , ..,.... eYen'y d'''riboted. Ind~d;n" beom ''''If. F a. ~ 
<OO<en".te<lI""d In .. 1<1<11< 0(-" . • 11_ .... ·h.lfofLha' ~"'" i. UbI. be1m.-• 

... ~ . ... ~ . 
L~"gt" ~/ S"" .. i~ F"t. ~ ~ .~~ td 

i5~ "'.~ rt , ~ 4 5 6 8 10121 '416 ------~ ---- u ~ 3i!?-~ ---;:s.1~ 41~_8_ " • .01 . :1 ,' ~ .31 .41 .5 

i1L_7_ 266 --"""'5.74-4.88 366-"jl3r4.2,C'8 I. ) 
• .06.U. H'I .):(; .3 .4 .(H 

415 _6_ 222"""'S:iO~3.40"~6~ '1046--.:;a 
• .04 .07 .10 . 171 . 2 • I ,/H1 .,3 

4-'L_5 _ Tl3if 3.i3"""'i60 'i. 1,56 I_Jol""""i':i"i 70 
__ ._~ ~ ~1 :1~ 2/j....=?O ~8 ~ 

411 4 14 6,·)11 1·9' ' ss! ','9 .QI: .80 .68 .60 
· .01 .10 .l ~ . 2 K .4 3 .63 .86 1.13 

' ..... IT OF DHPt.HCTJO .... _ l<;,; <"",Idered i:<>Od p<>ct"'. In """ ~f 1'1 ... ««<1 cd]. 
Inp, 0< I~ oth<r d..-um .... n= .. he .. uodu. den«,I ... =y be I .... Judlo:l>.l. 10 prnportioo. 
.,.a ... ..,'II>.' "'d.d<~ •• 'i"" wH' nul •• cec~ ,_ph pa .. 01 on loch P'" foo<. 0< , .J6otb. 
PO" 01 ,i>&opan. All ......... ,.,h. fjllhl~1 I~ ....... oy b ...... k U .... llIdeftert jn.~ 
of <Ills Ilmll· Lb_ .... l.fioflb.Ii"".,., .. f. '" ... . 

" 
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PENCOYD IRON CHANNELS, 

c.- _ -. I. _ -...-1, dlo .. ib"OO<l,lo..lood.I ... """'" 1 ... lf. For • ..-e.,,_ load la ... .wlo of buoI. al __ · .. If 0( u.a. r .... I • .- below . 

'. 

• . ~ . , ... , ,. , " '" ., .~ ~ .69 
1." 

:11'1 
1·'3 ., .tJ9 

I I 17 ' .00 
."0 .U:l .!:I~ 

: .. 0J' .iJB;i .JJ 
I n! M 76 
.118 .W 1.0 :) 

.r,8p,1 ,,"& I .O~ 
'"-.~. ., 

:1".7 .91 , 1. :H 
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PENCOYD IRON CHANNELS . 

... __ 4'7 
IO 34 

4 1' 

10 ~ 

5'·4 9 36 
37·' 9 37' 
39·5 8 4 18' 
30.:74-::8_1 419' 
41. 7 40' 
'5.°

1 
7 

. ~t I.- ,..,. "I 319 6 4" .In 1.07 1.~9 I ,ll . , 

~:~ .:0; 1:2'0 t.tt I 27.6, 6 43· 
~:1 1.31 I.lNI !.ii, _ _ _ _ 22 71 6....1£ 
l~ol 27·3 5 45· 
,.'1 __ ' _ _ _ '_'_ 18.8---.i.. 46' 

---:-1--

" 

21·5 4 47' 
17·5 4 48' 
15.2.7 49° 

• 
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PENCOYD CHANNELS. 
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STRJ:::;'OTII 011' W IWUOIIT IltO:I. 17 

PART n . 
'1'110 preceding pngcs contain the latest data in rc· 

glml to PCllcoytl scctions. Ow ing lo changes which 
ha\'c IJccn made in some of the sections. the illfol'llHI.· 
t.ion gi\'cil ill th" tables in this PUrL docs IlOt exactly 
agree with t1mt in P:lrt 1. Where slich discrepancies 
ocellr the lubles in Par~ 1. should be nsed . 

'1'he infonnalioll given 011 11agl"11 88. 89 and 90, 
under hClltls of columns XI.. XII.. X II I. and X IY., 
Ill> to IIlcllu}\!ij of using cocmcicn~ for safe loads and 
<lcfll'Ctiolll!, applies abo to c()rrc~pondillg columns in 
taule on pages 8 and 9, Part 1. 

STln~NOTII OF WROUGIIT mONo 

The tensi\estrength of rolled iron \'"riell ACCOrding to lhcquality 
or the malerial, the mode of manufaclllr(', aud the soctiOllai area. 
of the bar. In ~Ilcral lcnllll the ordinarYlIizca or oors of good 
mawrial may be nccelltcd as hal'ing an ultimate ten~ile !SI.reugth 
of SO,OOO Ills. ~r square inch o( IIOCtion, all elafotiC limit of 
00,000 1I:0Il., anu will strcwh 20 per ~Ilt. in 110 1<'llgth of 8 inches 
when lc8ted up to rnptuR'. 

It i~, howew'r, 1\.!1 easy to producc the smaller ~iz('~ yielding 
results 10 I)('r ccnt. hig-hrr tlum the f.lbo'·e, ,18 it is dillicult to 
make the largest sections with a limit 10 por ccnt. below th\> 

80lrna figurei'. 
Dil'iding rolled iron into throe e\1\!J.'Je8 ICOOrdillg to il.<! So:.'Ctional 

area, Wl' ruwe: 
I.-Ilara not excct'ding Ii 8C!lIare iwh('t alUL. 
Il._&~ from Ii to 4 squaro i.nches area. 

I Il.-U~r8 (rom 4 to 8 &quare inches area. 



18 WUQUGllT IRO~ AND STEEL. 

1o'or which experiments gi,'c the follo.ing figu"" M a\'ern~ 
results. 

TIl< ILl: tTflL,<",TII IL..UTIC UJlIT 

I 
n.oJfOATIOl< Ill' 

~~ 

""."0. ':;CB. I'IIt IIQ. '''I'll. 61'<CII"', 

,-

I . M,OOO Ibs. 33,000 1l.1li. 25 per C<'nt. 

11. 00,000 " 90,000 " 20 " " 
III. ",000 28,000 " 18 " " 

ThCIIC, ho ... ·c ... er. III'(l only general CQIlc!W!iOM. as much depcnd~ 
on tho I!'hallC.' of tho eection. the mdhod of roHing. and tho 
rednctlon of .. rea from the pile to tbo nni~hffi bar. 

Tho following ten~i1o tests liTe actual nveraf(l'S tnken from our 
rooords, find were mlldo on 8JXlC'imcns cut rrom b~l'3 of tlw Si1.c8 
and shnp':-s gin-II, lind intended for 11110 In brid~~. nnd to con
fonn to tho 8pc<llflcations of tho leading railrood oolllpnl1i08. 

;&,s =~ ~:E · ... ~ .. I 
"" !:!" ~_. c t 

I '''' ISE ' .101,' ..Ii'< Sma ..,..u 8u ..... "I" ,;: .. t: :; '5 e.g f.£'V 
II.... £~.:; st,:: ts-.~ Gtlt .. -"'" ~ .. "S 

:>.f 1>:- :.: ~ I ~~ ~; E~- ~~lt 

----1---1- --

One-inch rounds. 02,21032.150 26 8tl 
Two-inch rounds. 50.93,; 31,800 19.8 
Four-iudl rounds. 48.22026,G40 18 
Four-inch t1tlt8. 5]'000 30,000: 20.7 31 
Eight,.illoh allta. ·11),000 31,500 16 
Twelve-inch Jln18. 4fJ,C80 31,000 HUi 
Throe_inch Angles. .49,000 30,500 17 
Sil-inch angl('!l. 49,10030,150 18.1 
Flanb"l':ll of beams. al,840 31,000 20.1 
Wl:bsofbeaw5. :00,18030,100.17.7 

COM.PRE:)SIO~. 

90 

1I0li in. thick. 
inchl'll thick. 

I incb~ thick. 

The power of wrought iron to resist oompre>tlion. is mua1h 

- d 

• , 



ELASTtCITY OF !lOLLED mONo 10 

tak('n II.S eqUfl.l to its tenaiJo strength. In the form of flanges tor 
80lid bCflmll, this property is exerted to its full <'fIllfICity, II.S tho 
adja«nt portion of ~he nilltcrial ill tension ~nsl.8ins the portiolUl 
in oompl"e!l"ion from buckling, el'en when the length of tho 
wun OOoomes very consitlernble. But ill the form of ~tntts and 
oohllnll3, when UtO piece becomes of oou~itlcrl1bl() leugth in pro. 
portion 10 its ero8lH!CCiion, failure oeeUI"l'l by btlltliug, or com' 
blned bending an,l crushing. (See IIrllelo on Struts.) Judging 
{"(1m mllny experiments we have made on b.'ll"l'l l\CCurod from 
bo'nding under oompl'C!l!ivG Irtrefll:l. the c]ngtic limit in rolUl!mt
~ion Is II. littlo lowl'r than In tension, but the torlU!'rnotsoeleurly 
dl'fln,-d 118 tho latter; practically tbey may be oonsi,lerOO /Iij 

equal. 
ThC'SC retulta wercderiv('(1 trom sUl1I1l 8e('tion~; In IlIrge f!eCliOIlB 

tben.· may 00 more equality, as somo el:pcriments bereatkr de-
9Criwl would denou,. 

With pressures '·lI.rying from 25.000 to 3.'i,OO[) Ills, per .square 
Ineh, the c18.!tie limit b attained, With 00,000 lbs. per !l<:luare 
illl·h II. permancnt ~duetiOIl of 2! JX'r e('nt. of the length is pro.. 
duoedj with 7;;,()O() lbs. a reduction of 6 per cent, lind with 
100,000 lbe.. per square inch the penmmcllt re-Iuction ol length 
ill fl.oout 8 pcr oollt. ThCllO results ha"c a. "I'i<!e I"l'llIge of mna._ 
lion, but Ule flgurcs are the averages of several experimcnts, 

ELASTICITY OF ROLLED IRON, 

The clastieity of wrought iron, or its ratio of change of length 
ullrler stress below the elUlie limit, l'aril'8 moreexten:.iwly tJJan 
llIlyother prop"nyof roiled iron. }~xperimcnt shows e. vfiria
tion of over 100 per oont. in extreme e&!:ICI<, 

The modulU8 of elasticity i:il an imaginary lond, whi"h, suppos
ing the materni to be perfectly elaslic, would cause the iroll to 
d{)tlble its length unJer ten~ion, or to shorten its length one-hall 
:.mdcr oompression. and l'('tum 1.0 its original lcngth whell re· 
lColl~1 from st~ Thill modulus ill UlIulllly iIl'!'umed at 21},. 
000,000 lb!, In IlIrge !!eCtions of properly prepfirOO mat('rial thtl 
tel1.'lilo cllllJ:ticity Ilrooobly averages a little 0,'Cr tbis, and the 
compressive cia.stil.'ity • little below it... 

'l'he tollowing reeults of the tests for compArative e]lIIJ:tirRy in 
tcllsioll and oomprossion, will servc to illustrate tho irregularity 
of the elasticity; al:;o, see tests of iron and steel cut from beams, 
"';"en hereafter. 



20 wnOJ;OIlT mos A... ... 'D STEEL. 

Two pi~ of J-in<'h !!quare iron cut from Amc bar. 
M~un!d h'ngth of f'ach specimen = 12 inch(>!l, 
Arta of each spreimcn = .W6l!qua!'e inch. 
Pressures in 1b8. ; change of length in Illch~ 

Tr.:l<-".I' T"'T. C(>.II ,~!t:l'-I\·r.: TaT. 

Elonpllone. I ItttI,.e.ion or Icnl,'1h. 

-
l"",,",'reper 

" •. Iud). 
Loood 00, Load 011. J're,o"""" pc. 

loll. Jud •. 1.a.oJ on, 1..-..1 011". 

5,000 .002 .000 .,.000 .0<0 .000 
10,000 .0045 .000 IO,()OO .oo:J.> .000 
1.),000 .000> .000 15,100 .0'" .000 
20.000 .- .000 20.000 .006 .000 
2'!,OOO .010 .000 2'!,(1OO .OJ7 .000 
2-1000 .010:; .000 ~,OOO .008 .000 
26:000 .011,; .000 2lI,OOO .000 .000 
2.'1,000 .012 .000 2S,OOO .OO9J .000 
30.000 .ola .000 30,000 .010 .000 
32,000 .0]3::; .000 32,000 .011 .000 
UI,OOO .0145 .000 lW.OOO .&,W .OO3J 
36,000 .01.>5 .001 30.1l<J() .023 . ()().L'j 

:Ri,OIJO .1715 . 149.; "'-000 .o-n .010 
41),000 ,3):I;JJ .300.; 40.000 . t01 

. "'" 00,1100 1.3::?6 1.2D.tJ 00.000 ,,~.~ .2-10 ,.'''' 
1;3,tt.l() 3.003 ...... 611.000 .464 ."'-' 

70,000 .6it .0l9 
S[X"l'iU1('1I broke wilh 53,820 !:!O,OOO "'" 81' 

lb;;, I"'r lIIlURI'I' ;II(-h. OO.1l<J() 1.07( 1.00 
StI'(ll.dll'l.i 01.00;\ in 12 in. .. 2.1~7 in 8 in . r.hxiuius of elasticity .. 27.::1 per cent. in 8 in. = 85,aoo,ooo lila 

Frllclure.IIU''(·o. = .3$1 

MotiulUiI or ehll;licit.b = 27, W,OOO Ibs. 

! 



r EL.\STICITY OF ROLLED mos. 

Two I,j('('('!l of ! -inch round iron cut from Mme hflr. 
MCQuro:llcngth of <'fIch specimen = 12 indl('O<, 
Area of esch specimen = .449 ;oqual~ inch. 
I'l'CS!!nre in lb!:.; change of I('ngth in intb~iI. 

21 

"~N'ILE TROT. ('OIlI'nr" '(I"I'l'1:.T. 

t;longatloo!. 

1'I'<!",u~JlC't 
.. ,. hlC~ . ..... 00. Load 011" . 

',000 .OO':! .000 
10,000 .004 .000 
lii.roo .... .000 
2(),00Q .O<.EI .000 
2:.?,00Q .009 .000 
21,00) .Olll .000 
26,UOO .0105 .000 
, .. 000 .011 .000 
"',()()() .013 . ()()() 
32,000 .0 14. .COO 
<1-4.000 .015 .002 
~;.OOO .022 .1!()7 
38,000 .416 .3,. 
40,000 .M4 .5:,)3 
00,001 1.740 U07 
Gl,GOO 2.468 ..... 
Spl1Cimen hroke "-ilh 51,000 

Ib!!'l)('r SlI"IU'C inch . 
Sln' choo 2.468 in I! in. 

" 
1.81 in 8 in. 

:'>2.6jX'rccIlL inSin. 

FrncturcJ ILl'OO = .297 sq. in. 

Mod\llus of elasticity 
= :.>9,400,000 li:ll!. 

I 
lI<'t.1 u~llon of lengtll. 

J'noo.a"'l"'r 
oq. h>< ~ • """M. l .-!otI'. 

',000 .002 .000 
10,000 .,., .000 
t;;,o.xl .(lM .000 
20,4100 .010 .000 
2~,1.IOO .Oll .001 
21,000 .012 .002 
26.000 .01:1 .003 
2R,OOO .Olti .0045 
00,000 .0'H5 .OOOfi 
:l2.000 .02:!ii .007 
81.000 .om; .000 
'MOO .04(1 .OUl 
a..~.OOO .0.;:,) .0.'36 
40,000 .133 .114 
50.000 .3()1 ."" 00.000 .427 .402 
70,000 .MIl .tm 
I!(),()()() .1l6S . /I3.'i 
00,000 .r-a . 'in 

100,000 .800 .862 

Modulus or cla.-ticitv 
= 24,400,000 IIJ3. 



22 WnOUGlJT mo~ AXD STEEL. 

.t\ !!Crios or t~t.s Wfl!:I mlldo on thl' Unitc'd SInks Government 
tc,;ting machino at'Vlllenown Arsenl\l, on tho full·sizOO bars, 
(>( which the COIJOWillg is a condensed an'rage. 

TEN::jJLE '1'BSTS. 

~i < Oil! ~ , -,!i ,. 
j~ ! • ~. 'Q;:' )tODII 0 .. )!ASIl· , " i 

< ~.=: 
-~ 

~~.; ]:g ,-.AC'TI:RE. .!l 
~~, I '. "I!" " li :;;-- "- ~ .. t: .. 

0 " ------
Single rolled .. 3d 50,000 2$,600 '" ::8,200,000 

Doublo rolled .. 3 x I !i2,SO() 80,100 :>2 27,88.':i,OOO 

tiin;le rollrd .. hI! 49,~ 2(1,100 21 27.030,000 

Double rolled . . /) ( It GI,OOO ! 27,'!OJ '" 28,020,000 

The "8in~le anll double rolled" DlCflns tho number of worl;:. 
iugs from the pwjdled bar. 

A number of experiments on Jl\rgG colul1ln~ with the sa.mo 
machinl.' gave the (ollowin~ I\.><;ult!l,-also the tensile Multi, 
for the iron used ill the construction of tho ooiuIDIll!. 

Wrought iron in comp~ion ..... . 

Wrought iron in tension ....... . 

!l..&.l;TlC L",IT. 

27,300 

3UlOO 

lIODe l-l:< OP 

EW.'T1CITr. 

:.>9,000,000 

20,100,000 

The modulus of transvel'!lEl eln~lidtf"" apllli('d to our tables of 
dcn~'Ctioull is tllkcll nt:!(i,OQO,OOQ ill!!, It is 8 hypotlwtlClI1 quau. 
tit~·. drri,'cd by Ineans of formnill!, which are gil'en c1gewher~, 
ami which assume that the resj,,--UlIlee!l to ten~ion and oomprcssion 
are equal. and that the auOO!.'SSi,'e fibres of iron, from tho neu' 

• 
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SH£AlllNO AND TORSION. 23 

tl'lll axis oulYnn! act indcpendenlly 01 each other, neither of 
which statcmcnU! nrc correct in tllCt.. 

It is probaLlo that this modulus. with tbo lame material, will 
vary with each change of I!CCtion, and poo;.oibly also with changes 
01 Jength, and condItions of lood. 

SHEARING. 

Undcr the conditions that shearing strceses arc usually applied 
ill structures, the sh(lllnng slrellglh ot .... roui:bt iron iell.llout 
cight-k>ntbs of the k>nsilc. viz., otO,OOO Ills. per IJ(Juaro inch of 
bOCtion. But when 8Ubjootoo to tho IICtion of properly prellRrccl 
culUlIg knives, tho rosi~tRnoo t'l shooTing is much Iu.~ thal\ this. 

TORSION. 

Tho resistanco to twisting is proportionnl to tho cube of tho 
tliameter. When tbe shearing atnmglh is known, tho torslolllli 
strength ot any round shaCt can be (lok>nnincd lIS follo"ll'"8: T = 
1.57,r. ,. = rndiu3 of shan in incbes. , = shearing streng;.h 
in Ibs. per 8qUIU"O inch. T = tho torsional moment ill incll lbs., 
or tho fon"'(! In lOs.. multiplied by tho loreragc in Incbes with 
wbieh it acts. 

In practice, howe\'or, torsion Is usually accompanied by bend· 
ing stl"tl8SE.'S, which nlU~t be always considered when determining 
tlie proportions of Bhnft8. See articlo on Shafting, p81,"e 110. 



24 WltOUOlIT UtON AND STEY.L. 

STIWC"J'UHAL STEEL. 

The Vl\riOUlI gratll'1I of sloo\ 119('(1 in structllJ'('!! ~ 8uch an 
e:a:temled range of Ilh)~iclll properties thnt it is impo!!lSible to 
present as definite II bn.sil!: lor 81t\:llgth, sliffnc:;~, el.e., as can be 
,,;ivon for wrought iron. 

The chnrncwr or the material is largely d('tcrmined by ita 
combinatiOll, in minuUl proportions, wilh mriOIiS sul)stnnce.!, tho 
mO!lt imllOrtaut of which is carbon. 

As II gtncml rule tht! greattr the percentage of carbon in tho 
st.eel, the higher will be its tensile 5t~ngth and tho lower iUl 
duetility. Tho following list eJ.hibit.s t he Ilvcmgu \.ensile ro
sistanOClllor steels ba\'ing gl\'CII proportiOU.9 of carbon: 

TL~SILX 8.,,,.o;1<OTII Ilf POI;IIIlII rIO 
D CC'I'rLlTY. !Sq1J""H bell. 

PI:R(."''''TA<III -
or C"'UI(l)l. 

l'LTllI .. TE 
KLUTIC L.alT. 

ULTUU.TI< 1':"""0'" 
T~"'''C'TY. TIQ" ,,.. 8 ,:<c"" •. 

--- -
.1. 00000 S6000 26 Jler C('nt. 

.1(; 6_ 4_ 
24 " 

.20 "000 .WOO " " 
o· 
.~ 82000 00000 20 " 
.30 00000 """" IS " 
.S:; 100000 00000 16 .. 
.4. 110000 65000 14 .. 

ThClle figures, how(.'\"er, are only approximate, as much d"
l~nds on tho qUllJity or the st~'('l, and al80 tho extf'nt to which 
it has been workod in the rolling process. 

The j.,'l"lldC!! below .Hi per cent. carbon Ilre known ooO\"en· 
tionallyas " mild steels," owing to their high ductility and W 
their I~ing but '"ery moderate hardening properties when 
chUlcd in wakr from u. roo heat. 

• 
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STIIUCTURA..L STEEL. 25 

'1'ho mild steel hill! alllO superior welding I'roperti('!O, liB oom
pared with bard steel, lind wLll endure higher heAt without 
injury. 

Steel whose carbon ratio does not eleood .10 percent. ~holll(l 
be capable ot doubling lI11.t without tmeturo, when chiJ](l(1 in tho 
oollil':!t water frum /I. red heat. 

Steel of ,12 earboll should endure similar treatment when 
ehill(l(llu wal.(!r of 80 ~'. 

When the curboll pcrccntogo is .W the steel should becapllb[e 
of knding at least 00". 0""1' a eUHO whOlKl nu!ius ill three or 
four times tho thickness of the specimen operaled uJlon, a!l(I 
aft('r l>cing chilled from /I. red heat in water of 80' F. 

Sleel hlwing .3J to .40 Jlcr cent. carbon, will u~ually hardcn 
sunicicnliy to <'lIt soft iron, and maintain an edge. 

'(' hero is mud, \'o,riation from thoaforeiilid hardening proller_ 
lies in tlilT.:renl. ,]utllities of sl.c.:l, 'IS much dcpcnd3 on tho illnu. 
enee of othllr hardening llgenu besitles CarOOll. 

The mooenl k>ndency is to Jimit the ll.>C of 81.001 f or structural 
PU"l)()1:!t'8 to tho milder gnules of tho material. J:.~or st('('1 in 
stcam~hip6 the United Stales GOY(!nnuent Kpeeifles Ill! follows: 
"Steel to h3\'O an ultimate tensilo strength of not Ic.;s than 
00,000 lbe. per square illCh, IIml a ductility of not le!lll than 2;; 
pCI' ('(!nt. in 8 inches, T ho te;,t pit'CC to \.Ie I,enl.ed to /I, c1JCrry
rOO and chilled in water at,., temlleNllul'6 or 82 F. After this 
it mll~t be CftJlllbie of bemliug d,)ublo flat under the hammer 
wilhout cracking." It re!juin.'l:! aoout . 11 to .12 caroon steel to 
cndu~ Ihis test 

'f Lloyd's" ruled require tho stccl to havo nn ultimate tenacity 
of not less limn 6:1,000, or not over 70,000 lbe. per square inch, 
with 1111 elongation or at loost 16 per cent. in 8 inche.. This 
steel, when h('lltod to rednl'SS and chilled in water of 82' F., 
mu~t bend doublo .... ithoul fracture around a curn' of which the 
diameter is not more IIlIIn three times the thirknCS8 of the piooo 
tested_ For a cold lest .... ithout bardening, tho mau-rln! IIII1~t \.Ie 
capahle or doubling 6.at and ben<lingh&ckward without fracture . 

. \ngles and bealllS for sh.ip-frnmes may ha\'o a tenacity of 
74,000 11)8., pl'O\'iding tho bending test.!! aJ'(J MtisCactory, and tho 
... ·eltling property is unimplliroll. It requires about .12 to .14 
carbon ato..'O!l t(l mw\ thCll(' spc(-,ifirotiollS. 
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\Yo h&\'o mad~ nurn~rous eJ:perinu:nl~ on sleel of IIErreral 
grnd~, 1111<\ in \'ariouq forms, but Iho reki~ullloo nnder stress is 
8(1 UI)('u\.aln tllRt a fair statement of ;\.;1 physi"al propertil'S can, 
n(lt be !I.1li~taclorily given until an cll:h"u~ti\'c series of experi
ment.g luu) I.o«!n made on material or defluite composition. 

We present thelwemge re~nl\.;l of (:xpcri1nent8 on the strcDbo1.h 
lind ~lll.blicity of ., mild" and" huI\!" steel, aJso the campanl
U\'e l'l'6i~\.ILII(,(I 01 the.;;o materi,,]s ;u the forl1l of atruta, The 
., mild steel" had un (l\'erage carbon mHo of .12 per t'Cut., lind 
the 'hllnJ steel" au average carbon ratio of .30]It-r ~ut. The 
"I'emgl.' ~trength and elasticity of wrought irotl is ill;.,rt~'(1 for 
Ihc ]>IlrJlO"" of exhibiting the ehaTI\Cteri~ticti of the sll'el IIlld 
irllll, J\~ in tho CMe of tho steel, the several \"llIuC;J gh'en for 
iroll are the n;r.ul\.;l of a few 8pf!C)ial npcrimenu_ 

I T~S'ILE STIl~"'\IT" '" 

I 
LB~ n" ~l''''U' bu, 

",.Tl!UTll F.'~'T'C 
'l'~~4CITT. L'.lT. 

Iron H I 51000 31000 

Mi.d /!tool.._. 114000 39000 

finnl steel, .' 100000 00700 

DCCTn ITT. 

""m"U"8 tip 
Ib .... T"·'TI" '" 

I Lils. 

F. .... "" .. TUl" "'1 8 ho,"" 

- ---
HI per cent ~8100000 

24 

18 

from tho sallie lUaterial th(, following mlulls for eompres;;ion 

were obtained. 
OO)l I'ItE88I\'E I\&SIBTAXCE, 

Iron . ". _". 

Milol steel, .. , .. _. 

linn) sll'<'l.. .. , .. _ ... 

itw.!!T'C LIJIIT I~ l.rn., 
"~1L ~o: .. "~ '''cu. 

r.I01>nl·80 .. 
E ..... T'C'Ty. 

U760000 

24:;70000 " 
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TUIINSVEI(SE S'I'BENGTn . 

A IIC ries of cxpcriments WI\.8 made on tho transvorse strength 
Indchulueilyof round h.-tn,1 from 3 to 4 inch('~ in diumeLCr, Bnd 
nnn~'(). he,IniS "ar)'ing from 3 to 12 inches d<,<,p. lind from 3 roo' 
to 20 fC(·t inlcDl,'1.h. J.'or tho I'Ul"J~Or making a oomp&ct IlX· 
hibit of the resisulIloo 01 beams 01 variou!! I~ngths alld eros<> 8l'C

tlOIIS, tho results of tho experiments were oondcn!;()t! to the 
metho.! of the ensuing table, in which 

Jl = tho modulus 01 lUuimum rc6istance. 
H, = the modulus of rctlistanoo at the elastic limit. 
J:: = Ihe modulus of trnnsvcT8(' elastieil.y. 

E _ ~'~~ght x_ cube of Icn¢.h . 
- 4ij x Inertia )( deflection 

The ullimnte l'C!'istance W8lI taken at that stage of tho clpen· 
mtnt where increaso of dctloc:]ion occurrod without im::rcasc of 
lood. 

MATJ:RIAL. " n. N 

Iron ............... «700 11.1/1.. 31000 Ills. i27GOOOOO 11:8. 

Mild steel .... 02800 .. "'500 .. 2970000:J .. 
liard etee!. .. S0200 .. 114:>00 27200000 .. 

I 

As is \I'ell kno\l'n, tho cl!Wticityof iron is 80 "lIriable anli 
IIneerUlin, that no defillito ,'III I1C can be BSElignod to it cJ:oopt 
by luking the a"erages of numerous l'Jperiments, 8t«-1 
1)()S8('!lSC!l t he same uncertllin elllStieity, especially uml ('r trans
verse amil"OlIl(ll'{ll!.Sh'c slre8SCII. 

The oln&l:ic moduli in t(lll~io" mried (rom 27 to 33 millions o( 
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pounds, in oorn pn:1l8ion from 21 to 33 millions, and lrtlllllvenocly 
the modulWi of d.lISlicity varied from 2;; to :t3 millionll of 
pounds. 

It is probtl.blo that thl'l'(l ill not much llilfcrcncc on the whole 
bell'l'ffn the !mnsl'eNG elnsticity of iron lind either b'l'lltlc of 
st.eel; if nny ditrc~nce at all exist!!. tho stet'l probably hll~ tho 
a\hant4~ in !itifflle8S, and tho e:lperimcnts indicate that the 
mild steel, if anything, i~ stiffer UUUI tho hanl steel, tho re\"Crso 
<>f what is popularly ~lIppooed to be tho CR8C. 

STEEl. BEAMS. 

'I'he experiments demonstrato that tho IrnIl8\,('l'8O resistance of 
steel of \litten-lit gmdt'fl maintains a mlio pm('tieally uniform 
witb tho teuaeitie!l of th!' different steels. Consequently when 
Sk'clof known l<'nsBe stnmgth is used in beams, tho ab80\uto 
strength of the I.II'UIlI IIllly be olJillinod (rom our rules I1ml UlblC!l 
for iron by intrcasing the n'!lUilS in tbe proportion of tbe in· 

J 

Cll'ru;OO tenacity of the parlicuhlT stt'ei uS('(\ ol'er lhuL of iron. ~ 
'I'he peroenta~ of inereMe for good qualities of steel, will bo 
abouL 11.8 COJlOW8 : 

. 10 20 pcr cent . 

.15 '" .20 '" " 
o· .w " " 

.30 '" " 

The eJ:perilUcn18110 not show that Rteel of uny gmtle is ~t ilfer 

Ululer working loads thl!.n wrought iron. Therefore bl.'flml< of 
either stoel or wrought iron IHwin ~ uniform lellgth~ nlld ,.1'(1';)8 
!j()(·tiOtlS will defle<>t unifonnly lIud"r equal lo.cl!l, ~lo"" the l'\:l.lI
lic lilllit of wrought bill, and our taules of denootiou~ for iron 
OC'lUIlI!IoS gil'cn hereafter, will apply also to sk'Cl. 



STIIUC'!'URAJ. S'J'}!I~ I ~ 29 

STEEL SIIAFTINU. 

When absolute strength irre;pedh·c of slilTneae is alone 0011-
lIid<'n.'(I. steel probably 11O<Il!e8S..'lI a tol">!innal strength e:II:Cl'ding 
that or iron ubout in the rauo of the rt'!<pecth·o t"'lmdtie~ of tho 
two lI\otlll~. Thert'forc, when designing ~Iulonillg under such 
conditions, our torulUlre for \roll shafting CflU be used, substitu{.. 
iug II shooring rcsktnllco Cflual to f of the tellsilo strength 
of tho eteel, in plnoo of that given lor iron in tho articlo on 
Shafting. But in the lIIrge majority of cases tho usefulne'l8 of 
shaft iug is lM .... rminai by its tnu1SI·Ctlj(! stilrueM, il"l"t'!;l) .... '.(ivo or 
ita ultimate tol"!<iolllli strenb'1i1 . 

.A! in this n'!'pect tllo ndmutage of sled OHr iron is ,·ery 
qut&i.mablc, it will be found necetllAry to usc the samu dimen_ 
sions or sled sharts as determined by OUf fules tOI wrougbt iron. 

STEEL STRUTS. 

'J"he expcriments on direct oompl"C"SSion 1)1'0'·0 that tho clastic 
limits or slrel, as of iron, untler stresses of ICllliioli and oom_ 
Jll'CS8ion. nrc nbout C(jlm"i. 

COII!lCfjuentty tor the shortest ~tnLls, whero failure rosuils from 
tho efTrets of direct oompression, the u,llllile rcsisl.llnces of strel 
and iron ecrl"e as a comptLmtil"()IIICBSUre of the lItrut resistance 
of tho t1l"0 materiab. 

But Il8 tho strut is increasod in length, an(i failure results 
from lIIwrnl n~xurc before the eomp~i\"c limit of elasticity is 
nttlliued, then the trnnSI·er&! elasticity of the matorial become!! 
a fllCtor of increasing importance in determining tho strut resi~t
allt'<'. 

'\8 in this re<:Jloct the stwll"lOSSCSiJ('8 liWe ,"Ivantage, if any, 
OIW iron. the ten(\<'llcy will bo fOf lItrnU 01 stwllLud iron!l!:! tho 
length i~ inCI"Cll'>O(1 to lLpJlroximatc towilnl ('{Iunlity of resist.
ance. 'fhis cqlllliity with iron will be attained, first by tbe 
mildt·~1 H''CI. amll:ltest by the hnnlt.,.t steel. 

Tilt' n.Jr<ulLs or many e:-;pcrimcnts 11"0 hal·e mad~ seem to delll
onstrntc that this equality of stnLt rcsistillLoo is practieally 
altai lit...! bet1\·l'Cli iron ami mild st(l('l, whell the ratio of length 
w 1eQ.l;(. rndiUll of gymtion of croo>s aco:tion i~ about 200 10 I. In 
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tho <:Me of the han:ler steell'l, practical equality of n!:Iri!tr.noo \ 
wouM prot-bly be reacllod at !!Omo higher !Jilt unknown ratio of I 
length to fI('oClion. 

We gi,'o Ii table exhibiting the oo1l1p1lrAti\'o re!isl.llnces pC'r ~ 

&l]UI\I'6 inch or section for na~nded struts of iron, mild steel, 
nnd hlll'(\ strel, lUui for further particul'lr5 of tho subject refer 
to tho artie\u 011 Stnlts, given hereafter, 

It is quito probnblo tlmt gmdes of stoel intermedinte between 
thOllC denoted. In tho tablo will offer iniemJ(!diIlUl M<istnllctl II!I 

struUl, in the "'tio of their p<'rcenttlgo of ('nroon, other clomenu 
remaining the same. 

SPf.:cIFIC ORA nTY. 

Tho spt)CifI ... gr&l'ity of steel and iron ,-aries acconIing to the 
Ilurity of tho metal, and aOO 1<1 the dcgroo of oonilcll!llltion im. 
parted by tho rolliuJ: process. 

As II. rulo tho rniltl steel hM a higher specific gmvity than 
Ilanl sU:el, IInrilJoth are denser thun iron. A number of let;t..I 
we JIIlVe! mll.de! fOf8pcciftc gral'ity show rolJl~1 \)til'll or mild atoel 
10 l'fHY from 7$.l to 7.&-l, and hard IItl'C\ frolll 7.81 to 7.8.:; 
~I'ccille ~\·TIloI·ity. Ortlirmry iron bars will \·lI.ry from 7.6 to 7.8. 

In th ... (orlll of beams 111111 Iarg<! rolled aeclionll generally, lhe 
[ollo .... ing ftb'llle III&Y IJe accepted 118 a fair .",crage. 

Wdglol per cub'" fool.. 

Milt! ::itoel.. ........ .489.0 lbs. 
IlInd Steel. .......... 486.6 " 
l roll ...... ......... . .4.8.8 " 

Wtllht per cubic !neb. 

.283 lb. 

.281.., " 

.2768 " 

Or tor lhl' 1l-\In('lI('Ctionlll aI'Cas, tho excl'fIs in w('ight OV(,f iroll I 
lI'ill lie, for mild 1It«:1 2.2-1 per C<!nL and for IHlnl sl.ctl 1.7 pel • 
per cent. 
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FLAT-ENDED STRUTS. 

ULTIMATE In;SISTA..'mE TN PO UNDS PRR SQ;UARE D1CIl OF 
SilCTION. 

L F-" o",,, DlnDED )[,u. STERL. liARD S"""L. 
IlY [, HB1' n .. ,,' U8 }"ON. 

0>' 0"",,1'10", . 1~ C AIlOON, .36 CARBOl< . 

20 41301313 ,- 100000 

" 43000 filUOO 74000 
40 40000 4131300 62000 

" 38000 44000 6DODO 
60 3131300 ,j2DOO 580013 
70 310130 40000 551500 
80 32000 38000 53000 

" (101)00 3(1000 49700 
100 2D800 340DO 4G500 
110 28000 32003 43200 
120 26300 30000 '"600 
UO 24900 230CO 86700 
140 23500 26000 33-'500 
150 21750 24000 30700 
160 20000 22000 2_ 
170 18400 20000 25500 

''''' 
,_ 

18000 2_ 
100 15650 1(;200 21000 
200 14500 14800 

,_ 
210 13600 

,_ 
17200 

2:;0 t~700 12jOO 15500 
2:1Q 11950 11950 14400 
240 j 1200 l1i!OO 13400 
250 lO.iOO 10500 12400 
260 9810 9SOO 11500 
2iO 9150 9150 16000 
280 8500 81iOO 9700 
290 "50 7Biro 9000 
300 7200 "'" 8500 



82 WltOrOliT mON AND STEEL 

ltE:::iI:::;TAKCl'~ TO llENDINO. 

"'h(m wrought-iron Oeams are subjeclCd to bclHling et~'S, 
the resulting do,;nectiol!~ inCf'CIl!!ll nearly in dinxt P!'Ol .ortion to 
the irwT('asc of load, up to tho limit of dnstidtyof the iron, 
:::ilight permanent set;! can be ob<cr\'ed ill the beam Oef(>re the 
elastiC limit Ie reached, JUSt lUi similar 8C\.8 are obtained ill longi
tudillnllcsts. Alter tho elastic limit is p105sed, the deflectiolls 
inCI"Cul!(\ in a greater mtio tlum the lOIllis. ami clearly dcfill~'(l 
lX'nllllll(,nt sets occur, until anothfr stage in the experiment iii 
rcat'hod, when tho beam ShOW8 incrcnsing dcflcclion without any 
inel"ClL'le of 1()Il(1. At this point the dement 01 timo becomes nn 
important factor. The looJ. can Oe very @Iowly increased, with
Ollt tho I'OCOrd of stl'CSll sho1\'ing increase, uut if t he loud is fredy 
applied, tho recorded stl'OS6 IIlay be vcrycon»idCl'Ilbly augrnentlld. 
It is probable that if the load IHIII lelt. long enough on the beam 
at this $t:lgc of the experimeut entire fuilure would ensue. 

Wo eall Ihis point. which CIUI generally be \"Cry clenrly ob. 
scrved, the "u ltimato resistance" of tho bco.ms. al!d whcnever 
sueh terms as .. ultimate lood," "breaking lood, n (Ie, fiN used 
in COluH'Ction lI'ith bfnding sl,TeS!lC8, thi~ is the lORd refeTr..'d. lO. 
The stre5S at the ewtic limit lx .. rs no 8IIeh fixed relation to tho 
uitimllto stn.w lIS can ~nellll1y be obscfl"cd in t('osilo 1('9ls. 
'f he I<'ngth or the l>ca!n, and probably other ('Omlitioos, sucb as 
J"IO"ition of looo.!, etc., becomo factors in detennining the ralio. 
which in the abseoce of oompicl6experimcHts (,flllllot be decided. 

MODULUS OP RUJ>TUlU~. 

It Hlo mllteria l of a beam offered ('(Jufli resistan('(!S to tensiol! 
and comp~~ion, anI! if thc flbm actoo ind('pentientlyof l-aeh 
olh<'f in c lI~ting thi~ l'I'!~i~tan~, then tho maximum fi bre SII'C$o.'S, 
which occur at the top and bolloill of tho beam, could be readily 
eslculated as folloll'S : 

31rt 
For any rcct./lllg'Ulllf S(lClion loaded in the middle S :.It d'; 

for a bC'am 1 inch lIqunre ami 12 inchf't lon~, S -,:: 1B lV, or in 
general terms for an)' symilletriclli belllll, under any condition of 
.. _ . S_Jfll 
.UIKI, - 2 r 

" 

• 
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T.lMITS FOR THE RAPE LO.W. 

8"" mllJ.immn flbn> st~. 
~ "'" lorca<llh of beam. 

u: loed. 
I = length or beam. 

.11 benilin):.;: moment 

33 

d = ilel)th of brom . 
J = moment of inertia about the neutralllJ. U! at right angle6 to 

the direction of pl'CSIlure. 
nul, liS previously st3k'd, neither at lhl'86 uBUlllly assumed 

COJntlitions oxi~l. 
It seems prooololo that the fibr('!! nCllfef tho Ilxis, by llI{'ans of 

m\{'rnl ndhesion, reJienl the outer flbf('!! from a portion of the 
stresll whkh tho usually accepted thoory indil'ares. and con:;e
quenUy have their own portion of the theoretical strt'Sl; cor
respondingly increased_ It is therefore 1l0C<'!:lSllfy to abandon the 
t1ecepti,-e term of "maximum fibre strc .. " ami .substituto a 
" moilulus" dctcrminrd by moons o[ the (on-goin!; (annulS!_ 

This modulus will "ary (or '"!Irying c~tiOll!, and rt!CI'nt 
expcrimenls make it seem probable that it will ,-ary with tho 
lellgth of beam, etc_ 

Tho avenlgt! of a large number of experiments on standard 
J!nngod IxoIUUS gil-e 1111 ultimate modulus of 42,000 Ills_ On !lOlid 
rectnngulllr !lCCtiolls the molluiuswiJl run higher, or from 4::;,000 
to 60,000 lb!!. 

We adopt 42,000 liS the 1H0duius (or uitimnle \mnsvcl'Sl'l 
strength of I beams. All our tahle![ IUJl calculated by takin.$ 
S 14,000, or one-thiN of lhe ultimate strength of Ihe beam. 

LDlITS FOR TJJJ-; S.\J<'E W.\D_ 

Inasmuch as there is a great dive""ily in puhlished tables of 
sate load.s for beam~, e'-ery one mU!t jUdfo'C (or himself what pJ'Q. 
portion of the clastic strength of the benm will best suit his 
purpose. 

Tho character of the lood mllst bo con~id~retl, I\ntlthe mode ot 
11llpliontion ot lho S.-1I00. If the lind is ~uddonly nl)plicd, csJle
cinlly it u<'OOmpaniC'd by impact, the d~·nflmic stl"t'SS('S resulting 
therefrom will not be expressed by!crrnIJIII.l wh!ch are derive<l 
trom static con~itlerat iolllJ alone. Fre«lom from vibration or 
e:t.::ces.-i,-e d,·flection ha,·e usually to be pro,-jllcd tor, or lhe beam 
may be of con~ide:"llble length without lateral support_ In many 
lIueh ea~ it may be necessary to take one-rourth or one-fifth 01 
the ultimate strength of the beo.rl1 lIS tho lI·urking basis, instood of , 
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otlCothird, as gil'en in our tables, which we give as tbe" great
est safe loads." 

Wo lun'e el'ery conftdenoo in the accuracy of the tables, as the 
Te!lults of n. numlx>r ot careful tests we hal'e l"QC(!utly made show 
that \"ery ru",ly docs the uitimlli.e strength of lhe beam fall below 
the limitll ""'0 luwe given, find In MOille instances it considerably 
exceeds thooc Jimi13, 

We hal'c in our own service beams lhat arc continually ,o.ubjeetoo 
to mucb higher bending stresecs than ""'ould 1Jo n.ssignOO 10 them 
by olLr uwles without. any evidence ot a want ot s1a.vilit.y, 

FACTOR OF SAFETY. 

For factors of safety lho following table will gh'C results in 
harmony with good practice. 

<:IIAIUCTIIt or "REM. 

Qui~nt load, subject to little or no libm- t 
tion 118 in light tools, etc. \ 

Fluctuating iOftds CIIusing yibmtion, but 1 
no sm.Men applil'ation of thl' llllllitllUm} 
lont!' SUl'h Mlal('ral bmeing 01 bridges, 
root", I'lIrrying shafting, etc. 

Wlu'll mfllimum 
plkd, 

loads are suddenly tip- ~ 

"'hen maximum slre8S{'S are sudd('nly ~ 1 
wl"!!Cd in din.'<'i:ion. f 

UNSYMMETIHCAl~ BEAMS. 

~ of ultirnal.c. 

~ of ultima\c, 

i of ultimal(', 

! of uilimale. 

When beams hayl:' not an identical (;~tion aOOI"C aml 
below the neulrul IIlis. ns in Deck lknrns, Tee<. Angles, et('., 
uprrimcnt shows no substAntial difference in eithrrthe stren/;l h 
or sli lTul'S8 of lhl} heam~, wh('lher the great""t nan!;,! is in U!n
sion or oolllprt'llSion. Ull to or nCllrly to tl1f.' clastic limit, When 
the kllst nRUg(! is in ('Oml)rcsaion the elastic limit rnnget' Q, little 
higher than when it i3 in tension, ami in thl} fonner case, ntter 
lh(' ('lastie limit is p6SS('1.l, the beam ~nerally uhiiJit~ mILch Icss 
.ien&rlion and higher ultimato resistance than when loaded wilh 

• 
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the lcallt f1auge in tension. 1'his ill prooobl)· dne to the high 
resistance of wrought iron to crushing fI.lU!r the elastic lilliit is 
passed. 

Thcre arc fIOllie e:<ceptiolUl to this, as in the Cf\8Il 01 'l"ery long 
bcnm& that present no adequntc resistanco to lateral f1~ure. but 
as such ellllCl!l are outl!ide the bounds or good practice they reo 
quire no further notice. The autboritati'l"e formllie 1Il000t gcn('r
ally accepted are based upon a maximum fibre streea ootainod I.I! 

follo'l\'! : S = ~'!.. M := bendingmomcnt. d == distance from 

neutral &:ria to farthest edge of section. I = moment of inertia 
about the nxis passing through the centre of grnviLY at right 
angles t.o din.'oCtion 01 pressure. 'filis dOClJ not give results in 
barmony with upcriments. CJ:cept by taking S as a moduh18, 
whOllO ,·alue would liot ngroo with thnt used lor synunetricnl 
beams. nlld whose valuo would have to bodcril·od byexpcrimcllUl 
for differing cross-soelion!. By taking the momenl3 of inertia 
aoove and belo'" an nis flO located ti)at tbe fol'OOl producing 
tension and compression nrc in equilibrium, and using the mod_ 
Ulll~, S c: 42,000, as in symmetrical beams, resull3ilarmonizin& 
1Vilh el.perim('nl& are obtained. 

lint. for simplicity, we luwe adopted the following methcxb 
for enlculatiug thc ~Itc load, which, though incorre<:t in prin
Ciple, yet gil·o correct n:!!ult.s lor the particular 8C(:tions refHl'ed 
to. 

AIIl " Deck Beams 27 = S == 4_,000. 

TeM Rnd Anj;tll'Sot equallcgs ond t #2Jd =S==4lJ,OOO. 
unifonn thtckness. f 

Notation as for cqUIII Hanged beams. 

PENCOYD BEAMS. 

OREATf:8T SAFE 1,0,\.D8. 

Tb(1 followin!l: tablf:'f! for I beams. channels, and deck beam' 
glvil tile grcnl<'~t I!8ro 1000Is ill nel tons, erenly distrihuted (Wer 
the btflm8, and including the \II·cight or benm itself. 

The«c lootl~ are one-thin! m or the ultimate slrenjtth of the 
1>.."'111118, and An) correct for the oom.'l! lJOnding sectional areas 
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gin·n. The aevcl'8 l \·.Iut~ are obtainPd by the Inl'thodsdC9Cribod 
on page fIH, and have boleD oollflrlllOO loy numcroWi expert. 
mellts. The beams, if or considerable length, 111'8 supposed to 
be hmooJ horil'.()n(.u.U~·, ami it is safest 1.0 limit the application of 
th() tnhul~r loo.tl$ to beams whose 1cnt::th h.:lwl'Cn latcrnl sup .. 
l)()rlil t100!1110~ exceed twenty limes the flnnge width. 

OUf eXIIl'rienco has 00e1i that" beam without lateral support 
is Inllch rnoJ"(l stable than 1$ oommonly SIII)I)()E«l(\. In an open 
webbed beam, the lOp flange acts as n simple strut, and is liable 
to lat('rai Jll'xuro wh..,n the unsulIl:>orlCd length is considerable. 
But in a 8OIi<l beam the parts in tension 8uslain the paru in cow-
1'1't'll:;\on rigidly. and prevent the buckling which would other. 
wigeoocur. 

A IlUlnOOr of careful upcrimcnts have sho"'o a reduction of 
about ono.third of the nOTmal modulus of rupture ....-h,," the 
1~llgth of the beam becomes 80 times its flange width. But as 
the long beam may suITer if exposed \0 ll()('identRI CI'QS." stmius, 
we recommend the gl'l'lItest BRfe lood Iv be reduced in such II 
mtio for long be(1I1)8 thnt when tho length is S(wenty times tlw 
lillllh'O Width tho gn:'8test safo lood~ will 1.10 mluced one-half. 
T his will give safe loo<ls, corresponding to gi\'en lengths u.s lol_ 
low,; 

BE.\)lS wrTUOt..'T L.l.Tl:I.J.L rn;r>P()RT. 

LI:'iGYlI or IIE..I.JI. r~~"'"'' .. , .. ".~. '",' ~u". GR""YQT ........ WAD. 

20 times IIllngc width. Whole tabular 100II. 

" " " ,', " " 
40 " )"" " 

'" " " j" 

GO " " h " " 

'" " " " 
, 
" " " 

Tho B;l.fe ~Is for Ilny other length, riot givcn in tho table!! 
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can noa<liIy be found by simple llroportion, remembering i f the 
8P&1I ilJ "ery ~borl to limit tho load to tbaL gil'en ill 001. Sil', 

ptlgtos9a-!l7, ht'aJoo .. ,\laximum lood in tons." If bc.-.1U1I o( >!.II}' 

sectional IHca not gil"tn in tho (abies lifO used, thcstrength can 
be fOUl".!. 118 described 011 pogo 100, or a. close spproI.ilnstioli to 
the lIftillO by tho rulo Oil pago 00, 

DEFLECTION. 

irUI.$lIlU('h 118 the elllSticil.yof iron lind stA!<-1 is "cry variable 
and ImCl:rtain, tho tabular dcllOl:tiolls lifO gh'('u H.;oJ tho nCIIJ"(',;t 
p~bl(', alld are obtained as dcscri\x>d on pago 8!). 

The tabular dcflections oorl'lo"pomi to the giwlI load, cl""col)" 
distrilmterl, and apply to auy 8l'<:lional area for I'8('h size of 
booms 1"\'~lleCtiveI1, whell the oo",-"'pom]ing load.t! lIcar s uui_ 
fonn r&li<) til tho strength of the b('llln. 

Tho greaW!<t IlIIfo load in the middle of tho beam is ODICtJ}' 

on<'-hnlf (\) of tho ,Ji.;;tributoo 1000l, nnd th13 deflection for the 
fermor will be eight_tenths (It;,) et tho dellcetioll corresponding 
to tho ~1i slribl\tl'l1lood fill giv~n in th(' tllbl('!\. If tho [0801 is 
1)11\('('(1 Qut (>f centro on Ihc ix-nm, it will lIcar the SIImc mtio to 
tllO load lit the centre tbat thcsqnnro of hall the sJlell bears to 
the prodll<"t, of the ecgments of tho beam fonned by the positioll 
of tho 100(\. 

ELLlmplf ,-A Hi ... in('h roo lb. I ix-lIm, 16 freL between IIUp_ 
port~, will Mtdy enrry an el'cnly distribulerlload (by tho tabl('fS) 
of .00.5 ton ... an.1 deflect under same .2. inches. The grmtC8t 
Mlo loa.l in thl' mitMlr will IX' one_half the aoov(', viz., 13.25 
tons, 11m] tho resulting defle<:tioll I~I of the fenner, or ,22 
inchC!'. 

If tho wri~ht i~ conCf'ntmtcd 3 le<:t out of centre, or 5 f('('t 
lind II fe<:t from the ends. thcn the squllrlJ(>f Imlf tho Spall being 
64, lind Iho I)mdud of tho scgmelll.8 being w, the grcnle:st sale 

lood will be 1:"1.2.1 ~ 64 = 11;.4 tons. 
,j!j 

It a Ix1lm of aool"o f\i.z.c and length is u9('(1 without any Illtenli 
support, redu('(' the safe loRd in tho mtio aforeSlli(1. Tbu.s the 
ftllllgo i~ 51 iu ... hP!l ... "ilil'. am] the len~h 83 times this ; there
fore the grt'8te:-t SlIfe load will be a Iittlo lcat than ""(~ of tho 
.-eslllts in the uample. 
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U the beam is elpoeed to muo:h ,oitration, or tho IK'tion ot 
moving I~. cle .• reduce tho tabulur l~d.8, liS previously de. 
IK'ribed ou pilg\l 34. 

}o'or bea.ns ot other chararlcr thlln dc:;cribOO, the gn:.ate><l 
safe JooJs nnd corresponding deflections will bear the following 
mliO!! to tho tabulated loads, for tho same lengths of lIelUllS : 

__ <_'_" _~_~_'_"_._'_"_'_'_. __ ;:RIf"T"MT !UP'll '.(lAD.! J)EP'L~'OS. 
l"ucd a~ OM ent!, with the OnC-<!iA"hlh HI part Throo lind 0110-

iQD(i oont-cnlralctl nt the of tbo tabular tlflh (SI) thnes 
other cud. lood. the tabular de-

tlcction. 

I!'ixoo at onc end, with thcIOu('.fourth U) part Two lind two. 
load uniformly «i8Irib- of lim tabular f1fth3(2' IlimC!!l _ 
ut.ed. load. thctllbulardc. 

Rigid!)' fixed lit both ell,Ig, SRrne Ii!! tho 
WIth flo load in tho mid. lar loud. 
die of beam. 

flection. 

Inhll - Four-lenths (n,) 
of the tabular 
deflection. 

ltig-MIX flxed lit both (,IIIIs, One and OJl(··h.U On(,-I!ixth m of 
wlththe lOAdunirOf/llly ( 1 ~) times the I lh6tnblllnr de. 
(Iislributed. Ulbulllr load. flection. 

. 

ContinU()U3 be.m loaded in Same lIS the tabll. 'Follr-wnths (11,,) 
middle. Jar load. o( the tabular 

deflection. 

Continuous benm looJ uni. 01\(\ and one·hnlf Onc-sixth Ul 01 
lormly distribll(oo. I (t+l times the

l 
thel'lbIlJarde-

labular lORd. flectton. 
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DEA)IS WITU FIXED EXOS. 

It i8 n~ry to (xoar in mind the distinction behreen ends 
., rigidly flxed" lind en,]s simply "supported," the latter beillg 
th" e1l\S11 Cflntemp(,\tcd in 311 our L.'lbl C1J of SlIfe loads. By 
"rigidly fixed," 80S denoted in the prc"ious taule, 11"0 melln that 
t h(' beam mlls~ be 80 securely '/lS«'netl lit hoth ends, uy being 
built into l!Qlid mn80nry, or so firmly IlttlleheJ to IIU IIdj8.C(!IIL 
stru('lUre, that the connection would not 00 !j()\·erctl it the beam 
WIlS exposed to its ultim3i.e load. In thl9 en:;('. the beam ill of 
tb" samo characler /lS if continuous o'·er bC'·crnl supports, or 
&8 if collllhiting of two cantiJc\"cl"II, tho ' ll8CO between whose 
ende 11'&8 8Pllnn~ by 3 separate be&m. 

CQXTIXUOUS BEAMS. 

If 3 (xoam is continuous ol·er several I:'Upports. and is equally 
1081100. on each 8pan. the greatest !IIIf(' loads Dnd the "-'!!lulling 
d"lIretions on auy intermooiate span wiJ I bel a~ gi'·en in the pre
ceding tllble. But the end spans of such fI. bellm, being only 
scmi-continuous, must bo either of a shorter spun Ih311 tho in. 
krmedialcs, e>r it or the !IIImo lenglh, ULe 101\11 ILIUst be (lilLlin. 
[,;noo. Soo "Continuous Beams," pnJ;(l 7/). 

LDIIT FOR DEFr.ECTJON. 

It is consi(lcred good practice in the ctl!le ot plastered eeilings, 
or in olher circumstances where undue detlection m.a~· be pre. 
judiCIAl, to proportion beams so that thdr deilretion \I.i11 not ex. 
~d ttl or all inch per foot of span, or J~'. 1)1; t of tho span. 
A hO:\I"1 black linc is marked across, or partly 1IC1"06ti, 00('11 page. 
All booms below lh~ lines will defied in OJ:0C88 01 this limit. 
tb06C noove lhe line arc SlIfe to use. 
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TABLE OF SAFE LOADS. 41 

101" 

PENCOYD i\,,====fl BEAMS. 

lJ lO" \J 
Mulmum and MiuimnOl ..,ctl",,~ (If ooell .bapc, 
On'U!c"t ;ure load in ~et T,," ~ ~,'e "ly di~!ributcd, Including beam it""lf. 
DcllecUollii in inehe~ corrcopondlng 10 gi~cn l(>lldil for each aiM: or 00am. 
for ' load ill Ill;lldlc of 00;", allnw ""e·halr Ihe Ulbular Ogul'<)l!. 

)knc .... llon tor lauer load will I>e 1"a of the labels, dcRccUnn. 

0 I , ,. I 01 I • • 
1Oi-" Hit" I'W' ,"' 

'" " " " I I 
I> 

" " 
" " " ~1 

" 2:1 

" " 
" ~ 
" :)'j 

" .. 
~ 
~ 

, 
• < • • 
~ 
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42 WnoUOHT lRON AND STEEL 

PDNOOYD .[}:==:=: ~a BU .... 

Mulmum and Minimum _Ik>n~ of each ,~ape. 
Great""! .... fo I ... d In Net Ton, evenly dl@lrlbnicd, Inelodlng ~ 1~1t. 
I)o;fte<ollo" In Inell" Wff'C!poDdl"~ 10 given load~ for c.<:h ~Il!(l of beam. 
}lor Ioo.d I" wl<ldlo allow _half the labl,la. ftgurel. 
I)eftecU"" for lall(" 1-.1 will be +or of tbe la bul., dtftO'tUon. 

1_' _1 ' 1 " I " I j 
8u:llorUuJI ' 8" 1 . ' 1 0" : 0" ' 

II " I " : " I " I ~ 
8" I 8" I 6" 8" i, , ~ hen ... 11-- -+---''--;---1 ~ 

WT. "~~_\'u. It! I" .. 1 '" f 
I:.'........ I . 

1 
• , , 
• 
" " .. 
" 
" " .. 
" 
" " '" " 
" .. .. 
" .. 
" .. .. 

, 
lit'; IB.m 18,0/2 
:!I.M 18.M I~.~ 
l~.OO 1~.4() 13.111 , 
111 . 18 13 .• 12.r., 

9.111 .tIe 
Q.t-l .M 
t,!IoI .11 
I.IM .U 

1''' 1"' " " ! 
I ~Ul ~H: 7~.;~1 ! 

OnJ:.lTUT SAPE 1.0.". ~ 

1!J,~ 
III, Ii 
jJ,U 
Ill.~t 

. I 
1.~.4!l U.oI!I 10.<f6 . 07 
1!.11!1 I~_~I 1()4/j .tiI 
12.:U 10.85 to.1It! .13 
to.1!!' t.. 8.96 .11 



TABLE OF SAl'E LOADS. 43 

PENCOYD rL 7" -.J I BEAMS. 

lJ 6" \J 
Gn)I,leM lafe I<..t in N~ To"" evcnlt dl.alrtbnted, I~d~dl,,« beam I_II. 
J)l!1Iec:11oI"III In Incbel oorr'OI!pon.dhUi: 10 rP,"Cn "*llo for Nod. tWo of beuD. 
For. load In mkkUe of beam allow _haLf Ibe 1ab\l1a. ~_. 

I)dectLon fOt lall~r load ",UL be 1"0 of the tabuLar dcn.cUon. 

{' .. .. . tT I 
'N ..... III. 13]18 ' 14 \I = 

81J:lor nu. I I I ~ 
. )1" IIICIlU. T' 7" 7" ~ ;. 

._C"-~-"-r!..-::y-•. -l-.. -",-,,-r 113 M i: 

)f<>".,NT Or I 
"'.IIT'''' 

z 
~ • 
• o 

~ 

• , 
• • 
" " " " 
" " .. 
" 
" " " " 
" " ~ 
" .. ., 
" ,. 

!U M.! .a.O~ ! 
~ 

1!. 1~ I 18 18 

, .. I .' I .' I .' 
.. MI"I" e 

10.8 :lI.~ ll6.a ' 2-1.1 ~ 
"'""=====lI==~===='l ol 
Gnt:",..,fT S .... LQ .. D. 
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U 
, 

U 
PENOOYD BDAMS. . ' 

O"'lt~t NrC I.,.d In Net Tons e,-enl, dl.lr1bul~l, Ineladlng beam IUlClI. 
Den<>etiOlU In Inehe. rorrc~lK'ndlng In /{IHI1 load, tor clIClI ~I:w of ~It, 
FOlr. tOld In middle of beam .. 110" "nc·halr tile rarnd •• 6 .. "' ...... 

DenecUon for latter "-'. will bo 1"" of the ,abulu denecllon. 

('IIAIn' 

" " " " ~ " " I" I" I ~ ~t· ••• 1L • 
~ • 

S,narll .... I I ~ 
L~ be"", ." Y' .' Y' 

" " 
.. , ." I ." • -- I ~ 

WT. I'SR YD. .. " ~ I 
., f ., 

" 21.:' [ 18.:- f Ill" L.~. 
~ • 

X()JlI~'" 01' 
II .• I • " I 

~ 
hr.IIT' .... 13." 13.1 1"2.~ ! •. , I '-' ... ~ 

----- I ' • • 01l1 .. T£8'1' 8 .... 11: I.oAt>. 0 O Kr.ATI:ST e ..... ].oAn. Q 

• G.~I 6.f'! 6.12 .... .N ,·,,1 u;1 8.r. '.00 .N 
• 5.41 ~_14 '" 4.15:"' .. . ... .. " '.M .... ." • '.M .... .... .... U .. ,. , .. lUll '.00 ... , 1.811

1 
uri .... .. ~ " '.00 .... .." 1.71 . ., , .... 3.tl .... !,Iit,! , .a 2~ ~ 21 .M '" •• 

t • .... . .. '.'l2 i.MlI •• ""nl ""T.W "'i.'; I.'ii "1! 

" tOIl 1 .&7 ,.~ 233 U 2.10, 1.:9 1.31' .... ... 
~ u ~ ""!:!i "'T1\ ""im ,. log, .... 1.19 .... . .. 
~ " I,r. 2.11 ,.~ .. ~ .. 1. \11: .... .. .. 00 ... .. .... .... I.~ 1.;'11 . W 1,0t .... 1.01 ." •• 
< " 1.&. 

:~I 
1.:11 1.671,0 ". .. .. ... .. .H 

: .. 1.81 .... l.~ .n
l ... " I.l!l . s. ., ... 

• .. .. , I.~I I.:\.~ 1.46i .8% 1.81 J.J~ ... . ~ 1.03 

~, " .. I.~I 1.11 1.37 .83 I.ZI .. ., .n .111.17 .. U.I U~I . ~ 1.30 1.01 1.11 .w .m .671.81 .. I.~S L~ 1·~Il.lel 1.11 ... . .. .63 1." 

~ 
, .. 1.:16 .. ~ J.2"~ 1.I"I.zt Lm ... .~ .601.51 

0 " .~ I.Z! 1.1. 1.I11.U "" 
., .~; 1.17 

" 2"~ J.~~ I.:; 1.11 1.061,66 ... " .~ 1.13 
~ " 1.111 J.J~ L" 1.011.70 ... .1IIj .t.2t.u 

" US l.v; ' J.re .r. 1" .:"'>1.:111 

" L Lm .. _lIS t.Ol .48 t.6l .. L" ... ... .~i U ",n 
" 1.01 ... .!ll

l 
.lIIIt. .4-1 t .t! 

I 



TABI.E OF I!A.YE LOADS. 

PENCOYD I ;>=='=' =a BEAMS. 

}(ulmum and Minimum _,10'" of c",,1t ,hallC. 
O",ftw.t .do 1000d I" Nl:t To". ""-c,,ly dbU1bu(l~llneludlllg beam lIMit. 
~j\e<:tlon. I" 100Chc. corre'I",,,o.llng to II"'C" 1000o.l. for c""h _I~c of toeaol. 
t'or a load In ",Ido.llo of beam ,,1I0\\" .. ",e-half (ile '.bular a"UI'Cll, 

lklll'(;lioll for laller load .. HI be 1",; of 'be 'abular d~dl'<:llo". 

• , , 
t 

, 
• • • • 

" ~ n . , " ~ " " • " • c " " ~ " C " ~ .. • " Jrl 

" 

•. ,,1 ;U(I 2.:1-1 , ... ,,~ 

'" I j 1 '" '= 

;Ur.: .~ 
L~ .U U, 

I.W I.~( 2 1.'1:1 oj! 
""T'ii -no: 1.3-I"'TTij" 

,," , .,. 1.1~ ,,'" •• 
L ..... 1.14 ,,~ . ., ... 
l.l.~ ,,'" .~ .~ .U 
,,~ ." " .n ... .. ... ' . " .. .n .. ." .~ .M .S! 
.~ ." .« .1llI 1 .0I . ., . ., ,M 121 
'" I , 
.~ .~ ." .f>21.ff 
.~ 00, .~ .4111&11 ... X' .~ .461.14 

" .M AU 111.113 

.O>l ," .1:- .n 2.11 . ., ... ... .001.37 

" .~; ," .~ I.e! . ., . 4~, ... .;!G I .• 
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wnoUGfIT mON AND STEEL 

1\ Hr' !] 
PENOOYD 'Co '====:!... CIlANNEL9. 

12-' 

Ma:dmum and Minimum ecetlona (If eacb ,hlilt. 
Onlllten "re loRd In Net To", e,·cuIT dl~lrlbulcd, Including beam Itoelr. 
Deflectloo. Inlnebu ~pondl~ \(I "Iven lOAd. for eaeh .1U1of clUIHIICI 
Fur. load III mldtllc of beam, allow one·balf the 1&1)1111'14."1' _ 
J)cdCCllon f .... latter 1<*1. wUl be 1\ of tl'e tabillar d\>dCCllon 
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PENCOYD Lc:IO=·==!...~ OBANNELB. 

D' 

)fulm"m and Minimum _tloll~ ot each 'hlIpe. 
Orelt...t .... to 1<)Old III Net Ton i e"cnI1 dlilributtd, Including ~ hllClr. 
lX;ne(.l1o"lln Lnchco rorre"I>Olldlng tOICh'C" lo .. b tor each IIH ot chaBllcl 
for II Ioadlu mkldkl ot Mlln. allow one.halt Iho tabuln IlguI'Ot. 
lkftCCllon tor l-.ltc. to.d will be , ., ot \he lIbu1&r dellccllon. 
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48 WROUGHT illON AND STEEL. 

n 8" n 
PENCOYD ll'~=====-'-) I CHANNELS. 

7" 

M!U<lm,lI" nll,l "1111";",,,,,, ecellon! of each. .hape. 
(J!'Cutc~t ~nfQ lood III Net Tons e\'enlr dl"trlb"'c<1, Inch"llnS' benm I~lf. 
Dctloctlon In Inches cOrnl~]londillg to given 100M for cnch ~17.C of chnnneL 
For lood In lnld,lle of 1.><"", allow ODe.half thu lobnln, 110::""'.' 
Ocllcctlon for Intter load will t>e ,8" of the (l.b"I". dcl1ccU",,, 

ell""T 
NlI""'~Il, ~ I 3S I 39 I 3~ ~ 1111_"'_IL'"_LI_'_'--,I_"_1 ~ 

t;IZKorC,,~s· I I I ' I I I ' 
'" .. ,,,, '" '" 8" '" " _ '" _ '" '" '" " c..:c...::----'Cll--+---'--'--I ~ - ~ 

IVT.PEnY!). I I ' I I " IN Lns. 00.5 43 5el 30 ~ 73 II I 49 ;!II ~. 
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" " " " 
" " .. 
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" '" ~ 21 

" " " " 

~ 1-- I 
60.0 \ 40.0 141.0 \28.2 ~ 11 __ ' 12_'ll_~_'~i _'_'=",,='=8'051 ~ 

.i ;;! 
Olt~'''EBT S~FE L OA!) . "' O"~'T>:S'l' SAFE LOA/}, '" o 0 
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7.00 4.M 4.<8 3.29
1 .~~ I 5.67 3.00 3.71 2.41;.23 

6.00 4.~4 4.;!;; 2.99 .... ~.1~ 351 3.37 2.2-1 .28 

~~ ~~j ~:; ~.~ ~ i U~ fiji ~:~ i:~ :~ 
~.OO 333, 341 23.3 :u 4.1l'I 2.81 2.65 U'S .f5 

"'I 3 II 319 2 )QI'" '-rn 2·ti!-r.i1llM 7z 487 291 299 200 51 3.M 2.411 ~.3:.! 1.51 .5& 
--:rT:!~I-nifl"ml58 3.,).1 2.31 2.18 H~ .51 
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1 
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'rABLE OF SAFE LOADS. 

n 50, .nd 6" }1 
PENCOYD I l :::::J CHANNELS. 

3 and 4 ' 

Mulmum Rnd ~llnlmum _tlonl of e6Ch "'.pc. 
Grea!~lt aMe load In Nel T OM e,-enly dl~\rlbutoo Indndlng beam H~lf. 
llen()cllon~ In Incllc.co ........ po'>dlojl 10 gl"ell 10M!>< for neh Klze of chanl'" 
I"or a load In .. ,Iddlc of beam allow one-half UHlllb"l.,. Il~ ... _. 

lk'M()Ct lon tor 1.lIe. "-d wUl be l~'; or \.be ta bula. dcll<)("tio". - - - , , 
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50 WItOUOn T maN At.W STEEL. 

12" and 11" 

PENCOYD 
\ 

BEAMb. 
10" and g'/ 

Mulmum and mlnlmnm ~10ll. of each ~hape. 
OrealCl't .. te load In Net Tona 0"enI1 dblrlbuled, Inclndlng beam IWlt. 
~necUOtl& In Inchea OOrTeOlpondlnl{ 10 given 106d.. ror O'SCh oWl or beam. 
1'0< a lo-d In mldalc or beam allow OIlc.balr Ihe tabular ""'1ft. 
Dcllcctlon tor lallcr load wlU be 1\1 Or tbe tabular deftcctloll. 

00100 \ 61161 ;: 

1-----iC----.------f-----,I ~ 
1:l" I 12" 1 11" 1 11" ~ 

" T ~ -'--1 " '---1 ,,--.-; 
~ 

ISS I 101 1 1I~ I 81 

,.' 1 10'1 &" [ " 
--'--;--;--1" 
'" I ", [ wl''' , 

lioJl or. 
J"IUITIA. I I i "" I ""I 00+" _I = 

.. 
" " " 
" " 

•
!'-1 111 
~ 17 

'- " 

1l_~-,oI_G_"_'c'_'_"_',S_'_","','_"_'+~~ I ~ I_G_"_','_'_"_'ccS_'C"-,o"', 'C"C' -
.13 ~.:.9 17.:!!I 16.41 1 13.~ .15 .18 1.'.11 11.00 10 ~ 8.71) 18 
.18 111.<2 1.1.00 1I.~ 12.&1 .18 .10 II.W 10.00 11:'18 7.tIII ZZ '''117.16 IU!!I 13.67 I1.M .21 .Zl 10.9"~ 9. 1111 6.60 7 S! U 
.ZZ 1~.SlI 18.:!::I 12.M 1O.~ .25

1 
.n 10.011 8.48 7.111 e .• ft 3C 

.M 11.71 12,3a 11.7l! 0.96 ' .29 . 31 9.:11 7.88
1 

7.r. 6.28 J:; 
.3(1 1;U·1 1U)l 10.91 9.~ .31 .M 8 .• t 7,~, 6.1lI :'.811 iO 
.31 1:l .81I I0.'111 1O.1!6 S.n .n .u 8.lg 6.111 &.~ ~.4!1 U 
.39 1~.11 1 0.1~ II.M 8:':1 '~I ." 7.71 11.19 6.0. ~.17 63 

.~ 11.11 9,.511 9,lt 'US.UI t.Z ~.~ 6 1:'l ~.:-a 4."'" A 

.W 10.~J 8.61 8.~ n.r..60 II 'l.::: :. M :'.16 4.:11 11 
~ 21 .Ml

l 
9.00i 8,2l 7.81 6.(1.( .85 . -r.m; ~ 4.111 4.19 N 

.d 10.81 0.06

1 

8.61 7.3 \ .61 ~&8 ~.:,: ~ 81 "T.'a "'T1a "lI 

<n 2~ , 'SSI 0.3111 7.8-'1 7.4$ 11.31 . 71 .78 :..~ 6.01 4.~ 4.00
r 

, .. 

O~ 2:1 I .11 8.oc, 7.roI"'T'iJ ""ir.W -:w 8tI ~,~.~ 4!O !.!? 3.~ .N 
~I .1d S.!>i' 7.19 1I.g.! 5.81 .&1 .113

1 

,._ 4.00 ~.: 3.l;!il.tlt. 
t:: :.!.1 ,. irnlirWl U&I 5.r:.!l .Rl 1 .01 5.~1 4.41 4.13 3·5:.!

1
l.13 

,~,!:! .112 7.112 &.61 0.31 5.87 ." 1.08 5.Ot 4.24 3.1r. 3.3f! 1.23 
.. " .81 7.l1li 6.:)9 11.«3 ~.11 1 0'1'11.18 4.8& 4.09 3 S2 3.2(1 1.22 
101 2il .1.0'1' ~.3.l ~.16 5.HIl 4.1)1;111.15 I .!? 4.68 lI.!H 3.69 S.H I.U 
..:I 29 '1.a 7.101 r,.U} 5.66 4 .811.23 1.SSr 4.52 3~ 3.S6 3.031.6: 

MI 1.= 8.1l6 5 .• 5 5.17 4.6.\1.32' 1.15 4.r. 2.93
1
1 85 

~ U~ g::.~ 1 ~:~ ~:TI t~ t:~ U~ UJ tHI i:~1 ~:~ u: 
a:J ue 6.".111 r. 2:.I

1 
4.91

1 
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51 

8" alltl 7 

PENOOYD BEAMS. 

6 and 5' 

)Iulmu!!> Ind minlIDnm _lIonl of Mell .I .. pe. 
Grutelt.te ~ I, Not Ton. ~11 diMrlbal"" Inc!ndh.c ~ IUiel r. 
Drllecllonlln iocllMt:OmIIl>Ondl", 10 gi"tn Ioeck for.,.11 obe of '-'a. 
For . \oNIln middle of beam .Jlow oM-half tbe "-bala. 8p~ 

DdI~U"n for IaIU'r ... .,.111 be l'V of the tabular delICC11oQ.. 

• , 
" • 

~ 10 . " 
)'; H 
~ 15 . " 
IL I . 
o 

, .. " " " ; I--~-+--~-
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52 W1IOllOHT lItON AND STEET~ 

IIlON FI~OOU UI~.\ l[S. 

" hell I bN.ms are Usetl as Jloor Joi~ti or girdcn!, lhe sp1.Cing 
nd proper sire ot lll:".m, ul'pends 011 the amount lind cllIlractcr 

of Ihe loo.ds. lUI well fIJI the disulIloo to 00 spanned. Xot only the 
p(lSltin' ~Irength, but t he e!lISticity or allloulit of defll\'tion per_ 
rnilj/:>iLllllUust be l'()!l~;dcreJ. 

A IWlny load per unit of area IlIsy not require I1S stl'Ong 11 
floor as that lIcce8llary for II lighter one. if the latter 00 liable to 
sudden application, especially if ~.'ool1lpllllied with impact, 
while the normal atale or tho hOll"ier Jowl i~ quiescence, or sl01l' 
and al"l'li change. It lI'ould require II special treatise to dC'SCriile 
tho subject, lIud thOlJQ lacking flxpcri!'uce are rc[erred to tlHl 
publishoo literature which is now very ample and complete. It 
hIlS been dernou~lmtoo that tho greale;:.t mass of men thRt can 
be packed on any floor will not exCt'«l in weight t!O lbe; ~r 

llfJun!'e foot. The lIIeight of the iron beams will de!X'IHI 00 the 
spon. lor which 8E'C Il general rule farther on. If brick arcbes 
Ilre laid between tbo bemns, the weight of IL 4. eoUI'lI(' of brick, 
ineilltiing the ('Qnereto Illlmg. will 00 about 50 lb!!. per '!(}ullre loot. 

\\ llhln t he limits of length of ~pan in which rolled I IlCI.Ilns 
can 00 used, it mllY I.Je llIlSumcd that a floor i~ sale to sust.~ill the 
~I(;I!t }X*Siblc lood or men, when tbe (oHolI'inS loaJlng d~ 
not exhibit & grenter Ix-nding stress on the beam tlum thot do.. 
noted io the tables, under the head of "Grealest Safe LoN.l Dis
tributoo," pIIg<'B 4(h'U. 
:;: Bea m jobls with wooden floor ::: 100 Ibs. per square loot. 
\\'ooden floorllud pll1~U!retlcei1in'ifl = 110" " ., 
4. briek arehea nnd ('Qnerele fil ling = 150" .. 

T hC!lC! figu res repn:l!eot the tot al wei~ht of floor Itself and the 
irnpo!led lowl. 

When the Jloor bCllms are subject to tho nction of rnO\'ing 
kads. it is ncct'!l8llry to make allowflnre lor iI grealer IIOmiM\ 
1II'ei~bt than nctually mlly occur. el'peo:'illlly if tbe ~pan is long 
in proportion to the depth of tlie bt!Im. If the beams are too 
light. the resultitlS' tremor and vibration will be a !IOUI'('6 0( dis
oornfort to the u.~r, if not of ",·enkne.;s 10 the st ructure. The 
$lm(l results oreobtaillcd by assuming dther a hi~h('r nOlninnl 
load ~r unit of urea 1111111 IICtunlly clln occur. or adOJlting /I 

bighcr factor of BOfcly, than gh~n in our taUles, for tho actu$! 



WElOf.l1' OF IRON IN FLOOR BEAMS. 53 

loads. Floon proportioned lUI follows for given purpollel will Ix! 
found satisfactory. The "'eight ot the IDlt(:ia1 mlly be includtrl 
in the figures. 

C'U1UlC'TIrR 0 .. FLOOn. 1'.0"" PER fq. Pr.:.. 
;VT,C,C,.~,CigOhC'::;-~t fioors. 1)1~lIk covering......... 100 lbe. 
Vuy hghtest lloon, bnck IlrehCIJ........... lGO " 
I,ii\'ht .... arehou.!C lloors.......... .... .. . ... ~OO " 
Unlls of Iludiem.~. . . . . . ....... . ...... .. ... .200" 
Warehouses in which heal", piaces lire mOl·ed •. ' :u.o" 
Shoplloors tOr light macblnery .............. : 2;-A)" 
Shop !lOOts for heavy machinery ............. . 300 to 000 Ibs. 

OEKEHAL RULE FOR TnE WEIGllT 01>' mON IN 
}'LOOn. nIi:A~IS. 

When tbe standard ~tion of I ny ~iZ6 of beam is used, 
tho weigbt of iron obw.ined by tho following rulo will be 
found to npproJ:inlllle cl()l;ely 10 tho fIOWal alUount fl'Quin:rl: 
"Squllreof span in fcetdi"ided by5 times the depth ot tho he.~m 
In inche!!, (l(luala tile pounds ot iroll in the beams per ,;quare 

rootofflOOr" (~ Spri,"" = IboJ. ) 
.... ( <'I' I 

This is for a lood of 150 lbs. per ~ufl.re loot, lind tho beams 
at mi lled up to tho nuu:imum safe limit as gi l'en in the bibles. 

With the Mme Sp400 the .... eight of the bl,lIms "'ill ,'ary directly 
at the load "aries, ('Onsequenlly tho weight of iron for lilly other 
required loading per !!quare foot can be obtained by proportion 
from above rulll. Example.-.;\ floor of 20 teet span is subject 
to a load of 150 Ibs. per !!quare foot. Tho .... eight of the iron 

beams will be 5.:!fl;i:; = G.33lbs. per square foot ot floor, If 15" 

Bellm~ are used, or if 12 ' Bcamsare 1I!1OO 5 :0:2 '= 6.66 Ibs.. per 

square fool. To t}uose figures add the we.ght o! ends built into 
lhe ""/111, which should be from 6 to 12 I1t (,8('h ('nd. llcwniillg 
to tho span, etc. It t he lood to be au~tained is 250 Ills. per sq. 
foot. 011 15 I boo.mlS tho necessary weight bocomes as 100 : 2,j():: 
Ci.83lbs.: 8.88lbe... per !l!JU81'(' foot.. 



WROUOHT IRON A.'W 8~ 

This nile fllJplies ol1ly to the minimum !tOOtion of IIny I beam. 
It the se<:tion is inere~l, the weight of iron required will also 
increlL!lCl. By the aoo"e it will be observed thnt the deeper the 
belm used the ICSII thelllllount of iron required, lind such is the 
ellllO 1\8 II general rule. )Jut for short spalls the U.!JC 01 the decl). 
est beams might require too wida II ~pacing to suit the <.'O\·cring 
of thalloor. Then the best economy requires the adoption of a 
~hnllowcr and lighter bellm. For brick IIrches for fire-proof 
nool'8 it is usunl to Iilllit the rise or spring from 3 to G inches, in 
order to build in lIud conccul the tic rods, which should not 1Jo 
!lIueh if IIny above the center of Ihe benm. !i'oraueh fillt IIl'(!hcs 
the spl\Cing of the beama should not exCO('(I 6 feet. and if II 
lingle 4 course of brick is u~l. it is s:rl~ not to exeeod 5 feet 
eeroration. or eourac fOl' lIl'(!hcg of lIlore rille lind lor other 
special puqlOSeS tMIl inJica\OO aool·O, no such limitation is 
nceessa.ry. 

SPACING Ol~ PWOR m;AMS. 

Thn fnllowing nl lo givcs Iho grcfltcst distance lipan. thnt floor
bealllS call be ]Jluced to support sarelYllny gil·en load per !!quar'O 
toot. Multiply the ll'ngth of span in feet by the load in lbs. per 
IKJII&I'C foot. Find inlhe table, 1J:lfCC 40, tllC 8llfe 10Ild in lb!!. fer 
1\ boom or the size lind length desirable to ug.e. nivide this !lafe 
load by the I)roduet f1 l"11t foulKI, Ind the quotient is the g~atcst 
distance ill f<'Ct that the beams ought to I.)C placed, Ct'nter to 

. Safe I.ow.! 
center. Or Distnnoo = _ . U' = lbi!. IJCr square foot . 

• L 
L = length of span in leet. 

E.rampit .-A fl.:J(Jf of 2() feet spun with its full load • .'ill weigh 
100 lbs. per square foot. Dilref'('nt f.lzesof beams mlly be salely 
SplcOO 1\8 fllr apart 1\8 follows: For I" - 14~ Ib, I IJcams 
letSO 

20x 150 = 10.8 fCt't center to C('nter. For 1~" 120 lb. I beams 

21220 7 07 r 20 >l 150 = . eel, ek, etc. 

'fhe 1IIIIIes on pugl'S 00-02 show the greatest dist.n.nee lIp6rt, 
Cl'nler to oonter, thllt besms ~honld be 1)11\('(lf1 hr I looding (in
ehuling the weight 1)( tho floor itself) of 100, 100, 200, or 200 Ills. 
per !!qUAre fOOL 
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The dcflootions of the beams whieh are gi\'en in the tab[CtI 
.. ill 00 unitorm lor \.Jearns ot the g il-en spunt 80 Jongaslhespoo. 
ing is ProllOriionf"([ 8CCOruing to the t.~b1e_ 

In the case ot pJn.slcred ceiliugs or other circuml!tanCfll3 where 
undue uel1ootion might l>e injurious, it is considered goool PflL(!· 
Uce to J jm i ~ the ddle<:iion 1.0 abont n-a of the span When 
tbe deHections excwd tllb amount, the corresponding loads ill 

the table are printoo in smnll figures. When the deflection is 
bl'low this amount, the figufCS tor the loads are in lal1,'Cf print. 
Tbe proper $plWing of 00affi/t (or any load is invel'llCly propor. 
tioned to the loads. Consequently the proper distanoo Bplllrt (or 
beams tor IIny IGlld pc.r !!qullre t oot can be easily obtained di· 
rretly trom the table as well as by the rule pre\' [l)us[y gil-en, 

R ult.-:'alultiply the distance given in the table by 160 and 
dh'ide by the number of lbe. per squllre toot required to be sus· 
tained. The quotient will be the grc-ntest distance apart tor the 
beams. 

EXlimpla.-What is the gtelltest di!!tance apart 8 (Lj lbe. I 
beams eun be phLCe<i to SU[lport safely a loo.d of 220 1b8. per 
"'luaro foot, the beams having a elt!ar '1)411 of 18 tflCt ? By the 

tahle lhespaclngfor 100 11.18. per toot is 3.:1 leet 3.~150 :-: 2.2.5 

teet, the distance nlC\uired. 



56 WROUQHT UWN AND STEEL. 

PENCOYD c==={j DEClt BEAMS, 

Greatw ,Ublanoo 1)('t"'OOn nOOT be.m. flO thatthe bending lire ... 00 the 
beam wll! not uc<."d [" """,Imu", .... re Iosd 
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PENOOYD ~ 0 DEOK BEAMS. 

Ftga_ In tmall In'lfl d~nole thaL tbe '-ml 110 pIaeed will dd(lCt mono 
cba" -/,' of.n Jlleh t~ -=b 1004 or ''''11, 
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68 wnOUOIiT mON A.'\'» STEEL. 

PENOOYD [)====~ BEAMS. 

G_t~'l (lI.tulC~' belwtoen ~Iree of ftoor beam_, 80 tlilt the bcOOI", 
atre.o. on ,be 1w~la ,,-IIIIIO! "",( .. ,eI h. mulm'lm .If .. k>&d 
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FLOOR DEAlIS. 59 

PENCOYD D:====={l BEAMS. 

f1ru* In _n tl'l>O denote that the t.e.mo .0 JIltoeed "'Ill deflect mo ... 
Ihan b 01 a.n I"ch for each I~ or tpan 
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60 WROUGHT IlION AND STEEl.. 

PENCOYD D:======~ BEAMa 

o~~ dluance&. bctlVoon «nll'C~ of 1100. beam-, I!(t U,u u,~ \oed<t,.,g 
~lreM on the be.", ... m not U(ee<i It,;, lnuimu," illite loo.d. , " , , t L~~OT" O~ SPl.s IS P .. " ... 
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FLOOII n&All& 61 

PENCOYD D ,0 BEAMS. 

JI'Ii'u~ III ~mall rype denote [hit Ibo beaou ~ placOO will deftecf IDO", 
than io1 or au [ncll rOI tlW:h toot or "110&". 
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WRO UOHT IltON AND s'r~ 

PENCOYD [j:====:G BEAMS, 

GrctlUM (U~tanoo bet,.....,n (cn,,,,,, or 1100. beftm- 80 tht the bending 
01"'". on beam ,..111 not e:roced IU m.,:rl nullu Mfe Ioo.d. 

!'!gu"", In ,m.,lt Iype denote Ihat the be."" .0 I,taced ,,'111 dcllc<:t mom 
Ih .; r I I r j r t r '" ,," '" "( I or eac I 00 " 8JH1n. 
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LATERAL S'l'RE.'\GTR OF PLOOIt DXAMS. 63 

TIE RODS FOIt BEAMS SUPPORTING BUICK ARCI1ES. 
The horizontal throst of Brick arches is found as follows: 

1.5 WL' . .__ 1 1 r h --1-'- = pressUl'(! In 10 ..... per inca foot a arc . 

W = 1..061.1 in Ibs. per equal'(! foot. 
L = Span of arch in feet 
R = Hisc In inelll~S. 
PJaec the lie rods as low through the wcbs of the beams 88 

poo;sible. and spaeW 80 that the pfCl\8UI'il of Archei! 118 obtained 
&bo\'e will II()t produoo & greater stl\l8l tbnn 15,000 lbs. per 
square inch of the lcast. I!6Ction of the bolt. 

1:.ra11lpl~.-The beams supporting An lu'Ched brick floor are 
tlve fCi!t allAri, and the rise of the arche!J Is six inch61:1. The lo
tal .... cight of Door and 100ul equals 150 1brJ. per lKJ.uare foot. 

Then i.5 I< I:' )C 25 = 937.5 Ibs. pre.lIl'(! per lineal foot of 

areh. If one-inch !!Crew oolts are used wllirh JUiVe an elJcdh'o 
IICCtion of fn lK)ulIre inches. Then ,6 )( 1;;,000 = O,OOOIbs. which 
is the grootcst load tho oolt should be allol\'cd to !lIstaiu, and 

~~ = 9.6 feet = greatest <llitanoo "11Art of the bolts, or in 

SAmc manner we would find 5.3 :~t, If : inch tie l'(I(ls lire !mOd. 
Onlinarily It will be found UCCCSSllry to limit the sj)ll('ing of 

the tic rods to .voj(] eJ:cesI!i¥o bending !tl"CSll on the onler beams 
of the floor, orto prevent this bending!tress being tr&n!ferred to 
the 1I"Ilis of the building. 

Tho ability of the outer beams to resist the horizontal bending 
action enused by the 1)re8!iUre of the arches is determined as fol, 
lows: 

LATEHAT, STRENG'rn OJ:>' FLoon ImAMS. 
'J'he re!listaneo to bending 01 IIny I Uearn or Channel oor, for 

1\ foroo acting nt right angles to the web, or in lhe direction 01 
tbe flanges, 

101 
\V = L1<' for I hms. 

8I 
W = Lit' for Channel&. 



WROUGHT IRON AND ST£EL. 

W:::: Sate distributed load in net to1l3. 
L = J .cngth in feet beLween suppor(.s. 
F = Width or flange in inches. 
I = Moment of inertia, axis coincident with web, see eeL 

viii., pllges n2-101. 

'l'h() nllove gil'es results which have been provoU byexperimcnt 
noL to exceed ollo·third tho uillmnt(l strength of I.ho bellllJS. Tlw 
formnlro gil'on properly apply to beams !;(lCU1-OO at each end 
only. If tho beam is of considerable length roquiring support!! 
at $Cvero! points, it elln be eonsidcN'u liS cQ1IUnUQUll (sec page 
75), nnd lho lormulro become, 

luI 
W = Lh' lor I ~DlS. 

l2f 
W = L1' for Channcls. 

Ezamplc. -A {j·incll 70 Ill, I Beam forming th(l outer support 
for an nrched brick Hoor has tho tic rods ,lt intervuls of 6 feet. 
What cvenly distributed horizontal pressure will it surely resist? 
I:::: 5.11 (see eeL viii., page n2). F= 4} inches (!!CC col. C, 

15 x u.6 . 
page 2). ThcnlV= 6x4t =3.4tonsorl.1301bs.perlin~ 

eal foot of nrch. 
Knowing theamount of the load II' and requiring the distance 

L. Above Cfjuatioll becomes L'= 11:,~ in which W' = pres

SU1"O or loa(l on beam por lineal foot. 
fi:.r;alll}Jle.-Al~ 8"' ,13 lb. channel blu' (onns tho 'lnll support 

for II systelll of brick IIrchei; having l\ 8Jlltll or ,I fcot ,\11(1 4 inches 
rise. How dO<!cly ought tic rods to l>o pi!\ceil so t.hat the d,nn. 
nels will not be ovorstrained? The horizontal t1l1'ust POl" lineal 

1.5 x 150:.. 16 Ib '"'- 121' foot of IIrch = 4 = 000 S. or. a !.<JllS. 0::;:. > 

F= 2:?r. 

L"= 12 x 2.17 L::::5toet. A" '> ~ oJ:" 
·~>·-n 
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It will generally be found that an (Ingle ber makes a bcit('f 
and more toononlical support for the archea on the l ide walls 
ths n either an I t-m or eblune!. 

The ~Ince to bending of all logic is re6dUy found by the 
rule given on p&gl) 69. 

W = .9St n = safe distribut.ed load for a non-contilluoU!J 

boam. 

W = 1.~ D = safe distributed load for a continuous beam. 

And 18 before V = L~:,D. .J being the 8IlCtionii srea i ll 

square inehCII . lind D the width or size or the Ingle in ioclle!!. 
Applyin.g this rule to tho la..n eIlOlple, Ind enn~idering the 8" 

channel repllC('<.) uya4 x 4 xf angle IIh05C arca = 3.71i 
lKJusre inches. 

1. 4 x 8. 7:; ,, 4 
L'= .~ = 46. 6 0r L=6.8 fcctbct"·ccn eentel"ll . , 

of bolts. Stl'('lIS on bolts 000 " 6.8 = 6,120 lbe, To l'Cbist this 
l " would be the proper diamewr ot the /!Crew . 

. . 
. 

F:= , o~ 
-------+ ------

BEAMS SlTPPOnTL~G B1UCK W ALLS. 

If the wan hal 00 openinp snd the brieks are laid _ ith the 
usual bond, t be prism of wall that Ibe beam auatailUJ will be of 
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a triangular shape, the height being onc-founh 01 the span. 
O'~dng [() frequent irregularities in 1111' bonding, it is beiJl to eon
aider the h"ight u OIl~lhin1 01 tile span. 

The wcigh~ of brick work lor each inch of tbieknClle, ill about 
HIllA per !KJ.UIlI'O toot.. Therefore the w<.:ight of the triangular 
mMli of brick thllt tho beam supports Is found II! follows; 

Iptm 
BpaIP( a ill/ul 

, - x 10 times the thicknC8S of the wall in inches 

=- weight In 1b8.; or reducing alxwQ to its more oonci!c form, 
IOU' 

W =-O· 

W = Weight in lbe. IlUpportcd by the beam. 
, = ThickDI'S! 01 wall in inches. 
• = Span of IM>um in feet, 

The greatest bending stress at tho center of the beam, result.. 
ing from a brick wall of above shape, is the Mille a~ that caused 
by a load ono_~ill:th loss concentrntoo at lho center of the beam. 

E'xmnple.-\\ hat ooam will be roquirod to spall Illl opcnillg of 
161cd. !Lnd carry a !IOlid brick wall 8 inches thick. tho beam Dot 
to 00 strainoo morc than one-third of i~ ultimaw $trength ? 

Weight of wall bythoruIe. lV= 10 x ~)( 25() =8.4.13 1b&. 

Considl'ring tIle load 11$ in middle of bc.wm, it would be five
,iJ:lhs of above = 2,IWi lbs., or (;,600 lbe. if ewnly distributed. 

By Ollr table page 4.'\, a 7 I bo:>.un (;21bs.. per yaro, comes near. 
elt to .·ha~ is required, its greatest lIIte dislrihuloo lQa(i bcing 
S. fj tOIll!. Th~ deflcction under this 1000 will be about .4i; of lUI 

inch, loum) as described on 11111;1) 89. 
If " wall has openings lJUch as windows, etc .. the imposc:d 

weight on the boom may be greater Ihall if the wall is .I!Olid. 
Jo'or such a CftSQ oonsider the outline oi tho brick, which the 

b<>Jlm sustaius. to p83/l (rom tho point!J of IlUpport diagonally to 
the ou18ido comers of the nearest openil1!;!!,. then .... ertically up 
the outer line of the jambs, and .I!O on if other opening!' ocenr 
above. If there should he no other openings. consider tho line 
of impoeed brick work to extend diagonally up from eACh uppel' 
eomer ot the jambs, the intersection forming a triangle whose 
height is one-t.b.ird of iUi base, &:I described at beginning. 
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APPROXIMATE FORllUL..E .'Olt nOLLED lRON 
BEAlIS. 

'The following rules for the strength and stiffnel!l!l of rolled 
Iron booms of nt.rious sections are intended for convenient ap
plication In CIIlIeS where strict accurncy ill not required. 

Thl! rulC8 11I\\'c been derived {rom tho authoritatiYQ !ormulre. 
T hQS() tor rc<:langular and circnlal' !lCCtions are oorrcct, while 
thORO for tho flanged StXlUons are limited in lheil application to 
tbe standard shape!! as gh-cn in our tables. TbGY will be round 
to sil'c results wbich lUH'C been prol"OO byl'sporimcnt to be suf· 
Ociently lICCurato for prflCticai purpoees. When the &eelion of 
any bealU ill increased above the standard minimum dimclUlioruo, 
tho nanget; remainin,g ulUIolterod, and tho web alone being thick. 
ened, thu tendency will be for tbe ultimate load as found by the 
rilles to bo in UCC1!3 ot the actual, but within the limits iliat it 
is possible to vary lilly !!eCtioll in tho rolling,tho rilles will apply 
wi thout any IlCriou3 inaocurs(!y. 

l ~ T Ur. TAUl •• ;S 01" I"QRlfUl.H. 

Column I. indicates the cross se<;tion of the beam. 
Columo II. gives tbe ultimate Io/lfl IIpplied at the center of a 

beam supported at ClW!h end. 
Column II I. gin's the ultimate 1011<1 lInironnly distributed o,'era 

beam ISUppOrted. at tooh end. 
Column I V. indical.e5 the deflection unller any load, 1(1 (not t'::l

eeeo.ling one-halt the ultimate load) at the middJo 
DC the beam. 

Column V. giY\l8 the deflection for a lOAd ulliformly distributed. 

SAFE LOADS. 
The ultimAle load given in the tables is defined on p8ge h. 

O[J(~"third of this should be accepted Illl the grcnt.cst 8!lro shdion
tHy 10000d, l\1\d rrom ollc"fourth to ont'-si~th or the SlIme II'ht'1I 11 
moving Of lIucluating load is iml'o<lO;!(I, IlC(lOrdin~ to Lhe """'y it ill 
",pplied, Of the dcgroo of stifInC85l'1!quircd. Soc table, page 34. 

10 A = WEIOHT PER TARO IS LUS. 

The area. A .. of any CrGS!! !JCCtion of "'!'Ought Iron may be ob
tnined by dh'iding its wclght per yard by 10 ; and "'" I'tr.a, it.! 
weight per yard may be found by multiplyin~ ita area in lIqUJI.re 
inches by 10 ; l.g. the aroo. of a beam .. eigblng 60 lba" per yanf 
i.:I fivc sqUlU'C inches. 

· . 
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EXlIllPLEll CALCULATED FItOH l'ItP.cEOING TABLI:S. 

~OLlD REO'I'ANGULAR SECTIONS. 

Example I.-To nod the breaking load lor nny solid rectan. 
gular beum loaded in tho mid/Ue. 

W
, C = Solid reetUllgulur bar, 2 ioches wide, 4 inches 

c, j. deep and 10 feet between support!;, Then, from For-

i mula No. J,wehnl'ol.3 x
0
8x4 = 4.IG tons breAking 

~ 1 
1000 in middle ot bellm. 

Example 2.-To find the ullifonnly-distdbuted breaking load 
lor same beam. 

Formula No.2. Z.O ;~ x 4 = 8.82 tons breaking load uni. 

forruly distributed. 

Example 3.-'1'0 find the dofledions Cor above bffim under tho 
gretltest sale loads; yiz., onc-third breaking loads. 

Formula No.3. 31 .3!! x 1000 = 0.30 inches, fora load of 1.39 
[j x 8 x 16 

tons in middle. 

Fonnula No.4. 

tons di~tributed. 

2 .77 x 1000 = 0.45 inches, for a \ood ::.t 2. 77 
48><8><16 

HOLWW RECTANGULAR SECTIONS. 

Example 4.-'L'o find the breaking loads for nny hollow rcc
tanglllnr bellm supported lit both ends. 

".;I:~ Let 0 be II hollow rectangular section. 4 inches wide, 

lID
, 8 incbes dl'Cp, Cl'tornal dimensions; 3 inches wide, {} 

c f inches d~'ep, internal dimensions; 15 feet betll'oen sup
, poris. 

F '-N ~ L3[(S2x8)-(lSxO)L'2S3>_ break· onnu... 0.... - ---15 - . ......us, 

Ing load in middle; and multiplying this ,result by 2, W(I bave 
25.66 tons for the bl'll8.king lood uniformly di~tributed. 
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Exo.mpi, 3. Te find the deflectien ef this beam with t~ toDS 
in middle; al., with six tons distributed. 

}<' IAN 7 3><337:; O· 
ermu e.. 1;0 (l3! >< &I) -l18 >< 30) J = .24 lDches de-

flectien with titre(! tons in middle. 

, 6><33.5 
Formula Ne. 8. 48[(32 >< 64)-(18 >< 36»)= 0.3 inches de-

flectien with six tons di.'!Iributcd. 

SOLID .u-'D nOLLOW CYLINDERS. 

Tho proceding cxamplee for rectangles will 
apply te tho circular IJCCtiens by merely BUb
stituting tho proper oo-efficien14 as ghen in 

Fonnulm 9 to 16 inclusive. 

E;rompl, a.-To find the breaking loads lor an eyen_legged 
anglo er too, used as a heam supported at beth ends. 

TI
~· Weight, 37 Ibs. per ranlor 3. 7IKJ.uaro 

L. inches section; 12 ft. between supports. 

~ 'I F' ..• N 1. 2.8 )(3.7><"'_3'-ennwlt. o. --12-- - ." 
--1-- .... 

tons bl"flflking 1001\ unilormly distributed, or 1.73 tons hroa.king 
lood in tho middle. 

Exampl, 7.-To find the deflection or the above bea.m ulider 
a load ~us]l<'ndoo from tho middle ef the bellUl. 

t...ood = 1000 Ibs. = .75 tons. 

FermulaNo.19 .. 7:; >< I T.!8 = .64lnchesdI'Dection. 
3~><3.7)(16 

Thooretically an angle has the lame tran.s\'el'lll'l strength as a 
tee of tho !lame dimensions. But ew:ng to the difficulty of dis
~ing the 1011.(1 usymmctrically on the anqle liS on Iho lee, the 
latter shape genemily yields: better f'CSulta by experiment.. 
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en ANNE I.. HAilS. 

Example S.-To timl the breaking loads lor Ito channel bar 
used lIS a beam supported uL both ends. 

inches sccliotl, 14 feet between supports. 
r[ Ch.m,,.",, • i"h~ ""'I' " I""'n"',., 1'.1; 7 ''In',, 

• }<'ormuln No. 22. 3.8 i} _" 0 = 17.1 tons distributed 

breaking load, or half this weight will be the breaking load in 
the middle.. 

l.'mmple 9, -To find tbe deflectioll of above beam under 
gt'CIltest safe distribulOO load. 

173" 1 :::; :; .7 tOilS greutest sara distributed load. 

Formula No. 2,1, 
IS.7 x 27'<W 
8Q,, 7 xtH 

3.li inches dellectioll. 

I BEAMS. 

E~ample lO.-To fin" the breaking loods lor lUI I beam, 
lORded in tbe middle and supported at both cuilli. 

• ~ • A 15 I beam, 200 Ills. per ynrd, 20 square inchCfJ aree., a 201 tOOt rt.a. F l&N 20 2.1 x 20 x 15 • ce ween 8UPPO ormn. o. ~ . ~O--

I =81.5 tons middle breaking rood; one.third of which 
(10.0 tons) will be greatest sarI) lORd in middle. or bice 

th is (21 tons) equale greatest safe load distributed. 

l:::rompJ~ 11.-To flnd the deflecliolla lor the same 1 beam 

under the abo\'c grotItest ~re loa<b. 

Formula. No.3!. 10 .5 )( ~ =.83 inches under a load of 
M,,20,, 2~ 

IQ.G tons in the middle. 

l"ormula No. 82. 21 )( 8000 41' h ,. •••.• r _ - ",- =. mc esunu<:r a ...... 0 
;n.o )( )( 2'UJ 

21 lOllS unifonuly distributed. 

Allhough. the pre(lt'tling rules for 1 beams al1l1 channels gi\'e 
results which aro substantiaUy L'()rn!et for all the atando.rd sec 
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tiona lUI ordinarily rolled, yfl:t they Me lIot strictly a(.'Cumte, aod 
nOl. Applicable to the hel\l'icr .. built beams, .... hOAc Ilanges fire 
much larger, relatively to the web, than i~ the cn-'C ill the avcr
age rolled beams. .I<'or Bueb cases, the foHowing formula is 

COlT'l'Ct. 6.6A Di 1 2~=bl'('al:iogloadillmidtl1cofbeam. 

A ' = Area or ono flange. 
D = Depth bet""'1ll'1I centres of flanges. 
(I = Arw ot web. 
d ' = Depth of web. 

When the load is concomtmtoo a\\'ay from the centre of beam, 
the ultimate load will IX' to th,' load at centre as the !lqll&n;! of 
half tilt' span is to the product of the segments fonnoo by posi .. 
tion of load. 

r.X(Hllple,-A beanl 20 feet between supports has Ita load 
pillC(!(] II find 1,5 feet respeetively from each eml : the breaking 
lood at tbal point is to lhecalculatcd bretlking cent~ load as 100 
Is to 7:>, 

BEAMS HAVIXG NO LATERAl. SUPPORT U~:rWEEN 

BEABIXGS. 

It beams Rrc ns'(] without Rny support tldeways, the ten· 
dency to fall, by Internl bendill~ of the top flange, ",,-ill inel'('ase 
with tho length of tho beam; and, in such ('IUIe!I, il Is bettl'T to 
limit tim application of the prce...'(]ing rules to beams whose 
len!(1hs do not uceOO 20 times the width of 1 he f1l1n~, ,c!'radllnlly 
increasing tho factor or safety tor 1()Ilger beAm~ ; )IO'l thill, when 
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the beam reachM " length equal to ;0 UIlII'!! the width of the 
flnnp'. tho gTtIII.test safe load would be about onC-llixth of the 
calculated breaking IOBIJ, or the proper factor of . fely lor tho 
latter bc4m would be doublo that for tho fonner. (800 page 86.] 

CANTILEVER BEAMS. 

The application of the preceding rules to O'l"crhanging bKma 
fixed Il.t OM end ",nd froc at the other, is bt!:it indicated by 8U]>
I)();'lng a beam with both CII<lS 8upportOO to be iu\·crt.OO, and the 
reaction 01 the supports considered IUl tho l'06iUvo load. 

w 

"etA $.: 1f 
w 
• ;}jc 

It is then evident that a beam, A C (Il00 abcwe il lustration), 
both ends supported, will be 5I.raincd with a middle load, 11', in 
an equal manner to a canlilever, A B or 1J C, of halt the length 
of A 0 and 11n"ing a similar !lCCtion, aud bearing one_hnll the 

lood (or~) lit its end. 

U .. UIl"L£8 roa CJ.STILBVEI. SLUtS. 

A n.>etangular bar, 6 ' )( 2, built illl(l a 1\'all and projeeting 
.2. eight feet. Por 1000d concentral.cd at its end, luke on~ 

! fourth the C(K'ffieient ill Table tor Beams with both end~ 

e' supported nnd 10ft/I in middle. 
1.3)( 12 x 6 .. , 2.0 tons 

u ltimate load, lX:flootion under one.third of llbo\'e, or snyninc
teuthll of R ton; substituting Ollc-sixl.centh or the co,efficient ror 

d<'flection when 1000d i~ in middle. 9 )( ,?12 "" = 0 .56 inches 
li)(I)o )( i>U 

deflootion lit end. 

I
.... A t2,inch I beam, 15 square inch~ IIIl'Clion, ulends 
i. 10 teet beyond II ri!;:'id support. ]"Of a 10lid e\'ellly di!!-

12 tribilled, take one-fourth the C().efficient tor. beam 
, ; supported at bolh ends, bearing a dislributed loed. 

1.05 )( I~!j .~ 12 = 18.9 tOilS broaking 1000d distributed. 
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Por deflection under fI ... e tollll distributeJ., substitute onHi:uh 
of the ~mci('nt (or deftection in ilute ror Beams supported Ii 

3)(1000 OO'"h both ends with loed in middle, 9.::13)( 16)( 144 = ..... lnc CII 

defieclion at end of boom. 

CONTIKUOUS BEAMS. 

When A beam u oonlinuous over IIOveml 8I1PPOrts, or when 
both ends al'l! M rigidly 8I'lCurOO 8.11 is nl'Oe!8ary at the fixed ends 
of a (!antilew!t, the beam is practically in the same oondiUon All 

a noo.('(lnlinU0U8 beam of shortA:or spon. 
When the IMod is applied .t the roWdle of the span. the ulti· 

mate brooking load or a oontinuous boom is equal 10 twiee that 
for a non-oontiu\IOUlJ beam similarly loaded and of the same 
length and section. 

When the lORd is e\'enly distrilmted, the ultimate Iood lor a 
oontinuous beam is 1.6 times greater thAn tho ultimste load lor 
a non-continuous bemn IInl1er tho wuno conditions lUll) of the 
same length snd section. 

The deflection of a continuous beam u one-fourth that of a 
uon-oonUlluous boom \\'hen Similarly loaded. 

To find the IItrength And stitrnC811 of continuous beams. mko 
the rul(':$gi\'en for non..continuoUll beams&nd alter thOCQ-efllcienta 
in tho proportions stated. 

EXAMPLES FOR CONTINUOUS BEAMS. 

A (..inch [ beam of three square IneheelJOOtion Is continuous 
over support! twenty f~t apart. To find the greatest Mle loo.d 
uniformly distrilmlod, and corresponding deflection, take 
Ui timOll the oo-effieienl. lor a. "imilnr non...(l()nlinuou~ beam. 

6.3 ><; >< 4 -= 3. 7~ tons brealr.ing load, or l.26tons safe distrib

utoo 10M. For deflection, take fout timMi the <'O-efllcient for tbe 

same class of non...(l()nLinuous beam. 

iocb defl('('tioll. 
For a conllnuOIllJ beam bearing load in middl{', take twice th., 
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('O-('fficlent giv~n ror the ~trcngth of a ~imilarly loaded non-con_ 
Unuoua beam, and, rordeUeclion or the former, take four times 
the co-cftlei~nt I:h'en (or the latter beam. 

It will be oI.l6ervoJ that these ruicsllpply only to lhe interme
diate ~paTl8()f (,.'OnHnuous beams, ng, owiug to the failure of oon· 
tinuily atone end of each onter span, tho (,.'Onditions are altered. 
Ir, howoI'cr, tho outer cnds of a continuous beam overhang the 
end-8upporla (rorn Onl'-firlh to one-fourth or a 8pnn, and bear the 
Mine l)roportiOIl or lORd as the parts betwet!n aupporu, then the 
outer spflns may be of 88me Icngth as the inlCnnooiaU' IiIl8ns, 
IJUbject. to the SlIme load, and tbe stM'ngth and Itiffnet.e are de
termined by the same rules; othf'rwilJ(', the onter lpans ought 
to be only four_Mhs of the length of tbe intermediate spans 
when the lORd is diijtribmoo, or t11r'OO-!ourths of tbe ISIIme when 
lbe load is OOllccntratOO in tbe middle; or, It the length;;. of 
spflns nrc allillike, the loads on outer Splltlli ought to be reduced 
in tho 88l11e proportion_ 

Tho tollO\\'ing mble e:o;:hibiL-! the rchltive proportions of 
strength and sUlrness existing between the vllriouR clllsses of 
belllns when thcy havc the sarne len~"lh~ Ilnd uniform cross 
sectioU! ; tbe deflections beillg colllp!ll'lltive figures for the Mme ,-

KlllD OF B"" •• 

Fixed at 0110 end-lOl\doo at the other .. 

Fixed at one end-load el'enly di~tributed ..• 

Support('(1 nt both ends-load in middle ..... 

SU()ported at both ends-load e\'cnly di~trilJ-
uted ... _ .... _ .................... _ ...• 

C()ntinuous benm_load in middlc .. 

Q)ntinuous beam-load evenly di5tribuk-d ..• 

I ~1I:!nJ;! : Od...:llon 
lO"td ft_ Ill! 

--'---
i , 

2 

2 

3 

'" 
G 

I 

I 

n 

111(' b~king 1000d amI defledion of a beam supported at both 
ends and load('ll in t1u' nllddl(' hllve been tntlUl M lhe units in 
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the pmcoding lnble.lnd_the proportional stJ'('ngth nmlstiIYness 
o! similar beams under different (:onditionll given-to find the 
projlCr IlI>-t!lIIcient for estimating the strength and stilJ'ne!16 of 
the beam required. it ill Ilccess&ry to nIter, in tho given propor. 
tiona, the eo-eftIeient for the Mme beam when supported It both 
ends and loaded in the middle. 

CHA NGES OF CO-EFFiCIENTS rou SPECBL FORMS OF 
BEAMS. 

"~or beams of the character denoted in list below, eh&f1SC the 
llI>-t!/lIcients in table of lonDulIt', pages 6S-60, in the l'1I\io gi l·en. 
F or concentrated load!'. lind distri\.mtcd loads rcsjlCetil'cly, 
chunge the C().clliciculs gircn lor tbclillUlc kinds ollOftdiJ in the 
table. 

lusn (I" ....... OO-I: .... 'C.OT ..,. OO-I ..... el."T ..,,, 
~LTI • .o.TI 1.0.0.1>. "IPLICT' (lS. 

Fuoo at ono end, loaded at One-fourth en orOno. eb.:t('(l llth 
the other. the co.efIIcientof (it1) of the co.. 

table. e cient of ... 
ble. 

Find .t '"' end, loo.d One-fourth {~) 01 Fh·e. forty_ 
cvelydistribul.ed. thooo-efficumtol eighths (-/,,) 01 

table. tho oo-efficient 
ot tables. 

Both ends ngtdly fixed, or Twu~e the (».('111. Four tunCl! the 
a r.onlinUOUlI beam, eient of table. CQo{'ffieient of 
with load in middlr. table. 

Doth ends rigidly fixed. orlono IlIlt! one-half Four times tho 
arontinuousbeam,with (1 ~)tl rnCl! the 00.1 co.efficicnt of 
load cl'enly distributed. emcien" 01 table. table. 
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BENDI.NO MOY&.\,TS A....'\ D DEFLECTIQ.xS FOR BEAMS 
OF UXIFOIUi SE<''TIOX. 

IV. TOIallOfid. 
L .. IADi\h 01 beo.m. 

. ·,lNX 0' MU. "1<n I"OI! .TJOII 0 .. 
1.<)./<..,. 

ilearn heel at One ~nd IoIIded at lb. 
other: 

Tlth :.. ! : 
I· , - , e 

• 
Dnlw Irtugle b.,'Jng A .: 111., 
Vertical hlW>! W\"f bendloll InOIIlCllla 

t com:.opoodhl&, point. 011 the 00am . 

-
]kam boo Rt On. end, load unl-

on"lr dl.trtbu~ : 

> , '~ 
! I . I 

.... LO 0 00 0.9 
D ..... "" .. ""1& ".,i,,&, A ... 

WL ,-
Ordl ... IK lire bondIng momenlA at. 

()rI'epPO,":II"K jM'IInl>' "" the ~"m. , 
!18m "'pportf'd It both .,nd_, load· 
h' the m.ddle: 

~ , i: 
I »; , 

, , • i 

~ , e -~ 

WL 
nt'll. lll"'Il'" hadna A .. T' 
Yertksl 1( ...... II;hr bendlJll!:' ~nu 
con.pooMllog point. on ~ ..... 

1: Motholu.,e of eI"",ldt1. 
1 _ MO_lll of l .... rtlL 

.'lluln""n Ma~hn,,,,, 
bendln" .h ..... rL"1{ ncncetlon. 
mom(lot. --

&!-polnt"f I' )lOlnl of at ~nd of 

:~ -- "'m .. II', WI..' 
""8£/ " 

----

at polnl of at end of a' polnlnf 

"'~I:J.rt. ';':'~"?~ .... m 
11'0 =,' • "" . 

--

I' middle It poInt or at mldd1<l 
of beam ~ul'l)ort of bealn 

I\ 'L ". IV£' -" - .. ~{' , 

1 
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BESDINO MOMJ.;XTS A..."'iD I)EFLECTIOXS FOR BEAMS 
OJ.' UKIFOIUl SECT lOX. 

w .. Total load. 
L .. Ue"ll:lh of bH.m 

!o'ORJf or )lUX ... lIn i'OtlTIO" or 
LOAIl. 

Beam o"pported It both cndl, Jo.d 
"nlfonoly dl.trllmIW: 

1111 ':1\"0" : 1 t I 
, I ;. ' I 

. !: i i : 
I :: '1. 

Jl"l. 
Draw pMtbola havl", A "" S. 
Ordln.o,", Jlv~ bt-ndh.t mflmenl$ at 

COfJeIIpond"lI point. on the beam. 

Beam '''PJlOrted at both cn<b, 10&<1 
eonoelilratOO ill aIlJ" poLut: 

~:""' 
, ;. L : 
I " , 
~ . . _- .. ... . @-.- ~ .--+ 

. - - l - + 

Woo 
Dra .. Illan&:kl hnl", A .. L . 
"ertksllln81 gI .... bo-ndlll,l;" Jll(llllt'aQ 

ILl eorreopondlaa poh,Q on too bMm. 

If .. Moduln~ of el.~tldtr. 
J _ ~lome .. 1 of l"ertll. 

.loll.>:;m",n 
belldln~ 

mom""t. 

al middle 
of beAm 

WL . , 

It poeltion 
of l<)ad 

11"00 
- T' 

MIIt] ..... m 
.hfoarlng 
. Ire ... 

It point or 
OIIPP< rt 

W . " 

~n~:l"n 

.t poI!!tIoo 
of 1011,1 
a'll' !I' 

.. U·/l.· 
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BENDING MOMENTS A~D DEFLECTIONS io'OR BEAMS 

OF U SIJo""OHM SECTiON. 

I" '" 'rOl&110&<1. E,. )IIodulul or eJuUclt,.. 
I "" ~I OIn ... nt of In~rtla. L .. Lenj,:tb or beam. 

Beam ruppol1ed at both end., whit eoncentrated Ina<! a, nrlou. potnr.: 

• ,., . 
• 

0 
, 

, • 
, • 
~ , Cl> <I> <1>_ 

Dnw (by:OJ Ibe trl."glu l'a,'lnl: "crt.lcea .t C, P .m' N, the nrtluls leI)
!'(Went",&, bending II>Omenl.l for l<*ll "', ... "d. .,', ~Ih·el,.. f:':'wnd 
FC to I', (;/) W R. and /IE 10 S, mllr.lI!jl: Ntb Ioog ~rtleal equal 10 the.., ... 
of Ihe bendlul: mOOlenl. """""'p'.ndlng 10 Itt. pol'Hlon. That 1o, FI' ... FC 
~ FI+FJ. Gfl=O/J+G' L +OIt, Aud JJS_llJ.:+IIN+JlJI. Vcrtl· 
cal. dn.'" ttOQl.us point Oil the poI1~OIl. AI'IlSIJ.o .til, .. ill "'preeentlbi 
beudlus: momem ... Ill. w.. lI:Orre!!pondhlll polDU 01111>0 t.e.m. 

IWm rigidly _u~ Ill. Moth elld, and kIroded In the mldd~. 0 . 1"" Inrer· 
Pldlal.e .pans of • .,.,UUO IlOUI beam, equally '-1«1 iulbe middle of Melt 
apan: 

. /~,., ' " 
U?1 ~SJ 
- L ®.-.. 

Polo'" of eonlranelrtll'l! at r,:r:, ... ben'! Moment = O. DI.l.anee of '" , ....... 
L WI, 

either .upporl .. 4 . EQual momellu at mloMlea"do:nd~ = -8-' l",ft~tlQII 

11'/.' 
= lflU.:f 

Onwa trlanl/klharlna: A .. I~',. and u cud. d,. ... ~rtk:LI. JJJJ'. CK_ 
II'l '" II" join 1111'. Th<! \'crtlcal dl.,anoes betw~1l lUI' and the _hi .. of Ih. 

trWl~k'. rep""""nllloe ........... n'" for (,()m'OpnIld lllfl: poInl' ~n 1M '-m. 
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BENDING MOMEN'l'S A..~O DEFLE(.~l'IONS FOU BBAMS 

OF UNIFORM SECTIONS. 

W .. Toul ~. 

L " Length or ~. 

E '"' Modala. of tlutldty. 

I '" Momeat ot Inertia. 

lleftm rigldlyooocurOO I' Cflth end "'lIh 100IId uniformly d lotrlbuted, 
Or IILe lntcnllOOlf.te lllla'" of a t<JnllnuoUil beam bearing I uniformly dl .. 

tributed lOOlld on e&(Ch ~pan: 

PoInt. of eonU'l.ftenl'l'l ::r. ::r .... heM moment = Q. DIJoIllrw:e of ~ from 
either ""1'»011. '" .itL. 

WL 
Dra .. po.raboll IJ.I.vlDJ A '" - 8' 0 ...... Y('rtlral~ D, 11', NCh "'la.al 10 

JJ'l. 
I~ 'joll. JIB'. The vert lui dlwmces bctwCC'n nIl' and tho curve of the pol-

... boIa "'pl'CI!ent tbe momen" fo. torre-poudln" point.< on the IM:Ilm. 
11'£ 

lh.d"'nw mOlllf:nt It polo" or IUppon. .. 1::' 

11'1 
llomcnl II middle of ~ '" :!4 '. 

II'L" 
Mulmn'" dcftettlon II middle of bo>am .. M.~f.'r 

6 
, 
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DEA.lIS Fon SUI'])ORTI~O lItBEO UL.\R LOADS. 

When It. beam has its load unequally distributt'(i OH'r it. the 
proper size of the bealll can be dcterminetl by finding the nUid. 
mum bonding moment I\.lld proportioning tho benD! II.COOrUingly . 
... :quilibriullI 18 obtained when the bending moment. is equal to 
the moment of resistance. That i'l, when theexterIJsllorce mul. 
!il)lied by the IOTcrage with which it act! is equal to too strength 
of tho material in the crOll! section of the beam multiplied by 
lllG hWCl'II.gIJ with which it. ru.:t..I.. 1'ho ullimate moment of resist.
Ance for a wrought.iron boom of symmetrical l OTnl is 

42000 I 84000 I 
... depth or d 

d = depth of beam in the dire<:tion ill which tho torce acts. 
1 = tho moment of inertia about tho axis at right anglcs to tho 

direction of the force. 
Tho greatest Mfa momento! resistance as adopted in our tabl€'ll 

Is one·thin! (J) of 000\'0, 

M - 28000 I 
-d 

M I 
or 2mOO = ii' 

The co-efficicnt to be ehanged according to the fActor of snfcty 

desired. Tho rule woul(llhus be .... ~f~ment :; r. 
'-"'""nlcient d 

1WI.E FOil. BEAMS HEARING IllREGULAR LOADS. 

Fiml by the methods dC8('ribed in preceding article the maxi· 
muIU bending moment in inch.ll),. ror the loods. Dil'ide the 
moment urlhe proper C()oCfficicnt BlI described abol·c. Find in 
tho tabl~ pngus 92·96, a beam whoso inertia divkl(!(1 by its 
dCIIlh is not less than thi8quotiont; which will 00 tho bellln re
quired. 

In some instance3 tho IIIlu:imum bending .nomcnt ean be most 
re\dily found by the 1I!4' of diagrams. asdescribed in thosueceed. 
ing artielo. 

When Ud! is Ilone U86 any com'onicnt lICale, making all 1000. 
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and all distances respectively of the 8/lmCl denominations. 'l'be 
maximum lx> ndlng moment can then be measured to !leale. 

J:.'.romplt .-.\Il I lx>a m a feet long is to be ftxoo. at ono cnd and 
loaded at the other 'lfilh 5.000 lb!!. and carrying also an evenly 
distributed load of 8.000 Ibs. What size of beam should 00 uSt'(1 
110 as not to b3 8trai lled over one·thin! of its ultimnlc capacity? 

Moment tor end iOlld = 3,000 )( 00 = 400,000 inch.llls. 

.. "distributed load = ~,0002" 96 = 3S',000 .. 

Total = 864,000 .. 

F or ono-third (l) of ultimalc the oo-efficient will bo 

~3000 = 2FI,OOO. 

"",000 0 84 I 
2J:I,OOO =8. = (1' 

By Column VI I.. page 92, for a 12" 168 lb. I beam, I= 
871.98, which divided hy 12 = 30 .00; or a 15" 145 lb. I beam. 

I d = 84. 7. The latter beam WOlild be stronger and lighter. 

In tho fo1!owint:;' example the mll.Ximum bending moment ca ll 
bo very readily obtained by a diagfllm &8 dC!JC ribed in F ig. 6 01 
t ho p!'OC'eding IIrticle. 

E:mmpk.-A beam 2() feet long between supports. will carry 
t hroo loods. which wo will callA, fl, and C. 

A =- 4,000 lbs. IIn(1 is 4 fO('t from OIlC ell(l of the beam. 
0 = 6,000 Ibs. and is 3 teet from tho othef elld of th» beam. 
B = 3,000 IhII. and ill G fect from Cand Sleet from A. 

What beam is best to U!lC fOf abo\'e, not strained over one
fonrth of tho ultimate? Dc8cribo the diagram as per Fig. 6, 
when t he following bending moments in ft.· JhII. will be 0b
tainod. 
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At point A I At point B I At point (' 

jo·orlc.dA .. 12,POO Forlo.dB .. 24,000 For load C .. Hi,:100 
•. B .. 8,000 '. A .. 10.~ " B .. 8,900 
.. C .. 3,600 " C .. 6,400 A .. 2.400 

ToUtl.. ... 24,400 I Total. ... 41,~OO I TotAl. ... 26,600 

The ma:s:imum moml:'nt nt B:= 41.200 ft.-IUs. or 4\)4.400 inch. 
Ibs. ]i'or one-fourth of ultimate stl'<'ngth eo·emcient:= 21,000. 

494'(00 / 
~1,OOO =: .23.5 =: if' 

By table on paga 92, for a 12" 120 Ih. I beam ~ = 22.74, be

ing slightly deflcicnt. A 12 123 lb. I beam will he anlple. 
It more lateral stifTn~ is requiroU Uum a single b('am alToro" 

usc a pair of channels I!Cparal.cd ant! bmced horizontally. Two 

12 7;; lb. channels: = 23.6, ... ould snit aoove pnrposeL 

NOT£.-The tables or elements. except where otherwiSft speci. 
fled. IIrc clI.lculatcd ror dimcnsions in inches and weights in lb!!, 
oonsequently in uamples of above character it is necessary to 
ootain bending moments in inch-I1.I8. 

BEAMS SUBJF.cT TO nOTn BENDING AND COM
PRESSION. 

Whl:'n a beam is Bllbjootoo to bending action and sllnulla. 
ncously has to act as a strut by resisting colllpl'CS!lion, tho stress 
of the fibre!!! of the beam in ten~iol\ ... i11 be relieved and thOi!!C in 
compression correspondingly lIugmcntcd. 

Ko general niles can be ,ai"en for 8uch oonditions, lUI every 
particular ClUlO roquires its own proJl<'f del.erminatlon. 'I'ho fol_ 
lowing metllods, tholl{l'h not strictly OOl'T'llCt, will give we ro. 
8ultil for some simple fomls of truasod {l'irdcrs, etc. 

(I.) When the beam b subject to oompression but is 90 con· 
fined laterally thnti t Cflnnot (fill by bending like a ,trnt. 
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Rur.,,-}<'ind tho IM.'Ction of bealll required to resl"t bending, 
then allowing [rom 10,(01) to 15,000 Ibs. per square illch of sec· 
lion for tlle oompl'('$ljiOIl, according to the !actor of safety usoo, 
add the area I!O found to the lirst area, which will ghe tbe sec· 
tion of required beam. 

E.lamplt'.-Wbat I boom is rcquirod to span Ill! opening of 30 
root, to Ix> trn!JSC(i lJ reet deep \.letll"oon L'Cntres in the mannet 
illustrated in Fig. 6, page 165? (this truseed beam CflrrlC!! a briek 
wall which weighs:;OO lbe. per liucal foot, but which brace!! the 
beam from yielding sideways), the beam to ooProlXlrtioned for 
a safety factor of lour? 

Uere the beam can be considered A.3 com]XlSl.l(l of two l!('parste 
bemus, reaching from tho ocnlro to cllch cnd, each being 15 root 
long, corryin; I distributed lood of 15 x 000 == 7,500 lbs., IIlId 
Bubjoct to a coUlJll't'Siiion resulting from tbe trussing of 18,700 
I... Our IIpproximaw tabl(':!j for beams, on pah'6 60, will be 
louml most con\"CniclI~ for such calculations as the abovc, ami 
aro sufficicnUy accurate for practical purpose!- For I beam, 

dh" \ing co-clIlcient by 4 wc hal'o !:!E.p-!! = sato distributed 

10ft(, -= 3. 75 tona. 

1Iy trial we lind lor ana 6.5 lb. I beam 1.05 \~.5 x a == 8.64, 

or nearly correct. 
ll'or the compression, allowing 12,MO Ibs. per square inch, we 

require 11- square inches. Therefore an 8" I beam, 8 sqlUlTC 
inches section, wililoo safe. 

It desirable to WIC a deeper, lighter beam. try n Q·inch beam 75 
I ... per yard ; allowing I i square inches for the oClInpre&'!ioll, we 

hlweascctionorasquaroinchosrelUllining; 100 ~~;)( 9 3.'78. 

The latter Ix>am being both stronger lind lighlcr than the 8-
inch. 

(2.) When the bee.m is suhjoct to compression lind ill Imble to:.. 
fail like a horizontal strut by lateral flexure. 

llllu.-Consider lint the rosistanoo a~ a stnlt and then !DIIb 
the necessary increment of section tu resist the Ix>nding etross, 
remembering that. if tbe addition il !Dade to tho flanges Illen 
only flAnge It~ havo to be considcrod, but. it the iDCreuer.l 
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area is obtained by thickening the web 01 I beam or eh&nnclllOOo 
lions, then the additional_rea so obtained should be treated as a 
rectangulu.r section whose thickness II the SIDount added to the 
web, amI Wh086 depth is the depth of the beam. 

E:rampl~.-A truS$ld girder of the ronn exhibited in Fig. 8. 
1lfti6 HI,'), it a box section made up of two channels separated with 
flanges outward, and plated lop and boUulD. The whole b-irder 
is 30 fceliong and is loaded 1,000 Ibs. per lineal foot.. The oom~ 
]lresMOn resulting from till.) tru$l;Iiug is :!;:;,OOO lbe. '1'he etruetlll'O 
bas no laU!ral bracing. What \l'ill be sale proportions lor it, the 
stresses not to e.IceOO * of the ultimal.O ? 

It is e"ident that we hAl'c to oon"ilier it &II a fiat-cndcd strut 
00 feet long liable to tail horizontally. lIud also aa • IJCriCil of 3 
beams each 10 fret long lIud luaded wilh 10,000 Ills. (mmly di3-
tribuleU. 1'rying 2 lightest G chauII!'I.&, each 2.27 8qW!.ro inches 
5OCtion, separated 5+' 80 nsLO he oon~rod by 9 plates, we ha,·o 
(omitting tho plate!! in Ihis calculation,) the radius or gyration 

around ,·crtical axii (1500 I~ 110)= 3.2.:i inch· 
~ .-c=r=;=:3 I 

CS, r = 110, one.firth of ultimate (by Table I, 
I 
t" ,.4!- paltC 118) = 5,000 Ills. Jl("r square Inch. or 5,000 
I x 4 i = 25,WO lb!!. M(e resi!-tance, which hi 
1 ampk Now proportioning the platcs to l'CSist 

~. ..,:: --o! tho hemling strain we tUH"O mn:dmum bend· 

ing moments (_ page 78)' 100 x SIO,OQO = 150,000 inch.lb!!. 

The pltltoe aet with a IOI·cl"IIogl.! equal to tbo depth or the chan. 

nel, viz., 5" ; 150;,0'10 = 80,000 lb!!. tension on top or oompres· 

sion on bottom plate, which, allowing (or 10,000 li.lII. per !!quare 
inch, and allowing tor 10611 by ri\"els, will require II plato f' 
thick. 

(3.) Tllking tho Il\!It exarnplo. if it WM desi red to !onn the gee. 

lion out ol a pair 01 chal\l\cla Itltticcd top and bottom with no 
oo'·cr pilles, "WO would hllve to COll!idcr tho section Added to the 
channels (being on tho web alone), as a simplo rectangular I!I'(l

UOIl. By tbo formula on pa~ 69, tlpproximatl) rulCfJ. we find 
that such a section only Ii·· deep would re<tuire a thickness ot 
a.8 inches, wbich isimpraclica.blcj we have therefore to use doop' 
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er and he&,-ier channels. Trying If ehannels 8ep8rated as be
tore G~ inches. with llanges ouLward, and having nu.1ius of gyra-

lion lor tho pair around vertical axis = 3A, !.. = 106. Sato load , 
29,~ = 11,800 II». per sqllan:! inch. AI! thooornpf'('ssion is W,OOO 

l\)s., thero is f"C<J.uin..·d 4.3 squllre inchC!l tor this purpose. By 

lormula 2, page 68, .5.2 x ~;:a x 8 = 5 tons, from which is 

round tho area requin.J. to resist bending = 12 square ioche::!. 
1)1 + 4.8 = 10.3 square inches tor:! channels. or lho bCf.vie5t 8 
channels 80 Ills. per yard "Would be required. 

By Ibe M/IIO method "We find 10 channt'I-s 68 lbs.. per yard, 
will ana'll"er the purpo6C. or our Iighl~t 12 ehanncls 60 Ibs. 
peryum, will oXlletly met'l the l"I!quill"m('nls and be tho lightest 
channel that can be used ill the manner propoeed for tho pur-

""". In cases where tho 100(1 is concentrated at the IniSS points, 
there being no bending !Stress, tho resi~tAnco as a strut has only 
to be con~idell"d, and whcn hI'l\Ced latemlly thl) stnlt length is 
reduced to tllo distllnces between bruch-g. 

ELEMENTS OF PEXCOYD STRUCTURAL snAPES. 

In tho rollo .... ing tables, pages 88, !II, various properties of 
rolled slnletuml iron are gi"en, whereby tho strength or still· 
ness of any shapo can be readily dotermined. 

SYXSOLS. 

f = Moment ot inertia.. 
E = Modnln! of elasticity. 
1V = iJOad on beam in net tons. 
to = Leall on beam in ponnds. 
B = Radius of gyration . 
.do = 'I'0t.R.1 arM of cross section. 
L :- Length bet~ecn lJIlpporiB In feet. 
I = Length between supporu in incheL 
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Column l.-Cbart number. 
Columns III. to Vl.-Detaits of tho eectional arnu in !!quare 

inch<'S. The tlauges being taken tho entire width 
of section, and tho web colisidcrOO between the 
flanges. 

ColuIIl1l8 VJ I. and VII I.-The moments of inertiR, respt.di\·ely, 
at right angles to and pamllel with web of beam. 
In all C!IlICS tho axCII referred to pllSS through tho 
centro of gmvi~y of tho c!'OilI·eection, as iilust!'&
ted at the head of each table. 

ColulUns LX. and X.-Tbo radii of gYl'Illion in il\ches = ~. 
When K' is reqllil't'd, simply divillo the moment 
of inertia by tba area of tbo section. The ,"alues 
of J and R hM"C all been carefully calculated by 
tho fomm!.) gil"cn on pRgt.'fI 102-1 11. Tho tables 
givt> the \'a]ue of 1 tor the minimum section 
of each pnrticulnr shape, but tho IIC(!lion cnn 
be incn:ased in area. up to tho IIIllximum limit 
given in tha descripliv(l tables, pages 2-12, 
and tho value or 1 enD 00 relulily obtnined 
lor 1Iny cnlarged sectiOIi M ucscrilJed Oil 1~'98 
100-108. 

Column Xl.~mcicnt lor tbe greatest .te Io<ld evenly dis.
tributed O\'cr the beam. This is thc C1llcuhlted 
load in net tollli for .. bN.m of lhe given size and 
IIOOtion, one foot long, and is derived rroID the 

lonnuill ~ =. 7I ,whichgi\'cs reo 
S i depth of beam 

lult.sa\·crngiug one-thin.! of the uitimnlc slrengtb 
or the beaUl. The Mfe dislrihut\.>d t~1d ror any 
beam olille siwand section gi\·cn in Columns 11. 
to VI. can be tound by dh'idi llg the OOlTl.'6pond
ing co..efficient in oolurull X I. hy the length of 
the benm betwo.oeu support.&, in teet. 

Etm"pk.-The greatest sate load that can be evenly distnb
ut.c<1 011 a \)earn 10 inches deep ha\'ing a lItlCliolial afCl\ or 9.04 

lIquar'C incbet II.Ild spanning 12 fect is 1~.4 = 11.5 toll3. 
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1f the IOftd is ooncentrat.OO. in tho middle of tho beam, 006-

hal! this result, or G.7o tons, is the b~test Mfe load. 
1f the IM.'Ctionalarea of the beam i~ inc~ased, find tho moment 

of llicrtin for the ino.-eaM section IIlI d08<'ribed on page 106, and 

tha co.cfllcicnt (or a distributed Sflfo Jood = ill/_ 
depth of Oc.m· 

Eumrpie,-'I'h(' 10'" beam tAken in lQst ulLHlple. 0.04 square 
inrhes Qrea, is increaseo:i to 10.6 squaro Inchcs eecticn. The in. 
crih of enisrgcd 8OCtion is foulid ItS per tornlUlro 0,1 page 100, 

1.511 - (rnel"Cll8(l of arelt] x 100 - (square. of dep t i9 _ 13 I'"' 
12 - .+-.g. 

(inertia, 001. ,·ii., page 9'2,) = 161.S or moment of inertia de5ircd. 

C n'-' r r ._._. 161.3 x 9\ "" 0' 'd' b' o-e ",lent or sa e 1UIW. = IV = 1 ....... G. L"I rng I IS 

~mcienL by the spo.ll in fL~t (12). giY~ It~2l) = 1!.54 tons as 

tho maximum mea load distrilmtcd, or 6.27 ton, in tho middle of 
lh('i>Mm. 

Lntcrul FI('xul ...... __ H will be noted !hnt when subjected to 6u('h 
load.lI a, a.bove obta.ined. the beams are pr('Surned to bo secured 
from bending sideways, and it will be 8Ilr('8t 10 limit tho applica. 
tion to beams secured laterally at lntefl·als. in lellgth not u· 
ooeding twenty times the wid.th of fiauge. See I'rc!ace to tables 
of so.fe lo.ld8 for bealllll. page 00. 

Columns XII. and XI II.-DetlpctiolL'J,. 
T~ ~ figures In tho tables are tho calculated de8ections for 

1K'a,.J~ of the ~jzes and sections giron.l)H(l foot long between 
bearinp and supporting a IO&d of on6 ton. Tiley are deri\'oo by 

mea/IS of tho lormullu .::,[ = de8ection tor load. in middle of 

beam. 76~Jt[= dellootion lor load 6v6111y distributed. 

Tho modulus of traIlSYerse elasticity is assumed as 26,000.000 
It.. The elasticity of rolled iron is IOmewhat uncertaiu. it i, 
frequently quoted as high as 29,000.000 1he., and I'xperimeulS 
on bars of exCC'lltionally stiff iron will often gi\'e results much ill 
exOl'S!:l of this. But recent experiments on rolled beams show 
that 26.000,000 Ills. is a !air averago for thb form of wrought 
iron ~ page 10. 
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The de!loolioll of ~Iny \.Jcum of lhe sedio!ull nrea gi'"en in cols. 
IV. to VI., snd loaded within the cla.stic limit. is found bymul· 
liplying tho corresponding eo_cfficient in eols. XU., XIII., by 
lilo wcigllL in tons lIud tho cube of tho length in fcct. 

lilxample.-A U " I bcum, 11.95 squnre inches section, 13 feet 
betweclI StIPPOl"ts, curl'ies nil cvenly distributed loud of 15 lons. 
O~H~lioll = .01313013133 x 15 x 13' = .207 inchcs. 
l[ thc scctioll!11 &J'cn of this shapo is incl'CUsed, tho 1"IJ.luc of 1 

for the llllbrgcd !;Cetion must bo found lIS described in previous 
examplo. By reducing the formulm for dellection to their sim. 
plest fOl'lll~ we obtain: 

;~> = dolk'(:tion in inches lor lont! in mi'ldio. 

5~~' = defleclion in inches for distributed lood. 

EXlllnp&(·.-Tlul 12" beam in pl'cyiol1~ cxnmple 11.95 squftre 
ineltos III'(:n, is illcl'Cn~ctl to 13.8 SCJUfHC inchcs 'rhe inm1:ia cf 
onlarged section i~ !OUIlU. ns per formula, page 1136. 

1.8.; (incrense or "1'011) x 144 (squaJ'C o~ depth) _ 22 2 + ""'.) 0" 
12 - . ~ I ... "" 

inertia, ~'O1. vii., pagc !J2, = 295 .00, or IIIbment or inertia desired. 

Deflection =. 15 x 1~ = .19 inches. 
530 x ~!Ji).06 

For beams or tlw SIl.me depth, bllt or any I:ICCtiomd an's. tbl:l 
defl~tion remains unilorm so long liS the loads bear a unifonn 
ratio to the ~trcngth of the beam. For this renson, the single 
t'OllImn of dcliL'Clions applies to any section o[ Ihc sauw si~c of 
iJcnm, in tho laloles of saf!) loads. 

Column XIV.-Mnximum load in tons. 
Thero is It limit in the length of bcums at which tllO rille for 

safe lO:.Ldiu~ cea$CS to apply. 'fhis point is I·cllched whcu tho 
lond flLl.Iiins the safe limit of J"('sistnnel) olTercd by tim web of the 
beam ngainst r.rippliag. 

The maximum load can be placed on any beam shorter than 
tho Icngth indiculed, hilt must not be exceeded. It is obtllined 
by Gordon's formula, taking 6 tons per sqUIIl'O ineh as the safe 
resistance of wrought iron to crushing. 
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d = depth of bealU. 
I = thieknea of v'eb. 

1Y _ !kit 
- i' 

I + :IOU()(' I = d x secant~· (l' = 2d'). 
Exampk.-An 8' 115 lb. beam hns Il. mli;dmum load of 10.46 

tons, which corrcFpond~ to Ihr, grcfllc<;t !JDle loorl on n benm of 
IhisllOCtion. 7.7 feet. between suWorts, it t:1O lood i5 distributro, 
or a.B.:i feet if the lood is lit middlc of bcnm. If thlsshnpe is in. 
crefl!!ed lo n I\(lunro inches aroo, blll'ing a wei.) f.r' thick, then 
nla:t.lmuUl SlIfe load becomes 

W = 6 'x8 xi~" ,,. -
, + -- "" 17.2 toM. 

(aooo x ,,1, ') 



92 

I. 

ellAllT 
N~lI. 
IItn. 

--
1 

2 

3 
4 , 
5\ , 
7 

8 , 
10 

11 

12 

13 

14 

15 

15 
10 

10 

23 

23 
24 

" 

WROUGHT [RON AND STEEL.. 

ELEMENTS OF P ENOOYD BEAMS, 

" I 

-~D;=- *t =0' 
i_u. I~ 1\'. I v. I VI. I VII. 

I 

I ' -Ill. 

I ,,,. I '[ A"KA8 1>1 !)QUA"" lN~. MOllE"T 0 .. JS!':I<T,... 
\\'&IO 'T' 

1 '); ,'"n 
I I" C"E~. YMW. I 

' l1ll1nl(c~ Web. Toral. 'Axle A. B • A"iaC. D. 

-- -- ------ --- -_. 
l' 200 11.86 8.04 19.90 682.08 28.50 

15 145 8.97 lUiS 14.55 521. HI I(l.91 

12 l(jS 10.G6 6.23
1 

16.89 871 " 23.11} 

12 120 7 .42 4.1)3 11 9:i 272.86 l'L22 

1O} 134 0.57 3.87 13 44 
2-11. G31 10.00 

10~ lOB 7.33 3.50 IO.&: HI5.42 12.45 

10, " lUll S.03 8.94 162.20 8.34 

10 112 7,23 3.04 1l.17 178.58 10.134 

10 00 (1.29 2 75 9.04 148. 311 8.09 , 00 0.13 232 9.07 118.81 8.44 , 70 4.77 2.21 , 6 9S! 94..44
1 

5.59 

8 81 5.58 2.56 8.14
1 

8:1.93 7.23 

8 65 

II 

4.50 2.03 0.e3 69.17 5.02 

2Ad I 
7 G5 4.17 6 .58] 4l).73 4.15 

I 7 " , ... 1.001 5. 141 43.08 3.43 , 55.50 4.19 1.28 5 47 33.261 4.3"3 , 83.62 4. .81 3.42 8.24 41.74 0-" 

0 40.00 2.00 1.00 3.96 24.59 2.42 

0 GO.51! 3.22 2.43 5.65 29.63 3.15 

0 115.00 1 [l.~l 2.34 11.55 03.24 19.14 

0 12~. 001 9.49 2.81 12 30 65.51 14.70 

0 90.00 6.811 2.06 '.00 51.4.3
1 

u.n , IlS.00 ;1 7.1(1 2.57 9.76 51.77
1 

11.79 

____________ --A 
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ELEMENTS OF P ENCOYD BEAMS. 

" 

x. 

~ D::=:::±;=,G· 
I Xlii. 

-11- ----'-
XI. XII . XIV ". L 

Rum or 01'nUloJ<. : 
Co-&PPI<;I'''T roR 

D~rL-cTlolI". 

. hl. A. II. A:d. C. D. l .-d. DI • 
1l1buh-.l·1 

5." 
G.O~ 

'.00 
4 . i8 .,., 
4.211 

4 20 .... 
4.0-, 

8.62 

'" """,21 

S.2J 

2.7')1" 
2.89 

2.89 
2.40; 

2.25 

2.n 
228 

2.81 

23) 

2.8d, 
2.30 

1.20 -12-1.41 00000.11 .000002.; 
1. O~ ;}2-i. 30 • ()()(.oo:;a OOOOQ.'L1 

1.17 2S9.3"~ .()(QOJ7'4 ~:Q.IO 

1.01 21'~.2:'.! .0000101.orOOCGa 

1. 11)"214. 78
1 

.OOOOllli .000007'2 

1.0. 173.71
11

.0000142 .(.Q~OOIlO 

.97, 144.23 .0000171r 00301071 

.98 162.02 .OOOOlliD.()()O()QOO 

. O:i 138.43 .0000186 .00(.0110 

.00 123.21 .OCM.0'2 ... :! .00t;0145 
tiD D7 .!)4 _ 0G00Z92 .OOv(Ht·S 

.0-1 9 •• 92 .OO-'032D 0C0()20..) 

.8.' 80 •• 0.1000 {II} .COOO".AO 

.7'!l OO.3A .()()()O:")-l(} 0(.00341 

.b2 57'04-1 .0()()(lC.l0 .COCO-lOO 

.82 57 044 .OOOOO~O .~OO 

.88 51.7-1 .00000t<SO .OO()(JG20: 

.RM 64.94 .OOOO(l(l1 .{)()()()41B 

n 38.2J .0001121 .0000iOt 

4:1.20 16 

22.10 1;1 

38.0:1 12 

~2.22 12 J 

22.13 10~ 

17. 71 \O~I 

13.001, 10l' 
23.68 10 I 
13 11'1 10 

HUN 9 

0.9-1 !J 

Ili.4!J S 

1 , 
3 

• , 
51 
6 
7 

• 
9 

10 

II 

IO.4G 
i.3.6{l 

(l Ii 

a.17· 

8 12 

7 13 
7 14 

7. j5 

5 25 

7 '/ 14 o 1.3 

6 1.; 
6 16 

.7-1 46.00 .000003"2 .{)O(M,).P~·U 1062 

1.28 OS.!!7 .()(lOO.6S'":! .00C()2~ ~3 08 
I.llfj 101.91 ,00011-121 OtJtt):,!I>:l 2; 3'l 

lAO 80.00 .0000.1:37 .0000:,3.'; 10.42 
1.09 80 51 .0000~P.33 .0000:1.1'"2 ~1.I!J 

6 

• 
6 

G 
6 

!6 , . •. , 
23 

" 24 
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ELEMENTS OF PENOOYD OHANNELS. 

<ft- • D~-• 
I. n. '" '-=-± VII. YIII. 

-- -- -I 

'HUIT ~h~. \\'J:IO'T 
""".os lX SQc .. ar: bit .. llQJlltsnop '''I''T'A 

:S11.- " ••• ... [,'0 ..... '".LRO. 1 
I""n~' Web. Total. AlIL~ A. B. AxIl C. D. 

I -1-, -----
HO t .; 1<, 6.50, 8.36, 1-1.$6 4,j\.'i1 19.05 

" " 88.:.0 4.59 4.21 S.8:1 I~.'j] 742 

32 12 IlO 2.87 3.07 '.54 123.71 (I 2"~ 

3{ '" 60 3 1;1 2.41 GO. O~ 08 4~.1 

,; " " ~.(l7 2.2'! '" 73.!1t :.l.a:! 

sa • " 2.97 2.~3 lUO 01.8-1 2 .1', 

37 • a7 1.81 1.91 :1 -., .. - 43 (;.; 1.31 

'" • " 2.~~ , 
" 4.2-1 '(100 2.17 

'" • 30 1.31 1.6!.! 2.06 2-'J.!3 1.00 

'" 7 11 2.;VI I.'" LW !.:9.·il I. ,I 

" 7 '" '''' 1.26 2.01 18.41) .00 
42 G 33 2.()'( V:,!,j 3.~ 18.37 1.46 

41 G 2;) }.OO' 1.18 2 ~7 11.67 ." , 
• 

" 
, 27.3 1.60 1.01 2.78 10.20 .M 

• 4G , 
" .91, . 97: 1." 6.67 .37 

47 , 2Uj 1.31! . 81 ~ 2.Ui lUG .54 

48 • 17.1:i 1.02' .7;1 1. iij 4.14 .41 

" 3 l.j ... .GO , .'2 2.OS "" .. -
GIl 2\ 11 :1 ... .<1 , 13 .,., .21 

" 2 8.7:; .551 .33 .,., .. ' .00 

53 ,., 100.0 .i.G3 ." 10.44 :1:;1 56 13.08 

:;a 15 II)!.O 11.2.) 4.IH IIi.01 1;;7.03 18.39 
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ELEMENTS OF PENOOYD OHANNELS. 

ox., I n II XII. I XIII. 

HAnu 0' ~,,~ 
Gl' .... l',,, .... !!:! .. 

",j iii: 
t .. i 

CfFEFI'lrll';ST1I .... >11 

OErt..ECrI<)N 

AII.1A~I' ~ ~ ~ LoMI In 
A. 1J,

1

(',1). (j1.;5 ~nl", 

5 . .)11.13280.111 .000J061 .0000001l'o 

4.M, .92 H2.11 .0000151.00000111 

4.00 

3.92' 
IU19~ 

.74 OO.~ .OOCOZ~ .00001::9 

.OOOO2~ .COOOUW 

.0000371 .000023-1 
til K).9' 

.(llI 68.08 

.1J,'i 66.73 

. !'j9 
3.43 
3.4'1 
3.06 .71 

. OOOO·I ~O . C(l{Mt!{\8 
0000(;.'12 . COOO::95 

4(1.!;(I .(0)(J(lIi:l(l.<OO(l·1'1I 

3.00 .00 :12 91 .OCO',il'; ('()" 0611 

2.6-1 .G.';i 21 lit 

2.341 ,(jj 2~.~ 

2.~; .til IH.IO 

I !JJ .~16 HI 21 

1.8.'1 ,4.) l'.UII 

t.1}.'j .50 l·~.(.I:l 

1.1'11 ."1< 9.05 
1.16 ,4li 6.:.2 

.0C0t!l,.5 .OOOO,j~1 

.OOOU9i .00000J~ 
.OOOl.'j()l 001 r.l);j8 

0002363 .OOOU77 
.OOO:?(l~O' .OOOI07.i 

.0004130 .000';!.j8.'; I 
0I:(}.);:1l9 .ooo.13~:l 

or,O(jnOi .OO~411" 

O'lJa:ytJ .()()(r.'I!JU 

40.6--1 

18.4!1 

II. 1-1 
{I.HI 

10,S7 
n :lR 

1:1.77 

".71J 
0.07 

SA'! 

or~ 

5.21 

(j.92 

4 ,flO 

ILl\! 

4.211 
S.4!! 

,8.",.43 3:13 (~:43.iO .O-:i:2UjO '\ 2() 

.74 .31 22J .00.-,,;.:30 .OiJ:!:j;'U 2 ltf 

1i.791.12 '~18 7.j .OOOOO,!! 000 !II 16.33 

.'.i.3'~ 1.0; 2~1 .. ;; .OOilOOJI.1 ,-" 6:L:!J 

.9.,; 15 30 

.71 12 31 

62 12 .:-J 
.75 10 :~" 

.fH :0 ;J:j 

.li7 !l ;(j 

.r,,') II 37 

.00 8 ~ 

.50 8 au 

.42 

.i>il 
,4S 

.G1 

7 

G 

6 , , 
4 , , 

40 
41 

" 
" 4G 

47 

48 

" .4f! 2l ;')(1 

.37 2 I 51 
1. 00 i Ii &'J 

.~III.j I !i3 
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ELEMENTS OF PENCOYD DECK BEAMS. 

~·lLl =0'--
I I I. n. Ill. IV. Y. H. I nl. VIII. 
I 

1-- -- . 
AIl,A11 ,,.. SQUA"I \" •• lIQIIENT3 or I"' ... TU 

CHA In- I SIn W~IO'T 
Nl'.· .. ,-tal .,:11. 

1'= Ym. . I 1'1'1."1' Holb. Web. Tou!. A.I. A. II. Axl.e. D. 1-.-1 -1--- --- ---
'" J2 10~ 3.G02.896.00 10.38 221.98 9." 

91 " 91 3 2GI~.:;.~la.28, 9.00 164.09 7.64 

62 JO I 80 2.ti72193.96 8.02 11 8.22 (1.13 

03 9 72 '2502.062.61 717 8-1.77 '.99 .. 8 " 112 . 17 \.85 2.00 6.11 67.GG 3.63 

'" 7 " 1.861.5511.80 a. 21 1, 
8440 2.G9 

00 , .. l.ii2 1.28 t.38 •. I~ 2'1 '" 67 • II 
34 11"+011' "I '''11 12.0 ." 
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ELEMENTS OF PENOOYD DEOK BEAMS. 

IX. X. XI. 

Ihm. or ~"'; 
('1''''1'100('1 dt: --. :: ~;;; 
AJcI. Axl. ~,z~ 
A.II C.D. c:; Q 

-I 

." 172.6 
I 

II 

, ' o ~ - - ,'--"';8 

XII . XIlI. 

Co-IU·Plc. r;,," P'OR 

D~Pl..I:C1"o', 

Loed In Loed dl..
(~nlre. IrlbolW. 

4.62
1 

.000012'2
1

.0000078 

4.25 .9!, 139.0 .0000168(,0""0.; 
1 , ... .87 110. 3, .0000233 .OOOO14fi, , 
, 

S.44 83j 87.D .000032~ .000020.1 

3. 07 .77 67.:1 .0000 I 78 .OOOOZIHl 

2.G' . 71 45.8 .000080'2 .0000001 

0' --

XIV, "·11 ,, II I 

18.1i() 5.24 12 00 
1 

IG.7'.! 4.&8' 11 61 

lG.26 4.27 10 62 

14.63 

12.12' 

t1.30 

4.00 

8"'1 
3.20. 

9 

8 

7 

GO 

G4 

" 2.6.) 
84.2 .OOOl~;:;7 .000078."i 9.03 6' 1"'.7 
".'1(''''''-''11.00014''11 ~ 2.22 

-"--'-
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ELEMENTS OF ~ PENOOYD ANGLES 

&n:~ I,WS. 

~-I " III. 

II 
,v. I v. V<. I VII, VIII 

• )f ... )fE,. .... 0,. It''OIl ",. 
.c ~ • , ..,. .... 

• hEIIT'''. (;,,,,TIOlf. . "''< , . ' " . o. , 

" "',u,,, he"E" 
_. ,.- .. -. 

~~e t ~;,.. Axr" ." ":0:1· 1 Axl· • • A.a (' 1.1. A. II. I:. O. :::: ~ 
120'6 " >< l~ M.G 

, 
t,.~ ... 16 1.87 1.1fI LG6 

6 " • 1 110.0 35.4G 15.00 U'O 1. ]7 ,,. 
121 5 "' X ,1, 41.b IO.O'~ 4.16 U!,j LOU 1.'11 , 

" , , 000

1 

19.61 a.tii ' " .• < 1. 61 
1'12 4 " , , 28.0 I 4.30 L80 1.2-1 ... l.H • ,4 , ! 5-1 04 I ".67 3.40 , 

'" .OJ I 27 
12331><31>< 24 8, 2.87 1.20 1.0i .7rl 1.01 a. x 8. )( • 39.8

1 
.... L" 1.04 .O!II 1 10 

1248 .. 3>< j 14.1 1.21 ." . r.a .GO ... , , . , 33.6 2.62 1. v; .", .r9 .98 
12.:i 2) )( 21 )( I IS. 1; .9:1 ... . ., .5-, .'N 

2 )( 2 ')( ! ".0 1.6. " .e'2 .54 .8. ... 
12021,,211( lUI .70 .,. .7; .GO .7'l 

2l lC Zi Xj 22.5 1.28 .54 .74 .49 .81 
127~)JC~~X 10.6 .GO .21 .60 .45 .6., 

~, I( ~ X h 17.8 71J ." .6j .,. .72 
t~8 2 )( 2 )( h " .27 ... ,., .40 ..... 7 

2 >< 2 )( f IS.1l ." .21 .6> .39 .61 
1:29 11 )( 11 If ,'.; 62 .18 .0; . ., .30 .51 

11.7 .3> ... .0> .30 0' r, x q )( ! .0, 
130 1t>< 1,)()\ " ... .0;:;, ... .3> .44 

I )( 11 )( f '.8 .10 .09 .44 .3> .51 
131 1 t >( I, >( • 8. ' ." .02 ... .20 ... 

1 >( It >( t ••• ." ... . 88 .". . .. 
132 1 ><1 , 2.' .O';! .01 .2{l .20 .:':0 

1 " , I 4.4 ... .., .21l .20, S;; 
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ELEMENTS OF..s _ ~ _ F, PENOOYD ANGLES 

, . 
C' ~ 

mavcs LEOS. 

". III. IV. I , .. in nl. VIII IX X. XL 
. , 

" lt~l'U ", 
J)'-T. ,n")1 • • MQJO. or INKIITI •. 11_,." TO 

~ • ("""TI"~, x_, T .• UK» 

" " Sin ,~"tuu. =~ 
t ~ .... ,\xI. A:d. Arl. 10",1. .'xl .~JI · d. ,. • • A.H. C. I). " 

, A. I). (',1)_ E.}' • .2.. 

140 6 • • • l. ~1.8 15.46 IU)C):\ r» I _9'~I.I(l ., 1.f6 .116 , .. • I 00.0 :JO.7.; 10.~;; 7.46 I ..... j I (II !II 2.171.17 
111 , • • I <J! 8 8.14 4.00 ~.4; I _,ill I " " 1.5:l1,Oil , • • • I 80.0 I~ 17 10. 176 10 !.In I 13 .&. 1.7 •• 1.25 
112 15 )C at )( SUi 77~ 3.23 I !J:i 1. CO [ '" ~ Ul ,. ., )( 31 )( 1 !'~.I \:.l.9~ IUi.iS I:.! , M " ~I! I. ;.j [ ,~ 
]013 II .6 • 2~.1i 7.117 2.()! 1.4:.! 1.61 ,~;j " 1.70 " I, " , • ;l4.4 13.Hl S.lil:! ~ I.!ii ." 8!) 1.~-4 .. 
11l4ixS , I 2'j,7 5.::;0 1.1181.27 144 ~; .(it I " .74 

'H){ U , I 4(J.O 8.44 2.9t!2.01 1.40 '" '" i.ijb sa 
115 1 · ", ! ~6. 7 • 17 2.U'J I .. 1.2.')I_C6 " 1.2(, .9,', 

4 x 81 " • 48.0 6.;.7 4.62 2.a.1 I.!.::! 1 {~' .731.291 .. 
1461 " , ! 248 8.93 I.{i'~ 1.11! 1.21; ." .61 U'f:: .78 • '" , I ·:ttl,S 6.03 2.871,('0 , .~;' .s.; .(1.", 1.:>7 .~ j 
147 S, " 3 > Ij 21.2 2.1i:J I 72' "', 011 CO .64 l.0; 82 

:!~a~.SG7 4.11 2.81 1 491 01; 1!7 .64 1.1 j " 14~ 3 "2.,, /. 16.2 1.-12 110 .47 OJ " .. .03 .68 .. 
S )( 2. " t 2;;.0 2.08 1.8'1 .72 " .72 .. 1 00 " 149 J I( 2" 11.0' 109 .311 0" 

" " 
, . .! {I .49 . ~.J ., ,:3 II .h 2'2.5 192 .671 " _ 0'.2 .i!/j 4CI.OS ." 100 3~ · 2, )( 17.8 2.19 .114 .116 I II " 00 1.14 .M 

3t ' 2. )( t 27.0:1824 1.::0 .871(8 .~o .5O 1.:":0 .70 
151 6 )( 6, II H 3D 6 14 76 3.812 as I 11:1 .'" .8'1 ~.C6 .81 

6 )( S,,, t 85 0 21) 24 7.215.70: 1 80 0" .81 '2 ~61.01 
IS! 61 )( 4. II ir. 41.0 19 29 5728872.(1} 1 101- JI~ U S '" 6, II 4 , , 95.0 38.00,11.0088.. 2.0~ Iv .113 '2.:81 " l:W:;t .. Six , 3"2.310.12 :1272 U 1.77L~.j .81 I.~:: .>2 

,rH " al II • 52.8 ·1.";.rd <I 00 3 6.'i 1.',11 0; .80 1.01 " I M
I
7xSi K , 61.7 ,81)'~S (i.::8·14.1:3 21 " ,M 2.1i7 .8'2 

17 ,,8. II 1 9S.0 45.87 7.;;30.702.19 .68 .84 2.71' ." 
"'1 il )(:!"t lO.6 .71 .81 ,. 81 .'" " .78 .iH 

)( 2" 20.0 , '" 61. " " '" .<3 1!7 .6'? 
FHI :3 "I ". 61 

.34 Iii: 011 " 43 34 .76 .>< 
I 2 ~ If 1 )( • 12 6 .M ":!I· • \1$ .63 AO .1l4 .1'"2 II 

Hi, 2 I( 1 )( ,\ ~. 7 .21 0; ., 
" .s.; .31 .,~ .<1, 
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C 

ELEMENTS OF ~ PENOOYD TEES, 

IVL'! LEO~. 

, n. III. n' ,'. n \'11. \"111. 

-. ," ~ • • )(""I:NT'I' or RAD" ..... • L .". • l .. nT'~. (iy .... T1o",. I olIO": 
~ ,I o· 
Z SIn Ill' l!felll', -< -- ~=~ , S!~ AIl' Axl, "xl_ A:.t. r:: ... ;: • , • A II. C. I). A.D. CoD'lo g; 
0 ----~ 

70 , " • j 00.' 5.26 2.M 1.20 .84 1.14 

71 3. )( 3+ x HI 31. 8.47 1.70 1.06 ' . ,,I 1.00 
, 

72 , .. • II 26. 2.1 1.01 .00 .62 .00 

73 12+ x 2+ " 116 HUi Ll2 .011 .78 '''1' .7" 
7·' 2} x 2j x lL12 .07 AD .75 .03 ." 
7~ 2\ x 21 If \ 11.7,5 .52 .30 .IIS 00 1 .GI 

7G 2}><2\x/t 12. .M .27 .67 .47 .GO 

7i , ., d, to.S .38 .ID .60 .43 .GO 

78 11){1]><;' '.1 .21 .ID .M .Si .W 

70 11xl1";, o. .13 .06 .46 .32 .4;:; 

'" I}X'n X 11 4.S .07 .... .87 

::1 
.37 

81 • 1 X II, 3.' 03[ 
.02 

SOl 
00 

Ui9 
I 

S2 3 .3 .jj to.S .7'; .91 .62 .84 

:t "' <ll e2.6 1.83 .W 00

1 

... SO 

I 
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C 

ELEMENTS Or'j --/\ · ~lBPENCOYD TEES. 

' 0 

• • • • ~ 
Z 
t a 
00 
01 1 

'" !J3' 

" " 00 

" !J3 

" 100 
101 
102 
lOS 
1().t 
105 
100'1 
107' 

""II 
1091i 
110

11 
III 

USF.!VF,S U:GS. 

H. 

-II ~ liT. 

, 

S'ZEIS iSCIIES. 

4 j " I 
4 • 3, 
• ",j , x 2t 
4 " , 
" , .. 

3 • " 3 • ' I 
3 • 11 2. )( 1\ 
2 • 11 
2 

• 1 
2 ." 
2. )( Ii 
2\ ., 
• '" , .. 
Zixn 
4 "'. 3 .2. 
3 .2. 

44.5 

41.8 

SO.7 

33.0 
25.9 

25. 2 

:1 

, 

20.4 

28.2 
23. 8 

112 
9.1 

8.7 
7. 
5.88 

18.7 

21. 
48.44 

44.1 

8.' 

, 

. 38.5 

117 .6 
. 20.6 

I 

TY. " . 

M (}>lESTI! or 
1)O"~"T1A. 

Axle Axl e 
A. ll. C.1). 

5.21 3.66
1 

411' 3.23 
1.6] 4. 01 1 

1.63 4.58 

2. 181 1.94 

2.09 1.69, 
.118 I 68, 

3.12 1.06 

13" .94 
, 
, 

.HI .56i 

.10 "I .tG .18 

.05 .17 

.01 1 .111 

.56 .02
1 

.83 .113' 

5.37 5.3t 

6.24 0.25 

.01 .24 . 
7.26 2.70

1 ... .74
1 

1.0Il .81\ 

VI. I \' II. 

IIADII (lr 
G,·,,"TIOS. 

Axj ~ I AJI~ 
A. n. c. u. 

----
1.09 .OJ 

1.05 .," 
_0 .. - 114 

.';"0 
1.1111 

.66 .V2
1 

.31 .8' 

.08 

"II 1.05 .01 
.';"6' .1l3, 
,41 .71 

.33 .60
1 

.43 .45 

.26 .40 

.13 .04 

.55 .58 

63 55 . I 
1 05 l().t 
1.19 t,OOI 

.12) .61 
1.37 ... 

.711 .65 .,. .06' 

nil. 

--
... ~~ .,. 
tl~ ... 
"':::: .. 
~ r ~ 
~lO:" 
~ ;;:;, 
--

1.1 o 
00 

7 

64 

7 

1. 

.0 

.7 

-" " o 1.1 

.3 
82 

7 

52 
3 
7 

7 

00 , 

4 ., 
.1 

.7 
1. " " 1.0Il 

.1 8 
1.82 

" 70 
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lI:fOME~"TS OF INERTl j\. 

The following formula) were 1ISC<\ in cnl(,lIlnling the momenta 
of inerti" "nd radii of gyration of lllO' nt.ri<lu~ IIl)('liQns j,:"il'"cn in 
Ihn tnblC$, lwages D2--101. 

When not olherwiso lI~ified tho n;o;i~ rererred 10 PllS8ClI 
lhrotjgb the centre or gra\·ity 01 tho SC(!tion, ill n boriwntul 
position to lhe figure n~ shown. 

J signifies moment. of inertia . 
.. I " tollii urea of J!CCtion. 
11 ., nulilllJ of gyration 
d distllll('(l from ba.'I(' to C<!ntro of gro.\·ity. 

In till e/lIl08 lho rndlUS of gYflllion = ./~, lind IIII' lIloJUlcnlo! 

1\ islan('(l = _ ' oo:c-fficil'nt!or strenJ.,'1h of mllterial . ~ 
distAnce from nculml nS:L-; to fUlthL""Sted,l.,"C ofllC(;tion 

IIOLID RECT,l.liOLE. 

hh' AJ,2 
I= I:! = 12' 

hr,' 
I, uis%y = .. 

" 

IIOLLQW RJ«:T,I.~OLr. OR I nUll WITII l'oI.ILA.LL.EL IILAoNOES 

, , 
~~ : ;;JS, 

M'-tl' 1=---
12 



"--~-----or 
--- ,I - .-
~ ~ . ... _ IJ... 

!fOll.E~'TS 0" L"fERTlA. 

SOUD TKUNOLE.. 

Ok' 
1 = "j60 

.• bll' 
J,o.l1SXY = I~' 

. l.!h' 
1 ,BXISlll' = T' 

h 
d = s' 

SOWI) CIRCLE.. 

J = .71:154 ,.' 

HOLLOW CI RCLE. e [ = (outer radius' - inner radiUlj ') 7S54. 

SOLID SE)lICIRCLL 

1 = . 111", 

f
. ., ..... ..,-. AlJ' 

, aXIs xY = ... "",jr = [6' . 

a:: A2Hr. 

IIOLlD ELUPSL 

1 = .78Mbd". 
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TEE SIiX"l'IOS, 

- 3 ' , . 
~ ~ I. Ilxis.l!''''' {/J'+(h-j)t' , 

.. j , ' " 12 
,f :' hI' I. _ I , 

l _te"+bd'-(II_-t)(J~ 

~-.----- 2 +(/1-/)/(/+ 2 ) 
d= ---.. III'+t(k'-f~ 

--2A--

A. ... OLE 8ECT IO:.'. 

01: T = - " -----, Forol'on or 
d-- " 

~ 
tt:" + Ixl'-(b-t){d-f)· 

l ' Ir. unovcn &ngles. 
1. ,,___ _ . t(b-d,)·+lul,'- (fI. -f)(,l,-I,/ 
~ f,alOSUV= . 1) --- . 

• '- '---5~ Por u!lOI'cn angles, 

z!l l~ through centre or gral'ily pamllcl to «. 

. 2d'-2(d-W+t[.- (2d -~) ]' 
faxUlxg = . 1:1 ' 

Foroven 

angles, 

,\ dOlO "ppl'Oxiraation lor tho latter is the rollowillg : 

Ab' f, axis tty -= -;i~' For CV(, Il angles.. 
-" 

, Ak'b' 
f, a:us zy = 13(h'+b") }<'or \In('\'~n an,trlce. 

• 
d = lit' + ~(,:' - tl For ('l'cn am] unov('11 an

gla 

d' = ht' + tell' - r). }<'or UllOl'en 8ngl0i. 
2A 
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In even angles radius of gyration nroullIl ~!I = two.thirds (1) 
of tho rndius of gyrutioll tllX>und horizontaL IIxis. 

I n UllI:lVen nngLcs the distaneo lrorn centre or gravity in diree
lion or the long- leg exceeds that in tho direction of the shor t leg 
by hal! the difference in the length of tho two legs. 

I BEAll! SECTiOS. 

8 = taper or fillllgtl. 

2, 
l=k-;r' 

f=M'- cl.:' + c8' + c¥'. 
It Hl 4 

8 = taper 0"( nllUgc, 

, 
r""b_f 

[

f Ok- - ~(M - ") 1 ... S 81' 
~. 1\ i: 1 .:= 12---- · 

i !: \ 2mb.+lt'+!:(b'-") 
4 m 2 '"r-- 1, axlS:ry = 3 - Ad". 

ld' mb'+-+ 
d= 2 

; (0 -,) (,+,,) 
A 

• 
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, = taper of flange. If = area of bulb. 

o=m-'. 
" 

aw' tC bd" m'(b- () 
I =lG +a('+;r+3- --3--+ 

(b-{)" ,(b-t)o' 
00- + ._-;.\ . " 

( . ), . . _aJ.;' lit' P + 4 
I, U:U8~U -1:!.4 + 12 + - 12-

a(2 A-k) + ' (.Ii - k)'+ (b - t)p'+ .(b- , ) (p + ~) 
11 = - --

211 

In the table of clements, pagt'5 9"2-101, the moments of inert ia 
and radii of gymtion are gil'en for the minimum ~liou of each 
shape but the moment of Inertia for any inereMel.l I16Ction can 
readily be ascertahhU M foilows, withont rocaleulating the 
wholll. 

Fon A:-l"Y I BEAM, CHANXBL BAH on DECK BEAM. 

AXI9 I'ERI'ESPI('UL.IR TO WEB. 

l .et a = inereusc of al\'fl, in square inches Ol"er minimum !'eC

tion Rh'cn in thc 1.:lhle. Let d = depth (~ize) of beam, thcn 

a~' is the momeilt of il\~rtia lor inereasc of Rrea, whieh added to 
I. 

I.nlmlar figures gives the c()rrcet n'Suh for t hl' enlargt"d section. 
J::.m mple.-A I :)" I IJo.un, No.4, urea. 12 squaI"C inches, is in . 

croMCd to 14 square inches. 
.. x 12' 
.. Ir = 24, whieh IlIldcd to the 

mOllll'nL gh'cn ill col. 7-2i2.86 + 2-l = 296.86, thr 1Il0ment of 
illl'rtm de;i f"I.,(1. 
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HadiUll of gyration of tho forme r ¥2~21!6 = 4.78 inches. 

R&diU!! of gyration of the latter .y'~~1!6 = 4.60 inch~ 
Tho rBilius of gyration will be found to aller \"Cry IIltl!,. and 

for fill praetic.l 1'1,l~. tho tahuJ.ar figures may be act.-cpted 
within the range of section possiblo for each shape. 

The above i:! only a cJO&lllppr"O~irnatioll tor o.Iook beflll1$. 

FOR ANY I BEAM 011 DECK BEAl!. 

"":tIS l'AIULLEL WITU wr.n. 

The following rulo gil'OS a c10ec appr"O.limatioD for the mo· 
ment of inertia. 

Multiply the incre8SC of area in square inchcs by l ho tota l 
thirknCSil of web in the enlarged IK'Ction. Thill produ<·t ado.loo 
to thl1 tabuJ.ar number III 001. 8, will givc tho moment of inertia 
for thl) enlarged flCCtion 

Hzampk.-A 10 I 8!'am. :\"0. tI, IU'C& !} $l'Jullre inches 1lI in
creased to 1 0~ lKJuare inches, having a "1.'0 thiekn{'!l$ of .r.25 
\llchC!!. .525 K 1+ = .78i!i, which ~Idoo to tho amount in 001. 
VIII. , 8.00 + .78 = 8.87, the moment of inertia required. 

Radius of gyrBtion of \ea.st section = ;/8 ~'U =.!m inches. 

Ittulius of gyration of enlarged !leCyon = ./8.~7 =.1)2 incbcs 
10.6 

Tho radius of gyration alters but vcry little, and may be 11('

ccptooU.8 pradi~ally unchanged within the limits that any shapo 
can be inel"C&!lOO. 

CIIAl>XEI.8. 

For channels. in relation to uis p!lraJld to web tho moment 
01 inertia incre&8e!J ncnrly in a direct ratio to the increase of 
!!CCtiollnl urea. out not preciS('ly so, this ratio being too {:"fCnt for 
tholargcr sed.ioni:mll too little ror the sUlllller sizes of channcl ... ~ 

Tho radius of gyration litera out litllo as tho aeelionlll areo i~ 
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changed. and prncCi<-ally may be ac<:'epted as unchanged withm 
the range of \'tlriation pos~iblc for ally p:lrticular size. 

The distance d will not \'.ry ~\Imci~nlly hi an~' seclinn be. 
tween the hmits of minimum /lml ma:olimum te mukollllY pmc· 
tical difference in ordinary ca.lcuJations whero it may bo ullt'd. 

A.:IOLU. 

For aug-It'!! referring to any axis passing through the centre of 
gravity, the inertia inereMeS nl.ariy in the !!lime ratio flS the area 
incn'a!JeB. Our whle gil'CS valuC$ of I tor the minimum and 
ma:zimum sections; nny inttrmooint.e scetion can be obtained by 
proportion unless {:'reat IICcumcy i~ required. Our lab;cs ex
hibit the chango in I'alues of Jl bc~""ecn th\! least and greatcr<t 
sections, which in the CMO of small angles \'('lUllin practically 
unaltered within tllE' range of ~ible vllriation or area. 

lliEKTIA OF ("OlolPOUlW 8UAl'£8. 

"The moment of inertia of any fS{'(!lion aboul any uis b C'qual 
to th., I about a plll'll!Jclll1i.s ])Il.SSing through its ("(·utl"(' of J:l"MW
ity '" th., an.'1l of Ibe 8(!oClion multiplied b~· Ihe IJ(jUIIl\l 01 the 

distallC., OC{\\'('I;n th .. lUe~" 
By U!'e of this rule the moments ot inertia or rndii ot j:O"mlion 

ot any ~illglc sections being knowlI, oorl"\·~I!On,ling '·alll'"!! enn 
readily be obtained tor any OOlllbinRtioll or the>;e Slooctionll. 

i 
_~.J. 
- . !- --i- 31.-
I , 

• 
III -
_~",J 

r-" 
!o-
'-

}:mlllJlk :\"0. I. - A ('(')m\.Jination or two D·' 
M lb. et!all ll rl., Ami Iwo 12 )( l pll1lcs as 
shown. 

AXI9 A n OF SEMION • 

I ror 2 chllnnuls, rol. VII, page DI, =: 128.000 
1'1 '1-' 

1 for 2 pJllt.es =- ~ ~2·-· x 2 = .0312;; ~ 

6 (area ot plates) .. 4~ ~ = I:?S. 343;:; ~ = 12'3.3,:; 

Jrorrombin«l.Uon = 2:J7o:il 
whichJi,·idedhyar.,Il(14Igil·Ml18 0011 Jror 4.2.1t:JraJiu 01 
<'01ill>ined eeclion. 
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AXIS C 0, 

Find diatanoo d ,.". (.67) from 001. XV., ~ O::l, then obtaining 
tbc disw.noo (4.2325) between axcs CD and B F. 

J for 2 clHllllleJ~ around axis EP from 001. VIII., ::: 4..04 
Arcll of c1uumelsx &quare of disumco ::: 10.8 x 4..2325'::: 103.471 

(i )( 12" 
i Cor 2 plates = ~ 

J lor CWlbinoo IIl'CtiOIl = 270.411 

IWlius 01 gYTlltion ::: ~ 2.UAil =4..lIM. 
14 

By similar methods, inertia or rodins of ,yration tor any com
bination of Ihal)('~ can l'CIIdily be outain('<i. 

Rxamplt No. 2.-A "built-up beam" comJlosed of : 

,.I~,,' ';:-=>l'" 
I 

l 
L ' 

. ." 
c. 

. , 

4. angles 3 
2 Jllates 8" 
I plate i.'i 

x 3 x -t", 
)( i'· 
xi', 

ASIS J. D . 

8 )( ~. 
ioUw08 xi platOl::: _ ' )( 2= .167 

12 
... 8 (af\'&) )( ';~. (&q. oC distance d) : 480 . .'i 

Iorone!;)" x f' plato::: IG;;~::: 
480.667 

l(),JAGf) 

1 of tonr 3 x 3 x ~ ang-les = 4. )( 1_21 (~col. \ 
IV,I)l\~fl~), = <lOG 

+ r. ... - (area) ) 6.66' (sq. of distance d') =:2;;;) 01.; 
260.000 

Inertia of combinoo ~tinn aronnd A B = S«i.141 

R"" f . • /!U6Til , 61 aulUS 0 gyration =V 19.875 = ., 
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AXIS C. D. 

Jof two 8 )( 8' )< t 
i plates = 12-- )( 2 = 

15 )( i ' lorane 15)( ~ plate = ~ = 

42.001 

Joflour 3 x 3 x t nnglcs = 4 x 1.24(SC<l 
col. IV, plIgcfl8) = 4.00 ~ 

= (L071 \ 
-- 11.031 

+ 5. 75 (I\rc,~) )( l.027G' (sq. of d,islnncc d " ) 

Inertia of combined soctiO)! nrouml C.D = (i.3.';'(l4 

Hnuius of gyration = ' /[i:~.7U4 "" 1.66. 
l' 10.875 

RADIUS 01' OY1!ATJO:; O~· COllPOU)(O SIIAPf.8. 

In thCl CIl.'l() of fl. pllil' of any shape without n web thtl vlIllle of 
R can always be readily founll without cons ide, ,ng the momQnt 
or inertia. 

The radius of gyrlLtion for any section al'Ollud an fIlds parallel 
to nnother uxis passing through its C('ntre of gnll'ily, is found 
us follows: 

Let l' ~ radiusoC gymtion Mound nxis through ecntreof grnv
ity. R = radius of gyration around another axitl par,IUd to 
flbol'o. d = distance bctwwu I\Xcs. 

When l' is small, R may ba taken as equlll to d without mnle
rial error. Thus in the case of l\ pair oC channels latticed to
gethcr, or 1\ similar construction. 

E';rampk No. I.-Two DO, G4 lb. ehn.nnels plnced 4 66 apnrt, 

~"c 
I , 

~ rcquiroo tha radius of gyration around axis () D 
for combined sectio)). 

, 
I 

"I , , 

FindroneoL X., page OS, = .G8a.ndr·= .4624. 
Find distanco frolll base of dHmucl to neutral axis 

coL XV .. same page, = .67.lhisaddcd to tdi~tuncc 
between the two bars, 2.33"= 3" = d, and if? = 9. 

Radius of gyration of the pair as placed equals, 
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"\19+ .4624 = 3.076. 

The vlIlue oC R for thl' wholc section in relation to the uis A 
B is the S:I-mc n.s for the single chanllel, to be fouud in tho 
tnbles. 

E'xamplc No 2.-Fonf 3" x 3" x ~ .. IIngles plllced as shown; 
"'--3'~- C Con.n n column 10 inches sqlwrc; required the 

'rr=I" t ~li""rllt!Jus of gyratIOn. 
~U : i ~',fl~'U' l~ind r on col. VI, pago 98, = . Ill, ll.nd r' = 
• i 110" ' :11 .8281. 

A·------n-...... --- B· ~ind distance from side of nngl? to ncut~l 

[b "d nXls,col. VII., AAmepagc, = .&1/. Subtract this " . it from t the \~lolth of column =5 . - .89= 
II 4.11 = d or t"hslancc betwccn two axes, rI' = 

16.8921. 
Hw.lius of gymtion of 4 angles as plllc()(i = 

VlO.81l21 + .8281 = 4.21. 

Whcn the nugles urc large liS compared with Lhe outer dimon· 
sions or 1110 combined section. thl) radins of gyr'ution call be 
taken witliout SCl'ions enOl" from 1 ho tnblo of radii of gyrution 
for &JII!U'C colUlllns, Oil page 1{j[i, 
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ROl,I.ED IRO~ STRUTS. 

Tn tho following oon~idCr&tion or rolll'(1 strub! or \'ariou~ 

shul>C'. the kll. L Mldills of gyrfltion or the ('1'068 !(!CHon tllken 
Bn)und 1111 IU:i.~ through tho (.'Clltro of gM'l,-jly is lI~umro. as th ... 
etrM:tin' rn,lilL~ of the strut. The I"t'Sblunec (rf any section 
unit of ftl"C6 will in gt'Il,'ra.i I('nns .. ar,. dir~ .. l1r 118 the 
the 10000t nulil!!; of gyration, !InrI inl !'lIItlyalil th" 
I~ngth of the Irtmt.1t Tile shapo or tho linll lind 
Ii,.n fir Ih" nu·tal to Icsil;t local ('nll'lin~ ~trailUl mll.l also Ix> 
('Oil i.I,·I'\.,<1. ,\~ II rule, that saape will he ~trong ... ~t which pre
.. nt~ the I t ('xt,'nl or flat unbrn('l~ 8urta('e, For in~tan~. 
two ~ '«'("Iinn" or urH'qUIl11l\'~b widths may have the Nlmo web 
thir·h.n, ~~, the Nlrne flange area, lind the Imp least radius of gy
ratioll, but the wid, r webbed scelion will he til(' weak('rpt'r unit 
of lI",n, OIL /U'('()lLlIl of lbel greutf.'r (':'\tl'llt .)f unbrllced web sur· 
{:)('!' it CtHlluin~ For the !'lime rcll!W,n 110 hollo'/\' rretnngnmr sec
liun, romll'l""'1\ 01 thin plates willl.l!' to !;Ome extent w('akerthllll 
110 drcnlar lIt<'tion of the same length hfl\'ing tim same an" and 
flldiull 01 gyration_ 

E...'fD COSSECT[O!;~, 

All i!J wl'il kM1I'n, the method (lr 5e('urinll the (·nels of the strut.. 
c_1<'rcl_ an important inflm'n,'!' on their ~istan('(' to bending. 
as Ul(~ lU('mb\:r is helo! more or I~ rigidly in the direct line of 
thru~t. 

In tho Illblr~. ~truts are c1nl'Sifioo in lour dh';~ion~, ,-iz, , 
" }o'lx(!(1 Ended," .. ~'Iat Ended," ,. Il iUgI'd Rudell, 'Rud .' Round 
Endod." 

In the ('II\.'~ or" fixed ends" the ~trulll liN! ~UP!'OI"-'({ to be ~ 
rigidly aUa<,h ... 1 at both !'nds to the f'OntipIOt ... pa"~ of the 
,trueture Ih:!t th<' attachment wculd n"t he ,,"<'1'011 jf thp ml'm
b->r trll8l'1ubjCH''11 1(, thl' ultimate I(lf.d .. Flat eo(\ •• 1 .. ~truts 
1101\' f.uppo!l('Ii to ha'l"e their end~ flat and .quare with th .. ui$ of 
kngth but not rie>idly attached 1.0 the adjoining porta. "Hinged 

• Tlu. av~.Ie. ""Il t<> \""" ...... 1-0 .... u. free clod • • 

i 
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ends" embrace ,ho clll88 which Illwe both ends properly litted 
with pin~, or ball Bnd _keLjoint~, of ~ub<;Ulntif\1 dimen~ionsaa 
compared with the IleCtion of the ~trut: the centre. ot thl'!lll end 
joints being practically coincid.·nt with an axia palling through 
the Ct'ntre of grM-ity of the 8I.'Ction of Ihe !trut. "Round 
ended" struts are thoee which hlll·e only central points of con· 
tnct, such ~ bltll~ or pins resting on !lilt plates, but ~tiil theCl'u
tM of the balls or l)ins coincident with tho l)roper axill of tho 
strut. 

II in hinged-eDdOO. struts the be.llaor pina Ire of comparath'ely 
insignificant diameter, it will be safest in such C&llt:>' to consid"r 
the struts ~ round emlcd. 

I r thcre should be nny serious deviaUon of the centJ"('s of round 
or hinged ends rrom the proper lu:i, of the stnlt, there willl..c a 
reduction of rosist.ance that (:&Imot he eMimal.('(1 without know_ 
ing the exact condition.;;;. No formula ha.~ been .... ritten which 
Upl"C!l5e5 with accuracy the )'{'!IiSUlnC(! to comprt'"8l'ion for varioUil 
IC(!tioIlllIUd for an tUtendcd range of length.... It ia doubtful If 
any simple formula admitting III rendy practical IWlicflt ion can 
be devisod; in flld none is rNjuil\~l, WI the re-sullol of I'Xperiments 
can be embodied in tables and d~ram.s in such a compact form 
that their application to allY lellgth or Ill'clion caD be n:adily .... ,. 

When the pins of bingetl.end !trute: are of !ubstnnti!\1 diam_ 
eter, well fitted, and ullctly Cl:l\trod, experiment shoWB ,hat the 
hiugod ended will be (l(1UJI.lly aa strong 1\11 flat end(l(1 struts. 

Hut a "ery sJight inaccuracy of the ~ntrillg rapi,lIy noduces 
the re-sbtance to lateral bending, and as it is 1IIIII00t irnpo&ibl 
ill p~tioo to unitormly maintain the rigid lI('(!urtleY!!."Jul""l. 
it l~ considered beet 10 Idlow (or such inaccuracies to the extent 
ghen in the tablCII, which are the awragc of many e::s:peri. 
/Uent.8. 

In table ~o. I. the Rrst column gixes the effective length of 
.ho 8tnlt divided by the least radius of gyrntion of its el'OlS5 see
tion, and the &ueceesil"e columns give the ultimate load per 
square iDCh of aectiona.i area for eACh of the four d.uI<5CS afore-
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said. We mean by .. ultimate load n that p~re under lI'hich 
the strut fails. 

• 

The.!e ultimate loads are the averBg('fI of a number of u:peri· J 
menl! which we have recently made on cflre1ully prepared spec-
ill1CnM. alld are belienl(.1 to be 1m'tworthy_ 

!<'or hillgcd~nded struts the figures apply to thOll(! C3S('S in 
which the lui~ of the pin is at right angles l" the lell.'!l rudill3 of 
gyrnlioll. or in which tho strut is free to rotILte on tho pin in iii! 
wl'"ke..t dil'(l(!tion. IC the pin ~hould be J)i&c«1 in LlnOlhcrtlircc. 
tinn, or if the strut should be !;I!Curc<llrom failure in ita weakt'St 
dil"l'Ction, there will be a CQfT(!('tiun for determining the rcs.isL
fU1l'e lUI heredter described. 

Jl'J.CTORS 011' UFETY. 

It is ooru;idcred good practice to io('I'I:II..,'IO the l&Ctors of safety 
III< tho length of the strut is incl't'asctI, owing to the ~ater in. 
ohility of the long struts to re!list croes 8train~, ele. For similar 
r,·!lSOI1S wo con~iucr it. advisable to increaoo the lnctor of solety 
lor hing«! nntl round enus in " grooter ratio than for /ixed or 
fiat. ends. 

Presuming that. one·third of tho ultimaUl load would consti
lute tbe gn.>etcst 11810 load for tht' ,shortest. struts, the followi ng 
pl'OgrcSllh·e fncton of safety are adopted for tbe increasing 
i"Dgths. 

8. + .Ol.~ for llatand Hxed ends. 
• 

3 + .013 I tor hinged and round cnds. , 
I ~ length ot strut. 

r "", lenst. ratlius of gymtion. 

From tbo aocwc wc dcri'·e the fol101nllg tablo: 
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PACI'ORS OF SAFETY. 

I 1 ~ ~~! ~! ~a ~ ~ ~a r e,;: e:. ,. ... ~" ,. ;;~ fi= 
"1 ",l< l!1 "I< ><1 0": 
Io'::;!.s ... :k; ~S Io':~ ~2 

-: 3.2 :-3 1100 -:- ~" I "'. -: ~-2 
au 3 a <1.0/,:; 100 4.6 (5.4 :?OO ILl) 7.M 
40 a.~ a.6 170 4 ~ 5.w! 300 6.0 75 
00 8.:; 3.j:; lbO 4.8 ii.7 alO 6.1 7./;.1 
60 36 3.9 100 "!l G.1:-5 820 6.2 7.8 
70 37 4.0.3 2I)n G.O 6.0 :30 6.3 7.9i 
eo 38 4.2 210 .';.1 6~1:; 340 64 8.1 
00 3.9 4 a.j' 2~0 G 2 6.<1' 9.,j() 6 G 8.2:; 

100 4.0 4 i'5 2;:0 G.S G.~ii 360 0,6 8.01. 
11 0 1. 1 4.6.; 240 G.4 0.(1 3,0 6,7 8,1m 
I~O 4.2 4.t! 2M ii.1i 6.7:; :H6 6.8 8.7 
lao 4.8 4.05 2f,() 1i.6 6.!) :100 a 9 8.&) 
140 4.4 5.1 270 I 5.7 7.00 400 7.0 9.0 

Table No. 2 rep~nta the greate!t 'lale IOftd per W'juare ineh 
of !S('Clion for caell of the four classes of ,lnLt.'! IULd i~ deri\'OO 
rrom the n'suits in Table No. I by means of the foregoing fae. 
tON of Mrety, 

Thl' remllrks on pHge 83 for MIl' ;OfId~ on hcam~, apply also to 
5trnt~ The lood~ in TAol\" :\0, 2 oU(t'ht to 00 al'plil~l only 
nuder thO' most ravomble ci"",urn<:t.anCo·~, ~u("h a~ all invariable 
oon,lition of lh(' lotul, lillIe or no vibmtion, etc. L:nder fer· 
lain comUtioo". such as for bu;ldinf:"'. brid~"'. etc., the ieu.<t 
factor of salety ou~hl to 1)(1 rour (4). whir·h would Increase 1'4('11 
flU;\or in the lloove tnt"le hy unity. Th(' !'ollIe load witllhcll be 
found by di\,j,Ung the result.s gil'en in Tallie No.1 lJy lbo cor· 
reeled 14ctor of safety. 
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~o. 1. 

WROUGHT mON STRUTS. 

ULT"I:IUTE PRESSURE l~ LBS. PER SQUARE L"cn. 

I.moj01'" }'LAT F':<EIJ 1J[NG~!) -U:.\5'1' ".\I"U8 
ENDS. E"p~. E·<Ds. GI'Gl'I<.\T'VS. 

'" ~ .. ~ ... ~6.(IOO ., 4,1.000 4.3,000 " ... ., ..... ., . ." ., .... 
"' """ ., .... .'111,000 
00 "'''' 00.'" &;.000 
ro 31.1100 31,(00 a.1T30 .. " ... at.roo 31,::.00 

'" »." 31,000 :11.1,,;;<1 

'"' """ ro."" :!B,OOO 
no fbl,o;;o ~.ooo ~6,t:;o 
1~'O 26,300 ~:m ~I.:m 

'"" 21.000 z.tmo 
n" ", . ." ~,t.oo 21:000 ,,, 21.'r.o 21,e;,o 18.7110 
'00 2(1,000 ", . ." 1II.!lOO 
"0 18AUU 21,.'100 g:~ " .. lli.8OLI "'.000 
'"' 1~.6M 18,';50 11,9')0 

'"' H.r«l l'l,;5(I) IO.!IOO 
210 13,600 lG.2,;() , .... 
"" 12.000 15.000 "" "" 11.!I.'>O 1.1,(01 8.1.',(1 Z" 11.200 ,~ ... .... 'iOO 

'" 10 •. ·.00 I:l,OXl 7.000 

'" .... Il,OOO G.:'lOO 
J.>;,() 9):;(1 l(),::;OO ~.100 ... ~,~ 10.000 5,700 

"" '. '.'" 5,:~-,o ... 7,200 'M Hnl ." .. ~ '.'" 4,7.-,0 

"" 6;001 '.00> 4.1\00 

"" ,.", 7 .. '\00 H,j() 
OW 5,100 7,0100 ~,O~) 
,~ 4.000 6.7:\0 ~.7.·;) 
'00 '.,," GJ,oo u,oo 
370 '.000 Il.!~ 3.:!·,o 

'" , .... , . ." , .... 
~, 3.:!:iO 5 .. ' 11) ~.;.-.o .., '.000 5.!!OO ~.r,oo 
,110 :!.7"o 5.IHI ,.,., 
'" 2,'-ro 4.10) ~JjilO ,., 2.:j.';() 4.!"',o V!(l!) 

'" 2.200 4 .. 'l!V! 2.1·11 

'"' 2.Loo 4.!N) , .... 
'00 2.1lOO ~,1ll0 , ... 
.ro 1.%0 ''''' .~ ',"" ',,," 

ROUND 

E"'D~. 

~:~ 
00.'" 
33.500 
.>OM 27:,<>0 
2:;.000 
:.2.75(l 
20.500 
IS,500 
16500 
HWO 
1~,8<)) 
11,15~ 
il,;, -0 
~_500 
.,:;00 
6.,:;0 ",., 
~.&iO 
5.COO 

'."" 4.:JJO 
4,(I.j() 
3.800 
11 . .;00 
3.:)00 
3.0UO , ... 
2.1i5D 
t.r,oo 
2 "100 
2:'100 
~.OOO 

'.00> 
UOO 
1;7fXl , .... 
1.000 
>AM 
',~ 

, 

. , 
• 
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No. t. 

GREA.TEST SAFE LOADS ON STRUTS. 

Oreal~t Note lo.d (1111)10. poe. "'loa ... loch of t .. , ... ~toa''H' '·~"I(l l ~ln'U. 
BlJIII. end. Ill! '"P~] to be ....eu ..... ] "" b"lI.,. trd a t til(' bead ot e:I~h col· 
"'lie, Jt both end. aro "..,. """,,,red .Uk ~. take D ""lAn P"'I>ur(f"".1 belw~e" 
th" uIUl"'jCl"cn to. th~ d",,_ to which ""oh em\ '"':'",g" If II,e "n,t I. 
hln~1 by ,IIY ""certain m~thoo f!O that Ihn e, nlre" of p;n. gnd nl. ot .Itnt 
m~y not eolndM. Or Ih~ 1'1n~ may be ...,lalh~ly ~"'nll IImt loo,dylltted , It I. 
b< .. t In luch CI_ to eon.ide. Ute "nit""" rt:>IInd ,·ndod."' 

, 
LO:«f,;TII ...... l3:' lhsOlm i tol;'KD 

u.~ IUIIU. 
011' (,,'lUTloJ(. EN ... E"Df;. E."". E.~_ 

., 11,'11(1 III.'tO I:s..m .. n,,'3) IU'~) 1I.r.o ., 1I,;'lj(I 11.110 lQ.IIO ,. hl,lNl JU.I!II) ROO .. III.mll ',~ , .... .!O 
ro ~.IOO "" '''' .. ~.I'I ,.~.) t.,ir.\O 
00 7.1I.'JO t;,~tO 5.~1O 

'ro , .... , .... .. "" 
'" 1.tr.Il r, tJl 3. .... 

'" O.1r,Q 5t"fj(1 ... 
1:", '.M 4.~ , ... 
,~ ,. .. 4.100 ~':'11) ,-. ..... ",,:0 2,1~ ". =, 8.f oiO I.'W 

'" 4.~'O ,.'" , >00 
,~ ,1.1;0 '"" 1,311. 
I~IO :J«lIl t.!~1 1.1~ •• &. ... ~! ... ]Jill) 

'" S,t!lfl ::~ "" '" 2......, ". ,. 2.1).10 1.~60 "" ,. ,UUI 1.1-10 . .. 
." 'l.I~ ''''' .. , 
." U·iO - "" '" 1,~iI\ "" .. .. 1,,')1 ,., •• 
'" 1.610 , .. '" '" 1.'100 "" 3;0 
SUI I~~) ... ... 
'" I,~" .. "" ,. t.lOO .., ... ,. I.' •• . .. .. 
ft·" I.I\~' <~ '" .. , ... ' ... .., 
"" ." .. 210 .. ~, ... ... .. ... ." .. ... ,~ ... ro 
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HOLLED STRU('TunAL SIIAPJ::S AS S'fUu'rs. 

']'ho following tables for tho working vnlues of V4riQUB rolied 
atructul'lIl shapes 8S 'tmls Sf(! derivoo lIi,,"ctly from Tllble No. 
2. Tho milli of gyrntion liTO taken from Tablea of "Elements, 
p&gcI 92-101. In aU ~ the ~trut is suppo!lOO to ~tJmd "crti, 
cal. In short mruts thill distinction ill immaterial, bill when th" 
length beeomes considerable, tho defleclion n'~ulting from its 
own ,,'eight, it horil.)ulal, would beriously afFect tho liability of 
the IItrut. 

Tho tnblO!l aro c,,1culll.t«\ for the minimullI IICction of each 
shape. l~or eectiolls incl'I"aMld aboro the minImum the resist· 
alice p<!l' !!quaTO inch will diminish. This alUount can be aceu
ratcly dctcnniDoo by IIndin!; tho OOfTCCt radius of gyration for 
tim enlarged section ail hcrel.oforo de!K'ribed. But witbin the 
ran6'O of v~nation of section po; .. ,ible for any shape, the tables 
IDay be aoel.!pted lIS pl"aCti{'tllly rorret':t. Tbe head nol('8 to the 
tobleJ iu<lie.lle the condition as6Ulned tor each elass of Flruts. 
It the pins should be plaoed otherwise Ulan as M~erihed in the 
tabl!'!'. the strut Jllay be dther weaker or stronger, IICl.!ording to 
eireumstances. which han' to be tletermillcd lor IlIlY particular 
OOIIC. Thil;! l\"!!l.Llta frolll the tact that a pin-ronnected ~trut if 
prorw-rly dI!osigned sl',ouhl he {'On~i<lered. hingro ('mit-d, olll~' in 
lhe diro...tion in whieh it ill free to rotnte on the I,in. 

In the direction of the axis of tlLe pin it clIn be t.,...ted as " 
"lint ended" slnlt. An I beRm strlL~ of the ciLl1rt1e!cr described 
in Tahles 3, 4, and ti. bmt>ed laterally in the dir(l('tion of its 
f1angc8 should be conMiderod a""o by '1'ables 6, '7, and S, os a 
9Crice of short struts whoee lensth~ arc the di~tallccs bctwecn 
points of bracing, and liable to fail in the direction of the 
flanges. 

EJ'amplt.-AnS· M lb. Ibcam, IS fect long is ulM'd SSAstrut 
having pinll Ilt both ends at right anglC8 to web. h would then 
be fiat ended in the dif'(!{'tion of the flange!!. lind by Table Ko. 
'7 the greatest !!!LrO loot! - 1,900 lb-;. per squnro inch of »ection. 
If bmced in the direction (If the flanges at two points 6 feet 
apert it should then be ('(ln~itlcred as" !!eriC!! 0' nat entll'dstruts 
6 rel.!t long, who:,e safe lood by Table No. '7, lI'OUI<l be 8,32Q lbs 
per square inl.!h. 



CilA.'lNEL STRUTS. 121 

In the dirootion of itll web it remllins a hingod-ended strot 18 
feet long, ami BIIto load by Tllblo No. 01 =-: 8,600 1b8. per 8CJ.wre 
inch. 

CHANNEL STIWTS. 

The foregoing remarh IIpply alllO to channels, which are seldom 
used imli"iduatiy as strol!, but frequently in pairs. When so 
wOO, if the methods of couuectlon arc not or such a 1l.1urcas to 
insure the unity of actiOIi or tho pair, thcy should he treated o.s 
an a.."lIemblag\l ot IK'parate ~truts. Uut ir COtltl('Cw by • proper 
lIystenl of triangulllr lallie·ing. tho pair can be con~id('red &.!I a 
unit, ami each chllnnel treated liS a !!Cries of Bhort strutll whose 
length is tho distance ~twcen cenlrc!l of lattidng. 

Examplt.-.\ pair ot II M Ib ehannel~ ..... ·Il8rated. etc., as 
describod on pngo 110, Ilre oonnceted by triangular latticing, 
forming a hillgt'll.endOO strut 10 ted botw'ecn pin centros. Wl,at 
is the greate:;t Sftte- load, all(1 how tar ctlll latticing be ~IJaCed ? 
A~ described on page Il,j, radius of gynllion aronlld uis acl'Oll 

tho web of enallnl'], or in thodireetion of the pin = 3.45 inchCII. 
Hatlius or gyration in oppOISito direction = [1.07 incht'!l. Least 
I'alliu.~ of gyration lor a !lingle channel = .68 iru:h. 

I 
1" tor hingod-cnded direction = 35. and by Table 1\0. 2 S.,/o 

Load ,11,800 lbe:. I ror flat-ended direction = 39, amI by sarno , 
tablo greatest salo load 11.900 lbe. 

For eocb single cbllnnd tho grooteet length belween latticing 
::;: radill$ of gyration )( 39" 261 [nChell. 

It I, customary and i~ al!1O good p-acti<'O to roduco the dis-
1&000 between lattice eenlfllll below , ... l;,at lho lloo\'e call'ulation 
wcu],1 require. 

Tllbles NOll. 12-14., giYO tho greatel!t safe loads per squaro 
inch of sectiontd areas, for stroll!: composed of Il. pairof chllunels 
properly connected together, !:iO as to insureullity or IIction. Tho 
figures are derived from 'fnble No.2. 

The distanc~~ D or d, lor chllnllel, placed flanges inward or 
Iia.nb'C' outward 1\.""Jl('Clive]y, make the radii of gyration equal 
fur either direction of axis. 

rh"'8e distanl'\.'11 ~hould not be dilnini~hed, and may be adnm· 
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tn.geollsly i llc~!'~d especially for hinged.endl,<l gtMIU, if the pm 
i~ plnecd pard!!·l t.o tiw webs 01 th .. channels 'l'h..,I;I.' tablNl are 
cakul3h~1 for the ~llIndanJ minimum toe(:licn of ..,nch c::baulld, 
The dist.1I1l'C d ma}' be ,;lighlly diminishod lor IICCtion~ h('8\'icr 
lhlln th~ minimum, Lut. th ... diminuli"n can be 80 litlillthllt it is 
pratti,'ally urml~'l's",~ry tonoticc it. Until'reach kngthofstru{s 
In th,' LILk l rcl'l'C>II.'UU; the grclllc~t dj~lall('C llpart in leet thut 
ccntres Gf latcrnl \,rtr.eing can be spaced, without ulluwing 'In'Jl!;: 

n_ in th ... ill<lj~i\lual c::hllnnel!!. Tho dbtan('oe l is ohtninoo a~ 

Ihown ill IlUIt example, that i!<, by making ~ =~, 

l = l~ngth I.Ie(I\'(.'Cn bracing, 
L = lollllll'ut;:th of strul. 
,. ::,1CA:;t m,liu~ of grl'lltiou for Ito 8iu,I:'lo <:hannei 
R = least radiu~ of gyration ((lr the whole 1ICCtion 

}( 

[oj 
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STEEL STRUTS. 

/!. table for the ullilnato resistance of IId·ended struts of twc 
gnldOll of ~ll",'1 will be lound Oil pagtl 31. 'I he.,c grades prob
IIbly cmurao' tb,' extrt'liles of the material, thnt is, the hnn1(!$t 
and I;OI[t..; t hdt tl,al art' likely to 00 u'l('(] in ~lrulA 

El.lIl'riml nUl on th~ material are not. ~um, iently oompkte to 
warrant. full ltatem.ont of resil!tallC(;s of lim yarLQIIlI gradl"ll 
ftlull<>r the "ari<)u8 (,.,nditions of the atrol, IUch u Ihe mlthods 
of oollnl-cting the end~, ete. 

It ill prublLbl!', however. that the r('Iatinns el.Llltinp: bctw('('n 
tim four cl1,,"'-'8 of wrought-iron SlruLq, a.tI gino in the fvllowing 
t.a!.lle~, willlll>!O prevail in the same rnUflS lor steel. 'rhe snte 
10000s tor 81C<'1 s1ruts of nny seclion or knglh, ('an th('rt'tor,' I,.:. 
oLllIiucd uy increasing lh(' figures in thc (011011 ing tnulC!!, lor 

LIlly rallo ot l, in the proportions giv~n 00 ptlgt' :n, /IS el"i~ti0lr 
• 

betwl'tn IIl1t-ended stnlts o( iron ao,latl'('l. 
Wh, Il a grade ot sl(oel is uscd, intermediate in bnnln~ be

tWl'('n the mild and hard heretofore dCIICribeo1. it is probaUle that 
tJLe~trut 1"C!!i.t.>Ul('t' for SUlh IlIl1t .. riai mRy h., _fdyapprold
milled by ~iml'lc proportion. 

For instanC'(!. thtl st;.'le\s r~'(!mx1 to blld ('IIrbon ratio!! or .12 
and .ar; per ('cnl. rc.sl>ectiveiy. A !luau ilroportion or tbOS(' 
would be . '.!.j p(·r C("nl. 

It is probable that sleel or latter gmde \\'u\lld posS('ss inter. 
mC'<.linto oornpn.o ~i\'c re:;ismnC(J between th(jtwog'rnU('IIdescriOOl 
Crom our cxpenment8. 



124 WROUOUT mON Ar.'l> STEEL. 

No. :l. 

PEN(''OYD I HEAllS AS STUUTS. 

OIl" .... TtsT U.~! LOAD I); LII8. PEa !lQU.A I! I);tll or 8f:CT10.'t. 

'I' IICH Ih~ _Inu" RrCl IICCUrc rrom rallul'<)III the dlreclloH of Ihe Rangt';o., aUL 
ran I",,,d c.ul)' III the direction of UIC Web C I), l',hlg 'oCIOI'II of eatety 
RI"~" I" Pl'<"'.uu, 1&1.>11>. 

" 
!'-,u I ("U"'"T''''' of' or 
n .... lI. "",>8. 8 12 I H I" 

--,-

1'" .) 

,
!'Iud ~:"d" .• • ". lelO 111:'00 131M 1'lI&.'JI\ I~I",,) 11tr.1) Imo lfoIW 
""" ~:, .. t....... . . UU!) 13100 11100 l"IIIlI.llll'lO lUI:'O 11310 1\ll'JO 

'~M'l'~" 1:1:;'S;:;j1 ~~~:. . m:: :~ :~::! :~~~ :~I :,~ I~, 1= 

'"" " ' '''Iud F.nd. .. ... 'U,MlI3S0 '1"'""'1r.ltllllr.Oll;"ooII,tIl)1I0-10 
; ) 1'1.1 . :,,;1. .•. . 11'00 1!!Ii111UX) I~~ 1:!.'7Illmn JIIGJ 111).10 

I.!o::ht., .. IIln~1 V.n,I·, .. F19~\ l:lS--.o 120tMllVlQO II~ 1I1llJ 1110'./0'10331) 
• .... 1101111(1.;",.· •. 133:l(l1:!6,lll"lO) liSCO 107W 101...., \IlitiO &1;0 

12" 
LIlzIII · ,.,. 
10 .. " Jl'lJred .;Tld~, 

:t 1'1.1 "nd ... 
II"""I~" . IIIngt'<\ .:,,<1_. 
• ... Uo""d .:nd~ . 

13!r.O l3!00 12100' 11;'lfO' 11'm 1(ml'I(I1;o 
1.'l90 moo 1:l1llL) 11000 112'.10 1/'11\\(\ lOI7U 
l'IYIOI"J61011;s(l111101Wl(i fl9;"JO II llfI 

. I~IISWII)II;.(IlOIIO 11110 Ir.Hll'lJlO I ' , 
1 () I" I"l%t)d }:'Id<, .. lmm 13160 IZIOO 11;'M IIUllOOOO 101:"0 

:l !'I.I fo:nd. ..• I~ 13160 I~ 11;-«\ 1I!t..\I 10!0l JlII:"O 
Llllht, .• 1I ·,,~"(',t .;nd. 13:iOO1:!l11011;J'(lIIIIllIWa' W~ iloilO 
• " •• U,,,,"".:n..l •.. 1~11841l10000llJllO DlI'~ !'OIO ~ , 
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TABLE OF STRUTS. 12n 

No.3. 

PENCOYO I BEAMS AS STRUTS. 

i' 

~0 
, 

-0' 
, , 

__ 1 

ia 
In Ule marginal ~ol"m1\" r Indkn(('. the radinQ <If qynllion laken al"Otln~ 

!\xl~ A II. Wilen sl,lIt id 1I\"l(ed II," pn,. 'Ire ""PI""'c~1 In li.- in the dir«. 
lion A I). linlle' Iho com\llion •• mtcd tho strut "'"J I", cOIl,ide,ed flol 
endod In di'''''I;on.A IJ 

CO"Il'Tl0X S'z~ 
o~ OI-

I I I I I ,,"' e, ... 
1: 1:1 :~ :10 :~ : :1 : A~I~O ,'Ix~d End... 1 ,,-" 
10600 10"~ 9'>_00 InlO 91110 6t:IfO S'i8l' 83:."'0 81~ Fin! Elld •.... 
1/lItIO W".oo 9110 8OllC) ml l:IOOO 760l) ~:r,o ~IOO Jl I 1\~",d Elide •.• ~e!,'l:,. 
8I.iUIJ 81"" .. w r240

1 

6:>00 1).;00 6!1IO 58lOj 5420("'"1([ J,:nd ••.. 

IOfoOO 10340 10000 9IiSO O~OO !lI).lO 81'80 MOO ~ Fixed 1,"<1 •... 
IIlGOO 10340 10000 0080 g~oo !lI).lU !mIO i'4~'IJ 822Q FI"I End. .. 
~ (lifJO 9"Z)} ilS"OO ~)() SIOO <&'lO 7500 >210 III"g~,l J,:"d. 

15" 
Light. 

87 10 B:!OO 0S20 74&.1 71J.IO OO:1l 6310 59!;() 5/i6O HQu, .1I E,,1I8 .. 

IOO"l Sl~ 0000 
Il800 !l420 f!IJ.O 
jflIOI7,;OO ,(HO 
!WlO 511:;0 ",;:;0 

Po'lllO 811ll 7900 
IlItOO 817"0

1 

"" 
75iiO 71"ZO G<1lI 
1»10 MOO SHiO 

=: ~ ~, ~ lliZ ~ ~l~~E';;r"d: .. . 
;3;0 ,0-10 Gm &·110 ' 6100 !i8OO Il[IIgef! Ends .. . 
5Sl0 t..'I:'lO ~IOOI 4'GOI 4I40 4100 ilo"nd EIld.:::. 

8-120 SISO 70W <720, 7~,..o l 'l"l8(I,'lxed End •... 
8420 AI71) ,1"1U OIlSO, NW 7140WIII' E."k ..... 
7500 7/';o IJ8.IO 1>5lI016:?;!{) Mr.!OIJilllse(' .',,,k . 
59!.00 M90 628(1 4800 4:.60) 4!!jU 1I",,,,d E'I{I •.. 

;8jO ,r,oo 7820 ~0i0 6!'7tl1 M20 Fixed Eml~ .. 
WlO ,MU j-lW GC-W ~ &:IlOI "I~t £.\d .... 
tm!O 6340 M8J &aI 5.'Wl, OOlO'Il[lIgt~l V."ds 
5100i 4690 48lO 398) :171018300 l101lnd End •.. 

;-stn 7M(j 0"3201 ,~-;u 68'l01 6f!'O Flxe(1 Ends .. . 
7'180 7~:O 7210

1

' 6fl.JO w:;O ~!IO [lint ~;ll1t~ .... . 
6ii."\tI U:!8O ~IISO tI\itO 5340 0010 IIlng<.'!1 Eml •. 
WOO ·I(j.g() ~300 8\ISOi 3"7)01 3.'!00 110",,,(] E"ds .. . 

7t1301 7320 :-oro 6880 65801 6310 Fh,;c<l V",I~ ... . 
7500 ,~1Q 6810 f0400 (;I!illl $SO nu El\d~ ..... . 
ijllO r.!l8Il r.69) 5280 4000 4670 111"11,'(1 E",[. 
~"060 4:D:l 3!8l1 36:;{) .:l3l(l1 3Ol'>OjJ{o""d Eull! 

, - .... 
12'" 

Ilea,.,.. , - .... 
12" 
Lillhl. , - ,." 

J 0," 
lIeary. , - ,." 

10," 
Ll::!ht. , - ,.,. 

10" 
Hea''Y. 
,~ .... 



126 WROUGHT IRON .um STEEL. 

No .•. 

PEXCOYD I BE.UI~ AS STItCTS. 

(II1UTIt8'T SAn: LOAD 1.\" WIS. l'l:lt SQI:AR& ISCII or IlECTlOY. 

Wh~n the IIml. are ~Ul'f! from ,.ltnN' In Ih~ rlll'j'rll .. n nf I~" ft~nW'. ~',rl 
can '",,,<I only In Ihe dlroc\Jon of U", ""cb CO. l",ina r.elo ... of '"'tc~y 
g\v.;:n hi pn'!vloa. lIIble •. 

SIn C"~"'T'O'f 
L,,~(lT" , .. ".rr. o. \>. 

8£..,1 E,u" 

0" ~'I~('<' ~'nd~, •• l-I:MIIU'l)'l~;:A) l1'i'l'111111l101~" Ul:rol Qr,10~ ~(l 
~'Iat ~:",I.. 14:kl1'1~ 12U.'~111:~1111.'I(Illmo lu.1:I1 MID, k900 

"."./ .... , .. JIl"~"t'Ol ~:"d. J39IO'I~~Xllt W 11110 WI2CI ,;1<1;0 !l'~I, ~O, l!\to 
1I"lInd .;,,<.1. 13S3(1il~l~O(tIO 1OI.jIJ ~!(), ttOO

I 

~ 7'210, s.:.9) 

~. " ~'I .... I Fond ••••• 1.j,~I~;(ll~ll~!(lII~'II0AQ0II(JQO IIWO 00t0 
t".t . :"d' ..... 10<0 tXo-;1. 1~li.:iIllNi~) Il~~' ll~~~) 11(.00 DOQO,1/04O 

LI~III 1Il,,~ .... 1 .:,,,'_, • • • :t.,u 13U"J(! 1~1 II~~) I~.~' 1I!l'J) ~ @';!'() ~IOO 
.' .' •• ltoaud End • ••• I~ 1:MI1I'i!10!\IIN) !HIO If,"IO ~~ ':Dl, "'" 

, ' I I . I 
.'hrl"l .:00._ • Ull0 l:!lm 1~ltO I1!HIIIIGIO 1/'l0ll N.'Jl 
IIlat f:"". . UIIO ImJ I~L"\ 1l~IO hWIJ lI~oM NJO 

1I.'tlV ....... 1I "'~.,..j ~;ndA. I~ l~tdO 1l~1O 111;,0 1IIiN' l<UJ IofiIII) 
.-1· .. 1t000"dF.I~!'. 13JlJ(Illft;UUl).l) ~ 1";"1(I1:1t/O 7140 

8" 

I I I 
F'1xpd En,\o 14110 I~IOO Itl411 11,f('ClIC'r.'llI.lc.-,.", Il:IIO 
1'l~1 ~:n,I •. _ 14110 13100 I~I~) 1140:1 t(~.W·t(1 91¥ 1 ~IO 8" 

~!>:II\:;;',~:~~~IF~d~~ .• :Mi:~ll~I'= ::;l:fJ:~; !;~ 

7" .·!Ic<1 ~:"d·. I:~\;,() l2tOO 1 uoo JfIfoOO IIIl20 "00 ~o 
·.·111.:nd', .. 1:\'I;(iI:!c1OO lllOC1ll'11ltl ' ..... .". 111110 fl,"HI 

Hc.vv_ ... 1l1n~"!'<I.'nd • • I'lW 11';'t\ 1fr.".!l"1 9',1:\11 """ ~';-:WI 
.',. ltound ],;lId. • 1:l33O 10000 II&!IO ~;IO ;;'\l() GrM tiO-IU 

j " 
LI~ht ,. 

... 
"'" ';11", , .. 

~)O\ SD) ... ' .." 
:1110 ,m 
e-a<Xt, ~u 

MI! K'r.O 
I-l't'O kml 
t'l1',i ;4-;" 
M~; t.!ru 

fIt1t!()l;1lOO 
1C;(l ;)';~ 

~ lIN 
:'<30 SitJoi 

, 

1 



TABLE N' 6'J'RUTS, 

No,o1. 

PENCOYD I BEAJ\IS AS STRUTS. 
:. , 

~~===i::,=a " 
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In the mart:inal colnmn! r IndlcllW$ the mdiu. of ,;ryrlUion taken aronnd 
""I. A II. Wh.·" "'~"~ ,~ hl,,~..J th,· I';"" Mil> .Ui>I'O;~~1 t" lie '" rhe d;~· 
lion A lJ. U"d~r tlou e""o.llLlon~ ,,1a1.\...J t~e ~Inlt may be con.io.l","'-.l Ilat 
end .. ..J In d; •• :<:lIo".L lJ. 

Lr."<ITU '" F~ET. 
eoSD'TIOS S,ZE 

" "' ESl>II. llH". 

10" 
Lig-hr .. 

, .- '·u' 

9" 
n~a\"y. ,- ,." 

9" 
Light. , .. 
8" 

" Hell'·Y· , ,_ s·" 

8" 
Light. ,- , ... 
7" 

IiM'·Y· ,- ,." 
• 

4'.j(I 7" 
""'" .'" Li~ht. 
lL'.!O , - , '" 



128 TADLF..8 0 ... STRUTS, 

No.5. 

PENt'QYD [ n EAMS AS STH UTS. 

Oau.Tt:!T IUY& LO.lO L ... L.HS. rER SQUARK I)"C U 01' BEl'T IO .... 

Wilen ,1\(0 .I"'t~ .... weo'" from fallnre In the dlrt't:tlon of the Ib.n~~ •• n" 
un bend onl,. In III" dlre<;tlOn of III ... ..eb C. D. Gblnll fllCto .. of .rfty 
.ll:i'·~" In pro"'lou~ table&. 

Co:on'Tlo:o 
LICIGTU ,,.. t 'UT. 

6" PlIed End. II:}» Im'117l1O llR<'la !ff.'I) s...:o~ Kill 
nat. t;"d. I ~H) law 11700 100.'\') IOCOO 9'l7O "'" "" l.Ili:hl. . IIInlN<l E",I'. • ... I$I)Ii/.0lllttot.1.!:)' 8400 '"'' .. 1110 .... 
lWo'nd ~:"'" nn'1 16111!Ol¥i t..Clk;va • ... '"', "" 3" .·h ... 1 En,I· ..•. 

, ;1~I'lll~>;(I W»'lll'11)'~l ,." .,., '"'' ,110 
.-'a, };nd. _ n~I' 1t.>:1l 11<'0 l';;~' 1iIl! ' /I'l'..!) ;6~' (;-,(1 

",ea.,,{; ... U ln~l~I I;,"I' · 1:1'\.,.) 1It;).11rm<1 M' 81&'1~ ~~ -lloond End· 10)67<) 1'17W 111m "'" 00,0, MM "'" ... ~) 
5" .·Ixed .;nd~ 1111~ '~IUll ,,)III) , ... "'" ... Til') 

• ·tal E"d •. _. .... 11110 1'!GJ(11 t-ll)) H"f l l I/o~'" ,~, ;ro,' 7l~ 
Light .... Ilh,::ro .:",t. .1~":!OMI'r."JJ ,." fll:j~,' ;'1.;1., tY11l ,.., 

• •.•• lWund tnd. 1~\.lll~iO IIti!IO &lIJ') ;u.) 6tllt) ... ' "'" _!"In"" .; ... 1- •. 
· I' .. ' fll~l 1a:l>' 6'~' 6100 J " .. mIl) ll-WlIlWl .'u En<!.,_ .. IW.) IHlll<)l8l) ... ,.' ';1m' "" "'''' licft,.,. .•.. m nl<C<l Pond,,:"' 1:alIQ 1fr."'::'1 1I6:Jo) ••• .." ....~, ~1"',11iQ 

• . , ... :I :oo .. d }/ .. nd'. I11l1O lI660 m) &100' ,m ... , ~~/~70 
4" F'1x{'(i f:nd~, .. • mIlO 11WlIOIm '"', !l;1" ,lin .. ' 81m 

Flat ~~I\d ... ", 131110 114 \} 101m .. , """ m· f>1!l'1 m ... 
IJJ1:hl .... tl ln~ ](,,,t-. 1261,) ',I7'l' 11110 .. , ,nl'l Ot.-· .,., <0) 

• , ... KG""d ~:nd~_. ..•. 1I~1L) .," "'" "", "" .. 'v, "'" ~" 
3" I'"IXl'<1 ~:nd •. .. 1~1N.I I I;M In,m! ~) "'" 6710 5111') "., 1~lO 

"'a, E",). t~"t'<II1;Ml'_W /I.:oIli) 7."_, 53111 ... , .'" a",to) 
1l,~IITii Iltn::>-d Po .. d·. 1.'1910 UlIO "'" "oW) .," ~II" 416" 311" .... 

HOllod .;",10 .. 1:1311.1 101 .... ) '1lI:I.I' oo"l "'" ",00 """ I;?,), 13'AI 

3" 'f'(Xtd Yont. .... 1~11~110 1(11;'(1 .. ., ";'t"" "'" .W, ~I '''' PI., £nd •• . .•.. a."al I""no 101':1)' ~ "'" "'" /iflid ~" 1r.!II! 
L igilL .... I1ln~1 .:00.. 1-1<0.. II&!(! M" r.~ ~'" "" ." .. .. , "'" • - ,... 1t..Kuat E"d •.... Is:lo.l:llGUt} ""'1- "'" SOlO r.w. 19:11, "" -



TABLES OF STRUTS. 

No. ~. 

PENCOYD I BEAMS AS STRUTS . 

• , 

~0~~===;B· 

129 

In tbe m.~nI.l colnmn_ r Indlaolfllibe r.dhll of /O'ratlon taken aronnd 
nll...t. B. \\ h~n "'rul I~ hln~ Ihe ].>III ..... oappoooro 10 Ii., I~ u.. dl.-..:
Uon II. B. CIIde. Ih~ c:ondh;vOI 1!I.I1C'd the Krut mar be C(olooldcm1l1at 
IIIIded In dlreclioa ...t. lJ. 

.... ... "" "" I'.tl ... , ""' :tl,'" I~~ "m ". ,.., 11101 lib) ... 
j(3Jl SIO 

.., 
"" "" :r.oo !i15O "'" '"'' I~'JO, '''' ll1:J1 !I\i4O . .., IglO ,,. '''' 1I1i11J 1~70 "" "''' '" '" lilt) !til) '" .. , .. 4](~ , 

• 

II~' "' Fb:i'd gHd •..•• 
~ Ir.II ~1.t 1::,,,1., ..... 
~U, 4'./1.) Ifj~!lfd t:,,\1 •.•• 

""I ~) RouII\I End •..•• 

H~ '''', moo FI u<\ F.lI,b ...• 
111,· .. ' ~) ~·Ia~ ~:ml •...... .. , '" 4GO II!n~1 g"do ... ... , .. , UI) RQu nd End •...• 

SIn 

" ilEA •• 

6" 
IIcsyr. 
• "11 

5" 
!lcs...,.. 

• J'N 

5" 
I.Irht · .-.. 
4" 

llcavy. 
•• J·t. 

4" 
Ught. 

• J ... 

3" 
11"..-,-. 
• - l·t] 

3" 
Uohl. ,- , ... 



130 TABLES OJ!' STRUTS. 

No 6. 

PENCOYD I BEAMS .AS STRUTS. 

llKE.A.T&Sl' 5.AH: LOAD IN LIlS. l'Ea SQu .... ~r:; )Nen OF SECTION, 

When the s lnlt8 aro free to wnd at right angles to the web; or in th~ 
"'cakes! direction C. D. U~i!lg factol'3 oJ! "rely gh'en In proyiou~ tables. 

15" 

15" ,. 

12" 

10," 

10" 
He,,"y, ,- ." 

CO"DlTIO" 

" E"D'. 

I,,, 
" 

i" 

, 
" 

41;U 

.., 
= 
"'" '"" 

r , 



TABLES OF STRUTS. 131 

Xo.6. 

PEXCOYD I BEAM::; AS STRUTS. 

-'D=~~ a· 
In th8 mar,;:11\&! co!um~ .. Indkatl'. tile radilll of IO"ftt!on laken &r'OIInc 

.,. ... t. H. When lhe olrul I. blnlll"d tbe plM a,., nppooo!ed to I!. lD the dl 
_lion A. 1/. If lhe pIn, Ita In .. he 41""'tlou C. J). eoo.lIklcr tbe IItnIIIht 
~ndod bJ' tI,b table. 

LE..~nT" IN Fa~T. 

" .. 
CO><UITIOS 

o. 
L"DlI. 

r.t'I ..... FInd Enda ... . 
*"-, ..... Pb'..;nd_._ ... . 
'1010.1 ••••• llir.,red F,.ddl ••• 
1.'() .•.•. lloaud E",,~ .••. 

S.II 
o. 

Da .... 

15" 
U~a~J' • • .. • ·t. 

15" 
IJs;:bt, 

I , ... 

lOt" 
l1<'&vy. 
• I'" 

10" 
!1~7.; 



132 TABLES OF STRUTS. 

No.7. 

PENCOYD I BEAMS AS STRUTS. 

OltE.lTEl!'l' !!.AFE LOAD I:; L&8. PElt SQUJ.RE ISCII or SECTION. 

The Jlral I, ... ~ to 1M fl"N! to bend in the ... e.ke.t dIr«:uon C. D 
Tbe .-dIu. of II:f .. IIOn t. I.al«lu around A. D. 

s ... :c 
•• n., .. ,.. 

9" 

9" 

8" 

• • 
"" ..., 
.,'" 
'" 

.. ,", .. ,,'" 
:II:!OO 9.) 00*l 
ID6Il 1~;U 1lI0 
lleo 8'lO 63} 

"~IQ' &.T."O 
a .... l~ 
t"KI 17111 
I~I 1«1 

"'" "" "'" ,., 
8700' 2'l4O 'l29O 
allYl i/-l>(I 1!Ii(l 
JllIln 1m 1000 
II:!I,). 1110 (W 

" , 

• 



TABLES OF STIlUTS. 133 

Xo.7. 

PENCOYD I BEAMS AS STRUTS. 

A. 11. Indicate- Ole direction of 1'1"~ for hlngro .tn,,, It, Ihl~ table. If Ih. 
pIn. or(! 1,1"",,) In Ihe dl"",llon t·. n. co,,~ld~r the olro! &II 01.1 elided. ,. il: 
rnalTIt,.1 colum". b'llIca e. radloeo! gyration &fOLIud A. lJ. 

LI:~OTK IS ~·nT. 
COlfPITI<)S 

" I" 1-: ., .:'J~'_I~lj~ 
2110 la) I,joj(, I~I loW a:;o W.. ...... l"Ixffl I::"d ••••. 
I~) Jiljl' IItMl I!IlO :'11'1 4,{I' ........... '111 ~:ndA ..•••• 
hllll "~I tI<iO :.t- 4-to) Sjo' r.11 .•••••• • IlInJft<IIIId ••• . , 
6ttJ, 4.)0, !W( 2k :nil ~ 1601 ••.••.• , U'mlld ),;nd •.••• 

218} lOil') ltm, 1210 1()1(} 8Il(I ';'44J ......... f'~('01 ~:,I(II .••• 
lDJU I !la) I"~I' ;00 MO <t3t' ..... .... 1IIIt ~:",h' .... . '= ~I 6<1' .f.'(I 2WJ ......... llln~d t:nd .... , I 470 870

1 
~IO In) 171.1···· 1· ·lltoUooElId, .... , 

IS¥! nao IIil(l I I!II(II 7l!O. ••• ••• • •... 1''IJ!'d ),;nd~ •••• 
l GIII 12't1 IQJ 71, !JI,Jl' 410' ..... . _ ....... Flat I::lld •..••.. 
tr.1l 8'11 r.8t' 4~ :wo' 2'm

J
I .............. 111 <111\'<1 ~:"d .. .. 

1m a~ j lUll 1 .... l ........ ,UOIInd 1::rl4. •••• 

.",. 1m' Il:fl, 111)1 ro"l ..... 1 ..... Ftnd .:00 ... . 
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PENCOYD I BEAMS AS STUUTS. 
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ROLLED AXQLES .\S STIt('TS. 
Tablt:'S N(lII, 1) and 10 flpply to c-n!n.I<'~gt(1 ang:ll'll acting &II 

UnIte. As d~·so:rib&l in the head notl'il, the an,,-:le ia oonsiderro 
fl"lX1 to yield in it,,! well.k~t direction, thnt i3 ill the direction 
or I he IC!I~t rndius of g)"rnlion. 

If th(l augle is ',Ire\"cllied from fniling in thi .. diredion, hy 
bm<'iug or otherwi><e, its J"Cl;i.,;tIlU('(' will h(' in('r\'ll-liCd to &ome ex· 
knt, and" corrt"Ction ('an Ix> maOeby tnking tho greatest instead 
of tbe least rndi~ 01 gyn:r.tiOil into the CIIlculation. 

f;xample-.\n angle strut "ilh Jllil emh<, wboee dimensionll 
are 4 x I x t im hes, and 1~ lel.'t Ion):" h.t.>! a kast rndi~of gyra. 
tion or .!:II inch, an,\ gre.1t..:st ra,lius of spatioll 1.'21. When 

l 144 
Ilh' simI has no Ill.tUlll support til, "a1u,' of T would be .1::11 

178. (&~ tnhl\l on rage !IS.) 8}" Tltble No.;3 the ""fe 10a.1 
would be <1,.>00 lb... per square inch. 

I r lhi~ strut ir noll' braced !IO lhnt it eMlIIot (ail in the weakest 
,11rection, that ia in the line of II dill~'nal frum thecomeroflho 
a:lgle, but i~ frt~ to lail in lh.~ diM,tion of il~ legs. then the 

l 144 
,·.Iue of r iAloowI!s ! ,24 116, auoi llw illite IMil by the tables 

beffiml'S 6,iiOO 11...1. per $Juan: iLleh. 

STRrT~ ('mIPOSED OF ~E\'F.UAI. AXGLES. 
It 611rul is t~lml)o,"",i of !,o.·\"thll IInlCh-~. properly braced. to

gether. 110 that Ih(' angles cnnnot fail indh'illually, fhut the lca",t 
rf\Ili\l~ of Sl"yrution of tilt" .;c('lion iu the mllnner dC!ll"'rii:Jed on 
INI;:'''Il II!, and lhu~ the workin;.: re~i tllUl.'l.' of the strut from 
Tllbll' Xo. 2, II.~ dCllCribt. ... 1 beforo. 

'" u==u 
~-- -10'---" 

RmmpJr. - Whnl is the working MYlistancc 
of a ftat..eniled strut 10 lI<Juaro out:.iile, tlml 
18 feet lon(:,. ('QmpolSoo of fonr;) )( 3 tingles 
connected by trianSl"ulaT bracing? 

The rac,liu.s of gyration lUI found on page 

til, is 4.21 inchee. !.- - 51. , 
Sate Io&d per square inch by Table :Xo. 2 = 10,bOO Ibs. 

• 
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nut tho anglea will fail individually if lhe bracing is not. suf. 
fICient. To dct.crmillc the greatC!!t distance alJart for rentros of 
brad nit. con,iller each aDgl1' as a strut bearing 10,800 Ibs. per 
'lJuaro inch of IJOCUOIi. The least radius of gyration lor asingle 

anglo is .60 inch. By Table No.2, tho villuc 01 I correspond-
r 

ll'~ to tho Jll'C><5ure or 10,800 i.'l (O1, lIS found above. Thcrdorc 
.60 x 1il = all inohell, which is Ihn gl'CaU,>~t dL!t.lInN) apart for 
cl'ut.ro.. of brll('ing. For 11I'oped)' d~igl ... d 'trula or the fore
going .eoctiOIl, the l"CI;i~tanoo 1K'l' .square inch 1114Y be 88Certained 
approximately by meSIlJI or table No. 18, IlIIg(llt08, althougb the 
IOfmer kind of column should be &omcwha~ !troDgI!r than the 
latter per nuiL of aectioll. 

STRUTS OF UNE\'l::"~ .nWLES. 

When um,'\'cn angles are used fI! 1I1nll8, find the value of .!. 
r 

by 1111'4118 of the least radius of gyrotinn as' found Oil lJ6g1l ro, 
llnd tho corrosponding ~istlm(·e per 8(jllll.rc iuch of IlCCtiou hy 
tabla No. 2 R8 Ildon'. II the angle is brllcOO in lSuch II manlier 
thllt fllilul'O Cllnnot OC<'ur diagonally, it will then fllil in tho di. 
rectinn of tht.' shortt'!<t leg, and if bmct.'<I ill tbis dif"C'(:liou also, 
it will be fol"'tY'd to C.U in the d~tion of the lougei't leg. The 
reeit<tance in ('ith('r diredioll can readily be found hy moo.ns 01 
lh<' ~pc<'tho radii of gyration, lIS gi\"(~n in l"(']UIIlIll. \'11, VIII, 
IX, poge 00. 

It lIS frequently desirable to use II. IJair of IIIlC\·eD anglea, 
bnuooo togt:thcr ill the direction of tho I!horl.e!it lega. 

Total kllgth =: L. 

o 

-~--··l---

For this form th(llCll5t ~us of gyration tor tho combinod 
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ecctlona will be Iho same as tho grrot.eet rarlius of gyration for a 
l!ingleangle. 'fhel't'fore t.a.ke in the tabl<'ll of elements 01 un
eV<'1I angll\!;, Ih" greatest rndiWl, or that oorresllOnding to axis 
.d B. when c.'>tilllRting the strength of tho oornuined 9CClions, 
and the ieM-t radius wheD dek:rrnining the di9UIIlOO betwocn cen_ 
trea of oracing. 

J.'x(lmple.-A nak-nded stnlt, 16 l<'<'t long, is composed of 
two uneven aflglcs, each G x 4 x finches, !Llld 4.73 square 
inches 9CCtiolla' area. The angles are bnwOO together in Ihe 
direction of the short legs. What is the groot('!;t we load for 
the strut, alld wbat the greatest distance Iktw('('n centres 01 
bracing lDf'asured on the leg of the anglo? 

By the tables on page 99, tho grcalelt rndius of gyration ::::: 

1. {l illChes, therefore !.. = 101. , 
Dy Tllhle No.2 we ha\"o lor tIds 7,";0 IbI!. per squsre inch, 

or ':"0, ,00 J\.Jtl. for the wholo 81rut. 'fhe least rlldius of gyration 
is .\)2 inch, which Illultiplioo by 101 gh'C8 \12.9 inches as the 
gren«'~1 dbt.1Il1CC betwl'(!n centres of unldug. 

'1'0 jhullhogreUk:.~ distance apart ~Iltro!l 01 bracing (1) should 

be it i~ only n~'l8ry to remember that J "houW notc.J:ceed!-.. 
, II 

I = di~tanf'EI lx-tween b1'llCin~ centres. 
r = Ii-lUIt radius of gyraUnn 01 single angle.. 
L = (Mal knJl1h of strut. 
H = ll'&t radiu, 01 gyrati'll) of combined IM.'Ction. 

Wh<:n slnll~ of any FeClion are hinged, in ol"(l~r 10 lItiliw tbe 
tnRxilllUUI emden<:y of the strut it is of the U11l1O:<t imporfnlwG 
to k(ll.·I) liltl N'lltrc of pill in line with tho centre or gra"ityor 
CroN! scdiolL of the strut. In tho tnbl~or I'tements O~-tol, thel 
pot>itiou! or ClCutrea of gral'ity &I\lll\.'(;umtcly defiued. 
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No.9. 

PENCOYD ANGLES AS STUUTS. 

OItUTEST SJ.n: WAD I~ LBS. j,t;ll. SQu.l.ar. ISCII Oil B&CT IOS l1SlSG 

Tn", IIACTOItS OF I\Ani:TY or l'II.t:VIOl1B TJ.Bl.E8. 
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So. 9. 
PENCOYD ANGLES AS STRUTS. 
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No. 10. 

»gNCOYD ANGLES AS STRUTS, 
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TEE STRUTS. 

The following tables 81'(l for even tees. }o'or single Ullcycn tees, 
find the loost radius of gyration from the lable 01 clemente, page 
101, and p~l as dCiK'ribed for 8ngle IItrots, on page 13.1 

When" pair of UMl'cn tees "'0 bmccd together in the diree· 
~ion of thc shortest \('g. they !onn a single strut, wi1()e(lleast 
ra.diu~ of gymtion is tho S'l1ll0 as tho grent(!St radius of gymtlon 
lor a single we. 

TIH-refore, when determining the MiOilIt.nce of the combined 
strut, take the greatest radiu~ of gyration from tho tableou pogo 
101, an(1 tho loo:;t mdius of gymtion, when determining tbe dis
tance betW(')('1I centres 01 Iaten.1 bracing. 

E.mmplt._A pair ot unc,'on tees 5 >< 2llnch£'5, whose total 
area i~ 6 1 square inchf'!<. are bracro together in Ih(' din::diQn of 
tho sbortost leg, forming a 8ingle hingeU.clllled strut t::; feel 
IOllg. What is the grootel!t safe load, and what tho greatest 
distancc beh'ccn C(!ntres of lateral bracing? 

By tablo on pagolOl. gn'&tcst ratlillS of gyration = 1.1-1 inches, 

!.. = las, which by Tablo No. 2 gi\'cs 8,100 Ibis. per equare inch, , 
or 18,000 lbs. touII grootest 8IIte10Rd. 

Least rodiU/l of gyraUon = .72, which multiplied by l.iS gh1!:l 
lla inches all the greatest distance between centres of lateral 
bracing. 

., .... 
1). .., I • •• 
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No. 11. 

PENCOYD TEES AS STHUTS. 

oaUT&S'r IAYE LOAD L'i' LBB. P ER SQUJ.RE DlCIi OJ' BECTI"X'. 
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Radios ot gy .. tlon taken .ronnd uls A. n. which alllO IntlicatCl! the direc· 
tion or pin "'h",, strm is hlngoo. r in mw-ginnl C(llnmns Indlc.tea mdill!l 01 
gyration aron"d ax;s A. IJ. 
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. .. F1"NIEnd~ ... 3!"x 31' 
.. . .. . Flnt 1-;"(]9......:.. :r 
• . • ... II hl~'I.-d Ends ... 

. . HomHI Ends... . • - .,. 

.....•. Fboo Ends •. 
.... . Flat £"(]9 . . . . 

• ••• _. Hinged Eud..!. 
. . Round End .... 

Fixed End~. 
.•..• Flnt !e"d" .... 

. IIInljCd Ends 

.. l{om,d End$ .. 

3" X 3" 
.- ... 

2f' X 2!,' 
.-... 

. .... f"1:c.oo Ends. . 21." X 2! If 
•..• "'Iot E",I ... _. :r 

. . • ... .• Wnge<l End~ .. 

...•... . lIo""d E"d~ .. 

LENDT" IS FEET. 

.- ." 

, _' ___ ' _ __ ._~ ]2 ~ 
800) 42Y1 11m 1000.. . • . 
";WQ a-,oo 11;00 670 ••••.. . • . 
&Ilia :!:iW 800 400 •. . . . .. = ""'I MO 230 •. / 
"""'" 4000 1;5(1 wo ·k 7100 8'Wl 11>00 MI ) - .- " 

6W 2130' 810 ~ 'Il!: ::: 5100 123U
1 

450 21 ~ 



144 TABLES OF STRUTS. 

No. 12. 

LAT'frCED CHANNEL STRUTS. 

GREATEST SArE LOAD I~ LUS. PER SQUARY. INcn ov lSECT'''''', 
USING I'.l.CTOItS OF SAFETY GIVE.. ... IN !'UI!:I'IOUS TA15LES. 

Fnr n pair otbrnced cbtu,nc1, Or rnr" sh'~lc channellOCClIrod from 
flex" .. jn tho dlt(lCLlon or the ~a"gc" and liable 10 r,,11 only In Ille 
direction of the w~b en. 

l' In tho "uorgln,,1 columns giv"~ the radi'," or gymllon 
II fI, or tnr cI~h"r uls of the combined pair of cr,ul,ucl •. 
;cripllo". 1»>0:" 121. 

lO"L'~ 
, - .... 
Il _ ."' 

, 
, ,., 

.- .... 
D ,., , . -."' 

, 

CQSDlTIOS .. , 
ENos. 

'" , 

, ,,, 

" L. 

• , 
" .. 18 00 Zl 
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Ko. 12. 
I,AT'TICED CIIA..'i.NEL STln;TS. 

ORltATFAT IU.II'E W.W 1$ LBS. l 'EIt SQUAnE DOCU 011' SlOC'TIO:s, 
USING P .... CTORS 010' IlA F ETY Ol\-ES I S l 'IIE\'101:8 TAliLES. 

]{ 
The d.-m,d. mu o' \If' ronn~-cted 10) •• tn 

In.nfa "nlll of ""'k'" ."d "'jIIonttd nol 
1(>,.. ttoan the dr.tanet_ J) or d I'('1Oll«tl>,'I)\ 
J(I"~,, In Inchflt In the ma!'lt:Lo,al rolnn,n., 
}'IKUn.;O In toe."Y tn~ "nder e"clo r,'n~tll 
r~I"~"'''" lbe fn-'lII~'1 dl.I.I"(8 _pat! In 
r''''t on e",,11 d"'""ellhal«nt..,. o(I". nl 
tmu:1", ~hoold be pl<OC<!d. 

u,cGTIl L'I }'rn. 
COl<DtTIOlt 

•• .. .. ., 
10!ill0 I~ ........ 
IOPllo..rJIJI ..., "'" ."" ~ "'10 H;ll) 
11710 1:11:)0 I~ "" ••• '.P .. " •. U 

woo ~;o ... .., 
~, :,~ 

..., .., ... "'" r.oo GOOO 8100 ... 
'.M .M .. " .., ,." ... 
';Ill WOO ..... -,.,. "'" ~ tiM t-MI •• ' .D ' M -' "" 81.1 
~I IHjIJ "" tit)o' noo jUOI .... "" ~. ',Il .... ••• 
~'/llOO .,'" ... ~ .OO 6100 ... ' I ';'":)(WI 7100 
6"10 ~~'iI M~ .... ••• . ~ 

1t:!RIl,~' """ IL ... I, ,;\r.J) "'" ""'~l Ik~l 6110' 
~1"11' {>Ql (;e' 
'.'13 I.U • . U 

--'--
" 

, 

... 
""" 
""' ,,~ ... -"'"' "., 
~IIU 
• U 
7!lln 

"'" """ ... , .. " 
"., :-.ml 
f,,"l ,-
6.11 

"., 71¥! .... 
"'" I ,l l 

--.----,-1 
~ ~--"--I~ ,'" -

I;(IIlO !"Iud .:nd~,.,. "'" ........ .,., " .. 88l!O &'A:O tem fiIO';O .1., }:Iut.. •••• 
$WI !ru) .(;;'0 '"'" ';\>t(I W"I.-.d Knd ••. 
Ii!j.'() 1\-1110 61110 r,;1k) r.a:1I Hound End, . .W .. " u. ' .n .. ~ 
"" """ "., "00 :-t-lO Fbl'd Knd . .. .. ~ ,6!lf ,450 ,1)<1,1 Fl., ):',"0, 

""" .... """"' rAlIllIn~ .... r .;nd~::· .,. !!.bl 4ilOO 4!000 .(tWit""'''"' Hndf. •. 
' .n ' .87 1..118 7 . '.0$ 

"'" "'" "" ;'Yltl :"J'(I !"Ixi'd Knd~. 

"'" mJ ,.. ,C.O ,110 ..,., Knd •...... ""', """ ~ t;:aO Mi«l1Ji • .afd .;n<l •• ..., "'" 4E8O .em ... ..:0 Hou.>d 10:00'", ,H '.M .... •. U . ... 
~';'3!(I => ... ~ ~,~t'4 F.nd •.. 

"" ~.o tI"«I 61!11 'WI' ~"'t t:n<l ....... 
6$10' rt ... !'>f~ MM 41«111"'1(0-<1 }:n<l •. 
-Ia.' 4!:!0 f"'"l> a5:tl a:;. Hound Kud •. • .M 
"., 

"'" "'" ... .... 
"'" "'" ... 
"" .... ... ... 
~ .. 
"" .N 

, .. 
",. 
7'41) ... 
"" .. " 
"'" "" til'" 

"" .. " 

7.11 ,.., 
"'" "'", 
"'" .... ... 
"'" .... ... , , ... 

.." '.67 

8000' M-'Wl Fbl'd End .... 
6130 1I11!) JI1.~ t:"" ...... 
lImO <flUO 1lI"1:'<-d .: ,,,r, .. 
MOl) It..'IIOr''''~d H,Kl6,. 
1 ,14 710 

~Ilro! O!IIO,FI~NI .:,,11 •... 
~ C>1NI1'1a. E,,<I •.. ,. 
.~, (leo 1I ,,,pol .:nd •.. 
~ -..0 ltun"d l::I.d~ .. , ... , . 

1·" , 
f .• ,." 

D · "" • ..• 
12"II'y ... » ., •.• 
• ... 

12"L" .... 
D , .. , - ,., 
10"11'1 .... 
D , .. ... 
10"1:, .... 
D ,., -... 
9"1I~'yY .... 
D .. , 
• " 

... 
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No. 13. 
LA.TTICED CII."~~EL S'l'RlJ'I'S. 

OR.£ATEIIT urE WAD 1:\ LUS. Pt:1t &QUARt: INCU 01' BECTlO!(, 
CliNG r.lCTORS or SAVETY GIVES • .'( PIiEVIOlll TA.Dl.l:S. C 

FUr" p&1. ofbl'llC<'tl chftDnel. or to." ~lngle(b.nn~1 _nted from ~ 
n"KU'" h' Ul~ dlrocllon "r Ihe nange. and 1!.bl~ U,I tall 1I"ly In tILe 
dl"-':U{lu C>f UK! w~b C /I. A -B 

r In the a'''I'It\".1 coillmni I[Ivc. the radln. tit IIJ'n'lon '(1' nl. 
A II, or to<' ell!!,·, nl. of the tonlblned pair of c6i.n"el.. 8\." de. 
IICriptloa, pap 1111. 

8,u, C<>SD<T''''''' 

:~:.: ~.::~ J'u .:',:I,,:,I,,~~I,:,I: · ~~,: 
._'"" ~, .. tt;nd. •.. .1..ulillOOll!l!lOIII~"~ nJ glllO Ko8) 
D ,,' II lhllC<d Jo!ntl.. • ••• 1113:.0 1m) lit'" 10t;lo ... "" IIIl80 ~ ,roo 
• _ '". IWlioo .. 1Mi".... . 1\!G'7llll.:<l.l 1(teA) W'JIl 1I:r.T' Wo'l) &j,)(l dl~ 

1
1311 1 115 132 J 71 I.U •. 11 ' .18 Io .M 

8"Llllhll"lred Knd~ ... 1 IlIlr.O 12!lOO W!'lO 111'" l(r)iO Q6I(, 9190' ~ • _ '.w }'II' ";',d •....•..... lltr.lllil!ro Ilfl90 11100 ItI5.tO IItII(l 9100 ~ 
!) ,. '0' IlIngt:d ~:",l" ....•.•. t~ ~ II~IO IIII~ 1I7'Il) INt'JO I!!nO ffl1-1 
• _ .' . Hound Erub ••• 1 .••• '112l:!3O 11:.00 10:.'90 IMIO ij.400 "roM I!S'iO ijUIO 

, 1.18 1.N 1.11. I.U I.n 1.10 3.400 3.88 

7 " lie''', P"b:e<l Eoo... . .... ,IUS,) l2r.O 11~10 1(90 g;oo' lUll') It't"O m:. 
. _ •.•• 1'1.11>0""., ..... IM:lOI2:!;'0113I1lJItl:llr.fflIkl¥lMm-'I'9:IO 

D .. ,., IIlf1&o'd Kudo. l iIOOO 116:(I1~' r.;o MUJ ~IM ,"'Il &<-10 
• _ ,.. ltou. ..... Rulli. 12110 100Y! It\.YI ",!II) 'lM:I IJIr.1) ~ MaO 

1." 1.N •. ~ 2,1l .to I .• ',31 ' .86 

7"IJcllt I"llredEatli . ••. laGll:t!ll';011!IIlIMl1IJ1111OI1J11J) mJ ~)} 
VIOl Jo:nt.I. , ........ IM:lO It::!';ll1181o 1!>I.Yi "'1 fo'lIItI tI8:l) :"'I;Q 

• '0'" IIh ..... t:...l.... . IW'J) II~ 1(1&).) _, ~, f!t'"l 7:r.1) r.t!O 
ilOIIpd &...a. ••. ' .... Itr:O tI'/7Y) 11).") ~, 11M .. .., :1810 MOO 

1.:I!l 1.11 2.10 I.N 1,03 •. 12 •.• 1 .... 

ti " Uc''', I'IlItd end .... , ) .. ftll!IlOO 116':1lI07-:0 !I02;,l tll0 Itr.I'I :'M) 1410 
,- 0'" IPhtK'ld." .•.. 143f1.l1'l9o(l1 11rn110101l.' '110 8Ir.0178IO;s}O 
0 _ .'. II lu>(t>ll t:"O •..• 13910 '~IIOM) Il')1O 111.00) IW:'II jj:yjl !r.1!I.11 ""' ,-.'. 11I"""d£"<.I •... 138:1011:.2:)10000 1+I:l) "I'1':iJI I).$) 11'''1: Mro 4110 

' 1 ,16 1.'1(1 2.tI I." 1.41 US
1 

t .", '.11 '.68 
G "LlKht I"lJEtd };nd" ... 112.10 12900 llt.ill 10!KKl Ir.Wl III'If(I ~1M1)1 rr'lO ,2~) 
._ •• ., 1'1ILl.t:od •..... 1#j(11290011~IOOUO 1r.l~1~) 81;)) ~l ';'\~ 
D_ ,., 1II11/1O'd t:'Kh .•• 1l71il) I~ 11»10 iIl:'J(I 10.1 Ifl~l , 1m ~1 i\f;I;J 
._ •• , ltouBd Elld •..• 131110 11:.9l 99(0 /17 1°

1

7:13\ Itl(l M'lI 411!11 4210 
.to, l .35 1.80 t.u I.ft! 1.11 I .• t .OS t .iO 

·/'n,·· .. ' PllIed E"d •.•. 1s;TW) I'!I-iO 1, ...... fiSjO _'(I nl :!.I' .... kIlO 
}'I,II £,0(\. J.r.i\l12t40 l'O!W 11810 (! IIr.n 14,-" ro'a' &r:o 

-11111#'1 &>d ••• 1:J$(! 11~IO '""SO ~, ~1Ii ';'\No) $b.I lII'lo" 4'6) •...... ':::::5";'~' ='~'"'~'~":','~"'~.~"'~'~89l1') 7lIllO 6UJ ~l ~ i!1I:1l atW 1.11; 1.7t 1.:11
1 

I.M] I.M _ • . _"_' _M"._'_"clc'_"_ 
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No. la. 
LATTICED CIIA~XEL STRUTS. 

ORKA'rl'.IIT "",,!!: W\O I~ Lilli, PER IIQCAllE IN(' II OF 8ECTIOll', 
USINO ".f.CTQR8 OP 6..\JI'ETY OIVES I); PREVloe8 TADLES. 

J .. r b 

,.".. d.anll.', mil'! be wn"<'Cte<i 00 ae \0 
In ... ,,,, .. nil), of &l:11on .nd ""P'oNtNi not 
10 ... lI.an Ib~ dl;oto.n«. I) ". d .. 'p<'("I~ely, iii""" In lllthe. IlL U.e ruarv1, •• ' whlmn ... 
l'Ij;(ureo In hU'"1 In'" "n,\'-' e .. ch k·tll(lli 
relIt_tIt tbe ~"" dl.Ll.11«O "I*rt h' 
f~~·t on oacb ehannellhat<:entrN or lat"ra' 
t>NdUCHlQUld be~. 

C'OII'1,1.TIOII Sua 

" 
,,~ 

,,~ 

1100 
11-1:)1., 
&.10 

81'" , :'810 7-1.'\0,> 
Sial, 77ll) <lI\I 
7100 fi6.:l(1 GUill 
!I-I~ 1lOOO, 4~1O 
'.27 •. " 6,M 

~ 71~ &om1 GUO 
7».1 ;wi) 6(111) 1Il<l(l 
&l:I' 6/W Mtl.li ~ 
4WO 41~ abOO' ~ 
I.'" I.1tt '.11 .." 

"r 0' 
};"... c.ux""'L 

,----

IlO9O ~~~ M.1O Flxf<l E.n<I... 8 "ut:'.-, 
:.6."JO ~ .JI:Qo(Il"Iatt: .......... " ... .. 
4HO ...... 1) awo IIII11it"'I 1':Iuh<.. D = ,.t 
~ 2-1';'1) ItllO lIo,,,,d l:tld.. . . • _ ". 
1 .• '.15 8.82 

". '''' ... .," ••• 
M" 4;:)0 ... 

, ... .. ~ 

b"J.lghL 
'_'_H 

n c' " . - .". 

:'!<ll ,110 fWl ~ ~11lO .Ql 4-IW FtlEeol Jin.t ••••• 7 "Upt, 
'4:Jol- aIJOO sr.o Yl:o ~ 41'" 871lI., . ".1 .:"'1, . ,_ ~.,. 
&tlJ 6&(1 ~P' ~"". ",n!:~ 2iW,,,,, itW.l1II"r;:ro };pd, .• D = "1 ......, .w 3:Ho ...., 14M ilound Jo:nd... • •. , 
i.M 1.28 1.11 7.«l 7.11 r.ll ',SS 

11990 ~ 8131.1 48':f11..m .... 6.1 nl"b~1 Enola. (}"lIc"Y 
m ftl\iO) II"", oNro rollO' a.tOO ! I!)(J ."111 Jind. ,_ ... 
!'lOIO 4\161' 41"'-', 200(11 ~ 211U Ier.., Illnfl\'<1 E'''I •.•• J) ~ •• 
8I!:l11 &'I") ll!<7t, 24liJ 169.) 1100 1'-"''' lI(~I1{\)und .;ndl . • ,., 
US S.U 7.se' r.15

1 
8.(11 1.(;0 10.= 10.711 

6><,\) M.'l(J .toII'.lO. M:U :.tl'I(\ 4610 41ro' 3EI.7l 34OO}':rM .:n"'-.. 6"Ll,o:bl. 
&.I. W), 6-Iro 11011 .'19:) 8IiIkJ 35(1) lilli) 2lr.1' Fl it E .. <I...... , _ ,." 
~" (0)1,) 4\1:,) Ilffl,)I SilO 2&01 ~""'l n.lO 1;;U lIIu~-d l':u<1, ... D _ I" 

~
"'()" Il(;~) tlQ) 1;'00 I~J 1310 II~) IIt(lU",,!>d };!>dA.. .;:; ,., 

i .• 1.10 .... I .• '.75 '.:to 7.SS 1.10 '.U 
M.Yl ~I' 41:, 8In) a.. ... Sl~) 2;,,1 tro,)PbrM EQda, 5",., 

6rn) 4MJ "aiol r..o ~) M !W'M ~ tl""" 1'1.\ .,;OId....... :J 
.. , .... , .. ~ tV1\J 14Il0.l,,,,' "'''00 ',"""" I~'O IlolIl 11'., " ,,,ted E... .. L",". 

"" 1:-1" No' ';IlI1 1t .... 'II(>t1 ..... ~· .... 
•.• 1 .... '.M '.11 I:ro t.ZI!I .... 10." U.DIt 

1 

..... 



148 TABLE Oil' STRUTS. 

NO. II. 

LATTICF.D CHANNEL STRUTS. 

oauTY.8T IJ.I.I"E lAUD Ill' LBS. PER !!QUAIlE INTII 0 " Ir£TlOl(, 
l:~IXO '.&tTQU or JU.rI':TY OI VIL'f Ill" PIlEVIOI:S TJ.BLI'JI. C 

For . ~r or bnIotd chan .... " or t.". .,llIiled • .."...,1 Mttl~ tromf 
IIUtlrt fn the dl .. "ctk.l" or lbe ~ &loll 1"b1~ 10 filii <MIl,. Ir1 tbe 
4i~~ ... of I_,...,b (' I). B 

,. III I.be m..-xtnal cohun ... «Iv", IIIe Ndlu or 1:11'&110<1 for nl~ 
.4-IJ, or tor l~lil.·r u1ll of the ..... "bh.ed pair of channeb<. See d .... 
...::ripLk>o, JIIIP 121. 

D 
LL'IOTtI ,!( Parr. 

SIU CO!fDIT'Q)I' ., ... 
1-' 

1'2 II ' l~ , 18 Cw...'Q<II:"' , E.. .. "". • • • .. 
--I ---- ----
5" l'I:red " .. d" .. , • ••.• lM.'1J IW!IO 1('r,;'U ..., "'~ IOl) "ro """ U£!'l .... "'.l E"" ....... . ..• Iitlro 12010 lImO ... "';'-,0 71170' ~ ''''' • ,- •• II h'~1 ~:nd" ... • ... 1~)JI~ 10010 """ 7:':00 !l91O' 6100 "" I) _ ". ltound t:ud •...• ::::: "'','l':'~ r:; ';'~-,) II'!:» !\2IXI' 4-UU 87:0 

• -I" 1.31

1

1.87 .. " s." f.31 

4" 1 
FlIrd ""(\ ..... ..... 1~1!:!' ~Ill IWl(I 'ffi1O 71.'JO 6100 ,.., 

lI~a7."" l"Iat t:"d·" .... ..... li8lll 11~' 8oI1(l Il1.".0: ~ 6900 to07O ",. 
, - ".. 1I1"l,,'1.'<.I "'MI., .. ••.•. I~ 100:10 IIOW r;ro r06.'>(1 r. .. .w 4'100 1100 

D •• • Kouud I::UWl •••• • ..• II~)I 11110 ~ .., !o.l'W> .tOOIl ~~) "'" · , .. 
· .... 1 uei 1.H

J 
2.&8 '.a 3.88 t.1! $.17 5.81 

4" Fh .. 1 .:nd~. ."" 71110 '11111 611(1 "'" ..... 1~"m 11111 9I'Wl 
UJ(!,I ..• 1"1.1 Eod •.. . .• I:lllJl IIIOlI' MIt) "'" ~) .. ,' tlI'~ "" · , ... 1I1<'11l'" .:od. .• Imlll).j~) .'" ,.." .... " ,.., , .. , "" D ,., It ..... ud Llld •. I:···r""' ... · ,", ijl:Y) 1100) .. \']I, 8:111) 2;i1ll . t·. • ••• • 1;d 1.117 1,60 sa J7t t.n i .• .... 

3" .'Jed EDd~. .. 142~'lI. !1M """ ,.." M9l &$0 4~ .... 
I'IAl ":"" •.. 1~ 11 .... 1iH4" ""'. "'" 6r,o :'.(Ot) ",l~) "" .-,.,. JIIn). .... ] .:od.... 13:110 11')II~ {jo.:](, t91 ~) "" 4Itil ~Io.l 2!)..j() ~1I0 

D ' . l toolld J::ad~ .•. 'IS I(lI.I]'lIII ;$)) r.:'3I' ... ' se.I/.l \!:SW IG40 ItlO 
•• I '''j 1M us I.a "" t.M t.n I .IS 6.61 

2*,' I'1Jed F.ndl! .... 'ID) 1f"Ml III ... , .... ~;.')(, ";10 3lIOO "" ... .1at .... ,'~ .... lnill~) 111;11 tl&~ ~, M.'~ Il-tolI, ''''' .-... IIII111'f'd Y.nd' •. Ir. .. 
_. 

71:1.) M:io ' "'i)' ~~ 1014<' ISII' ". D _"" itolllld J::."WI. "'" .,,, tot"') 1111' ~r;1J !~"'l 10'" '" "" .- ... ,p .= •. ~ t .• .... .U , .'" a.l0 '.n 
Phr ... 1 Fond •.... Ir.!(\ "" "" . "", ot9!1' !ltlJ' 2':'IU 1''''' "'" 1-'1..\ I;".' ...... I~>;'!o OW' ~) ". ""' """ ",., ,,., 

"" Hlnto:-d P.1ld •... I~IQ: "" &II,) ~, "" "., 1~J), "" no 
' .... '1 .. .,,:'-'''' t::UWI"'III;JtI< ,.., 4"" ~".l!k) I7In "'" ;-10' "" ." 

",' .N , .• '.ll "1,·111 .... ..... .. " , ... •• 

I. 

1 
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No. 14. 
LATTICED CIIANNE J., STRUTS. 

QltEATE8T 8AFf: LOAD IS T.BS. PElt 8QU,\Hf: INCII OF S£CTIOS, 
U81NG ll'ACTOU8 OF S.U·f."TY G[VEN IS !'UEVIOU8 TAllLES. 

}[ 
The cha"n~ls mu.t be ce"n"~I"d.o 8. 10 

i,,>nrc uuity of MUon Bud f4<1''''''h~l not 
Ie"" 1110" Ihe <li.ta"ce. f) or <I "'"llUelh-dy, 
gl\"Qn lu ;IIe1l08 ill the ,"Mlllin.l col,,,,,"". 
}·ign,.". in l;cm'y tyr>o ""der m,d, ICllglh 
"'p'e"",,! the gmnte.1 rtl.tm,cog ''1'"11, in 
fcct on Mell channel II",! "".ltre" or Int"'1I.I 
b"'cillg.hould be placert. 

CONO'TION 

'" E:<u •. 

s,,:x 
o. 

4" 
HeRvy. ,- ,-,. 

D _ '" .- ,., 

4" 
Light. 
. ~ , ... 

D - , .• . -... 
' - ,." 

D - '" 
' - '"1 

2" 

9" 
Light. 
,~ ' r> 



100 TABLES OF 8l'RlTl'S. 

No. I t;. 

PE:SCOYD ClIANNELS AS STnUTS. 

tlRIi:ATEST 8U'1i: 1.0.&08 IS LDS. I'E& SQ. IS('II 011' 8&C'l' IOS, WilES TilE 

STRUTS ARE FREK TO BES!) AT ItiOUT ASOLElI T() Til E WEB OR IN 

T il E WKi\KI!.ST OIR ECT ION, 1>81S0 F.&C'rO II8 or 8.&P~"T Y OI'"[S IS 

l' II EY IOU8 TAlILIi'JI. 

g.n 
•• C"",..,..IL 

LISOTH ')1" I'~. 

--I 

Co" I"tlO~ 

•• E~J)to. , • • 8 

lo~ " 'n ... <1 ~:nd~ 14~l1.:.i1) III"A) 81~ 
~'I.l E,od. .. • 1,1~1O 1151:'(1 IjQf,) 111":0 
IIlnsrro Kud' .. 1:r.110 10010 S!r.'O ,1;(1 

• - ,.,. (OOlld Kud •... 1311ilJ

1 
W'JOO ,,wI MOO 

l2" 1'1 ...... ~; .. d, •. 1·'1.";-;0 1069() /l.W 1'300 
I-"Iu Knd... .. 13:>70 10690 s."dl '~1O 

UU,",.., .• mll!fl.'<i KntI •• '. 13(0) 00;;0 ,<}70 Y,Itl(I 
" " •• 110,,"d ~:nd!l. ... 121J) 8,10, 61:J"1! 4lUI 

1-) " }lIJed. End.... I~"® \I.5!lO 0lI30 6!UI 
- l'Iat End ....... I~~ 0090 -:.:.00 ~:lo;) 

U/flll" •. _. m"kftI 1-:"'1 •.• • Ii!l~ s;so &-110, 4.W.I 
, ·to ltooud Eawlio, .. 11860 ;;m 4:-00 :l96O 

10" 

10 I~ 1 1 1~1~ 
"l'!10 4-l;(l 37IlO 

~ '~ rt! 
(1220 ~I~ 
6;90 :a;oo tiM 
4."IIJ) 16101 100:1 
2'lOO IiO:)I (9) 

4910 11l!lO I~ 
.m 11,00 I!D) 
w.o 9::tO 710 
mo ~ 400 

~ 4-lXI :s:.-.oo 2M)1 ~ 
M'1() aor.o 2QOO ~ 1790 
lIII:IO 2IlOO 110) 1~-:-O roo 
~ 1m 1000 ~ !>M 

4110 ~l Z!4/) 1740
1

1360 
r.m ~IO iiWi 1490 10-10 
"'I~ lUlU' 1110 9)(1 fOO 

I~IOI ~IIOO \i3O 4W 310 

4300 3100 ,..uo If.!l() 1m 
lItbJ: 11/00 I4SI 100) 
'tkIl I~ 111';"(1 .. 0 ~ 
1391.) tiitl GIO dI ~ 

I. 
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No. 15. 

PENCOYD CHAN~"ELS AS STRUTS. 

,. In ''''1'1(11 .. 1 columnl j~ tbe radiu. of s:yratlOb t.k~n noun<! ni l A 11. 
Wheu """t I. hlll$:('ll tI1~ pin l ve '"1'11O>t'd I" lie 10 Ihe dlrKlion A ll. 
WI..,n ,h. P"" . ... III the dll'l:(:llo" C lJ, (on.lder Ibe 11111111&1 ended by ",)& tabl,'.'--______ ___ _ _ ___________ _ 

, ... ''''' '''''' .m ",,, ,.., "" .m " . .. .~ '" W ... "" .. , .. ." r.o ..... 
::n 

] 
:r.!l. _ 

~:II t.fOl. ,. It;) . 

Ire) 811) • .., . ~ .. 310. 

'" 
, 

~II) .., ... , ... 

'" ... ... 
'm 

, ,, ', 

CO"DITTO" 8u:. 
0.. OP 

1::,,-..,., CUA.,,,-n. 

15" 
,_ I'" 

12" 
lIe.yr. 
' - ' .. 
12" ....... , ." 

~: .. d EII.:II.... 10" 
Flttl Knd~ .. ,. 
11" ..... 1 F.nd..... UraTJ. 
lC"Ulod EIMII....· ... 

FI ... " Elldl.. ] 0" 
. Fla, End~ ...•.. 

IIInl:<''' End.... Light. 
U"ulld I::I.d&,.. • -- ·It 

, . _ .... '.i ... n.ed Elld. .... ' . ... , " FIt! End_ ... .. 
..... .1I".,..-t Kud........ ~.I .. 

• RoobdEnd.::._ 

9" 
..... L • ·r 
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No. 16. 

PEXCOYD CIlANNELS AS STRUTS. 

OUATIt...,. IUn; LOAD IX LB1. Pta SO. IXCII or 8EtTIOX WilEN TUR 

STat'n AKR YRtE TO IJtXO AT klOUT A. .. 1HH.E8 TO TUB WEB OR 

IS TilE Wf:..U,EST IJIRECTIO,\;, 1,181,\;0 I'J.CTOII.S or IJ.rnY OIVU 

IS PU;V101,1S TJ.UL.ES, 

eo:::::" I. ' 1- ' I:;",;" .. n. 
S" Flied """... It:I;I) ~ '4IlO 1010 46'0 

~1&t "nd~ ..•.• 1"lUI IiIO\:IO \"1IiIO :.:.IiO !IIOO 
Il fAY1._ •. 1I1~ 1': ... 1 •.. IIQIO ~IO tiM .anl .., 

• -." · Hollod End .... 11000 ;-c, -1Il00: :r.au~ "" 

8" II"IU~I R"d~ .... 11700 81~1 eaml S'lOOI 
t'I., .:"d~. _ .... ! I,eo 111:,1) e!lj() !5-"XI 

LII(III •••• III"~ R",I... 11110 ,m r:.oIIO l!('il · -... 1"0000 Eu<b .. . 1011(1 :.eYl SHO lOtiO 1000 

7" l"Iud End ..... 1~1¥1 l;mo :',:0 1m 
.1&tE,Id ___ .•. 1~ltol!MO' P .r.m 33~' 

lI!'&y, .... 1II~ Knd.! .. lUI" K!ill :1.'41 :16130 213'1 
• ... I(o",sd E..u... ... 10ti00 !\.dO aw 1I190 bl3} 

7" I';~~I End ... . IIIIm 1tIIt;~ e~: 4;~ ... 
!'bot Rnd"_ ... 116;» I'!:.!7Il 6Oro 113'1 2j;l(I 

I,!!fht.. . mn!l"d t:nru. .. 110111 "'" I'!OO ~ "" '" .. It.,uoo Eodio • . ,.,. :';;10 "" ". ,-" '" 
. 122:0 """ 4210 .... 21~) 

,,~ "" "" 1~1 , .. =, ,- 1,1)) 

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

~~ 2117' Hl" .., ... ,~, ~ '" '''' ... 1001 ~'WI 

5" 4.",.'t) " .. .., , .. 
"'" ,,~ "'" ". .~,., "'" I:'W "" "" • 'm' .., oro '" 

... _----

111(1i 

"'" •• "'" 

" 
"" ,,>0 

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

." ." '" "" 
II1¥!I llr.O , .. ' "" ... tom 

'" 3~0 

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

.., 
"" .. "" ,~ 

I. 

r 
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No. ]0. 

PENCOYD CHANNELS AS STRU'l'S. 

·--B--n 4-, 
b 

r, In mnrginnl coh!mna, 16 the radl,,~or gyrnllon taken nronndaxi~A lJ. 
When ~tm~ I" hln<:ed. the pin~ "'" au!,IlO"'-'<i 10 II~ In Ihe dinx:tion A B. 
When lbe J!ln~ aN In tbe diroction (j J), con"lder the ~trut Itnl ended by l.his 
"'blc. 

L~SOTII IS FUT. 
SIn CoSDlTION ,. o. 

:I~ C""S,..EL E~l>e. , , 
" " " " " -- -- -- --

5" Flx,-.. l Ends .. •• 10000 ~190 ''''' "OO "" }<'lat ~;"'t~ """ .O"~ "" ~", tU!"iI ,m t.W .' 
L;s.!:,t ...... lIIus ed &uds .. ... ""' "'" '"" ... ,., 3fil .. 

Iltound £nds. "'" ~ltil 1,(i(I .. 510 ." "" 
4" ~'Ixcd R"ds 11()'10 ,." "'" 3,f,o 2110 ,,~ "00 .., 

~'I"t Rnda . . ... 11040 7~·1O .~I30 :U30 .". '"'" ,~ '00 . 
IICR\'y .... WI1'!"od Em! •. """ l:i-I<O """ IVro 1].10 740 'W ." . , - .,. !\"uud Ends. 9170 4.,30 \!:)..'"iI ])20 "., '" '.;.0 190 .' 

4" ~hc<l g",!s . .. lM60 7.';((1 MOO 3tIOO 21BO tOOl '''''', '" ... ~'Int ~;"d" ... .. lU!OO 1'4.',(1 4S;n, :XoOO: l~ 19w 7"20' 4:)0 •. 
L1l!ht. . •• lll!lI!"<.~1 Rud • . · lOi30 62: • .'0 8,",;0 1<O.J1 I , "" '" . . - ... Ilouud ,""da . · 89II01 ~.;oo ~I;lO IJ 3, 2·10 "" 

· 10li00 0:.I201 ':;])0:J2; HUll 1800 3" Fix('d Ends . "" 0.0 .. 
~'Iftt Emit .•. " 10090, mo' 4100 ~I(I 1780 I(»Q 'W "" 11111 (1"" &nda 9900 WiiIO 3210 1610 1m 6<lO .., '" .- ... Ro""d E!lda 87"104.'l:/(I "." ~ '" "" ." 150 •. 

2t" Fixed r,:I1ds. 10340 69\10 '"00 .." "'" ,,~ 700 .. 
~'Inl ':ud •. . . .. 10340 """ 4().J0 "" 14~O s • • 00 • 
1!1 I1!.('''! llnds U"OO 5<-,00 ~OO 13.'iI '00 MO .., ... 

,- n Huund 1';',(1. roo ~'" 1,,00 700 ·110 ZOo 170 • 

9" FIXClt ~:ndg . .• 86.'iO 5100 2',00 l.m SIO .. 

" ~'lnt Em!.. .. .. &00 :;:1 r1~ " 
.., 

1I\""''t.'<i End • •. 7050 '" 310 .. , _ ." (tound ""d •. ""' IW ~OO ltiO •. 
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WROUGHT mo~ COLUMNS on PILLARS OF ROtiXD 
A.'iD SQUARE CROSS SECTION. 

Elpcrimenta on columns of this elMs arc no~ w:ry complete, 
eIIpecially 113 denoting the oompal'lllivo valuC$ fOl' the \'ariOIL~ end 
condiUon~. The following tables, NOI'. 17 and 18, are dcrinil 
partly from experiment on actual column!\, e:.:wnded and com-
1)lc1OO by comparison \\';lh tho expcrllllClits on rolled struts 
from 1II'hi<'h all our previous tablC:8of strut mistllnces llredcril'oo. 

Table No.2 b tf\ken as the ba>.iH for the working values. On 
&eeOuntol tho more perfect5ymmctry of fann ~ by round 
lind square !;('('tioDS than the sbapE'S for which lable No.2 Will! 

e-pl'cially calculated, the safe loads per lIQuanl inch of !!Cetion 
are IlIc~ lcu (10) per oent. for round columna, and th"c (5) 
per cent. for lK),U4ro columns. That is, the fsctors of salrty pre. 
"jOWlly gh'en remaining the same, tho ultimato strength is sup
posed to 00 10 lind 5 PCI' <'Cnl. respecth'ely greater thau the 
rolloo ~tl'Ul.s 

Tho Illoies are calculated for certain thickllesses or iron vary
ing from i" tor 2" diamel.cr II]) to '" for 12" diameter, as 
markoo in tho margins. At the same 1)1Aco R represents 
the mdills of gyration for the dinmewr and thickness given. 
Whl'n the thickn~ "sries but II little from that gi"en, the 
etl't'ngth per square in('h or 8e('tlon can be &C(l('ptcd as practically 
un('hllnlll'(1. But when the nriation bEcomes ot importance, 
thl' mcliwlof gyrAtion co",-""pon(ling to the Iltered thicknC!lS 
will have to be oblained. and the &tren~h ot Ihe column then 
~rtainoo from table Ko. 2, /16 heretofore described. 

The following table gives the values of the radius of gyration 
for round and Sl'J.uarc columns from 2 to 12 inches diIImcWr, snd 
(rom"" 01 Illl inch to 1 inch thick. 

Exam])\e for Bound (,~lumn : 
Whllt Is the gJ"('ate6t safe load for. ftnt-cmlcd round column 

G Inchee out('r diamclCr, 1," thick, 8.64 sq. in. af(!ll. nnd 18 lee' 

loug 1'"",1.9.) ~ -Il l. By table No, 2 the corresponding 

safe loo.d = 078') lUll. + 10 per cent. = 7400 Ibs. per.;q. inch 01 
IJe('tioll, or 04,440 lb!. for the column. 

For II square column add .) I)('r cent. to r..ble No. 2, instead of 
10 pCI' cent. 118 Illxwe. 

j 

I' 
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RADII OF GYRATION FOR ROUND COLUMKS. 

TmCI<!<ESS ", hICUE$ v""Y,lIu u~· TIO!<TH •• 

OU'I".I[)II 

1 1 1 1 1 1 1 1 
D,,,,,,,n,, ., ., •• .. •• •• ., .S .S LS 
OI'C"LUlI" 
IN 1110U108. 

COIlIlESPO''''L.'<O RADIO. 0 .. OVIUT'ON IN INCU"". 

, .61 .. ... ... ... .S> .~ . .. 001 .00 , LOO .00 .~ .ro .00 .~ .SO .ro .81 .<9 , L~ UI;; 1.31 1.:.'8 L" 1. 22 1.111 1.16 I.H 1.12 • 1.0·3 1.;-(1 LOO L~ L" 1.!,' 1.5~ I.M 1.481.46 , 2.M l1 05 2J12 LOO L~ I . D-~ LOO L" 1.83 1.80 , 2 . ~3 .~ ~ .36 ,~ 2 .30 U, 2.:!-1 2.21 :U82.15 , 2 ."" ~ . 76 2.n , ... 2 .00 ,., 
'" V.,6 2.1>32.00 , 

I ." 
S.1l .... '.M 3. 01 2.lIT 2.94 2.91 2.flS 2.1>5 

" a.~1 3.4, 3.41 ,~ .1.~7 3.33 1I.:Itf 3.20 3.23 3.20 
H .... 3.~ 3. ,9 3."~ 3.72 ",a '.M 3.1~ a.SS(55 
l~ 4.~1 4.18 4.15 4.1l -1.00 4.(H 4.01 3.9, <I.1l4 3.90 

RADII OF GYRATION FOR SQUARE COLUMNS. 

Tmc"",,;)S IN ""CUE~ ' ·ARVllla a," TElITII;!. 

O UTF.R 
D'AlIlrr"" 

1 1 1 [ 1 1 1 
.9 [ 1.0 AC"O'~ . , ., • .. •• •• .. .S I FI.A'I"~ 'N 

INCUE,. 

CU""E"I'O"D'liO RAD''''' OF O\"l'''TI0N 111 UWIII'S. 

- -
• . " • 74 .71 .. ... .M .m .~9 ~I," • I.IS 1.14 1.11 L'" 1.1)1 10' ... .00 .n.1 .91 • L" UP 1.~,1 1.47 '" '" '" L" l.~ 1.29 • '.00 1.96 L~ LOO 1.1!.'i '"' J. jS 1.75 1.711.68 • 2.41 Vr. 2.·'13 '.W 2.25 2 .21 2.IS ~.l~ 2.11 2.M , ~S2 2.78 2.,·1 2.70 VOl 2.'"Ol 2.O!j ~.&Ii 2.51 ~"'8 
S .. ~ 3. ill 3.15 3.11 ~.07 ' .00 2.9!1 ~.!16 2.!l"~ ,l1.89 • 3.6.1 3.W 3.55 3.51 3A8 '" 3<0 3." 3.32·1.29 

" '.M '.00 '" 3.1k! U8 Solil ... 3 ... 3.73·3.iO 
n 4 ..... ~.41 4.37 4~ 4.29 ". 4.21 4 .17 ~.13,4.10 

" .... ~.Ie ~.~ 4_74 4.iO 4.116 1 4 .62 .... 4.5-1(51 
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No. 17. 

JWUND COLUMNS. 

OR&.I.TEST 8.4Y1': 1.0.09 IS LB!!. PER. l1l,I. IS. 0" SECTIOY. 

Ill'tllla table for th$ Ame ... t~ of ~ tbe ... re IoMb.re [ne-' III per 

c~nt. OYer tbe !ftulta obtaIned for "revioul tablel ... Klven ." lIIble No. t. 

SIn 
OL'T~ " 
0""01_ 

T I<R. 

] 2" 

CONUITJOli 

" 
E. __ 

, • 

FiXM End., .".. .••.• •... 1M:)) I~.ft) lS't1O 12610 l~ 11 1;1) 
DiAmtlcr. ~'I'I End' ...••.•• " ....... 1~ ].Inl 1:t1:>O 1\.'&10 10010 Il~ro 
" 'thld: .. Ihn~,'<I l::Adl. . .•.•...... 1~.'I:'OO I~O l~ 1''.!)O lOSIO 
R", •.•• Itoauf,/ E~ ................ 13iUO l:.!tIklIl6liJ!{lQ) IIKoO am 
10" , I 

nlM .:"d~ •• , ....• • ••• 1MB) 146.'10 13100 1\!6.1O 11!/.1(I 11tl1O lilIWO 
DiAm<'Il'r . t1U t;"d~ •...• 1:btl14GtJ MIllO 12640 1 19-ro'11~ 10M0 
.' .hlck . Ih~ £Dei. .. • . . lMoo l~ l'lIOIO 12000 11110 11)1."10 ImlO 

R :'" !!ound I::ooe •. ••••.•.••. 14170 l:t«KIIl!lalI(6!l) ~ _181ot) 
8" , I Plx/'d End3 .. ..• 14;;(113190 HWO llr.ro I, 9MO 9'.!00 

Diall'lof'kt" . I'Ial Ende • • • 14:":'0 13100 I~IIO 1I!>;(I I. Ili»O tt!OO 
• ' thICk IIln~ End... • . 14190 I~H) 11&\110740 fI8:(l !1I:1> 
R _ ... itoolld Endt. .. . ••.. I~ Il~ lu-ItIoJ 9330 ~ ~I ""' 

6" Ybed ~;nd... l~lSl'J012Itolll:OO! W-Ifjl SUO;llOO 
DiI.aM-Ier Fln }:nd •••••.•. 1!>:tIO 13.100 12110 IlfOO IINI) 10\ K«M) ,M(l 
I ' Ihlck .. 1I ;"I:O'd End.. . 1100 l:!llll) Il~ 1("')01 f/O;1) ~ ;110. 15-"'110 
U5:;M J(ound End.. ... '"1''III-lOlllWIOC8l 1!liW, OM.) ~I Mlj 41!M) 

Fbed ~:nd. ,.. ,. 141;0 l~to 11000 ~' 8FtlOj ~I$ ;-1111 67.(1 
DIII .... ·,CI'. }'ol End •• , ...• . 141<012.-..0 11(0) \IfI.", ~ MOO 0lai(1 w;o 
I" thick Ih"~~1 End •..•. "II3tr.1) Il~O lm:.o ~) ,tl6O 1r.l0 Mt,.-,) 4!Ul 
Ii '" ,... 1!(>OIud End •. , .•. , l:».!O 1((;:,{1 f!'j".!O, ':210 {,;-go 'ttIOO

l 
'"00, 81:.0 

4" P'I~ .:ndo .. . ... , 13-190 1I~;n 9!).10 I'r.".(l -;fO) ;0.0 dlilO MOO 
DI_CI' n at }:nd..... . .... 13-tlI) 11~iO IItI() 11;10 -:tOO 6.">00 56«1 -t6M) 
f " thick .. mnl;«! F.mhl ..••... 'l2!i j(ll("'O WolJ ':I")l S'lI(l r,u)1 ~~() lI26} 

R '" I, II Hound Elldil... . .• . 11811 9-l"J) 73;10 ~WOj ~OO 3 100 2.'>/IJ 188) 

3" 'Ft~ed End., 1~)U1-l0 fI9.II) 1U1() ~IIIJ<J)' ~no ~1J'l 3300 
J)iamf'lfT. nat };"d., .... I~) 121-10 119-Jc) 1<11" 1_,. !JG.lI1 ... ., 3' .... r.l!O 
,\"Ihl~k, 1Il"1/l~1F."d~ 14&01100} ~r.o 7110 6."~;O ~!OO 29'(1 21m 1610 
II '" "M Hound £001 ... 1:t940 ,(I(~ 71l!J(I MIO S01:IJi ~I, 1~ 1::;!1) 9tO 

9. " •• " _ • ..! Flud End .... 1\100 M",(l ~ 611U '"" "'""'" """" I:no 1310 
mamt'lrr Flat .:n<l-. 13-l~) M\() "it.W ~~ r.:O ~"""'1 aUl IU' 9'XI 
I" tluck U",1:I'd .:nd .... l2l'tl0 ~ IiUO I:!J) ~1~ 1~"iO 1100 ""I 600 

I: ", 'N IKound EDd.l. .. ·l lIIW
1 

<'-Ul 4I301 ~! IlWl <tOO 630i 410: ~ 

I, 
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No. 17. 

ROUND COLUlINS. 

ORF..I.TEliT SAFE W.4.OS IN Lns. PEII. 1lQ. IN. or 8EC'1'10Y. 

Thll calcuIMlonl'''' bR~1 on the thkkneeen and ndUof grnUoD lIla,kw 
ande. tile dl,m(l~'1 on marginal tolumn_. ~ d_.II>llo". 

1/lIIO 1(J3';t> 
UIlI1()llff,I' 
ItIXo<l 11100 
fHOO

I 
,SMlI 

100i!0 lI-l$.'l, 
1(1IJIj !ita)1 
\1(/;0, S~ .... , 

''''I ""I 
tr.~); 8:!00 
8010' !I:::".II. 
7:.:1:)' tMAI 
~-W :.u.o 

.,," 
eta> .... 
31:"" 

12" 
Illom~I.'. 
I"t.hkk. 
n",I·" 
10" 
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No. 18. 
SQUARE COLUMNS. 

OaUTE8'T 1.l7B LOAD L .. LBlI. PEIl 8Q1:A.J.1 INCH or SZCTION. 

Dr tI,l. table rot the..m'l! ratio. of~, tile ute 1oMI ..... In~1'I!&Hld !i~' 
<:en!. o,-er the JUult.I obtained In table No. 2.. 

Srn 

" COL!:.", 

Cmm'TION 

" E" .... 

• ~-' 1-' Ij~1 "-I~I~ 
?" I'Ixed .::ndl ... ISMlIm.» ~160' ~ ~IO 41 IIfI9O' 231011110 
.. JI'Iu ... ...ru, ..••• 13M) 10iI"J) tUOb)' 4:70 IlIIoX) lQIO I~IO 

i"thlck .• 1I1~11>nd.ll .. ,.10 IJW) .w, 3d) II 1.500 1100 810 
R ... ,RoIIIId l:;l1da. •.. l~IOO 9.)10 ~lol ~I , 610

1 
~ 

3" F1V'd 1tIwlt .•• 1I:I!5O'12!GO ll'l3.»' ~ r.&1 ~ 4Stl.1 «8J 
..,... End.... . l-t9M I~IM l~ 8M! n;o 6,Dl ~ C2oIoI &110 

~"Ihlck llllljlf'd V,nda ... 14-1&) 11.jft) !tlOO :till<) ItW IlOIkl Dtl mJ ~1I11 
R _ , ... IlooM Jo:IKI ..... 13!:I11l11H((I ~J10) Ul

1 

~) ISS) ~ 1(8)11;W) 

4" \"[I(,<I EOO •••••..•. I~ 11lIII0 1()33()· 11(11), AI 1 lr.llI 0010 
I'1.tK"([ •..•••. I ...• 13,';.()1It1lO1~, 901081101110 6W) ~IO 

t" thltk .. IIln)(('d ..... Id •.•.••••. 12910 10010 9CJOO &:00 lIO'J.l $00 11010 4200 
R _ 1· .. III .... "'d ];"d!·'''I····· C!lOO '70')(): ~J\OI Uj !l:l t01 41 &110

1

2000 

5" Ph-cd .:nol •••••..•• ll$)liI6lOll!lj,JI!1elO VI;'\) P; :':'!lO ';'JOO 
JI1&r. t:"d.... • .... IftIO 1t(i10 11310 IIl!.l:'JO 0100 Itrn, ...-00 6IDl 

t"' (hlek .. IUIIfI("d KIM1~ ........ 1'l8!O 119loO 10).10 &'11) ~ ,., ti-tl'l ~ 
It _ •.•• ltoul><l Enda. ........ m20 1, ti(I(l ;"\IU) 111 -MoiO

I
3lI:lO 

G" Flud l:nol, .... ' ..... I~!l:JOI~I.tHIOIl~1 0-4108Il10 !II$) 
Flat .:00.... . • ...• • .fft.) 11MO,I'lUIO 1I:l>/1l1' 0-410, I!Q!(I 81~ 

t" thlek .. IIInl!t"i Roo.... . ... 14~ I!IHO,IIRJ) ION IICI(XI;J IU~ ";'IiIi() t».!O 
It 1'" ltound En"-'-... . .. 186:)) 12100 ImIIOl ~LOOI801 IlIIlj 0020 ~IO 

8" FlaMl Endl.. ....... · .... I,W'O,3l-101!U60111l11OI(KIS)102ll0 ~ 
~,., .:"do ..........•..... 1<16;(111l.",>10 11~ IIIl110 10000 I~ Ilo:.«I 

I" Iblek .. IIlnjl('ll Pond.... .• Inoo 11'9-10 111011005'01001 ~"I '"" 
It . "I! ltuu.,d E"d~ ........•..• IMOO 12100 IO!::OOI r.:.o 87lIO SOlO 7100 

10" Fixed Endt ..• ..•••• 1./.1IJl IIJMO I • 1101lO1I~1~ 
Flat Enm .................... 1l1!JlIM-lO 11/7:10 I~ ll¥tllOOOO 

I" thick .• IIlnjrM .:1)(1 ••.•..... 1 .......... I:MID Il5tO!JIOUO II;»' 1000000loo;'(l 
P.. - ····IIWOnd J:;.odf ••••..•.•••••••.•• 13t~'r2Ioo(I't' hKIl ~ 
19" "btd EM .................... 1.a!O 14r.t1 1M2ll' I~ 1'1140 1ItR' 

OJ 'l"1atXn,h ...... 1 ........ I ..•.• I"'~I.:MI~Ir.wI~I40II(IIO 
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1'10.18. 

SQUARE COLUMNS. 

OaUTE$T UPP. LOAD l.'i l.BS PEa SQIJ"at l.'ieu 011' Sa'TIOll'. 

Th$ taltllla!loni an buo.>d Oil cbe cblck"'!l_ .nd radII of /tYWlon 
U:~~ed under tbe dt.melcl>I In margln.1 column.. Sff 1>re«tlm4fde.crl'; 

LE1<\lTtI 11< FnT. 

· .. 1· .. ·· • 
T····· .. , .... r· r·· 

1'W\ H'IO 1.21" 100.' 
1!J:1): 1(0)1 to'II' ;11) "",I _ MI) 4.VI 

W Ie) !!90 21Q 

.. CO""'TI01< .' £1<IJo!!. 

• ·b .... End. 
• !'Ia! Eud" , .. 

• .... Ihnlll"<l ";'oda ... 
. . .. It. ... ',d EDtl ...... 

, 
8u:. .' Co"",.I< . 

2" 
!"tblcl<. 
1- " 

I ~ 
'«>oc~ ~> l00(I11r.o ~·I% .... I ~;nd~.... 4" 
~~ li:l I~I lZI~ ~\~'~~~~~Id~, !",hlrk. 

710' 000 ~IQL ~,lIonnd };'Id ...... { " .. 

4OM!~;-O 31Y1II!7tJ1I.,lled Emil 
&-n> 'nOlI 2OO'l 237(> I'llt End. 5" 
21lJ1 1!l:iO !MO' 131l\1l'1\jI!'d ~::rld, ... '''ll1kk. 'I 1210! 1010 8m

1 
:-00(00'111 End'... It - I',. 

1>110 4\0 4W ...... F1not End..... 6" 
• 47':tl 42~' ;Rl), &1111 Ylal }:..d. • .. 

3tJ() '&'WI :!Al :!1f1llhniltd .:..d~ .. t"lbJck. 
IDXl

j
2390( IHl'l1 1~1" 1I00od Endo. ... R- .... 

713'1 (1;'6(1 ~ flOlII HJeti End..... 8" ~~ 6.V): :\00() ~ J' nt .;,,<1_., .. .. 
MI'IO' r.oeo 400() 4~' IJIn~(~1 .: .. <1 ... . V'thlck. 
3«30

1 

3aro

1

2(lOO 2:lOO It"",,'] E"d~, ... II - .... 

81m (!ll!() ;'!IIII 13-1(} Fhed EndIJ .. ,10" 111;01 :fr.O 7Y» rooo FI.1 End • .. . .. 
, (IA) 8tJ8O 6~ ~;Wl JIInll('d t:n.h ... I"thlck. 
~: 4tI6O oWolO' 01080 lu,und ~..... t - I'" 
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lUYETS AND PL.~S, 

Rivets must be proportioned with s\lfficioot. bearing surface tll 
rel!ist crushing, and ~umcicnt sectional area to resist shearing. 
Pins !Uust be llroportioncd likcwbe, ami nl90 1.0 IInfcly resist the 
bending action which usually uists, owing to the centres of 
llre8Suro bemg sollle distance from tha centres of ~upport.s . . 

Tho cflcdinl bearing area of a ril'Ct or pin i.s equal to its di
ameter multiplied by the tlLickne:-s of tho surface it \.oea.rs on. 

The shcaring area is the area of the CI"OS.'I fl()Ction of the pin or 
rh'd for single shear, or double thlll IICCtinn for double shear. 
F'Ot pins. the 1)re;$ure on the pin" multiplied by the I().c~ 
with which it act.'l on supports ill tho bending moment. 

bending 
1 . wrout;ht iron Is taken 

50,000 Ills. l)I't IIqUIII'C i 
fttr('ngth AAm~l .• 4.0,000 !b&. 

lIqunrt'l inch. Tho ultimate modnlus of rUII"biro is taken at 
110,000. whith is n fll.ir estimate fot cylim\ricai .l:l()(;lions, I\.S the 
avem","C of mnny eXI)('rimcnts we IUIo\"e mnde 011 that shape ginlll 
nearly thl'lt amount. The annex!!<l lable gives the ultimate 
rosistlln('(' for singl!' sheaf. or the area of the pin multiplied by 
40,000, "nd the ultimate Tl'!lbtnnC'f' 10 cnl..~hinf:", for each inch in 
thkkne. of lX'8ring ~urrsce, or the diam .. ter of tbe phi multi_ 
plied by ro,OOO. 

The ultimate bending momenl.8 in Inch I~, oo"""J»nd to the 
gh'cn diameter of (Jills, and are derinllJ froUi the formula 

M - 50,000 I 
- rlllliu~ 

which CIIH bo mluced to this form, 

M = 6200 x area x diameter, al\ in inehe>!. 

To obtain the working fe'istan~. thC:80 ultimate values must 
be dh-idcd by the factor of $alety de>!irable to IISC. 

The following proportions of the uilimate atrcugtb arc com
Dlonly used for the purposes named. 
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For It. R. bridges, 
For light higll'l'IIY bridges, 
For roof trU8&C8, etc., 

* of ultimate strength. 
:\; of" .. 
iot" " 
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Bxample.-A I)ill has ita supports locllted tlll"l.'C inchC:3l1pllrt, 
lind bellrs rr. load of 100,000 ll>s. In the middle. What should 
tile diameter of (he pill be for a. sntcty factor of five? 

Bendiug mOment = 100,000 1:S- )( 3' = 7G,000 inch Ills. 

The nearest diameter corresponding to this and taking! of 
the tabular anomentll, is 4l inches. 

The bearing value ot this pin Is H of table) 4'!,500 1b8.. per 
Inch of length, con!«iucntly tho thleknl"S8 of the metal which 
lorm' the pin bearings "hould 00 J.n.u.~::~. or not iCSII tha.n 2.3 
ineh('!. f'OT shear the pin has II large .... XCC88 of mn::ngth. which 
will usually be found the ell8C it properly l)roportiolled othir--
willC. 

11 
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ULTalATE STREXOTIT OF JU\'I-..'TS AND PL";S OF 
WHOUGUT 1II0X. 

P(II' tba ... orld"" .1rengtlo dhide W~ tabu:" Aroua b1111e de.lr~ ta.;tor 01 
wet). 

l1LTU,U'. 

O'''''IM'.'' ARa .. III' ULT111ATI: Ca, ~H'~(I ULT" ... ,." 
IN I ~CMU 

SQ~"'R" 
ST .......... T" ru. ST"."",." ...... 811:"",,'(> )10 

OP IIlVIM' iNeMa. SIl<OU SOlUM IIICH T" 'CI<I'1:lo/& "~IfT IN 
011 1","', U' LII", 01' lIulL"'" hl("11 Lu. 

I:ilIlP""'., 

" ., .. "" .... " . 
i'" . "" .... ¥Il1~3 '" fk ... "'" "'" "00 .r-I , .... "'" "" (j ••• """ """ "'" .1'>18 - """ "'" 
" .0" ..... ""w "'" I S. .. :b. . "" " .. .... -" .... .,..., ""'" ... 
)' Lm .... """ ... 
" L"" - "'~ 

,,,. 
" I ;1!7 - """ , .... 
" IUm ...., 

'''~ " .. 
~ .. '" .". '"'" "'"' ~.711 HOI-W ..., .,," 

~ lnthe.. 3.141 ,,- "X'" .... 
" 8.M7 HI880 ''''''' 47100 
)' S.r.tI '''"'. II~ r,.",9J3 

" .. "" 177..00 llfr.OO t.'\"~7 

" .... ,- ,,,.., 
"'" " ~.~I:! !lMSO l~lm "'" , ,.'" ""'" Il1OMIO " .. " ), II.o&9'l """ 1U;,:,o woo> 

Ilnc:be.I. ,."'" ..,., , .... ""'" " ,."" ..... ,..., , .... 
" , ... "", .. , ..... If&H 

" ,.'" .. "'" It\8";OO ""'" 1! •. e:!! ...... ''''''' ""'" lO.In! 41~ 1'1:1:)0 ""'" , 1l.Ge ~, .. lR':"tJOO ..... , 11.7113 47172(1 lur.r.o ".." 

tlnd_ 12.t:M ..... .... ~14100 

" 13.11M """ 
...., 

~"'" )' IUIIII W,H(l ,,"'" r.6iI1II 

" 13.083 m,,, 21lr.OO 411{(11 

1! 1~.901 ... ,., """' 4171100 
w.soo """" ~, .. ""'" " 17.;'.lj ,..., 

""'" 
,..,. 

• IS .IIM ,- "" .. ..,., 
&llleboa lt~ ..., ..-
" .,."" """" """' " 0.'" """" 71_ 

" 22.l1li1 """" 
,.,.. 

M tII.niI ""'" .-K ~ .. ~, .. """ • ... "" .."", "',,. 
"..\l... 

17.108 """" ...'" 18.2>4 ...., ""om 
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Iron Bhaft kl fSafely resist. forco 01 1,000 lbe. acting through II 
10l'cr SO inchca long? 

~ /IOOO)(OO • . 
(f) d = 11 1700 = 2.6 Inches dUIonICt.er. 

Thcae formuilo Ipply to shaft.. subjcd to twisting strains 
alonc. In I'rneticc, however, sucn ooses seldom occur, I\.S Bhdts 
are gcncmlly subjocted kl combined bending lind twisting sil'll in8. 
As there are no eJ:perimental data for such a oomblnation of 
fon:ca, we have to rely on analysis, which b"i"ca the following: 

N = bending momcnts in inch-I1Je:. (See llage 78.) 
l' = tvdsting 

(g) 

T' = a MIC twisting moment "'hich, substituted lor T in equa
tions (f) and (f), will give the desirc<l I'roport.ions for 
tho abaft. 

In Tal'oIving allalta tho longitndinal stl'Cli8 resulting from the 
bending action is oonlinually changing from t.ension to COIll
pl't'llllion, and "ice versa. 

H is therefore advisable, for N&!OnB gi..-en on p&gO!W, kl in
crease the !act()r of salety 11.8 the bending stre88 increases oom· 
)lOralin'ly to the torsional stress.. 

The following changee In factors of safety are l'l'OOlllmended : 

I t",TIO Dr Jr TO T. 

11 = .3T cr JOSII, 

N= .61' 

M=T " 
M = grcat.er than T, 

4i 1760 

l'; Hi70 ., 
6 

14M 

1310 
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J<:Zampk 2.-Wbat should be the dialQMer of tho journals of 
a wrougllt-iron shaft of a stearn t'Jlgine. The piston being 12 
incbC8 IIllIm., crank 12 inches long, lind tho ic,crage from centre 
of CTank to journal in the direction of the shan being 6 inches, 
steam pre.sure 80 lb!!. per sq. inch, making prtl88urn Oil crank 
= 00;;.0 lbe. ? 

T = 9OSO x 1.2 = 108600 inch.Jbe. 

II = 9050 x 6 = M800 " 

(g) T' = M300 + tIM3(j()' + 108000' = 17672(1 incb-lbe., 

Substituting the ",bovo in equation (e), witb tbe factor of safety 
118 explained .t)()1'C, 

a = V17.:1720 = 4.82 inches dlalUctor. 
Hi70 

TI)() following illustrates ... case where tho bending moment is 
groal.c.r lIUUl tho twisting moment: 

.t.'xampJe 3.-A non-oontinuous shaft is 80 locatoo that it must 
havo il.8 bearings 84 inches apart, and carry in tho middle II. 00-
inch pulley driven by a I2-inch belt, the effcdi\'o weight at 
centre of abatt = 600 Ibs., and the belt uorci_" \'crticaJ pull 
of 1000 lbe. What is the proper diameter 01 the shalt? 

M = (1000"t :00) )( 84 = S3600 inch.lbe. (ace lJRK6 78). 

T = 1000 >( 00 = 80000 ineh-lbs. 

(g) T'= 33600 + t'33600' + :lOOOO" 78640 inch-Ills. 

As AI is greater than T, use a lactor of ealety of 6, which 
b0oomll5 hy equation (e). 

d=V'i8fUO _ n' • 1310 - 4.1 ... mehea daam. 

It abo\'e ahaft .as OOIltinuou! and unilonnly loaded, the 

. ) 
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bending moment 'll'ould be less. (See Table of lklldillg Mo
menta, ~80.) 

nORSE rowEH. 

It it is desire<1 to find the relations between horse power and 
diamcters of shaft.!!, tim elements of time and velooity have to be 
COllsidrrod. Taking tho horso power llP nt 3D6000 iucll-IUs, 

per millul.e, we Juno HP= 6.28~)( V, where V = reyolu. 

tions per minute. 

T 
_ tl3O:i7 UP 
- V ' 

or in terms of the diameter by equation (e) we get, 

(.) 

Tho nbo\'e will g1"e the proper diameter of a shalt. for lrons
mitllng any desired liP when the shafl. is suhjootOO 1.0 twisting 
stl'l'll8 alone, but, /IS previously statOO, IIIch a case seldom occurs, 
we must oombine the bending and twisting &t~ for which a 
general rule will be gi\'"en at tho eJoee of the subject. 

DEFLECTION OF SITAFTlNO. 

For continuous line shafting used tor tran!mitting power in 
shope:, factories, eto., It is considered good practice to limit the 
deftection to a maximum of m of fin inch per foot of length. 
The weight of bare shaWng in lbs. = 2.6tPl = lV, Of when /IS 

fully loodod wilh pulleysllS is CU3wmary in practice, and allow. 
ing 40 lbs. per inch of width for tbe \'"erUeal pull of the belts, 
experienoo 8ho"'8 tho load in Ibs. to be about 18 d'l = W. 
Taking the modulus of traIlS\"'Crse elastieity at 26,000,000 Ib!J., we 
can deri\'"e from the autboritalh'e formulw the following: 

1= V873d' rOf bare shaflB, (J) 

1= V17M' for ~haft.s carrying pullefll' etc., (1:) 
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whicb would 1Jo the mllJ[imum dbtanoo in feet between bearing. 
lor continuous shafting subjcetod to bending stress alone. 

II tlU) length is fixed, and we desire tbll diameter of the shaft, 
we ha,·o, 

tl :-:: ~ tor ool'6sbaUing, (I) 

d = Vl;S tor shafting carrying pulleys, etc. (m) 

To aplII,. tho slx»'/l to revolving ~ha(ting 8ubjecled to both 
twisting all(1 bending stress, it is necessary to oowbine «Iuations 
(J) and (i) with equation (i). 

Out in shafling, with tbe same transmission ot power, tho 
torsional stress Li iUl"cl'Sely proportional to tho '"clocity of rota
tion, while tho bending slret\8 wiU not be n'duced in UJeS/lme 
ratio. It ie, therefol'(!, impossible to writo " formula covering 
tho wholo ]lrobl~m Rnd sufficiently simple fOf practical npplica
tion, but lho following ndes are correct within the muge 01 
v~locitiC8 11811a1 in pl'ILCtice. 

wonKI~O FORMULA:: FOR CONTIXUOUS SIIAFTINO. 

For tho diametl'r (d) in inches, and the Inn:imum length (l) in 
feet bet,,·een bearings of wrought-iron llbarting 80 proportioned 
as to t1e8ect not !lIore than T~<f of In inch per toot of length, 
Allowanoo being matlo for the weakening efIed of key scals, 

~/fJnlP 
d = 'Y ---v- lor bare shaft8, (n) 

d = i!70 ~p for shafta carrying pulley-. eto., (,' 

I = {I720rl' for bar(! sbalts, (p) 

I = Vl40d' [or 8hafLS carrying pulleYII, etc., (" 
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In the 6rent of the whole power being roocired on t. principal 
lIIIaft. the Jll'Oper size of the shaft. can be eslimat«! direct. by 
formula (g). 

l:xamph '._A principal shalt roce\\'mg 150JJI' from the 
engine, re"olves 150 It. P. M •• and is oontimlous over bcl;.ringll 
looawi II foo~ IlI)lt.rt, Lho oonlre of mldn Jlulley lJcing 24 inchCl:! 
from ODe beariug nnd -is inches from tilo other. 'I'bl) offective 
100 1 at the centre of the I)ulloy resulting from wcighl of IJulley 
and ahaft, and tension of belt, is 11j()() lbe. What should be the 
diameter of the ~h"'t ? 

1\'ote.-Excepling special C&lIC8l1'hieh ran'lyoccur In practice, 
it is beet to treat such shafts as non.oontinuoWl. 

ny rulo 5, page 79, we hare, 

M - 1500 x 24. x 48 _ 0)'000' h-'- '"72 -..... IUO ...... 

and by lormuln (II.) we have. 

G3000 x 100 . 
T= HKf = 63000 Inch·lba., 

then, by formnla (g) we ha\'e 

T'= 2-1000 + ¥i4oo<P + 63000' O:!200 incb.lt.. 

and by fOfmul" (t), 

,rlJ2200 . 
d = V 176() = 8.74 InChOB. 

nELTINO. 

When dOBigning shafting, allow ror tile wusien of belting, 
50 1biJ. per inch of ""idlh for siugle leather belt or ill! equivalent, 
or &J IbII. per inch of #Idth for double IMIlier 1Jc1t, or its oqui· 
'falent or otht'r material. 
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WORKING PROPORTIONS FOR CONTINUOUS 
SUAFTING. 

TRA...~L"..IlTITINO I'Ov ... m. JlCT IInwECT TO NO BE!.'DI~O "oriON 
KXCKl'T ITII OWN WIUOIIT. 

I ln'OLL"TIOJU ..... ,. 'JI'L"'I"B. 
I 
)(,,)1". n.. 

D'l4I1rn:" ),14)1". S~ .. " To"· 
or 1; .. 4 .... '" ~'O"4L )lOIUl<T . ., "" bel."" '" 1 ,,(:H.I'Il~" .... , -

, ..... ,,<::. IN ... "'~ Bft .. "",," 

1' 11:41<"""" 
UP Ill' UP 

I ---
11 OIl'" • 16 

It 7M2 , I3 I 
14 11.7 

17 12.4 

11 '''' 1\ I' 21 13.0 

11 11{\()2 13 20 26 13.6 

2 I_ I' 24 82 14.2 

21 16862 I. 29 sa 14.8 

21 20048 23 .. 46 15.4 

21 ",.. 27 '" " 16. 0 

21 27lJOO 31 41 63 16.5 

21 IlOOO3 <l .. 88 11.6 

• 47520 04 81 1118 18.6 

.\ 00117 69 1'" 137 19.7 

8! 70460 86 129 172 20.7 

'1 02812 lOll 158 21\ 21.6 

, 112640 128 1'" 25G 22.6 ( 
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WORKlsa PROPORTIONS FOU CONTINUOUS 
Sll.AJo'T I NO. 

TnA..'\'8.\lITrL'l'O roWER, ~ND 8l1nJECT TO llENDUm ACTION 01' 

I"ULLEVS, llELTINO, ETC. 

lIEVOl.UTIOl<8 .. >:~ )t",v"I<, M ... ,. D,,.. 
DU ..... ER :'II AX. Su'" T{m. T ... " ell. ,II 

\IpS,. ... " III ~IO ' .... L ;\1 0 " :"-" '00 . "" .. ""tt 
I>I' Clllf. ," hlcII,P(l";!<UiI. lin .. " ,.,.. 

J.I~s" .. 

'" UP UP 

- -
'I .1>lO , 7 10 G.8 

It 7552 • • 12 7.2 

'I 9432 8 II I ;j 7.5 

'I 11002 • 14 10 7.' 

2 ,- II 17 23 8.2 

' I ,- " " 27 8.G 

2\ ,..., 16 24 sa 8.' 

21 23580 " " 88 '.2 

21 27;;(1(1 22 S3 " 96 

2! 3G603 24 36 48 10.2 

• 41520 31) " 77 10.8 

81 IJ()4I7 " 7-1 " 11.4 

'1 75~60 61 92 123 12.0 

'1 92812 7a lis '01 12.5 

4 112640 '1 U7 ' 83 \S.1 

12 
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TABLE OF CIRCLES. 

Clrcu",t~ren~e~ or are .. lu~rmedlatc of thOlK'l In tile table . ma,. 00 found 
by ~ Imple . rlthmctlcal proportlon. Tile d lamele .. , etc., ate in Incl\K ; bul 
It 18 plaln thl It the dlamct.e .. Me taken .. teet, ya/'l,b, etc., tb~ oilier.-11.o! 
will a1eo 00 In thOte u.me IDc.eU .... 

DIAIi. elR' ARU. DI AIi. e,. A""A. D U ll. e,. ARE •. "' .. 0011 ,.. Sq. L'<,. b~. (:\111,.. Sq. Ili~. I"~. el'll". SQ. h ll. 
b~. In. b il. 

- --- --- - - ---- --- --- _. ---
'M .Gloor. .00019 1 1~16 .. -'.~ • 15-16 lli .M l6 19.111 ,." .ootIl7$ .Oo:m 2. 6.2Il3111 3 . ~16 •• lli. I\8l' 19.(136 ... . 14;262 .001:3 I-1G 6 ,4711.').1 3. 3-110 1· IG Il.1lOa 00.129 
1·16 .'""" =i .. 6.tr.0!!8 ..'"' ,. 16.100:- 2O.1l".!': 

'" • 291:.014 ... 6.8:".I$'l 3.Th88 ... 16.ll!r.O 21.lM .. .""'" .01221 ,. ,.- 3.9761 , . 16.4934 21.64iI ... .4!»f,"4 • 01917 ... 7.!lllH93 ...., . .. UI.158!r. H.IM ... ...... .&.r.61 .. 7.*126 4.4llOi .. 16.~1 22.001 
,." .&r.'.1:!3 .o:r.~, 7·16 7.15:0068 ..'"" 1-l6 17.1ltU 23.2:!1 ,. . 7~ .1J1909 ,., ,.- .. "'" , . 11.2788 23.Th8 
." .S~13 .0I'l213 ... .. ""'" ~ .I~72 . .. 17.47$1 2-1.&;11 ... .lIlml6 ·~"I " 8.24668 5.4119 " 1~ ~.~ 1I.3t u,t7lll» .""" 11·16 8.4~-m :' .1r.W 11·16 11. , 2!:iAOI:\ .. l.l :-8 tO .1I1Je ... 8.6.'lIiI3S .. - .. 18.00n ~.967 .. " 1.:r.t127 .- 13-16 8.83.'>13 G.212tl 13·16 IS.2Im •. MS 
7·16 I.r.~" .I~ ' ,. ....... 6.4918 ,. 18.4e>(!9 27 .100 .. " 1.40'.!6il .I;'l.'\' I 15-111 1I.2:!M3 G.ml 15-16 IS.M32 r..68S ,., 1.:.7OJl .,,.,, ,. 9.4~78 , ...... 

I" 
18.SJ91:1 28.:,l;l ".., L_ .2!100 ' 1-16 9.6m3 ,.- ,. 10.2-123 29 .-100 

II·IG 1..671$ .ZII>'IO .. 11.81;'18 ,.- ,., 11I.63M OO.® ,..., L..,., . """ ... 10.GI38 1.trn18 .. oo.&m 31.9111 

" 1.llil3:O ..... .. 10.2](tZ ~.~ ,., 00.4:»1 88.183 
21·32 VIlliGO' ."'" 1'>-16 10.«& 8.6i:t\ " ~.8131 IUA72 
11·16 ~.I~ • 371ft .. 10.60t9 8.tWi2 I .. tl.!lXII! 3;:;'~ 
IlS-32 2.~ .400<"4 7-16 10.7Wt .. - ,. 21.5Il64 37.122 .. ~.SJ6i9 A4179 ,., 10.9900 9.~ ,. 21.w.lll ~ ... 
l/lh't.! 2.4:1."'7 04;'937 ... 11.1919 • • I .. 

t.!.3833 89 .871 
1318 ~.~ .MSi9 " 11.i!88:1 1IJ.321 '4 22.';";116 41.2132 
r.~ ~.6....m .r.:.tI14 11-16 11.il!46 10.680 

~ 
t:l.I~ 42.71S ,. 2.N8S!"I .61l132 .. 11.:-810 11.00 1l3.!o(I19 41.179 "., 2.81r07 ."' ... 13-16 I I.I1l"73 IJA16 tl.lI$l6 ~.6&l 

1.5-16 ~.~ .""" ,. 12.171\7 1l.HIS I ~ ~1.~;'3 47.1111 

31-8!t 18.~1t .7;r,OS 15-16 n.87"OO 12.107 2-1.7400 4S.r07 
1. 3.H1$ • 78:>lO ,. I ~.MM IUOO •• ~.131!i 00.006 

1·1' 8.33794 .- 1·1(\ 12.7tl27 It.9112 " "."" M.8.J9 
HI 8.53-t8 .\I9m .. 12.lI:!lOl IH.lM» ,. ~.9181 M.'" 
lI-lG 8.1M1 1.11m> ... 13.1:\M 13.072 .. 1l6.81Q8 M.{@8 
1-4 '8.1l26W '-= ,. 13.3M8 14.186 ,., 26.mM ~.7~ 

~Ie [".lm'- '-= .. , 18.M!>1 11.00; " 27.attt:! M.4'.!(1 
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RIVETED GmDERS. 

The plaWi Nos. I. to X. I"(!I'~nt Ilo tnw ot the sections of 
riveted girders, moet frequently used in IItructUretl. Tho aingle 
webbed girders are the mOI!t economical in material, and moK 
llOCC!!I<iblu for painting anll in5pcction. But whore great willth 
and lateral stiffness i8 f'C<juirod, the double web or box girder ill 
the best. 11 tbe lengtb of tho giroer elHlCt'(l!! twenty times the 
width or the flange, the ginier ,hollid either be given IOmo lat· 
eral support, or elso the acetion of the top flange should be in· 
creasro. It, is usual to allow f1a.nge straius 01 12,000 lbs. per 
square inch in girders lor buildings. The Mfe load8 for tbe 
girders in the accompanying tablCil are calculated on tbia II&-

5Umption, tbe entire teCtional area of the girder beln~ consid· 
erod. Tho web of tbe girder should be made of such thickness 
that the verUcaJ shearing strain will not euood. thrtoe·fourihs 01 
the horizontal strains. or 9,000 lbe.. per sqllare inch of section in 
tho ease ot !,-irdors for building&. Tho shearing strain is great
est a.t tho aupporl.s, and ill found by dividing ha.lf tho load on 
the girder by tho web section. 

If the thickness of the web la less than one-sixtieth of ita 
depth, it ahonld be atiffened to resist buckling, by tho $(hlition 
of '-ertieal angle irons ri"eted Iolho web a.t inwrvals of not more 
than the dopth of the girder. These stiffeners should always·be 
used at the fJUpporta: and at poinlll where ooncentnted loading 
_no 

Tho rivets should be from !- to i ineh~ dinmolAlr, spaoOO not 
el()6('r thnn three uinmetel"S, nor tnrther apart than sixteen limes 
the thieknCSll of plato oonnocted. 

It is good practioo t(llimit the depth of the girder to ilJth of 
Uu) SIJ8l1, on account of deflootion. 

Tho following (ablt'S are calculated by tho momenta ot inertia 
of the girder lIIlCtioll8, tOT B fibre atmin of 12,000 1h3. por square 
inch, and for a unitonnly distributed 1000. C<lemeicnt = 
_ ~edrt"h' ,8 ._., _. The uumbers in the ftrst columns of 
extreme cpt 0 glru.or 
the tablet correspond with those of the various aectionll of gird. 
ers on the plates. 

It will be observed that eacb sootion. AI dccdgnatod by & nwn· 
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ber, has been calculated tor vari0U3 tbickuCtllSell of cover plates 
of tbe SlIme widtb, 

Tho tables gh'e the coomcient of !trength and tho approxi
mRI.(! weight lX!r lineal foot for each 8C(ltion. 

The weight ineJude the requisite stiITencl'8. 

I" ORDE .. Til J'I.. .. D TUI': lUl"l!: Ulfrl"OlUI:LY DLn'RlDl,TI!:O LOAD A 
GlRDta C,l.l' t'.lRII.Y, 

OilllIo tho coefficient at strength by the length of ~pan in feel 
between cent~ of supports. The quotient will be the load in 
tons of 2,000 lbe.. 

!'(I ""D TnE OOltl"l"lClEST 01" 8Ta&'''OTU NICE88,1."'· TO ('AJl&Y A 
('ERTAIN LO,l.O ON A on·ES SI'A. ... 

Multiply th~ load in LOns o{ 2,000 11l8. by the length of span 
in fect between centres of 1I1l1)ports. If the load is concentrated 
at Ihl'l<lentreof tbe girder, it must not exceed one-balf tho weight 
of the permi.t..~ible uniformly dLqj;ribuwd lood. If tho load is 
conocntrated at I!OllIe point not in tllO middle of tho ginlcr, it 
mRI excocd in weight the perrni~sibJo middle load, in the mtio 
of the square of half the 'pnu, to tbe product of the segments 
tormed by the positiou of the load. 

ELUIPI..ES FOR. APPLICATIOl' 01" TASLIi8. 

1. What 18 the carrying cap6(lity of the single "I\·cb plate 
girucr No. 1(1, II'lth t inch OO\"I'r o r nanga plates, the t:,>irder be
ing 20 feet lr'"t: between oentl\lli of supports? 

In the oolumn or coefficients, and opposite the ginler melTed. 
to, fInd tbe prolX!r coefficient for !trength, whicb in lhill C&'IfI 

i82,148. 

Answer. 2~ ~ 107.15 tons equally distributed, 

or G Ui7 tone in middle of gimer. 
II, A box-girder is requi~ N fCf't long between !uppotb. to 

carry a 20 inch brick wall weighing 66 tons. Wh.t II the 
rcquisiteOOl'fficil'ntofstrenlrth? Answer. 00 >< 24.-= 1584, 

Referring to IhfO table of oox_gimers 20 inehCII wide. we find 
that ¢rder ;';0. !.'.I, 21 inches deep, with a t inch cowr-plate. bas 
A f'Q('fficil'nt of ~tl'(!ngth of 1610. or a Iiull' in c:o;ecss of that n"

quired. For I!(lIUO informAtion on the distribution of load of 
brick walls, IlOO page 63. 
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STRJ.:XGTU AND WEIGHT 01" HI""iI'ED PL'\TE 
OIRDEIt::i WITH SINGLE \VIm. 

See Platel!l I. and II. 

The weigh18 per lineal toot include 6tiJT('neftl. 
1'0 find &Ire l~ in tons of 2,000 Ibll. uniformly distributed, 

divide the cocfficienL of strength uy SplllI in loct between OOlltrt'IJ 
of ~ujlJlorls. 

'1'0 find tQeffiricnt of stren~h requirod for a Il'iven load and 
8p11n, multiply tho tcltallOB(1 III Ions of 2,000 lbs., ullllonniv dis-
trillUted, by lipan in fool between centres OI6Ilppor1S. • 

• 21 
, 21 
• 21 

006 100 1026 
1186 

7 24 10M 

8 '" , 24 

10 27 1~ 
11 27 
12 27 

13 30 1397 
I. 00 
Hi SO l 

16 83 i IG70 

:~ ~ I 
19 , 00 : 1748 ,. .. 
21 86 

:~ 
I"" 1396 

1884 
1612 

1<1 \ 1570 I'" 
Wi 1761 .... 

116 
137 

144 
142 

147 
147 

1'1 
178 

I" 
18) 

1$9 
188 

1146 \ 131).1 
1477 

I"'" 1532 
li43 

I"" 1766 
2018 

1744 
2006 
2801 

"" I t'!S3 
2~91 

126 
147 
188 

104 
I" I" 
I" I" 181 

1267 
12"!4 
I'" 
I"" 
16119 
1877 

1600 
19!O ! 
2170 

161 1917 
188 2178 
187 2470 

tGZ 214!J 
193 2-t42 
t~ !!778 

169 2396 

~,~1 

136 

I" 178 

164 
162 

I" 
167 
167 
1'1 

171 
198 
197 

17.5 
203 
2Q;J 

I'" 
208 
210 

I 
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STRENOTIl ASO WEIGnT OF UIVE'J'I!:O PI.u\TE 
GIRDERS WITH SINGLI!: WEll. 

See Platc3 I. Iwd II. 

The welgM per lineal foot ineiu(ie dilJcnen. 
To find safe 1000d in tons of 2,000 IIlI!. uniformly distributed, 

divido tho cocfllcicnl ot ~trcngth by splln in reet between centres 
01 ~IIPJl.ort8. 

To find coemclent or strength required for a ,l:"iven lorul and 
,vall, multiply the tetal lorul in tous of 2,000 Ib!., unilonnly 
1.h~tri\.lUtOO., by span in foct betwocn OOlitrotl of support. 

__ t -' 
• , § 

i I t _ _ll ~~ .. i 
"0"; jot "0'; '~-!7.~,.-II-_c<-.~ i.e "0"; j~ d 'i; 

'M -=.J::, 'iii, - " . 'iii, -" ;:." • " .= ~!.. '" ~~ ~:, '~;': 1'- i< ~ ~i __ ~& .. 11:_ 1<3 .. ::I' &j 
1164 142 1268 152 1872 162 1476 172 18 1 
tiW8 162 14!i0 172 1552 182 1M4 11"12 18 2 
1420 1.82 1520 192 1621 2Q"3 1721 212 18 3 

156 1630 1 166 17.:11 170
1 

21 4 1388 146 1509 
lUI3 187 1663 
1707 188 182D 

161S 174 1767 
181).. 172 I~':) 
0012 19.'i 2147 

2000 ."" ,.." 

"'" 2631 

"'" 

177 
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201 
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2<l8 
207 

1M 
213 
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2007 
2":?29 

1247< 
I 226:1 

2.'i2"J 

""" 
2.i27 
28'~1 
3152 

177 17t!3 187 1963 197' 21 5 
HIS 1!J.lli 20!1 2<XilI 218 ! 21 6 

18-1 1887 
182 2079 
::05 2283 

1" 187 
211 

191 
218 
217 ' 

2163 -2627 .. ,. 
2694 
2980 

195 2719 
223 3011 
223 3340 

1" 192 
215 

"7 
197 
221 

201 
228 
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"'" 233 
233 

7 , 
• 

2310 207 I 27 ' 10 
254<) 207 27 11 
2778 231

1 

27 12 

2OO!l 211 30 13 
2866: 238 30 14 
'8160' 287 00 15 

129111 21[j1 83 16 
82Ql 243 33 17 
8527 2 m 33 18 

199 2793

1

199 3002 200 11'~11 218 8128 228 S33S 2S8:J:;.l2 
220 8004. 230 8708 1 240 3918 
-"---'---"------'--

219 00 HI 
2-11:1 B6 20 
250 S6 21 

--'-



188 WRO{;Om IRO:" A~D STEEL. 

STRE~GTn AND WElonT or' Hln-:n;o BOX GIRDERS. 

See Platea Ill. to ,", 
The weights per lineal loot include I tilteners. 
'fo find !!Illc road in tons of :!,OOO lbs. uniformly distributed, 

divide the ooemeient of strength by SpIlll in teet lletween centres 
or SUPJlOffll. 

To fllHt ooemcicnt of slrenclh roqllirt'd tor a s.:-iven loud lImi 
8('lIn, multiply the t(}tai lood- in toIlS of 2.000 lbl! •. uilifonnly 
(h~tribuled, by !pall in feet between cell1ree of supports. 

! 1 _ __ Tmc"""M o~ .. " [' ..... T"" ' ''' 1"(:11 _ 

,;' i. I I ' I I 
; 'j! ; 1-" -'; .. 8 . .!.; !'c I !-= 
~ ~,, -a ! os, i= "5~ E..: I ~t. u 'gi ... ~ .;: " ..... .- ... -, - .... . -= ... " i ~.E~i l ~i ~! cH ~l l !~ ~1 ~ ~ ~~ 

-,- -;;1; 863 1' 180 l002 I~I -:;- ---;-11280 I~ 
2 II! 16 1132 160 1270 It\2 1408 196 

8 21 16 1000' tna 1212 tr,l l 1375 16.; 1538 \.8 
4 21 10 1380 179 1:>411 liB 1701 200 

I 
5 24 16 12471' 100 1482 179 1618 193 

..... 6 24 16 1640 189 1824 20'2 

~ 7 '27 ' 16 14SJ 174 1002 18. 1871 001 
..... 8 27 16 1912 199 2110 212 

:ro 16 
80

1
10 

11 ;J:J 16 
12 33 111 

1[)42 

18 86 " ,. til , 2128
1 

15 21 
16 21 

16 i I 

20 ' 1200 
20 

181 119011 194 
2197 232 

100 211812001 
'2494 242 

'97
1
,.". 2101 

2803' 2S3 

100, UOO1 167' 
'15,9 ' 193 

, 

21 ;.13 
24::!7 

240.; 
274R 

2108 
8080 

1610 
1788 

m 
200 

183 
212 

I"'" "" 2081 

"" 2866 
2658 

"00 
8002 

"'" """ 1815 
U.t!G 
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216 

221 
2:;9 

"" 269 

237 

'" 000 
228 

17 24 20 142J ISO 1600 197 1892 213 2126 230 
18 24 I 20 1876 ' 2O..'i 2108 22'l 2s.o 238 



STRENGTH A,.";D WEIGHT OF RlYETl!D GiRDERS. IS!) 

STltENGTn A..'iD WEIGBT m~ RIVETED BOX GInDEU:;. 

See Plates 111. to V. 
The 'l"eighte per lineal foot include .Haenel'll. 
To find Mfe load In toll:'! of 2.000 lbe. uniformly dislributoo.. 

divide the ooefficil'nl of strength by Spall in feet between centres 
of supports. 

To find coenleicnt of slren,:rth required for II ~i\'cn load Dnu 
span, multiply the 001.111 load in tOlla of 2,000 11::16., uniformly 
distributed, by SJ>M in feet between C(!ntres ot supports. 

14:.."'0 
1046 

1701 
186' 

183 
200 

191 
." 

21. 
"" 

1500 
1684 

1864 
"".A 
21>8 
2371 
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242 
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." 
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29,) 
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800 

, 
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16 SO 1) 
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1
37G6 80914020 
8807 277 1408R 
4192 ftW 4-168 

283 US 33 11 
322 16 U:I 12 

290 16 86 13 
3:lU 16 36 :4 

2020 217 222.5 233 2t35 2.:iO 2(Wt) 267 20 21 15 
21\14 24S 2a9S ' 262 ~!i02 278 2~ 2U,,,, :.>0 21 16 

2360 .... -.- 2HO :1061 
2& 1127! 

2117 20 24 17 
800 ;;0 2-1 18 

I 



190 WROUGHT IRON A..."ffi STEEL. 

STRENGTH A.t.'ID WEIGHT OF RIVETED BOX GrRDERS. 

See PlatCfl V. to VIII. 

The weiglns per Iirrenl foot include stiffeners, 
To lind sale load in tOilS of 2.000 lb;c, uniformly distributed, 

divide the ooofi!cient of strength by ~pltn in feet Yetween centrea 
or support.s. 

To find coofficient of streng\.h required for !l./l"ivcn load and 
aPlIn, multiply the lota! load in tons or 2,000 Ibs., uniformly 
distributed, by span in feet between centre.<; of supports. 

I ;I 
I I 

Coeftl· Wt. In Coem· WI. in 

den~ of Ills. per tlcH! Qr lb!!. pet 

"Il,m'b.lltle'ltt. IITCH'll. line'1 fl. 

19 27 20 1653 187 1914 204 2179 
20 27 20 2179 215 24l!9 

220 2442 
232 2700 

2~7 
248 

21 30 20 1890 195 2183 212 2476 228 2768 245 
22 80 20 2493 24.9 2733 266 3074 282 
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tlTREXGTII AND WEIOIIT 00' Rtn:'I:5:D GlRDERK 191 

,sTRJo::"'\'GTII ,\ ND WElODT 01.0' R1n;rED OOX GIRDERS. 

&c Plat09 \'. 10 VIII. 

1'he weights!:.f Iilll'al foot include IItilIcn{'l's. 
To find safo o.d in tonB of 2.000 lbri" uniforml, distributed. 

divide thl' coefficient of IItrcn¢.h by span ill feet bctwflI'n centres 
of ~lIPJ:rt.l!. 

To nd oocfficklll.or Slk:!Wh required for a ~\"Cn load and 
~n multiply the total in tons of 2.000 b!:i .• uniformly 

l:itributed, by span iu ra:l bclwcen re'llm of !;\I1'pt>rt.l!. 

Tn":;" ..... Or C"UB I' .... TE. ,,.- 1""Jr<. 

" ~ , ' 1 Ii ~ ~ -. I'~ , 
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192 WROOOIf1' IJms A..'ID STEEL. 

STllEXGTJI AN)) WEIGUT OF HI\'E."'l'ED BOX (jIRDJ:::RS. 

See Plates VIII. to X. 

The wcigh13 per lineal foot includo stiffen",.. 
To nnd Sllte 10Bd in tons of 2,000 lbe., uniformly distributed, 

divide tho coefficient of strength by ' 1*" ill foot betwoon centres 
of ~upportl. 

To flul\ coeffiei('ut of strength I'O(lulred lor" g1\'cn lORd Rnd 
~1?"1l. multiply the total JOlla: in «Ins of 2,000 IbB., unifonniy 
1l1S1ributed, by 8plm in feet between (;entrtll of 8upporu. 
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STRESOTU ANO WEIGHT 0" RIVF.'I'EI> OIRDEIIS, 193 

$'I'REXOTII AND WEIGIIT OF' Rln:n:D nox mHOERs. 

See Plates VIII. to X 
Thc wci~ht8 ~r Iinesl foot inchuJn stilTell\'l'!I. 
To find o.afe Qtl(l in lons of :!,OOO lb.!. uniformly distributed, 

dil'ide the coentcient of elrcngth by ~pnn ill feet ht.'twecn centres 
of Sn p~)()rt8. 

To nd coetnciCllt of 8t~h required for a W"cn load and 
':li:n, multiply the lotal I in tons of 2,000 be. uniformly 

Istriblluxi, lly Sptl.lI in feel IJetw<.'t"!n centres of IIUPP0rts. 
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PENCOYD CORRUGATED FLOORING 
FOR BRIDGES AND B UILDINGS, 
The trough"h.ped oections shown on plate 33 •• manufact""""- by the 

Pencoyd I",n \Vorh, luv< t.:<n succ~lIy ..... 'J (01" brodie ft.,.,r'ng, an,l 
al • ., fv. 'he floo,. of fi«_lroof building., 'I he ."",11 ... _'ion, No_ "0, i. 
~en<r.lly applitd '0 buil' ings, "'bile 'he large, "".,ion, No. ~'''h i. be"., 
adapted for bridge Hoo ... 

The followi .. g ,.ble gives 'be "'-eight. onron 1'<' "'I"a,.., foot of floor .ur· 
f.ce, "nd .... igh .. p.,. ",nn;"g y><d fo, diff" .... n!lhiekn<.5e8 o( 'be section; 
~II!O 'he mOmon" o( .. >i"an~. for olle foot o(wiJ,h. 

WEIGHTS FOR IRON-Fo'S«.lodd,pc,o<,,'. 

PENCOYD Z BARS. 
WEIGHTS FOR IRON-FOI St«1.dd ."",,0<'11', 

... b.J. ~i:.[:,,,,=b~~~.::~:-:.t:d:"~ ':,ff <';"'KI~~":i ,f.;!:U,l."'.:r ':i:;r,~(!o "'1~~ 
di=.l, .. I'~ la<mo .. In '~Ic • ., ... of .. eb: I. eo, _,jon "'" I. J I.,<k. ~.llh J{ 
lru;b .... : .... , .. h ... ".0 ;,10".-..1 to~ ioell. , .. <le!Kh Itl~ I.<~ .... d ''''''lIan~ 
>M I.<bc>-=b. TM.opp!ld .ooach_ oM .. 111"""'«1 "" Plo .. ~l!I. 

''< 



PROPERTIES OF PENCOYD Z BARS. 
WEIGHTS IN TABLE ARE FOR IRON • 

. " 
" ." 

STANDARD SPACING OF RIVETS 
THROUGH FLANGES OF Z 

Siuo/ 
Z&". " 
6inclt. "I 
5" ". 
4" 81 _, __ ,7'-

BAR COLUMNS. 

},{
,-,;----, 

, , 
, , 
i<c- --- b --- C ol 

ALL 
RIVETS 

3-4 INCH. 
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STANDARD SEPARATORS FOR 
PENCOYD J: BEAMS. 

S;"~/lkam. 

If' 

I~" 

Heavy. 
Light. 
Hewy. 
Light. 

Heavy. 
Medium. 
Light. 

,0" 1Ieavy. 
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~:' Heavy. 
Light. 

~' Heavy. 
Light. 

~:' Heavy. 
Light. 
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1"h'fiK'''W i,./Iu third ul .. m~ ar~ t~, wt'"if4u in "n./or ~ast 
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DECIMAL EQUIVALENTS FOR FRAC~ 
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WEIGHT OF ROLLED SHEETS OF 
WROUGHT IRON AND STEEL. 

CALCULATIO NS BASED ON S P ECIPIC G RAVITY OP ,..,0 
FOR IR O N AN D , .8S FOR ST e EL. 

,. 
" " 
" .. 
:1 
:1 

,~ 

::Xl ., 
:::J ... 
~. 

'U 
::l -. ... 
.~ . ,' .,' ... .. , 
." ." 

W c1lhh per Square 1"001. 

. ., 
•. 6) 

'·)7 
'W 
'·7' 
1·4' 

'>' .. ,. .-. ... 
.8,6 .,. 
.6n 
·57 ' 

:~ :5 
·359 .367 
.po .;>6 
.• 80 • .&6 
.><» .-

~. "W"---'_~·'~ 

1443 
uS, 

"" .'0'9 

:Xi 
:r. 
~" ..-
~" 
~ 
"W ..00'S 

:!l -, .,. 
"W 
.014' 
.0,,6 
.0" 3 
.,~ 

:::::: 

S·7] 
, .14 

'" .. , 
.~ 

Ui 
.~ 

• •• .. , 
1.8. 

, " ' H 
'" .. , 
l.O' 

.t:l 
l~ 
,~ 

~. .... .. ~ 
·1S1 
·3 ,8 

'" .... 
. U 4 -

.u 
: :~ 
4· '$ 
,~ , .. 
'·'ll 
' .61 .,. 
.~ 
,~ 

:!l 
' >' .. , .., 
:r.: ., .. ." .~ , 
.51, 
..~ 
.~ .,.. 
:id 
~ 

-....... 



) 

, 
I 

, 

PLATE 

...:;N.O.:.I _ , 
. ".r , . , 

-:;. '" j" ~ · . .c!' 
~M 

~, -!l121-: .. 
N~1 

-+-:' ::-)2 . 
N?T 

'. " • • " . 
";,10 ~ ~ 
~ ; 
~ M 

.:'. -;'!I 2i'!"· "": ' 

• ..:',.ol·I~O ... , 

. ~~ · , .,. 
'" III ..t' " - .lr C\l 
< .• 

"""*-' :- 12 . 

GIRDERS 

N'? 2 

~. -!II 2!:-" 
N'? 5 

~-. 12 
..,;N~OrB~ • • 

.~.." :-12 - . 

'. ." 0 , ' 

+ 
N 

~~ ;- .~ 
~.!, 

~;, 

~-. .- I 2 . 

.... N:,O.9F-_ ~ , 

~. ~I ,!Po. "": .. 

NO:> 12 

' . .. , ' 
~ ;; " i ' ~ ". 
~ . 

" 
~-. • 12 • 



l 

T'laic .~'? n 

PLATE GIRDERS 

12 
X?IG 

XOI+ 

•• ,-
~.~ i ·0 =" r. < .. 

" -" 
12 

N° 17 

• 12" • 
Xl:'20 

". '-

~, 
" 12 • 

12 
N<.>18 

~..,. 
~12 • 

X'! l' t. 



l:Jlatc~?m 

BOX GI RDERS 

N'.?J N'?2 

[t' ", '.., ' . 
., ". . -, " ' <4£ 8 " ~iM s' 2 .M - , 
'«,~ « <:r " +M ",M . ,. ,.' 

N'?J N'.?4 

.'. ....'s .> 
~,; · ' 8' - % 8' OM N N 
"<~ - . 

r '<'S f "'M "'M 

'6 I. 
N°S NC?6 

~.: 
.S <iii, • • 

OM 8' '" ~ 8' 
.,. 

"', N oM " " -. +", • ~.~ ;' +M 

I. ,. 
N'.? 7 N'.?8 

.', •• .'~ :o.t~ · , 
'"" 

~ 

=C't 8 ~ 8 ' '" "'-S N ,M .. '" i' 
~.~ 

t 

• , . 16' 



P late Nf? IV 

BOXGIRDERS 

.. 
• • ",' .. 
¢.: -'" - , .-:: .... 
~~ 

'. " . , 
("' .. 
~~ o· - . 
<;'" 
~M , 

" 

10 

'" M 

N<:'IO 

i 

16 . 

"'912 

I 

16 

o 
M 

M 
M 



I Plnlo N'? v 

BOX GIRDERS 

.- .,. , . 
)t'.'15 N° 16 ," .!." - .' - .-~. " 

.,. 
N 

< :~ 
, . . 

" <'_to " , M i· . M f 
20 20 

,., 
N°l l 

~ '$' 
N<:'18 ." ~~; •• -. • .,. 

" N ~ .~ 
" <.~ " -" a" ~" t .. 

;.>0 20 

• XOl9 , .. N':'20 '. 0_ o • - , 
~~ ~ 

~. 
~ 

~~~ 0' N 

" <.; " ~M 

f .M t 
c 

20 · 20 

., N°2l ••• 1\° 22 ~ .. 
" 

.-- ' ~1'~ ;, .,. ,. M .- M • .;:.;. <, ... 

-.:-:-: II ""'".;i; II 

~ t 

20 ' ~O ~ 



Pl a Ie N? \'1'-______________ , 

',-
f." • • 
{/'~ - . 
<.~ .. 
-:-~ 

BO X GI RD ERS 

'N°:?3 

II 

, 
• 

20 

SO 25 

II 

, 
• 

20 

"O?"'. _ I 

13 

2·' 

i 

M 

" 

" .-o. -'. ,~-
<~ .. 
~ ("; 

• 0> 

~i"" 
0-
< .. 
~~ 

• 

, 
." o • 
,,~ , . 
<.~ 
~ 

N?21 

II 

f 

2-0 

I 

20 

X':'28 

13 
• , 

2 ·1' 

'" M 



Plai a N (.) \ 'n,I _______________ _ 

BOX GI RDERS 

." N°:l!'i N°:J6 

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

=11'l '"' ., M < , '" M < . 
-~ 13" ~'~ 13' 

I " , 

2'" 2,,, 

. '. N"37 ", " .. N'?38 ,. " -, '0 !l." '0 <n, 
"0 M '" 

M 
< , 10' < , Hf 
'. .'. .. , , 
. ]0' 30' 

N~ 40 

3 0 • 30' 



Plate N~ IX 

B OX GIRDERS 

· 

N° 41 N°42 .'. .' '" ~: - , .~ 

~~ M ~ , 
~, -~ 

~ ~ 10 ' <., 10 ' .. .,. 
j t' 

· 30 30 , 
, 

N~43 N'? H ' .. ~ 
"" "" .. ;;:" o. 

c"' ~ ~, 
<, '" :", 

~'.,. , -C;" 

10' "'.,. lB' 

t f 

· . . . . 

~l 
N'? '15 

, :'.;:-
N'? 46 

~~ 
, 

N ~. 
+ :::on 

<" "', 
".~ T· ... 

18' 18' 

i f 
, 



Plal 0 XO x , , 
B ox G I RDERS 

N? ·.1 N~·I B 
fl·· .. 

" · ", 
;,-"" 

:/ "'-c -
:: lO') " :"1." 
~ 

:: lR · < "'. 24· • 2 -. ' 
":" '~ , • • 

· . :36· · . :1G' . 
· 

N':' ·19 X0 50 
,' , .', 
" , -,,' -

'" '" :a'J ,, --
~ • ' ..;: tr. 

? • • Z , ~' "'. - ~ .' • r r 
· . 3. · . , 

" 
. 

· 
S051 N?52 .'. ., ... 

"' .", " -
,oil ~I ~~ )< 
< • "l'..,;: 1l1 
~ . • -. 24' "". 2+ , 

• f 

· I 



INDEX. 

Angle C(lvers, dimensions and weigh" 
ANGLES, as Struts 

as b<!ams, approximate rule for. 
dimensions and weights. 
clements of ..... 
moments of It>ertia. 
radii 01 gyration. 
!l<]uare I"IX>I. dimensions IlIld weights. 

Areas nnd circumferences of ci.rdes 

Bar iron siteS . . 
BEAMS. 

Bulb or dcck ""ctions. 

PAGE , 
"35-'<\0 

" • 
~m 

.• 911, 99> '04 

.gS, W. ..... , "3 

• 
. "78-.8J 

appro"imntc rule for strength of. 6;l 
<limen.ions and weights of.. 4 
clements u<><l properties of. . .. <)6, 91 
for,on]" for ",.istance 10 b<!nding. lS 
muments 01 inertia. 96,97 •• 06 
radii of gyration .96,91, ,06 
tables of $(lIe Ioa.ds and deHe<:!i""s. so. 5' 

and spacing wben used as Hoor ""amss6, 57 
Iron I Scct.ions. 

approximate rules lor strength of "Miou5 oect.ions. . .. ~ 
hending moments.... . ...... ]8-8. 
c.1miLcver. ..31J, H-n 
eontjnuou~ ... ·)8,39. 75-n 
deflection of ...• oa., .ob, 37,"'" 4, 
dimensions and weights of. 
clements and properties of. 
faCto .. of !alety ...•. 
grentest sare loads. 
iron floor. 
Iltt<:ral suength 01. 
limits 01 deflection ..........................• . . 

&:lIe load. 
muimum load in tons. 

. .', '5 
.... 8, 9', Q3 

" " ···5'-55 

" » 

" ~ 
moment. of inertia 
s-opcrties of 

. . ... 9"', 93, 'OS. ,06 
........................ .S. 9"', 93 



ISDEX 

I ..... . S«:tiou. 
radii of JYnlioll. ···········<p,9J, 'os. ,06, U! 
_fe loads and de6«tlon •. . ............... lob ..... i5 
If*:ins: of.... . ............ . 
• ubject 10 botb bendins: and oompr..-Ion .. 
lupponios: brick wall •. 

.. sf, 60 

~ 
. ... 65.66 

irrq<:ul.ar loads. 
unoymmetrical occtions ••. 
wdghllof 
wilb 6xetl ends •• 
witbout later:rJ supports 

Steel • Section ... 
dimensioou and ...,ights of .•.• •. 
~Ie-"I. and propcrt;" of. . ••••• . 
"'f~ '-Is and deflections 

8eamJ UlUuts .••..... 
Belti!\( . ••• . .......... . 
lWndi!\( IIlOlIICnts for Oeams ... . 

retistana: of iron 10 •• 

Uolts and nuts, wrights of. 
Urick archei for ftnon. 

... rcllH, lie rods for. 
Win., beams for supporti,,¥ 

Bulb 1lRA'11"I.. ••. . .......•.•. 
pl"'I~.... . .....••.••.••.••. 

" bca ......... . 

Canli1eTcr bnms .•••. 
Carbuilckrs' cMonck .. 
CHA:-<SELS. 

1_. 

.h.83 

• 
~. ' :5 

..)1, 19 

.. )6, '3 
, 
• 

..... , 12 

'''-' )4 ." 
..,8, h 

p 

' W 
~ 

" ..6$.66 

• • ... (~ ikams.) 

. ... )8. 14-'71 
• .•.••• 4 

appronimat<e rule for .....•••.•••••.• •••••.•......... •• • • 119 
"JUU~ ....•..••.••• 
di_ioos and weights of ... 
~lelllCnta and propatios of . 
momen~ of ine.u:a .•••..... 
ndli of 1I')'r.llioo. 
.. re Ioods and dttleclio .... 
.lruU 

Steel. 

. .•.•....... " •• -'53 
. ... J, ,6 

. .. 9, 901. 95 
. ..••••••••• ,.. 9$1 '05 

• .• ')4, 95. '<>$ 
"], '4.46-49 

121, 'n 

dim~o.lonsand weighu of. .......••••...•.••.. 
~lem~nu and prop<:tIics of .. 

, , 
Mft t.o.ds and del\ectiou. 

CIn:1r:$. Ill'CaS and circllmfenocu .••• 
Colam ... of ....-oua-hl iron .•..••••. 

DIe loads for ruund. .. • •..• 

..n, U 

..••.. '18-.S1 
. ..• s.-'59. ' 95 

•• ••••.. •••.••.• ..•. '$6. '57 



IND&x. 

r ... c:" 
CoIum .... safe load_ 100" tq~ ... ...... .••.. • • .••.•• 51. ' .59 
Compreuloa. ~ht iron .0........... ............. .8-fl 
Con,in""lUl br .... l. ,.. J9, 15" 17 
Con"ujra1bl! I\oorillj;l" .. ... ' <}4 

Co~cr anll"lee. tlu. and .. ~ighu...... 6 
Crane It~_ .. • 63"~ 

Oeeimal equivaLenr. for frac:liQIIs of an inch. 
[)cck ~ml..... . ........... . 

. ., 
..(See IlcalDL) 

DdI«tlon of iron bra"", ..... 
of 'Ie<!i bnms .•••. 

••.•••.. . ••.....• .,.., .ob, 37 
. ••••.••••.•••.••..••• 11 , 10 ,27 

limlr. of, for beaml ........••....... ••. •....••. 
labW o f, for I beams..... . .. . . . ..... • '*, KIll, ....... 45 

" cban""l bars .••.•. 
,. deck Jx,ams •••• • ••••• 

ElaMicity of .. ·. O!.'ibt iron 
E Iemcntt of Mructural ahlpos 

tables ........•. 

F..:tonl of ",fety for btam •. 
.trur. .••....•.. 
lIlafdng .••. 

I'1at bar Iron. app.-o~imate rule 100" bean>s of • .. 
Flaun: ....... . 
floor llcam:I. . . ... .•••. . .............. . 

rule for "'dehtl of.. ....•. 
1JIOd", of .•......••.•• •• 

... ~ 
.,... 5' 

.. ••. :r8-8 ' 

'" 
.....• ".n 

•• 87""9' 

.9"- '0' 

~ 
.. .. 6-.. 7 

. ... '7' .. 
..•. fSce lklkctioa.) 

···5~S 

" ~ 
lalerallln:~ •• . .. ...••. • ••• " F1oori .... trough-shaped «Ctloas for brid;-eII and l!u ildln,ga . ••••.. 

FonIIui.ae for u .. ymmctrical beams. " ~ apprwtl,..,u, 100" rolled beams .•... 
.... bLQ of, for beo.a>s of variout _ tIOM •. 

F raction. of an In.ch u pl'Ulll<'d in d«imal •... 

Girden. ri~ded •.•• 
S1rengtb and .... Ie 1oa.ds. 

G irder .~_ .•• 
Gyration, r&di"" o f ....... • •. 

fOO" nrlouI --,,;,..s. 
fonDw.e fOO" n r ioul-=lM:>ol ....... 
rOO" round ~1IlDII .....•. ' 
.. .:juare 

• •. ••• • _68. 69 

.~ 

. ,86- ' 91 
. .•.. "6s-I1i6 

. 8, -18 
. .. .,.'10 ' , ___ '" 

' I2- IIl 

." 
•..••....•...• ' SS 



, 

• 
Half-round bar iron, Ii.~. 
Hone-po'Ma' of eb .. rli"'K .... 

........ 
lnoenia, mOlncnlJ of •• 

table. f, ... var;" ... -=t~_. 
form,,"" for various .eel;" .... 
for combined te<:tionl .. 

Iron, sln:ngth (If wrought .. 
d..cti!ity nt ...•........... • 
~ U> oompre.;on .. 
el_icily of rnUed .•••• "'. 
Icnsilc and compressive 1ea3. 
rcai.Uln~ 10 ihcariog . •• 

<:OIumn. 
wit;,,&, 
Mrt' 

.. ronion. 
!>ending, .• 

.;;..,. of ban. 
"-ciaM PI'" Ii~al foot of b&n. ••••••• 

L.ter~1 """"1'1"111 o f 1100. beam •. 
'"'l"'rl, beams ,,·llliout .. 

Latllcing for ch=nel struts. ...... 
Modulus of cluticily of rolkd Unn.. 

cWIi<:ity of roll .... &«<1 
ree;ist.o.oce for I'ttl. 
rupture for rolled iroa 

Riveted gir<kn 
Rivct$, weil(hts of 
Roof streaoes 
Round bar iron, si.c<:S . •. 

appro.o:lnu.te rule for beilln. of 
Rule for .. elICh! of roLled iron 

wei&hl of 1 ..... in &or~. 
thnI,t of brick arches 
IalCoal itrenlf\b of ( beam •. •••. 

.. cbanotl ban. 
beams bearinG: irregular load •. 

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

(~~ 

. •• . 87. .,> .0< 

"., to<>- '" 
. ... • 08-11' ., ., 

>. >, 
-., ., ., 
" ..• .~ 

'70-']5 .. "i"S') 

.... ... X , 
'9<;-00' 

" ·p.71 

• 

"', 'i4-'4\I 
....... (See Safe lnoad ... ) , 

'9"-">,89 
_26. 27 
.06. _7 ,. 

... 

." 
.'~1-'69 , 

" '5.68 

" " 6l,6.j 
..6], 64 

•• 

.I 



INDEX. 

Rules, approximate for mOmen!'> of inertia. 
for shafting. 

Safe load, coemcient for. 
loads, limits 01, for booms. 

gr~""te~t, for beams. 
"beams ... 

.. de"k beams. 
" channel b"r.. 

'"7 
.,,(;.!C 

.0, 
. .. 17<>-'n 

~ 

" " . loa, lOb, 40-45 
• ••••••• 5<'> ,1 

... '3, 'i· ~6-49 
for iron strulS of any seetion "Q 

tables of. fo~ beams, chapnels, angleo 
and tee sections. 

for CQ!\lmn~ . 

S<::rew.thrcads, table of standard .. 
Shafting, sizes rolled .......... . 

table of diameters aDd length •. 
wrought iron. 

Shapes, mi.cellaneous,dimensions and wcighur. 
Shearing strength of wrougbt iron ... 

Spacing of fioor beams .. 
tables of, fOt" eyebcam sections. 

" " deck beam scetions. 
Specifie gmvity_iron aDd steel 
Square bar iron, sizes. 

.1P-'75 , ., .. 
rOOt ""gl,,", weight. pcr yard of various thicknesses. 

·S8-6~ 

.,6,57 ,0 , , 
STEEL. 

!>cams .. 
beams, dcllcetiOn of 
channds. 
modulus of elasticity. 
sbafting. 
"trength of, in compression. 

" " in tension 

5U1110 •• 

Strength of wrought iron in comprCGSion . 
tension. 

••••••••• ?, 8, ",", '7, ~8 

" . ·3, 9, II, ,. 

" ~ 
• '4-21i 

">4-,6 
.. ~7, ~8 

>9, )0, '''3 
18, ., 

shearing. . ............................. . 
,,'7," 

'; 
.163-16<) Strcsse9 in framed structure •. 

Structural sleel .... 
Strut. of rolled iron 

rull"<l steel. 
lactors of ""fety for. 
table of ultimate resistallce for iron .......... . 
greatest safe loads for iron of any ~ct;o". 

.... '4 

..... lit, '59 
."9, ~."3 
.... ,.6, "7 

n' n, 



,," INDEX. 

Struts or tables of safe loads ror beam seetion~. 
angle 
,eo 

PACK 

. ...... n4-''M 

channel sec'ion~,. 

........ "38-'40 

'4'-'43 
···'H-'SJ 

flo., ended "'eel or iron. 

Tees, dimensions and weight. of. 
clements of even-legged. 

" uneven.legged 
moments of inenia __ .... .... . 
radii of gyralion •.•. 
as strut. and lables of safe load •. 
apprOXimale rule for beams of. 

Tension in wrought iron. 
Tie rod. for brick arches . 
Tonional st",ngth of wrought iron. 

Ultimate Inad. for iron SlrUIS. 
loads for ,1,,<:1 SlruiS. 
resistance of iron 10 bending slress. 

Weight of angles. 
bar iron. 
beam •. 
bollS and nuts. 
bulb angles ..... 
channel •. 
deck beams. 
noor;ng, corrugated. 

IICpam,OI"S, cast iron. 
$hcets, ir,,,, and sleeL 
:t bars ... 

Z bars, dimensions and weights. 
elements and prop"nies of. 
spacing for riveling . 

,. 
, 

.00 

'0' 
._.,ao. 'o",~ 

'00, '0'. I~ 
. ...... ,.'-' .. , 

~ 

n' ,. ,. 
• 

. .......... 'Q?-w, 
. ..........•..... 2, 3, 15 

." 
• 

..~, ,6 

• 
'0' ." .,. -." 
." ." ." 

. i 




	5721 (1)
	5721 (2)
	5721 (3)
	5721 (4)
	5721 (5)
	5721 (6)
	5721 (7)
	5721 (8)
	5721 (9)
	5721 (10)
	5721 (11)
	5721 (12)
	5721 (13)
	5721 (14)
	5721 (15)
	5721 (16)
	5721 (17)
	5721 (18)
	5721 (19)
	5721 (20)
	5721 (21)
	5721 (22)
	5721 (23)
	5721 (24)
	5721 (25)
	5721 (26)
	5721 (27)
	5721 (28)
	5721 (29)
	5721 (30)
	5721 (31)
	5721 (32)
	5721 (33)
	5721 (34)
	5721 (35)
	5721 (36)
	5721 (37)
	5721 (38)
	5721 (39)
	5721 (40)
	5721 (41)
	5721 (42)
	5721 (43)
	5721 (44)
	5721 (45)
	5721 (46)
	5721 (47)
	5721 (48)
	5721 (49)
	5721 (50)
	5721 (51)
	5721 (52)
	5721 (53)
	5721 (54)
	5721 (55)
	5721 (56)
	5721 (57)
	5721 (58)
	5721 (59)
	5721 (60)
	5721 (61)
	5721 (62)
	5721 (63)
	5721 (64)
	5721 (65)
	5721 (66)
	5721 (67)
	5721 (68)
	5721 (69)
	5721 (70)
	5721 (71)
	5721 (72)
	5721 (73)
	5721 (74)
	5721 (75)
	5721 (76)
	5721 (77)
	5721 (78)
	5721 (79)
	5721 (80)
	5721 (81)
	5721 (82)
	5721 (83)
	5721 (84)
	5721 (85)
	5721 (86)
	5721 (87)
	5721 (88)
	5721 (89)
	5721 (90)
	5721 (91)
	5721 (92)
	5721 (93)
	5721 (94)
	5721 (95)
	5721 (96)
	5721 (97)
	5721 (98)
	5721 (99)
	5721 (100)
	5721 (101)
	5721 (102)
	5721 (103)
	5721 (104)
	5721 (105)
	5721 (106)
	5721 (107)
	5721 (108)
	5721 (109)
	5721 (110)
	5721 (111)
	5721 (112)
	5721 (113)
	5721 (114)
	5721 (115)
	5721 (116)
	5721 (117)
	5721 (118)
	5721 (119)
	5721 (120)
	5721 (121)
	5721 (122)
	5721 (123)
	5721 (124)
	5721 (125)
	5721 (126)
	5721 (127)
	5721 (128)
	5721 (129)
	5721 (130)
	5721 (131)
	5721 (132)
	5721 (133)
	5721 (134)
	5721 (135)
	5721 (136)
	5721 (137)
	5721 (138)
	5721 (139)
	5721 (140)
	5721 (141)
	5721 (142)
	5721 (143)
	5721 (144)
	5721 (145)
	5721 (146)
	5721 (147)
	5721 (148)
	5721 (149)
	5721 (150)
	5721 (151)
	5721 (152)
	5721 (153)
	5721 (154)
	5721 (155)
	5721 (156)
	5721 (157)
	5721 (158)
	5721 (159)
	5721 (160)
	5721 (161)
	5721 (162)
	5721 (163)
	5721 (164)
	5721 (165)
	5721 (166)
	5721 (167)
	5721 (168)
	5721 (169)
	5721 (170)
	5721 (171)
	5721 (172)
	5721 (173)
	5721 (174)
	5721 (175)
	5721 (176)
	5721 (177)
	5721 (178)
	5721 (179)
	5721 (180)
	5721 (181)
	5721 (182)
	5721 (183)
	5721 (184)
	5721 (185)
	5721 (186)
	5721 (187)
	5721 (188)
	5721 (189)
	5721 (190)
	5721 (191)
	5721 (192)
	5721 (193)
	5721 (194)
	5721 (195)
	5721 (196)
	5721 (197)
	5721 (198)
	5721 (199)
	5721 (200)
	5721 (201)
	5721 (202)
	5721 (203)
	5721 (204)
	5721 (205)
	5721 (206)
	5721 (207)
	5721 (208)
	5721 (209)
	5721 (210)
	5721 (211)
	5721 (212)
	5721 (213)
	5721 (214)
	5721 (215)
	5721 (216)
	5721 (217)
	5721 (218)
	5721 (219)
	5721 (220)
	5721 (221)
	5721 (222)
	5721 (223)
	5721 (224)
	5721 (225)
	5721 (226)
	5721 (227)
	5721 (228)
	5721 (229)
	5721 (230)
	5721 (231)
	5721 (232)
	5721 (233)
	5721 (234)
	5721 (235)
	5721 (236)
	5721 (237)
	5721 (238)
	5721 (239)
	5721 (240)
	5721 (241)
	5721 (242)
	5721 (243)
	5721 (244)
	5721 (245)
	5721 (246)
	5721 (247)
	5721 (248)
	5721 (249)
	5721 (250)
	5721 (251)
	5721 (252)
	5721 (253)
	5721 (254)
	5721 (255)
	5721 (256)
	5721 (257)
	5721 (258)
	5721 (259)
	5721 (260)
	5721 (261)
	5721 (262)



